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Addressing inaccurate penicillin allergies is encouraged as part of
antibiotic stewardship in the inpatient setting. However,
implementing interventions targeted at the 10% to 15% of
inpatients reporting a previous penicillin allergy can pose
substantial logistic challenges. We implemented a computerized
guideline for patients with reported beta-lactam allergy at 5
hospitals within a single health care system in the Boston area. In
this article, we describe our implementation roadmap, including
both successes achieved and challenges faced. We explain key
implementation steps, including assembling a team, stakeholder
engagement, developing or selecting an approach, spreading the
change, establishing measures, and measuring impact. The
objective was to detail the lessons learned while empowering
others to be part of this important, multidisciplinary work to
improve the care of patients with reported beta-lactam
allergies. � 2017 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2017;5:616-25)
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Approximately half of all hospitalized patients receive antibi-
otics, and the 10% to 15% of inpatients with previous reported
penicillin allergy receive broader-spectrum, often less effective or
more toxic antibiotics.1-3 Patients who have a reported beta-
lactam allergy, and who are treated with a nonebeta-lactam,
have an increased risk of treatment failure4 and adverse events.5

Often, nonebeta-lactam alternative antibiotics are used, even
among patients who have infections for which first-line treatment
is a beta-lactam antibiotic.3,6 The overuse of broad-spectrum
antibiotics contributes to growing antimicrobial resistance for
the hospital and community, and has been associated with
increased odds of resistant organisms and Clostridium difficile
infections for patients reporting penicillin allergy.7

Previous data from both outpatient8,9 and inpatient10-12

settings support that the vast majority of patients who report
an allergy to beta-lactam antibiotics are not truly allergic.
Indeed, more than 95% of patients who report penicillin
allergy, and are tested, are found to tolerate penicillins and
related beta-lactams.8-13 Because of this large discrepancy,
penicillin allergy evaluation in some form is encouraged by the
Centers for Disease Control and Prevention,14 the National
Quality Forum,15 the American Board of Internal Medicine,16
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Abbreviations used

ASCs- A
ntibiotic Stewardship Committees

BPA- B
est practice advisory

BWF- B
righam and Women’s Faulkner Hospital

BWH- B
righam and Women’s Hospital

EHR- E
lectronic health record

MGH-M
assachusetts General Hospital

NSMC- N
orth Shore Medical Center
the Infectious Diseases Society of America,17 the Society for
Healthcare Epidemiology in America,17 and the American
Academy of Allergy, Asthma, and Immunology.18 As guidelines
and position statements accrue, allergists have a unique oppor-
tunity to collaborate with colleagues from infectious diseases,
pharmacy, and quality improvement to design and implement
system-based solutions to help improve antibiotic choices among
patients with reported penicillin allergy.

Various methods to address inpatient penicillin allergies have
been previously proposed. Programs with routine penicillin skin
testing, performed by internists, allergists, and pharmacists, were
previously implemented with varying success.10,12,19-23 Other
groups used routine allergy consultation, with or without patient
screening performed by pharmacists.11,24 Alternative approaches
have targeted penicillin allergy evaluation only for inpatients with
particular infections,21 or those prescribed particular beta-lactam
alternative drugs (eg, aztreonam).11,25

Generally, 4 pathways toward achieving health care im-
provements have been defined: (1) standardization, (2) coordi-
nation, (3) improving treatment decisions, and (4) prevention.26

In this article, we present our experience designing and per-
forming a multisite implementation project that targeted all these
pathways. We used a standardized approach to patients reporting
beta-lactam allergies that included coordination between clinical
providers, pharmacy, and nursing to improve treatment decisions
and prevent unnecessary downstream adverse events. The inter-
vention was a computerized guideline that engaged nonallergy
providers to clinically assess the patients’ penicillin or cephalo-
sporin allergy history to safely prescribe beta-lactam antibiotics.

In this article, we present key principles in designing the
guideline and tools that we used, and explain effective imple-
mentation steps: assembling a team, gaining stakeholder
engagement, developing or selecting an approach, spreading the
change, establishing measures, and evaluating impact. The
objective was to detail the lessons we learned in this process, as
well as empower allergists to join multidisciplinary teams across
the United States tasked to improve the care of patients with
reported beta-lactam allergies.

