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Analysis of Therapeutic Options in Patients Reporting a
Penicillin or Cephalosporin Allergy

Heather A. Logan and Charles D. Bayliff

ABSTRACT

The majority of patients with a purported B-lactam allergy
tolerate B-lactam therapy without incident. The objective of
this study was to determine the potential for direct drug cost-
avoidance by comparing therapies predicted by a decision
analysis model (DAM) using routine allergy consults versus
actual therapies received. Based on history, 100 patients were
categorized as either probably allergic (Group A; 29%), pos-
sibly allergic and requiring an allergy consult (Group B; 53%),
or unlikely to be allergic (Group C; 18%). These probabili-
ties were incorporated into a DAM to predict the potential
Jor B-lactam allergy. Patients in Group C and 84% of Group
B were considered likely able to tolerate B-lactam therapy
based on history and/or probability of a negative skin test as
reported in the literature. Direct drug cost-avoidance was
calculated as the difference between actual therapy received
and therapy indicated by the model. The actual cost of therapy
was $156/patient while the potential cost according to the
model was $165/patient. A direct drug cost-avoidance of
-$25/course (i.c., increased cost) for prophylactic therapy and
$31/course for active treatment was calculated. This study
suggested no direct drug cost-avoidance when routine allergy
consults were used as part of the DAM, although cost-avoid-
ance may be achieved in select subsets of patients.

Key Words: allergy, g-lactam, cost-avoidance, deci-
sion analysis model, hypersensitivity, penicillin

RESUME

La majorité des patients qui ont une présumée allergie aux
beta-lactames tolerent les traitements aux béta-lactames sans
incidents. L'objectif de cette étude était de déterminer la
possibilité d’éviter les couts directs en médicaments en
comparant les traitements théoriques déterminés par un
modele d’analyse de décision (MAD) qui utilise une méthode
de consultation, habituelles pour les allergies versus les
traitements actuellement recus. Selon les antécédents, 100
patients ont été catégorisés soit comme étant probablement
allergiques, Groupe A (29 %), soit possiblement allergiques
et nécessitant une consultation pour leur allergie, Groupe B
(53 %), soit encore peu probablement allergiques, Groupe C
(18 %). Ces probabilités ont été incorporées au MAD pour
prédire la probabilité d’allergie au béta-lactame. Les
chercheurs ont estimé que les patients du Groupe C et 84 %
de ceux du Groupe B étaient vraisemblablement capables de

tolérer un traitement aux béta-lactames, en se fondant sur
les antécédents et (ou) la probabilité d’un résultat négatif a
Iépreuve cutanée, comme on le rapporte dans la documen-
tation. L'évitement des couts directs en médicaments a été
calculé comme la différence entre le traitement actuellement
recu et le traitement indiqué selon le modele d’analyse de
décision. Le cout actuel du traitement était de 156 $ par pa-
tient, alors que le couit potentiel du traitement selon le MAD
était de 165 $ par patient. Les couts directs évités qui ont été
calculés étaient de -25 $ par traitement (c.-a-d. un coit
supérieur) pour le traitement prophylactique et de 31 $ par
traitement pour le traitement actif. Cette étude porte a croire
qu’il n’y a eu aucun évitement des couts directs en médicaments
avec la méthode de consultation habituelle pour les allergies
utilisée avec le MAD, bien qu'il soit possible d’éviter des colits
chez certains sous-groupes de patients choisis.

