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Exercise-induced anaphylaxis

Albert L. Sheffer, M.D., and K. Frank Austen, M.D. Boston, Mass.

Sixteen patients were seen because of possibly life-threatening exercise-associated symptoms
similar to anaphylactic reactions. Asthma attacks, cholinergic urticaria and angioedema, and
cardiac arrythmias are recognized as exertion-related phenomena in predisposed patients but
are distinct from the syndrome described here. A syndrome characterized by the exertion-related
onset of cutaneous pruritus and warmth, the development of generalized urticaria, and the
appearance of such additional manifestations as collapse in 12 patients, gastrointestinal tract
symptoms in five patients, and upper respiratory distress in 10 patients has been designated
exercise-induced anaphylaxis, because of the striking similarity of this symptom complex to the
anaphylactic syndrome elicited by ingestion or injection of a foreign antigenic substance. There
is a family history of atopic disease for 11 patients and cold urticaria for two others and a
personal history of atopy in six. The size of the wheals, the failure to develop an attack with a
warm bath or shower or a fever, and the prominence of syncope rule against the diagnosis of
conventional cholinergic urticaria. There is no history or evidence of an encounter with an
environmental source of antigen during the exercise period.

During the past 10 yr 23 patients have come to
our attention because of possibly life-threatening,
exercise-associated symptoms similar to anaphylactic
reactions. Sixteen of these patients were seen by us
directly; the other seven were identified by correspon-
dence with their personal physicians. Asthma attacks,
cholinergic urticaria and angioedema, and cardiac ar-
rhythmias are recognized as exertion-related phe-
nomena in predisposed patients but are distinct from
the syndrome described here. This report summarizes
the precipitating events and symptoms and signs in
the 16 patients who have experienced exercise-
induced anaphylactic reactions and were later as-
sessed by us.
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RESULTS

The patient population (Table I) consisted of 16
individuals (11 men and five women) ranging in age
at the time of assessment from 12 to 54 yr (mean of 24
yr). In most cases symptoms had been present for
several years prior to assessment. The episodes of
exercise-induced systemic reactions have varied from
a single occurrence to several attacks annually over a
period of 16 yr. The symptoms and signs experienced
by these patients during the peak of an attack (Table I)
include, in decreasing frequency, generalized itching,
hives and giant hives, cutaneous angioedema, col-
lapse, choking with respiratory distress, gastrointesti-
nal colic, headaches, and wheezing. Generalized
pruritus and urticaria were the initial manifestations in
almost every instance of an attack, and exercise-
induced urticaria is the hallmark of the syndrome.
Patients 9 and 11 experienced small hives of about
2-mm diameter characteristic of cholinergic urticaria,
but all others developed typical hives of the usual
size, approximately 1 cm in diameter. In 12 patients
the urticaria progressed to angioedema involving
the face, palms, and soles. Cutaneous urticaria-
angioedema persisted throughout the attack, which
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usually lasted for from 30 min to 4 hr. Twelve pa-
tients collapsed after interruption of the exercise.
Vertigo was present in each of these instances, and
tinnitus was present in one. Upper respiratory tract
manifestations characterized by choking developed in
10 patients, six of whom collapsed. Gastrointestinal
tract symptoms including colic, nausea, or diarrhea
occurred in five patients. Disabling headaches oc-
curred in four patients and usually persisted for sev-
eral days. Wheezing was experienced by seven pa-
tients during the exercise period and was usually
evanescent and not incapacitating.

The usual sequence of the symptomatology of an
attack was consistent and could be divided into pro-
dromal, early, and fully established manifestations;
late or postexertional sequelae were also present. The
premonitory symptoms often included a feeling of
fatigue, generalized warmth, and itching, and the per-
son may have noted cutaneous erythema. The sub-
sequent early manifestations of an attack were high-
lighted by an urticarial eruption that was generalized
and became confluent and even angioedematous. The
face, palms, and soles were commonly involved. Col-
lapse, with transient brief periods of loss of con-
sciousness, occurred in 12 patients as exercise was
interrupted because of the cutaneous discomfort.
Choking, respiratory stridor, gastrointestinal colic,
nausea, and vomiting were noted with fully developed
attacks but occurred with equal frequency in the ab-
sence of or subsequent to a syncopal period. The fully
developed attack symptom complex had a duration of
30 min to 4 hr. Late sequelae in the form of headaches
persisted for 24 to 74 hr. Wheezing and occasional
chest tightness were inconstant and evanescent, oc-
curring in eight patients after completion of the exer-
cise; it differed from the other symptoms and signs in
its failure to occur with regularity in the same patient.