FORMING THE TEAM AND STAKEHOLDER

ENGAGEMENT

Generally, improvement teams should include specific indi-
vidual roles, such as management sponsor, team leader, subject
matter expert, team member, and improvement advisor/project
manager.27 Although the optimal team structure for improve-
ment is often a dedicated team, most teams, including ours, must
recruit part-time team members who add this project into any
available time.26 Programs that affect the choice of antimicrobials
have implications for a broad group of providers. Each stake-
holder must have both a role in the program and a vested interest
in the success of the program. An effective implementation team
should include, at a minimum, the following:

� Executive Sponsor (eg, hospital leadership, quality/safety
leadership, and antibiotic stewardship leadership). The exec-
utive sponsor can use their authority to allocate resources,
remove barriers, and provide liaisons.27 A sponsor is also
important to help deliver the message and inspire change. The
sponsor is not a day-to-day participant, but periodically re-
views the implementation team’s progress. The right executive
sponsor may be motivated to support this initiative because all
hospitals report health careeassociated infections to the
Centers for Disease Control and Prevention’s National
Healthcare Safety Network.28 Public reporting of health
careeassociated infections has not only reputational impact
but is also linked to reimbursement from the Centers for
Medicare & Medicaid Services.29,30 In addition, as of January,
2017, the Joint Commission required hospitals to implement
antimicrobial stewardship programs to improve antibiotic use
and mitigate the emergence of antibiotic resistance. This
project could be used by hospitals to demonstrate compliance
with that standard.31

� Allergy/Immunology Clinical Lead. To devise a safe and
effective program, the team requires allergist expertise, because
general inpatient providers have limited drug allergy knowl-
edge.3,32-34 The education about penicillin allergy and allergy
procedures, and development of hospital protocols and pol-
icies, should come from those with specialty level knowledge
and experience. Programs without access to allergy expertise
should collaborate with hospitals that have allergists, or
consider adoption of an intervention that has been previously
vetted and evaluated. Evaluating patients with drug allergies is
within the scope of allergy practice and for a community
allergist, the hospital relationship would likely result in
increased outpatient referrals. In addition, collaborative quality
improvement activities can be used for Maintenance of Cer-
tification credits for boards, such as the American Board of
Internal Medicine and the American Board of Allergy and
Immunology.

� Infectious Diseases Clinical Lead. The role of the infectious
diseases clinical lead is to serve as the subject matter expert for
antibiotic usage, including identifying stewardship priorities
such as targeted patient groups, infections, and/or drugs.
Antibiotic Stewardship Committees (ASCs),17,35,36 often
composed of leaders in medicine, infectious diseases, and
pharmacy, perform interventions designed to improve and
measure the appropriate use of antibiotic agents by promoting
the selection of the optimal antibiotic. ASCs also may address
patient-reported penicillin allergy.17,35 Because ASCs are
regularly tracking antibiotic usage, and are soon to be a Joint
Commission standard,31 they are a natural place to identify
engaged team members and leverage existing hospital
resources.

� Pharmacy Lead. Pharmacists are integral for day-to-day
medication safety. They review medication orders, and check
drugs against previously reported allergies to avert potentially
iatrogenic allergic reactions. Given their involvement in allergy
checking and drug verification and processing, pharmacists can
play a key role in identifying patients who require allergy
clarification, and those at high risk of complications because of
unnecessary alternative antibiotic use. Pharmacy cooperation is



TABLE I. Hospital sites for implementation

Hospital characteristics MGH BWH BWF NWH NSMC*

Hospital type Academic Academic Community† Communityz Community

Massachusetts location Boston Boston Boston Newton Salem/Lynn

Number of bedsx 1,043 851 138 282 431

Number of annual
admissionsk

49,799 41,804 9,282 14,796 17,758

Antibiotic Stewardship
Program

Yes Yes Yes No{ No{

Antibiotic Stewardship
Program members

Physicians, pharmacists,
infection control,
clinical microbiology

Physicians, pharmacists,
infection control,
clinical microbiology

Infectious diseases
physicians, pharmacists

— —

Allergy/Immunology
consultation available

Yes Yes No No Yes

Inpatient penicillin skin
testing available

Yes Yes No No Yes

Desensitization available Specific medical floors
and ICUs

Specific medical floors
and ICUs

Transfer to BWH arranged
for desensitization, except
1 d/wk availability in BWF ICU

ICUs ICUs

BWF, Brigham and Women’s Faulkner Hospital; BWH, Brigham and Women’s Hospital; ICU, intensive care unit; MGH, Massachusetts General Hospital; NSMC, North Shore
Medical Center; NWH, Newton-Wellesley Hospital.
*The NSMC is composed of Salem Hospital and Union Hospital.
†House staff from BWH.
zHouse staff from MGH.
x2014 Center for Health Information and Analysis.
kPatient Statistics October 1, 2015, through September 30, 2016, provided by Partners HealthCare Business Planning.
{Currently forming to comply with Joint Commission policy,31 with members including infectious diseases, pharmacy, infection preventionist, and practitioners.
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additionally needed for streamlined operations of inpatient
skin testing, test dosing, and desensitization. Support of
pharmacy leadership may be gained by projecting the favorable
impact of this type of project on the pharmacy budget. For
example, there may be cost savings if there is a shift from use
of aztreonam (about $240/d) toward use of cefepime (about
$40/d).37

� Nursing Lead. To safely change inpatient practice, and suc-
cessfully introduce nurses to new procedures (eg, skin tests,
test doses, and desensitizations), nursing engagement is crucial.
Nursing comfort with allergy assessments and procedures is
important to adoption. Nurses additionally have the greatest
grasp of inpatient floor operations and can provide valuable
insight into implementation feasibility and staffing needs.
After the nursing lead gains comfort with the intervention(s),
they become instrumental in leading nursing education on
patient care units. This nursing leadership role is suitable for a
nurse who already has an administrative position in education
or quality and safety.

