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Leveraging implementation science theories
to develop and expand the use of a penicillin
allergy de-labeling intervention
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Abstract

Background Penicillin allergy is the most frequently reported drug allergy, yet most patients can tolerate the drug

if challenged. Despite this discrepancy, large scale penicillin allergy de-labeling interventions have not been widely
implemented in many health care systems. The application of a multi-method implementation science approach can
provide key tools to study this evidence to practice gap and provide insight to successfully operationalize penicillin
allergy evaluation in real-world clinical settings.

Methods We followed a four-step process that leverages qualitative analysis to design evidence-based, actionable
strategies to develop an intervention. First, we specified the clinician-perceived barriers to penicillin allergy
de-labeling (intervention targets). We then mapped intervention targets onto Theoretical Domains Framework
(domains and constructs) and found the root causes of behavior. Next, we linked root causes of behavior with
intervention functions (BCW). In the final step, we synthesized participants’ suggestions for process improvement with
implementation strategies aligning with the intervention functions.

Results Evidence-based strategies such as focused education and training in penicillin allergy evaluation can address
knowledge and confidence barriers reported by frontline clinicians. Other key strategies involve developing a system
of champions, improving communications systems, and restructuring the healthcare team. Implementation mapping
can provide a powerful multi-method framework to study, design, and customize intervention strategies. Conclusion:
Empowering clinicians beyond allergy specialists to conduct penicillin allergy assessments requires designing new
workflows and systems and providing additional knowledge to those clinicians.

Keywords Penicillin, Drug allergy, Implementation science, Qualitative data, Mixed-methods, Multi-methods, Quality
improvement, Healthcare quality
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Introduction

The detrimental impact of the penicillin allergy label
on patient care, health care utilization, and antimicro-
bial prescribing practices has been well described [1-3].
Despite its prevalence, studies have shown that up to 90%
of patients with the label of penicillin allergy can toler-
ate a penicillin antibiotic if challenged [4]. Interventions
that offer systemic evaluation of patients with a penicil-
lin allergy diagnosis have been developed to address this
evidence to practice gap of care [5]. These tools typically
include the following: (1) identifying penicillin allergic
patients (2) using risk factors such as time and symp-
toms of past reactions to risk stratify patients regard-
ing the future risk of a reaction to penicillin (3) offering
an oral challenge to penicillin, preceded by skin testing
when appropriate. Several studies have reported effective
algorithms, scoring systems, and challenge protocols that
can be implemented at point of demand, including use of
telehealth and/or e-consult mechanisms [6-9]. Although
these innovations exist, further work is needed to address
the barriers and contextual factors that may affect key
implementation outcomes such as scalability, sustainabil-
ity, feasibility, and efficacy of large-scale interventions. In
addition, variations in clinical settings and patient popu-
lations will impact how penicillin allergy evaluations are
conducted. To further close the evidence to practice gap,
implementation science theories can be applied to study
both the clinical efficacy of the intervention and key
implementation outcomes related to reach, sustainability,
feasibility, and fidelity of a penicillin allergy de-labeling
intervention.

Developing theory-based interventions that support
healthcare professionals in modifying their clinical prac-
tices according to evidence-based recommendations
is an important strategy in implementation science.
Although the need for evidence-based interventions is
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well recognized, only a few studies employ social and
behavioral theories when developing or implementing
interventions [10-12]. Building on our prior work for
which we interviewed inpatient and outpatient clinicians
and described the key barriers to the implementation of
our penicillin allergy evaluation initiative and Clinical
Decision Support Tool (CDST) [13] (See supplementary
files for the interview questions), we have leveraged a
multi-methods approach to determine best practices to
improve implementation of penicillin allergy de-labeling.
This evidence-based process called implementation map-
ping (IM) translates our qualitative, contextual data to
specific strategies to design an effective intervention, spe-
cifically for penicillin allergy de-labeling.

Methods

Most studies that build on theories to develop behavioral
change interventions employ a step-by-step approach
during the design process. For example, French et al. [10]
utilized a 4-step approach to develop a cohesive behav-
ioral intervention, Hrisos et al. [11] employed a 6-step
process to design two theory-based interventions, and
Foy and colleagues [12] described a 10-step iterative pro-
cess to develop their intervention. We developed our IM
process with the following steps: first, specify the target
behavior; second, select an appropriate theoretical frame-
work; and third, map the target behaviors onto behavior
change techniques and fourth, choose the appropriate
methods of delivery of techniques (Fig. 1).

