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INTRODUCTION

Penicillin allergy is the most commonly reportedglallergy. While 10% of patients report a
penicillin allergy, up to 15% of hospitalized patig report a penicillin allergy® Given that 90-
95% of patients with a reported penicillin alletgierate penicilliri, hospitalized patients with
infections often unnecessarily avoid penicillinglather beta-lactams, such as the
cephalosporins. Reporting a history of penicilliler@y can result in the choice of a clinically-
inferior antibiotic*® and lead to more adverse effecisWhen the beta-lactam alternative
antibiotic chosen is more broad-spectrum, antinti@aesistance ensues. Indeed, patients with
reported penicillin allergies have an increaseddence of methicillin-resistar&aphyl ococcus

aureus.’

Unverified beta-lactam allergies interfere withioml care of infections in the hospital. In
methicillin-sensitiveStaphyl ococcus aureus (MSSA) bacteremia, giving the alternative drug
(vancomycin) results in more treatment failure (128680%) and death (18% vs 7%) than using
the penicillin allergy history to guide beta-lactameatment. Despite this, a penicillin allergy
history was the strongest negative predictor oéiraag optimal therapy for patients with MSSA
bacteremi&. Performing a penicillin skin test (PST) priorNtSSA bacteremia treatment was

determined to be cost-saving over a 1-year tim&zbomwhen PST costs less than $959%98.

Patients with gram negative bacteremia treated avlibta-lactam alternative because of their
allergy history experienced 10% more treatmentifag’’ Although aztreonam is often used for
inpatient gram negative bacterial infections ingyes with beta-lactam allergy histories because

there is no risk of beta-lactam cross-reactivitgxeept in patients with ceftazidime allergy -- it
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is less effective againBseudomonas Spp.*? and is more costly (at least double the cost/day
compared to the beta-lactams cefepime or ceftagidimThe high cost of aztreonam explains
some of the higher costs observed for inpatientis keiported penicillin allergy. Recently,
inpatient costs for patients with reported periitidillergy were $1,145 to $4,254 more per

patient compared with patients without a penicitlitergy history™*

Inpatients who did not get preferred beta-lactaenapy due to their report of allergy were also
found to be at 3-fold greater risk of adverse ev¢atcomposite outcome of readmissions for the
same infection, acute kidney inju@lostridioides difficile infection, and drug-related adverse
events) compared to those without reported allérégotably, patients in that study who

received beta-lactams despite reported penicillergy did not have an increased risk of adverse

events compared to those without reported allérgy.

Confirming allergy histories prior to medicatiorepcribing is a core aspect of patient safety.
There are layers of both human and electronig @lkergy alerts) support to ensure patients do
not receive drugs to which they are allergic, aeptially allergic given cross-reactivity
patterns.’” Although choosing alternative drugs when faceithwibcumented drug allergies
aligns with safety principles generally, evidenapports questioning the allergy history for

optimal care when patients with beta-lactam alldrigyories need antibiotic treatment.

Allergy specialists have performed penicillin afjgrevaluations in outpatient settings for
decades, but penicillin allergy evaluations havehistorically been part of hospital practice.

However, given the clear impact that a reportedqién allergy has on inpatient care of
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infectious diseases and antibiotic stewardshipicikm allergy assessments are now considered
important to antibiotic stewardship and have midtiplinary support®*® Prescribing beta-
lactam antibiotics to patients with beta-lactaner@y histories occurs in approximately 5% of all
United States (US) hospital patients, considefivag 15% of hospital patients report a penicillin
allergy, 40-50% require antibiotics, and 75% ofgitad infections should be treated with a beta-
lactam®?° In this Review, we identified a variety of acae beta-lactam allergy pathways by
intervention type, with a focus on unifying theneportant to the intervention process and
outcome measures considered central to antibitaveasdship, quality improvement, and patient

safety.
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METHODS

To identify illustrative beta-lactam allergy pathyarticles to include in this Review, we
performed term-by-term and combined term PubMedckes of the following keywords:
antimicrobial stewardship, outcome, de-labelingcebnic guideline, penicillin, beta-lactam,
allergy, skin test, drug challenge, cephalospaim hypersensitivity. The last search date was
October 31, 2018, but Partners HealthCare Systéi8)Bapers published after this date were
also considered. All studies available in Engésild full-text were included if they described an
acute care beta-lactam allergy pathway, definesl@ordinated inpatient program for beta-
lactam allergy assessments as a tool of antibstévardship. Pathways were grouped by their
primary approach; while some pathways were basletysan the allergy history, many used the
allergy history with direct drug challenges, PSiTboth (i.e., comprehensive beta-lactam allergy
pathways). For all identified articles, we revielnand summarized their intervention details and
reported outcomes. Although our approach was d®erno comprehensively capture beta-
lactam allergy pathway articles, no systematicdiigre review nor meta analyses was

performed.
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BETA-LACTAM ALLERGY PATHWAYS. INTERVENTIONS

History-based

The allergy history alone is a powerful tool thahde used to improve antibiotic prescribing.
There were eight articles describing pathways esxafilly reliant on the allergy history to
improve antibiotic choiceT(able 1).2*? These interventions were largely designed and
implemented by pharmacists. The most commonly tadyalternative antibiotic was aztreonam,
but carbapenem use was a focus of one affiéiZ?>?"?® The history in these pathways was
often standardized; for example, one group useehiiflin allergy screening todl and another

created a penicillin allergy guidance cafd.

Drug challenge-based

Administration of beta-lactam direct drug challemge inpatients requires more resources than
the allergy history alone. Direct drug challen{gso known as test dose challenges) are
commonly one to three doses in the US. To perfimung challenges, hospitals needed
infrastructure for ordering and preparing the dechgllenge, and protocols for observing patients
during their challenge. Acute care settings beffiefm having many of the resources required
for drug challenges readily available, includingsing observation, monitoring equipment, and
access to anti-allergic medications or anaphylkités Drug challenges in acute care settings
were performed to penicillin or amoxicillin, withé aim of disproving the penicillin allergy in
low risk patients® Alternatively, drug challenges were performedhi indicated therapeutic
beta-lactani’ While the former facilitated penicillin allergyedabeling, the latter facilitated the

timely, appropriate antibiotic treatment for acyteifected individuals.
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There were two pathways that were exclusively digeeg challenge-based beta-lactam allergy
pathways Table 2).%°** One proposed challenge-based pathway in the UKitegtlom (UK)

was an e-questionnaire that used the allergy lyistod host factors in a computerized decision
support system that determined patient risk (hglow). Low risk patients would then undergo
a direct 250 mg amoxicillin challendeA program active at two tertiary care referraltees in

Australia also used allergy history-based guidanatirect oral penicillin challengés.

While PHS pathways used direct full dose and tesedhallenges as the major component of
their intervention, PST was also available at thsigzs, and therefore PHS pathways are

considered comprehensive pathwayatfe 4).%>%323°

PST-based

Performing PST on hospitalized patients requirathing of skin testers when the tester was not
an allergist, allergy trainee, or other allergyqttéeoner. PST as part of acute care beta-lactam
allergy pathways was performed by allergy-trainegistered nurse$,pharmacisté’ and

infectious diseases trainees (in addition to aitsy’*>>° Clear PST inclusion and exclusion
criteria were needed. PST-based pathways alsoregficompounding time for reagents when
Penicillin G, minor determinants, and/or ampicilliere used, since the only commercially
available reagent was major determinant, or péoytipolylysine (Pre-Pen). PST-based
pathways additionally required patient and provitlee for the performance and interpretation
of the test. With shortening length of stay a lta$priority, and competing tests and procedures

planned for hospitalized patients, all hospitalipatients eligible for PST are unlikely to get
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PST. PST-based pathways captured up to 20% ofnpatieth a penicillin allergy on

antibiotics3*4°

PST was the primary allergy intervention in the onigy of beta-lactam allergy pathway studies
(Table 3) 20343648 pST patients were often selected from the inpafiepulation with reported
beta-lactam allergy on antibiotics. This selecpoocess was potentially done because of
volume considerations. For example, we estimdtatiNlassachusetts General Hospital (MGH)
would need to perform over 60 PSTs per week toucagll inpatients with penicillin allergy
histories on antibiotics. Patient selection miglwve also been performed to optimize skin
testing resources and/or improve antibiotic stesfaipgloutcomes (i.e., capture patients most
likely to benefit)** Patient selection, for example, relied on datib data, microbiology
culture-data, or specialist expertiéé® Few PST pathways did not select based on patéed,
but evaluated PST in a specific inpatient area(isive care uniti** or specific service (internal

medicine)**

Comprehensive
Comprehensive beta-lactam allergy pathway appraadoiided those primarily implemented
by generalistsTable 4)%3°32354%53nd those which placed the specialist at the ceiftie

evaluations Table 5).°%*

The PHS pathway approach was studied in sevenadteles, and was implemented by
generalists, and described and evaluated in twidesei@ and three community hospitals in the

greater Boston aréa’>%3° The PHS approach includes penicillin and ceplpaios
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hypersensitivity algorithms reliant on the alletggtory to guide challenge doses that are largely
performed without preceding PSFigure 1).3° The pathways direct PST when needed (i.e.,
patients reporting IgE-mediated allergy symptoma penicillin who required a penicillin or
potentially cross-reactive cephalosporin), andtutsbnally available, but encourage full dose
and test dose (i.e., standardized 2-step graded)dallenged’>?=° This approach was

initially implemented at MGH; when PST was indichteased on the allergy history and desired
therapeutic antibiotic, PST was performed by Aljghmmunology consultatiof® This
intervention was modified to include optional demimssupport on a mobile-friendly website
(functionally, an “app”), and studied at the Brighand Women'’s Hospital (BWHY. After
pathway modification to facilitate adoption at PEt8nmunity hospitals without access to
Allergy/Immunology/PST, the guideline was implemahfor all inpatients and units across five
hospital site§>*°> The PHS approach has been used for teachingeaffitmplemented at non-
PHS academic hospitals, such as Dartmouth-Hitchbtedtical Center (Erin L. Reigh, MD,
Personal Communication, March 2, 2019), and stuaieshe non-PHS community hospital on

the general medicine servit®.

