Biphasic reactions in children undergoing oral food challenges
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ABSTRACT

Literature regarding biphasic reactions in the pediatric population is sparse. We aimed to determine the prevalence of biphasic
reactions in children with food allergies undergoing oral food challenges (OFCs) and examine whether any clinical or treatment
factors are associated with biphasic reactions. A retrospective chart review of OFCs conducted between July 2007 and March 2011
was performed. Charts were reviewed from time of challenge to 48 hours after challenge to capture data on any biphasic reactions.
Uniphasic and biphasic reactions were compared in terms of specific clinical features and treatments. Of 614 positive challenges, 9
resulted in a biphasic reaction (1.5%). Six of the biphasic reactions occurred in challenges where the initial reaction met anaphylaxis
criteria. The biphasic reactions were to eggs (4), peanuts (3), and milk (2). The symptom-free interval ranged from 2 to 24 hours. There
were no statistically significant differences in clinical features between uniphasic and biphasic reactions, but there appeared to be a
higher percentage of initial reactions with multiple organ involvement and meeting anaphylaxis criteria in the biphasic group.
Biphasic reactors were significantly more likely to have received steroids for their initial reaction. A higher percentage of biphasic
reactors also appeared to have received epinephrine, multiple doses of epinephrine, and antihistamines for their initial reactions.
Biphasic reactions are rare in children undergoing OFCs and may be associated with more severe allergic reactions. Children with
severe reactions may benefit from a 24-hour period of observation.

(Allergy Asthma Proc 34:220-226, 2013; doi: 10.2500/aap.2013.34.3669)

ood allergies affect 3.9-8% of children in the
United States'® and are most commonly trig-
gered by cow’s milk, eggs, peanuts, tree nuts, wheat,
soy, fish, and shellfish.'™* As the most common cause
of anaphylaxis in children,”” food allergies contribute
to the nearly fourfold increase in rates of children
requiring hospitalization due to anaphylaxis.®
Biphasic anaphylaxis was first described by Popa
and Lerner’ in three patients with recurrence of sys-
temic symptoms hours after exposure to an allergen,
subsequent to resolution of initial reaction. They rec-
ommended observing anaphylaxis patients for 24
hours and suggested that steroids may potentially pre-
vent a biphasic reaction. Rates of 2-20% have since
been reported for biphasic reactions'®™>* with few
studies focusing on children.>?**! No consistent clin-
ical features have been associated with biphasic reac-
tions, but potential risk factors include oral exposure to
allergen,'’ longer time between exposure and initial
reaction,'® and longer duration of initial reaction.'® The
relationship between epinephrine and biphasic reac-
tions is unclear. Two studies found that inadequate or
delayed treatment with epinephrine may increase the
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likelihood of a biphasic reaction,''® and two different

studies suggested that more administrations and
higher cumulative dosages (mg/kg) of epinephrine are
associated with biphasic reactions.'*?! Three other
studies found no relationship between epinephrine
and biphasic reactions.'”'”** There is similarly con-
flicting data for steroids, as two studies found positive
benefit,'>'® but most have found no significant effect of
steroids.''>'7?122 There is also lack of consensus on
observation time for patients with anaphylaxis, with rec-
ommendations ranging from 2 to 24 hours.” 11313171821

Pediatric literature regarding this subject is signifi-
cantly limited.'>*>?! Furthermore, given the serious
nature of anaphylaxis and lack of consistent informa-
tion on the characteristics of biphasic reactions, it ap-
pears critically important to work toward developing a
clear set of guidelines regarding biphasic reactions.
Our study aimed to (1) determine the prevalence of
biphasic reactions and biphasic anaphylaxis in children
with food allergies undergoing an oral food challenge
(OEC), (2) examine whether any clinical features dis-
tinguish uniphasic reactions from biphasic reactions,
and (3) examine whether any treatment differences are
associated with biphasic reactions.

METHODS

A retrospective chart review was performed on 1843
OFCs performed between July 2007 and March 2011.
Of these, 155 challenges were excluded: 33 were equiv-
ocal, 72 were consistent with food protein-induced
enterocolitis reactions as opposed to IgE-mediated re-
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actions, and 50 were not completed because the chil-
dren were unwilling to cooperate.

Children were eligible for an OFC if they had a
history consistent with an allergic reaction, a positive
skin-prick test, or specific IgE to a food based on es-
tablished criteria.>**> All challenges were performed
at the Children’s Hospital of Philadelphia under stan-
dardized design protocol.*® Epinephrine, if necessary,
was administered per standard dosing (0.01 mg/kg
per dose intramuscularly, with a maximum dose of 0.5
mg). Oral steroids were administered when reactions
appeared more significant or prolonged. Patients were
monitored for 2.5 hours after completion of last dose.
On discharge, parents were instructed to call the clinic
or allergist on call to report any new symptom devel-
opment after leaving the OFC.