Our goal was to design a multi-modal intervention that
targets clinicians’ behavior and incorporates de-label-
ing practices into their clinical workflows. Our process
(Fig. 1) can be outlined by the four steps below:
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Fig. 1 Four step process for implementation mapping. This describes the process for mapping qualitative data (identified barriers) to design evidence-
based actionable strategies to improve the application of penicillin allergy evaluation in real world settings. TDF: Theoretical Domains Framework; COM-B:
Capability, Opportunity, Motivation- Behavior; BCW: Behaviour Change Wheel; ERIC: Expert Recommendations for Implementing Change
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Step 1. Specify the clinician-perceived barriers to penicillin
de-labeling (intervention targets)

In an earlier stage of our research, we conducted indi-
vidual and group interviews with 20 clinicians from mul-
tidisciplinary inpatient and outpatient healthcare teams
within a single site veteran’s hospital. Our goal was to
explore workflows and contextual factors influencing
identification and evaluation of patients with penicil-
lin allergy. A more detailed description of the qualitative
methodology has previously been published [10]. We
coded the data using thematic analysis [14] to identify the
major barriers to a risk-based penicillin de-labeling pro-
tocol in inpatient and outpatient settings.

Step 2. Map intervention targets onto TDF theory (domains
and constructs) and find the root causes of behavior (COM-
B)

We then mapped these intervention targets onto
domains and constructs within the Theoretical Domains
Framework (TDF) [15] to organize the major barriers to
implementing the de-labeling protocol (Table 1). This
second step elucidated the hospital context and culture,
interdependent nature of workflows, and the individual
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clinicians’ perceptions and behaviors that hinder their
engagement with de-labeling and further identified tar-
gets for change. These findings highlighted the need to
employ a systemic approach that addresses each of the
domains influencing clinician behaviors regarding peni-
cillin allergy de-labeling. Each barrier to target behav-
ior categorized under a TDF domain was then mapped
onto the sources of the behavior in the Behaviour Change
Wheel (BCW) [16]. Theory of BCW posits that behaviors
are a function of three underlying factors: Capability (C)
relates to individuals’ psychological and physical capacity
to perform behaviors, including having necessary knowl-
edge and skills. Opportunity (O) is linked to external
factors that enable or prompt behaviors such as environ-
mental and cultural context. Motivation (M) is connected
to internal processes such as habits, impulses, emo-
tions, and logical reasoning that shape decision-making
and behavior. Two types of motivation are described in
BCW. Reflective motivation relates to the high cognitive
processes, such as beliefs, values and goals and can be
addressed by increasing knowledge. On the other hand,
automatic motivation involves processes that are linked

Table 1 First three steps of implementation mapping. TDF: theoretical domains Framework; COM: capability, opportunity, motivation;
BCW: Behaviour Change Wheel; PCN: penicillin; CDST: clinical decision support tool; EHR: electronic medical record; F2F: face to face

Step 1 Step 2 Step 3
Barrier/ Intervention targets (interview data) Intervention Intervention Target root Intervention functions
Domain (TDF) construct (TDF) cause (COM) (BCW)

- Low knowledge of safety and benefits of pcn allergy Knowledge Scientific Capability/ - Education
de-labeling rationale psychological « Training

« Enablement

« Persuasion
- Varying awareness of the clinical support tool for de- Procedural Capability/ « Education
labeling (CDST) and location in EHR. knowledge psychological « Training

« Enablement
« Lack of training and frequent practice with risk stratifica- Skills Skills Capability/ « Education
tion, drug challenges, and treating adverse reactions development psychological « Training

