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ABSTRACT

Hereditary angioedema (HAE) is a rare autosomal-dominant disease characterized by recurring attacks of nonpruritic,
nonpitting edema caused by an inherited deficiency or dysfunction of C1 esterase inhibitor (C1 INH). Symptoms can present
years before an accurate diagnosis is made. The objective of this study, the Angioedema Clinical Epidemiology Testing Initiative
for the Study of Hereditary Angioedema, was to determine the prevalence and clinical manifestations of HAE in untested
first-degree blood relatives of known patients with HAE. Patients with a confirmed diagnosis of HAE recruited first-degree
relatives who had not been evaluated for HAE. Enrolled subjects underwent complement testing (C4, C1 INH antigen, and
functional C1 INH). If the lab tests were abnormal, the enrolled subjects returned to the site for a follow-up visit and
questionnaire. Overall, 31 patients with HAE and 46 first-degree relatives enrolled in the study. Of 46 enrolled relatives, 30
(65%) had lab test results that ruled out a diagnosis of HAE, two (4%) were categorized as “HAE not ruled out,” and 14 (30%)
were newly diagnosed with HAE. Of 14 newly diagnosed subjects, nine (64%) reported having experienced symptoms that may
have been related to HAE, such as swelling in the throat, face, or extremities or abdominal pain. When reported, median age
of symptom onset in these 14 subjects was nine years whereas newly diagnosed asymptomatic subjects had a median
chronological age of six years. These 14 subjects reported a historic mean standard deviation rate of 2.51 (5.59) swelling episodes
per month with a mean standard deviation duration of 1.6 (0.74) days. This study’s findings reinforce the importance of testing
family members of patients with HAE to detect this hereditary condition.

(Allergy Asthma Proc 36:1–7, 2015; doi: 10.2500/aap.2015.36.3833)

Hereditary angioedema (HAE) is a rare disorder
caused by an inherited deficiency or dysfunction

in the plasma protein C1 esterase inhibitor (C1 INH)1

and is characterized by recurring attacks of nonpru-
ritic, nonpitting subcutaneous edema, or submucosal
edema of the bowel or upper airway.2 Symptoms typ-
ically present during childhood; however, diagnoses
can be delayed for a decade or more.1,3–5 HAE is an
autosomal-dominant condition; the offspring of a par-
ent with a mutation of the C1 inhibitor gene will have

a 50% chance of inheriting HAE. Due to the rarity of
the disease (�1:50,000 persons), physicians may not
consider HAE in their differential diagnosis.6 In addi-
tion, despite its familial predisposition, many family
members of HAE patients are not screened for the
condition. In fact, patients with HAE responding to a
survey reported that only 48% of immediate family
members and 26% of extended family members had
been tested for HAE.3 With the recent advent of effec-
tive therapies, screening of family members has in-
creasingly been emphasized as a means to reduce the
substantial morbidity and mortality associated with
HAE.

The Angioedema Clinical Epidemiology Testing Ini-
tiative for the Study of Hereditary Angioedema was
designed to determine the prevalence of HAE in pre-
viously unevaluated first-degree blood relatives of
known patients with HAE in the United States and to
evaluate the occurrence of clinical manifestations of
HAE in untested relatives.

METHODS

Study Subjects
All subjects were required to be more than or equal

to one year of age. Adults were informed of the nature
of the study and provided written informed consent. A
parent/legal guardian was required to provide written

