
Editorial

A roadmap for optimal care of the patient with hereditary
angioedema

T he United States Hereditary Angioedema Asso-
ciation (HAEA) and Allergy and Asthma Pro-

ceedings have joined forces to publish an HAE Primer,
which focuses on the diagnosis and management of he-
reditary angioedema (HAE), a rare, debilitating, life-
threatening genetic condition that causes significant
morbidity in individuals who are affected and their
families. Founded in 1999 and staffed by people with
HAE and caregivers, the HAEA is a nonprofit organi-
zation that works to help people with HAE live life to
the fullest, ultimately unburdened by symptoms. The
HAEA achieves its goals by leading a nationwide ad-
vocacy movement that focuses on increasing HAE
awareness and education, empowering access to suita-
ble treatment, and fostering ground-breaking research.
This mission overlaps with that of Allergy and Asthma
Proceedings, which is to distribute timely information
with regard to advancements in the knowledge and
practice of allergy, asthma, and immunology to clini-
cians entrusted with the care of patients. The wide va-
riety of effective on-demand and prophylactic HAE
therapies challenge clinicians to make a correct diagno-
sis and tailor treatment plans that best fit an individu-
al’s lifestyle and needs. In this spirit, we are grateful to
the HAEA for having provided funding to support the
development and publication of this HAE Primer.
The HAE Primer commences with a review of the

definition and classification of HAE by Proper et al.,1

who emphasize the importance of a thorough clinical
history and differential diagnostic evaluation to ensure
that patients are accurately diagnosed and classified. A
presentation by Lumry and Settipane2 follows, with a
review of the extent and degree to which treatment
advances have not only lowered disease and treatment
burdens but which have also improved the quality of
life of patients with HAE. Wedner3 provides an over-
view of HAE pathophysiology by focusing on the central
role of uncontrolled production of the vasoactive pep-
tide, bradykinin, which is the flashpoint molecule that
ignites the majority of cases of HAE. Hsu et al.4 reviewed
the variable presentations of HAE that can make the di-
agnosis of HAE challenging. Manning5 reviewed the im-
portance of differential diagnosis, diagnostic tests, and
family screening in determining the correct diagnosis.

He emphasized that it is critical to develop an appropri-
ate differential diagnosis, work through the various con-
ditions, and obtain the pertinent laboratory results required
to confirm or exclude the diagnosis of HAE.5 In transition-
ing to treatment, Christiansen and Zuraw6 reviewed
options with regard to on-demand treatment of acute
attacks, Craig7 reviewed choices for short-term prophy-
lactic treatment, and Li8 reviewed alternatives for long-
term prophylactic treatment. Paige et al.9 addressed
essential elements of an individualized comprehensive
management plan of patients with HAE by focusing on
the need for access to an HAE specialist, continuing
patient education, availability of effective treatment
options, coordination of care and management of treat-
ment logistics with other health care specialists, ongoing
monitoring of attacks and treatments, and other resour-
ces for patient support. Women and children with HAE
are particular populations known to have unique chal-
lenges and vulnerabilities that require specialized needs.
Yakaboski et al.10 addressed these special considerations
in women; and Johnston and Smith11 addressed these
unique requirements in children. In looking toward the
future, Kaplan12 provided a prescient view of the latest
research that involves investigational therapies for HAE.
In a concluding presentation, Settipane et al.13 highlights
the importance of shared decision-making and develop-
ment of related aids in facilitating the interrelated and
interdependent interaction of practitioners and patients
required for success of HAEmanagement.
In summary, this HAE Primer is dedicated to assist-

ing health care providers with a comprehensive road-
map to deliver optimal care to patients with HAE. The
HAEA and the Allergy and Proceedings are pleased to
be a part of this important educational process.

Anthony J. Castaldo, M.P.A., Marc A. Riedl, M.D.,
Russell A. Settipane, M.D. and

Joseph A. Bellanti, M.D.
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Definition and classification of hereditary angioedema

Steven P. Proper, D.O., Ph.D.,1 William J. Lavery, M.D., Ph.D.,1 and Jonathan A. Bernstein, M.D.2,3

ABSTRACT

Hereditary angioedema (HAE) is defined as a rare genetic disease with recurrent episodes of localized bradykinin-mediated
swelling of the deep tissues of the skin, respiratory, and gastrointestinal tracts that can be life threatening. Classification of
HAE has evolved over time with our further understanding of clinical phenotypes, underlying causes, and available testing.
In most cases, HAE is caused by a deficiency of C1-esterase inhibitor (C1-INH) on the Serpin Family G Member 1
(SERPING1) gene, either through decreased amounts of C1-INH protein (C1-INH–HAE, type 1) or decreased function of C1-
INH (C1-INH–HAE, type 2). HAE with normal C1-INH levels and function are divided into unknown cause or into non–
C1-INH–HAE forms, which include known mutational defects in factor XII (called FXII-HAE in the Hereditary Angioedema
International Working Group consensus), angiopoietin-1, plasminogen, and kininogen 1 genes. It is possible that, after an ini-
tial workup, a patient without a family history of HAE could be classified with an acquired form of angioedema (nonheredi-
tary) that may later prove to be HAE due to a de-novo SERPING1 mutation. Because there are forms of nonhistaminergic
(H1-antihistamine unresponsive) angioedema that appear clinically very similar to HAE, it is essential that the patient under-
goes a thorough clinical history and diagnostic evaluation to ensure that he or she is properly diagnosed and classified.

(Allergy Asthma Proc 41:S3–S7, 2020; doi: 10.2500/aap.2020.41.200040)

DEFINITION OF HEREDITARY ANGIOEDEMA

A ngioedema is defined as “a localized, self-limiting,
asymmetric and disfiguring non-inflammatory

edema of the deep dermis or subcutaneous or submu-
cosal tissues that occurs as a result of vasodilation and
increased vascular permeability. HAE [hereditary an-
gioedema] comprises a group of diseases characterized
by recurrent angioedema caused by excess bradykinin
production, with an autosomal dominant inheritance
pattern.”1 Angioedema is seen in;40% of patients with
chronic spontaneous urticaria (CSU) but can appear
alone in up to 20% of patients. The initial approach in
evaluating a patient who presents with isolated angio-
edema is to determine if the angioedema is responsive
or unresponsive to treatments that control CSU; how-
ever, appropriate diagnostic testing, e.g., a serum C4
level, to exclude HAE as a potential cause should be
obtained simultaneously. An algorithm for evaluating
patients who present with wheals and/or angioedema
has been adapted as part of an international guideline
for the treatment of angioedema and CSU (Fig. 1).2 In a

patient who presents with isolated angioedema and
without a family history, response to treatment with
H1-antihistamines is helpful both therapeutically and
diagnostically. However, if a patient is not responsive
to high-dose H1-antihistamines, advocated as step 2
therapy in the urticarial guidelines, it is still possible
that a patient may respond to step 3 or step 4 treatments
recommended for CSU with or without angioedema. In
these circumstances, clinicians should broaden their dif-
ferential diagnosis to include bradykinin-mediated
causes of angioedema.2,3

Patients with HAE experience recurrent angioedema
attacks anywhere in the body but, most notably, areas
that involve the extremities, gastrointestinal tract, oro-
pharynx, face, and genitalia. In addition, they have a
reliable family history of angioedema in 75% of cases
(usually in a first-degree relative) associated with C1-
esterase inhibitor (C1-INH) functional deficiency.4

However, in 25% of patients with HAE, there may be
no family history because of a spontaneous de novo
mutation.4 Bradykinin, the mediator involved in HAE,
is significantly increased as the result of a deficiency
and/or functional abnormality of C1-INH, which is
important for regulating bradykinin formation at
many sites in the contact pathway.5

Originalwork byDonaldson andEvans6 revealed,when
using complement component antibodies, that patients
with HAE had deficient C1-INH and that other comple-
ment components were decreased during and/or between
swelling attacks. The relevance of thesefindings has subse-
quently been confirmed in a number of knockout mouse
models and in vitro experiments that ultimately led to the
development of several novel and effective therapies
designed to either replace C1-INH, block bradykinin 2
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receptors, or inhibit the critical protein, kallikrein, impor-
tant for converting high-molecular-weight kininogen to
form bradykinin, thereby vastly improving the quality of
life of thepatientwithHAE.7–13

CLASSIFICATION OF HAE BY COMPLEMENT
TESTING
Although complement testing is considered an im-

portant method for classifying patients with HAE,
complement consumption has very little involvement
in the pathogenesis of HAE. The C1-INH and comple-
ment components that differentiate various forms of
nonhistaminergic angioedema are summarized in
Table 1 and is one approach used to classify different
types of non-histaminergic angioedema. For HAE type
1, the patient should have a low C4, C1-INH functional
and quantitative level, and a normal C1q, whereas
patients with HAE type 2 should have a low C4, low
C1-INH functional level, and normal or high C1-INH
quantitative level, with a normal C1q level.4,14 The
only difference based on complement testing between
HAE and acquired C1-INH angioedema is that the lat-
ter will typically have a low C1q level. All the other
forms of bradykinin-mediated angioedema will have
normal complement levels.4,14

Because HAE is a relatively rare disease that occurs
in 1:50,000 or fewer patients, obtaining a full battery of

complement testing on every patient with isolated an-
gioedema is costly and not warranted unless there is a
clear family history. Therefore, screening with a C4
level is the first step in classifying and diagnosing
patients with HAE; however, this test can be normal in
a small subset of patients with a C1-INH–HAE defi-
cient if measured when they are asymptomatic. If low,
then obtaining a C1-INH functional and quantitative
level and a C1q level is appropriate to confirm or
exclude HAE and to further classify whether the
patient has HAE type 1 or type 2.4,14

There are certain caveats that require consideration
when ordering complement testing to classify patients
with HAE. First, C4 is a good screening tool but some-
times can be slightly or significantly low due to laboratory
handling and processing or due to an unrecognized C4
heterozygous or homozygous deficiency. In the former
scenario, repeating the test is appropriate, and, in the
latter instance, if C1-INH functional and quantitative
testing is normal, then genotyping to further confirm
a genetic C4 deficiency and a workup for underlying
disease processes, such as sarcoidosis, celiac disease,
lymphoma, or systemic lupus erythematosus, may be
warranted, depending on the patient’s clinical pre-
sentation.15,16 In addition, C2 is not a useful labora-
tory test for screening because it is often normal
between attacks.4 Also, the results of tests for C1-INH

Figure 1. Algorithmic approach for evaluat-
ing patients who present with wheals and/
or angioedema (from Ref. 2).
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functional levels may vary, depending on whether a
chromogenic or an enzymatic assay is used.17

CLASSIFICATION OF HAE BY GENETIC
TESTING
Previously, a consensus classification schema for

bradykinin-mediated angioedema was developed by
the Hereditary Angioedema International Working
Group, which met in 2012 (Fig. 2).4 This classifica-
tion differentiates HAE from HAE-normal-comple-
ment, acquired angioedema, angioedema converting
enzyme (ACE)-induced angioedema, HAE-normal-
complement of unknown cause, and idiopathic his-
taminergic and nonhistaminergic angioedema. HAE
types 1 and 2 have genetic mutations in the SERPING1
gene, which results in a C1-INH functional deficiency.
Patients with type 1 HAE have an actual defect in the
SERPING1 gene, with reduced production of function-
ally normal C1-INH protein, whereas patients with
HAE type 2 are believed to have a mutation at or near
the active site of the reactive mobile loop of C1-INH,
which results in a functionally abnormal C1-INH pro-
tein.7 Very recently, four genetic mutations in patients
with HAE and with normal C1-INH levels and/or
function have been identified in key non–C1-INH com-
ponents of the kinin-kallikrein system, including factor

XII (F12), angiopoietin-1 (ANGPT1), plasminogen
(PLG), and kininogen 1 (KNG1). These additional muta-
tions have been included in Fig. 2, our updated version
of this classification scheme.18–21 It is likely that the
HAE-normal-complement of unknown cause will nar-
row as research in this area continues to evolve.4

HAE with normal C1-INH function used to be
referred to as HAE type 3, but this nomenclature is no
longer used and is now replaced by newer precise con-
sensus definitions, in part because of recognition that
there are now many examples of HAE-normal-comple-
ment associated with non-SERPING1 gene mutations,
as discussed above.1,18–21 Currently, the HAE-normal-
complement group is broadly divided into HAE-nor-
mal-complement of unknown cause or due to specific
mutations that involve F12, ANGPT1, PLG, or
KNG1.18–21 The F12 gene mutation is believed to result
in increased factor XII activity due to a specific muta-
tion in exon 9.21 This angioedema type seems to affect
females more than males, which has been speculated
to be due to estrogen playing an important role in pre-
cipitating angioedema attacks.22

However, the role of estrogen has not been defini-
tively confirmed, partly because males have also been
identified with this mutation and, therefore, the lack of
a relationship between increased estrogen and attacks
should not discourage a workup for this mutation.23 In

Table 1 Classification of HAE and other nonhistaminergic angioedema types by C1-INH and complement com-
ponent levels

Type of Angioedema C1-INH Antigen* C1-INH Function*# C4 C2§ C1q{
Autoantibody to

C1-INH

HAE type 1 (85% of C1-INH–HAE)# ; ; ; ; Nl Usually absent||
HAE type 2 (15% of C1-INH–HAE)# Nl or : ; ; ; Nl Usually absent||
HAE-normal-complement

(nC1-INH–HAE or U-HAE)
Nl Nl Nl Nl Nl Absent

C1-INH–AAE Nl or ; ; ; ; ; Present**
ACEI-AAE Nl Nl Nl Nl Nl Absent
InH-HAE Nl Nl Nl Nl Nl Absent

HAE = Hereditary angioedema; C1-INH = C1-esterase inhibitor; ; = decreased; Nl = normal; : = increased; nC1-INH–HAE =
non–C1-esterase inhibitor form of HAE; U-HAE = HAE-normal-complement of unknown cause; AAE = acquired angioedema;
ACEI = Angioedema Converting Enzyme-inhibitor induced; InH = idiopathic nonhistaminergic.
*The C1-INH levels and functional activity when low in C1-INH HAE are usually <50% of normal; marginally low or borderline
levels do not confirm C1-INH HAE.
#Results may vary, depending on the whether an enzymatic or chromogenic assay is used.
§Not consistently low between angioedema attacks and, therefore, is an unreliable screening test.
{May be normal in AAE 30% of the time and low in HAE in some cases.
||C1-INH autoantibodies can generally be found at low titers in some in patients with C1-INH–HAE deficiency and in healthy
subjects.

**The presence of a lymphoproliferative disorder or monoclonal gammopathy of unknown significance is also frequently seen
with or without a C1-INH autoantibody; whereas, high-titer autoantibodies to C1-INH are supportive of AAE-C1-INH defi-
ciency, they are not required for diagnosis.
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2018, a family that exhibited a mutation in the gene
encoding for ANGPT1 was identified.18 ANGPT1 is im-
portant for endothelial function, and it is believed that
the mechanism in ANGPT1-HAE likely involves dis-
ruption of endothelial integrity.18 Also discovered that
same year in families with HAE-normal-complement
was a PLG gene mutation.20 The mechanism responsi-
ble for PLG-HAE is believed to be related to the con-
version of PLG to plasmin, which results in activation
of a contact system as well as factor XII.20 The latest of
these HAE-normal-complement mutations was identi-
fied in 2019 in a single family with a pathologic variant
of KNG1, which suggests that changes in the N-termi-
nal cleavage site of kininogen could result in a more
active protein.19 Research is ongoing to better charac-
terize the mechanisms that underlie these genetic
mutations that lead to angioedema.
In summary, HAE can be classified by C1-INH with

complement component testing, and genetic testing.
Our understanding of HAE types 1 and 2 bradykinin-
mediated forms of angioedema is reflected by the
rapid development of effective therapies. In contrast,
our understanding of HAE-normal-complement forms
of angioedema is still slowly evolving, which is evi-
dent by current gaps in diagnosis and treatment.

Clinical Pearls

• HAE is caused by C1-INH deficiency due to a defect
or mutation in SERPING1. A clear family history of
angioedema in present in ;75% of cases of HAE
due to C1-INH deficiency.

• Of patients with HAE, ;85% who have C1-INH–

HAE have type 1, which is associated with a defect
in the SERPING1 gene, which results in decreased
functional levels of normal C1-INH, whereas ;15%
of patients with C1-INH–HAE have type 2,
believed to be the result of a mutation at or near
the active site of the reactive mobile loop of C1-
INH, which results in a C1-INH protein lacking
functional activity.

• All patients with recurrent angioedema or recurrent
unexplained abdominal pain without urticaria and/
or wheals should be screened for HAE with a C4
level and, if low, additional screening for C1-INH
quantitative level and functional assay should be
pursued. If there is a family history of angioedema,
then a C1-INH quantitative level and functional
assay should be obtained at the initial visit in con-
junction with a C1q level.

• Rare forms of HAE-normal-complement that involve
non–C1-INH genetic mutations involve F12, ANGPT1,
PLG, and KNG1 genes, although more may be
identified.

• When a genetic cause is not identified for a patient
with HAE-normal-complement in the presence of a
family history, the patient is classified as HAE of
unknown origin.
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Hereditary angioedema: Epidemiology and burden of
disease

William R. Lumry, M.D.1 and Russell A. Settipane, M.D.2

ABSTRACT

Hereditary angioedema (HAE) is a rare autosomal dominant genetic disorder characterized by swelling of subcutaneous,
mucosal, and submucosal tissue without associated pruritus or wheals caused by a temporary localized increase in vascular
permeability. Swelling attacks primarily affect the cutaneous tissue, abdominal viscera, genitals, or airways.

Reports of the prevalence of HAE C1 inhibitor (C1-INH) deficiency varies widely, from 1:50,000 to 1:100,000. The preva-
lence of HAE normal C1-INH is unknown but is likely much lower than HAE C1-INH. Approximately one-third of patients
with recurrent angioedema without wheals have HAE.

The burden of disease for patients with HAE is substantial. Attacks are unpredictable with respect to frequency, severity,
and the site that swells. Laryngeal attacks can be fatal if not treated promptly and appropriately. Feelings of stress, anxiety,
and depression can trigger attacks, and begin a cycle of attacks that cause anxiety that, in turn, triggers further attacks.
Despite full physical recovery between attacks, patients often experience continual emotional impairment and reduced quality
of life (QoL). Absenteeism from work and presenteeism at work or educational activities for patients and caregivers increase
stress and reduce productivity during and between attacks. Missed opportunities for career development are common.

Significant advances have been made in the past decade to expand both acute and prophylactic treatment options for
patients with HAE, lowering both the disease and treatment burden, and improving the QoL of patients with HAE.

(Allergy Asthma Proc 41:S8–S13, 2020; doi: 10.2500/aap.2020.41.200050)

H ereditary angioedema (HAE) is a rare genetic dis-
order characterized by swelling of subcutaneous,

mucosal, and submucosal tissue without associated
pruritus or wheals. Swelling attacks can affect the cuta-
neous tissue, abdominal viscera, genitals, and airways,
resulting from a temporary and localized increase in
vascular permeability.1 This article reflects content
derived from a PubMed (U.S. National Library of
Medicine, Bethesda, MD) search on “epidemiology”
and “burden of disease” attributable to HAE as well as
from other sources.