Mots clés : allergie, béta-lactame, évitement des codts,
hypersensibilité, modeéle d’'analyse de décision,
pénicilline.
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INTRODUCTION

he majority of patients with a purported history

| of B-lactam allergy tolerate B-lactain therapy with
out incident.'* This is usually due to either an
incorrect initial diagnosis of allergy’ or the patient clas-
sifying an adverse drug reaction as an allergy.® As well,
hypersensitivity to 8-lactam antibiotics may be transient
in nature’® and, hence, may not recur upon rechallenge
Clinicians frequently prescribe alternate antibiotic
therapy (for patients with a purported penicillin allergy
history) despite B-lactam antibiotics being indicated as
the drug class of choice. A 1 to 5% incidence of allergic
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cross-reaction (between penicillins and first generation
cephalosporins) has been suggested®'® but authors of
recent reviews of this subject have stated that it is safe to
administer cephalosporins to penicillin allergic patients
and that the actual incidence of cross-reactivity cannot
be determined at this time."'!* Nevertheless, many cli-
nicians remain reluctant to prescribe a cephalosporin [or
a patient with a purported penicillin allergy history.

The use of an alternate therapy in this situation is of
concern for several reasons. First, in the absence of a
history of hypersensitivity, penicillins and other
B-lactams are well-tolerated and are frequently consid-
ered to be the therapy of choice.'* Alternative agents in-
clude vancomycin, erythromycin, clindamycin, and
ciprofloxacin; all have serious adverse effects associated
with their use.">'® Alternate therapy may negatively al-
ter the patient outcome and the hospital cost by con-
tributing to (i) greater drug costs, (ii) longer duration of
therapy required due to suboptimal treatment, (iii) in-
creased length of hospital stay as a result of adverse re-
actions or complications, or (iv) development ol antibi-
otic resistance to second-line agents.

Skin tests using both major and minor determinants
identify those patients who are at risk of IgE-medi-
ated allergic reactions to penicillin with a sensitivity
of greater than 95% *' Even when patients with a
history indicative of a true allergy are skin-tested, the
majority will have negative results. Studies which se-
lected for history-positive patients’**?' or which in-
cluded patients with unknown histories®?¢?*?> ob-
served positive skin test results in 10 to 19% of their
populations. Lin et al??* reported positive skin test
results in 28.8% of study populations with positive
B-lactam allergy histories and 16.4% of study
populations with unselected histories

The Allergy and Immunology De-
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METHODOLOGY
Patiems were eligible if they had a purported B-lactam
allergy identified through the drug distribution com-
puter system using the attributes of penicillin and ce-
phalosporin allergy and were receiving antibiotic therapy
for one of the following indications: osteomyelitis, men-
ingitis, cellulitis, syphilis, endocarditis, septic arthritis,
pneumonia, peritonitis, bites (human or animal), toxic
shock syndrome, letanus, urinary tract infections, or
where a B-lactam was indicated for surgical prophylaxis
For the purposes of this study, therapy was considered
1o be prophylactic if a dose was given prior to surgery
and/or post-operatively for a period of up to 7 days. All
other courses of antibiotics were considered to be active
treatment. Information regarding indication, cultures,
and allergy were obtained directly from the health record

A previously compiled list of signs and symptoms was
utilized by the investigator to record the patient’s allergy
history and to assess the probability of an allergic reac-
tion. The history, to complete this list, was obtained di-
rectly from the patient. Other parameters noted during
the interview were route of administration, time to reac-
tion onset, time lapsed since the reaction without fur-
ther rechallenge, and result of rechallenge. Patients were
eligible for the interview if they were mentally compe-
tent, able to communicate effectively with the inter-
viewer, and were agreeable to be interviewed for the
purpose of obtaining a complete allergy history.

A decision analysis model (DAM) has been used to for-
malize the decision making process ol prescribing anti-
biotic therapy and to analyze each of the component de-
cisions in a stepwise fashion. Decision analysis provides
a means for weighing the expected benefits of different
actions that can result in dilferent outcomes.”> A DAM
was developed (Figure 1) and information obtained [rom