« Enablement
« Low comfort level to de-label and challenge patients Beliefs about Perceived Motivation/ « Education
without approval from Allergy Capabilities competence reflective « Persuasion
« Fear of poor outcomes such as allergic reaction, delayed Beliefs about Outcome Motivation/ « Education
discharge, and/or professional censure Consequences expectancies reflective - Persuasion
- Pressure to discharge patients quickly Environmental Environmental Opportunity/ « Environmental restructuring
- Time constraints and competing tasks Context and stressors physical « Enablement
- Lack of staffing to de-label patients with pcn allergy Resources Resources/ ma-  Opportunity/ - Environmental restructuring
« EHR structure impedes finding accurate allergy history and terial resources  physical - Enablement
using CDST
- No clear expectation to de-label patients. Organizational Opportunity/ - Environmental restructuring
- Misperception of efficiency to use alternative antibiotics culture /climate  physical « Restriction
« Lack of multi-disciplinary inpatient rounding and F2F - Enablement
communication
« Non-F2F communication perceived as non-urgent leading
to delays in tasks related to drug challenges
- Unspecified roles around ownership of the process, lead-  Professional Role  Professional Role  Motivation/ - Education
ing to delays in process initiation and completion and Identity reflective and « Persuasion

automatic « Environmental restructuring

- Enablement
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to emotional responses, habits, impulses and inhibitions
which could be addressed through habit formation.

Step 3. Link root causes of behavior (COM-B) with
intervention functions (BCW)

Once we assigned a root cause (COM) to each barrier, we
looked at the intervention functions associated with each
factor (Table 1). Behavior change theory defines inter-
vention functions as broad categories of planned activi-
ties one can do to change a behavior. Each intervention
function could influence one or more of the underlying
factors. For example, behaviors relating to capability
can be intervened on through education, training, and
enablement, while behaviors shaped by opportunity can
be intervened on through environmental restructuring,
enablement, and restriction. In this paper we've only
reported intervention functions reflected in our inter-
view data. For the full list and definitions, please see
Michie et al. [16].

Step 4. Specify ERIC implementation strategies aligning
with the intervention functions

Next, we returned to the interview data we previously
gathered from multidisciplinary inpatient and outpa-
tient healthcare teams. We synthesized the data coded
for ‘process improvement. This coded data included par-
ticipants’ suggestions to improve the process of imple-
menting penicillin de-labeling into the workflow. As the
next step, we mapped these findings onto relevant inter-
vention functions in the BCW and used interviewees’
suggestions as a starting point to ensure that our inter-
vention responds to the needs of key stakeholders (see
Figs. 2 and 3).

Separately, we brainstormed interventions related to
each intervention function and cross-referenced them
with our qualitative findings. At this point, we also
referred to ERIC Implementation strategies [17] con-
sisting of a compilation of 73 implementation strategies
verified by the experts in the field of implementation sci-
ence. This process enabled us to develop intervention
ideas informed by stakeholder input, behavioral change
theories, and evidence-based implementation strategies
(Table 2).

Ethical considerations

UW-Madison Institutional Review Board approved the
study and granted minimal risk status. Participants were
provided with written information about the study, told
participation was voluntary, and given the opportunity to
ask questions. Identifying information was removed from
transcripts to ensure confidentiality. All participants pro-
vided written consent for participation.
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Results

Our results demonstrated a number of intervention tar-
gets that could be addressed by six intervention func-
tions: education, training, persuasion, restriction,
environmental restructuring, and enablement. The par-
ticipant quotes mapped on to each intervention function
can be found in Figs. 2 and 3.

Education

All participants talked about the need to disseminate
information and increase knowledge for any clinical team
members that would be involved in the evaluation pro-
cess. This education should include information about
the spectrum of allergic reactions and how the risk level
of evaluation is not any higher than other routine patient
care procedures. For the specifics of how to evaluate
patients with penicillin allergy, participants discussed
the need for a demonstration about the existence of the
clinical decision support tool (CDST) and where it can
be accessed. Participants also thought it was important
for education to include information about the different
roles in the evaluation process and who has been trained
on what, so that each person is aware of who else is on
board with the de-labeling protocols and what their roles
are.

Perspectives varied in terms of the format they thought
the education could be conveyed. Ideas included infor-
mation dissemination via email, periodic presentations at
meetings so people can ask questions, and videos for cli-
nicians and trainees to watch on their own time.