Another algorithmic approach, the penicillin allgtgstory algorithm (PAHAFigure 2), was
studied in two articles, and assisted in guidingegalists to avoid penicillin, use a full dose
penicillin, call for PST, or call for Allergy/Immuwiogy consultatiof? This algorithm was also
used in a telemedicine consultation study whereaiwisits were performed for all patients who

received PSP!
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Comprehensive beta-lactam allergy pathways migétratively consider the specialist at the
center of evaluations. One hospital had Allergyflmmology specialists triaging all inpatients
with beta-lactam allergies on antibiotidgdure 3).>> Another comprehensive pathway used a
dedicated pharmacist and Infectious Diseases ghysic perform comprehensive antibiotic
allergy evaluations that extended to antibiotictiesms beyond beta-lactams and used both

immediate and delayed hypersensitivity testihg.

Patient Selection

Targeting Antibiotics

Beta-lactam allergy pathways often targeted speaiitibiotics or antibiotic classes important to
antibiotic stewardship. The most common singlébgotic targeted for reduction was
aztreonant?3%>272846480ther targeted antibiotics included carbapene@iscomycin,

linezolid, tigecycline, daptomycin, and moxifloxaéf-30-343246.49

Targeting Infections

One PST-based pathway relied on reviews of eacbnpatinfection and antibiotic data to select
patients that would likely have a therapy changé winegative PSY.** One study developed
antibiotic treatment guidelines along with theirTP&ased intervention, so that the patient note
after PST contained standardized antibiotic guiddhdAnother group limited their guideline’s
applicability to patients with infections that we?enicillin-sensitive or celluliti&> Methicillin-

sensitiveStaphylococcus aureus bacteremia was mentioned as a specific f6¢Us.

Targeting Patients
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205  Patients targeted for beta-lactam allergy intereastincluded patients with infective

206 endocarditi& and cancef® Pathways also targeted patients with planned iatittcourses over
207 24 hours* or those without an imminent hospital disch&iye.

208

209 Beta-lactam allergy pathways often included guigafoc penicillin intolerance¥ *® Al

210  penicillin hypersensitivity types (I-IV) were inded in the PHS guidelin®>? PST-based

211 pathways specified PST exclusions based on theygllestory (e.g. hemolytic anemia, toxic
212 epidermal necrolysis, et?}*®* Some PST pathways excluded patients with regeetitreaction
213 or anaphylaxis histor$?*® Other PST-based pathway exclusions included eotanconditions,
214  severe cardiac or pulmonary comorbidities, immuppsession, pregnancy, altered mental
215  status, and clinical instabilif{f:*"*®

216

217  Implementation Teams

218 Implementation teams were often multidisciplinanyimdiverse perspectives and varied

219  expertise. The PHS implementation team structwikided a clinical champion (either an
220 allergist, internist, pharmacist, or infectiousadises specialist) and team members, often from
221 the site’s antibiotic stewardship program (ASP).

222

223  Allergy and Immunoloqy

224 Allergy specialists were leaders and key collalmfor many interventiorns: 32334049525
225  antibiotic allergy nurse was important to the dehgllenge pathway performed in Austrafia.
226  Allergy/Immunology consultation performed PST foamy pathways?3*42444¢ An allergy

227 nurse performed PST in the Kaiser Permanente $tu@ie PHS pathway was led by an
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allergist, and both academic sites had an allergistsite clinical champiof$.Another pathway

placed the Allergy/Immunology consultant at theteeof the stewardship initiativé:>

Allergist access was notably not needed for thiohishased drug allergy pathways. Low-risk
drug challenges without Allergy/Immunology constitia, based off of an electronic clinical
decision support tool, were proposed in the BkHistory-appropriate beta-lactam antibiotic
challenges at PHS were performed largely witholgr8ly/Immunology specialist guidance
(91%) in the largest study of beta-lactam test dbsdlenges performed on hospitalized

patients®0323°

Infectious Diseases

Infectious Disease specialists were crucial to meauyte care beta-lactam allergy pathways.
3 Infectious Diseases specialists helped to crgaitelines for antibiotic use and stewardship
goals®®***|nfectious Diseases trainees performed PST inaftbe pathwayd®=° At PHS,
there was an Infectious Diseases clinical leadifersystem-wide project, and one community
PHS site had an Infectious Diseases specialidtrasat champior®?4** The PST-based
pathway in Canada and the comprehensive antitaiéogy pathway conducted in Australia

were led by an Infectious Diseases physicfans.

Pharmacist
Pharmacists, particularly Infectious Diseases o Ag8armacists, were instrumental to most
beta-lactam allergy pathways>23"384**Pharmacists designed and lead interventitAz>’In

the PHS pathway, a PHS community site had a phast@inical champiorf® Pharmacists
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were also key collaborators with varied roles thaluded: creating patient tracking lists,
intercepting antibiotic orders, educating patigntsviders, taking allergy histories, and

performing PST/“° Pharmacy trainees and technicians were also ird6f?®

I ntervention Dissemination and Enfor cement

Interventions were encouraged as formal hospitétipe in many casés?®2%3234yith

coinciding educational prograrfis?263°32399ne educational initiative had a mandatory exam
with an 80% pass rate requiredPosters and pocket cards were a common disseorinati
strategy?>?" 30323443 pharmacists intercepted antibiotic orders tomef guidelineg’334>1
EHR order sets were created to assist pathway megigtior’>%3234 Decision support tools
were also described, including inserting beta-lactaoss-reactivity details into decision
support?, an e-questionnaire to risk stratify patientséqrenicillin challenge and PHS’ mobile-

friendly website that was functionally an “app” dssimilarly on a phone, tablet, or deskfdp®
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274 BETA-LACTAM ALLERGY PATHWAYS. OUTCOMES

275  Acute care beta-lactam allergy pathway articleessed an average of 3.5 (SD 1.6, range 0 to 6)
276 outcomes. The most commonly reported outcomes amrbiotic utilization outcomes, such as
277  use, doses, and/or days of therapy per 1000 palasstfor beta-lactams and/or beta-lactam

278 alternative$>® Fewer studies assessed antibiotic appropriatéiésallergy safety outcomes,
279  including frequency of allergy evaluations and adeeevents, adverse drug reactions (ADRS)
280 and/or hypersensitivity reactions (HSRs) were regabby most groups. PST-based pathways
281  reported the frequency with which the test wastpasinegative, and indeterminate?*36-48

282 Other assessed outcomes included length ofStagrtality?® cost?>2838:39.41:43.46-48 34 g

283  allergy documentatioft.23840.4847.54

284

285  Antibiotic Use

286  Acute care beta-lactam allergy pathways resultedhanges to therapeutic antibiotics. The most
287  frequently described antibiotics used before theruentions included vancomycin,

288  fluoroquinolones, and aztreonam, and the most &etiyidescribed antibiotics used after the
289 intervention were beta-lactams, both penicillind aaphalosporins.

290

291  History-based pathways noted decreased aztreongsotitherapy>>**reduced time to

292 aztreonam discontinuation and lower frequency of aztreonam uSelfle 1).>’ The challenge-
293  based pathway in Australia noted ASP-restrictetantics decreased from 55% to 23%able
294  2).* Two PST-based pathways reported that their apprsaved about 50 doses of

295 vancomycir ' Other PST-based pathways reported carbapenenummdduinolone reduction

296 (28% to 13%Y° and aztreonam reduction (2.54 to 1.47 adminisinatper 1000 patient-day¥).
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In the initial MGH pathway study, vancomycin, apnam, aminoglycosides and
fluoroquinolones were switched to beta-lactamsaigist dose¥) One PHS community
hospital reported an 85% reduction of aztreonam7ai9d reduction in vancomyciti. The
modified PHS pathway used at Mayo Jacksonville mexoa 14% decrease in vancomycin Use.
The comprehensive antibiotic allergy program in thalsa decreased use of glycopeptide,

carbapenem, lincosamide, and fluoroquinoloties.