1University of California-San Diego School of Medicine, La Jolla, California, 2Allergy
and Asthma Research Associates Research Center, Dallas, Texas, 3Mount Sinai School
of Medicine, New York, New York, 4ViroPharma Incorporated (part of the Shire Group
of Companies), Exton, Pennsylvania, and 5Institute for Asthma and Allergy, Chevy
Chase, Maryland
This study was funded by ViroPharma Incorporated (part of the Shire Group of
Companies)
These data were previously presented at the 2013 American College of Allergy,
Asthma, and Immunology in Baltimore, Maryland
M. Riedl is a consultant or has received grants and honorariums from CSL Behring,
Dyax, Shire, ViroPharma, Pharming, Biocryst and ISIS. W. Lumry has received
grants and honorariums from Dyax, Shire, Biocryst and CSL Behring. P. Busse is a
consultant and has received grants from Shire and CSL Behring. H. Li has received
grants and honorariums from CSL Behring, Shire, Dyax and Salix. J. Dayno is an
employee of ViroPharma. H. Levy and T. Steele have no conflicts of interest to declare
pertaining to this article
Address correspondence to Marc Riedl, M.D., M.S., Division of Rheumatology,
Allergy and Immunology, University of California-San Diego School of Medicine, La
Jolla, California 92122
E-mail address: mriedl@ucsd.edu
Copyright © 2015, OceanSide Publications, Inc., U.S.A.

Allergy and Asthma Proceedings 1



informed consent for a child (not yet at the legal age for
consent) to participate in the study with assent from
the child as appropriate. This was a multisite study,
and the protocol was approved by the institutional
review board at each investigator’s site.

The study population comprised patients with a con-
firmed diagnosis of HAE (type I or II) and relatives
untested for HAE. Subjects with a confirmed diagnosis
of HAE were required to have at least one first-degree
blood relative (defined as a parent, sibling, or off-
spring) who would be eligible for the study. These
relatives met eligibility requirements for enrollment as
long as they had no history of previous evaluation for
HAE.

Subjects were excluded if they received antifibrino-
lytics within 30 days of enrollment, fresh frozen
plasma within 15 days of enrollment, or C1 INH con-
centrate (human or recombinant), bradykinin receptor
antagonist, or plasma kallikrein inhibitor within 72
hours of the blood collection for complement testing.
These exclusions were implemented to ensure that
therapeutic agents would not interfere with the results
of complement testing. Women in their second or
third trimesters of pregnancy or within one month
postpartum were also excluded. Subjects were ex-
cluded if they had any clinically significant medical
condition that the investigator deemed could possi-
bly complicate the diagnosis. Untested relatives were
excluded if they had received attenuated androgens
within 30 days of enrollment or had a previous diag-
nosis of HAE type I or II.

Study Design
Patients with confirmed diagnoses of HAE due to C1

INH deficiency enrolled in the study and reported to
the study site, where the investigator completed a
questionnaire that collected information on demo-
graphics, employment, HAE history, medications re-
lated to HAE management, medical history, and infor-
mation about first-degree blood relatives. During this
site visit, these patients also underwent blood sample
collection for complement testing.

Untested first-degree relatives of patients with HAE
were identified and invited to enroll in the study.
Relatives who agreed to enroll in the study visited the
study site, where the investigator completed a separate
questionnaire that collected information on demo-
graphics, HAE status of first-degree blood relatives,
medication use, and medical history, including specific
questions about swelling and symptoms that could be
consistent with an angioedema attack. Symptom ques-
tions were general, and reported symptoms could po-
tentially be due to causes other than an angioedema
condition. First-degree relatives also underwent blood
sample collection for complement testing.

If the results of complement testing for the first-
degree relatives were normal (normal levels of anti-
genic and functional C1 INH) and a diagnosis of
HAE was ruled out, those subjects were notified, and
participation in the study was concluded. If lab re-
sults were abnormal (indicative of HAE, or indeter-
minate such that HAE could not be ruled out), sub-
jects were asked to return to the study site for a
follow-up visit within 30 days, and the investigator
completed a second questionnaire that collected in-
formation on unexplained or recurrent swelling (in-
cluding any swelling that had occurred since the first
study visit) and updates of medication use and med-
ical history.