Training
Participants noted that education to increase knowledge
was not enough and that training on how to evaluate
patients was necessary to build essential skills and bol-
ster clinicians’ comfort and confidence. Participants also
felt it was best to train permanent staff in the de-label-
ing process, so that they could then champion and train
future residents and fellows on the proper protocols.
Most participants emphasized the importance of
training for addressing allergic reactions during penicil-
lin allergy challenges. Several mentioned that clinicians
may fear patient reactions and thus be hesitant to initi-
ate evaluation. This training could help reduce hesitancy
and provide reassurance so that clinicians feel confident
and equipped to address any issues that may arise during
evaluation.

Persuasion

Persuasion is achieved by using communication to
induce positive or negative feelings or stimulate action.
Participants discussed a few communication tactics that
might help increase clinician motivation for carrying out
evaluations of patients’ penicillin allergies. First, they felt
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An expert talking to you about it ‘
and how to go aboutit and what
kind of follow up questions
patients would have would be
extremely helpful.
—Resident 1

sheet and then a

Maybe having a documented flow

video with it saying how fo work
through the flowsheet

It would be really helpful to have,
even if it's short, like a 15-minute
meeting on our calendars that we
e e tiEnE 2 can go to and listen to somebody
— talk.

-Inpatient Pharmacist3

quick audio or

Education

/ The assumption is that we're
challenging someone and they're
going to have a severe reaction.
Some of that is just knowledge
and exposure and reassurance or,
maybe even just anursing
protocol to make them feel more
comfortable.

—Hospitalist 2 Traln

Navigating & docum

Risk stratification

There's maybe that gut reaction of
like, ‘what if somebody has a
severe reaction,” but | feel like
being prepared ...can only help
provide some of that reassurance.
-Outpatient Pharmacist 1

| think a lot of people would be - alternative abx
convinced by the data that | know
is out there about long term
benefits... people are probably not
super oware of the data.
—Resident 1

Making it an expectation from / alternative abx
some of the higher-ups... | think
that would be helpful to say ‘we

Importance of de-labeling
Spectrum of allergic reactions
Existence & location of CDST in EMR

Roles & responsibilities on teams

How to talkto patients

De-labeling process: identification—>
risk stratification—=> evaluation
Recognizing & managing reactions

Persuasion

Education about benefits of pcn de- . teams that says, ‘if your patient
labeling & risks of defaulting to has these types of mild reactions,

Restriction
Leadership to create clear expectation
or an initiative making de-labelinga
/' \ priority and/or restricting use of

Training. I've never given someone
an EpiPen, and | know not to put
my thumb on the end and to leave
itin [laughs], but it's different than
actually having the experience.
-PCP 3

ing

enting in EMR Iif we incorporated an anaphylactic

reaction into [yearly code] training,
I think that might be helpful too.

—Resident 2

Having some sort of guidance
document that clarifies essentially
from allergy to the inpatient

then this is what | want you to

do’._| think that would give the
inpatient teams more confidence.
-AMS Pharmacist 2.

Maybe even creating something
like a competency... if it's
something that's going to be
expected of you, you're going to
be pretty motivated to do that

want this to happen in the
hospital, and this is a direction
that the facility is going.”
-AMS Pharmacist2

Once it becomes a metric
everybody is forced to address it
And so | think that will help.
—Infectious Disease MD 1

also.
-AMS Pharmacist1

Fig. 2 Participant quotes organized by intervention functions (education, training, persuasion, restriction). CDST: Clinical Decision Support Tool, EMR:

Electronic Medical Record, Pcn: Penicillin, Abx: Antibiotics

that communicating about the data around benefits of
de-labeling might increase positive feelings about evalua-
tion. Information about why de-labeling is important and
data on the long-term benefits of de-labeling as opposed
to prescribing alternative antibiotics could be included as
part of the education strategy discussed above.
Participants also stated how reinforcing that the
Allergy specialty service endorses the content of the
CDST would give frontline clinicians more confidence

in following these algorithms and clinical protocols for
managing patients with a penicillin allergy.

Restriction

Restriction aims to increase the target behavior by cre-
ating rules that reduce the opportunity to engage in
competing behaviors. For our project, we identified two
competing behaviors that clinicians could engage in. One
of them is overlooking the opportunities to challenge
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Having a point of contact who is
going to be ultimately responsible,
it'd be fantastic...

