Is there a need for clinical guidelines in the
United States for the diagnosis of hereditary
angioedema and the screening of family
members of affected patients?
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Background: Hereditary angioedema (HAE) is an autosomal dominant disorder characterized by a deficiency of C1 esterase
inhibitor (C1 INH) protein or function. Guidelines do not exist regarding diagnostic criteria or routine testing of family members
of patients with HAE. Laboratory data for diagnosis include complement factor 4 level; C1 INH antigenic protein level, which
is reduced in approximately 85% of patients with HAE; and C1 INH functional assay, which is considered an unreliable test in
the United States secondary to inconsistent standardization of assays.

Objectives: To assess the shortcomings of diagnosing HAE and to determine whether family members of patients with HAE
are being adequately screened.

Methods: The top physician prescribers of danazol in the United States were screened via an Internet questionnaire focusing
on the diagnosis and current management of HAE. To assess the patient perspective on HAE, affected individuals in the United
States, the United Kingdom, France, Germany, and the Netherlands participated in the Web-based International Survey of Patient
Experience of Hereditary Angioedema.

Results: All 80 physicians who completed the survey were allergist or immunologists with a mean of 7 patients with C1 INH
deficiency in their practices. Almost 84% of physician respondents used C1 INH level and function for diagnosis, and 63.8% used
complement factor 4 levels. A total of 313 patients with HAE completed the survey. Respondents noted that only 48% of
immediate family members and 26% of extended family members had been tested.

Conclusion: Guidelines could potentially alleviate delays in diagnosis and incorrect diagnoses and could lead to adequate

screening of family members.

INTRODUCTION

Hereditary angioedema (HAE) is a clinical disorder charac-
terized by a genetically determined deficiency of C1 esterase
inhibitor (C1 INH). The disorder results from mutations of
the C1 INH gene located on chromosome 11.!? Traditionally,
HAE has been divided into 2 subtypes. Unique among the
inherited deficiencies of the complement system, HAE types
I and II are inherited as an autosomal dominant disorder, with
equal occurrence in men and women. Low levels of C1 INH
protein and decreased function of the protein distinguish type
I HAE, which accounts for approximately 80% to 85% of all
HAE cases. Type II HAE, which occurs in 15% to 20% of
patients, results from decreased functional activity of the C1
INH gene but with normal C1 INH levels.>* Recently, a new
subtype of HAE, type III, has been described in the literature.
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This type is characterized by X-linked dominant inheritance
and was initially observed exclusively in women with normal
levels and function of C1 INH.5 More recently, males have
been identified who seem to have HAE but with normal
complement factor 4 (C4) levels, C1 INH antigenic protein
levels, and C1 INH functional assay results.

HAE is clinically manifested by recurrent episodes of
localized subcutaneous or submucosal edema. The most
commonly involved organs include the skin, upper respi-
ratory tract, oropharynx, and gastrointestinal tract. Attacks
usually last for 2 to 5 days before resolving spontaneously,
followed by disease-free intervals of variable duration.
The worldwide incidence of HAE varies from 1 in 10,000
to 1 in 150,000 persons.® The disease is frequently misdi-
agnosed, leading to delays in diagnosis and treatment.
Therapy for acute attacks is supportive, with attenuated
androgens and C1 INH replacement therapy serving as
common treatment options.

Multiple international guidelines have been established.
Although these guidelines are continuously revised as new
evidence and therapies arise, they provide useful algorithms
for physicians to implement in their practice. Generally, the
diagnosis of HAE is established clinically and is confirmed
using laboratory testing.

VOLUME 104, MARCH, 2010

211



The Canadian Hungarian 2007 International Consensus
Algorithm” describes criteria for the diagnosis and manage-
ment of HAE. This algorithm recommends screening for C1
INH deficiency by measuring C4 and C1 INH protein levels.
Levels of C4 are low in patients with HAE secondary to
defective control of the classical pathway of the complement
cascade. In a Hungarian population,® borderline normal C4
levels were detected in only 4% of newly diagnosed patients
with HAE. Another study’ showed that C4 levels are normal
between attacks in 2% of patients. Thus, a normal C4 level
almost completely rules out a diagnosis of C1 INH defi-
ciency.

Currently, no guidelines specific to the United States exist
for the diagnosis and management of HAE. In addition, no
guidelines exist regarding routine testing of family members
of patients with HAE for this autosomal dominant disorder.
We sought to review data on physician screening of suspected
patients and their family members to try to improve the
diagnosis of HAE.

