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Objective: Our goal was to characterize a large group of children presenting to the emergency
department (ED) with acute anaphylaxis, treated with intramuscular epinephrine (IM EPI) and a
corticosteroid (CS), and to determine the impact of pharmacologic intervention on the rate and timing of
biphasic reactions (BPR).

Methods: We reviewed consecutive children diagnosed with acute anaphylaxis managed in three EDs
during a six-year period. All received IM EPI and CS, followed by monitoring for 4—6 hours post-
treatment. We analyzed the rate and timing of BPR, comparing the intervals of 0—4 vs 4—48 hours after
initiating therapy.

Results: During the study period, there were 371 cases of anaphylaxis, of which 357 (94%)

received both IM EPl and CS. Of these, 49 (14%) manifested BPR [84% had received prehospital IM EPI]
requiring at least one additional dose of IM EPI [14% required >2 additional doses]. All BPR
episodes occurred within the 0—4 hour interval after initiating therapy, whereas no patient

manifested a BPR requiring an additional dose of IM EPI during the 4—48 hours after initiating therapy
(P=<0.001, 95% CI 0—1.3%). No patient returned to the ED with recurrence of anaphylaxis symptoms
within 48 hours after discharge.

Conclusion: Approximately 1 in 7 children with anaphylaxis experience a biphasic reaction after
receiving intramuscular epinephrine. Children with anaphylaxis who exhibit symptomatic resolution four
hours following initiation of therapy have a low risk for subsequently developing BPR. Most BPR cases
required only one additional dose of IM EPI to effect resolution. The rate of BPR in those receiving IM EPI
and a corticosteroid is significantly lower >4 hours vs <4 hours after initiating therapy. [West J Emerg
Med. 2024;25(6)1-5.]

INTRODUCTION Some have recommended against routinely treating acute
Anaphylaxis is a common and potentially severe, even anaphylaxis with corticosteroids (CS) due to lack of proven
lethal, systemic allergic reaction that is increasing in efficacy.” Yet it is plausible that the anti-inflammatory
frequency.' In those patients who experience this condition — qualities of this medication could potentially ameliorate the
and clinically improve after receiving medication, there is IgE-mediated anaphylaxis process.*> Since the effect of
potential for a biphasic reaction (BPR) to manifest as intramuscular epinephrine (IM EPI) is short-lived, lasting
symptomatic recurrence/exacerbation. Prior research has briefly (t"2 of 2-3 minutes), and CS has clinical onset
documented rates of BPR associated with anaphylaxis approximately >4 hours following administration, lasting
widely ranging from 1-23%." beyond 24 hours, it is likely that after >4 hours the IM EPI
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effect wanes and any ongoing anti-allergy effect is likely due
to CS. The BPR has been shown to potentially manifest at
any time during the subsequent 48 hours after onset (median
time 18.5 hours in one study®); so, it should be therapeutically
advantageous to administer a longer acting anti-allergy
medication like CS to help prevent this complication.

The purpose of this study was to analyze a large number of
pediatric cases of anaphylaxis treated with IM EPI and
CS to determine whether a correlation exists between
pharmacologic intervention and the rate and timing of BPR.

METHODS

We conducted a retrospective cohort study of consecutive
children aged <19 years managed in three EDs at the Mount
Sinai Medical Center in New York between January
2015-December 2022, inclusive; two are dedicated pediatric
EDs, and one is a general ED also managing children
(combined yearly pediatric census 55,000 child-visits). Our
templated electronic health record (EHR) (Epic Systems
Corporation Verona, WI) stereotypically queries an
extensive roster of potential anaphylaxis symptoms,
involving dermal, cardiovascular, ear nose throat,
pulmonary, neurologic, and gastrointestinal systems. The
EHR also documents subsequent medical visits throughout
other area hospitals/clinics. Anaphylaxis was diagnosed, per
previously published criteria,” with acute onset of multiple
symptoms following exposure to allergen trigger involving at
least two organ systems (Table 1).

We defined BPR as a recurrence/exacerbation of
symptoms following administration of IM EPI, after a period
of partial or complete recovery, without re-exposure to the
trigger, indicative of anaphylaxis or generalized allergic
reaction of sufficient severity to require at least one
additional dose of epinephrine.

The ED management of anaphylaxis was nearly
unanimous among all clinicians, consisting of IM EPI
and CS in 96% of cases. The CS medications included
dexamethasone, methylprednisolone, prednisolone, or
prednisone (intravenously or orally) on the day of
presentation. All patients with anaphylaxis received ED
monitoring for 4-6 hours post-therapy initiation for BPR.
Our templated discharge instructions for “anaphylaxis”
states patients should seek prompt medical attention if any of
the following occur: 1) worsening of symptoms; 2) trouble

Table 1. Symptoms of anaphylaxis.

e Skin/mucosa: urticaria, pruritis, flushing, facial/
mucosal angioedema

e Respiratory: wheezing, cough, stridor, dyspnea

e Cardiovascular: tachycardia, hypotension

e Gastrointestinal: nausea, vomiting, diarrhea, abdominal pain
e Oropharynx: throat swelling, oral pruritis

Population Health Research Capsule

What do we already know about this issue?
The optimal interval of ED observation for
treated children with anaphylaxis, and the
impact of corticosteroids in modifying risk for
biphasic reaction (BPR), are unknown.