The beta-lactam antibiotics replaced the betatactiernative, often ASP-restricted antibiotics:
35-66% of patients on aztreonam were changed &aalactam in history-based pathways!

and penicillin use increased from 23% to 77% ire ohallenge-based pathwagble 2).2°

PST-based pathways largely reported high frequerafisubsequent beta-lactam use in patients
with negative PSTTable 3): Chert® (34%), Arroligd? (48%), RamseY (56%), Jon€e¥ (75%),
King*® (76%), Harri&! (82%), Arroligd” (82%), Ward® (83%), Heif® (84%), Leid® (92%),
Forrest® (93%), Rimawi® (99%), Walf’ (100%). Studies with less patient selection fof PS
reported lower beta-lactam usages. Although soeteellactams used after negative PST in
some studies were later generation cephalospdmiaag-spectrum penicillins (e.g., piperacillin-
tazobactam), and carbapenefh¥,PST-based pathways nonetheless described penicili
doubling (from 0.32 to 0.71 administrations perigrtdayf® and tripling (from 11% to 3294¥.
More modest changes were observed in the obsemahttudies that used multivariable
adjustment or matching. PST on internal medicipaiients at BWH increased beta-lactam use
from 50% to 60%; in the adjusted analysis compé&rdustorical controls, PST patients had a

570% increased odds of beta-lactam use (adjusteB.DR5% Cl 2.6 to 12.5f Kaiser
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reported more penicillin (17% vs 7%) and cephalosp®9% vs 48%) exposure for PST

patients compared to matched contfSls.

Implementation of the PHS pathway on internal meeéiincreased odds of receiving a
penicillin or cephalosporin about 2-fold for intafrmedicine inpatients with a penicillin allergy
history on antibiotics overall (adjusted OR 1.89®%&1 1.1 to 2.9]f* A PHS community
hospital reported a 42% increase in penicillins @ increase in cephalosporitisPHS test
doses were performed most often to cephalosporifs); penicillin test doses comprised 14%
and carbapenem test doses comprised®@#sing a modified PHS pathway, Sacco et al.

reported that penicillin use increased 250% and@egporin use increased 126%6.

Safety

Any medication use carries a risk of ADR or HSRheTisk is generally considered higher
among inpatients because of patient factors (@rgess, comorbidities) and drug factors (e.g.,
duration, route). Despite this, beta-lactam patrswaere safe, describing few reactions overall
and expected reaction rates. Reported reactiors megrsignificantly different in pathways that
compared ADRs or HSRs to a control group: Phar®4Q0st-period vs 4.3% pre-period), Leis
(3.0% post-period vs 4.0% pre-period), Blumentdé&b (post-period vs 6% pre-period), and
Macy (0.7% PST-group vs 1.4% contrci&§/ 0%

34,36,39,42,44,47,

Most pathways reported no or few ADRs or HSRS:?"%* ¥he most commonly

reported reaction was rash, largely those that warsient, delayed, and/or

benign?>343538434952\ 0t surprisingly given the overall patient nunesevere reactions also
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343 occurred. Severe IgE-mediated reactions were itbestcby King et al., who reported an

344  anaphylactic reaction to an amoxicillin challenattoccurred after negative P€TOf HSRs
345  resulting from the PHS pathway (n=40), 3 patieB% ©f HSR patients) were treated with
346 epinephrin€? Severe delayed reactions were also describeetéslactams after PHS test
347 doses: two patient developed severe cutaneoussadraactions and one patient developed acute
348 interstitial nephriti$? However, considering over 1,000 beta-lactamdeses performed

349  across five acute care PHS sites, just 40 pat{8®%6) had HSRs confirmed by allergy

350  specialist review?

351

352 The HSR frequencies from the PHS pathway multisatiety analysis provided insight into
353  acute care beta-lactam cross-reactivity in patiesits defined penicillin allergy histories,

354 including patients with severe IgE-mediated higt®ri These data indicated that the later
355 generation cephalosporins (3rd/4th/5th) overall ©dmv 2.6% HSR rate in patients with IgE-
356  mediated or unknown penicillin allergy historiesdésalgorithm middle box), but with the

357 cefepime HSR rate higher (4.4% [95%CI 2.1% to 8)%the multidisciplinary PHS team
358 opted to continue to continue to initiate thesehedpsporins with a test dose. However, of 56
359 carbapenem test doses administered to patientdgttpenicillin allergy histories (including
360 almost half with severe IgE histories), there weseHSRs. This motivated a structural

361  modification to the penicillin hypersensitivity batay to indicate that carbapenems be

362 administered by a full dos€&igure 1B). For mild penicillin allergy histories (see atghm

363  right-most box), full dose challenges for 1st/2mahgration cephalosporins were also a safe
364 modification given an observed low (2-4%) HSRstfmse patientsHjgur e 1B).%?

365
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Antibiotic Appropriateness

Antibiotic appropriateness was not a routinely edeed outcome. However, King, et al.
reported more effective therapy prescribed to p&tievho had PST, and the PHS pathway at
MGH was associated with an increased use of finsttherapy for patients with MSSA
bacteremia (41% to 88%, p=0.0Zf Trubiano et al. reported that guideline-prefettegtapy

increased from 12%-18% to 83%.

Costs

While costs were included as outcomes for manypayhanalyses, to date, no comprehensive
cost assessments for acute care beta-lactam patlinasg been performed. A comprehensive
cost analysis must consider all costs relateddg@#tient’s infection treatment, including drug
costs, drug monitoring costs (e.g., vancomycindghjuhospital length of stay, discharge
location (e.g., rehabilitation center) as well lzet tassociated length of stay, treatment failures
and their associated healthcare visits and/or ressiions, and ADRs/HSRs resulting from use of
beta-lactam or beta-lactam alternatived. The start-up and maintenance costs related to the
pathway implementation would need to be considefeut. PST-based pathways, the cost of PST
materials and personnel would be considéfeBor the PHS pathways, the cost would include
those of involved personnel, such as the clinibahepions and the computer programmers who

created, tested, and disseminated the “app,” almtsorder set.

Many pathway studies limited their cost analysedrtay costs or projected cost savings.
However, cost data are nonetheless encouragingéaiiatvays might be cost-saving: Estep et al.

reported an annual acquisition cost savings of 52 Clark et al reported a cost savings of
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$12,88%° and Staicu et al. reported estimated annualtdi@st avoidance from $60,000 to
$100,00” Assessed cost savings per patient considerimgabsts were modest: Ram&ey
($70), Harri§' ($103), Rimawt® ($225), Kindg® ($297), Joné¥ ($315), Staicu ($356), LambF®
($630), and Chéfi ($674). However, the savings per-patient mustdssidered given the scale
of patients impacted, which is large. For examgble,PHS pathway implementation paper
estimated system-wide cost savings with full impetation would be from 8.9 to 13.7 million

dollars in the first yeat®

Allergy Documentation

Allergy documentation is a crucial part of acuteedaeta-lactam allergy interventions. Without
clear documentation reflecting allergy status cleangathways will have limited effectiveness.
Swearingen et al. reported that 84% of charts wpdated® Although the PST-based initiative
in Texas reported initially reported a similar v@l{®1%), this improved to 100% in their
subsequent stud{:*® Implementation of the modified PHS guideline iorida was associated
with improved overall penicillin allergy documeritat (5% to 65%Y° However, at PHS where
generalists order test doses largely without alkéigvolvement, allergy records were updated
for only 474 (45%) patients receiving beta-lactast tlosed? In order to improve allergy
documentation, PHS implemented a targeted EHR taléhte team that ordered the beta-lactam
test doses. The specialist team performing compeabe antibiotic allergy assessments not
surprisingly achieved great documentation outconéh, 94% of the allergy labels were revised

and 83% of labels were remov¥d.
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412 CONCLUSIONS

413  We identified and reviewed various acute care katem allergy interventions that included
414  pathways exclusively reliant on the allergy histagyd those that used the allergy history to
415 guide allergy procedures including drug challen§&T, or both. Interventions used different
416  personnel (e.g., pharmacists, allergists) and patsahistory tools, PST inclusion/exclusion
417  criteria, test dose protocols). In PST evaluatipasients were selected based on factors beyond
418 allergy history, often targeting specific patieatanfections to appropriately shepherd limited
419 resources and improve outcomes. The PHS betariaaltargy pathways also targeted PST for
420 use when indicated and institutionally availablat, dommonly used non-specialist directed test
421 dose and full dose challenges. Interventions desdrtraditional methods for education and
422  dissemination, such didactics, testing, pocketsgvdsters, and guidelines. Some pathways
423  described electronic support and EHR integration.