� Program Support/Data Analyst. To organize implementation,
as well as understand the policy’s impact, project managers and
data analysts are useful team members, if available.

In March, 2016, we assembled a multidisciplinary team at
each of 5 hospitals to implement a computerized guideline for
patients with beta-lactam allergies. Although united in ownership
(ie, Partners HealthCare System), each of these hospitals func-
tions independently with distinct policies, systems, and admin-
istrators. Hospitals included 2 academic tertiary care referral
centers with onsite Allergy/Immunology and allergy on-call ser-
vices—the Massachusetts General Hospital (MGH) and Brig-
ham and Women’s Hospital (BWH)—and 3 community
teaching hospitals, Brigham and Women’s Faulkner Hospital
(BWF), Newton-Wellesley Hospital (NWH), and North Shore
Medical Center (NSMC; Table I). Each hospital team included
an executive sponsor, and clinical, pharmacy, and nursing lead-
erships (Figure 1). The clinical leader was termed the “Clinical
Champion.” Given the systemwide implementation, we addi-
tionally had an umbrella structure with a Partners HealthCare
Team composed of an overall executive sponsor, additional
clinical leaders, and a project manager.

DEVELOPING OR SELECTING AN APPROACH

Our chosen intervention: A computerized guideline

In 2013, the MGH designed and implemented a pathway for
general inpatient providers to care for patients with reported
penicillin or cephalosporin allergies. In devising the pathway, we
required standardization of the varied allergy clinical practices
within our health care system, and creation of an approach for
nonallergists that would improve antibiotic choice without
compromising patient safety. The guideline we chose, therefore,
increased beta-lactam use, improving quality, but was appropriately
risk averse, maximizing safety. The pathway, which took the form
of a printed guideline available throughout the hospital and online
in the hospital policy manual, directed full-dose challenges and
graded challenges (ie, test doses) for patients with low-risk allergy
histories to penicillins or cephalosporins (Figure 2; see Figure E1 in
this article’s Online Repository at www.jaci-inpractice.org). All
guideline-recommended test dose challenges were performed by the
general medical teams on general inpatient units.34,38,39 When
penicillin skin testing was necessary given the combination of al-
lergy history and desired antibiotic, the guideline recommended
allergy consultation. Skin testing to other beta-lactams (eg,

http://www.jaci-inpractice.org


FIGURE 1. Assembling a team. This workgroup structure displays the teams assembled at each hospital site as well as the umbrella
Partners HealthCare team structure. Each hospital team required an executive sponsor, a clinical champion (Allergy/Immunology, In-
fectious Diseases, or Internal Medicine), pharmacy lead, and nursing lead. BWH, Brigham and Women’s Hospital; BWF, Brigham and
Women’s Faulkner Hospital; MGH, Massachusetts General Hospital; NSMC, North Shore Medical Center; NWH, Newton-Wellesley
Hospital.
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ampicillin and cephalosporins) may have been performed, when
indicated, after determination by the consulting allergist.

We studied the clinical guideline at the MGH, and identified
that it was safe, and led to switches from antibiotics such as
vancomycin and aztreonam to beta-lactam antibiotics.38 We
demonstrated that compared with preguideline, postguideline
patients with methicillin-sensitive Staphylococcus aureus bacteremia
were treated more frequently with a first-line therapy antibiotic
(oxacillin, nafcillin, cefazolin).6 We subsequently computerized
and modified the MGH intervention on the basis of user feedback,
expertise from the BWH, and plans for a unified approach across
the Partners HealthCare System. A fully electronic, mobile-
friendly, and interactive guideline was created and housed on an
intranet site maintained behind the Partners HealthCare firewall
(Figure 3). In addition to links for the printed versions of the
guideline, the Web site included optional clinical decision support
for taking the allergy history, brief educational videos, and
research/guidelines supporting penicillin allergy evaluation.14-18,38

Before implementation throughout the system, the Web site
was tested and prospectively studied at the BWH, with results
demonstrating that patients with reported penicillin allergy in the
computerized guideline period had significant, almost 2-fold,
increased odds of receiving an inpatient beta-lactam antibiotic
compared with the standard of care period.40 Although the final
computerized guideline was a single, Partners-wide document,
each hospital team worked through their specific committees to
obtain institutional approval. Using internal data and previous
literature-based inputs,5,41-45 we projected that from $8.9
million to $13.7 million in 1 year could be saved by the complete
implementation of the computerized guideline across Partners
hospitals (see Table EI in this article’s Online Repository at
www.jaci-inpractice.org).
Methods for evaluating penicillin allergy
Regardless of the specific policy chosen, all interventions must

consider how to integrate drug allergy procedures, including
penicillin skin testing, test dose challenges, and desensitization,
into hospital care.