EPIDEMIOLOGY
Several types of HAE have been identified. HAE

with C1 inhibitor (C1-INH) deficiency is caused by
mutations of the Serine Protease Inhibitor Gene 1
(SERPING1) gene, which results in a deficiency (type I)
or dysfunction (type II) of C1-INH in the plasma, kinin

and/or contact system dysregulation, excess bradyki-
nin production, localized vasodilation, vascular leak-
age, and swelling.2 HAE with normal C1-INH (nl–C1-
INH), formally known as HAE type III, has been asso-
ciated with mutations of the F12 gene, which codes for
factor XII (HAE-FXII),3 the angiopoietin 1 gene (HAE-
ANGPT1),4 and the plasminogen gene (HAE-PLG).5

HAE nl–C1-INH without an identified mutation is
referred to as HAE-unknown (Table 1).6

The true prevalence of HAE is unknown. HAE C1-
INH is the most commonly occurring type, with
reports of the prevalence varying widely by region,
from 1:50,000 to 1:100,000. A systematic review of epi-
demiologic studies reported that HAE C1-INH types I
and II had been diagnosed in an estimated 1 in 67,000
individuals, with ;90% of cases attributable to type I.7

This prevalence rate predicts ;5000 patients in the
United States and 116,100 worldwide, given 2020 pop-
ulation estimates. HAE has been diagnosed through-
out the world and does not seem to be more common
in any ethnic group. Even less is known about the epi-
demiology of HAE nl–C1-NH. What has been
observed in the United States is that HAE-FXII has
infrequently been diagnosed, and HAE-ANGPT1 and
HAE-PLG have not been diagnosed to date. Further
insight to the relative occurrence of different types of
HAE was provided by a review of 1058 patients with
recurrent angioedema without wheals who were eval-
uated at a single angioedema reference center.8 They
reported finding 353 subjects (33%) who manifested
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HAE C1-INH, 6 with HAE-FXII, 18 with HAE-
unknown, and 70 with acquired nonhistaminergic an-
gioedema, which suggest that, in this population, HAE
was a more common cause of angioedema than previ-
ously appreciated.

BURDEN OF DISEASE
The substantial burden of disease that exists for

patients with HAE has been well documented for time
periods both before and after the availability of HAE-
specific treatments.9–13 The following six “Ds” highlight
the challenges and burden this disease presents (Fig. 1):
(1) Delay in diagnosis; (2) Disruption in the daily life of
patients, family members, and caregivers; (3) Disability
imposed by frequent and unpredictable swelling attacks;
(4) Disappointment in the medical system that fails to
make a correct diagnosis or provide effective treatment,
which contributes to depression and anxiety; (5) Debt as
the result of unattained educational or career goals,
missed work, and the cost of medication and medical
care; and (6) The ever present fear of death from asphyx-
iation as the result of an airway attack. The evidence that
supports these areas of burden is outlined below.

Diagnostic Delay
HAE is a chronic and currently incurable disease.

Delay in diagnosis remains a problem. Factors,

including the lack of awareness of this rare condition
and the intermittent nature of the disorder, contribute
to underdiagnosis and undertreatment of the condi-
tion. An International Patient Experience of HAE
Study,14 published in 2010, found that 43% of the 313
respondents waited >1 year after their first attack
before seeking medical attention, the average time to
diagnosis was 8.3 years, and patients visited an aver-
age of 4.4 physicians before receiving the correct di-
agnosis. Sixty-five percent were misdiagnosed, and,
as a result, 24% underwent an unnecessary surgical
procedure (most commonly abdominal exploratory
surgery).14 On a brighter note, the time to an accurate
diagnosis is improving as a result of dispersion of
knowledge via the Internet, educational programs,
physician education, and patient advocacy organiza-
tions but remains a substantial barrier to care.15

Disruption, Disability, Death
Attacks are disabling and potentially life threaten-

ing and unpredictable with respect to frequency, se-
verity, and the site that swells. Laryngeal attacks can
be fatal if not treated promptly and appropriately.16

The true burden of this disease is best documented by
studies conducted before 2008 when disease-specific
therapies for HAE first became available in the
United States. An Internet survey completed by
patient members of the U.S. Hereditary Angioedema
Association (HAEA) in 2007 found that patients expe-
rienced an average of 26.9 swelling attacks per year
that lasted 61.3 hours, each resulting in 68 days of
symptoms each year.10 More than 80% of attacks
were considered to be of moderate-to-severe inten-
sity. These attacks were often disfiguring and debili-
tating, and resulted in lost time from school, work,
and family and social activities. Also contributing to
patient frustration and anxiety, it has been reported
that <50% of attacks present with prodromal symp-
toms that could reliably predict the onset of an
attack.17 In addition, patients have reported not feel-
ing completely well between attacks as well as feeling
anxious and fearful, anticipating the next attack.18

Figure 1. The six “Ds” of burden of illness. From Ref. 10.
Reproduced with permission.

Table 1 Current understanding of types of HAE and their mechanism of swelling*

HAE Due to C1-INH Deficiency Mechanism Mediator

Type I Impaired secretion of C1-INH Bradykinin
Type II Secretion of dysfunctional C1-INH Bradykinin
HAE with normal C1-INH
HAE-FXII Enhanced activation of contact system Bradykinin
HAE-ANGPT1 Impaired ability to limit vascular permeability Unknown
HAE-PLG Unknown Unknown
HAE-unknown Unknown Unknown

HAE = Hereditary angioedema; C1-INH = C1 inhibitor; FXII = factor XII; ANGPT1 = angiopoietin 1; PLG = plasminogen.
*Adapted from Ref. 6.
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Disappointment
Although giant strides have been made in the past

12 years in the treatment of HAE, many patients
remain disappointed by the lack of effective treatment
options. Both on-demand treatment of attacks and
attack prevention require intravenous or subcutaneous
administration.19,20 Some therapies must be adminis-
tered in a medical setting due to adverse effects or the
inability of the patient to safely administer them.
Treatment options for children, adolescents, and preg-
nant women are limited.21,22 Regulatory authority for
registration of the newer HAE-specific treatments out-
side of the United States and western Europe limits
their widespread use.23 Even when a new treatment
has been registered and is available, governmental reg-
ulatory authorities and insurance payers may limit or
delay access. Use of older drugs not specific for HAE,
particularly androgenic steroids, are associated with
significant and detrimental adverse effects.24

Debt
The costs attributable to HAE can be divided into

direct and indirect costs, including the impact on pro-
ductivity, career opportunities, and, in some cases,
mortality. With regard to direct costs, the total annual
cost of having and treating HAE was assessed in a
2007 HAEA survey.25 The average annual cost per
patient was $41,993. Cost varied, depending on the se-
verity of the disease, ranging from $14,379 for mildly
affected patients to $26,915 and $96,460 for those mod-
erately and severely affected, respectively. The total
mean annual expenditure per patient with HAE of
$41,993 included direct medical costs of $25,885 com-
posed of $17,335 for hospital admissions, $2603 for
emergency department visits, $3699 for outpatient
care, and $2248 for medications; and indirect costs of
$16,108, including $5750 for reduced productivity,
$6512 for reduced income, $3402 for missed work, and
$444 for travel and childcare.25 When accounting for

inflation, the average annual cost per patient in 2020
would be $67,000.
In addition to the direct cost of care, indirect costs

must be considered. Missed time from work or school,
decreased productivity at work, and loss of opportu-
nity are significant costs to the patient and society.
Patients report a decrease of workplace productivity
due to HAE.25 An E.U. study of the socioeconomic bur-
den of HAE revealed that both patients and caregivers
were affected, with each losing an average of 20 days
from work or school per year.11,12,18 Loss of productiv-
ity due to absenteeism from work and presenteeism at
work or educational activities for patients and caregiv-
ers has a significant negative economic impact,
increases stress, and reduces productivity during and
between attacks.
Loss of educational and career opportunity is also

commonly reported. In the 2007 HAEA survey, 57% of
patients with HAE reported having career advance-
ment hindered, 69% felt that they could not consider
certain types of jobs because of their disease, 63% felt
HAE impacted their career choices, 40% did not go as
far in school as desired due to HAE, 48% felt that edu-
cational advancement had been hindered, and 55% had
to limit their educational choices (Fig. 2).10 Even after
HAE-specific therapies became available, decreased op-
portunity remains a problem. In the European Union, a
socioeconomic burden of disease report published in
2014 after current therapies became available, which
indicated that 42% patients reported that their educa-
tional advancement was hindered, 40% were prevented
from applying for certain jobs, 36% felt that their career
advancement was diminished, 9% switched positions
within their company, and 10% left their position per-
manently because of this disabling disease.12

A fatal HAE attack with the loss of the individual
both from the workforce and from society is the ulti-
mate burden of this disease and results in significant
social and economic hardship to the patient’s family
and to society. Although attacks that affect the airway

Figure 2. Missed opportunities due
to hereditary angioedema (HAE).
Percentage of patients who reported
that HAE hindered their education
and work opportunities. From Ref.
10. Reproduced with permission.
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account for only ;0.5% of all attacks, >50% of patients
will have an airway attack at some point in their life-
time. Unfortunately, patients with HAE continue to
succumb to this treatable disease. In a 2012 German
study, which included 728 patients from 182 families
with HAE type I and type II, 214 deaths were
recorded.16 The mean age of death from an HAE attack
was 40.6 years. Mortality by asphyxiation was substan-
tially higher in patients with undiagnosed HAE C1-
INH than in patients with diagnosed HAE C1-INH.
Fortunately, over the past 12 years, the introduction of

HAE-specific medications for both on-demand treatment
of attacks and prevention of attacks has significantly
decreased the frequency of emergency department visits
and hospitalizations where these are available. Economic
savings due to this lower utilization are, in part, offset by
the high cost of these treatments. In 2020, in the United

States, the annual cost of nanofiltered C1-INH, subcuta-
neous C1-INH, and lanadelumab, all of which are indi-
cated for routine prophylaxis of HAE attacks, when used
at the approved dosage and interval was >$500,000 per
patient. Current average wholesale prices for treatments
of acute attacks range from $5000 to >$10,000 per attack
treated. Unfortunately, worldwide, cost considerations
frequently present insurmountable barriers to treatment
for many patients, depending on the health care system
in the individual country.12

Quality of Life
Patient health-related quality of life (HRQoL) is

significantly affected by the episodic, unpredictable,
and chronic nature of HAE. HRQoL has been assessed
before and after HAE-specific therapies became

Figure 3. (a) Health-related quality of life (HRQol); 12-item Short Form scores. Patients with hereditary angioedema (HAE) reported
decreased physical and mental health versus the normative population (p < 0.001) for all subscales and overall summary components, based
on t-tests. From Ref. 10. Reproduced with permission. (b) Depression (Hamilton Depression Inventory – Short Form scores) Numbers are
mean 6 standard deviation. Patients with HAE are more likely to experience symptoms of depression than population norms (p < 0.0001,
based on the t-test). Depression increases with attack severity. From Ref. 10. Reproduced with permission.
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available. A variety of patient-reported outcome tools
have been used to assess HRQoL and problems related
to it, including Short Form Health Surveys (12- and 36-
item Short Forms), European Quality of Life
(EuroQoL) Five Dimensions (EQ-5D), the Hamilton
Depression Inventory–Short Form, and the Work
Productivity and Activity Impairment-General Health
Questionnaire.
In the 2007 HAEA survey, patients consistently

reported poorer HRQoL measurements compared
with a healthy control population.10 The 12-item Short
Form Physical Component Summary score was lower
in patients with HAE versus a control population
(mean 43.7 versus 49.6; p< 0.001), as was the Mental
Component Summary score (mean 42.6 versus 49.4;
p < 0.001). The Hamilton Depression Inventory–Short
Form questionnaire revealed that depression was more
prevalent in the HAE population versus the control
group (mean 8.1 versus 3.1; p< 0.001) (Fig. 3 a).
Depression scores increased, based on attack severity,
with mean scores of 5.6 for mild, 7.8 for moderate, and
10.1 for severe attacks. Overall, 42.5% of patients with
HAE in the survey exhibited at least mild symptoms of
depression (Fig. 3 b). The impact of HAE on QoL pa-
rameters is comparable with that of other chronic dis-
eases associated with morbidity and mortality, such as
severe asthma and Crohn disease.10

Depression was assessed in 26 patients with HAE in
2012 after HAE-specific medications became available.26

Thirty-nine percent reported mild (19.23%), moderate
(15.38%), or severe (3.85%) depressive symptoms.
Anxiety was reported at much higher rates than the
normal population, with 15% of the group reporting
mild (7.5%), moderate (3.75%), or severe (3.75%) anxi-
ety. Feelings of stress, anxiety, and depression cannot
only trigger individual attacks but also lead to a cycle of
repeated attacks, with each attack exacerbating the anxi-
ety, which, in turn, triggers further attacks.
A Swedish survey used the EQ-5D-5L to describe the

baseline health state “now” (in between attacks) and
during the most recent HAE attack.18 A significant dif-
ference between the EQ-5D now and EQ-5D attack
was observed for mild (0.07; p<0.005), moderate (0.39;
p<0.0001), and severe (0.486; p<0.0001) attacks. With
increasing attack severity, the EQ-5D attack value was
lower and the difference between the EQ-5D now to be
consistent and EQ-5D attack was higher. The mean
EQ-5D now was 0.825 (full health, 1.00), with a trend
for female patients to be lower. For the sake of compar-
ison, the EQ-5D values for controlled asthma and mi-
graine in between attacks are 0.86 and 0.87,
respectively. Despite full physical recovery between
angioedema attacks, patients with HAE continue to ex-
perience emotional impairment and reduced HRQoL.
Increased attack frequency was seen to have a negative
impact on the “in between attack”HRQoL.

IMPACT OF NEW THERAPIES FOR HAE
Many patients with HAE have benefited from regula-

tory approval of novel, disease-specific drugs that treat
and prevent swelling attacks. The benefits include
improvement in health and QoL, increased ability to
work and pursue educational and career goals, reduced
disability, and reduction of costly urgent care visits and
hospitalizations as longer survival.27–33 The hope for
the future is reduction of barriers that lead to the cur-
rent health care disparities. These include earlier diag-
nosis, reduced costs, the alternative of oral medications,
and worldwide access to advanced therapeutics.

PEARLS

• HAE imposes a significant burden on a patient’s
QoL and educational and work opportunities.

• Anxiety, depression, and overall QoL significantly
worsens during attacks and does not return to nor-
mal in between.

• HAE-specific treatments have significantly decreased
the burden of disease and improved QoL.

• Health care disparities worldwide limit the avail-
ability of treatments, which can cost as much as
$500,000 annually for prevention and $10,000 per
treatment of acute attack.
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Hereditary angioedema: Pathophysiology (HAE type I, HAE
type II, and HAE nC1-INH)

H. James Wedner, M.D.

ABSTRACT

The pathophysiology of hereditary angioedema (HAE) in virtually all cases is the result of the uncontrolled production of the
vasoactive peptide bradykinin. C1 inhibitor (C1-INH) is a serine protease inhibitor, which, under normal circumstances, is
the regulator of critical enzymes that are active in the cascades that result in bradykinin generation. In the classic forms of
HAE, C1-INH is not produced in sufficient quantities (<40% of normal) or the function is <40% of normal activity. The
major pathway for the production of bradykinin is the “contact system,” also known as the kallikrein-kinin system. This sys-
tem begins with the activation of factor XII (FXII) to FXIIa, by a variety of physiologic and pathologic stimuli. FXIIa is a ser-
ine protease that binds to surfaces and cleaves prekallikrein to the active serine protease kallikrein. Kallikrein then cleaves
high-molecular-weight kininogen to release the nonapeptide bradykinin. Bradykinin binds to the bradykinin b 2 receptor,
which increases vascular permeability and allows the flow of fluids into the extracellular space and results in angioedema. The
two major enzymes generated in this cascade FXIIa and kallikrein are inhibited by C1-INH, which is the major regulator of
this cascade. Failure to adequately control the production of bradykinin is thus the major mechanism for HAE. Several other
types of HAE in which C1-INH is not decreased (HAE nlC1-INH) have been described. The alterations in FXII and plasmino-
gen (also a serine protease inhibited by C1-INH) like with classic HAE are the result of dysregulation of bradykinin genera-
tion. Only genetic alterations in angiopoietin-1 may not be related to bradykinin generation, rather related to the control of
the effect of bradykinin on the vascular endothelium.