METHODS

Danazol, an attenuated androgen is commonly used for HAE
prophylaxis in the United States. To assess the physician’s
perspective on HAE, prescribers of danazol were asked to
participate in an internet questionnaire. Physicians with a
positive initial response were then given a detailed retrospec-
tive questionnaire. However, this method of participant re-
cruitment may miss some physicians who choose to withhold
their prescribing practices. Questions focused on the diagno-
sis and current management of HAE. Physicians were not
aware of the reason for the questionnaire or who was seeking
data.

To assess the patient perspective on HAE, affected patients
in the United States, the United Kingdom, France, Germany,
and the Netherlands were invited by e-mail and postal mail to
participate in the Web-based International Survey of Patient
Experience of Hereditary Angioedema. The survey was con-
ducted in the native language of the patient via an invitation
from the local HAE patient organization. Each respondent
completed a 30-minute anonymous online survey that sought
to determine the patient’s family history of HAE, to observe
the flow of patients through the health care system from
presentation to diagnosis, to identify differences in medical
care across the various countries, and to assess the effective-
ness of prevention and acute treatment of HAE. Participant
confidentiality remained preserved throughout the study, and
all analyses were conducted at a global level. Institutional
review board approval was obtained through The Essex In-
stitutional Review Board in Lebanon, New Jersey. All the
participants provided informed consent.

RESULTS

Eighty physicians participated, with 94% identifying them-
selves as allergists and 6% as immunologists. Participants
had a mean of 7 patients with C1 INH deficiency in their
practices and a mean of 4.8 patients currently undergoing

treatment with androgens. Participating physicians had a
mean of 3.3 patients with HAE that they had initially diag-
nosed. Almost 84% of respondents used C1 INH level and
function and 63.8% used C4 levels for diagnostic criteria
(Table 1). Sixty-three percent of responders retested patients,
with 51% doing so during the initial visit; 12.2% of physi-
cians retested their patients yearly, with reasons including
verification and monitoring of disease state and progression.

A total of 313 patients completed the online International
Survey of Patient Experience of Hereditary Angioedema
(United States: n = 125, Germany: n = 64, United Kingdom:
n = 52, France: n = 50, and the Netherlands: n = 22).
Participants were defined as either patients with diagnosed
disease or their guardians. The average age of affected pa-
tients was 37 years. Forty-three percent of participants waited
longer than 1 year after experiencing their first attack before
seeking medical attention. The average time to diagnosis of
HAE after initial presentation of symptoms was 8.3 years.
Participants visited an average of 4.4 physicians before re-
ceiving the diagnosis of HAE. In the process of visiting
various physicians, 65% of participants received a misdiag-
nosis of their condition, with the most common misdiagnoses
being allergy/allergic reaction (38%) and appendicitis (17%).
Moreover, 19% of participants in the United States and 24%
in Europe underwent an unnecessary surgical procedure, such
as an appendectomy, secondary to a misdiagnosis or a phy-
sician’s misunderstanding of their condition.

The 313 patients had an average of 2 immediate and 2
extended family members diagnosed as having HAE. How-
ever, participants responded that only 48% of their immediate
family members and only 26% of their extended family
members have been tested for the disorder (Figure 1). Thirty-
two percent of participants stated that all their family mem-
bers had been tested.

DISCUSSION

It seems that there is a need for more extensive education
among allergists/immunologists and primary care physicians
regarding the screening and diagnosis of HAE. A screening
C4 level may be prudent to obtain in a patient with a common
presenting symptom of HAE, such as angioedema or abdom-
inal pain, when no obvious etiology is found, especially if the
angioedema occurs without urticaria.>'® Only 63.8% of phy-
sician respondents used C4 levels to aid in diagnosis. This
may be because these physicians had a high suspicion of C1

Table 1. Tests That Physicians Currently Use to Diagnosis C1
Esterase Inhibitor Deficiency

. o
Test Physicians, %

(n = 80)
C1 esterase inhibitor level and function 83.8
Complement factor 4 level 63.8
C1 quantitative level 17.5
Complement factor 3 level 16.3
Total hemolytic complement activity 13.8
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Figure 1. Mean percentages of immediate family members tested for
hereditary angioedema overall and by country. Numbers in parentheses are
the number of patients questioned.