Penicillin skin testing. Skin testing to penicillin is usually
performed by allergists or allergy registered nurses, nurse prac-
titioners, or trainees. However, penicillin skin testing can be
learned by other clinical providers, including medical doctors and
nurses from other specialties.22 In some states, pharmacists can
also perform penicillin skin testing.21,23

The Partners-wide guideline34,38,39 required allergist-
performed skin testing for patients who needed a penicillin or
early generation (first or second) cephalosporin whose allergy
history was either (1) a history of reaction that is suspicious for
an IgE mechanism or (2) an unknown reaction without warning
signs of a severe cutaneous adverse reaction. Because skin testing
was not readily available at 2 of the community hospitals, we
adapted recommendations to include an option for desensitiza-
tion and penicillin skin testing arranged as an outpatient on
discharge. The MGH, the BWH, and the NSMC performed
penicillin skin testing on inpatients through an allergy consul-
tation mechanism. We chose not to indiscriminately skin test
inpatients because of operational barriers observed in the BWH
prospective study, where, without a designated skin tester and
without an imminent need to change antibiotics on the basis of
skin test results, only 25% of skin-test eligible patients completed
testing.40

A pre-prepared toolbox-type kit with skin pricks, intradermal
needles, alcohol swabs, measuring rulers, and permanent markers
improved penicillin skin testing operations on inpatient units. A
smaller, separate container with histamine, saline, and Pre-Pen was
stored in the refrigerator and added to the toolbox at the time of
need. TheMGH and the BWH additionally tested with penicillin
G by both epicutaneous and intradermal skin testing.46 At the
MGH, the mixing and diluting of penicillin G was performed by
the consulting allergist, whereas the BWH used the central
pharmacy to compound and deliver the penicillin to the patient’s
care unit via pneumatic tube or floor delivery. Although the latter

http://www.jaci-inpractice.org


FIGURE 2. The Partners Penicillin and Cephalosporin Hypersensitivity Pathway. These pathway structures were used by the electronic
decision support tool for reported hypersensitivities to penicillins and cephalosporins. Recommendations made by the computerized
guideline followed these pathways. A, Penicillin hypersensitivity pathway. For penicillin allergy histories, the guideline recommended the
following: (1) Type II to IV hypersensitivity reaction, avoidance of beta-lactams. (2) Type I IgE-mediated hypersensitivity reaction or
unknown reaction, third-/fourth-/fifth-generation cephalosporins can be used by test dose directly; to use first-/second-generation
cephalosporins or penicillins, penicillin skin testing or desensitization and Allergy/Immunology follow-up was recommended. (3) Mild
hypersensitivity reaction including EHR discrepancies and benign morbilliform rashes, third-/fourth-/fifth-generation cephalosporins can
be used by full dose and first-/second-generation cephalosporins and penicillins can be used by test dose. B, Cephalosporin hypersen-
sitivity pathway. HSR, Hypersensitivity reaction; PCN, penicillin. *Requires Infectious Diseases approval. †Alternative agents by mi-
crobial coverage: Gram-positive coverage: Vancomycin, linezolid*, daptomycin*, clindamycin, doxycycline, trimethoprim/
sulfamethoxazole. Gram-negative coverage: Quinolones, sulfamethoxazole/trimethoprim, aminoglycosides, aztreonam.*
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method ensured that mixing was performed in a standardized
fashion, it also caused operational delays because the timing of skin
testing was reliant on the inpatient pharmacy workflow.
Test dose challenges. One of the principal and scalable
methods to standardize the approach to inpatients with docu-
mented penicillin allergy is to implement graded challenges, or
test doses, for low-risk patients.13,38,47-50 Test doses can be used
with or without previous skin testing, depending on allergy
history and assessed risk.9,13,38,47-50 The aim of the test dose is to
rule out IgE-mediated drug hypersensitivity; that is, test doses are
for patients unlikely to be truly allergic. Test doses have been
safely used in both outpatient and inpatient settings; the MGH
introduced nonallergist providers to beta-lactam antibiotic test
doses in 2013 with the original guideline,38 and since that time
has performed more than 800 inpatient test dose challenges.
After successful completion of a test dose challenge (test dose and
full dose), patients can safely be continued on the full dose of
their antibiotic for treatment of their infection.
Although simple and scalable in theory, we encountered a
multitude of problems creating a safe, standardized, and efficient
process for ordering, preparing, and administering parenteral test
doses of beta-lactam antibiotics. Addressing these challenges, and
reaching a consensus methodology, took approximately 2
months’ time (see Figure E2 in this article’s Online Repository at
www.jaci-inpractice.org). Specific considerations for parenteral
test doses include the following:

� Number of Drug Products. There was a choice between
dispensing 1 product with either 1 or 2 compounding labels,
or 2 dispensed products (ie, first product/order is the test dose
and second product/order is the full dose). In this decision, we
needed to consider that with 1 dispensed product, there is the
possibility of an improper dose error (ie, administering the full
dose inadvertently), and the use of 2 labels on 1 product is not
a recommended practice.51 We therefore chose to recommend
2 orders and 2 products.

� Product Preparation, Dispensing, and Dosing. Drug products
could be mixed and prepared in the central pharmacy and/or

http://www.jaci-inpractice.org


FIGURE 2. (CONTINUED).
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retrieved from automated dispensing cabinets (eg, Omnicell).
If the test dose is not prepared from a premixed full dose, then
it is important to ensure that the test dose is not diluted to a
concentration lower than the full dose, which could result in a
false-negative test dose because patients may not react because
of the altered concentration.49,50 Many hospitals do not carry
25 mL diluent bags, and mixing the test dose in a 50 mL
diluent bag results in a test dose that is about 10-fold more
dilute than the full dose. With that in mind, we opted to draw
up the test dose from a full-dose bag into a syringe or a diluted
vial for administration. A 2-step intravenous challenge could
be a 10% test dose followed by either a 90% dose or a 100%
dose. An important practical consideration in determining
which option suited us best was closely aligned with product
availability across all institutions. Within our system, 3 stra-
tegies were identified as potential options for preparing the
antibiotic test doses from the full-dose bags: (1) ADD-Vantage
system, (2) MINI-BAG Plus system, or (3) a small volume
parenteral (see Figure E3 in this article’s Online Repository at
www.jaci-inpractice.org). To prepare the 10% test dose from
the MINI-BAG Plus or the ADD-Vantage bag, the pharmacist
draws the 10% dose out of the administration port. Using the
administration port for this purpose would subsequently
necessitate a nurse attaching the administration tubing outside
of a sterile environment. This practice was not ideal for
maintaining sterility or adhering to regulatory requirements;
therefore, we chose to compound the intravenous 10% dose in
the pharmacy clean room and dispense a 100% full dose that
could be removed from the automated dispensing cabinets.
Our choice maximized patient safety and operational effi-
ciency; however, it resulted in drug waste (90% of 1 dose was
discarded).

� Test Dose Administration Method. Because the small volume
of the test dose limited the utility of the volumetric intrave-
nous pumps, we opted to have the test dose administered by
slow intravenous push over 5 minutes (usually about 1 mL/
min). In choosing this administration method, hospitals
needed to create, or amend, their nursing intravenous push
policy.

� Observation Time. The observation time and requirements by
nursing varied from institution to institution on the basis of
local policy, perceived comfort, and hospital resources. The
MGH chose a period of observation of 60 minutes between
the test dose and the full dose; the BWH chose to observe 30
minutes before the full dose. All hospitals required a one-to-
one nursing assignment for the duration of the challenge,
but did not require the nurse to be present at the bedside for
the duration of the procedure. The NSMC, however, advised
nurses to remain at the bedside for 15 minutes after each step
of the protocol. Finally, some hospitals chose to place general
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FIGURE 3. The computerized Partners Penicillin and Cephalosporin Hypersensitivity Pathway. The computerized guideline/Web site
contained optional clinical decision support for taking a drug allergy history. After answering questions from the patient’s allergy history,
the decision support would group immunologic reactions into 1 of 3 categories described in the Partners Penicillin and Cephalosporin
Hypersensitivity Pathway in Figure 2. The computerized guideline/Web site also included links to education videos as well as research and
guidelines supporting beta-lactam allergy evaluation. DRESS, Drug rash eosinophilia and systemic symptoms; PCN, penicillin.
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restrictions on when test dose challenges would be performed,
for example, recommending that challenges occur during
daytime shifts and weekdays, when possible.

Standardization of oral beta-lactam test doses did not require
similar effort, and we largely decided to mirror the choices made
for parenteral test doses for standardized labeling, dosing, and
observation time.

Desensitization
Desensitization (ie, induction of tolerance) protocols were

standardized before this initiative, and no changes were made to
the process by which desensitizations were ordered or performed.
Most sites perform antibiotic desensitization in the intensive care
unit setting (Table I). However, in implementing this new policy
for beta-lactams, all hospital policies for test doses were separated
from hospital policies of desensitization, largely to clarify that
these processes are intrinsically different. We emphasized that
desensitization was reserved for the allergic, or presumed allergic,
patients.