—inpatient Pharmacist 1

( Getting to a point where there are
fewer patients to a pharmacist...
that would allow pharmacists to

have more time to really dive in on

more individual patients.
—AMS Pharmacist2

There's lots of clerical
administrative workload that could
be unburdened from providers and

nursing and pharmacy for that
matter, in the inpatient arena.
-Hospitalist 1

/' “The majority of things in my
| experience in [EMR system] that
work well, are because they're
profoundly simple. ...The majority
of orders are being put in by
interns, many of whom probably
don't have a lot of experience in
[EHR system]... So the simpler the
better.
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The more we can change our
workflows to actually be directly
communicating with each other... NEybea R ol ofreaime

's goil lp.
Hists gomd lo hele ing the resident or intem, or

saying, ‘hey, this is the |
antimicrobial stewardship
pharmacist, | think you could de-
label this guy’s penicillin allergy.
See my note in [EHR system] for
the full details.
-Hospitalist 1

-pcP 4

Environmental
restructuring

Create role for leader of de-labeling
Add FTE to create bandwidth
Change workflows to improve
interdisciplinary communication
Identify patients to prioritize for
evaluation

Address cognitive overload

There’s a problem with
transitioning consults from
inpatient to outpatient._. if a
specialty service is following
someone inpatient and they want
outpatient follow up, they can

communicate that

Enablement -PCP 4

Simplify EMR tools to increase ease of
use of CDST

Create resources: one-page reference,
scripts, FAQ, patient-facing brochures

It's still helpful to have that script
to go off of ...50, having that
forethought to have a guide be
created, and then provided to
frontline clinicians that are doing

this de-labeling initiative...
—Outpatient Pharmacist 2

If there were a [EMR] reminder, if
it could show up for new patients,
and ...a patient with penicillin
allergy listed and then who was
prescribed a recent antibiotic.

-Hospitalist 2

= pgzal

Fig. 3 Participant quotes organized by intervention functions (environmental restructuring, enablement). CDST: Clinical Decision Support Tool, EMR:

Electronic Medical Record, Pcn: Penicillin, Abx: Antibiotics

a patient and remove the allergy label from their health
records. The second is prescribing an alternative medi-
cine to treat the infection, which is often perceived as
more efficient. In order to restrict these behaviors, lead-
ership should communicate clearly that that de-labeling
patients is a priority in the clinic. This could come in the
form of top-down directive, or could include additional
weight such as creating an official initiative for qual-
ity improvement or a local antimicrobial stewardship
(AMS) policy mandating de-labeling as a metric to be
monitored.

Environmental restructuring

Another important intervention function included in
BCW, environmental restructuring, proposes reshaping
the physical or social context in order to achieve a behav-
ior. This function places more emphasis on the external
factors that influence behavior change and less on per-
sonal agency, which is addressed by the intervention

functions including education, training, and persuasion.
Our results demonstrated four main areas that could be
targeted by environmental restructuring: clarifying roles
and responsibilities, rethinking communication systems,
addressing staffing demands, and changing the physical
environment.

One key area was refining and clarifying the roles and
responsibilities of individuals in teams pertaining to
penicillin de-labeling. Many participants discussed hav-
ing a role of a champion who will ‘own’ the process and
act as a point person, including developing workflows for
tasks, overseeing each team to ensure the completion of
challenges, and correctly updating the patient EHR in the
system. Having this centralized owner reduces practice
variability and “generally works a lot better than asking
each individual team or provider to have that on their
radar” (PCP 4). The second role recommended by clini-
cians was a coordinator who will initiate the process by
identifying patients who can be evaluated. This person



Alagoz et al. BMIC Health Services Research

(2024) 24:987

Page 7 of 11

Table 2 Fourth step of implementation mapping and components of the intervention. CDST: clinical decision support tool, EHR:
electronic medical record, PCN: penicillin, AMS: antimicrobial stewardship