(Allergy Asthma Proc 41:S14–S17, 2020; doi: 10.2500/aap.2020.41.200081)

A ngioedema is defined as “swelling of the lower
layer of skin and tissue just under the skin or mu-

cous membranes.” (American Academy of Allergy
Asthma and Immunology) Two broad pathways for
the generation of angioedema have been described; the
first is the result of the generation of mediators from
mast cells and basophils generally referred to as “hista-
minergic,”1 and the second is the result of the genera-
tion of bradykinin by several pathways.2 The
pathways for the histaminergic type of angioedema
are well described elsewhere and only the bradykinin
type will be described in the current chapter. In the
majority of patients, HAE is the result of an abnormal-
ity in the gene coding for the inhibitor of complement
factor 1 (C1-INH). C1-INH is a serine protease inhibi-
tor that belongs to a large superfamily of serene prote-
ase inhibitors (serpins). In humans, ;32 serpin genes
have been identified, which are divided into groups
called clades, based on gene similarity. There are 16
clades, labeled A through P, and each clade may

contain one or more serpin genes. C1-INH is the sole
member of clade G.
Several forms of HAE have been described. Types I

and II are the result of aberrant C1-INH. Type I is the
lack of sufficient C1-INH, whereas type II is a nonfunc-
tional protein. HAE nlC1- INH (formerly type III) has
multiple genetic abnormalities (currently four are
described), of which most are not well understood at
the genetic level.3 The genetic defects that result in
each form of HAE are described elsewhere in this
Primer. It is important to note that HAE types I and II
are heterozygous abnormalities and that the disease is
the result of significantly decreased C1-INH function.
However, the levels of C1-INH vary widely among
patients with HAE. In general, in patients with HAE,
levels <40% of the lower limit of normal result in
symptoms.4

C1-INH is responsible, in part, for the control of
three interlocking cascades, which include the kallik-
rein-kinin pathway, also called the contact system,
which is responsible for bradykinin generation and is
the major pathophysiologic mechanism that leads to
the signs and symptoms of HAE; the complement sys-
tem, both the “classic” and lectin pathways (from
which HAE C1-INH get its name); and, to a lesser
degree, the fibrinolytic system (Fig. 1).
The kallikrein-kinin pathway, i.e., the contact system

is pathophysiologic, the most important in the symp-
toms associated with HAE. To understand the
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pathophysiology of this system, one must be familiar
with normal contact system physiology. This system
has been described as “an interface between inflamma-
tion, coagulation, and innate immunity.”5 The key fac-
tors in this system are factor XII (FXII), factor XI (FXI),
plasma prekallikrein, high-molecular-weight kinino-
gen (HK), and C1-INH. The initiation of the cascade is
the activation of FXII by a variety of physiologic and
pathologic activators.6 These stimulate the autoactiva-
tion of FXII to generate FXIIa.5 These include, but are
not limited to physiologic activators, many of which
are associated with tissue damage and pathologic acti-
vators, including bacteria and virus. This system can
also be activated in the laboratory by using artificial sub-
strates, such as kaolin or dextran-sulfate. The common
factor among these activators is a negatively charged
surface.
Binding of FXII to surfaces (i.e., contact) results in a

conformational change, which results in the autoactiva-
tion to FXIIa, which is a serine protease.6 Plasma prekal-
likrein circulates in a complex with HK and is inactive.7

When the plasma prekallikrein–HK complex is cleaved
by FXIIa, the resulting plasma kallikrein becomes an
active serine protease, which acts on the bound HK to
generate a low-molecular-weight vasoactive peptide,
bradykinin. Bradykinin interacts with the bradykinin b 2
receptor on the vascular endothelium. The bradykinin
b 2 receptor is constitutively expressed on the vascular en-
dothelium and other tissues.7

The b 2 receptor is a classic G-protein–coupled re-
ceptor. This interaction results among other biochemi-
cal alterations in the generation of nitrous oxide as
well as other factors and results in the opening of the
vascular endothelium and the extrusion of fluid into
the extracellular space, i.e., angioedema.8 From a phys-
iologic standpoint this allows plasma proteins such as

antibodies to exit the vascular space and get to sites of
tissue injury or infection. The change in the vascular
endothelium results in other changes, such as the bind-
ing of platelets and other inflammatory cells to areas of
injury. The activation of the vascular endothelium rep-
resents a mechanism to initiate innate immune
responses, another component of contact system acti-
vation.9,10 Of interest is the bradykinin b 1 receptor
that interacts with bradykinin des-Arg. The b 1 recep-
tor is not constitutively expressed but is expressed in
association with tissue injury.10 Its role in HAE patho-
physiology is briefly discussed below.
In addition to the cleavage of HK to form bradyki-

nin, plasma kallikrein also acts on FXII to form addi-
tional FXIIa in a positive feedback loop. This serves to
increase the amount of bradykinin generated and, in
an unregulated system such as HAE, may serve to per-
petuate the episodes. An additional event in the con-
tact system cascade is the cleavage of FXI to its active
form (XIa). This initiates another cascade, which can
result in thrombin generation and fibrin deposition, of-
ten referred to as the intrinsic clotting cascade. Plasma
kallikrein can also cleave plasminogen (via a prouroki-
nase to urokinase intermediate) to plasmin activating
the fibrinolytic mechanism and coupling the three sys-
tems activated by FXII activation. Both FXIIa and PK
are regulated by C1-INH, which makes this inhibitor
an important component of the kinin system.
In patients with type I or type II HAE, there is failure

of regulation of the kallikrein-kinin system by C1-INH.
This results in the relatively unchecked activation of
kinin generation and appearance of angioedema at
times when it is not warranted. In addition, there is
failure to “turn off the system” and so the angioedema
is prolonged compared with the physiologic situation.
The reason that patients with type I or II HAE have ep-
isodic and not continuous swelling as well as why
some individuals have multiple episodes per month,
whereas, in other patients, their swelling is infrequent,
is not well known. It should be noted that there are
other inhibitors of FXIIa (albeit significantly less active
than C1-INH), including a1-antitrpysin and plasmino-
gen activator inhibitor, which are still active in HAE
and may, in part, play a role in HAE, particularly in
the resolution of the episodes. In addition, why some
patients will have predominately abdominal swelling
whereas others will have swelling of their extremities
is not clear. What is clear is that stimulation, such as a
minor injury or dental work, that might not result in
significant swelling in normal individuals can result in
disastrous swelling in patients with HAE.
In the complement system, the first step in classic

complement activation is the assembly of the C1q, C1r,
and C1s complex, which is initiated by the binding of
C1q to several classes of antibodies (in humans, immu-
noglobulin M [IgM], IgG1, IgG3) complexed to

Figure 1. Pathways for hereditary angioedema (HAE) pathophysi-
ology (from ref. 22).
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antigen. The binding of immune complexes to C1q
results in the binding of C1r and then C1s to form the
C1 complex. The binding of these components of C1
result in the activation of C1r/C1s (the C1 convertase)
to a serine protease, which cleaves both C4 and C2 to
their active forms, and activates the future steps in the
classic complement pathway. The C1r/C1s convertase
is regulated by C1-INH. As a result, in HAE, there is
increased consumption of C4, and the decrease in
plasma C4 is a useful tool in the diagnosis of HAE. It
is of interest that C2 is not normally decreased in HAE
and that overall complement activity functions nor-
mally in HAE.11 However, C2 may be consumed and
levels may be depressed during an angioedema epi-
sode.12 It is for this reason that patients with HAE do
not demonstrate increased infections, which might be
seen in patients with a genetic complement deficiency.
Interestingly, there is some evidence to demonstrate
that patients with HAE have an increase in autoim-
mune phenomena, and this has been suggested to be
similar to that seen with abnormalities in the early com-
plement components. A full discussion of autoimmun-
ity in HAE is beyond the scope of this communication.
Another of the mechanisms for the activation of the

complement system, the lectin pathway, has recently
been suggested as a potential mechanism for HAE
types I and II. Mannan binding lectin can be activated
by a variety of factors, including trauma, stress, or
infection13 and interact and activate one of two man-
nan-associated serine proteases.14 These proteases can
feed back and activate the C1r,s complex and initiate
the cascade, and may also cleave HK to form bradyki-
nin.12 There is also some evidence to suggest that these
proteases may also result in the upregulation of the
bradykinin b 1 and b 2 receptors.12 As with the other
serine proteases discussed, mannan-associated serine
proteases 1 and 2 are inhibited by C1-INH. This pro-
vides another mechanism for the unregulated produc-
tion of angioedema in patients with HAE.
The final pathway that is controlled by C1-INH is

the plasminogen-plasmin system. As noted above, the
activation of FXII can result in the concomitant activa-
tion of the fibrinolytic system. Plasmin, the major com-
ponent of the fibrinolytic pathway, is also a serine
protease that is inhibited by C1-INH, although this in-
hibition is not as significant as the inhibition of other
serine proteases noted above.15,16 The plasminogen-
plasmin system provided an additional feedback loop
that is unregulated.
The discussion of the pathophysiology that results

from the lack of regulation of the contact system and
other cascades is clearly relevant to patients with
HAE. However, as noted above and in other sections
in the primer, there is an alternative type of HAE,
that with nlC1-INH. Although the vast majority of
individuals with this condition do not have a

described biochemical or genetic abnormality, several
groups have described alterations in FXII,13 plasmin-
ogen,17 angiopoietin-1,18 and HK.19 The pathophysi-
ology of these three conditions has not been fully
established. However, there is speculation as to how
each of these genetic abnormalities may result in the
signs and symptoms of HAE. For FXII abnormalities,
the defect seems to be in the activation of the abnor-
mal FXII by plasmin to its active form in the absence
of physiologic or pathologic stimulation.19 This type
of HAE is much more common in female patients and
seems to be under the control of estrogen because the
episodes can be related to patients’ menstrual cycle as
well as the use of estrogen-containing contraceptives.
Bradykinin is clearly the final common pathway
because inhibitors of PK or the b 2 receptor are bene-
ficial in this type of HAE.
A potential mechanism for those individuals who

have HAE nlC1-INH with plasminogen relates to the
feedback of the fibrinolytic system on the contact system
cascade. As noted above, plasmin is a serine protease
that can act on FXII to generate additional FXIIa. This
will perpetuate and perhaps initiate bradykinin genera-
tion in patients with HAE-Plasminogen (HAE-PLG).
The pathophysiology of the alteration in angiopoie-

tin-1 is clearly not well worked out. However, this may
be the only form of HAE that does not involve overpro-
duction of bradykinin. Angiopoietin-1 works in contrast
to bradykinin and serves as a stabilizer of the vascular
endothelium decreasing vascular permeability. A non-
functional angiopoietin-1 will then increase the sensitiv-
ity of the vascular endothelium and will increase or
perpetuate the angioedema seem with normal activa-
tion of the contact system.20

CONCLUSION
With the possible exception of HAE-angiopoietin,

HAE is the result of overproduction of bradykinin due
to the lack of regulation of the contact system by C1-
INH. However, many questions with regard to the
pathophysiology of this condition remain. Why this
disease is episodic rather than continuous is not clear,
and, although some of the stimulate that can induce
the symptom of this disease are well known, why there
is often spontaneous onset of angioedema is not clear,
Certainly, hormones, particularly estrogens, play a sig-
nificant role in the pathophysiology of HAE. Recent
evidence demonstrates that high levels of estrogen,
such as those seen in pregnancy and the use of estro-
gen-containing contraceptives results in elevated FXII,
providing additional substrate for the contact system.21

The exact mechanism by which androgens increase
C1-INH is still not clear. What is clear is that an under-
standing of the pathophysiology of HAE has been
instrumental in the design of therapies for HAE.
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CLINICAL PEARLS

1. HAE is a bradykinin-mediated disease; it does
not involve histamine.

2. The pathophysiology of HAE type I and type II is
the uncontrolled overproduction of bradykinin.

3. Based on the known pathophysiology, the ther-
apy for HAE has evolved.

4. Although levels of C4 are low in HAE (in some
cases, only during an HAE episode), the com-
plement system functions normally, and there is
no increase in infections associated with HAE.

5. HAE nlC1-INH has at least four genetic abnor-
malities; however, the full pathophysiology for
this condition is not, as yet, well established.
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Clinical presentation of hereditary angioedema

Veronica Azmy, M.D.,1 Joel P. Brooks, D.O., M.P.H.,2,3 and F. Ida Hsu, M.D.1

ABSTRACT

Hereditary angioedema (HAE) is a rare, autosomal dominant disease caused by a deficiency in the C1-inhibitor protein. It is
characterized by recurrent episodes of nonpruritic, nonpitting, subcutaneous or submucosal edema that typically involves the
extremities or the gastrointestinal tract. However, the genitourinary tract, face, oropharynx, and/or larynx may be affected as
well. Symptoms often begin in childhood, worsen at puberty, and persist throughout life, with unpredictable severity. Patients
who are untreated may have frequent attacks, with intervals that can range from every few days to rare episodes. Minor
trauma and stress are frequent precipitants of swelling episodes, but many attacks occur without clear triggers. HAE attacks
may be preceded by a prodrome and/or be accompanied by erythema marginatum. The swelling typically worsens over the first
24 hours, before gradually subsiding over the subsequent 48 to 72 hours. Although oropharyngeal swelling is less frequent,
more than half of patients have had at least one episode of laryngeal angioedema during their lifetime. Attacks may start in
one location and spread to another before resolving. HAE attacks that involve the abdomen or oropharynx have been associated
with significant morbidity and mortality. Abdominal attacks can cause severe abdominal pain, nausea, and vomiting. Bowel
sounds are often diminished or silent, and guarding and rebound tenderness may be present on physical examination. These
findings may lead to unnecessary abdominal imaging and procedures. Fluid shifts into the interstitial space or peritoneal cav-
ity can cause clinically significant hypotension. Laryngeal edema poses the greatest risk for patients with HAE. Although
prompt diagnosis and treatment improves outcomes, the variable presentation of HAE can make it difficult to diagnose.

(Allergy Asthma Proc 41:S18–S21, 2020; doi: 10.2500/aap.2020.41.200065)

A ngioedema (AE) is defined as submucosal or sub-
cutaneous nonpruritic, localized swelling that

commonly affects the face, mouth, larynx, extremities,
gastrointestinal tract, and genitourinary tract caused
by the release of mediators of vascular permeability.1–3

This mediator release leads to extravasation of fluid
into the interstitial compartment of the deep dermis
and subcutaneous tissue, and has no concomitant urti-
caria.1 The clinical presentation of AE is explained by the
accumulation of several vasoactive peptides, including
bradykinin, histamine, prostaglandins, and interleukins
in body tissues.1,4,5 Acute attacks may result in edema
that involves the upper airway, which leads to difficulty
breathing and hypoxemia, or that involves the gastroin-
testinal tract, which leads to severe abdominal pain.1,4,5

Etiologies of AE include allergen-mediated, medication-
induced, underlying genetic conditions, and idiopathic.6

In this article, we will focus on the clinical presentations
of hereditary AE (HAE) due to C1 esterase inhibitor (C1-
INH) deficiency or with normal C1-INH.

HAE WITH C1-INH DEFICIENCY
HAE with C1-INH deficiency is a rare, autosomal

dominant condition characterized by quantitative
(type I) or qualitative (type II) deficiencies in C1-INH
protein.5,7 This leads to repeated attacks of localized,
nonpruritic, submucosal or subcutaneous swelling.
Type I HAE is responsible for ;85% of patients with
the disorder, whereas type II accounts for the remain-
ing 15%. The clinical characteristics were first described
in 1888 by William Osler in his case of a 24-year-old
woman who had lifelong episodes of recurrent non-
pruritic swelling of the “fleshy parts” of her body, and
whose mother had the same symptoms.8 Clinical mani-
festations of HAE often begin in the first and second
decades of life.9 The age at presentation often differenti-
ates HAE from acquired AE, which usually presents af-
ter the fourth decade and should prompt a workup for
underlying autoimmune or lymphoproliferative disor-
ders.2 Although autosomal dominant in inheritance,
;25% of patients with HAE have a de novo genetic
mutation.6

Common clinical manifestations include episodic
pronounced swelling of subcutaneous or submucosal
tissues. The swelling usually has an asymmetric distri-
bution and is not dependent or pitting. There is no asso-
ciated urticaria or pruritis, but transient tingling may be
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observed. Patients may also report pain syndromes,
including recurrent abdominal, extremity, or urogenital
pain caused by vascular congestion.10 Symptoms are of-
ten self-limited and progress over hours, with the fre-
quency of attacks varying from weekly to a few attacks
per year.5 Many patients will describe prodromal symp-
toms, including nausea, rash, fatigue, muscle aches, and
neurologic symptoms.5,11 Prodromal cutaneous symp-
toms include a serpentine, erythematous discoloration
on the extremities and trunk, known as erythema mar-
ginatum (Fig. 1A).12

A cutaneous attack that involves swelling of the skin
is the most common symptom and occurs in > 95% of
patients.5,8 The face, genitals, and extremities are the
most common locations affected. Laryngeal edema is
less common but is the most serious complication,
which can become life-threatening if not acted on
promptly. It has been reported to occur in up to 50% of
patients.5 Patients without a known history of laryn-
geal edema may report a sensation of throat tightness,
dysphagia, hoarseness, and/or dysphonia in their life-
time. In addition to laryngeal edema, there can also be

swelling of the lips, tongue, soft palate, and uvula.
Abdominal pain may be acute or gradual in onset,
cramp-like, and accompanied by vomiting and diar-
rhea. There can be changes in vital signs, e.g., hypoten-
sion and tachycardia. Physical examination findings
may demonstrate tenderness to palpation of the abdo-
men, and imaging of the abdomen may identify bowel
edema. In a rare case, intussusception has been
described.5 A summary of the symptoms and physical
findings that can be seen in HAE can be found in Table
1 and visual examples are seen in Fig. 1.
If left untreated, AE can be expected to resolve over

the course of 2 to 4 days but may recur or migrate to
affect other parts of the body in sequential fashion
over a longer period of time. AE often leads to signifi-
cant morbidity due to discomfort or pain, dysfunc-
tion of the affected area, temporary disfigurement,
and mortality through asphyxiation if the airway is
involved. Episodes of AE, commonly referred to as
“attacks,” may be triggered by factors such as physi-
cal trauma; infection; stress; hormonal fluctuations;
or medications, including estrogens and angiotensin-

Figure 1. Examples of physical findings during hereditary angioedema attacks. (A) Erythema marginatum rash located on patient’s torso.
(B) Images of abdomen at baseline and when affected by gastrointestinal swelling. (C) Unilateral right hand swelling. (D) Images of a
patient at baseline and with facial swelling. *Patient consent was obtained from all subjects to share their images for educational purposes.
Photographs courtesy of the US Hereditary Angioedema Association (A, B) and F. Ida Hsu, M.D. (C, D).
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converting enzyme inhibitors. Nonsteroidal anti-inflam-
matory drugs, which may trigger histamine-mediated
AE, are typically well tolerated in HAE. Laboratory
result abnormalities include low complement C4 and, in
cases of type I HAE, a low protein level of C1-INH.
In type II HAE, there is normal or even a slightly ele-
vated C1-INH level but impaired functional assay.
Complement C4 is often a good screening tool for
HAE. Further discussion of diagnostic studies can be
found in the accompanying article by Manning in this
supplement.13

HAE WITH NORMAL C1-INH
In the year 2000, 10 families with symptoms consist-

ent with HAE were described and a total of 36 women,
all with a normal C1-INH level and function were
identified.7,14 Later, men were also found to have the
disease. Initially referred to as “estrogen-dependent”
or “HAE type III,” this has since been named HAE with
normal C1-INH (HAE-nl-C1INH) and has increasingly
been recognized as a related clinical entity, with several
possible underlying mutations, including those of coagu-
lation factor XII, angiopoietin-1, and plasminogen.7,15

These also are observed to have a dominant inheritance
pattern, with a variable degree of symptoms.9

The clinical symptoms of HAE-nl-C1INH also include
recurrent skin swelling, tongue swelling, abdominal
pain, and laryngeal edema without urticaria. Skin
swelling and abdominal attacks last 2 to 5 days.7 In a
recent study that looked at a total of 138 patients
from 43 unrelated families, the majority of patients
had skin swelling (92.8%), tongue swelling (53.6%),
and abdominal pain (50%), with laryngeal and uvular
edema occurring in approximately a fourth of patients.16

According to one account, facial swelling and tongue

involvement may occur more frequently in HAE-nl-
C1INH compared with C1-INH deficiency. In addition,
there seems to be a greater number of patients with
recurrent edema of only one organ.7 Erythema margina-
tum was not observed in this cohort. In HAE-nl-C1INH,
the number of patients with disease onset in adulthood
is also significantly higher, with the mean age of onset at
;27 years.7

Several additional studies have noted that many
women experience symptom onset or exacerbation af-
ter the initiation of oral contraceptives or hormone
replacement therapy, or during pregnancy.16,18 Other
studies demonstrated that this finding is not specific to
HAE-nl-C1INH17 and that more than one-third of
women tolerated estrogens without any influence on
their disease.18 Exacerbations of symptoms have also
been linked to angiotensin-converting enzyme inhibi-
tors in HAE-nl-C1INH.7,19

CLINICAL PEARLS

• HAE is characterized by episodes of nonpruritic,
nonpitting edema, which commonly affects the skin
and mucosal surfaces.

• The majority of patients have a family history with
autosomal dominant inheritance, but patients may
present with de novomutations.

• The initial presentation of HAE can be variable and
may include gastrointestinal pain as the sole pre-
senting symptom.

• Although urticarial lesions are not associated with
HAE, erythema marginatum occurs in approxi-
mately a third of patients.