INH deficiency in their patients based on clinical findings
and, thus, deemed this laboratory value unnecessary. How-
ever, the general consensus is that the best screening test in
the United States is a C4 level, which should be low between
and especially during attacks.

In the primary care setting, a patient with swelling of
unknown etiology may easily be screened via a C4 test.
Because it has been shown that a normal C4 level almost
rules out a diagnosis of C1 INH deficiency, obtaining this
value alone may be valuable and cost-effective.!! Education
about the value of the C4 test should be distributed to inter-
nists and pediatricians because many patients with HAE
present in the first 2 decades of life. Currently, the C4 test is
not recommended for patients younger than 1 year because of
its unreliability in this age group (C1 INH and C4 concen-
trations increase to adult levels between 2 and 3 years of
age).'>!3 In addition, physicians should be aware of the im-
portance of obtaining a thorough family history, which may
help differentiate HAE from acquired angioedema because
acquired angioedema also presents with angioedema and low
C4 levels. Acquired angioedema is more likely in patients
who present with symptoms in middle age or above, patients
without a family history, and especially if Cl-quantitative
level is low. If a low C4 level is obtained, confirmatory tests
are needed. In the Canadian 2003 International Consensus
Algorithm for the Diagnosis, Therapy, and Management of
Hereditary Angioedema,'* it was recommended that the di-
agnosis of any type of C1 INH deficiency or dysfunction
should be confirmed with at least 2 laboratory assessments
performed 1 to 3 months apart. It seems that the best screen-

ing test would be functional C1 INH level. However, this test
has sensitivity and specificity concerns in the United States.
That is why we stress the C4 test as the best screening test for
HAE in the United States.

The lack of awareness of HAE in patients and physicians is
evident from the extended length of time between patients’
initial symptoms and both seeing a physician and receiving a
positive diagnosis, the number of different physicians seen to
make a final diagnosis, and the prevalence of misdiagnoses.
An incorrect diagnosis can lead to ineffective, inappropriate,
and inadequate medical care. During the approximately 8
years that patients waited to receive a diagnosis of HAE, a
life-threatening attack may have occurred. Even if a patient
does not exhibit HAE symptoms, a confirmed diagnosis will
allow preparation for the possibility of a future attack. The
diagnosis will also provide patients with the education nec-
essary to manage HAE during daily life, including identifi-
cation and avoidance of triggers, preparation for acute at-
tacks, and how to properly react to lethal complications, such
as airway obstruction.

Although HAE is inherited as an autosomal dominant
disorder, it seems that testing family members for the disor-
der is not common practice. It is prudent to test family
members of affected individuals to ensure proper education
and treatment of HAE. This could decrease the time from
initial symptoms to diagnosis. Screening family members for
HAE may also be cost-effective by decreasing the number of
physicians seen and the number of unnecessary tests and
procedures ordered. However, although HAE is an autosomal
dominant disorder, approximately 25% of disorders inherited
in this manner may represent de novo mutations.'> HAE is a
genetically heterogeneous disease, with more than 100 ClI
INH gene mutations described to date spanning all the exons
and exon/intron boundaries.!® However, genetic testing is
rarely necessary, and, in fact, a negative test result cannot be
used to exclude the diagnosis because new mutations that
have not been previously identified are possible. In addition,
a positive test result is consistent with the diagnosis but
cannot be used to predict the natural history of the disease
because the same genotypes present with various phenotypes.

This article presents data identifying the effectiveness of
physicians worldwide regarding the screening and diagnosis
of HAE. There is a potential bias in selecting physicians who
care for many patients with HAE because they are already
educated about the disease. It is anticipated that the subopti-
mal use of diagnostic testing and the screening of family
members would be even less in the general allergist popula-
tion. However, given that it is extremely rare, the time,
expense, and effort to survey all physicians or all allergists
would have been too burdensome. These data support that
further education concerning this potentially life-threatening
disorder is needed. In patients with suspected HAE, the C4
level should be determined to rule out or help diagnose HAE,
to lead to more timely diagnosis, and to facilitate appropriate
follow-up. In addition, family members of patients with HAE
should be screened via a C4 test for the disorder. A consensus
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guideline in the United States regarding the diagnosis, screen-
ing, and treatment of patients with HAE and their family
members, therefore, would serve as a valuable tool and be a
nidus for the education of physicians and patients about HAE,
with the end result being an improvement in outcomes for
patients with HAE.
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