partment, London Health Sciences
Centre assesses the validity of allergy
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required to determine the patient’s B-lactam
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the interviews was used to determine the probabilities
of each option. For the model to identify populations
that would benefit from penicillin skin testing, the con-
cept of treatment thresholds as defined by Redelmeier et
al*® was utilized. The criteria utilized to establish these
thresholds were validated by an allergist and are pre-
sented in Table [. At the initial choice mode, the investi-
gator determined the appropriate option: 1) meets crite-
ria of hypersensitivity reaction; 2) equivocal history; or
3) does not meet criteria of hypersensitivity reaction. The
categorization based on history alone was reviewed by
the allergist. For the purposes of this study, a hypersen-
sitivity reaction was defined as either a Type I (IgE me-
diated) or a Type I1 (1gG or 1gM mediated) reaction. His-
tories of a delayed cutaneous reaction were artributed to
1gG or IgM mediated reactions.

Patients with an equivocal history would require a
skin test to further define their probability of a reac-
tion and, hence, predict appropriate therapy. For the
purpose of this study, predicted probability of a posi-
tive skin test in our population was considered to be
16%. This value was extracted from literature based
on the inclusion of patients with unknown histories,
exclusion of strongly positive and very weak penicil-
lin allergy histories, and the skin test determinants
used.2,3.3.6,9.20-24

Cost analysis was performed for each group then
collectively analyzed. For patients categorized as
Group A (those who had a strong history of an aller-
gic reaction), no change in therapy and, hence, no
alteration in cost occurred. For Group B patients (those
with an equivocal history), all patients would require
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skin testing. Sixteen percent of these would be ex-
pected to have positive results and thus would require
alternate antimicrobial therapy. The cost analysis ol
this group was performed by calculating the differ-
ence between the cost of thevapy predicted by the
model (16% of the cost of therapy received plus 84%
of the cost of B-lactam therapy based on predicted
skin test results) and the cost of the therapy actually
received. The cost of a consult by a physician in the
Allergy and Immunology Department and a skin test
($110.00) for all patients in Group B was included in
the cost of therapy predicted by the model. Costs for
Group C patients (those unlikely to have had an al-
lergic reaction) were estimated based on B-lactam
therapy without an allergy consult.

The B-lactam therapy chosen was based on culture and
sensitivity results when available and, when not avail-
able, by utilizing references to determine the drug of
choice in the absence of a B-lactam allergy.'* The refer-
ences for the use of antimicrobial prophylaxis in surgery
were based on the guidelines published by The Medical
Letter?” and recommendations of Conte and Barriere.*
The cost of predicted B-lactam therapies was calculated
using the drug acquistion cost for an appropriate dose
and duration for an equivalent duration of therapy as
that received by the patient

The average direct drug cost avoidance per course was
calculated. Prophylactic and active treatment courses were
analyzed separately. Data are presented as the mean +
standard deviation. Student’s paired t-test was used Lo
compare the cost of therapy received o the cost of
therapy predicted by the model.

Approval ol this study was obtained
[rom the Ethics Review Board of the

Table I. Categorization of Allergy University of Weslern Ontario.
Allergy Probable Allergy Possible Allergy not Probable
(Group A) (Group B) (Group C) RESULTS
rom February 16 to May 13,1993,
i) anaphylaxis i) skin eflects only without i) gastroinlestinal elfects 6,850 patients were admitted to

- respiralory effecls
- swelling of the face

other symptoms

without other symptoms

London Health Sciences Centre. Of
these, 208 (3%) had an indication [or
B-lactam therapy and had a docu-

i) Serum sickness
- swollen joints, fever
haemaluria, rash
- delayed onsel of 1-2 weeks
- resolves in 3 days-6 weeks

i) laG/IgM
- skin effects with onsel
> 3 days
- kidney dysfunction

vi) posilive rechallenge

ii) ALLERGY PROBABLE
bul occurred > 25 years ago

i) unknown
presenlation

only positive family
history

Toxicity

- seizures

- hepatitis

- nephritis

- haemolytic anemia

- injection site reaction

iv) idiosyncralic presentation

v} negative rechallenge

mented penicillin or cephalosporin al-
lergy. One hundred patients were able
to be interviewed for the purpose ol
this study. Twenty-two patients were
unable Lo be interviewed due to intu-
bation, deafness, language barriers, or
decreased cognitive slatus. One pa-
tient refused to give consent Lo be in-
terviewed. One patient was receiving
a desensitization protocol. The re-
maining 84 patients were unavailable
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at interview times or were discharged prior to being
interviewed.