424

425  Beta-lactam allergy pathways provided safe fram&e/tw challenge penicillins or indicated

426  beta-lactams to immediately improve antibiotic ceain acutely ill patients with penicillin

427  allergy histories. All pathways reported improvertsein antibiotic stewardship outcomes with
428  appropriate safety profiles. Beta-lactam pathwayacute care are likely to improve the quality
429  of allergy documentation, and be cost saving, déjpgron the details of the intervention,

430 patient selection, time horizon, and perspectiveést determination. Although no systematic
431  review nor meta-analysis was performed, we revieavedriety of approaches trialed by groups
432 throughout the US and internationally, and consildat adoption of any previously vetted beta-
433 lactam allergy pathway might meaningfully facilgantibiotic stewardship, and improve quality

434  of care for inpatients with penicillin allergy hisies.
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FIGURE LEGENDS

Figurel. Partners HealthCare System (PHS) Penicillin Hygpesitivity Pathway (Boston, MA,
USA) 30,32,33-35

This penicillin allergy pathway algorithm was ongily developed at MGH, modified and
studied at BWH, and further adapted for use at canity hospital sites of PHS including two
without access to Allergy/Immunology or PST (20E&yure 1A). The algorithm considers
actions based on the generalist’s allergy histons@ering three groups: (1) Type 1I-IV HSR,
(2) Type |, IgE-mediated HSR or unknown reactiand &3) Mild reactions. The pathway
applied to all adult and pediatric patients, inahgdpregnant patients, but test doses were not
considered appropriate for patients with unstabldiac or respiratory status. After evaluating
HSR frequencies, additional modifications were m@deirther promote antibiotic stewardship.
These changes included full dose carbapenem usgm| IgE penicillin allergy histories and
full dose cephalosporin use in all mild penicillibergy histories (201%igure 1B). There is a
corresponding cephalosporin hypersensitivity pathalgorithm.Abbreviations. PHS, Partners
HealthCare System; MGH, Massachusetts General kdisBWH, Brigham and Women'’s
Hospital; PST, Penicillin Skin Test; HSR, hypersevisy reaction; PCN, penicillin

* Denotes antibiotics restricted by antibiotic séedship programs at PHS sites

Figure 2. Penicillin Allergy History Algorithm (RochesteXY, USA)*>*

This penicillin allergy history screening algorithwas used to screen hospitalized patients with a
penicillin allergy Figure 2A). The algorithm assesses and categorizes allexgations based

on the Gell and Coombs classification scheme, &élapsed since the reported penicillin

reaction, and whether a penicillin antibiotic haab subsequently tolerated. The algorithm did



not apply to patients hospitalized in the cardimaegdical, or surgical intensive care unit, inability
to provide informed consent, and pregnancy. Thexetuctural similarities to the PHS
pathways with recommendations: Avoidance, skin fefitdose penicillin, or allergy

consultation Eigure 2B).

Figure 3. Proposed approach for specialist triage all iep#t with documented penicillin

allergy (Bethesda, MD, U%)*

This figure demonstrates the approach taken byge lailitary medical center and places the
Allergy/Immunology consultants at the center ofr@aal penicillin allergy antibiotic stewardship
initiative that identifies, assesses, and evaluatestients with a documented or reported allergy

to penicillin or another beta-lactam.



Table 1. History-based beta-lactam allergy pathways inecate

No

c

Ay'S
e
or

Study L ocation Setting Patient Selection Study Design I nter vention Description Outcome(s) measured
Swearingen (20168) | Knoxville, Academic Patients with mild Pre/Post (117 Restriction of aztreonam to patients with Alternative A significant decrease in median aztreonam
TN, US medical penicillin allergy orders pre-period | penicillin anaphylaxis, accomplished by| ABX use DOT (4.0 vs 2.0) post-period and persisted 1-
center histories treated with | and 63 orders in education of pharmacy and patient- year post-intervention
aztreonam post-period) specific multidisciplinary communication BL use 36 ABX changes to BLs: 9 to ceftazidimep 9 t
meropenem, 7 to cefepime, 6 to ceftriaxone, 5
non-BL agents
Hospital length| No change
of stay and
mortality
Caplinger (2016¥ Boise, ID, Veterans Patients receiving an | Pre/Post Risk stratification related to BL cross- | Alternative Reduced anti-pseudomonal carbapenem use,
USA affairs anti-pseudomonal considering all reactivity inserted into the computerized| ABX use considering initiations per 1000 patient-days
medical carbapenem orders for decision support system Carbapenem use in patients with documented
center carbapenems (not significant change in carbapenem use in BL
just in BL allergy) allergy(60% vs 549, p=0.59
Safety No adverse events
Estep (2016Y Jacksonville, | Academic Patients ordered for Pre/Post (79 Antimicrobial stewardship quality Alternative Reduced median time to aztreonam
FL, US medical aztreonam without patients pre-period | initiative “ASQI” that involved EHR ABX use discontinuation in hours (30.7 vs12.7
center clinician-witnessed and 107 patients | review and patient/family interview if
anaphylaxis, post-period) feasible regarding allergy, and pharmacy B use 35% switched to BL post-implementation vers
pregnancy, nursing, evaluation based on collected information 23% pre-implementation
incarcerated, or Safety No adverse effects associated with BL
enrolled in a clinical
trial Cost Annual savings of $28,134 considering
acquisition cost
Sigona (2016} Syracuse, Academic Adult hospitalized Prospective Pharmacist history of BL allergy and BL use 21 patients (66%) were switched to a BL
NY, US medical patients with interview of 32 recommendations to change ABX
center documented BL patients, 24
allergy and receiving | candidates for a BL
non-penicillin ABX ABX
recommendation
Staicu (20167 Rochester, Community Adult patients ordered | Pre/post (303 ASP team (ID physicians, ID Alternative Reduced aztreonam DOT per 1000 patient-da
NY, US teaching for aztreonam orders for 281 pharmacists) developed history tool ABX use (9.5 to 4.4); reduced mean rate of inappropria
hospital patients pre-period| (“Penicillin Allergy Screening Tool,” aztreonam usage from 4.0 DOT to 0.8 DOT pg
and 193 orders for | PAST); disseminated electronically on 1000 patient-days
178 patients in ASP websites) and hard co osters). -
postf)period) Education of p)harmacist anzyp(rrt))viders), BL use 84%.s.W|tche0d to another ABX: .15%0t°
pharmacists mandatory pass-rate >80%. penicillin, 47% to a csphalosporln, 1%toa
Modification of sepsis order set carbapt_enem, and 28% to a fluoroquinolone
Safety No serious HSRs; one patient grade 2 rash td
cefepime
Cost Estimated annual direct cost avoidance of
$60,000-$100,000
Krey (2017% Green Bay, Community Inpatients with Pre/Post (91 pre- | Implementation of local practice Alternative No difference in use of non-BL ABX (87% vs
WI, US teaching reported BL allergy period and 88 post{ guidelines reliant on a scripted BL allergyABX use 84%, p=0.61)
hospital who received ABX for | period) history tool for pharmacy technician use|

more than 24 hours
(excluding surgical

Pharmacist documented allergies,
screened patients for prior BL use, and




prophylaxis) recommended ABX to providers BL use More transitions to BL ABX (26% vs 11%,
following guideline informed by Al and p=0.02)
ID physicians. Education of pharmacistg Among patients discharged on ABX, BL ABX
and prescribers. were more frequently prescribed (57% vs 36%,
p=0.006)
Phan (2018) Jacksonville, | Community Adult patients with Pre/Post (140 Education of pharmacy, pharmacy Alternative Rate of aztreonam and fluoroquinolone use
FL, US teaching self-reported penicillin | patients in each interception of orders for aztreonam, ABX use decreased
hospital allergy on aztreonam | period) penicillin allergy guidance pocket card.
BL use Increased frequency of cephalosporin use from
56 of 140 patients (40%) on cephalosporins pre-
intervention and 106/140 (76%) post-
intervention
Safety 4.3% of patients discontinued ABXs due to
ADR in pre-implementation group compared t
0.0% discontinuation in post-implementation
group
Clark (20185° Jacksonville, | Community Inpatients with self- Pre/Post (95 Standardized BL allergy questionnaire | Alternative Reduced aztreonam: doses per 1000 patient-days
FL, US teaching reported BL allergy patients pre, 65 implemented by pharmacist trainees. ABX use (21.2 vs 9.1, p=0.003), DOT per 1000 patient-
hospital patients post) Electronically identified eligible patients days (8.8 vs 4.2, p-0.016)
(BL allergy, aztreonam orders)
BL use Of 24 patients on aztreonam in post-pefi@d,
had therapy changed, most commonly to BL
(59%)
Safety No reported adverse events
Cost $12,889 saved in post-implementation period

estimated annual cost saving of $37,857

Abbreviations: ABX, antibiotics; DOT, days of therapy; BL, bdtetam; EHR, electronic health record; ASP, antibistewardship program; ID, infectious diseaseSRiHhypersensitivity reaction; ADR, adverse drug

reaction




Table 2. Challenge-based beta-lactam allergy pathways iteaxare

Study L ocation Setting Patient Selection Study Design Intervention Description Outcome(s) measur ed
Krishna (20173 Birmingham, | Large teaching | Adult patients that are| Development and| Electronic guideline including | Not applicable
United hospital not unconscious and | conceptual an e-questionnaire about the
Kingdom without altered mental| framework allergy history and host factors
status and answers that interfaces wit
computerized decision support
system (“CDSS,” electronic
software that guides the risk
stratification into high or low
risk). Low risk patients underg
a direct 250 mg amoxicillin
challeng:
Trubiano (20187 Melbourne, 1 referral cancer| Adult patients with Pre/Post of 46 Allergy history-based guidance| Alternative ABX use Restricted ABX 90 days pre/pdstreased
Australia hospital and 1 penicillin allergy patients for oral penicillin re-challenge from 55% to 23%
academic labels including a including 10 program

medical center

cohort with cancer

inpatients with
cancer and 19
inpatients without
cancer, all with
low-risk

penicillin allergy

BL use Penicillin use 90 days pre/post was
increased from 23% to 77%
Safety There were no ADRs