Complement Testing
Fresh serum blood samples were collected into a

red top Vacutainer tube for complement testing.
Within six hours of collection, more than or equal to
3 mL of fresh serum was obtained from enrolled
patients, frozen into six equal aliquots of more than
or equal to 0.5 mL, and stored at �20°C. Frozen
serum samples were shipped within 24 hours; two
aliquots to the reference laboratory (National Jewish
Medical and Research Center, Denver, CO) and four
to the central laboratory (LabCorp, Burlington, NC).
Samples collected from HAE patients were tested for
functional C1 INH at both laboratories. Samples col-
lected from untested relatives were tested for C4 and
antigenic and functional C1 INH levels at the central
laboratory; in addition, functional C1 INH testing
was performed at the reference laboratory. C4 was
tested using an immunoturbidimetric method (refer-
ence range, 9 –36 mg/dL), and C1 INH antigen was
measured using nephelometry (reference range,
21–39 mg/dL). Functional C1 INH enzyme-linked
immunosorbent assay (ELISA) results were catego-
rized as low (less than 41% of normal), equivocal
(41%– 67%), or normal (more than 67%), and func-
tional C1 INH chromogenic results were categorized
as low (less than 74% of mean normal) or normal
(74%–174% of mean normal).

Statistical Analysis
Data from all sites were pooled and presented as

summary statistics in the form of group means, rates,
and proportions.

RESULTS

Disposition
A total of 31 patients with HAE due to C1 INH

deficiency enrolled in the study, including four pa-
tients who did not identify first-degree relatives and
did not contribute to the subject population of untested
relatives. The patients with HAE identified 189 first-
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degree relatives, 42 of whom had previous diagnoses
of HAE. Of the remaining 147 relatives, 46 elected to
enroll in the study and underwent complement testing.
Normal lab results ruled out HAE in 30 relatives. Of
the remaining 16 relatives, 14 had lab results indicative
of HAE (Fig. 1).

In the remaining two subjects, HAE could not be
ruled out during the study due to equivocal lab
results. One subject was 36 years of age and had
normal C1 INH antigen and C4 levels; functional C1
INH results were equivocal according to ELISA and
normal according to the chromogenic method. Com-
plement testing was repeated after study comple-
tion, and the ELISA test result indicated normal
functional C1 INH. Thus, HAE was ultimately ruled
out in this subject. The other subject was two years of
age and had low C1 INH antigen and normal C4,
with equivocal functional C1 INH results according
to ELISA and normal results according to the chro-
mogenic method. The subject did not have a history
of symptoms suggestive of HAE; however, symp-
toms would be unlikely to develop at such a young
age. Based on the laboratory results and family his-
tory, HAE remains possible in this subject.

Prevalence of HAE in Relatives
Of 46 relatives who enrolled in the study and under-

went complement testing, 14 (30%) had lab results
indicative of HAE.

Demographics
The majority of patients with known HAE were fe-

male (24, 77%) and Caucasian (25, 81%) (Table 1). The
mean standard deviation age of this group was 35.8
(13.67) years, and the greatest number of patients was
aged 31–40 years (14, 45%). Twenty-five enrolled rela-
tives (54%) were female, and 42 (91%) were Caucasian.
Enrolled relatives were generally younger than pa-
tients with HAE, with a mean standard deviation age
of 25.9 (23.65) years. The most common age range for
enrolled relatives was 2–11 years (21, 46%). Among the
14 enrolled relatives whose lab results were consistent
with HAE, six (43%) were female.

History of Swelling and Abdominal Pain
Table 2 is a summary of enrolled relatives’ history of

symptoms that are similar to those experienced during
an angioedema attack, including abdominal pain and
swelling of the throat, skin, genitourinary region, face,

HAE Previously
Diagnosed

n=42

Relatives Enrolled for
Complement Testing

n=46

HAE Ruled Out
n=30

Abnormal Lab Results
(lab results indicate
HAE diagnosis or

cannot rule out HAE)
n=16

Results Indicative
of HAE (lab results are

consistent with a
diagnosis of HAE)

n=14

HAE Not Ruled
Out by Study

(lab results are
equivocal)

n=2

HAE Not Previously
Diagnosed

n=147

Patients with HAE
n=31

First-Degree
Relatives

n=189

Reported

Relatives Who Did
Not Participate

n=101

Figure 1. Flow of participation from
the index cases (patients with HAE)
to the identification of first-degree rel-
atives with laboratory results consis-
tent with a diagnosis of HAE.
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or extremity. Overall, 22 enrolled relatives (48%)
reported experiencing these symptoms. The most
commonly reported symptom was extremity swell-
ing (14 subjects, 30%) followed by abdominal pain
(11 subjects, 24%).