Forty-five patients had reacted to a parenteral form of
penicillin, 35 to an oral dosage form, 5 to both parenteral
and oral, 1 to a topical form, 13 could not recall the
route and one patient had never received penicillin. Nine
patients reported a delayed onset of the reaction of 4 or
more days. Forty-two patients experienced their reac-
tion to penicillin more than 25 years prior to the inter-
view. Fourteen patients had had a positive reaction when
rechallenged while 3 patients had had no reaction when
rechallenged.

Thirty-two courses of therapy were for treatment of
established or suspected infections while 83 were for
prophylaxis. Of the 100 patients interviewed, 15 received
both prophylaxis and active treatment therapies. The
mean duration of a prophylactic course of therapy was
2.2 £2.2 days. The mean duration of a course of active
therapy was 11.8 7.0 days.

Using the predefined criteria in Table I, 29 patients
had a high probability of allergy (Group A); 53 had an
equivocal history which required skin testing for further
differentiation (Group B), and 18 were deemed not to
be allergic (Group C). This probability information was
incorporated into the DAM.

Study patients were receiving the following alter-
nate antimicrobial agents: vancomycin (33 patients),
erythromycin (28 patients),
clindamycin (26 patients), and

Table Il. B-Lactam Useii
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(p=0.70). The actual cost ol 83 prophylactic regimens
was $6,070.63 ($73.14/course) while the predicted cost
for prophylaxis was $8,169.45 ($98.43/course). The dif-
ference between the actual and the predicted prophy-
lactic treatment costs could result in a significant, nega-
tive direct drug cost-avoidance (i.e., increased cost) of
$25.29/course (p=0.03)(Table 11I).

DISCUSSION

n order to consider the validity of a history of B-lactam

hypersensitivity and to assess if a skin-test is indicated,
a detailed description of the nature of the reaction and
its time course should be obtained. First it is necessary
to determine whether or not the signs and symptoms
can be directly linked to the B-lactam therapy. The types
ol hypersensitivity reactions must be well defined and
differentiated from reactions not originating from an
immune response. A hypersensitivity reaction can be
immediate, accelerated, or delayed.?” Allergic reactions
occur more [requently [ollowing parenteral administra-
tion than following other routes. An immediate reaction
may be strictly cutaneous such as urticaria, or may be
systemic such as anaphylaxis. These reactions are IgE-
mediated and usually occur within 30 minutes of drug
administration. An accelerated hypersensitivity reaction
usually presents between 30 minutes and 72 hours after

n Patients with a Purported Penicillin Allergy

ciprofloxacin (6 patients). The

therapy received was not always lim-
ited by the patient’s allergy status.
As seen in Table I1, 30 patients re-
ceived B-lactam therapy even when

the patient had a documented al-

lergy to penicillin. No adverse effects

were noted as a result of B-lactam

B-lactam received | Allergy probable Allergy possible Allergy not
probable
=29 n=53 n=18
Penicillin q 1
Cephalasporin 4 15 5
Imipenem 1

therapy in any of the patients with

purported penicillin allergies.
The actual cost of therapy lor the

Table lll. Cost Analysis

100 patients (115 courses) was

$15,592.66 ($155.93/patient; Cost / Course

$135.59/course). The potential cost

according to the DAM was $16,500.65 Actval Predicted Direct Drug Cost
($165.01/patient; $143.48/course). (based on DAM) | Avoidance