Abbreviations: ABX, antibiotic; BL, beta-lactam; ADR, adverseudrreaction




Table 3. Penicillin skin testing-based beta-lactam allergthgvays in acute care settings

Study L ocation Setting Patient Selection Study Design Intervention Description Outcome(s) measur ed
Harris (1999 Boston, Academic Penicillin allergy patients identified| Prospective PST study 1-PST on eligible patients | PST outcome 100 reviewed: 56 excluded
MA, US medical from pharmacy searching 2-  Creation of ABX 44 skin tested: 38 (86%) negative; 3 (7%b)
center »  Allergy history excluding treatment guidelines to positive; 3(7%) indeterminate
anaphylaxis, serum sickness, standardize treatment BL use BL used in 36% of
erythema multiforme, or toxic created. screened and 82% of enrolled patients
epidermal necrolysis 3- A note containing Cephalosporins (15), penicillin (7),
*  ABXregimen might change if suggested ABX regimen penicillin and cephalosporin (1)
PST were negative with a BL ABX was left | Alternative ABX use 46 days of vancomycin use aedid
«  Patient not on for patients with PST Vancomycin (n=11), fluoroquinolone
antihistamines >72 hours negative agd also Y, (n=12), clindamycin (n=10) were stopped
. recommendations calle _ .
ggg;?géégigzirsﬁrs to responding clinician Cost Cost savings of ABX regimens was $103
per patient
Arroliga Cleveland, | Academic Intensive care unit adult patients | Prospective PST study PST performed by Al PST outcome 24 enrolled: 3 not tested because=of Ig
(2000y? OH, US medical with penicillin allergy consultation histories
center 21 skin tested: 20(95%) negative; 1 (5%)
indeterminate
BL use 10 of 21 (48%) were treated with a
penicillin ABX
Alternative ABX use Prior ABXs: Ciprofloxacin (n=5),
clindamycin (n=2), imipenem (n=2), and
erythromycin (n=1)
Safety No BL ADRs
Forrest (2001F | Vancouver, | Academic Infection with positive culture Pre/Post (64 pre Skin testing guideline Number of allergy Increase in skin testing from 17% pre tq
Canada medical susceptible to penicillin, or patients/95 post PST by Al consultation evaluations 64% post in eligible patients (p<0.001)
center cellulitis, in patients with penicillin | patients) Guideline disseminated as
allergy history posters and pocket cards to | PST outcome 61 skin tested in post-period: 58 (95%
housestaff negative; 3 (5%) positive
BL use 54 of 58 (93%) skin test negative patients
switched to treatment with penicillin
Cost No significant difference between actual
costs and projected cost of alternative
ABX
Arroliga Cleveland, | Academic Intensive care unit adult patients | Prospective PST study PST performed by Al 100 enrolled: 4 not tested (serum sickness
(2003)* OH, US medical with penicillin allergy consultation PST outcome (n=2), patient refusal (n=2))
center 96 skin tested: 85 (89%) negative; 1 (1%6)
positive; 10 (10%) indeterminate
BL use 31 of 38 (82%) received a BL (38 of the
96 patients were initially receiving
therapeutic ABXs)
Alternative ABX use Prior ABXs: 73 patients (73%Jeived
vancomycin, 27 patients (27%) received
quinolones, 11 patients (11%) received|a

third-generation cephalosporin, and 6
patients (6%) received ABXs such as

clindamycin or metronidazole




Safety

No adverse events related to either PS
or BL administration

Macy (2004%° San Diego, | Community | General medical and surgical Nested case-cohort PST performed by allergy PST outcome 8.7% of penicillin-allergic inpatients
CA, US hospital patients hospitalized with a (compares convenience registered nurse tested
penicillin allergy history sample of PST 141 skin tested: 133 (94%) negative; 8
inpatients to age and (6%) positive
sex-matched controls) BL use PST patients more frequently had more
penicillins (17% vs 7%) and
cephalosporins (59% vs 48%)
Alternative ABX use Vancomycin use low overall and
nonsignificantly lower in cases than
controls (19 cases/24 courses vs 29
controls/39 courses)
Safety No adverse reactions associated with skin
testing
ADRSs: 0.7% tested vs 1.4% controls
Tested patient ADR was to macrolide
(not BL)
Wall (2004 West Des Academic Adult inpatients with penicillin| Prospective PST ID physician ordered PST, PST outcome 26 enrolled: 3 patients did not receive
Moines, IA, | medical allergy history evaluation which was performed by PST due to mild initial ADR but were
us center Not pregnant and not severely allergist-trained pharmacists. switched to a penicillin or BL
immunosuppressed Challenge performed for
Allergy to penicillin not a typel indeterminate tests 23 skin tested: 22 (96%) negative; 1 (4%6)
I reaction to penicillin during indeterminate
the preceding five years or BL use at discretion of
confirmed history of a type II- physician with full dose. 23 of 23 not allergic aftechalleng:
IV reaction to penicillin BL use All 26 patients enrolled in the skin testing
Ordering physician feels the service received a penicillin or BL
information provided from Alternative ABX use An average of 48 doses of vamgain
PST would be beneficial and 12 doses of levofloxacin per patien
Skin adequate for testing were avoided
Safety No reactions occurred
Rimawi Greenville, | Community Medical, surgical, labor and | Prospective PST PST by ID trainee PST outcome 482 considered afdskih tested
(2013)° NC, US teaching delivery wards, intensive care| evaluation 145 (99%) negative; 1(1%) positive
hospital units, and emergency
department identified from BL use 145 of 146 (99%) switched to BL
ASP database treatment without an adverse reaction
Patients with allergy histories
that were unknown, non IgE, Alternative ABX use Prior to intervention: 31 patig received
or recent anaphylaxis exclude aztreonam, 26 received ciprofloxacin, 14

Patients on medication
interfering with testing

excluded

Patient skin conditions
interfering with testing

excluded

received vancomycin, 14 received
clindamycin, 12 received a combination
of ciprofloxacin and clindamycin, 12
received linezolid, 12 received
moxifloxacin, 6 received tobramycin, 4
received doxycycline, 3 received
daptomycin, 3 received
trimethoprim/sulfamethoxazole, 1
received gentamycin, and 1 received a
combination of ciprofloxacin and