Table 1 Common symptoms and physical findings in hereditary angioedema by organ system

Organ System Symptoms Findings

Constitutional Fatigue, malaise, flu-like symptoms None
Upper respiratory Throat tightness, hoarseness, diffi-

culty breathing or swallowing
Laryngeal edema, uvular or pharyn-

geal edema, tongue swelling,
hypoxemia

Cardiovascular Lightheadedness, palpitations Hypotension, tachycardia
Cutaneous Facial swelling, lip swelling, or local-

ized asymmetric nondependent ex-
tremity swelling without pruritis

Nonpitting asymmetric edema, ery-
thema marginatum (variable
prodrome)

Gastrointestinal Abdominal pain, nausea, vomiting,
cramping sensation, diarrhea

Bowel edema, intestinal obstruction,
ascites

Genitourinary Pain in genitals, cramping sensation Genital area swelling
Neurologic Numbness, tingling at sites of

impending attacks
Decreased sensation
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• Prompt treatment of symptoms can lead to the
avoidance of significant morbidity and mortality.
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Hereditary angioedema: Differential diagnosis, diagnostic
tests, and family screening

Michael E. Manning, M.D.1

ABSTRACT

Hereditary angioedema is a rare, autosomal dominant genetic disorder that leads to sporadic episodes of swelling, which can
affect any part of the body. With a prevalence of 1 in 10,000 to 1 in 50,000, there are other, more common causes of angio-
edema. Differentiating between bradykinin-mediated and histamine-mediated causes of swelling remains a major challenge. It
is critical to develop an appropriate differential diagnosis, work through the various conditions, and obtain the pertinent labo-
ratory evaluation to rule in or out the proposed diagnosis. As an autosomal dominant genetic disorder, there is a 50% chance
with each pregnancy of passing on the genetic mutation in the SERPING1 gene. This review addressed the differential diag-
nosis to consider, the appropriate laboratory evaluation, and the importance of family screening.

(Allergy Asthma Proc 41:S22–S25, 2020; doi: 10.2500/aap.2020.41.200062)

A ngioedema, defined as swelling of the deep der-
mal, subcutaneous, and submucosal tissues, occurs

due to increased vascular permeability and fluid extrava-
sation into the surrounding tissues. Marcello Donati first
reported angioedema in 1586 when an Italian Count
developed lip swelling secondary to an egg allergy.1

John Laws Milton described the clinical features in 1876,
and Heinrich Quinke coined the term angioneurotic
edema in 1882 as he observed the effect of stress on
the development of attacks of swelling.2 Sir William
Osler first described the hereditary nature of angio-
edema in 1888.1,2 There are a variety of conditions that
will result in episodes of angioedema, and being able to
distinguish the different causes is vital to the proper
management of the patient. Hereditary angioedema
(HAE) is a rare autosomal dominant genetic disorder
that leads to unpredictable attacks of swelling that can
affect any part of the body but most commonly the
extremities, gastrointestinal tract, face, urogenital area,
and larynx, which can be life threatening. With a preva-
lence of 1 in 10,000 to 1 in 50,000, HAE is not the most
common cause of swelling but must be considered when
evaluating any patient with angioedema.3

DIFFERENTIAL DIAGNOSIS
It is important to differentiate HAE from other forms

of angioedema because the approach to treatment is
quite different. The foundation to developing a

diagnosis is with an in-depth history and physical ex-
amination. Angioedema can occur with or without urti-
caria, be triggered by a variety of mediators, and be
classified as acquired or hereditary. An in-depth review
of all the forms of angioedema is beyond the scope of
this article. Simply, the different forms of angioedema
can be classified as histamine mediated (histaminer-
gic), bradykinin mediated, leukotriene mediated, and
idiopathic angioedema.
Histaminergic forms include food allergy, drug allergy,

insect sting reactions, and spontaneous and/or idiopathic
urticaria and/or angioedema. Histaminergic angioedema
is the most common form of angioedema. Allergic or im-
munoglobulinEmediated forms typically occur quickly af-
ter exposure and are associated with urticaria. Nonallergic
mast cell–mediated angioedema is seen with a variety of
medications, e.g., opioids, along with radiocontrast media
and infections. However, frequently, the cause remains a
mystery. Chronic idiopathic urticaria and/or angioedema
is the focus ofnational and international guidelines.4

Bradykinin-mediated angioedema includes HAE types
I and II, HAE with normal C1 esterase inhibitor (C1-INH)
level, acquired C1-INH deficiency, and angiotensin-con-
verting enzyme inhibitor (ACE-I) induced angioedema.
The leukotriene-mediated category includes nonsteroidal
anti-inflammatory drug- and/or aspirin-induced urti-
caria and angioedema.2,5 As clinicians we must also con-
sider disorders that mimic angioedema. This category of
“pseudoangioedema” includes conditions such as acute
contact DRESS (dermatitis, drug rash with eosinophils,
and systemic symptoms), dermatomyositis, hypothyroid-
ism, superior vena cava syndrome, persistent edema of
rosacea (morbus Morbihan), Gleich syndrome, cluster
headaches, Clarkson disease, hypocomplementemic urti-
carial vasculitis, orofacial granulomatosis, subcutaneous
emphysema, and idiopathic edema.6 The differential diag-
noses of angioedema are summarized in Table 1.
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As a clinician, being able to distinguish between his-
tamine-mediated angioedema and bradykinin-medi-
ated angioedema remains our biggest challenge.7 The
response to previous treatment will help identify the
type of angioedema that a patient has. Histaminergic
forms of angioedema will typically respond to stand-
ard or high-dose H1 antihistamines, glucocorticoids,
and epinephrine, whereas bradykinin-mediated angio-
edema will not. Although the presence of urticaria, in
association with angioedema, typically eliminates the
diagnosis of HAE from consideration, this does not
preclude a patient with HAE from having episodes of
urticaria independent of his or her HAE.8,9 In contrast
to histaminergic angioedema, HAE swelling develops
slower, over 12–24 hours, then plateaus, and resolves,
on average, over 2–5 days.
Three types of HAE have been identified based on

the antigenic levels and function of C1-INH. The clinical
presentation of HAE types I and II are indistinguishable,

with type I accounting for ;85% of all cases of HAE.
The differentiation is seen on laboratory analysis. HAE
with normal C1-INH is the least common form and is
clinically similar to HAE types I/II. Again, the differen-
tiation is made based on laboratory evaluation, along
with the response or lack of a response to specific thera-
peutic interventions. The underlying cause of HAE types
I/II is one of >400 mutations of the SERPING1 gene
encoding for C1-INH located on chromosome 11.2,7,10

The specific mutation leads to either decreased produc-
tion of C1-INH (type I) or the production of a dysfunc-
tional C1-INH (type II).11,12 The cause of HAE with
normal C1-INH is much less clear. There currently are
four different types of HAE with normal C1-INH, includ-
ing mutation of the F12 gene, which encodes Factor XII;
mutation in the angiopoietin 1 gene; mutation in the plas-
minogen gene; and unknown cause.13

Acquired angioedema due to C1-INH deficiency
(acquired C1-INH deficiency) is much less common than
HAE types I/II. However, the symptoms of acquired
C1-INH deficiency are similar to the symptoms of HAE
types I/II, and the basic laboratory evaluation seems
similar to HAE type I.11 The distinguishing features of
acquired C1-INH deficiency are the age of onset, typi-
cally after the fourth decade of life, and the association
with lymphoproliferative diseases, autoimmune disease,
and other malignancies. Measurement of the C1q level
can differentiate between acquired C1-INH deficiency
and HAE types I/II.
ACE-I associated angioedema is thought to be medi-

ated by bradykinin. HAE types I/II results from an
overproduction of bradykinin, whereas ACE-I angio-
edema is due to decreased degradation of bradykinin
and other ACE-I substrates, e.g., substance P. Other
pathways are sure to be involved beyond bradykinin
because specific bradykinin b 2 receptor blockers have
failed to speed the resolution of ACE-I–induced angio-
edema in limited clinical trials.14 Unlike the cough
associated with ACE-I use that typically occurs within
the first 9–12 months of starting the medication, attacks
of angioedema are greatest in the first weeks to months
of starting the medication but can occur at any point
during the course of taking the ACE-I. ACE-I angio-
edema is more common in women than in men, is 4–5-
fold higher in patients of African descent, is uncom-
mon in Asians, and is more common in smokers and
former smokers and in patients with seasonal allergic
rhinitis and antihistamine or corticosteroid use. Patients
with type 2 diabetes have a decreased risk.14 Similar to
HAE types I/II, the swelling secondary to ACE-I develops
slowly, then plateaus before resolving over several days.7

DIAGNOSTIC TESTING
Clinicians must first suspect HAE before a diagno-

sis can be made. Once HAE is considered, then the

Table 1 Angioedema differential diagnoses

Histamine mediated
Allergy: food, drug
Hymenoptera hypersensitivity
Spontaneous and/or idiopathic urticaria and
angioedema

Bradykinin mediated
Hereditary angioedema types I/II
Hereditary angioedema with a normal C1 esterase
inhibitory level
Acquired C1 esterase inhibitor deficiency
Angiotensin-converting enzyme inhibitor

Leukotriene mediated
Nonsteroidal anti-inflammatory drug
Aspirin

Idiopathic angioedema
Autoimmune diseases
Thyroid disease
Hydrostatic edema
Gleich syndrome
Clarkson syndrome
Protein deficiency
Acute contact dermatitis
DRESS (dermatitis, drug rash with eosinophils, and

systemic symptoms)
Dermatomyositis
Superior vena cava syndrome
Morbus Morbihan
Hypocomplementemic urticarial vasculitis
Orofacial granulomatosis
Subcutaneous emphysema
Cluster headaches
Idiopathic edema
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diagnosis is confirmed with diagnostic testing. The
simplest and most cost-effective initial test is a com-
plement component 4 (C4) level. Patients with HAE
l/II or acquired C1-INH deficiency typically have a
low C4 level during and in between attacks of swel-
ling. If the C4 level is borderline low or low normal
during a quiescent period, then repeat the laboratory
work during an attack because the levels will uni-
formly be low or even undetectable in patients with
HAE types I/II. The other confirmatory tests to obtain
are an antigentic C1-INH level, C1-INH functional
level, and C1q level.15 The antigenic C1-INH level is
low in HAE type I, however the antigenic C1-INH
level is normal, or even elevated, in HAE type II. The
C1q level is normal in both HAE types I/II. As the
name implies, the laboratory test values in patients
with HAE with normal C1-INH are all normal. ACE-
I–associated angioedema also has normal laboratory
test values. The sentinel result for both HAE types I/
II is the functional C1-INH level.16

There are two primary tests for measuring functional
C1-INH levels. The prevailing commercial test is an
enzyme-linked immunosorbent assay known as the
Quidel assay (Quidel Corporation, San Diego, California,
USA). This assay measures the ability of C1-INH to bind
C1s, which is a prerequisite for inhibition but not a direct
measure of C1-INH function.17 If the patient’s clinical
history is strongly suggestive of HAE and the Quidel
assay has a normal or equivocal value, you may want to
repeat the functional C1-INH test via the chromogenic
assay.18 The chromogenic assay is a direct measure of
functional C1-INH. The Quidel assay results are classi-
fied as low (<41%), equivocal (41–67%), and normal
(>67%). Chromogenic assay results are classified as low
(<74%) and normal (74–174%).17 The positive predictive
value of the Quidel assay was found to be 100%, but the
negative predictive value was only 62%. Therefore, a
false-negative result is highly possible. The chromogenic
assay, however, had a positive predictive value of 98%
and a negative predictive value of 100%.17,18

Acquired C1-INH will have similar laboratory find-
ings as HAE type I but will typically have a low C1q
level, whereas HAE type I has a normal level. If the

clinical suspicion is still high for HAE and the labora-
tory analysis is not diagnostic, then a genetic analysis
can be undertaken, with sequencing of the SERPING1
gene. Genetic analysis is mainly reserved for the
research setting at this time because complement evalu-
ation is much less costly. A summary of the profiles
that differentiate the various forms of HAE and other
causes of angioedema is presented in Table 2.

FAMILY SCREENING
A family history of swelling is an important part of

the diagnostic evaluation of HAE, but it is not an abso-
lute requirement. Seventy-five percent of patients will
have a positive family history of HAE or swelling, but
it is estimated that ;25% of patients with HAE have
had a spontaneous or de novomutation of the SERPING1
gene.19 As mentioned earlier, HAE is an autosomal
dominant genetic disorder. Therefore, an parent who is
affected has a 50% chance of passing on the specific
genetic mutation to each child conceived. An autosomal
dominant disorder only requires one mutated gene to
be present to express the condition. In comparison, an
autosomal recessive condition needs two copies of the
mutated gene for the specific disease to be expressed.
There is no carrier state with autosomal dominant

disorders. An individual either has or does not have
the disease. However, how the individual expresses
the mutated gene, known as phenotypic expression, is
variable. This means that a parent who is affected and
a child who is affected can have completely different
clinical presentations of the same mutation, including
frequency, severity, location, triggers, and response to
treatment. Because of this genetic pattern, experts stress
the importance of screening all family members of
patients with HAE, including offspring, siblings, parents,
grandparents, aunts, and uncles. Amazingly, many im-
mediate family members of a patient with HAE have
never been screened. Also, do not assume that a relative
who reports episodes of swelling has HAE until confirm-
atory testing is performed.20

Screening laboratory work should not be obtained
until after a child is �1 year of age. Although anti-
genic C1 and functional C1-INH levels could be measured

Table 2 Laboratory complement findings

C4 C1-INH Antigenic Level C1-INH Functional C1q

HAE type I Low Low Low Normal
HAE type II Low Normal or elevated Low Normal
HAE with normal C1-INH Normal Normal Normal Normal
Acquired C1-INH deficiency Low Normal or Low Low Low
ACE-I angioedema Normal Normal Normal Normal
Idiopathic angioedema Normal Normal Normal Normal

C1-INH = C1 esterase inhibitor; HAE = hereditary angioedema; ACE-I = angiotensin-converting enzyme inhibitor.
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early, C4 levels for HAE screening should not be meas-
ured during the first year of life.20 Genetic screening may
be done before 1 year of age, but this is not standard.10,12

Although parents may hesitate at testing children for a va-
riety of reasons, it is important that a family be prepared.
The first attack that a child experiences could be a life-
threatening laryngeal attack. HAE is a disease of child-
hood, with at least 50% of patients developing their first
symptoms by the age of 10 years and another 35% by the
age of 20 years. HAE tends to worsen at puberty. Having
the diagnosis already elucidated can prevent unwanted
morbidity, unnecessary medical or surgical procedures,
and, possibly, mortality. The same complement analysis is
used when screening children of a parent with HAE.
Proper screening of patients leads to knowledge and the
correct management of patients with HAE.

CLINICAL PEARLS

• An in-depth history and physical examination is the
foundation for ruling in or out the diagnosis of HAE.

• A lack of response to H1 antihistamines, steroids, and
epinephrine is key difference between HAE, bradyki-
nin-mediated swelling, and histaminergic swelling.

• The C4 level is almost always low in patients with
HAE types I/II and is a simple cost-effective screen-
ing test.

• Consider obtaining a chromogenic functional C1-
INH level to confirm or eliminate suspected HAE
when commercially available C1-INH functional
results are nondiagnostic.

• All family members of a patient with HAE should
be screened.
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Hereditary angioedema: On-demand treatment of
angioedema attacks

Sandra C. Christiansen, M.D.1 and Bruce L. Zuraw, M.D.1,2

ABSTRACT

The availability of effective acute treatment for angioedema has been fundamental in reducing the burden of illness for patients
with hereditary angioedema (HAE). In building on the foundation of scientific advances that elucidate the pathomechanism(s)
of attacks related to vascular permeability, novel targeted on-demand treatments have been developed and approved. These
therapies have provided the means to arrest episodes of swelling, which, in the past, had the potential to inexorably lead to
morbidity, and even mortality, for patients with HAE. Access to these medications, along with an emphasis on early adminis-
tration and guidance that all attacks are candidates for treatment, has shifted the management paradigm for HAE. Although
unmet needs remain, these acute therapies, coupled with advances in prophylactic treatment, have furthered the goal for all
patients with HAE to live a normal life.

(Allergy Asthma Proc 41:S26–S29, 2020; doi: 10.2500/aap.2020.41.200066)

H ereditary angioedema (HAE) is clinically charac-
terized by recurrent attacks of swelling that affect

cutaneous and submucosal tissues. Attacks can be
disfiguring, painful, and, in the case of laryngeal an-
gioedema, life threatening.1 In the past, much of the
morbidity and mortality associated with HAE stemmed
from the absence of available medications for treating
attacks. Drugs (antihistamines, epinephrine, or corticoste-
roids) that can successfully treat histamine-mediated an-
gioedema are not beneficial for HAE. HAE related to a
deficiency of functional C1 inhibitor (HAE C1-INH types
I and II) involves activation of the contact system cascade
with the generation of bradykinin. Engagement of brady-
kinin with its receptor on endothelial cells results in an
increase in capillary permeability, with ensuing angio-
edema. The cause of angioedema in the more-recently
described HAE with normal levels of functional C1-INH
(nl-C1-INH) is also presumed to be mediated by bradyki-
nin, although the evidence for this is much less robust.2,3

In the past, options for the treatment of HAE attacks
beyond supportive care had been limited to infusion of
fresh frozen plasma (FFP), which contains C1-INH. Over
the past decade, a number of effective on-demand treat-
ments for HAE have been developed and licensed, trans-
forming the management of HAE. In this review, we
focused on the current approach and available acute

treatment for HAE attacks. S.C. Christiansen and B.L.
Zuraw contributed equally to the work.

ON-DEMAND HAE TREATMENT OPTIONS
Four effective on-demand treatment options have

become available in the United States since 2009, each of
which targets either the generation or effect of bradykinin
(Fig. 1). These include plasma-derived C1-INH (pd-C1-
INH) (Berinert, CSLBehring,King of Prussia), an inhibitor
of plasma kallikrein (ecallantide [Kalbitor]), recombinant
C1-INH (rh-C1-INH) (Ruconest, Pharming, Leiden,
Netherlands), and an inhibitor of the b 2 bradykinin re-
ceptor (icatibant [Firazyr, Takeda, Cambridge]). Each
of the therapies has been shown in randomized con-
trolled studies to be effective in arresting the progres-
sion of HAE C1-INH attacks (Table 1).3–7 Open-label
extension data, along with patient registries, have fur-
ther highlighted the long-term efficacy and safety of
these medications.8–12 Randomized controlled studies
of on-demand treatment for patients with HAE nl-C1-
INH are lacking; however, numerous open-label
reports have revealed successful responses to each of
the on-demand treatments used for HAEC1-INH.13–16

C1-INH concentrates (pd-C1-INH [Berinert]) and
recombinant human C1-INH (rh-C1-INH [Ruconest])
each require intravenous injection. The plasma kallik-
rein inhibitor ecallantide and the bradykinin b 2 recep-
tor antagonist icatibant are administered subcutaneously.
Ecallantide has been associated with allergic and even
anaphylactic reactions in a relatively small number of
cases (<2%), and, therefore, needs to be administered by a
health care provider. Self-administration, including intra-
venous injection, is otherwise advocated both to reduce
the time to administration and minimize disruption
in the daily life of patients.17 These medications
typically become effective within 60 minutes.
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On-DemandManagement of Acute Attacks
The cornerstones for management of acute attacks of

HAE include the following: availability of effective on-
demand acute therapy for all patients, early adminis-
tration to prevent attack progression, and treatment of
attacks, irrespective of the site of swelling. Despite the
compelling evidence that patients will experience a
substantial reduction in attack frequency and severity
after incorporation of the approved long-term prophy-
lactic options discussed in other papers in this primer,
immediate access to on-demand treatments will con-
tinue to be essential to ensure patient safety.