Of the 30 subjects whose lab results ruled out HAE,
12 (40%) reported experiencing symptoms, and the
most commonly reported symptom was abdominal
pain (8 subjects, 27%). Of the 14 subjects whose lab
results were indicative of HAE, nine (64%) reported

Table 1. Demographics

Patients with
HAE

Enrolled Relatives

All HAE Ruled
Out

Abnormal Lab Results

All Results Indicative
of HAE

HAE Not Ruled
Out by Study

Subjects, n 31 46 30 16 14 2
Female, n (%) 24 (77) 25 (54) 17 (57) 8 (50) 6 (43) 2 (100)
Caucasian race, n (%) 25 (81) 42 (91) 26 (87) 16 (100) 14 (100) 2 (100)
Age (years), mean (SD) 35.8 (13.67) 25.9 (23.65) 32.0 (25.05) 14.5 (15.92) 13.9 (15.63) 19.0 (24.04)
Age distribution (years),

n (%)
2 to 11 3 (10) 21 (46) 12 (40) 9 (56) 8 (57) 1 (50)
12 to 17 1 (3) 3 (7) 0 3 (19) 3 (21) 0
18 to 30 3 (10) 7 (15) 5 (17) 2 (13) 2 (14) 0
31 to 40 14 (45) 2 (4) 1 (3) 1 (6) 0 1 (50)
41 to 50 7 (23) 3 (7) 3 (10) 0 0 0
51 to 65 3 (10) 7 (15) 6 (20) 1 (6) 1 (7) 0
�65 0 3 (7) 3 (10) 0 0 0

HAE � hereditary angioedema; SD � standard deviation.

Table 2. History of swelling and abdominal pain in enrolled relatives

Enrolled
Relatives

Enrolled Relatives
With HAE Ruled

Out

Enrolled Relatives With Abnormal
Lab Results

All Results
Indicative

of HAE

HAE Not Ruled
Out by Study

Subjects, n 46 30 16 14 2
Ever experienced symptoms, n (%) 22 (48) 12 (40) 10 (63) 9 (64) 1 (50)
Ever experienced the next symptoms, n (%)

Extremity swelling 14 (30) 4 (13) 10 (63) 9 (64) 1 (50)
Abdominal pain 11 (24) 8 (27) 3 (19) 2 (14) 1 (50)
Facial swelling 7 (15) 2 (7) 5 (31) 4 (29) 1 (50)
Skin swelling 7 (15) 2 (7) 5 (31) 4 (29) 1 (50)
Throat swelling 3 (7) 2 (7) 1 (6) 1 (7) 0
Genitourinary swelling 3 (7) 0 3 (19) 3 (21) 0

Visited emergency room, n (%) 3 (7) 2 (7) 1 (6) 1 (7) 0
Throat swelling 1 (2) 0 1 (6) 1 (7) 0
Abdominal pain 3 (7) 2 (7) 1 (6) 1 (7) 0

Admitted to hospital, n (%) 3 (7) 1 (3) 2 (13) 2 (14) 0
Throat swelling 1 (2) 0 1 (6) 1 (7) 0
Facial swelling 1 (2) 0 1 (6) 1 (7) 0
Abdominal pain 2 (4) 1 (3) 1 (6) 1 (7) 0

HAE � hereditary angioedema.
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experiencing symptoms, with extremity swelling (nine
subjects, 64%) as the most commonly reported symp-
tom.

Characterization of Swelling History
Sixteen enrolled relatives had abnormal laboratory

results that were either indicative of HAE or could not
definitively exclude HAE. Within 30 days, these sub-
jects returned to the site for a second visit and underwent
further questioning about swelling history (Table 3).
Among these 16 subjects, 10 (63%) reported experienc-
ing swelling.