Updating the allergy list

It was important to ensure that changes to allergies were
updated in the electronic health record (EHR) and communi-
cated properly to the patient, as well as to the patient’s medical
providers. For patients who received negative skin testing or test
dose challenges to the same drug for which they have the re-
ported allergy, the allergy can be deleted. However, a previous
study identified that 1 in 5 parents of children who had a history
of penicillin allergy, but negative penicillin allergy evaluation,
still did not give their children penicillins because of fear of an
allergic reaction.52 Another study identified that 36% of patients
with a history of penicillin allergy and negative penicillin allergy
evaluation had penicillin allergy redocumented without reason.53

These data highlight the importance of proper communication
and education for patients and providers.

SPREADING THE CHANGE: EHR INTEGRATION

AND EDUCATION
We used 2 primary methods for spreading the intervention:

computerized support through the EHR and a traditional,
multipronged education campaign.

EHR Integration

Best practice advisory. Integration into the EHR is crucial
for guidelines to have sufficient uptake.54 We targeted integra-
tion at the point of need (ie, when an inpatient with penicillin
allergy is prescribed an antibiotic) through a best practice advi-
sory (BPA) (see Figure E4 in this article’s Online Repository at
www.jaci-inpractice.org). Specifically, the BPA directed providers
to our Web site/guideline when they placed an order for a tar-
geted antibiotic (eg, aztreonam) in a patient with reported
penicillin or cephalosporin allergy. The BPA also contained hy-
perlinks to the computerized guideline and the allergy section of
the EHR. In choosing to implement a BPA, the desire of our
team for 100% uptake was balanced by the wants of our pro-
viders and health care system to limit inconsequential interrup-
tive alerts that can negatively impact patient safety.55,56 In
addition, we balanced distinct antibiotic stewardship priorities.
For example, one site requested the BPA to fire for all fluo-
roquinolones, whereas another site identified that this would

http://www.jaci-inpractice.org


FIGURE 4. Monthly dashboard for monitoring implementation and impact. This monthly dashboard uses data from various sources (Web
site, Google Analytics, EHR reporting) to enable evaluation of the intervention use and uptake. BWF, Brigham and Women’s Faulkner
Hospital; BWH, Brigham and Women’s Hospital; EHR, electronic health record; MGH, Massachusetts General Hospital; NSMC, North
Shore Medical Center; NWH, Newton-Wellesley Hospital.
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result in overalerting in circumstances in which a fluo-
roquinolone was an appropriate therapy.

Order set. Creation of an EHR order set for test doses pro-
vided a safe mechanism for test dose ordering, and simulta-
neously standardized the preparation and administration
instructions (see Product Preparation, Dispensing, and Dosing
and Test Dose Administration Method sections). The order set
contained a hyperlink to the computerized guideline. The test
dose order set automatically defaulted for the most commonly
used adult antibiotic doses, and not only calculated the test dose
but also included as needed orders for diphenhydramine and
epinephrine (see Figure E5 in this article’s Online Repository at
www.jaci-inpractice.org). Medication formulary differences be-
tween the 5 hospitals, including vial sizes and preparation
practices, were considered, and only locally available beta-lactams
were shown to the provider by using the admitting location of
the patient.

Educational campaign
Our initial MGH educational intervention in 2013 included

10-minute educational presentations delivered to 15 targeted
groups of inpatient providers throughout the hospital.34,38 High-
impact groups included internal medicine, hematology/oncology,
infectious diseases, transplantation, general surgery, pediatrics,
pulmonary/cystic fibrosis, and pharmacy. The analysis at 1 year
suggested that internal medicine and surgery services were the
most common guideline users.39

For systemwide expansion, we first asked each hospital team to
identify the educational needs of their respective institution, and
high-impact groups. At a minimum, the educational initiative at
each hospital consisted of (1) training the hospital team leaders
and pharmacists; (2) email instructions to all clinical providers
that announced and explained the initiative and included links to
the Web site, links to the educational videos (see Figure E6 in
this article’s Online Repository at www.jaci-inpractice.org),57

and PDFs of the posters/pocket cards (see Figure E7 in this ar-
ticle’s Online Repository at www.jaci-inpractice.org); and (3)
posters hung in high-traffic clinician work rooms and pocket
cards delivered to inpatient providers in the hospital. The
educational videos included 4 videos intended for health care
providers and 1 video intended for patients. Patients additionally
received standardized written information as part of the patient
consent process for test doses at the BWH, BWF, and the

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org


J ALLERGY CLIN IMMUNOL PRACT
MAY/JUNE 2017

624 BLUMENTHAL ETAL
NSMC. In-person educational sessions for providers were offered
to high-impact groups, and varied both in formality, from grand
rounds to workshops, and in duration, from 10 to 60 minutes.
The educational program covered the impact of unverified
penicillin allergies, the Partners computerized guideline and
EHR enhancements, communicating with patients, and updat-
ing the allergy list. The educational initiative was modifiable on
the basis of hospital needs. Sites that needed more education
have opted for more in-person educational sessions and/or made
the educational videos mandatory learning.