Access. There is a general consensus that all patients
with laboratory-confirmed HAE C1-INH should have
access to at least two standard doses of an U.S. Food and
Drug Administration (FDA) approved on-demandmedi-
cation for treatment of acute attacks.18–20 For those
patientswith adiagnosis ofHAEnl-C1-INH inwhom lab-
oratory test confirmation is not feasible (i.e., genetic muta-
tions for which commercial testing is not available or
HAE-unknown), it is critical for the clinician to determine
that the response to the on-demand treatment is in keep-
ingwith the expectedpharmacokinetic and/orpharmaco-
dynamic profile of the drug. This is of particular
importance when the frequency or dose required for per-
ceived improvement seems to be out of the expected
range,which thereby raises questions as to the accuracy of
thediagnosis (reviewed in other papers of this primer).
Due to the observed therapeutic variability among

patients, it is important to optimize the selection of on-
demand treatment based on efficacy and/or tolerability
for the individual. In those instances in which prescribing
more than one on-demand agent is deemed appropriate,
the justification should be clearly documented by the
physician and communicated to the patient. In critical sit-
uations, when none of these effective FDA-approved on-

demand medications are available, the use of FFP can be
considered for treatment of an HAE attack.21

Given the accepted anecdotal reports of HAE attacks
that precipitously worsen after FFP, preparations for
its administration should include the ability to protect
the patient's airway (particularly if oropharyngeal or
laryngeal swelling is present). Solvent detergent–
treated plasma may be safer than FFP due to the
reduced viral risk. In the unfortunate and, it is hoped,
an increasingly rare situation in which no effective on-
demand treatment is available, supportive care (i.e., in-
travenous fluids, anti-emetics, narcotic pain medica-
tion, or intubation) should be provided. This is with
the caveat that, in contrast to the favorable impact that
effective on-demand treatment has imparted for
patients with HAE, reliance on supportive care is asso-
ciated with an enhanced morbidity and mortality risk.

Early Treatment of Attacks. It is now widely recognized
that, to be most effective, on-demand treatment should
be administered as soon as the attack is recognized.17

Emphasis on self-administration of on-demand medica-
tions is advocated to reduce a delay in administration,
which thereby arrests the progression of swelling and
minimizes morbidity, and the risk of mortality. In cases
in which the patient experiences a reliable attack pro-
drome, preparation for treatment may be initiated.22 Of
interest, the single recognized physical prodrome (ery-
thema marginatum) in patients with HAE C1-INH has
recently been associated with evidence of contact sys-
tem activation.23 However, treatment should be admin-
istered only when the patient can identify that an attack
has begun. Patients must be cautioned to seek medical
care if the features of their attack are atypical, their
response to self-treatment is inadequate, or they experi-
ence an attack that involves the airway.24 In the latter
instance, elective intubation should be considered for
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Figure 1. Mechanistic targets for on-
demand treatment. Schematic of the
plasma contact system activation,
leading to the generation of bradyki-
nin, with ensuing angioedema due to
increased permeability via the brady-
kinin b 2 receptor. Actions of the on-
demand medications are shown in
red. FXII = Factor XII; FXIIa = acti-
vated factor XII; PK = plasma pre-
kallikrein; kall = plasma kallikrein;
HMWK = high-molecular-weight kini-
nogen; cHMWK = cleaved HMWK;
BK = bradykinin; BDKRB2 = bradyki-
nin b2 receptor.

Allergy and Asthma Proceedings S27

DO N
OT C

OPY



any patient with signs of respiratory distress who is not
improving after treatment.
It is important to convey to patients what to expect

from the administration of on-demand therapy. These
treatments are designed to arrest the progression of swel-
ling during an attack. Thus, early administration cannot
be overemphasized: the longer the swelling has been
allowed to progress, the longer it will take for the attack
to resolve. Effective treatment halts the progression of an
attack but cannot undo the swelling that has already
occurred. Once treatment has been initiated, the time to
onset of relief should occur within 30 to 120 minutes.25 In
general, a second dose of the on-demand therapy is not
warranted unless the attack begins to worsen. Failure to
respond to one of the licensed on-demand therapies could

indicate that the symptoms are due to a condition other
than an HAE attack.
All attacks, irrespective of location, may be treated

as soon as they are clearly identified. The morbidity
devolving from abdominal attacks and potentially fatal
risk of laryngeal involvement coupled with facial, oral,
and upper respiratory attacks have long been recog-
nized as an impetus for acute early intervention. It is
worth emphasizing that extremity attacks are also dis-
abling and clearly worthy of early treatment to prevent
dysfunction and to improve quality of life.26,27

CONCLUSION
The lives of patients with HAE have been trans-

formed by the development, approval, and availability

Table 1 Regulatory agency approved on-demand treatments for hereditary angioedema

Drug Name or Trade
Name (company)

Approved
Indications Dosage Mechanism of Action

Anticipated Potential
Adverse Effects

Plasma-derived C1-
INH, Berinert
(CSL Behring)

Acute attacks 20 IU/kg given
intravenously

Inhibits plasma kallik-
rein, coagulation
factors XIIa and
XIa, C1s, C1r,
MASP-1, MASP-2,
and plasmin

Rare: risk of anaphylaxis

All age groups* Theoretical: transmission
of infectious agent

Recombinant-human
C1-INH

Acute attacks 50 U/kg given intrave-
nously (maximum
dose, 4200 U)

Inhibits plasma kallik-
rein, coagulation
factors XIIa and
XIa, C1s, C1r,
MASP-1, MASP-2,
and plasmin

Rare: risk of anaphylaxis
(individuals sensitized
to rabbit)

Ruconest (Pharming) Adolescent and
adult#

Theoretical: transmission
of infectious agent

Ecallantide Acute attacks# 30 mg given by subcu-
taneous injection

Inhibits plasma
kallikrein

Common: prolonged PTT
(not clinically
significant)

Kalbitor (Takeda) Age �12 y Rare: risk of anaphylaxis;
uncommon: antidrug
antibodies

Icatibant Acute attacks Adult: 30 mg given by
SC injection

Bradykinin b2 recep-
tor antagonist

Common: discomfort at
injection site

Firazyr (Takeda) Age �18 y (U.
S.); age �2 y
(E.U.)

Pediatric: 12–25 kg, 10
mg SC; 26–40 kg, 15
mg SC; 41–50 kg, 20
mg SC; 51–65 kg, 25
mg SC; >65 kg, 30
mg SC

C1 INH= C1 inhibitor; C1s = complement component 1s; C1r = complement component 1r; MASP = mannose-associated serine
protease; PTT = partial thromboplastin time; SC = subcutaneous.
*Preferred for pregnant women and women who are breast-feeding.
#Must be administered by a medical professional prepared to treat anaphylaxis.
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of effective targeted on-demand therapy. Appropriate
management of HAE requires that all patients have
rapid access to effective on-demand medications to
reduce disease morbidity and prevent mortality. Emphasis
on early administration to prevent attack progression,
coupledwith the understanding that all sites are candidates
for care, should inform treatment decisions. Given the
expanding options for effective and safe long-term prophy-
laxis, the frequency of on-demand treatments is anticipated
to substantially decline; however, it will remain critical for
patient safety that even patients with well-controlled HAE
have ready access to on-demand treatment.

CLINICAL PEARLS

• Patients with HAE must have ready access to two
doses of an effective FDA-approved on-demand
HAE medication (ecallantide, icatibant, pdC1INH, or
rhC1INH) for the acute treatment of an HAE attack.

• On-demand treatment should be administered as
soon as an attack is recognized to reduce morbidity
and prevent mortality.

• On-demand medications should be self-adminis-
tered (or administered by a caregiver) whenever fea-
sible to minimize a delay in treatment and disruption
of daily life.

• All HAE attacks are eligible for treatment, irrespec-
tive of the location of the swelling or the severity of
the attack.
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Triggers and short-term prophylaxis in patients with
hereditary angioedema

Timothy Craig, D.O.

ABSTRACT

Background: Hereditary angioedema (HAE) is a rare disease that affects 1 in 60,000; however, despite being extremely rare, the
severity of the disease can cause significant limitations to quality of life. In addition, attacks can be fatal and require urgent care.
Methods:We searched PubMed and Google for Hereditary Angioedema and prophylaxis, short term prophylaxis, surgery,

medical procedures, dental work, triggers.
Results: The main triggers are estrogens, Angiotensin Converting Enzyme Inhibitors (ACI) inhibitors, trauma, dental

work, stress, surgery, manipulation of the upper airway, and medical procedures. Prophylaxis is often used long term to pre-
vent attacks; before known triggers, prophylaxis is referred to as short-term prophylaxis (STP). When to initiate STP, what to
use, and what dose to use have not been adequately researched, but there is consensus that, whenever the upper airway is
manipulated, STP is essential. In addition, consensus has been reached that an IV C1 inhibitor is the preferred STP agent,
and it is my opinion that dosing at 20 units/kg allows dosing for all ages and also allows average-size adults to receive >1000
units because failures at 1000 units have been documented in the literature.
Conclusions: This article focused on triggers and preprocedural STP and not on pre-event STP, which is often used before

important life events; however, medications and dosing are the same for pre-event prophylaxis.

(Allergy Asthma Proc 41:S30–S34, 2020; doi: 10.2500/aap.2020.41.200058)

H ereditary angioedema (HAE) is a rare disease,
with recurrent swelling of the bowel wall, skin,

and upper airway. Triggers for attacks are variable
and include estrogen, mental stress, infections, physi-
cal exertion, mechanical trauma, medical procedures,
angiotensin-converting enzyme inhibitors, dental work,
and surgical procedures. Most HAE attacks do not have
an exacerbating factor; however, identification, recogni-
tion, and prevention of triggers may prevent future
attacks. Avoidance is important but not always possible,
and, for this reason, short-term prophylaxis (STP) is of-
ten essential.1–4

MANAGEMENT OF TRIGGERS
Understanding the triggers is important for the pre-

vention of attacks by avoidance or by use of either STP
or long-term prophylaxis. It is important to remember
that triggers may not consistently exacerbate attacks in
HAE, and, for this reason, if a procedure was well tol-
erated in the past, it cannot be assumed that future
procedures will also be tolerated without attacks.
Avoidance of exacerbating factors is appropriate if

practical and if it does not impose unnecessary restric-
tions on a person’s life. For this reason, all patients
should be made aware of potential HAE triggers.
Patients also should be requested to reach out to their
health care provider if potential exposure to a trigger
is likely. Preventive therapy, such as colonoscopy,
Papanicolaou test, breast examinations, mammograms,
vaccines, and, especially, dental care, should be
encouraged to decrease the need for future procedures
or more elaborate and traumatic procedures. Many of
the current guidelines were developed based on lim-
ited and rarely controlled data; therefore, most of the
discussion that follows is based on expert opinion.1–5

With regard to an anticipated procedure, prepara-
tion to avoid triggers and thus an HAE attack should
usually be preferred to therapeutic interventions. An
example of minimizing risk is when a patient needs to
undergo a surgical procedure and the anesthesiologist
works to avoid general anesthesia and intubation, and
instead uses local anesthetics and twilight sedation,
possibly to prevent a catastrophic event from intuba-
tion.6 When intubation and general anesthesia are
essential, or if the surgery will have significant trauma
to the skin or other organs, then STP should be used. A
low clinical threshold for STP treatment is advised
in the setting of any procedure, including dental
extractions and oral and nasal surgery, which approxi-
mates the upper airway. Because STP is not always
effective, trauma should be minimized if possible and
two doses of “on-demand” therapy should be available
to administer if an attack occurs (Table 1).6
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COMPARING DIFFERENT STP AGENTS
Studies based on dosage and the comparison of

therapies for STP have been accomplished, but com-
parative data are few. Farkas et al.7 compared oral
therapies, tranexamic acid (TA) 200 mg three times a
day for 5 days before and 2 days after a procedure, and
danazol 200 mg three times a day for 5 days before
and 2 days after a procedure, to C1 esterase inhibitor
(C1-INH) 500 IU and no STP. With prophylaxis, the
rate of angioedema occurred in 15% of patients,
whereas the rate without prophylaxis was 35% after a
surgical or medical procedure and 17.5% after dental
work. C1-INH was superior to the oral therapies
because, with danazol, swelling occurred in 36% of
patients, TA in 50% of patients, whereas, with 500
units of intravenous (IV) C1-INH, swelling occurred in
only 9% of patients.7 In 1999 Farkas et al.8 performed a
prospective study by using danazol 600 mg a day in 12
patients, without controls. During the procedure, all 12
patients were protected from post–dental work
attacks.8 The adverse effects when using androgens for
STP are minimum, and, most populations, including
children, seem to tolerate them well.7,8 Androgens
should be avoided during pregnancy and lactation.
Early studies with TA demonstrated a positive benefit

when compared with procedures not preceded with
TA.9 The study by Sheffer et al.9 was not randomized;
however, the patients were compared with and without

TA during surgical and dental procedures. Use
of the regimen of 1 g of TA by mouth every 6 hours
starting 48 hours before and continuing for 48 hours
after the procedure demonstrated no episodes of angio-
edema in the 14 participants.9 Bork et al.10 demonstrated
the effectiveness of C1-INH in a dose-ranging study.
They compared the use of no therapy with the use of IV
C1-INH at 500 and 1000 units given before dental
extractions.10 The attack rate with no therapy was
21.5%, and the attack rate with 500 and 1000 units was
;15% and 7%, respectively.10 Analysis of these data
suggests that a dose > 1000 units of IV C1-INH is
needed to completely eliminate post–dental extraction
swelling.10 Grant et al.11 used a retrospective study
approach to assess data that suggested that 1000 units
before a procedure was 98% effective. Another retro-
spective study of C1-INH for STP administered 1000
units before the IMPACT trial; however, after the
IMPACT trial, the dose was increased to 20 units/kg.12

The investigators reported no postoperative HAE
attacks with either dose.13 Also, Magerl et al.,14 by
extrapolating data from the Berinert (CSL Behring,
King of Prussia, PA, USA) Patient Registry determined
that patients who received � 15 units/kg or � 1500
units of C1-INH had fewer postoperative attacks than
those with fewer doses (Table 2).
The above-mentioned studies used human plasma-

derived C1-INH (pdC1-INH). However, recent data

Table 1 Preparation for surgery, dental, and medical procedures, and perioperative care

Medications
Avoid angiotensin-converting-
enzyme inhibitors and estrogens

Preparation for
surgery

Avoid general anesthesia if possible Use local anesthesia if possible

Avoid intubation if possible Minimize trauma to the upper airway
Minimize trauma Use minimal invasive surgery if possible
Determine if short-term prophylaxis

is needed
If upper airway will be involved or the procedure

is major, then order C1-INH for infusion 1 hr
before the procedure; the alternatives are
androgens or FFP if C1-INH is not available

If on long-term prophylaxis, then do
not discontinue it

Intravenous C1-INH can be given in addition to
other prophylaxis agents

Day of surgery Infuse C1-INH 1 hr before the proce-
dure or ensure that the patient was
compliant with androgen use

Consider triggers for angioedema Reduce trauma, stress, and other important
variables

Ensure that two doses of on-demand therapy are
available to treat angioedema

Postoperative Observe or educate the patient
because angioedema may occur up
to 3 days after the procedure

Ensure that the patient has two doses of on-
demand therapy if discharged before 3 days

C1-INH = C1 inhibitor; FFP = fresh frozen plasma.
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that support the benefit of recombinant C1-INH, given
as a weight-based dose (50 units/kg for those < 84 kg
and 4200 units for those > 84 kg) showed that 97% of
the 70 procedures performed resulted in no attacks
during and up to 2 days after surgery.15 When other
therapies are not available, fresh frozen plasma (FFP)
can be used for STP.16 Angioedema only occurred in
10% of surgical patients pretreated with FFP. An ear-
lier work, by Atkinson and Frank,17 demonstrated the
effectiveness of FFP in preventing angioedema, and
only 3 of 45 patients (6.7%) had a minor angioedema
attack. Although effective, some risks to consider with
FFP are bloodborne diseases and possible allosensitiza-
tion. The drugs used for HAE and whether they are
effective for STP are listed in Table 2.

CONSENSUS DOCUMENTS
RECOMMENDATIONS FOR STP

International Guidelines on the Gynecologic and
Obstetric Management 2012
The treatment of choice for STP is pdC1-INH and, if

not available, then FFP can be used. If a caesarean section
is needed, then epidural anesthesia is preferred to gen-
eral anesthesia and intubation. STP is not considered to
be indicated for vaginal delivery unless there are addi-
tional risk factors.5

International Consensus on the Diagnosis and
Management of Pediatric Patients 2017
For minor interventions, on-demand therapy is rec-

ommended instead of STP. For any procedures that
involve manipulation of the airway, pdC1-INH speci-
fied at a dose of 15–30 units/kg either during or as close
as possible to the procedure is recommended. If pdC1-
INH is not available, then an alternative is an androgen,
e.g., danazol 5 mg/kg to a maximum of 200 mg dosed
orally three times daily for 5 days before and 2 days af-
ter the procedure. The authors of the guideline3 state
that it is safe to use androgens, even in young children
for a short period, such as for STP. TA at a dose of 20 to
50 mg/kg per day to a maximum of 1 to 2 g three times
a day, also 5 days before and 2 days after the procedure
was also recommended as an alternative. For emer-
gency surgery when C1-INH is not available, an option
is solvent detergent plasma at 10 mL/kg.3

The International World Allergy Organization
(WAO)/European Academy of Allergy and Clinical
Immunology (EAACI) Guideline, 2018
STP is recommended for all medical, surgical, and

dental procedures associated with mechanical effects
on the upper aerodigestive tract. The preferred treat-
ment was with C1-INH at a dose of either 1000 units
IV or 20 units/kg IV just before the procedure. FFP

Table 2 A review of available hereditary angioedema drugs and if they are effective for STP

Drug Indicated? Important Considerations Dose

Icatibant No The half-life is too short
Ecallantide No The half-life is too short
Cinryze (Taketa,

Deerfield, MA,
USA)

Yes (off label) The long half-life is optimum IV at 1000 units

Berinert Yes (off label) The long half-life is optimum IV at 20 units/kg
Subcutaneous C1-

INH
No Delayed absorption leads to

delayed protection
No data are available if STP can

be deferred if controlled on
subcutaneous C1-INH and C1-
INHfunction level is normal

Recombinant C1-INH Yes (off label) There are data that this is
effective, but the half-life
is short

50 units/kg

Lanadelumab No Delayed onset of activity
leads to delayed
protection

No data are available whether
STP can be deferred if attack-
free while on lanadelumab

Danazol Yes, but needs to be
started at least 5
days before sur-
gery (off label)

Inexpensive 200 mg 3 times a day; reduce
dose in children

Tranexamic acid No Lack of recent data to sup-
port its use

More comparative data are
needed

STP = Short-term prophylaxis; IV = intravenous; C1-INH = C1 inhibitor.
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may be used instead but is not as safe. An alternative
is an oral androgen 200 mg three times a day 5 days
before and 2–3 days after the procedure. TA was not
recommended. Because STP is not always effective,
two doses of on-demand therapy should be available
for an attack.1

The International/Canadian Guideline 2019
A specific recommendation is that STP should be con-

sidered for a known trigger and any medical, surgical,
and dental procedure. Factors such as the degree of
trauma, proximity to the airway, a known trigger for the
patient should all be included on whether to use STP. If
the decision is to avoid STP, two doses of on-demand
therapy should be available. The preferred STP was
pdC1-INH at a dose of 20 units/kg 1 hour before the pro-
cedure, despite the European Union (EU) approval of
alternate dosing of 500 units and 1000 units. If pdC1-INH
is not available, then androgens or FFP can be considered
as an alternative. The dose for danazol suggested was
2.5–10 mg/kg per day for 5 days before and 2–3 days after
the procedure to a maximum total daily milligram
amount of 200 mg three times daily but never to lactating
or pregnant females. For FFP, the dose was 2 units for
adults and 10 mL/kg in children 1 to 2 hours before the
procedure. The use of anti-fibrinolytics was discouraged
unless no other therapies are available.2

CONCLUSION
There is a lack of a firm indication for when STP is nec-

essary. Trauma severity and proximity to the upper air-
way are the most important variables when considering
STP. All procedures that cross or that are near the airway
should be preceded with STP. Minor medical or dental
procedures, such as teeth cleaning or the repair of a small
dental cavity as well as procedures distant from the air-
way (e.g., colonoscopy and vaginal delivery), probably
do not need STP. If STP is needed, then C1-INH 1 hour
before the procedure is the preferred therapy. The dose
of C1-INH can be debated, but the study by Bork et al.10

demonstrated that a one-time dose of 1000 units has a
7% chance of the patient having swelling. From analysis
of their data, it seems that 20 units/kg, which would
equal 1500 units in an average-size male, seems a reason-
able dose. Dosing per kg also prevents very young chil-
dren from being administered the same dose that an
extremely large adult would receive.
With IV C1-INH, the need for dosing the day of the

procedure seems to be obvious by the pharmacokinetics.
The benefit of IV C1-INH lasts for ;3 days. Because an-
gioedema may follow a procedure as far out as 3 days, it
is sensible to pretreat with IV C1-INH 1 hour before the
procedure so that the effect is available for 3 days.
Whether STP is necessary while patients are on subcuta-
neous C1-INH or lanadelumab is not known.18,19 The

same question will arise if the new oral therapies, such
as the oral kallikrein inhibitors, are approved.20

CLINICAL PEARLS

• STP should be considered before specific triggers,
such as surgery, medical procedures, or dental care.