What was the research question?
How does epinephrine and corticosteroid
therapy impact the rate and timing of BPR?

What was the major finding of the study?
All BPR episodes occurred <4 hrs after
initiating therapy, no BPR case required
parenteral epinephrine during 4—48 hrs
after initiating therapy (P <0.001,

95% CI 0-1.3%).

How does this improve population health?
These results help to define optimal
monitoring period for treated children with
anaphylaxis and shed light on corticosteroid
impact on BPR recurrence rate.

breathing or swallowing; 3) swelling of mouth or face; 4)
chest pain; and 5) dizziness, weakness or fainting.

We also surveyed the subsequent EHR documentation to
determine whether a repeat visit to an ED or other outpatient
facility occurred within 48 hours of discharge. In patients
with anaphylaxis who received both IM EPI and CS, the
primary outcome measure was to determine 1) the rate of
BPR, and 2) the comparative rates of BPR in 0—4 and 4-48
hours post receiving IM EPI. The secondary outcome
measure was to determine the rate of ED return visit for BPR
within 48 hours of ED discharge.

Statistical Considerations

Categorical data are described in terms of frequency (%)
and compared using x coefficients. We calculated a sample of
280 cases to allow for 80% power (alpha 0.05) to determine at
least a 10% difference in BPR rates between intervals of <4
hours (15%) vs >4 hours (5%) after CS administration."* To
determine inter-rater agreement in collating results, 30 cases
(15% of total) were randomly selected and eight variables
compared between reviewers; the kappa was 0.84, indicative
of substantial agreement. Since there were fewer than five
patients in one cell, we performed a Fisher exact test
comparing rates of BPR during the 0-4 vs >4 hours post-
treatment intervals. We calculated binomial probability 95%
confidence interval (CI) for those who received IM EPI and

Western Journal of Emergency Medicine

Articles in Press



Bonadio et al.

Impact of Treatment on Rate of BPR in Children with Anaphylaxis

CS with no BPR occurrence, using the Clopper-Pearson
exact method (CI 77-84%). The study was approved by the
Icahn School of Medicine Investigational Review Board.

RESULTS

During the study period, there were 371 consecutive cases
of anaphylaxis involving 280 patients; in 357 cases (94%)
both IM EPI and CS were administered. Each record in the
study cohort had a completed attending-level physician note
reviewing history of present illness, review of symptoms,

Table 2. Patient characteristics: 357 cases of anaphylaxis treated
with intramuscular epinephrine and corticosteroid.

Variable N [%]

Patient age range 3 months—19
years

Patient age median 9.2 years
Patient sex
e Male 181 [50.7%]
e Female 176 [49.3%]
ED length of stay (median) 4.7 hours
ED length of stay (range) 3.5-6.2 hours

Anaphylaxis trigger

e Food exposure 328 [93%]

e Unknown 20 [5.0%)]
e Environmental exposure 4[1.0%]
e Drug-related 5[1.0%]

Management received — all cases:

e IMEPI 357 [100%]
e Prehospital IM EPI 193 [54%)]
e CS 357 [100%]

e H1 and/or H2 receptor antagonist* 344 [96%]

Biphasic reaction cases”

e Total 49 [14%]
e received >1 dose of IM EPI 49 [14%]
e received >2 doses of IM EPI 8" [2%]
e received prehospital IM EPI 41 [84%]

e during the initial 4 hours after initiating 49 [100%]*
therapy

e during the interval 4—48 hours after 0*
initiating therapy

Inpatient hospitalization 11 [3%]

Deaths 0

*Receptor antagonist H1 = diphenhydramine; H2 = famotidine.
"Within 48 hours after initial presentation.

*All doses of IM EPI were given during the initial 0—4 hours after
initiating ED therapy.

#p_yalue comparing rates is P < 0.001.

BPR, biphasic reaction; CS, corticosteroid; ED, emergency
department; IM EPI, intramuscular epinephrine.

physical exam, and medical decision-making. The
demographic profile of this cohort is given in Table 2. A total
of 49 patients (14%) manifested BPR requiring at least one
additional dose of IM EPI [14% required >2 additional
doses]; 41 [84%)] had received prehospital administration of
IM EPI. All BPR events occurred during the initial four
hours after initiating therapy, whereas no patient manifested
BPR requiring an additional dose of IM EPI during the latter
4-48 hour interval after initiating therapy (P = <0.001). No
patient was documented to return to the ED with recurrence
or exacerbation of anaphylaxis symptoms within 48 hours
after discharge.