Electronic medical records were reviewed from OFC
to 48 hours after OFC to capture documentation of
biphasic reactions from any calls or emergency room
visits. The following data were collected: sex, age, his-
tory of asthma, history of prior anaphylaxis to chal-
lenged food, outcome of OFC, symptoms during OFC,
treatment of initial reaction at OFC, time from last dose
completed in OFC to onset of initial reaction, time from
onset of initial reaction to administration of epineph-
rine, symptoms during any second reactions, and treat-
ment of second reactions. Approval for the study was
obtained from the Institutional Review Board of the
Children’s Hospital of Philadelphia.

Biphasic reactions were defined as those involving
recurrence of any symptoms after resolution of the
initial reaction, and biphasic anaphylaxis was defined
as the recurrence of symptoms after resolution of an
initial anaphylactic reaction.”'*'”* Symptoms were
categorized into the following groups: skin (including
hives, pruritus, angioedema, flushing, eczema flare, and
conjunctivitis), respiratory (including rhinorrhea, sneez-
ing, congestion, nasal pruritus, stridor, cough, wheezing,
shortness of breath, hypoxemia, and decreased or coarse
breath sounds), gastrointestinal (including abdominal
pain, nausea, vomiting, and diarrhea), cardiovascular (in-
cluding hypotension and tachycardia), multiple organ
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systems (any constellation of symptoms involving
more than one system, whether or not anaphylaxis
criteria were met), and anaphylaxis (as defined by
Sampson et al.”’). Any one challenge could be coded for
multiple categories of symptoms.

Statistical analysis was performed using JMP Version
10 (SAS, Inc., Cary, NC). All analyses were two-tailed.
Chi-square analysis was used to compare categorical
variables, and unpaired t-tests were used to compare
continuous variables. A value of p = 0.05 was consid-
ered statistically significant. Ninety-five percent confi-
dence intervals were calculated for outcomes reported
as mean values.

RESULTS

A total of 1688 OFCs were included in the final
analysis (Fig. 1). Six hundred fourteen challenges
(36.4%) were positive, and nine resulted in biphasic
reactions (1.5% of positive challenges). Of the 310 pos-
itive challenges meeting anaphylaxis criteria, six re-
sulted in biphasic reactions (1.9%).

Male patients accounted for 65.8% (n = 1110) of
challenges. Patients ranged in age from 5 months to 20
years (Figure 2) and had a history of asthma in 65.2%
(n = 1101) of challenges. For the 1634 challenges for
which data were available, 159 challenges were per-
formed in patients with a history of prior anaphylaxis
to challenged food.

Positive Challenges

Initial reactions for the 614 positive challenges man-
ifested as follows: 77.9% (n = 478) involved skin symp-
toms, 64.3% (n = 395) involved respiratory symptoms,
60.9% (n = 374) involved gastrointestinal symptoms,
and 1.6% (n = 10) involved cardiovascular symptoms.
Multiple organ systems were affected in 473 challenges
(77%). In 310 challenges (50.5%), reactions met criteria
for anaphylaxis. Not all multisystemic reactions were
anaphylactic. For example, a reaction that manifested
with rhinorrhea or sneezing and vomiting was coded
as involving multiple organ systems but not as ana-
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phylactic as defined by Sampson et al.”’ because rhi-
norrhea and sneezing were not considered respiratory
compromise.

Treatment of initial reactions included steroids in 167
challenges (27.2%), epinephrine in 262 challenges (42.7%),
antihistamines in 463 challenges (75.4%), albuterol in
90 challenges (14.7%), oxygen in 3 challenges (0.5%),
and i.v. fluids in 15 challenges (2.4%). Forty-eight of
310 anaphylactic reactions were not documented as
being treated with epinephrine. This discrepancy is
possibly secondary to a combination of incomplete
documentation and clinical judgment of the allergist
that the reaction, although meeting anaphylaxis criteria
in hindsight, did not appear significant enough to war-
rant epinephrine at time of OFC. None of these cases
resulted in a biphasic reaction. Epinephrine was given
for 53% of multisystemic initial reactions. There was no
association between epinephrine and biphasic reac-
tions among these challenges.

Biphasic Reactions

Nine challenges resulted in biphasic reactions (1.5%
of positive challenges). Six of 310 positive challenges
meeting anaphylaxis criteria had biphasic reactions,
resulting in a biphasic anaphylaxis rate of 1.9%. The
patients with biphasic reactions ranged in age from 14
months to 13 years, and five were male subjects. Four
biphasic reactions were to eggs, three were to peanuts,
and two were to milk. The time interval between res-
olution of the initial reaction and onset of the second
reaction ranged from 2 to 24 hours. As illustrated in
Table 1, the severity and treatment of both initial and
second reactions varied widely. Five initial reactions
were treated with steroids, six were treated with epi-
nephrine, and two were treated with albuterol. All
were treated with antihistamines. The severity of the
second reaction ranged from urticaria in one case to
multisystemic reactions or anaphylaxis in five cases.
Although three of these late-occurring reactions re-
quired no treatment, two were treated with epineph-
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Figure 2. Age distribution for all
challenges. Patients ranged in age
from 5 months to 20 years (mean 5 *
3 years).
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rine, and two required care at an emergency depart-
ment. For two biphasic cases, detailed documentation
of treatment of the second reaction was not available,
because they were treated at a hospital outside of our
network.