• The most appropriate STP for moderate or major
procedures is C1-INH; the preferred dose of C1-INH
is 20 units/kg IV 1 hour before the procedure.

• Androgens or FFP may be used as an alternative.
• With or without the use of STP, two doses of rescue

therapy is essential to have available.
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Hereditary angioedema: Long-term prophylactic treatment

Huamin Henry Li, M.D., Ph.D.1

ABSTRACT

Hereditary Angioedema (HAE) is a potentially life-threatening condition. With episodic, unpredictable swelling, HAE nega-
tively affect the quality of life for those affected individuals. To reduce the morbidity and mortality of HAE are the primary
goal for the disease management. In addition to have access to therapeutic drugs for their acute HAE attacks, many patients
require long term prophylaxis (LTP) to reduce their attack frequency and severity. Preventing HAE attack by regular admin-
istration of medicine has become an important part of HAE disease management. Over the past few years, growing number of
therapeutic options for the HAE LTP have made it possible for physicians to choose the most appropriate and effective treat-
ment for individual patients. C1 INH concentrate and plasma kallikrein inhibitors (IV or SC) have largely replaced the oder
modality of treatment consisting different androgen derivatives or antifibrinolytics. Additional options, such as oral kallikrein
inhibitor, antisense RNA/plasma kallikrein, anti-Factor 12a, bradykinin receptor blocker or future gene therapy are under
clinical investigation. The significant cost and the uncertainty of its long term safety may be the primary limiting factors for
its clinical application. The limited data for young children and pregnant women pose additional challenge for physicians to
assess the risk and benefit when considering LTP treatment.

(Allergy Asthma Proc 41:S35–S37, 2020; doi: 10.2500/aap.2020.41.200092)

H ereditary angioedema (HAE) attacks are often
associated with significant pain, disfiguration,

and disability. Many patients are living with constant
fear and anxiety about their attacks.1 The quality of life
is compromised, even between the attacks. HAE swel-
ling attacks interrupt daily activities and family and
social life, and may impede education and work.2 The
disease burden varies tremendously among individu-
als who are affected and even among different stages
of an individual’s life. Close to 50% of patients report
at least one attack a month, a fourth of the patients
have one or more attacks a week.3

Treating acute episodes alone may not be adequate
for patients who have frequent or severe attacks, par-
ticularly those who do not respond adequately to acute
attack treatment. The regular use of a medicine to
reduce the frequency and severity of HAE attacks is of-
ten referred to as HAE long-term prophylaxis (LTP).
Most HAE management guidelines recommend indi-
vidualized treatment recommendations.4–6 Who should
be considered for LTP, what treatment should be used,
when to start the treatment, and how to measure the
treatment response may vary among individuals. The
decision for starting LTP should consider individual
patient’s HAE history, disease burden, response to

and tolerability of other treatment modalities, comor-
bidities, and psychosocial impact, as well as patient
preference.
This article was limited to a discussion of an over-

view of LTP options in patients with type I and type II
HAE. Because the evidence for LTP in patients with
HAE with normal C1 esterase inhibitor (C1-INH) is
less robust, the reader is referred to recently published
guidelines for an in-depth discussion of LTP in
patients with this type of HAE.7

ANDROGEN DERIVATIVES
Androgen derivatives (AD), represented by danazol,

had been widely used for HAE LTP for a few decades.
Although effective in certain individuals with HAE,
clinical use of ADs has been limited by their adverse
effects. Weight gain, dyslipidemia, hypertension, head-
ache, liver toxicity, depression, anxiety, emotional irri-
tability, and aggressive behavior are also linked to the
use of ADs.8 In women, the androgenic capacities of
ADs may cause menstrual irregularity, masculiniza-
tion, voice changes, and hirsutism. For men, ADs may
negatively affect libido, sperm count, and fertility.
Many of these adverse effects are not readily reversi-
ble. Due to concerns of their adverse effects, in most
recent guidelines, ADs are not recommended as the
first-line LTP.4–6 To minimize adverse effects, the low-
est effective dose should be used. Most guidelines rec-
ommend avoiding dosages of >200 mg/day for
danazol. ADs should be avoided in children, especially
before puberty, and in patients with androgen-de-
pendent malignancy, in patients with liver diseases,
and in during pregnancy and lactation.
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ANTIFIBRINOLYTIC AGENTS
Tranexamic acid (TA) and « -aminocaproic acid are not

approved by the U.S. Food and Drug Administration
(FDA) for HAE LTP. The efficacy of TA in HAE LTP
was supported by a few single-center, randomized, pla-
cebo controlled studies.9 A significant proportion of
patients do not see any clear benefit with the treatment.
The overall efficacy is moderate. Although « -aminocap-
roic acid is rarely used nowadays, the role of TA in cur-
rent HAE LTP is limited to those who do not have access
to the newer treatment (C1 INH concentrate intravenous
[IV] or subcutaneous [SC] or lanadelumab [Takhzyro,
Shire-Takeda]), and/or are not able to tolerate ADs. The
recommended dosage for TA is 30–50 mg/kg daily di-
vided in two or three doses to a maximum of 6 g per
day. Although less effective, due to its lack of virilizing
adverse effects, TA has been more favorably considered
in women (when C1 INH IV or SC and lanadelumab are
not available). However, TA is not recommended for
women during pregnancy or lactation.

PROGESTERONE
Progesterone has not been approved for HAE LTP. Its

clinical benefit for HAE was only supported by some ret-
rospective studies.10 These agents could be considered
for contraception in child-bearing women, with the
added value of adjuvant treatment against angioedema
attacks. It is of note that they should not be combined
with estrogens, which are known to exacerbate HAE.

C1-INH CONCENTRATE
C1-INH replacement therapy (IV or SC) had been

approved for LTP of HAE. In a controlled crossover
study of six patients over 17 days per treatment period,
plasma-derived C1-INH (pdC1-INH) given via IV at 25
U/kg every 3 days versus placebo reduced HAE
attacks by 60%.11 In a subsequent multicenter placebo
controlled, randomized, crossover trial that used a
pdC1-INH concentrate in a dose of 1000 U every 3 to 4
days for 12 weeks reduced the HAE attack rate by 50%
(a normalized attack rate of 12.7 and 6.3 per 12 weeks
for placebo and active dose, respectively). In addition,
attack severity, duration of attacks, and rescue medi-
cine requirement were reduced.12 A pdC1 INH IV
(marketed as Cinryze, Shire-Takeda, Boston, MA) was
approved by the FDA in June 2008 for HAE LTP.
SC delivery of a pdC1-INH (marketed as Haegarda,

CSL Behring, King of Prussia, PA) was evaluated in a
randomized, placebo controlled, crossover study.13

Patients with HAE and with frequent attacks received
pdC1-INH SC at 40 or 60 U/kg every 3 to 4 days.13 The
higher dose treatment group demonstrated a median
HAE attack rate reduction by 95%, with a normalized
attack rate per month that decreased from 4.03 in the
placebo group to 0.52.13 In addition, the treatment

reduced rescue medicine use by 99% as well as HAE
attack severity and duration.13 More than 50% of the
patients in the treatment group had no moderate-to-
severe attacks over the study duration of 16 weeks,
and ;90% of the subjects who received treatment
showed an HAE attack reduction by at least 50%.13

The 60-U/kg dose was approved by the FDA (June
2017) for HAE LTP in adolescents and adults, includ-
ing the approval for self-administration.
Theoretical adverse effects of pdC1-INH may include

infection and thromboembolic events. Fortunately, with
the modern plasma screening and purification technolo-
gy, infection related to pdC1-INH concentrates has not
been reported.14 No thromboembolic events have been
linked to pdC1-INH use, either IV or SC. Recombinant
human C1-INH (marketed as Ruconest, Pharming,
Leiden, The Netherlands) has been studied for HAE
LTP, with a favorable clinical outcome.15 This study sup-
ports its efficacy in LTP for HAE; however, the IV
administration may still be a major obstacle for patient
acceptance. It is not yet approved by the FDA for HAE
LTP at this time.

LANADELUMAB
Lanadelumab, a fully human monoclonal antibody

that specifically targets plasma kallikrein was approved
by the FDA for HAE C1-INH LTP in August 2018 for
adolescents and adults. This drug is also approved to be
self-administered. The starting dose is 300 mg SC, every
2 weeks, with an option of changing to 300 mg every 4
weeks for patients who are doing well with the initial
dosing regimen.
In a phase III, randomized, double-blind, parallel-

group, placebo controlled trial, lanadelumab (compared
with placebo) reduced HAE attack frequency, severity,
and rescue medicine requirement in all dose arms: 150
mg every 2 weeks, 300 mg every 2 weeks, and 300 mg
every 4 weeks.16 The 300 mg every 2 weeks arm had
reduced HAE attacks by 87% (1.97 attacks/month in
placebo versus 0.26 attacks/month in the 300 mg every
2 weeks arm).16 The reduction in the 300 mg every 4
weeks and the 150 mg every 2 weeks arms compared
with placebo were 73% and 76%, respectively (p<0.01
in all comparison arms).16 In addition, during the 26-
week study period, all the lanadelumab treatment arms
showed higher percentages of the subjects being attack
free, e.g., 44.4% in the 300mg every 2weeks arm, 2.6% in
the placebo arm (p<0.01 in all comparisons). The pro-
portion of severe attacks and duration of attacks were
reduced in all the lanadelumab treatment groups.
Other than injection-site pain, no significant adverse

events were observed in the pivitol clinical study.16

Activated partial prothrombin time prolongation was
observed; however, there was no clinical evidence
for coagulopathy; the increase in activated partial
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prothrombin time returned to normal once the treat-
ment was discontinued. Anti-lanadelumab antibodies
were observed in 11.9% of patients in the treated
group, whereas the placebo had 4.9% as positive (low
titer). Neutralizing antibodies were observed in 3 of
113 patients (<3%). It is still not clear whether the auto-
antibodies are transient or permanent, whether longer
treatment duration may induce more autoantibody
production, and whether these antibodies are going to
affect the clinical response. There is no clear correlation
between a clinical response to lanadelumab and the de-
velopment of anti-lanadelumab antibodies.

LIMITATIONS OF LTP
Multiple agents are available for the LTP in patients

with HAE C1-INH. Despite great efficacy, none of the
agents can completely prevent HAE attacks. Therefore,
despite the use of LTP, patients still require on-dem-
and treatment for any breakthrough attacks. There are
no head-to-head comparisons among different agents.
Differences in trial design, study population, and end
point assessment make the comparisons difficult. The
risk and benefit of LTP should be assessed based on
individual patient’s clinical and historical condition.
Settipane et al.17 emphasize the important role of shared
decision-making as an integral component of the physi-
cian-patient partnership and how this process can facili-
tate an optimal discussion of LTP.
Recommendations with regard to LTP in specific

populations such as in women during pregnancy and/
or lactation are addressed by Yakaboski et al.18 and
such as in children are addressed by Johnston and
Smith19 Because most LTP studies do not provide
adequate information with regard to these popula-
tions, more research is needed to rectify this unmet
need. Newer treatment modalities are likely to provide
easier and more cost-effective treatment options in
LTP. Further in the future, gene therapy may even
offer a potential cure or sustained disease control.

PRACTICE PEARLS

• LTP is one of the most important treatment strategy
for HAE disease management.

• The decision for choosing LTP should consider the
individual’s disease burden; response of acute treat-
ment; and accessibility, efficacy, safety, tolerability,
and ease of use of the medicine.

• The choice of LTP should be individualized; C1 INH
(SC or IV) and lanadelumab are the preferred LTPs
for HAE.
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Hereditary angioedema: Comprehensive management plans
and patient support

Diane Paige, B.S.N., C.C.R.C., Njeri Maina, M.D., Ph.D., and John T. Anderson, M.D.

ABSTRACT

Hereditary angioedema (HAE) is a rare disease. Regardless, patientswithHAEhave access tomultiple state-of-the-artmedications avail-
able for on-demand use and prevention that reduce the frequency and burden of HAE attacks. These treatments have greatly reduced the
burden of disease and helped patients achieve improved quality of life. However, with greater numbers of therapeutic options, HAE care
has become more complex. In this review, we addressed essential elements of an individualized comprehensive management plan for a
patient with HAE.We focused on access to an expert physician, ongoing patient education, access to effective treatment options, coordi-
nation of care andmanagement of treatment logistics, ongoingmonitoring of attacks and treatments, and other resources for patient sup-
port. This plan will need to be communicated with the patient and other care providers, especially during emergent conditions, and
accommodate the patient’s lifestyle with consideration forwork, school, travel, etc. Periodically, the physician and the patient will need to
review information about attacks, triggers, and treatments to identify areas for improvement andupdate the plan.

(Allergy Asthma Proc 41:S38–S42, 2020; doi: 10.2500/aap.2020.41.200059)

H ereditary angioedema (HAE) is a lifelong genetic
condition with significant variability in presenta-

tion and disease burden.1–3 With the advent of newer
treatments for HAE, the attack burden has been
reduced, but care plans have become more complex.4

The goal of care is to help patients achieve a normal
quality of life. To help patients achieve this goal, an indi-
vidualized comprehensive management plan should be
developed, implemented, reviewed, and revised regu-
larly.4–6 Previous guidelines offered essential compo-
nents of a treatment plan.4,6 These include access to an
expert physician, ongoing patient education, access to
effective treatment options, coordination of care and
management of treatment logistics, and ongoing moni-
toring of attacks and treatments.4,6 In addition, patients
and physicians can benefit from the resources available
through national and international care organizations.

ACCESS TO AN EXPERT PHYSICIAN
The HAE expert should have comprehensive knowl-

edge of the disease state, treatment options available, and
current best practices for the care of patients with HAE.4–6

This individual will serve as the coordinator of HAE care

by helping the patient develop a treatment plan and regu-
larly reviewing and making adjustments to the plan as
needed. In addition to evaluating and managing symp-
toms of HAE, the HAE expert is often called on to com-
municate best management practices, which take into
account other medical comorbidities. Certain conditions,
treatments, or procedures may inherently increase the risk
of HAE attacks.7,8 The HAE expert has a commitment to
anticipate these needs and educate patients and col-
leagues in the medical community about such risks while
also helping to actualize an effective treatment plan.
Certain conditions that deserve special attention (such as
antihypertensive medications, pregnancy, use of estrogen-
containing medications) can be found in the other sections
of this primer.7,8 Recommended follow-up with the HAE
expert should be at least once or twice a year to ensure
implementation of the treatment plan.5,6 Previous guid-
ance has been provided with regard to suggested topics
at initial and follow-up visits.4,6 Herein, we provided an
updated, inclusive list of these important topics (Table 1).

ONGOING PATIENT EDUCATION
HAE is a complex condition that affects all aspects of a

patient's health and well-being.2 Once diagnosed, patients
are encouraged to become educated about their condi-
tion.4,6 The larger aim of ongoing education is to help
patients to become better decision makers and better
advocates for themselves and their families.9 Education
helps patients place HAE into the context of other life
stages, e.g., childhood, adolescence, pregnancy.7,10

Education is often initiated by the HAE expert and/
or HAE trained nurses. Given that assimilation of
knowledge and experience with HAE varies from per-
son to person, ongoing patient education should be tai-
lored to each individual.6 Some of the specific goals of
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education include the following: understanding the
disease presentation, diagnosis of HAE, inheritance pat-
tern; screening family members; helping patients recog-
nize their attack triggers, and learning the signs and
symptoms of an emerging attack.3,11,12 Patients should
become familiar with their specific treatments as well as
other therapeutic alternatives.13,14 This may include man-
agement of an intravenous medication, potential adverse
effects, train one’s self or a caregiver in the administra-
tion of medication, and processes required to manage a
specialty drug.4,6 Currently, less is known about the
pathophysiology and best treatment strategy for HAE
with normal C1-INH.3,8,13,14 Nevertheless, the HAE
expert should strive to provide these individuals with
current up-to-date information and guide them to appro-
priate educational resources.