ESTABLISHING MEASURES AND TESTING

CHANGES: MONITORING UPTAKE AND IMPACT
Improvement interventions benefit from evaluation and sub-

sequent refinement of the intervention and/or spread plan
through Plan-Do-Study-Act cycles.27 To improve patient clinical
outcomes, as well as provider uptake and usability, we monitor
our intervention through various methods and measures. First,
we assess process measures, including Web site usage (number of
providers, provider types, patient types, users completing deci-
sion support), Web site traffic (Web page views, time on Web
site, new and returning users), and BPA firing. We additionally
follow outcome measures, including test dose orders received
through the EHR’s reporting function and resultant adverse drug
reactions. We are still identifying the best method to track
relevant changes to the EHR allergy list. From the available data,
we devised a single monthly reporting dashboard that included
key data for ongoing assessment and monitoring (Figure 4). Each
hospital reviews internal data monthly, and determines how best
to adapt implementation. Monthly conference calls between sites
allow for sharing of ideas, challenges, and best practices.

CONCLUSIONS
We designed and implemented a computerized guideline for

inpatients with a reported penicillin or cephalosporin allergy as a
health care systemwide quality improvement initiative across 5
hospitals in the Boston area. In doing so, we identified barriers to
implementation impacting the efficacy, safety, efficiency, cost,
and uptake of the intervention. Many of the issues that arose
were due to differences in existing processes used in inpatient
practice, such as safety practices for medication labels and the use
of automated dispensing cabinets for the distribution of many
beta-lactam antibiotics on inpatient units. Ultimately, we iden-
tified a safe, scalable method for performing intravenous test
dose challenges, although we were disappointed this method
included drug waste. However, 1 dose of beta-lactam drug waste
costs from $0.43 a dose (amoxicillin) to $46.16 a dose (cefote-
tan).37 We projected a possible $8.9 million to $13.7 million
savings in the first year, a cost savings that far exceeds imple-
mentation and program costs. We were able to encourage pro-
viders to adopt the intervention with an easy-to-use
computerized guideline and incorporating a BPA and a test dose
order set with hyperlinks in the EHR. We designed free, online
videos for clinical champions to use for educating providers at
locations without immediate access to Allergy/Immunology, but
additionally used traditional methods of education, such as
presentations and pocket cards. We monitor our progress using
both process and outcome measures derived from EHR data
sources. As the policy continues to spread, we believe that this
intervention will increase education and awareness of drug
allergies throughout our health care system, and improve both
patient safety and antibiotic choice among those with previous
beta-lactam allergies.

Addressing unverified beta-lactam allergies is an area that is
important to health care today, and allergists have much to offer.
The lessons learned from our experience in implementation in a
health care system with varied institutional resources are widely
applicable across a range of settings.
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APPENDIX
TABLE E1. Projected cost savings with full implementation of the computerized guideline at Partners HealthCare hospitals

Parameter Point estimate Reference(s) Calculation

Number of admissions per year 133,439 Partners HealthCare
Business Planning

133,439 inpatients per year

Frequency of penicillin allergy 12.8% E1 17,080 inpatients per year with penicillin allergy

Frequency of cephalosporin allergy 1.7% E1 2,268 inpatients per year with cephalosporin allergy

Frequency of antibiotic usage among
inpatients

63.5% E2 12,286 inpatients per year with penicillin or cephalosporin
allergy receive an antibiotic

Frequency of treatment for an infection
among inpatients given an antibiotic

84.8% E3 10,418 inpatients per year with penicillin or cephalosporin
allergy treated for an infection.

Beta-lactam usage without
computerized guideline

38.0% E3 - 3,959 receive beta-lactam
- 6,459 receive alternative antibiotics

Beta-lactam usage with computerized
guideline

68.4% E3 - 7,126 receive beta-lactam
- 3,292 receive alternative antibiotics

ADEs* if given beta-lactam
ADEs* if not given beta-lactam

21.0%
66.8%

E4

E4
Without computerized guideline:
- 3,959 receive beta-lactam, 831 ADEs
- 6,459 receive alternative antibiotics, 4,315 ADEs
¼ 5,146 total ADEs
With computerized guideline:
- 7,126 receive beta-lactam, 1,497 ADEs
- 3,293 receive alternative, 2,200 ADEs
¼ 3,697 total ADEs
¼ 1,449 ADEs averted with computerized guideline adoption

Proportion of ADEs readmission 32.0% E4 464 readmissions

Proportion of ADEs drug reaction or
acute kidney injury

68.0% E4 985 ADEs

Cost of adverse drug reaction $3,023-$7,036† E5,E6 $3.0 million-6.9 million

Cost of readmissionz $12,698-14,660† E7 $5.9 million-6.8 million

Total projected annual cost savings with computerized guideline implementation
across 5 hospitals

$8.9 million-13.7 million

ADE, Adverse drug event.
*Includes readmission, drug reaction, or acute kidney injury.
†Inflation-adjusted 2016 dollars.
zAverage cost of all-cause readmission, Medicaid patients (lower bound), private insurance (upper bound).