Intervention func-  Barrier/intervention target Step 4
tion (BCW) ERIC implementation strategy ~ Key intervention component
(definition)
Education « Low knowledge of safety - Conduct educational meetings  Develop and distribute:
(increasing knowledge —and benefits of pcn allergy and educational outreach visits « Patient education: Brochure on the benefits of pcn
or understanding) de-labeling « Develop and distribute educa-  allergy de-labeling
«Varying awareness of CDST tional materials « Health professional education: One pager how-to on
existence and location in EHR - Intervene with patients to the process of allergy evaluation and FAQ
enhance uptake « Session 1 of small group training: increasing scientific
knowledge of pcn allergy de-labeling
Training - Lack of training and frequent « Use train-the-trainer strategies - Session 2&3 of small group training: develop
(imparting skills) practice with risk stratification, + Conduct ongoing training individual skills (physicians and pharmacists) in using

drug challenges, and treating
adverse reactions
« Low comfort level to de-label
and challenge patients without
approval from Allergy
- Fear of adverse outcomes such
as allergic reaction or delayed
hospital discharge

Modelling (providing ~ NA

an example for people

to aspire to or imitate)

Persuasion

(using communication
to induce positive or
negative feelings or
stimulate action)

« No clear expectation to de-
label patients.

« Easier to use alternative
antibiotics

Restriction (Using

rules to reduce the op-
portunity to engage in
competing behaviors)

« Unclear roles around owner-
ship of the process, leading to
delays in process initiation and
completion

« Lack of staffing to de-label
patients with pcn allergy

« Pressure to discharge patients
quickly

« Time constraints and compet-
ing tasks

« Lack of multi-disciplinary
inpatient rounding and F2F
communication

« Non-F2F communication is
seen as non-urgent and leads
to delays in tasks related to
challenges

Environmental
restructuring
(changing the physical
or social context)

- Make training dynamic
« Provide clinical supervision

+ Shadow other experts

« Capture and share local
knowledge

- Identify and prepare champions
- Model and simulate change

« Develop and implement tools
for quality monitoring/Develop
and organize quality monitoring
systems

- Audit and provide feedback

- Conduct local consensus
discussions

« Build a coalition

« Inform local opinion leaders

- Mandate change

« Revise professional roles

- Create new clinical teams

- Facilitate relay of clinical data to
providers

« Provide ongoing consultation

CDST and determining risk level for de-labeling

- Develop and practice a “script”for use in counseling
or explaining pcn de-labeling procedure to patients

« Develop a reporting system for patients who “fail”
challenges to allow for education on complex patients
« Create asynchronous simulation for treating reactions
in the ambulatory and inpatient setting

- Designate a PCN Allergy Taskforce to help with mod-
eling of pharmacists

« Identify champions within the AMS team to provide
“at the elbow” Q&A support

- Designate a hospitalist team to pilot and champion
workflow for pcn allergy de-labeling upon admission
« Develop a data tracking tool to collect clinical out-
comes of patients with pcn allergy and present results
at regular training sessions

- Provide an aggregate reporting workbench through
the AMS committee on how many patients were
de-labeled.

- Work with national committees to develop feasible
metrics to incentivize change

« Provide increased scope to AMS pharmacists to triage
and help complete these consults

« Create competencies for inpatient pharmacy and
AMS pharmacy so that roles and responsibilities are
clearly evaluated.

- Address staffing demands with inpatient and outpa-
tient supervisors to allow for protected time to devote
to pcn allergy de-labeling

« Provide a“pop-off valve” with specified capacity
limitations for times of high hospital census (triage
low-priority patients to outpatient evaluation)

« Increase use of e-consults so that any recommenda-
tions needed from allergy can be made earlier in the
hospital stay
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Table 2 (continued)
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Intervention func-  Barrier/intervention target Step 4

tion (BCW) ERIC implementation strategy ~ Key intervention component
(definition)
Enablement « EHR structure impedes finding - Assess for readiness and identify  « Develop specific note template and order set to

(increasing means/
reducing barriers to
increase capability or
opportunity)

accurate allergy history and
using CDST

barriers and facilitators

« Tailor strategies

- Change record systems
- Remind clinicians

prompt users to obtain key components of the history
« Work with EHR vendors to develop designations for
removal of pcn allergy within the problem list or al-
lergy field and scalable decision support tools

« Work with the hospital informatics teams to op-
erationalize and standardize de-labeling order sets
amongst emergency, inpatient and ambulatory menus

could identify priority patients, such as patients who
need penicillin before a surgery or have a higher risk for
readmission (e.g. recurrent infections).