ACCESS TO EFFECTIVE TREATMENT OPTIONS
Currently, patients with HAE have the benefit of an

unprecedented development of multiple state-of-the-
art medications used as on-demand therapy to reduce
the symptoms of an attack and as preventative

medication to reduce the frequency and burden of
future attacks.13,14 In addition, several other therapies
are in development.15 With the help of the HAE expert,
patients can give voice to their needs and preferences
as treatment is offered.9 All patients need access to on-
demand therapy, ideally two doses available at any
given time.6 Patients are encouraged to learn about
and consider prophylactic options as well.4–6,13 The
treatment plan should communicate the specific details
of the therapy available for on-demand treatment,
options for short-term prophylaxis if needed, and the
treatment and schedule for prophylactic therapy if or-
dered. Ongoing access to treatment is vital for the
treatment plan to be effective.4–6 Ensuring access
requires time and effort from the patient, physician,
and clinical support staff to effectively navigate the
health care system. Renewing authorization forms,
updating changes to insurance and contact informa-
tion, and regularly communicating with the specialty
pharmacy become the ongoing shared labor among
the patient, HAE expert, and other clinical support
staff.4

Table 1 Comprehensive management plan checklist*

Assess current features of angioedema Frequency, severity, location, treatment, impact on activities and qual-
ity of life

Educate patient and family on HAE Symptoms, triggers, prodromes, risks of laryngeal attack, treat attacks
early, screening family; provide and/or review HAE educational
materials; direct patients to care organizations, e.g., U.S. Hereditary
Angioedema Association and its sister group, HAE International

Establish the best method to contact the
physician

Discuss goals for treatment
Discuss treatment options for on-demand

therapy and prophylaxis
Mechanism of action; anticipated benefit; administration, emphasizing

the benefits of self-administration; potential adverse effects and
monitoring; arrange for training on dosing of selected medications
with the patient and family; provide guidance on prescription man-
agement with payer and specialty pharmacy

Create and/or review plans for the
following

Emergency plan; travel; school, sports, other; short-term prophylaxis
for medical, dental, surgical, other

Develop and/or review HAE swelling
attack log

Attack location, severity, triggers, prodromes, treatment(s) used;
response to treatment, adverse effects, barriers to treatment

Review other medical conditions and
treatments

Discuss the risks of using estrogen-containing medications and angio-
tensin-converting enzyme inhibitors

Assess impact of HAE on quality of life Consider use of newly developed patient-reported outcomes
Monitor on-demand therapy Review swelling attack log; review frequency of treatment; verify two

unexpired doses are available; review any drug-specific safety
monitoring; ensure ongoing access to treatment

Monitor prophylactic therapy Assess the need and/or interest for prophylactic therapy; review ad-
herence to treatment; review the effectiveness of treatment, adverse
effects, and/or issues with administration; review any drug-spe-
cific safety monitoring; ensure ongoing access to treatment

HAE = Hereditary angioedema.
*Adapted from Refs. 4 and 6.
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COORDINATION OF CARE AND
MANAGEMENT OF TREATMENT LOGISTICS

Most often, HAE attacks can be treated outside of
the hospital.8,16 With proper education and training,
many patients and/or family members should be able
to self administer on-demand therapy.5,6,14 Having the
ability to self administer on-demand therapy assures a
more timely intervention and allows treatment to be
administered as soon as attacks are recognized.5,16

Notwithstanding, patients who are having laryngeal
symptoms or other severe symptoms of HAE attacks
may require emergency management.5 Before such cir-
cumstances arise, it is important for the HAE expert to
provide the patient with a written communication that
can then be shared with the treating physician and
team. This plan should communicate information
about HAE and specific treatment options available to
the patient, considerations for redosing, monitoring,
and how to contact the HAE-treating physician.4–6

A recent study showed that a prepopulated elec-
tronic plan at the emergency department (ED) can help
to decrease ED wait times and increase administration
of appropriate U.S. Food and Drug Administration
approved HAE treatments.17 In our experience, having
a nurse or physician HAE expert available to commu-
nicate with the patient and/or the ED staff during
these episodes of care also helps to foster adherence to
the treatment plan. Similar communication is also
helpful in promoting ongoing management of HAE
should a patient need hospital care for other medical
and/or surgical conditions. Here, we provide a sample
letter used for ED visits and other episodes of care,
please see Box 1.5,6

Patients with HAE report increased anxiety about
travel and the risk of an HAE attack.2,18 Some of the
unique travel and logistical considerations for patients
with HAE include proper storage and handling
of HAE treatment medication and equipment, and

Box 1

Sample Letter
RE: (NAME) (DOB)

To Whom It May Concern,
(NAME) carries the diagnosis of C1 esterase inhibitor deficiency, also known as hereditary angioedema (HAE) and is under my
medical care to treat this condition.

This genetic condition is characterized by sporadic episodes of cutaneous, intestinal, and/or laryngeal angioedema. These epi-
sodes may cause severe pain, nausea, vomiting, and airway compromise, including fatal asphyxia.

(NAME) is currently prescribed (drug/dose/route) as prophylaxis. For treatment of acute attacks, (NAME) uses (drug/dose/
route), which is U.S. Food and Drug Administration approved to treat HAE. A second dose of medication may be necessary in
the event of a partial response or recurring angioedema symptoms. In the event of any laryngeal symptoms, administer HAE
medication immediately.

In addition to this medication, management of acute attacks may include supportive care, including airway monitoring, analgesic
and antiemetic medications, and intravenous fluids as appropriate.
Efficacy of epinephrine, steroids, and antihistamines is doubtful when treating HAE, a bradykinin-mediated form of
angioedema.

It is medically necessary that the patient carry the listed HAE medications and related treatment supplies while traveling. In addition
(NAME) has been instructed to bring their rescue medication to the emergency facility in the event they are needed.

If there are any questions, please contact (Care team 24-hour contact info)

Sincerely,

Letters forplannedprocedures shouldalso includeplans forpreprocedureprophylaxis andextendedmonitoring, samplebelow.

Procedure and Date:
Before the procedure, (NAME) should receive prophylactic (drug/dose/route) and have additional doses of prophylactic medica-
tion available in the event of a hospital stay longer than 3–4 days.

In the event of postoperative swelling, (NAME) is to have access to U.S. Food and Drug Administration approved on-demand
treatment, as above. If (NAME) is to have endotracheal anesthesia, it is recommended to have rescue medication immediately
available and that the patient be monitored for a minimum of 24 hours after surgery.
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identification of local venues of health care should as-
sistance be required. Before traveling, it is helpful for
patients to plan out the trip and to have a letter that
communicates the treatment plan and need to travel
with medical equipment.6 Other considerations for the
treatment plan include how to accommodate the com-
mon activities of work, school, and hobbies and/or
sports. Information should be shared in an effort to
provide education and to help facilitate early treatment
should it be required in these settings.4–6

ONGOING MONITORING OF ATTACKS AND
TREATMENTS
Just as disease burden of HAE is variable, response

to treatment is also variable.5,6 As such, treatment
plans need to be reviewed regularly and be adjusted.
U.S. guidelines recommend that patients and an HAE
expert review information about attack frequency, dis-
ease burden, treatment efficacy, and adverse effects.4,6

Patients are encouraged to record information about
each and every attack, including triggers, location,
intensity and/or severity, treatment(s) used, and
response to treatment (Table 2).4–6 This information
can help the patient and the expert evaluate the effi-
cacy of the treatment plan and highlight areas in which
adjustments may be needed.
Potential outcomes of this review include considera-

tion of prophylaxis, a switch in medication, and re-

education about the effect or adverse effects of treat-
ment. Other outcomes include reclarifying treatment
goals and expectations, identifying any new triggers or
other aspects of the patient’s health that may be affect-
ing HAE disease activity. In addition, certain drugs
have specific safety monitoring recommendations that
need to be taken into account (Table 3).6

In an effort to better assess treatment effect and dis-
ease burden of HAE, newer patient-reported outcome
measures are being developed, which can quantify the
attack frequency and severity, elements of overall
health, and quality of life.19,20 As these tests become
more widely accepted, their efficacy as a clinical tool
will be revealed.

PATIENT SUPPORT
Patient organizations can provide critical support to

the activities reviewed in this section. The U.S.
Hereditary Angioedema Association and its sister
group, HAE International, are nonprofit patient advo-
cacy organizations that serve patients with HAE, care-
givers, and the families. These organizations are
committed to advancing modern care of patients with
HAE by identifying areas of unmet need, including de-
velopment and access to effective therapies world-
wide, communicating best practices for patient care,
and developing educational materials for patients and
physicians.5

Table 2 Recommended data collection for an angio-
edema attack log*

Description of
attack

Date and time of onset; location of
swelling; prodrome (yes/no; if yes,
then describe); triggering event if
known; severity based on impact
on activities

Treatment of
attack

Was on-demand treatment given
(yes/no; if yes, give details); date
and time that the treatment was
given; any problems or adverse
events associated with the treat-
ment; date and time when symp-
toms began to improve; date and
time when symptoms were com-
pletely resolved

Response to
treatment

Was the physician contacted; were
emergency department or hospital
services required; was there a need
for additional therapy (including a
second dose of initial medicine,
pain medication, antiemetic, fluids,
etc.)

*Adapted from Refs. 4 and 6.

Table 3 Drug specific-safety monitoring

Androgens Every 6 months: LFTs, UA, lipid
profile, blood pressure, weight,
signs of virilization; yearly:
liver ultrasound if equivalent
androgen dose is greater than
danazol 200 mg daily

Antifibrinolytics Every 6 months: LFTs, creatinine
level, CPK level, aldolase, UA;
yearly: ophthalmologic
examination

pdC1-INH At follow-up visits: address
issues with administration

Ecallantide At follow-up visits: assess for
hypersensitivity reactions

Icatibant At follow-up visits: assess injec-
tion-site reactions

Monoclonal kallik-
rein inhibitor

At follow-up visits: assess injec-
tion-site reactions

LFT = Liver function test; UA = urinalysis; CPK = serum
creatine kinase; pdC1-INH = plasma-derived C1 esterase
inhibitor.
*Adapted from Ref. 6.
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CONCLUSION
Patients with HAE require ongoing, complex care. To

assure the best outcomes for patients, the HAE expert
must commit to ongoing patient education, routine fol-
low-up to review and adjust the care plan, and facilitating
open communication with other primary and specialty
care givers. This review offered several essential elements
needed for an effective care plan, and an inclusive list of
topics to be referenced when following up with patients
with HAE. Assuring good quality of life becomes the
shared goal of the patient and the physician.

CLINICAL PEARLS

• Patients with HAE need access to an HAE expert
who can help facilitate a comprehensive manage-
ment plan and direct patients to appropriate educa-
tional and support resources.

• The management plan needs to address specific
treatments, including on-demand therapy and pro-
phylaxis if chosen, and provide instruction with
regard to travel, sports, school, work, etc.

• This plan needs to be communicated with the pri-
mary care provider and emergency and other medi-
cal and/or surgical specialties as need of care arises.

• Periodically, the physician and the patient will need
to review information about attacks, triggers, and
treatments to identify areas for improvement and
update the plan.
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Hereditary angioedema: Special considerations in children

Douglas T. Johnston, D.O.1 and R. Christina Smith, M.D.2

ABSTRACT

Patients with hereditary angioedema (HAE) can experience attacks at any age; however, the onset of swelling is typically in child-
hood. Unlike adults, this population is uniquely vulnerable; attacks in young children may be subtle, resemble other diseases, and
often lead to a delay in diagnosis. Misdiagnosis contributes to significant delays in treatment, painful attacks, increased emotional
stress, unnecessary procedures, and a potential risk of death. Older children may hide their symptoms due to anxiety or fear of
social isolation. Attacks typically become more severe and more frequent during and after puberty. The impact of HAE attacks on
school attendance and school performance may prevent future career or education opportunities. Living with HAE poses significant
psychosocial stress on children and their families. In the United States, medical treatments for acute attacks in children approved
for self-administration are limited to intravenous therapies, which complicates early treatment. To provide optimal care, we suggest
that physicians screen all children with a family history of HAE, appreciate the dynamic nature of the disease during adolescence,
proactively assess the psychosocial impact of disease, and continually reassess the treatment plan.

(Allergy Asthma Proc 41:S43–S46, 2020; doi: 10.2500/aap.2020.41.200042)

H ereditary angioedema (HAE) is a rare disease,
which typically presents during childhood, with

;90% of patients experiencing their first swelling attack
before age 20 years.1 The onset of symptoms can occur
at any age; however, results of a two large studies sug-
gest a mean age of onset by age 12 years.1,2 This high-
lights the importance of HAE symptom awareness
among pediatric providers. Despite improved recogni-
tion of HAE over the past decade, patients are still fre-
quently misdiagnosed, which results in a delay in
diagnosis from the first onset of symptoms.3 In one
study, by Zanichelli et al.,4 ;42% of children with a fam-
ily history of HAE and >65% without a family history of
HAE were misdiagnosed during their first attack.
The most common diagnoses were allergic angio-

edema and acute appendicitis.4 An incorrect diagnosis
in these instances can lead to administration of ineffec-
tive therapies and to unnecessary surgical procedures
and imaging. Although any attack can be distressing
for a child, attacks that involve the upper airway with-
out appropriate interventions can be fatal. Patients
with undiagnosed HAE have a higher risk of mortality
from asphyxia, up to 30%, than those with a correct di-
agnosis.5,6 This is the most compelling argument to

screen children with a family history of HAE and pro-
vide a treatment plan with on-demand therapy on
hand before their first attack. Additional consequences
of a misdiagnosis to consider include increased anxi-
ety, decreased overall quality of life, delays in seeking
care, and unnecessary hospitalization.7,8 Factors that
contribute to delays in an HAE diagnosis in children
are summarized in Table 1.
In a child suspected of having HAE, a thorough clini-

cal history of swelling and abdominal pain episodes
should be obtained. The clinician should ask about the
family history, frequency, duration, onset to peak
swelling, associated symptoms, and attack triggers.
Swelling due to histamine release typically has a rapid
onset to peak swelling, unlike the more gradual onset
of HAE. Pruritus is not a feature of bradykinin-
induced angioedema of HAE; however, HAE should
not be assumed if itching is absent. In our experience,
post–viral angioedema, idiopathic angioedema, and
nonsteroidal anti-inflammatory drug induced angio-
edema can present with nonpruritic angioedema; how-
ever, the onset to peak swelling is typically more rapid
than HAE. A family history should be obtained
because 75% of cases of HAE are familial.9,10

The World Allergy Organization recommends
screening all children when a parent is diagnosed or
suspected of having HAE.11 C4 level, C1 inhibitor
(C1-INH) level, and C1 inhibitor function testing are
encouraged once the child is 1 year of age.
Complement testing before age 12 months of age
may not be accurate and is not recommended.
Genetic testing can be helpful when the initial com-
plement tests are inconclusive and the specific HAE
mutation of the parent is known.12,13 Obtaining
plasma C4, C1-INH functional activity, and C1-INH
antigen levels are recommended in all pediatric
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patients with a high suspicion for HAE regardless of
family history because 25% of HAE type I and II
have a de novo mutation.9,10

EARLY RECOGNITION OF ATTACKS
HAE symptoms in early childhood can be subtle, and

children may be unable to describe their symptoms. This
can make diagnostic accuracy a challenge; however, rec-
ognizing the onset of swelling attacks in children with
HAE is critical for an early diagnosis and prevention of
future attacks. These early attacks are often incorrectly
treated, are associated with increased pain, or are in need
of hospitalization. Negative experiences can leave a lin-
gering impression, contribute to fear of future attacks, and
createmistrust in themedical community.Notably, pedia-
tricians are often the first to examine children with HAE
before diagnosis. However, the diagnosis of HAE ismade
by pediatricians in only 3% of cases. This highlights the
challenges of early diagnosis and the need for ongoing
health careprovider education.14

Physicians and caregivers should be on the lookout for
the typical 2–5-day duration of angioedema, abdominal
involvement, gradual worsening over several hours, and
intensifying severity during or after puberty. As in adults,
childhood HAE attacks are characterized by localized
painful swelling without urticaria. As such, crying, mood
changes, or tantrums may be presenting features in
younger children. Recurrent unexplained abdominal pain
may be the only presenting feature in some children. In
older children, physical trauma due to sports activities or
dental procedures may trigger local skin or airway swel-
ling. Older children may confuse symptoms of laryngeal
swelling with the symptoms of postnasal drip or upper
airway infections. Notably, clinicians should be aware that
attacks typically worsen in frequency and severity with
the hormonal changes of puberty. Females are dispropor-
tionately affected because estrogen can contribute to wor-
sening symptoms. Other diagnostic clues may include
reports of prodromal symptoms, e.g., skin tingling, in the

affected area. Importantly, the skin finding of erythema
marginatum is more frequently seen in children and typi-
cally precedes attacks.15,16

BURDEN OF DISEASE IN CHILDREN

Living with HAE can be difficult for both patients
and their families, both during and in between swel-
ling episodes. At times, the unpredictability of attacks
can be more stressful to children than the attacks them-
selves. When attacks occur, children often miss school
and perform poorly in comparison with peers. In a
study of >450 patients with HAE, >50% felt that HAE
impacted education choices and career advancement.17

Fear of attacks is common in children with HAE.
Emotional stress can result in lifestyle modifications to
avoid HAE triggers such as physical activity, sports, or
travel. This increased level of anxiety can potentially
act as a trigger and worsen attacks, which further
reduces quality of life.18 Results of studies have indi-
cated that children with HAE have higher anxiety lev-
els than age-matched controls who self-reported
avoidance of activities and social events.8 Children
with HAE have been shown to display an impaired
ability to recognize and express emotions.8 This prob-
lematic phenomenon is called alexithymia and corre-
lates with a reduced ability to self-regulate and cope
with stress, which contributes to the cycle of attacks.
Alexithymia may be particularly problematic in ado-
lescent patients who may be fearful of speaking up
about symptoms in class secondary to fear of isolation
and/or exclusion from sports or other school activities.
External barriers can prevent children with HAE

from receiving appropriate and timely care. In the
United States, self-administered oral and subcutaneous
therapies for attack treatment are not approved by the
U.S. Food and Drug Administration (FDA) for children
at this time. The lack of the ability to self-administer
treatment during an attack takes away an element of
control and security from the family and the patient.
Intravenous (IV) C1-INH therapy can be self-adminis-
tered or administered by the parents. However, obtain-
ing IV access in children can be challenging and may
result in the need for emergency management. The
need for repeated IVs and emergency department vis-
its may contribute to stress, anxiety, and overall dis-
ease burden. Emergency department health care
providers may be unfamiliar with HAE symptoms and
appropriate treatment. Misdiagnosis or late treatment
of attacks by frontline providers can contribute to an
increased duration and intensity of episodes. Some
community hospitals may not have HAE medications
in their formulary or lack pediatric trained personnel
to intervene if a child’s airway is compromised.
In our opinion, the burden of attacks, barriers to

treatment, trigger avoidance, misdiagnosis, and fear of

Table 1 Factors that may contribute to a delay in di-
agnosis in children

Lack of HAE awareness in the medical community
Lack of family history
Lack of symptom recognition and appropriate

testing
Inaccurate test results in children < 12 months of age
Delaying HAE testing until symptoms develop
Family refusing HAE testing due to denial or guilt
Less severe symptoms in younger children
Child’s inability to verbalize symptoms
Early misdiagnosis of symptoms

HAE = Hereditary angioedema.
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attacks themselves can exacerbate the overall stress
and anxiety in both patients and their families, which
contributes to reduced quality of life.8,17 Stress is a
major trigger of HAE attacks, which often propagates
a vicious cycle of uncontrolled disease. Creating an
open, inclusive environment where children feel com-
fortable discussing their symptoms is an important as-
pect of caring for children with HAE. Early diagnosis,
education, and successful treatment may impact how
children think about HAE, prevent avoidable anxiety,
and ultimately improve overall quality of life.