Of the 14 subjects whose lab results were indicative
of HAE, nine (64%) reported at the second visit that
they had experienced unexplained or recurrent swell-
ing. In the subjects who reported their age at onset of
swelling symptoms, the median age was nine years
(mean 16.2 years, range 1–60 years), and the median
time to diagnosis was two years (mean 4.0 years, range
0–9 years). Swelling occurred in the extremity (nine
subjects, 64%), abdomen (four, 29%), face (four, 29%),
genitourinary region (three, 21%), and throat (one, 7%).

Five subjects (36%) were asymptomatic and reported
experiencing no previous symptoms, despite lab re-
sults indicative of HAE. These five asymptomatic sub-
jects had a median (range) age of six (2, 15) years.

Discussion and Conclusions
HAE is a rare disease that may not be familiar to

health care professionals evaluating a symptomatic pa-
tient. Symptoms of the condition, including nonpru-
ritic swelling or unexplained abdominal pain, are com-
mon to a variety of disorders.6 As a result, most
patients with HAE have symptoms for an extended
period before receiving an accurate diagnosis and ap-
propriate treatment.1,3,4

During this period, when undiagnosed patients are
experiencing angioedema attacks without treatment,
patients experience morbidity and have a substantial
risk of mortality. Patients diagnosed with HAE are
more likely to have access to effective treatment op-
tions, and HAE attacks that are appropriately treated
are shorter and less severe than those in which ther-
apy is not promptly administered.7–12 Undiagnosed

Table 3. Characterization of swelling in enrolled relatives with abnormal lab results

All Results Indicative
of HAE

HAE Not Ruled
Out by Study

Subjects, n 16 14 2
Experienced unexplained/recurrent swelling, n (%) 10 (63) 9 (64) 1 (50)
Age at onset of swelling symptoms (years)

Subjects reported 9 8 1
Mean (SD) 16.2 (18.27) 14.8 (18.96) 28.0 (NA)
Median (range) 9.0 (1, 60) 9.0 (1, 60) 28.0 (NA)

Distribution of age at onset of swelling symptoms
(years), n (%)

2 to 11 5 (31) 5 (36) 0
12 to 17 2 (13) 2 (14) 0
18 to 30 1 (6) 0 1 (50)
51 to 65 1 (6) 1 (7) 0

Swelling episodes per month
Subjects reported 10 9 1
Mean (SD) 2.27 (5.322) 2.51 (5.585) 0.08 (NA)
Median (range) 0.34 (0.08, 17.20) 0.42 (0.08, 17.20) 0.08 (NA)

Receiving the following treatments for swelling, n (%)
Pain medication 3 (19) 3 (21) 0
Androgen derivatives 2 (13) 2 (14) 0
C1 inhibitor 1 (6) 1 (7) 0
Other 1 (6) 1 (7) 0

Major triggers for swelling, n (%)
Trauma 9 (56) 9 (64) 0
Stress 6 (38) 6 (43) 0
Not sure 4 (25) 3 (21) 1 (50)
Other 7 (44) 7 (50) 0

HAE � hereditary angioedema; NA � not available; SD � standard deviation.
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patients with abdominal pain from an angioedema
attack may undergo unnecessary surgery.3 Most im-
portantly, patients with undiagnosed HAE have a
much greater risk of mortality from a laryngeal at-
tack than those who have a diagnosis.13 Early recog-
nition and diagnosis of HAE may therefore be ex-
pected to reduce the morbidity and mortality
associated with the disease.

HAE is an autosomal-dominant genetic disease in
which an affected individual has a 50% chance of trans-
mitting the disease to his or her offspring, and the
importance of testing family members of patients with
HAE has previously been recognized.3,14 We con-
ducted this epidemiologic study to determine the inci-
dence of HAE in previously untested first-degree rel-
atives of patients with HAE. The results show that 30%
of the enrolled relatives had lab results that were in-
dicative of HAE. These results reinforce the importance
of testing family members of patients with a diagnosis
of HAE to detect this hereditary disease and ensure
that patients who are at risk of an angioedema attack
have access to effective treatment.