Uniphasic Reactions versus Biphasic Reactions

There were no significant differences in mean age,
sex, history of asthma, or history of prior anaphylaxis
to challenged food between the uniphasic and biphasic
groups (Table 2). The percentages of challenges to
milk, eggs, peanuts, soy, wheat, tree nuts, fish, shell-
fish, seeds, and other foods were similar. The groups
did not differ significantly in the type of symptoms
during initial reaction or the time from last dose of
challenged food to onset of initial reaction. However,
biphasic reactors were significantly more likely to have
received steroids for their initial reaction (p = 0.05). We
also observed several trends that were not statistically
significant; a higher percentage of initial reactions in
the biphasic group involved multiple organ systems
(p = 0.10), met anaphylaxis criteria (p = 0.10), received
epinephrine (p = 0.14), and received antihistamines
(p = 0.08). Furthermore, although the two groups were
comparable in the time from onset of initial reaction to
administration of the first dose of epinephrine, a higher
percentage of biphasic reactors appeared to have re-
ceived multiple doses of epinephrine at initial reaction
(p = 0.11). Similar percentages were treated with albu-
terol, oxygen, and i.v. fluids at OFC.

DISCUSSION

We found that biphasic reactions were rare, occur-
ring in 1.5% of all positive OFCs and 1.9% of anaphy-
lactic reactions. The interval from resolution of initial
reaction to onset of second reaction ranged from 2 to 24
hours. Our rates were similar to the 2% recently re-
ported by Jarvinen et al.*° The two other pediatric-
specific rates previously reported were higher: 6% in
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Table 2 Uniphasic vs biphasic reactions

Uniphasic n = 605 Biphasicn = 9 p Value
Mean age (95% CI) 5 yr (4.8-5.3) 5.1 yr (3.3-7.0) 0.91
Sex 30.1% Female 44.4% Female 0.35
History of asthma 67.3% 66.7% 0.97
History of anaphylaxis to challenged food 14.3% 11.1% 0.79
Characteristics of initial reaction at OFC
Skin symptoms 77.9% 89.9% 0.43
Respiratory symptoms 64.1% 77.8% 0.40
Gastrointestinal symptoms 60.8% 66.7% 0.72
Cardiovascular symptoms 1.7% 0% 0.70
Multiple organ systems 76.7% 100.0% 0.10#
Anaphylaxis 50.1% 77.8% 0.10#
Treatment of initial reaction at OFC
Steroids 26.8% 55.6% 0.05*
Epinephrine 42.3% 66.7% 0.14#
>1 dose of epinephrine 2.5% 11.1% 0.11#
Antihistamines 75.0% 100.0% 0.08#
Albuterol 14.6% 22.2% 0.52
Oxygen 0.5% 0% 0.83
i.v. fluids 2.5% 0% 0.63
Time from last dose to first reaction onset 18.0 min 13.1 min 0.51
Time from first reaction onset to first epinephrine dose 23.0 min (n =256) 28.5 min (n =6) 0.60

Similar percentages of uniphasic and biphasic reactions were treated with albuterol, oxygen, and i.v. fluids at initial reaction.
*Biphasic reactors were significantly more likely to have received steroids for treatment of their initial reaction.

#Although not statistically significant, there were also notable differences in that a greater percentage of initial reactions in the
biphasic group appeared to involve multiple organ systems or meet anaphylaxis criteria and require treatment with epinephrine,

multiple doses of epinephrine, and antihistamines.
OFC = oral food challenge.

the Lee and Greenes'® study and 11% in the Mehr et
al*' study. The rates in adult studies were also higher,
ranging from 3 to 20%.'07#1071922

There may be several reasons why our rates of bi-
phasic reactions were low. First, epinephrine is likely
administered earlier in OFCs than in spontaneous ana-
phylactic reactions because of the close supervision of
patients. Second, the quantity of allergen exposure was
potentially lower in our study, as patients undergoing
OFCs are administered gradually increasing amounts
of food with a very low initial dose as opposed to
children in the natural setting who may ingest a much
larger amount of an allergen. Finally, children under-
going OFCs may represent a less severe group com-
pared with children with anaphylaxis in other studies,
as many patients already start with a 50% probability
of having a negative OFC.*