Participants also pointed out that restructuring com-
munication systems would enable clearer distribution
of responsibilities during the de-labeling process and
improve relational connections among interdisciplin-
ary team members. Although increased use of messag-
ing platforms during the pandemic enabled teams to
maintain workflows, reliance on virtual and often asyn-
chronous communications also created silos, delays, and
misunderstandings about level of importance of par-
ticular tasks. Resuming multi-disciplinary rounds and
increasing opportunities for in-person huddles were pro-
posed as strategies to address these communication gaps
and offer forums for discussing questions about allergy
challenge protocols to improve uptake of de-labeling.
Rather than discontinuing virtual communications, cli-
nicians suggested protocols to ensure recipients would
follow through on recommendations when in-person
communication is not possible. Participants also sug-
gested including notes in the EHR system along with a
consult order for the next team to facilitate a smoother
transition from inpatient to outpatient care or primary
care to specialty care. Having alerts to check on patients
with a penicillin allergy listed in their EHR but recently
prescribed an antibiotic was also proposed.

Hiring additional staff and distributing staff differently
was suggested to counteract the competing priorities and
lack of bandwidth that were a constant struggle for cli-
nicians in both inpatient and outpatient settings. Staff-
ing shortages exacerbated during the pandemic added
to this challenge. Multiple clinicians discussed how help
with administrative tasks would enable them to dedicate
more time to patient-facing responsibilities. While prac-
tices vary among hospitals, some proposed hiring admin-
istrative staff to round with teams and handle paperwork
to remedy time constraints. Pharmacists also noted that
having additional staff to cover weekend shifts would
help reach patients who were admitted over the weekend.
This would also enable identifying patients with penicillin
allergy within 12—24 h after admission, which would help

avoid possible delays with hospital discharge due to de-
labeling processes. As their bandwidth expands, provid-
ers would also have more time to build trust and educate
patients who were less willing to agree to getting tested.

Finally, participants suggested that restructuring the
physical space so that observation rooms were on the
same floor as the clinical team would facilitate nurses and
pharmacists to administer the drug challenges. Patients
would continue to be monitored by nursing during the
process, similar to blood transfusion administration,
a protocol which is well established within most hospi-
tal systems. This restructuring would allow physicians
to continue their normal workflow but allow them to be
more easily accessible to nursing if a reaction to the drug
challenge occurred.

Enablement

For our study, we defined enablement as forms of assis-
tance that help clinicians incorporate de-labeling into
their everyday workflows. Participants brought up a
number of ideas that would enable and enhance uptake
of de-labeling. Streamlining and simplifying the EHR sys-
tem to facilitate easy incorporation of tasks into work-
flows was proposed as a critical modification, including
standardizing de-labeling order sets across the inpatient
and outpatient settings and adding reminders. Outpa-
tient pharmacists indicated willingness to take on more
de-labeling tasks if they were provided with scripts and/
or a one-page information sheet that they could refer to
when talking to patients.

Discussion

The high degree of mislabeling of penicillin allergy
coupled with the prevalence of patients with reported
penicillin allergy has created a need to de-label a large
number of patients. Past literature have described clini-
cal decision rules and protocols for conducting direct
oral challenges in low risk penicillin allergy [18-22]. In
addition, there is increasing awareness of the need to fur-
ther study how to best apply validated protocols with a
lens on sustainability and scalability [23-27]. Using an
implementation science approach can enhance processes
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to best design and scale interventions to expand access
to penicillin allergy evaluation through guideline-based
protocols.

Our prior study demonstrated that better role clari-
fication, opportunities to develop necessary skills, and
dedicated resources are needed to overcome barriers to
implementing de-labeling interventions. Our current
study describes a process to strategically leverage these
findings to develop evidence-based interventions to
overcome these barriers. The steps we follow to this end
are twofold: (1) we apply the process of IM to a clinical
gap in allergy care (2) we identify theory-driven, action-
able strategies to improve penicillin allergy evaluation
processes. IM has been shown to be effective in chang-
ing chronic disease management and screening in other
conditions [28]. We will utilize this process to develop a
multi-level multi-modal intervention (Fig. 4). Using this
approach will translate Allergy and Immunology evi-
dence-based practices into clinical applications and close
the clinical gaps of care in drug allergy and other allergic
diseases.