All patients were accomplished athletes when they
experienced their first exercise-induced symptom.
Exertion was daily for all patients except for patient 7
who exercised three times per week, and patient 12
who exercised once per week. The number of attacks
ranged from a single episode to monthly episodes oc-
curring over 9 yr. The types of exercise preceding the
attacks (Table 1) ranged from mild tennis warmups
and dancing to strenous events. Four atheletes devel-
oped symptoms while sprinting in track events and
nine others while jogging or running from %: to 15 mi.
Symptoms developed in five patients while playing
basketball or soccer and in three during tennis
matches.

Detailed physical examination at the site of the at-
tack was never performed; however, in 10 instances
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physicians did attend the patients during an emer-
gency room visit. Under these circumstances the at-
tacks were no longer at their height, and the physical
findings revealed hypotension in three patients, tachy-
cardia in three, and bradycardia in two others.

Factors possibly associated with or predisposing to
attacks (Table I) included personal and family history
of atopy, aspirin and food ingestion, and weather
conditions. Four patients experienced allergic rhinitis,
and two had eczema; eleven patients had family his-
tories of atopy. Five (patients 3, 4, 10, 13, and 14)
who ingested aspirin and two (patients 9 and 15) who
had taken caffeine before exercising experienced
symptoms that seemed out of proportion to the modest
exercise and that did not occur without exercise.
Three (patients 3, 5, and 11) thought their symptoms
were worse when exercise was conducted after eating.
Heat-accentuated symptoms in eight (patients 1, 2, 5,
7, 8, 10, 12, and 15) and reactions were generally
more common or worse in the summer months. Pro-
longed collapse occurred twice in patient 14 while
exercising in the rain.

Routine hematology studies and measurements of
whole-complement activity (CHS50), C3 and C4
complement proteins, immunoglobulin classes, and
blood chemistries (SMA-12) were within the normal
range. Serum IgE concentrations were not elevated in
the four atopic patients assessed.

Treatment was directed to the reversal of symptoms
and to the prevention of future attacks. The therapeu-
tic approaches to acute reactions resembled the treat-
ment for an anaphylactic reaction precipitated by al-
lergens. The usual emergency therapy for collapse
included subcutaneous administration of epinephrine.
Fluid replacement and oxygen therapy were used in
several instances. Antihistaminic drugs administered
systemically appeared to reduce the pruritus, warmth,
and erythema. Therapeutic intervention usually inter-
rupted an attack within 1 hr, although occasionally
urticaria, angioedema, or both persisted for several
hours. Headaches lingered for several days in four
instances. Modification of the exercise program by
patient willingness to reduce the intensity of the exer-
tion, to avoid exercise on warm and humid days, and
to interrupt the exercise at the first evidence of itching
seemed to reduce the severity, duration, and fre-
quency of attacks. Antihistaminic agents administered
over time in 14 patients or before strenuous exercise
have been considered to be helpful but were never
totally effective in preventing attacks. Beta agonists
and phosphodiesterase-inhibiting agents have pro-
vided no apparent benefit when administered prophy-
lactically.
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TABLE . Exercise-induced anaphylaxis: Population and clinical spectrum

Age at Attacks/ Prodromal
Patient Sex onset (yr) history (mo) Type of exertion* manifestation
1 F 19 2/5 Jogging 15 mi Nausea, pruritus,
warmth
2 M 19 1/15 Running 2 mi Fatigue, prutitus,
warmth
3 M 45 5/84 Playing tennis, Pruritus, warmth
ice skating 1 hr
4 F 13 2/34 Running 1 mi, Pruritus
playing soccer
5 F 35 36/72 Dancing, playing Erythema,
tennis pruritus
6 M 13 3/19 Running 1 mi, Angioedema
playing basket-
ball
7 M 26 2/164 Running %2 mi Angioedema
8 M 13 2/12 Running 3 mi Pruritus
9 M 19 50+/92 Jogging Pruritus, small
urticaria
10 F 13 3/29 Sprinting 50 yd Pruritus
11 M 15 60+/192 Sprinting, danc- Flushing, pruri-
ing, playing tus, small
soccer and urticaria
basketball
12 F 26 3/24 Jogging, playing Flushing, warmth
tennis
13 M 17 3/12 Running, sprint- Erythema,
ing, playing pruritus
basketball
14 M 12 108/108 Playing basket- Erythema,
ball, sprinting pruritus
15 M 39 3/23 Jogging Pruritus
16 M 26 4/36 Jogging 1 mi Angioedema,
urticaria, ver-
tigo

*Exertion daily for all but patient 7, who exercises three times per week, and patient 12, who exercises once per week.
tFamily history of allergic rhinitis in all instances plus additional family history of eczema for patient 4 and asthma for patients 4, 7, and 8.

{Parent with past history of cold urticaria.
§Cousin with past history of cold urticaria.