tobramycin




Safety

No adverse reactions to BLs

Cost

Cost savings of $225/patient. Projecteg
annual savings of $82,000

Ward (2015§ London, Academic Patients with infective endocarditis| PST outcome 16 patients skin tested: 16 (100%)
United medical and penicillin allergy history negative
Kingdom center BL use 14 of 16 patients (88%) had first-line BL
use: flucloxacillin (7), amoxicillin (3),
benzyl penicillin (3) and ceftriaxone (1)
Alternative ABX use Prior to intervention: vanconty¢13),
gentamycin (5), meropenem (2), fusidic|
acid (1), rifampicin (1)
Safety 1 patient (7%) developed BL rash
King (2016J° Summit, Community | « Hospitalized medical and Retrospective analysis | PST by hospital-affiliated PST outcome 50 PST: 50 (100%) negative
NJ, US teaching surgical patients with BL of PST patients allergist by Al consultation. If 49 (98%) patients tolerated amoxicillin
hospital allergy negative, multi-step graded challenge
«  Patients on a high-cost, broad- amoxicillin challenge. BL use 37 patients (76%) switched to a BL
spectrum agents (aztreonam, Alternative ABX use Reduction in the number of pats on a
tigecycline, daptomycin, non-BL due to historical BL allergy
linezolid) Safety 1 patient has anaphylactic react
*  Pharmacist screening Cost Patients switched to a BL after PST led to
»  Discussion with attending +/- savings of $11,005 or $297 per patient
ID or Al consultation
Heil (2016¥° Baltimore, | Academic Patients selected from: Prospective PST by ID trainee Number of allergy Year prior PST service, 21 patients
MD, US medical «  ASP ABX/chart reviews, ID | observational study evaluations received PST compared to 76 PST in 1[L
center consult service, primary team months after established PST service
consult. PST outcome 90 assessed, 76 skin tested
. Exclusion criteria: anaphylaxis 64 (84% ) negative; 3(4%) positive; 9
5 or fewer years ago, tolerategl (12%) indeterminate
desired abx in past, non type BL use 54 of 64 (84%) negative patients had
HSR, taking antihistamines ABX changes
55% changed to penicillin, 40% to
cephalosporin, and 5% to carbapenem
ABX appropriateness 63% narrower spectrum ABXs; 80%
more effective therapy
Safety No serious adverse effects; 3 patients had
a benign delayed rash to BLs after
tolerating challenc
Cost 61% less costly therapy. Cost savings pf
$26,000 per year
Chen (2017% Dallas, TX, | Academic Adult inpatients with penicillin Prospective In person evaluation by PST outcome 252 evaluated, 247 skin tested perfhrime
us medical allergy screened by pharmacist withidentification through pharmacist who did history- 228 completed sting: 223 negativ
center a prioritization schema. Patients | Epic Hyperspace daily | appropriate PST BL use 77 of the 223 patients with negative tests

excluded if on antihistamines and
then prioritized by: no discharge
order, on ABX, on carbapenem or
monobactam, comorbidities of
HIV/malignancy/diabetes mellitus

report of patients with
active penicillin allergy

(34%) switched to a penicillin or
cephalosporin, 8 patients (3.6%) were
discharged with BL treatment

Alternative ABX use

After testing, decrease ineetrders
for vancomycin, clindamycin,
fluoroquinolones, carbapenems, and
aztreonam




Allergy documentation

228 of 252 (91%) had thelieraly
removed.

Blumenthal and
Wickner
(2017y*

Boston,
MA, US

Academic
medical
center

In period with PST, PST offered to
all adult medicine inpatients on
therapeutic ABX with a penicillin
allergy history

Pre/post analysis
adjusted for period
differences

PST by moonlighting allergy
trainees

PST outcome

Of 278, 179 eligible and 43 tested
Testing not completed for reasons
including: coordination (58), patient
refusal (28), team refusal (21), other (2
43 of 43 (100%) negative

BL use

Unadjusted BL use increased from 509
to 60% in skin tested patients (0.30)
Adjusted inpatient BL use in skin tested
patients increased 570% (adjusted OR
[95% CI 2.6 to 12.5) Adjusted dischargg
BL use in skin tested patients increaseq
250% (adjusted OR 2.5 (95% CI 1.04 tq
6.2])

Safety

There were no adverse events

Leis (2017

Toronto,
Canada

3 community
hospitals

In period with PST, PST offered
when BL allergy history interfered
with prescribing of the preferred
BL.

PST exclusions also included:
Severe non-IgE reaction, IgE
reaction in last 3 months, discharg
anticipated within 24 hours, or
patient declined.

Pre/post analysis

PST offered M-F by ASP
pharmacist at the instruction g
an ID physician

Negative tests included BL
challenge with 4-hour
observation. Intervention

PST outcome
f

386 patients in intervention perio8&: 2
(60%) received preferred BL therapy arj
154 were PST eligible.

Of 154 PST eligible, 64 (42%) were
excluded and 90 (58%) had PST
90 PST: 85 (94%) negative; 1 (1%)
positive; 4 (4%) nondiagnost

)

o

h

included EHR update and
letter to patients.

BL use

92% with negative PST were switched
BL

The number of days of penicillin use
tripled (11% to 32%, p<0.0002).

to

Alternative ABX use

Carbapenem and fluoroquinolase
decreased more than half (28% vs 13%
p<0.0002)

ABX appropriateness

Overall BL 50% pre-period v§63RST
post-period

Safety

Frequency of ADRs: 4% pre-period an
3% post-period (p=0.40)

i}

Jones (2017)

Savannah,
GA, US

Community
health system

Stewardship pharmacist evaluates
patients for PST considering allerg
history and medication exclusions

Pharmacy screened
y patients with self-

reported PCN allergy.

PST initiative promoted by

PST outcome

36 skin tested: 36 (100%) negative

pharmacists with allergist
oversight. PST performed by
nurses and ASP pharmacist

BL use

27 of 36 patients (75%) changed to a
penicillin or cephalosporin, the most
common change was a switch from
carbapenem (with or without
vancomycin) to a penicillin or
cephalosporin (n=12).

Alternative ABX use

Carbapenem to BL change occlimel2
patient:

Safety

No reactions to BL

Cost

Average cost savings per patient was

approximately $314, summing to $7554.

Chen (2018F

Dallas, TX,
us

Academic
medical
center

Inpatients with penicillin allergy on
aztreonam received clinical decisiqg
support tool

Patients with histories of severe

nand 91 pos-period)

cutaneous adverse reactions, rece

nt

Pre/Post (250 pre-perio|

d A clinical decision support too
that encourages providers to
order PST

Orders reviewed by allergy-

Number of allergy
evaluations

trained pharmacist who

Penicillin allergy patients receiving
aztreonam who received PST increase
(24% to 85%, p<0.001)

Patients not tested for reasons includin

)

antihistamine use (19), discharge befor

1)




anaphylaxis within 4 weeks, and performed history-appropriate evaluation (14), altered mental

severe cardiac or pulmonary PST and oral challenge status (11), cardiopulmonary instability
comorbidities excluded (4), provider cancellation (5), and patient
Pre-period was active refusd (3)
surveillance PST outcome Of 77 consults placed, 58 were seen and

21 PST performed

21 skin tested: 21 (100%) negative

BL use Penicillins increased from 0.32 to 0.71
(p=0.046) administrations per patient-day
58% increased penicillin exposure

(p=.046)

Alternative ABX use Aztreonam use declined 2.54 %7
administrations per 1000 patient-days
(p=0.016

Cost 53% savings post-period compared to

pre-period ($1266 pre and $592 post)
Allergy documentation 21 of 21 negative tests Hatgy
removec

Abbreviations: ABX, antibiotics; PST, penicillin skin test; Bbeta-lactam; Al, allergy/immunology; ADR, adversegireaction; ID, infectious diseases; HSR, hypesiiwity reaction; ASP, antibiotic stewardship gram




Table 4. Comprehensive beta-lactam allergy pathways in ecare

Study Location | Setting Patient Selection Study Design Type of Intervention Outcome(s) measured
Blumenthal Boston, Academic All patients with penicillin or Pre/Post (49 pre Comprehensive guideline Number of Increase in number of BL test doses in post-
(2015§° MA, US medical cephalosporin allergy histories patients/183 post (Figure 1): History, skin allergy period (183 post-period vs 49 pre-period)
center needing ABX were eligible patients) testing, test doses. evaluations
Guideline uses challenge dosesAlternative Guideline-driven test doses significantly
(“test doses”) some with prior | ABX use decreased vancomycin (68% vs 37%),
PST and guides Al and ID aztreonam (12% vs <1%) aminoglycosides
consultations. (6% vs 1%) and fluoroquinolones (15% vs
PST by Al consultation 3%) in test dose patients
Guideline distributed as pocket Safety ADRSs frequency/severity in post-period
cards/posters/and accessed were no different from pre-period (where
with hospital guidelines allergy consulted on all patients getting test
doses)
Pre-period 6% vs post-period 4%, p=0.44
Blumenthal Boston, Academic All patients with methicillin- Pre/Post (464 patients) Comprehensive guideline | ABX Methicillin-sensitiveStaphyl ococcus aureus
(2016¥ MA, US medical sensitiveStaphyl ococcus aureus Blumenthal 201% appropriatenes| bacteremia patients reporting PCN allergy
center bacteremia s increased first-line ABX from 41% pre-
period to 88% po-period (p = 0.0Z
Blumenthal and | Boston, Academic Internal medicine patients with Pre/Post adjusting for | Comprehensive guideline from BL use Increased adjusted odds of penicillin or
Wickner MA, US medical penicillin allergy histories ordered | period differences (148 | Blumenthal 201%’ supported cephalosporin use overall in eligible patients
(2017y* center for therapeutic ABX patients in pre-period electronically with mobile- overall 1.8 [95 % CI 1.1 to 2.9]
and 199 patients in postt friendly website (“app”) . .
period) Safety No serious ADRs;_ one patient developed
erythema and pruritus
Blumenthal Boston Large All patients with penicillin or Implementation methods Comprehensive guideline from Cost Total projected annual cost savings with
(2017)° area, MA, | healthcare cephalosporin allergy histories on | study Blumenthal 2015’ supported complete implementation
us system ABX were eligible electronically with mobile- across 5 hospitals: $8.9 million-13.7 millior
comprised of friendly website (“app”) and
2 academic computerized support
and 3 including best practice alert
community and order set
sites
Lambl (2018, Salem, Community Medical or surgical patients with Retrospective cohort Comprehensive guideline from Alternative Decreased aztreonam use by85% and
abstract onlyy MA, US teaching penicillin or cephalosporin allergy | (336 patients who Blumenthal 201% supported | ABX use vancomycin use by 77%
hospital histories received BL test doses)| electronically with mobile- BL use Penicillins increased 42% and
Excluded anaphylaxis and type II- friendly ngsite (“app”) and cephalosporins increased by 79%
HSR computerized support ABX 308/321 (96%) had narrowing of ABX
including best practice alert appropriatenes
and order set s
Safety No major ADRs/HSRs, but 7 reactions: rash
(4), throat irritation (1), urticaria (1),
wheezing (1)
Cost Pharmacy cost savings of $38,281 ($630 per
patient)
Ramsey (20183 Rochester| Community *  Adult inpatients on parenteral | Prospective PST Penicillin Allergy History 64 approached: 50 skin tested
, NY, US | hospital vancomycin, daptomycin, evaluation Algorithm (PAHA, Figure 2) PST outcomes| Not tested included 9 for possible SCAR apd