Importantly, 64% of newly diagnosed relatives had
reported symptoms that were consistent with HAE.
However, the questions about symptoms in our ques-
tionnaire were general, and the symptoms may not
have been related to HAE. Indeed, 40% of subjects in
whom HAE was ruled out also reported symptoms.
This result highlights the challenges of clinically rec-
ognizing HAE given that symptoms may be relatively
common and attributable to other causes. Even in in-
dividuals with a known family history of HAE, sug-
gestive clinical symptoms did not lead to subsequent
diagnostic testing before study enrollment, although
the reasons for this were not discernable from collected
study data.

Of the 14 subjects who were newly diagnosed with
HAE, 11 were children with HAE who may have ex-
hibited few or mild symptoms of the condition at the
time of the study. Because of this early diagnosis, these
individuals may gain access to treatment and be better
prepared to effectively treat future angioedema symp-
toms, thereby preventing morbidity associated with
undiagnosed and untreated HAE. However, two sub-
jects were young adults between the ages of 18 and 30
years, and one subject was older than age 50 years,
demonstrating the potential benefit of testing adult
relatives of patients with known HAE.

Two subjects had laboratory results that were equiv-
ocal for HAE, and these results could not be used to
rule out a diagnosis. In this study, laboratory tests used
to diagnose HAE were C4, C1 inhibitor antigen, and
functional C1 inhibitor.15 We used two methods to
measure functional C1 inhibitor, an ELISA (LabCorp,
Burlington, NC) and a chromogenic assay (National
Jewish Medical and Research Center, Denver, CO). The

two subjects for whom HAE could not be ruled out had
equivocal functional C1 INH according to the ELISA
method and normal functional C1 INH according to
the chromogenic method. In one subject, ELISA results
were confirmed to be normal upon repeated testing
after the study, and the subject was confirmed not to
have HAE. HAE is suspected in the other subject, who
will continue to be closely followed and will undergo
additional complement testing at a later age. In clinical
practice, equivocal ELISA laboratory tests should be
repeated or a chromogenic test should be ordered to
determine the level of functional C1 INH and defini-
tively confirm or exclude the diagnosis of HAE. In
addition, the patients should be followed closely for
clinical signs and symptoms of angioedema, recogniz-
ing that complement testing during a symptomatic
period may provide additional relevant data.

Several limitations of this study should be consid-
ered when interpreting the data. HAE is a rare disease,
and the study was conducted at four centers in the
United States, therefore the numbers of HAE patients
and first-degree relatives evaluated were relatively
small. Most of the first-degree relatives who were
newly diagnosed were the children of patients. It is
possible that sampling bias occurred due to the conve-
nience of adult patients enrolling children in the study
versus enrollment of other adult first-degree relatives.
However, it is also possible that adult first-degree rel-
atives may have been previously tested and therefore
the untested population in families with HAE is pre-
dominantly young individuals. Only about one-third
of identified family members participated in the re-
search protocol. This response rate is not unexpected in
clinical research, particularly when procedures such as
a blood draw are required. Finally, the symptom ques-
tionnaire was not a validated tool and was not specific
to HAE. However, this was purposeful as a means to
collect descriptive information on all symptoms that
could plausibly be related to HAE and, thereby, com-
pare clinical history with diagnostic test results.

In conclusion, HAE is a rare inherited disease, in
which patients often experience a delay between the
onset of symptoms and diagnosis. First-degree rela-
tives of patients with HAE are at risk for having the
condition, and testing should be strongly considered to
ensure that individuals who are at risk for an angio-
edema attack have access to effective treatment as a
means to prevent morbidity and mortality. Our study
supports such HAE family screening efforts by dem-
onstrating a 30% rate of confirmed C1 INH deficiency
in previously untested family members of individuals
with HAE. In addition, the results highlight the relative
insensitivity of clinical symptoms in distinguishing be-
tween affected and unaffected family members.
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