DISCUSSION

In our analysis we sought to review a large number of
pediatric anaphylaxis cases treated with IM EPI and CS to
determine the subsequent rate and timing of BPR. Our
approach to management was nearly unanimous, as 96% of
cases received IM EPI and CS. The 14% observed rate of
BPR, and predominance of food allergen triggers, are
consistent with prior pediatric reports.”'° The majority
(84%) of BPR cases required only one additional dose of IM
EPI to effect resolution.

Using our institutional approach, the 0% BPR rate
achieved during the 4-48 hour interval after initiating
therapy is lower than has been previously reported in the
literature; several of those analyses found no significant
difference in return rates between those who did vs those who
did not receive CS.'"'? The factor of time delay from entry
into medical care to initial dose of IM EPI impacting BPR
rate was minimized in our cohort, as 84% of patients
developing this complication had received rapid deployment
of an initial dose of IM EPI in the prehospital phase of
management. Recent review articles on pediatric
anaphylaxis recommend against CS treatment, due to lack of
proven efficacy.”® One'? implicated CS treatment as
increasing “the likelihood of a biphasic reaction in children
by as much as 50%” (no study citation given). A foreign
retrospective study surveying a large database comparing
anaphylaxis treatment with and without CS found no
significant difference in BPR rates yet did not specifically
correlate onset of BPR with timing of CS administration.’

The exact pathogenesis of anaphylactic BPR is unclear;
potential theories include a second wave of mast cell
degranulation, delayed ongoing absorption of offending
antigen (especially oral antigenic exposures), or the waning
effect of therapy.'” As an extension of treatment for other
atopic conditions, CS therapy is expected to exert a beneficial
effect in modulating the IgE-mediated process of
anaphylaxis. This class of drugs has proven efficacy in
ameliorating other allergic-mediated conditions such as
urticaria and asthma. There is evidence that CS can inhibit
mast cells, which are strongly implicated in the anaphylaxis
cascade, by down-regulating pro-inflammatory cytokine
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transcription, regulating multiple adaptor and signaling
molecules, and rapidly decreasing cell histamine release.*>
These characteristics support the biological plausibility of CS
affecting BPR prevention. Consistent with this, a prior
study'? of pediatric anaphylaxis showed early CS therapy
was inversely associated with prolonged length of stay and
subsequent IM EPI requirement among those hospitalized.

There are no published prospective randomized, placebo-
controlled studies assessing CS effect in treating anaphylaxis.
While such studies and their data would be an important step
toward a more complete understanding of BPR in
anaphylaxis, the design of such a study would be
problematic. Obtaining informed consent to randomize
treatment would be prohibitive for the potentially lethal
medical condition of acute anaphylaxis, in which delay in
therapeutic intervention measured in minutes can be crucial
in determining outcome. Due to ethical considerations, such
a study would mandate treatment of all patients with IM EPI
and then compare a group treated with CS vs placebo. The
intervals of analysis compared would be prior to vs after CS
therapeutic onset, likely at the four-hour post-administration
mark. Our methodology largely simulates this scheme; yet
any analysis including IM EPI treatment of all patients still
leaves unanswered the question of whether the initial IM EPI
dose actually “resolves” anaphylaxis vs merely providing a
temporizing suppression of the reaction—with CS exerting a
further effect in BPR prevention.

Our findings may shed light on a potential CS therapeutic
impact on rate of BPR recurrence. Since in all instances both
IM EPI and CS were administered, we noted a significant
difference in BPR rates when partitioning clinical course
based on medication pharmacokinetics. The IM EPI effect is
rapid in onset, lasting briefly (t'2 of 2-3 minutes), whereas CS
has clinical onset approximately >4 hours following
administration, lasting beyond 24 hours.'®'® It is likely that
after four hours the IM EPI effect wanes, and any ongoing
anti-allergy effect is likely due to CS. Within this context,
we found the rate of BPR requiring repeat IM EPI
administration was significantly lower 4-48 hours vs
0-4 hours after initiating therapy.

LIMITATIONS

As with any observational study, data gathering was
limited by information present. We largely avoided this
deficiency, in that nearly all our practitioners managed
patients and thoroughly documented management in a
stereotyped manner. We did not have sufficient data to
analyze time from onset of anaphylaxis symptoms to
receiving IM EPI and its potential impact on BPR rate.

CONCLUSION

Approximately 1 in 7 children with anaphylaxis
experience a biphasic reaction after receiving intramuscular
epinephrine. Children with anaphylaxis who exhibit

symptomatic resolution 4-6 hours following initiation of
therapy have a low risk for subsequently developing BPR.
The majority of BPR cases require one additional dose of IM
EPI to effect resolution. The rate of BPR in those receiving
IM EPI and corticosteroids is significantly lower 4-48 hours
vs 0—4 hours after initiating therapy.
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