The actual cost of 32 courses of active

treatment was $9.234.02 ($288.56/ 0Y$;a5” $135.59 +207 86 $143.48 +181.31 -$7.89 p=0.71
course) while the predicted cost for _n_

active treatment was $8,252.27 Treatment courses $288.56 +327.99 $25788+30368  [$30.68  p=0.70
($257.88/course). The difference be- n=32

tween the actual and predicted active :

treatment cost could result in a posi- ﬁ[%%hylactlc courses $ 73148271 $ 98.43 £+62.38 -$2529  p=0.03
tive though insignificant direct drug B

cost-avoidance ol $30.68/course

DAM = Decision analysis model
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drug administration as a cutaneous reaction predomi-
nately on the trunk. Delayed hypersensitivity reactions
are often IgG or IgM-mediated and occur after 3 days
These reactions are less clinically significant due to their
decreased mortality relative to IgE-mediated hypersen-
sitivity reactions. Serum sickness and exanthematous
rashes are common presentations of delayed hypersen-
sitivity. The IgG and IgM-mediated reactions cannot be
detected by a skin test. In the DAM, these reactions would
have to be identified by history alone and be assigned to
the “meets hypersensitivity criteria” arm, as a skin test is
not indicated. Nonhypersensitivity reactions to B-lactam
antibiotics include those due to toxicity and adverse
effects. They can be serious reactions such as nephro-
toxicity, neurologic toxicity, or blood dyscrasias but
are considered atypical immune reactions and cannot
be detected by a skin test. Gastrointestinal adverse
effects are most common and include glossitis, sto-
matitis, epigastric distress, nausea, vomiting, diarrhea,
and possibly pseudomembranous colitis as a severe
complication.”

Very liberal criteria were used to develop the DAM
and categorization criteria. By including unknown his-
tories, distant past histories, and histories meeting only
minimal requirements for an allergy identified a large
proportion of patients (53%) were identified as having
an equivocal allergy history and, hence, requiring an al-
lergy consult. Direct comparison with other studies was
not feasible as none evaluated patients for skin testing as
a percentage of the general penicillin allergic popula-
tion. A history of a reaction at least 25 years prior was
included in the group although Sullivan et al” demon-
strated a strong positive correlation between the time
lapsed since the initial reaction presentation and the pro-
portion of patients not reacting to a skin test. These pa-
tients could be expected to have a similar probability of
having a positive skin test (less than 22% as seen at 10
years’) as the general history positive group (16%) if they
had not been exposed to penicillin in the interim and
resensitized.

Routine screening using a form was useful in identify-
ing both patients who were probably and who were un-
likely to be allergic. In the latter case, 18 patients were
deemed to not have a penicillin allergy based on their
reaction history and, hence, would tolerate other
B-lactams. Just by identifying this group alone, the pre-
dicted cost of therapies was lower than actual costs by
$774.25. A screening form such as the one used in this
study could result in an estimated potential annual cost
avoidance of $6,000.00 ($40.00/patient identified as
probably not allergic). By determining if an inappropri-
ate allergy label is in place, restrictions may be removed
from antibiotic therapy. Using the form to standardize
history-taking and the table of criteria for categorization
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required a maximum of 15 minutes of the pharmacist’s
time to complete. It could be implemented as a means
to standardize and facilitate practice to produce positive
outcomes in therapy and cost-savings

Other studies have shown the importance of allergy
history-taking. Tripp et al*® found that the penicillin al-
lergy label could be removed from 13% of patients’ charts
based solely on information obtained from the history.
They further supported the removal of the allergy labels
by following those patients who went on to receive a
penicillin or a cephalosporin without a skin test result.
Two percent of the patients were rechallenged and did
not react.