We saw no statistically significant clinical features
that distinguished uniphasic reactions from biphasic
reactions, but there was a trend toward a higher per-
centage of biphasic reactors having initial reactions
that were multisystemic or anaphylactic. Unlike Smit et
al.,'” whose biphasic reactors were less likely to have
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had dyspnea during their initial reaction, our unipha-
sic and biphasic groups were similar in the percentage
of initial reactions involving respiratory symptoms.
They were also similar in the percentage of initial
reactions involving skin, gastrointestinal, and cardio-
vascular symptoms. And unlike Confino-Cohen and
Goldberg,”* who reported a trend toward a higher
percentage of asthmatic patients in their biphasic
group, we found no association between asthma and
biphasic reactions.

We are the first to report that biphasic reactors were
significantly more likely to have received steroids, un-
like most previous studies'”">'”*"** that found no as-
sociation between steroids and biphasic reactions. This
finding contrasts specifically to Ellis and Day,'® who
reported a trend toward a lower rate of steroid use in
biphasic reactors, as well as to Douglas et al.,'> who
reported that rates of biphasic reactions were poten-
tially decreased in their cohort because of early inter-
vention with steroids. We also observed trends toward
a higher percentage of initial reactions in the biphasic
group receiving epinephrine, multiple doses of epi-
nephrine, and antihistamines. Our results potentially
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support previous findings by Brazil and McNamara'*
and Mehr et al.*' for whom biphasic reactors required
more administrations of epinephrine and higher cumu-
lative dosages (mg/kg) of epinephrine, respectively, at
initial reaction; however, unlike Lee and Greenes,"
whose biphasic reactors had a longer time interval
between onset of initial symptoms and the first dose of
epinephrine, we saw no difference in this variable.
Furthermore, this interval was generally shorter in our
study: 23 minutes for the uniphasic group and 28.5
minutes for the biphasic group compared with 48 min-
utes for the uniphasic group and 190 minutes for the
biphasic group reported by Lee and Greenes." This is
likely because the close supervision of symptoms in
OFCs may lead to earlier administration of epineph-
rine than in natural settings. Finally, unlike Smit et al.,"”
who found that biphasic reactors were less likely to be
treated with a bronchodilator at initial reaction, and
Mehr et al.,*! who found that the biphasic group was
more likely to have required an i.v. fluid bolus for the
initial reaction, we found no differences in the percent-
ages treated with albuterol or i.v. fluids.

Our finding that biphasic reactors were more likely
to have received steroids at initial reaction and the
trends toward a higher percentage of initial reactions
in the biphasic group affecting multiple systems and
meeting anaphylaxis criteria in addition to requiring
epinephrine (including multiple doses of epinephrine)
suggest that the severity of the initial reaction may be
associated with biphasic reactions. This is consistent
with the results of Mehr et al.,*! whose biphasic pa-
tients more frequently needed i.v. fluids, evidence of a
more severe reaction. Steroids are usually adminis-
tered at OFCs for more severe reactions, as assessed by
the allergist. Similarly, epinephrine is administered
when reactions appear anaphylactic, and multiple
doses of epinephrine are given when an anaphylactic
reaction appears prolonged or more severe in nature.
Therefore, steroids, epinephrine, and multiple doses of
epinephrine may serve as markers of increased sever-
ity of a reaction, which may then indicate an increased
likelihood of developing a biphasic reaction. The trend
toward a higher percentage of initial reactions receiv-
ing antihistamines in the biphasic group also supports
the theme of biphasic reactors being generally more
symptomatic at initial reaction.

There are several potential limitations to our study.
First, our study was a retrospective chart review. A
prospective, multicenter randomized controlled trial
would more definitively explore risk factors associated
with biphasic reactions. Additionally, because we re-
lied on parental calls to gauge the occurrence of bipha-
sic reactions, we may have potentially missed biphasic
cases for patients who received care outside of our
network. We feel that this was not a significant limita-
tion, however, as parents are clearly instructed to call
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our clinic with any issues after an OFC, and we did
have patients who received care at another hospital but
whose parents still called before seeking care. There is
also limited generalizability of our study results, be-
cause we focused on children with food allergies un-
dergoing food challenges, who comprise just a subset
of all children at risk for biphasic reactions.

In conclusion, biphasic reactions appear to be rare in
children with food allergies undergoing OFCs. Initial
reactions that are more severe may potentially be as-
sociated with biphasic reactions. Most children are safe
to be discharged soon after resolution of the initial
reaction. Those who have more severe reactions may
benefit from a more prolonged period of observation to
watch for biphasic reactions, but no more than 24
hours may be necessary. In all cases, it is vital that
patients know of the potential risk of a biphasic reac-
tion and have an emergency plan and an epinephrine
autoinjector available in case a biphasic reaction occurs
after discharge.
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