Current penicillin allergy evaluation recommenda-
tions have advocated for point of service de-labeling
of patients, particularly if they are low risk, as it allows
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efficient tailoring of antimicrobial prescribing [29]. Point
of service de-labeling empowers teams to address misla-
beled allergies at the patient encounter rather than refer-
ring them to outpatient care. Providing clinicians with
necessary training and resources such as toolkits and
guidelines that they could refer to if needed is an impor-
tant first step in improving implementation and will need
to be followed by models and processes that address
modifying environments and human behavior to improve
application of currently available toolkits [30]. Our study
discussed a process method of IM to determine action-
able steps to apply and study best practices on how to
apply and tailor these tools for local needs. These tools,
along with a comprehensive understanding of the system-
levels barriers that influence point of demand decision
making, will facilitate reach and scalability of penicillin
allergy de-labeling interventions. We specifically describe
the need to address intervention functions in the areas of
environmental restructuring and enablement.

Our results have shown that to implement point of
service penicillin allergy de-labeling practices, a multi-
layered approach is needed that incorporates education
to address knowledge barriers, training to develop skills
to identify low-risk patients and treat possible allergic
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Fig. 4 Components of a multi-level multi-modal intervention to increase penicillin allergy de-labeling. AMS: Anti-microbial stewardship; PCN: Penicillin;

FTE: Full-time equivalent
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reactions, and clarification on how roles are distributed.
Additionally, developing a system of champions, improv-
ing communication systems, and restructuring the envi-
ronment around the healthcare team are demonstrated
as critical components of an effective behavior change
intervention. Our results demonstrate similarities with
previous literature. Fahim et al. [31] utilized a similar
process to select interventions to improve the multidis-
ciplinary cancer conferences decision making processes.
Similarly, Gallant et al. [32] presented that a multi-lev-
elled intervention was needed to overcome barriers to
vaccine uptake.

Our study is unique in that it describes a scientific
process of IM to demonstrate how a multi-method
study approach can establish a process and a package of
implementation strategies to drive behavior and system
change. By targeting the psychological underpinnings of
current behavioral and environmental barriers to peni-
cillin de-labeling, we developed a transparent process
that demonstrates which intervention components are
more likely to yield uptake and sustainment. Limita-
tions of our study involve single site data collection and
the impact of pandemic-level staffing and pressures for
our inpatient clinicians. We also will need to study the
applications of our designed interventions in a repeti-
tive process improvement approach to describe efficacy,
scalability and sustainability of our implementation
package. Future work can be directed on a mixed meth-
ods approach focused on efficacy and implementation
outcomes of our proposed implementation strategies.
Additionally, prior literature in antimicrobial stewardship
have indicated that establishing a metric, linked to strate-
gic institutional outcomes and prescribing practices may
bolster antimicrobial stewardship institutional initiatives
[33-35]. Similarly, the development of data reporting
tools or dashboards related to numbers of patients de-
labeled from penicillin allergy and its relevance to antibi-
otic prescribing practices may be important future areas
of research.

Conclusion and future directions

Given the direct impact penicillin allergy has on anti-
microbial stewardship and patient safety, there is a need
to support multilevel and multidisciplinary approaches
to safely assess penicillin allergies. Key to the success
of these interventions is a careful study of process and
contextual factors influencing penicillin allergy evalu-
ation and de-labeling. Successful programs and peni-
cillin allergy toolkits have been launched to increase
knowledge dissemination and provide procedural tools
to promote penicillin allergy evaluation. However, the
results of our study show that a comprehensive study of
barriers and contextual factors can identify system-level
issues that may impede the reach and sustainable use of
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current state interventions. The IM approach provides
a framework to further develop implementation pack-
ages to study how to best apply evidence-based penicil-
lin allergy interventions to allow scalability, sustainability
and improve efficacy of our interventions.
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