Many of our patients received a B-lactam despite the
fact that several of them had a relatively high probability
of hypersensitivity. This prescribing practice could have
occurred if the physician was unaware of the allergy and
neither pharmacy nor nursing intervened. As well, the
physician may have been aware but had reason to be-
lieve that the history was negative or was vague enough
to warrant the possible risk of cross-sensitivity in using
a cephalosporin. In one case, physicians of the Allergy
and Immunology Department advised use of a
B-lactam. This further skews the cost analysis data
since these patients still incurred the cost of an al-
lergy consult if indicated by the model even though
the therapy received and predicted by the model were
both B-lactams. Furthermore, 4 patients who were
classified as Group A (Table 11) received a cepha-
losporin without adverse sequelae. This represents at
least a 4% false positive allergy history using the cat-
egorization criteria.

For completeness, false negatives as a result of the skin
test used in the model should be considered and the
cost of potential allergic reactions could be incorporated
into the model. The incidence of a probable IgE-medi-
ated allergic reaction in history positive, skin test nega-
tive patients is less than 1% when a skin test using a
major and minor determinant is used.” Our model pre-
dicts that 45 of the 53 patients requiring a skin test would
have a negative result. Thus, the predicted incidence of
a false negative test is 0.45% of the study patients or
0.85% of the skin-tested patients. Since this situation is
predicted to occur rarely, its cost is insignificant and was
not included in our model.

Not all patients identified were able to be interviewed.
The main reasons were inability to communicate (22 of
108) or unavailability at interview times (84 of 108).
Incorporating these patients into the DAM would fur-
ther increase the total cost of predicted therapy. All pa-
tients unable to communicate a history for screening
purposes would require the added cost of an allergy con-
sult and skin test to validate their allergy. Those patients
who had a length of stay shorter than the period
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between their identification and the interview likely re-
ceived such brief courses of therapy that even switching
to a B-lactam therapy would not offset costs incurred by
the allergy consult and skin test.

The DAM was used to estimate the direct drug cost
avoidance accrued through the initiation of a penicillin
allergy screening program. All patients for whom an an-
tibiotic was ordered and who were reported to be peni-
cillin allergic were included in this study regardless of
the duration of their therapy. The majority of courses
studied (83%) were actually for prophylaxis and were
for a relatively short duration (2.2 + 2.2 days). It is un-
likely that the cost of the allergy consult could be offset
by direct drug cost-avoidance given this short duration
of therapy. In fact, the calculated break points at which
the cost of B-lactam therapy plus allergy consult would
equal the alternate drug cost was approximately 3 days
of vancomycin therapy, 4 days of clindamycin therapy,
and 9 days of erythromycin therapy. In contrast to the
prophylactic regimens, the treatment courses with a
longer duration of 11.8 £ 7.0 days resulted in a small
cost-avoidance ($30.68/course).

While this study and the developed DAM did not sup-
port the widespread application of allergy consults to
the total penicillin-allergic population requiring antimi-
crobial therapy, our conclusions have several limitations.
First, the model was specific to our hospital patient popu-
lation, their duration of therapy, and antibiotics and
dosages used. Deviations in any of these factors would
affect the cost analysis. Secondly, the relatively high use
of B-lactam therapy despite a history of penicillin al-
lergy biased our findings. Thirdly, the criteria established
for this study were sufficient to categorize the patients,
but without performing actual skin tests, we were un-
able to determine the validity of the DAM. Fourthly, each
patient was considered to have received a finite therapy
of 1, or at most, 2 antibiotic courses (one prophylactic
and one active). In reality some patients may require
subsequent courses and go on to receive yet another non-
B-lactam antibiotic if the allergy label is not removed
which could further increase their lifetime cost of therapy.
Our DAM considers an allergy consult for each course
of therapy but the recommendation should be to only
skin test (cost $10.00) for each subsequent course of
therapy."

Based on allergy history analyses, a considerable
number of patients with a purported penicillin allergy
were identified as being likely able to tolerate B-lactam
therapy. This study observed no direct drug cost-avoid-
ance when routine allergy consults were used without
regard to the duration of therapy. Subgroup analysis of
particular alternate therapies and further definition of
duration of therapy may reveal subsets of patients in
whom cost-avoidance may be accrued. “¥
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