aztreonam, moxifloxacin,
linezolid generated a pharmacy

on selected patients for history
taking, then Al consultation

and PST based on this result

5 declined
50 skin tested: 47 (94%) negative; 2 (4%)

positive; 1 (2%) not interpretable




"

report BL use 28 (56%) of skin test negative patients
¢ Review by ID pharmacist transitioned to PCN ABXs, 13 (26%) to
looking for those with first- or second-generation cephalosporins|
penicillin allergy with priority 12 (24%) to a third- or fourth-generation, 2|
for those where BL would be (4%) to carbapenem, and 7 (14%) received a
first-line based on culture data combination of these ABXs
or planned empiric course for ¥ Alternative Prior to PST, ABXs were: vancomycin 41
or more days ABX use (82%), aztreonam 11 (22%), moxifloxacin
(6%), daptomycin 2 (4%), linezolid 1 (2%)
863 days of vancomycin were avoided
ABX 982 days of second-line ABX exposure
appropriatenes| averted
s
Safety No immediate ADRs or HSRs; 1 patient
delayed rash; 1 patient neutropenia
Cost $70 per patient saved considering cost of
ABXs
Sacco (2019 Jacksonvi | Community General internal medicine patients | Pre/Post (42 pre-period | Educational initiative and Alternative Vancomycin use decreased 14%
lle, FL, teaching with reported penicillin allergy patients and 57 post- algorithm modified from ABX use
us hospital period patients, with 8 | Blumenthal 201% BL use Penicillin use increased 250% and
patients receiving BL cephalosporin use increased 120%
test doses in the post Safety One patient transient rash to ceftriaxone
period)
Hospital length| Unchanged
of stay
Allergy EHR penicillin allergy documentation
documentation| improved from 5% to 65%
Blumenthal Boston Large All patients with penicillin or Retrospective cohort Comprehensive guideline from BL use 1,046 BL test doses were performed: 809
(2019)? area, MA, | healthcare cephalosporin allergy histories on | (1,046 patients who Blumenthal 201% supported (77%) to cephalosporins, 148 (14%) to
us system ABX were eligible received BL test doses)| electronically with mobile- penicillins, and 89 (9%) to carbapenems
comprised of friendly website (“app”) and
2 academic computerized support i
and 3 including best practice alert Safety 78 patlents (75%, 95%ClI 5.9% to 92%) had
Community and order set SignS or Symptoms of an ADR, with 40
sites (3.8%; 95% CI 2.8% to 5.2%) confirmed
HSRs
HSRs were rash (n=19), itching (n=6), hive
(n=2), tingling (n=1),
bronchospasm/wheezing (n=5),
angioedema/swelling (n=4),
hypotension/dizziness (n=3), anaphylaxis
(n=1), severe cutaneous adverse reactions
(n=1) and acute interstitial nephritis (n=1)
3 HSR patients (8%) were treated with
intramuscular epinephrine for anaphylaxis
Staicu (2018} Rochester| Community Penicillin-allergic adult inpatients on Prospective Pharmacist used Penicillin Number of Of 338 screened, 50 were tested (15%)
, NY, US | medical antibiotics; patients on high risk observational study of | Allergy History Algorithm allergy
center ABX (fluoroquinolones, 338 ST eligible (PAHA, Figure 2). If PST was | evaluations
clindamycin, vancomycin) and thosge inpatients indicated, allergy/immunology| Alternative Reduction in use of vancomycin,
on second-line therapy were physician assistant performed| ABX use metronidazole, aztreonam, aminoglycosids
prioritized. testing followed by and clindamycin
synchronous BL use Of 46 PST negative patients, 33 (72%) we

BS,

=

e



allergy/immunology
telemedicine consultation

transitioned to a BL

Safety No adverse reactions immediately or
reported through follow up phone calls
Cost About $350 per patient saved considering

ABX cost
PST performance by physician assistant
rather than allergist saved about $7,

Abbreviations: ABX, ABXs; PST = Penicillin Skin Test; Al., allgg/immunology; BL, BL ABXs; ABX=ABX(s); DOT=days dherapy; ADR=adverse drug reaction, AAL=ABX alledgpel, HSR= hypersensitivity|

reaction




Table 5. Specialist-based comprehensive BL allergy patkviaycute care

Study L ocation Setting Patient Selection Study Design Typeof Intervention Outcome(s) measured
Banks (2015f and Bethesda, Military General medicine or | Conceptual Automatic Al consultation for Not applicable
Ressner (2018) MD, US Medical intensive care unit framework triage of evaluations that should
Center patients with penicillin be inpatient vs outpatierfigure
allergy 3)
Trubiano (2017 Melbourne, | 2 tertiary care | Referrals of patients | Prospective Comprehensive ABX allergy Alternative ABX use Decrease usage of glycopeptide,
Australia referral with ABX allergies observational study assessments carried out by carbapenem, lincosamide, and

centers

from clinical
specialists and adversg
drug reaction
committees. All ABX
allergies considered
but most patients had
penicillin (54%) or
cephalosporin (18%)
allergy

of 141 patients

> referred and 118
patients completing
testing.

dedicated pharmacist and
physician: ABX skin testing,
patch testing, challenge doses,
consultation guidance, allergy

fluoroquinolone

BL use

Increase in penicillin (7% to 23%)
and £72nd generation
cephalosporins (11% vs 18%)

label removals

ABX appropriateness

Guideline-preferred therapy
increased from 12-18% to 83%

Allergy
documentation

Revised allergy labels (94%),
removed allergy labels (83%),
including patients with more than 1
ABX allergy label removed (279

Abbreviations: Al, allergy/immunology; ABX, antibiotics; BL, batlactam




2016

Type lI-IV HSR
Serum sickness

Stevens-Johnson Syndrome
Toxic Epidermal Necrolysis
Acute interstitial nephritis (AIN)
Drug Rash Eosinophilia

Type | (IgE-mediated) HSR
Anaphylaxis
Angioedema
Wheezing

Laryngeal edema
Hypotension
Hives/urticaria

Mild reaction
Minor rash
(not hives)

Maculopapular rash
(mild Type IV HSR)

Record lists allergy, but patient

Use alternative agents by
microbial coverage

If clinical indication for a beta-
lactam, please involve the
Infectious Disease service and
Allergy/immunology, if available

OR
Use alternative agent by microbial coverage
OR
Aztreonam™

OR

If a PCN or a 1st/2nd generation cephalosporin is

preferred PCN skin testing is indicated, call/
consult Allergy/Immunology, if available

OR denies
Systemic Symptoms (DRESS)
syndrome Unknown reaction WITHOUT mucosal
Hemolytic anemia involvement, skin desquamation or organ

Drug Fever involvement
Avoid using PCNs, OK to: OK to:
cephalosporins, and Use 3r9/4th/5th generation cephalosporins or Use full dose 3r9/4th/5th

carbapenems carbapenems* by Test Dose Procedure generation

cephalosporin
OR
Use penicillin or 1sY2nd
generation cephalopsorin by
Test Dose Procedure

OR

Use carbapenem*




2019

Type lI-IV HSR
Serum sickness

Stevens-Johnson Syndrome
Toxic Epidermal Necrolysis
Acute interstitial nephritis (AIN)
Drug Rash Eosinophilia
Systemic Symptoms (DRESS)
syndrome
Hemolytic anemia

Drug Fever

Type | (IgE-mediated) HSR
Anaphylaxis
Angioedema

Wheezing or shortness of breath
Laryngeal edema
Hypotension
Hives/urticaria

Unknown reaction with no further details available
from patient/proxy

Mild reaction
Minor rash
(not hives)

Maculopapular rash
(mild Type IV HSR)

Record lists allergy, but patient
denies

Unknown reaction, but patient
denies mucosal involvement,
skin desquamation, organ
involvement, or need for
medical evaluation

|

|

|

Avoid using PCNs,
cephalosporins, and
carbapenems

Use alternative agents by
microbial coverage

If clinical indication for a beta-
lactam, please involve the
Infectious Disease service and
Allergy/lmmunology, if available

OK to:
Use 3"/4th/5th generation cephalosporins or by Test
Dose Procedure
OR
Use alternative agent by microbial coverage
OR
Aztreonam or carbapenem®
OR
If a PCN or a 1st/2nd generation cephalosporin is

preferred PCN skin testing is indicated, call/
consult Allergy/Immunology, if available

OK to:
Use full dose
cephalosporin
OR

Use penicillin by
Test Dose Procedure

OR

Use carbapenem”




When did your penicillin allergy occur?

v

.