FIGURE E1. Cephalosporin cross-reactivity matrix.E8-E13 This matrix describes the risk of cross-reactivity between 2 beta-lactam anti-
biotics. Boxes with a symbol indicate either a similar (gray) or an identical (red) side chain, and therefore higher risk for an allergic
reaction. Empty boxes indicate a lack of side-chain similarity and decreased risk of allergic reaction. For example, patients with an allergy
to cefepime should avoid cefotaxime, but can receive cefdinir, either by test dose or by full-dose challenge, depending on the allergy
history. Note that cefazolin and ceftaroline have disimilar side chains to all other cephalosporins. This chart indicates side-chain cross-
reactivity only. When considering cross-reactivity between penicillins and cephalosporins, cross-reactivity is also possible with the core
beta-lactam ring. Bolded agents are on formulary at Partners HealthCare hospitals, and only cephalosporins available in the United States
were included.
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FIGURE E2. Implementation timeline. This timeline summarizes our implementation team’s progress and demonstrates timing required
for pilot testing phases, convening teams, reaching consensus, and implementation. The timeline includes specific go-live dates (ie,
implementation start dates) for all hospitals. BWF, Brigham and Women’s Faulkner Hospital; BWH, Brigham and Women’s Hospital; EHR,
electronic health record; MGH, Massachusetts General Hospital; NSMC, North Shore Medical Center; NWH, Newton-Wellesley Hospital.

FIGURE E3. Pharmacy parenteral antibiotic products and test dose preparation. Pharmacy parenteral antibiotic products impact options
for performing graded challenges. With the MINI-BAG Plus and the ADD-vantage product, a test dose cannot be removed from the full
dosewithout attaching a spike to the administration port. A, ADD-vantage has a vial attached to a bag. The vial (CTX shown here) screws
onto the top of the bag. The test dose is removed by attaching the dispensing spike to the white administration port located at the bottom
of the ADD-vantage bag. B, MINI-BAG Plus has a vial (CTX shown here) that attaches to the bottom of the bag via the light blue adaptor.
The test dose is removed by attaching the dispensing spike to the dark blue administration port. C, Compounding a small volume
parenteral is seen here, and requires that the powder medication be reconstituted and injected into the admixture port (tan, left side). The
test dose is removed by attaching the dispensing spike to the white administration port. CTX, Ceftriaxone.
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FIGURE E4. The BPA leads providers to the computerized guideline. This interruptive alert was created by the local Partners eCare team in
Epic. The BPA fires when a patient with a penicillin or cephalosporin allergy is ordered for aztreonam, a carbapenem, or clindamycin.
There is a link directly to the computerized guideline/app and directs the user to update allergy documentation.

FIGURE E5. Beta-lactam antibiotic test dose order set. The test dose order set was created by the local Partners eCare team in Epic. It can
be found among inpatient order sets through searching key words (eg, challenge, test dose, allergy, and penicillin). Default dosing is
included for the most common adult antibiotic doses, and the test dose is automatically calculated for prescribers. Dosing may be
changed manually by the provider for patients who require a different medication dosage (eg, renal dosing, pediatric dosing). The order
set includes important rescue medications, and provides nursing administration details. ACE, Angiotensin-converting enzyme.
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FIGURE E6. Educational videos through Vidscrip. We used the Vidscrip app to create 4 educational videos for providers and 1 video for
patients. The videos are free and accessible through our mobile-friendly intranet site, as well as on the Vidscrip app. Videos for prescribers
included the following: (1) Introduction to Partners Penicillin and Cephalosporin Hypersensitivity Pathway and App, (2) Partners Penicillin
and Cephalosporin Hypersensitivity PathwayeCase Review, and (3) Video Orientation to Penicillin and Cephalosporin Allergy. We also
created a video “Diagnosing and Managing an Allergic Reaction,” intended for all health care providers, and “Antibiotic Test Dose,” an
explanatory video intended for patients.
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FIGURE E7. Educational posters/pocket cards. We printed educational posters that were hung in high-traffic workrooms, emailed to
clinicians, and dispensed as laminated pocket cards. This poster focused on directions for accessing and using the computerized guideline
and educational videos. Other posters were created using the algorithms for prescribing beta-lactams in patients with different penicillin
allergy histories.
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