DISCUSSION

A syndrome characterized by the exertion-related
appearance of cutaneous pruritus and warmth, the de-
velopment of generalized urticaria, and the appear-
ance of such additional manifestations as syncope,
abdominal colic, and upper respiratory tract distress
has been designated exercise-induced anaphylaxis,
because of the striking similarity of this symptom
complex to the anaphylactic syndrome elicited by in-
gestion or injection of a foreign antigenic substance.
The characteristic features of allergen-induced sys-
temic anaphylaxis in humans include cutaneous
pruritus and erythema, the development of well-

circumscribed pruritic hives, which may coalesce to
form giant hives, and a localized, nonpitting, poorly
demarcated deeper cutaneous angioedema. When the
angioedematous process involves the gastrointestinal
tract there is nausea, vomiting, abdominal pain of a
crampy nature, and diarrhea, whereas its presence in
the upper respiratory tract mucosa is experienced as a
“‘lump in the throat,”’ hoarseness of voice, or stridor.
A combination of mucosal edema and smooth-muscle
spasm in the lower respiratory tract is characterized
by feelings of tightness in the chest and audible
wheezing. Cardiovascular collapse in patients with
allergen-induced anaphylaxis is secondary to the
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Atopic history

Complete clinical syndrome  Personal  Familyt
Angioedema, collapse, nausea, Parent
urticaria
Angioedema, collapse, nausea, Parent
urticaria
Chest tightness, collapse,
urticaria
Angioedema, choking, col- Allergic  Parents,
lapse, urticaria, wheezing rhinitis siblings
Angioedema, choking, nausea, Child
urticaria, vomiting
Choking, headache, pruritus, Sibling
urticaria, wheezing
Choking, rhinitis, Allergic Parent,
urticaria, wheezing rhinitis,  sibling
asthma
Angioedema, collapse, head-  Eczema  Parent
ache, urticaria
Angioedema, choking, urti- Eczema, Parents,
caria asthma siblings
Angioedema, colic, collapse, ¥
tinnitus, urticaria
Angioedema, choking, colic,  Rhinitis Parents,
collapse, wheezing sibling,
cousin
Collapse, headache, urticaria,  Rhinitis, §
wheezing asthma
Choking, collapse, urticaria, Parent
wheezing
Angioedema, choking, col- Parent

lapse, headache, urticaria
Choking, collapse, urticaria
Choking, collapse, rhinitis,

urticaria, wheezing

hypoxia of respiratory insufficiency or can be primary
without antecedent hypoxia from respiratory in-
sufficiency.! Whether this latter group experiences
collapse as a result of cardiac arrhythmia or a critical
reduction in plasma volume is not established.’~?
That syncope occurs without severe antecedent respi-
ratory difficulty and without clinical evidence of
cyanosis suggests that this aspect of the syndrome can
represent a reversible response of the cardiovascular
system, but at present there is no basis for distinguish-
ing between a central or peripheral mechanism. An
isolated cardiovascular catastrophe or a reversible ar-
rhythmia would not be associated with the dominant
features of pruritic erythema and urticaria. Similarly,
exercise-induced asthma would be dominated by the
pulmonary insufficiency aspect of the syndrome with
prominent wheezing and would lack the other muco-
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cutaneous characteristics of the exercise-induced
anaphylactic syndrome. The exertion-related collapse
syndrome presents the essential ingredients of the
allergen-induced human anaphylactic syndrome ex-
cept for the introduction of an exogenous antigen just
before the onset of the adverse response.

Certain adverse responses to physical stimuli are
termed physical allergy, because the reproducible
symptom complex appears to be mediated by IgE-
dependent activation of host mast cells. In some in-
stances a local urticarial reaction can be passively
transferred by injecting serum from an affected indi-
vidual into a skin site of a normal recipient and then
after an appropriate interval challenging the injection
site of the normal recipient with the appropriate
physical stimulus. In some patients with cold-induced
urticaria and dermographism, the responsible serum
factor has been shown by the physicochemical and
immunochemical criteria to be of the IgE class,* ®
whereas in solar urticaria elicited by certain wave-
lengths of light and in cholinergic urticaria the passive
transfer of the local response by a heat-labile sub-
stance?~® represents presumptive evidence for the in-
volvement of IgE. The passive transfer approach with
serum is not uniformly positive, and additional cir-
cumstantial evidence that these reactions are mast
cell-mediated includes their variable suppression by
such pharmacologic agents as antihistamines, hy-
droxyzine, and cyproheptadine,® !*> degranulation of
mast cells in skin biopsy specimens from patients with
cold urticaria,® and elevations in plasma histamine in
relation to the regional site of elicitation of an attack
of cold!'*~'6 or solar '7 angioedema-urticaria. Syncope
is not part of these syndromes unless the physical
stimulus is applied over a very large body surface, as
would occur when a patient with cold urticaria was
suddenly or persistently exposed to a source of am-
bient cold such as a cold-water stream or ocean or
winter wind.!®