Flat, itchy, non-hive-like rash < 5 years ago? Avoid penicillin |
Yes .
No :
Evaluate for Severe Adverse Reaction 1
|
= Blistering or peeling of skin Avoid penicillin
= Blistering or sores of mucus membranes =l

Joint pain or joint swelling associated with penicillin

administration
¢ NO

Evaluate for Ig-E Mediated Reaction
Hives (urticaria)
Itching (pruritus)
Swelling (angicedemal)
Passing out (syncope)
Shortness of breath (dyspnea)
Low blood pressure (hypotension)

7 -

;

Skin test

Yes

Non specific rash =5 years ago with no other history?

|

Skin test

] -

Gastrointestinal symptoms only?
e.g. nausea, vomiting, diarrhea

=

Family history of a reaction without a personal history of a
reaction?

b =

Yes 1

Give penicillin

i

Yes

Give penicillin

:

Yes
1

Other history not mentioned

Avoid penicillin or
consult Allel

] =

!

Yes

Unable to describe reaction

1
Avoid penicillin or
consult Allel

1,

Yes

i

Patient declining skin test or unable to be skin tested?

Avoid penicillin or
consult Allel

v

Have you taken/tolerated a penicillin since?

i



Flat, itchy, non-hive-like rash <&
years ago

OR

Severe Adverse Reaction
- Blistering or peeling of skin
= Blistering or sores of mucus
membranes
= Joint pain or joint swelling
associated with penicillin
administration

Non specific rash »5 years ago
with no other history

OR

Ig-E Mediated Reaction
Hives (urticaria)

Itehing (pruritus)

Swelling (angioedema)
Passing out (syncope)
Shortness of breath
(dyspnea)

Low blood pressure
(hypotension)

Gastrointestinal symptoms only
(e.g. nausea, vomiting, diarrhea)

OR
Family history of a reaction

without a personal history of a
reaction

Other history not described
OR

Unable to describe reaction
OR

Patient declining skin test or
unable to be skin tested

|

|

|

|

Avoid Penicillin

Penicillin Skin Test

Give Penicillin

Avoid Penicillin

Consult Allergy/Immunology




Patient report of
allergy

Allergﬁrtéoerrlgghamﬂ <« | Documented allergy
Allergy inpatient Health care
consult team operations back-up
completes initial “—| report reviewed by
assessment allergy service

il N

Inpatient Allergy
evaluation

Qutpatient allergy

evaluation

Patient allergy status
accurately
documented in
medical record




LEARNING OBJECTIVES
At the conclusion of this activity, participants should be able to:
1. Identify the benefits of inpatient beta-lactam allergy assessments
2. Describe different approaches to beta-lactam allergy pathways including the methods

used to identify patients

QUESTIONS
Q1. Which of the following would be an effective acute care beta-lactam allergy pathway?
A. Inpatients with no history of drug alergy with unknown need for antibiotics are penicillin
skin tested.
B. Inpatients with no history of drug alergy who need a beta-lactam are penicillin skin
tested.
C. An Allergy/Immunology consultation is called for an inpatient with multiple antibiotic
alergies
D. Patientswith any reported history of beta-lactam allergy with clear indication for beta-
lactam are penicillin skin tested.
E. A decision-support tool is embedded into the electronic health record to help with
antibiotic prescribing.
Q1 Answer: D, Patients with any reported history of beta-lactam allergy with clear

indication for beta-lactam are given penicillin skin testing.

Rationale: An acute care beta-lactam allergy pathway is defined as a coordinated

inpatient program for beta-lactam allergy assessments as atool of antibiotic stewardship.



(D.) describes an acute care beta-lactam allergy pathway that used the penicillin skin test
astheintervention. Both (A.) and (B.) describe allergy interventions in patients without a
drug alergy history. (C.) describes an intervention at a patient level, not a coordinated
system-level intervention. (E.) describes a system-level intervention that appliesto

patients with and without drug alergies.

References:

1. Blumentha KG, Shenoy ES, Wolfson AR, Berkowitz DN, Carballo VA, Balekian
DS, et d. Addressing Inpatient Beta-Lactam Allergies: A Multihospital
Implementation. J Allergy Clin Immunol Pract. 2017;5(3):616-25 e7.

2. Chiriac AM, Banerji A, GruchallaRS, Thong BYH, Wickner P, Mertes PM, et al.
Controversiesin Drug Allergy: Drug Allergy Pathways. J Allergy Clin Immunol

Pract. 2019;7(1):46-60 4.

Q2. Which of the following groups was atarget of an acute care beta-lactam allergy pathway?

A. Patients with cancer.

w

Pediatric inpatients.

Cardiology inpatients.

o 0

Surgery outpatients.

m

Pediatric outpatients.

Q2 answer: A, Patients with cancer.



Rationale: Patients might have been targeted based on their hospital location (e.g.,
intensive care unit), active infection (e.g., Methicillin-sensitive Staphylococcus aureus
bacteremia), or disease status (e.g. cancer). Patients with cancer (A.) were a specific
target of an oral challenge program in Australia because of their high prevalence of
antibiotic alergy and common need for antibiotics because of infections that result from
being immunocompromised. No acute care beta-lactam allergy pathway covered in this
review described an intervention in pediatric inpatients (B.) or cardiology inpatients (C.).

The review focused on inpatient assessments, so (D.) and (E.) do not apply.

References:

1. Trubiano JA, Smibert O, Douglas A, et a. The Safety and Efficacy of an Ora
Penicillin Challenge Program in Cancer Patients: A Multicenter Pilot Study. Open
Forum Infect Dis. 2018;5(12):0fy306.

2. Huang KG, Cluzet V, Hamilton K, Fadugba O. The impact of reported beta-lactam
allergy in hospitalized patients with hematologic malignancies requiring antibiotics.

Clin Infect Dis 2018: In press. doi: 10.1093/cid/ciy037

Q3. PST-based pathways reported subsequent use of a beta-lactam in patients with negative
testing at least which percent of the time:

A. 5%

B. 10%

C. 15%

D. 25%



E. 35%
Q3 answer: E, 35%.
Rationale: The range in this Review article was from 35-100% (Table 3). While most
inpatients with areported penicillin alergy are not allergic and would ultimately benefit
from evaluation and delabeling, it isimportant to realize than not all hospitalized patients
with a beta-lactam allergy and an infection require a beta-lactam antibiotic. Additionally,
the indicated beta-lactams are cephal osporins for common infections such as pneumonia,
urinary tract infection, and sepsis. Given the time and resources needed to accomplish
inpatient penicillin allergy skin testing, patient selection for need may be advisable.
Structures to ensure that patients receive indicated cephal osporins should also be

considered.
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Q4. Which of the following were instrumental to the success of most acute care beta-lactam
alergy pathways?

A. Hospitalist
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Q4 Answer: C, Pharmacists

Rationale: Pharmacists, particularly Infectious Diseases or ASP pharmacists, were

instrumental to most beta-lactam allergy pathways. Pharmacists designed and lead

interventions and were key collaborators with varied roles that ranged from creating
patient tracking lists to educating patients/providers to performing skin testing. Fewer
interventions relied on hospitalists (A.), hospital leadership (D.), or quality improvement
specidlists (E.). Although e ectronic health record support was instrumental to

implementation success, some pathways did not have electronic support (B.)
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Q5. Which of the following accounts for the variation in cost-savings reported by acute care
beta-lactam allergy pathway studies?

A. Personnd costs.
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Drug costs.

Readmission rates.

Program start-up costs.

Hospital length of stay.

Q5 answer: B, Drug costs.

Rationale: To date, no comprehensive cost assessments for acute care beta-lactam
pathways have been performed. A comprehensive cost analysis would must consider
personnel costs (A.), drug costs (B.), readmission costs (C.), program start-up costs (D.)
and hospital length of stay (E.), but assessments have focused on drug costs to date (B.)
Antibiotic costs are different for different institutions and so, it was not surprising that
different groups reported different drug cost types (drug acquisition costs, average
wholesale prices).
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