Generalized heat urticaria, known as cholinergic
urticaria, develops after a warm bath or shower, after
exercise, and with fever and is a form of physical
ailergy that must be considered for its possible rela-
tionship to the exercise-induced anaphylactic syn-
drome. The skin lesions appear as pruritic tiny wheals
surrounded by large areas of erythema, and occasion-
ally they become confluent; systemic manifestations
are rare and include syncope, abdominal pain, and,
uncommomly, wheezing.!® Elevations in plasma his-
tamine occur in relation to experimentally exercise-
induced attacks!® manifested by the cutaneous le-
sions! 2° and reversible alterations in pulmonary
function.'® A single patient has been reported with
exertion-induced tiny wheals without pruritus or
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erythema, hypotension, and alterations in plasma
levels of 5-hydroxytryptamine but not histamine.!*
Although the exercise-induced anaphylactic syn-
drome has some features in common with generalized
heat urticaria, there are a number of important differ-
ences. Only two of the 16 patients with the exercise-
induced anaphylactic syndrome reported that the at-
tacks began with finy pruritic wheals rather than
the characteristic 10 to 15-mm urticarial response.
Further, the patients with exercise-induced anaphy-
lactic syndrome did not experience this event in re-
sponse to a warm bath or shower or a fever. Finally,
the associated collapse in 12 of the 16 patients repre-
sents a high frequency of this clinical manifestation,
as compared with the rarity of a syncopal response in
patients with classic cholinergic urticaria. Thus, al-
though exercise-induced anaphylaxis resembles cho-
linergic urticaria in perhaps being an example of a
generalized physical allergy, it represents a distinct
syndrome in terms of the precipitating event and the
overall clinical presentation.

An important aspect of the syndrome is that it does
not occur with each exercise experience, yet has a
sufficient degree of recurrence and of uniformity of
presentation to suggest to the dedicated athletes ex-
periencing the syndrome that the event is a repetition
of a previous experience. The irregularity of exer-
cise-induced anaphylaxis in individuals judged to be
susceptible suggests that there may well be additional
important variables in determining whether the syn-
drome is expressed. Maulitz et al.?! have reported a
patient in whom they felt a hypersensitivity to oysters
and shrimp was a factor in a subsequent adverse reac-
tion to strenuous exercise; the patient exhibited a pos-
itive skin response to prick testing with a variety of
seafoods including shrimp. In none of the 16 patients
grouped under the exercise-induced anaphylactic
syndrome was it possible by history or by the usual
allergy skin test procedures to invoke a specific exog-
enous allergen as relevant to the exercise-related at-
tacks, although atopy was a prominent associated
condition in the patients and their families. Similarly,
although adverse reactions to nonsteroidal anti-
inflammatory agents and certain food additives®? in-
clude urticaria, angioedema, wheezing, and even
syncope, it was not possible to establish that exposure
to these agents was a consistent variable in the experi-
ence of the 16 patients described here. Nonetheless,
the irregularity of the episodes in the susceptible
population strongly suggests that there are additional
variables that may not be the same in every individual
experiencing this exercise-induced syndrome.

Treatment of an attack should include those ma-
neuvers efficacious in the management of conven-
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tional anaphylactic syndrome, including the adminis-
tration of epinephrine. Persistent hypotension is best
managed in an emergency facility where oxygen and
the appropriate vasoactive drugs are available. Life-
threatening laryngeal edema has not been documented
as yet in this syndrome but, if recognized, would
require maintenance of the airway by emergency
measures. Relief of the cutaneous manifestations can
be accelerated with the administration of an antihis-
tamine with or without epinephrine. Prevention of at-
tacks is the most logical approach to the management
of this syndrome. Prevention may be achieved with
limitation of the exercise program or interruption of
the program at the appearance of the first prodromal
signs. The exercise program should always include
the presence of an associate with knowledge of the
problem and its short-term management. Variables
such as eating, the ingestion of a nonsteroidal anti-
inflammatory agent, or certain weather conditions
should be avoided whenever they have been identified
by a patient as a factor in the elicitation of the symp-
tom complex. In no case to date has a continued
exercise program, even when associated with the re-
currence of the exercise-induced anaphylactic syn-
drome, led to a serious medical illness. Thus
modification of the exercise program is preferred to
complete interruption of a vocation that has generally
become an essential part of the lifestyle of the
healthy, young individuals afflicted with this adverse
syndrome.
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