TREATMENT OF HAE IN CHILDREN
Weight-based plasma-derived C1-INH is the first-

line FDA approved treatment for acute attacks in chil-
dren of all ages.19 Both ecallantide and recombinant
C1-INH are FDA-approved treatment options in adoles-
cents. In the European Union, icatibant, a convenient
subcutaneous therapy approved for self-administra-
tion, is approved down to age 2 years; however, ica-
tibant is not FDA approved for children in the
United States. Treatment of HAE attacks are dis-
cussed by Christiansen and Zuraw20 in on-demand
treatment of acute attacks in this issue.
Plasma-derived C1-INH can also be used for both

short- and long-term prophylaxis. Short-term prophy-
laxis is discussed by Craig21 in Triggers and Short-Term
Prophylactic Treatment in this issue. Preprocedural pro-
phylaxis is recommended in children with HAE as in
adults.11 Providers should recognize that a dental proce-
dure, a common procedure in children, may induce oral
or laryngeal angioedema, which may be life threaten-
ing.22 Prophylaxis should be individualized and may be
considered for stressful life events, such as school
examinations, travel, and family crises.
The primary goal of long-term prophylaxis in children

is to reduce the frequency and severity of attacks. Long-
term prophylaxis is further discussed by Li in this
issue.23 Children may not be as adept at recognizing the
early symptoms of their attacks. This may lead to late
treatment, recurrent school absences, and an increase in
overall disease burden. Patients should be evaluated for
symptoms of anxiety and alexithymia at each visit.
Therefore, the threshold for initiation of long-term pro-
phylaxis may be different in children. We would argue
that early long-term prophylaxis potentially reduces anx-
iety, prevents alexithymia, and improves disease burden.
Much like adults with HAE, all children with the dis-

ease should have specific, individualized treatment action
plans.11 Patients should be evaluated at least annually for
treatment with long-term prophylaxis or more frequently
if HAE is poorly controlled. More frequent monitoring
may be needed during puberty when attack severity and
frequency may worsen. Children who are recurrently
sick may require prophylaxis because infections are a

known trigger in HAE.24 Clinicians managing patients
with HAE and uncontrolled anxiety may need to con-
sider counseling or supplemental anxiety medications to
assist in disease control.22 The use of shared decision-
making when creating a treatment plan should incorpo-
rate both parents and child.

ACHIEVING DISEASE CONTROL
Currently, formal criteria that define HAE control do

not exist. The goal of therapy may vary among patients
but ultimately converge on the desire to live a normal
life. For some patients, this may mean no attacks, for
other patients, the ability to rapidly treat attacks provides
adequate disease control. One of the most important
aspects of disease control is education. It is important to
provide appropriate education relative to the develop-
ment of the child and to review the treatment plan at
each visit. Parents should be frequently re-educated and
should be encouraged to advocate for their child. It is im-
portant for parents to take an active teaching role and be
cognizant that some health care professionals may not be
familiar with HAE. Teachers, daycare staff, coaches,
extended family members, and close friends should all
be taught the symptoms and treatment of an acute
attack. Once the child is old enough, he or she should be
encouraged to educate and advocate, ultimately to
improve the lives of future generations.
Recommendations for treating children with HAE:

• Obtain C4 value, C1-INH level, and C1-INH func-
tion at age 1 year in children of an affected parent.

• Once a diagnosis is made, consider referral to an
HAE specialist.

• Create a treatment action plan and review it at least
annually.

• Review attack triggers at every visit.
• Avoid estrogen-containing hormonal contraceptives

in adolescent girls.
• Evaluate the need for both short- and long-term pro-

phylaxis at each visit.
• Provide on-demand treatment to children at the time

of the HAE diagnosis before onset of the first attack.
• Closely monitor patients going through puberty or

stressful life events.
• Consider counseling for comorbid anxiety, alexithy-

mia, or depression.
• Provide educational information for parents
• Encourage accessing resources from the Hereditary

Angioedema Association.

CLINICAL PEARLS

• Slow onset to peak swelling and duration of 2–5
days raise suspicion of HAE in children.
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• Screen children of affected parents at age 1 year and
have a treatment plan with on-demand medications
available at the time of HAE diagnosis before the
first attack.

• Incorporate children into the decision-making pro-
cess as much as possible.

• Routinely screen for anxiety and depression at each
visit.

• Encourage school involvement and early medical
treatment, as soon as HAE attacks are recognized.
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Hereditary angioedema: Special considerations in women

Elizabeth Yakaboski, M.D.,1 Tina Motazedi, M.D.,1 and Aleena Banerji, M.D.1

ABSTRACT

There are several challenges that arise in caring for women with hereditary angioedema (HAE). Most notably, the disease
course during pregnancy is unpredictable, but studies show that plasma-derived C1-inhibitor is effective and safe for treat-
ment of attacks as well as long-term prophylaxis (LTP) in select patients. Vaginal deliveries are preferred to caesarean sec-
tions, and epidural anesthesia is preferred to general anesthesia in lowering the risk of an acute attack. Lactation postpartum
may increase HAE attacks. With regard to contraception, combined oral contraceptive pills that contain estrogen exacerbate
symptoms. Similarly, estrogen-replacement therapy in menopause may increase attacks and is contraindicated. Fertility is not
impacted by HAE itself or by HAE medications. The risk of breast cancer and female reproductive cancer in women with
HAE is comparable with that of the general population, but, in patients with HAE and breast cancer, LTP with androgens is
contraindicated. Estrogen modulators, e.g., tamoxifen, should be used with caution. Here, we reviewed these special considera-
tions and others that are vital to providers in caring for women with HAE.

(Allergy Asthma Proc 41:S47–S50, 2020; doi: 10.2500/aap.2020.41.200077)

I n caring for women with hereditary angioedema
(HAE), there are several unique and significant chal-

lenges that arise.1,2 This article aimed to highlight the
special considerations of which clinicians who care for
women with HAE should be knowledgeable. Of note,
the majority of data presented here are from studies on
HAE due to C1-inhibitor (C1-INH) deficiency.

MENSTRUATION
In 35% of patients, an increased frequency of attacks

with menstruation has been reported.3 Ovulation, how-
ever, is a less often reported trigger of HAE attacks (14%).
Although a diagnosis of an abdominal HAE attack is dif-
ficult during menstruation, severe abdominal pain and a
response to HAE treatment would be suggestive of this
diagnosis. Ultrasound can be used to assess for the pres-
ence of bowel wall edema.1

CONTRACEPTION
Progestin-only oral contraceptive pills (OCPs) are

recommended in patients with HAE and may lessen
attacks,2,4 whereas estrogen-containing OCPs may actually
exacerbate symptoms.2,5,6 In fact, >70% of women reported
that estrogen-containing OCPs were associated with either
an initial onset of HAE attacks or an exacerbation of HAE
attacks in those in whom the disease already manifested.6

As expected, discontinuation of the estrogen-containing
OCP reduces these effects.2,5

Intrauterine devices (IUDs) are well tolerated in this pop-
ulation. Although short-term prophylaxis (STP) before IUD
insertion is unnecessary, rescue treatment should be readily
available for use in the event of an HAE attack. For emer-
gency postcoital contraception, use of a progestin-only
OCP has been shown to be well tolerated, whereas the
estrogen and combined OCPs can worsen HAE attacks.2

FERTILITY
Although there have not been any studies to date

with regard to the effect that HAE medications have
on fertility,1 HAE C1-INH in itself has not been shown
to affect fertility.3 If in vitro fertilization is attempted in
this population, then it is recommended that gonado-
tropin injections be given at a time when estradiol
levels are low because these injections can induce
estrogen surges and, subsequently, precipitate HAE
attacks.1,2 In addition, STP with C1-INH should be
considered before these procedures and should also
be available for use in the event of an HAE attack.

PREGNANCY
In HAE C1-INH, the frequency of attacks during

pregnancy generally increases in one-third of patients,
decreases in one-third of patients, and remains unchanged
in the remaining one-third of patients, although there are
mixed data.2 In addition, the clinical course of one preg-
nancy does not necessarily predict that of subsequent
pregnancies.1 Together, these observations highlight the
uncertainty that these patients face with each pregnancy
and the difficulty providers may have in providing satis-
factory counseling with regard to expectations for the dis-
ease course during pregnancy. LTP for HAE is not
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universally recommended in pregnancy and is often
driven by patient preference. With regard to specific HAE
agents in pregnancy, either plasma-derived C1-INH
(pdC1-INH) or recombinant C1-INH (rhC1-INH) is an
appropriate treatment choice.2 There are numerous case
reports of successful pregnancies managed with C1-INH,1

and retrospective analyses have supported the safety and
efficacy of C1-INH in pregnancy when used for both pro-
phylaxis and acute treatment.7–10

One retrospective analysis included 16 pregnant
women who received pdC1-INH for LTP, STP, and/or
treatment of HAE attacks as part of open-label exten-
sions of two randomized, double-blind, placebo con-
trolled trials or a compassionate-use program.7 Of these
16 women, 13 delivered 14 healthy neonates (including
one set of twins). There were two adverse fetal outcomes
that were not considered to be related to the pdC1-INH,
and one pregnancy outcome that was unknown.7 In the
11 subjects who received pdC1-INH as LTP only, there
was a reduction in monthly HAE attack rates for most
of the subjects.7 In another retrospective analysis, of
118 pregnancies in 41 subjects from the National HAE
Registry, the patients received 91 vials of pdC1-INH
for LTP, STP, or treatment of HAE attacks.8 This ther-
apy was effective in all patients without any associ-
ated adverse effects.8

In an observational study of 22 subjects and 35 preg-
nancies, data from patient diaries, interviews, and case
reports showed that pdC1-INH was effective in treat-
ing attacks when used in 11 of these pregnancies.9 Use
of pdC1-INH for treatment in these 11 pregnancies
and for LTP in 18 pregnancies was not associated with
any adverse effects for the subjects or infants.9 In a
recent literature review, the use of pdC1-INH was
identified in 136 pregnancies in 91 patients with HAE,
with the majority (90.1%) having HAE C1-INH. Outcomes
were reported for 128 fetuses, with 93% having healthy
outcomes, similar to that of the general population.
Overall use of pdC1-INH was well tolerated, with a favor-
able safety profile.10 As with this review, much of the data
on HAE in pregnancy is from subjects with C1-INH defi-
ciency. However, studies have also described the efficacy
of pdC1-INH for LTP in patients with HAE with normal
C1-INH.11,12

Similarly, although pdC1-INH is the first-line agent
for LTP based on U.S. Food and Drug Administration
approvals, the literature to date supports that rhC1-
INH is both effective and safe for STP and treatment in
pregnancy.13,14 In one case series of 14 women with
HAE treated with rhC1-INH, two of the women received
rhC1-INH for STP, and all the women received rhC1-INH
for treatment of attacks, with the number of doses
between 1 and 41.13 There were no adverse events that
were considered to be related to the rhC1-INH treatments,
and all 14 women delivered healthy full-term babies.13

Similarly, in another case series, of 10 women with HAE,

in which one received rhC1-INH for STP and nine
received 1 to 41 doses of rhC1-INH for HAE attacks, there
were no adverse events associated with rhC1-INH, and
all 10 pregnancies resulted in healthy full-term babies.14

Per the international consensus and practice guide-
lines on the gynecologic and obstetric management of
female patients with HAE C1-INH, if C1-INH is
unavailable, then fresh frozen plasma may be consid-
ered for STP and treatment of HAE attacks during
pregnancy, and either fresh frozen plasma or tranexa-
mic acid can be used for LTP during pregnancy.2 Of
note, tranexamic acid crosses the placenta, and studies
of its use in humans are lacking. However, tranexamic
acid still may be considered if necessary for LTP in
pregnancy because no harmful effects on fetal develop-
ment have been reported in animal studies.15 The
United States Hereditary Angioedema Association’s
guidelines16 do not specify the use of tranexamic dur-
ing pregnancy but do comment that, although it is
[neither] standard practice in the United States, nor
U.S.Food and Drug Administration approved for this
indication, physicians should still be knowledgeable
with regard to its use and guidelines for monitoring
for adverse effects. Attenuated androgens (e.g., dana-
zol, stanozolol, and oxandrolone) are contraindi-
cated during pregnancy because they may alter fetal
development.1,2,16

GENETIC COUNSELING
Because HAE is an autosomal dominant disorder,

there is a 50% chance of inheritance with each preg-
nancy. However, there is highly variable expression
among individuals with the disease.1 Regardless, given
that the first HAE attack can be fatal, United States
Hereditary Angioedema Association’s guidelines16 rec-
ommend that all family members of an individual with
HAE be tested. Typically, this testing is performed post-
natally. While it is possible, a prenatal diagnosis requires
that the parental mutation is known and that cells either
from a chorionic villus sample after the 10th week of ges-
tation or an amniotic fluid sample after the 15th week of
gestation are tested.1,2 In the case of in vitro fertilization,
successful application of preimplantation genetic testing
has been described.17

LABOR AND DELIVERY
Despite the trauma induced by labor and delivery,

the incidence of HAE attacks during vaginal delivery
is relatively low.2,3 The use of C1-INH for HAE STP is
not routinely recommended during vaginal delivery
but is a shared decision between the provider and the
patient. For example, in a patient who is well controlled
on a LTP agent without any attacks and who does not
have a history of attacks after surgical procedures or
attacks that involve laryngeal edema, it may be appropriate

S48 November 2020, Vol. 41, No. 6

DO N
OT C

OPY



to have on-demand therapy available for treatment only
should an attack occur. However, in patients who are not
on LTP, STP may be used more liberally, especially in
patients with a history of attacks triggered by trauma, a his-
tory of laryngeal attacks, or in women in whom forceps
or vacuum-assisted delivery is likely to be required.1,2

Cesarean section is more likely to trigger an HAE attack
due to the stresses induced by the procedure, including
intubation and surgical incision. Therefore, vaginal deliv-
ery is preferred to cesarean section in patients with HAE.
For those who undergo cesarean delivery, STP is indi-
cated and, ideally, with C1-INH. Epidural anesthesia is
preferred to intubation and general anesthesia, given the
risk of laryngeal HAE attacks associated with the local-
ized trauma of intubation.

POSTPARTUM
Lactation increases the frequency of HAE attacks.13

This is thought to be due to increased prolactin levels,
and subsequent cessation of breast-feeding has been
shown to decrease attacks in these women. For women
who opt to continue breast-feeding and merit the use
of prophylaxis, subcutaneous or intravenous pdC1-
INH is recommended for LTP, but either pdC1-INH or
rhC1-INH can be used for acute treatment.2 Tranexamic
acid, however, is excreted into the breast milk, and,
therefore, is contraindicated in patients who are lactat-
ing.1 Although it is unknown whether anabolic andro-
gens are secreted into the breast milk, these agents
should also be avoided due to the potential for adverse
effects on the infant.16

MENOPAUSE
In a survey of postmenopausal patients with HAE,

the majority (55%) reported no change in their symp-
toms, whereas 32% reported worsening and 13%
reported improvement.3 Estrogen replacement therapy
may exacerbate symptoms5 and is contraindicated in
this population, with progesterone and progestin alter-
natives preferred.1,2 Phytoestrogens, which have been
used for hot flashes are also not recommended due to
their estrogenic properties.2 Of note, the nonhormonal
treatments of menopause have not been shown to
affect the frequency of HAE attacks.

BREAST CANCER AND FEMALE
REPRODUCTIVE CANCERS
The incidence of breast cancer in patients with HAE

is comparable with that of the general population.
Given the adverse effects of androgens on breast cancer,
the use of these medications as prophylactic agents for
HAE should be avoided in patients with breast can-
cer.18,19 However, there is no contraindication to andro-
gen use in patients with endometrial or cervical
cancers.2 Estrogen modulators, e.g., tamoxifen, should

be used with caution because these agents can have
agonistic effects on estrogen receptors in certain tissues
and thereby exacerbate HAE symptoms.20

CLINICAL PEARLS

• Female gender in HAE poses several unique and
significant challenges in the clinical management of
this disease.

• C1-INH is the therapy of choice for both treatment
and for LTP in select patients during pregnancy and
lactation.

• Attenuated androgens are contraindicated in preg-
nancy and lactation, and tranexamic acid is contrain-
dicated in lactation.

• Vaginal delivery is preferred to caesarean delivery,
and routine STP during vaginal delivery is not
required for all patients.

• Estrogen-containing OCPs can precipitate symp-
toms onset or exacerbate attacks in this population,
whereas progestin-only OCPs may lessen attacks
and IUDs are well tolerated.
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Hereditary angioedema: Investigational therapies and future
research

Allen P. Kaplan, M.D.

ABSTRACT

The future therapies for hereditary angioedema will likely involve the development of oral agents as alternatives to parenteral
administration of drugs, specific targeting of proteins and/or enzymes that are not yet possible (e.g., factor XIIa), new agents
that target the b 2 receptor with sustained action properties, testing of products to determine whether the b 1 receptor contrib-
utes significantly to attacks of angioedema, disrupting protein synthesis by using RNA technology as an alternative to
enzyme inhibition, and, finally, gene therapy to attempt to cure the disease. Complete inhibition of attacks may well require
sustained blood levels of C1 inhibitor that exceed 85% of normal, and it may be possible to delete the prekallikrein gene (analo-
gous to familial prekallikrein deficiency), which is the one factor that might alleviate bradykinin formation, even by factor
XII–independent initiating mechanisms, with the possible exception of Mannose Associated Serine Protease 1 (MASP-1)
cleavage of high molecular weight kininogen (HK). Deletion of the light chain of high-molecular-weight kininogen would elim-
inate all possibilities for bradykinin formation, except tissue kallikrein cleavage of low-molecular-weight kininogen to support
normal physiologic function to at least 50%.

(Allergy Asthma Proc 41:S51–S54, 2020; doi: 10.2500/aap.2020.41.200056)

T herapy of hereditary angioedema (HAE) types I
and II due to C1 inhibitor (C1-INH) deficiency

requires targeting the plasma bradykinin-forming cas-
cade to inhibit the functioning of bradykinin acutely or
to prevent its formation for prophylactic therapy. At
the present time, we can inhibit bradykinin function
with icatibant, which binds the b 2 receptor and blocks
bradykinin-dependent receptor stimulation. Elevated
bradykinin levels can then be abrogated by endothe-
lial-dependent kininases in the lung as well as the
plasma; however, excessive bradykinin formation con-
tinues. Yet a temporary (which lasts hours) inhibition
is sufficient to stop acute attacks of angioedema. It is
also possible to treat acute attacks of swelling with sub-
cutaneous ecallantide, which inhibits the enzyme kallik-
rein, prevents further bradykinin formation, and allows
effective bradykinin destruction by the various kini-
nases. Prophylactic therapy involves inhibition of the
enzymes that are required for sustained bradykinin for-
mation.1 The current choices are C1-INH replacement
therapy, which inhibits activated factor XII and plasma
kallikrein, and administration of a monoclonal antibody
to kallikrein. C1-INH given intravenously is also effec-
tive for acute therapy of accelerating angioedema.

Although tremendous progress has been made, there
is no perfect approach to acute therapy or prophylaxis,
and many potential new therapies are being studied,
some of which will undoubtedly be approved and
increase the choices available. There is no specific in-
hibitor of activated factor XII (C1-INH is nonspecific),
so development of such is one consideration. We
have two specific approved agents that target plasma
kallikrein; however, both are administered subcuta-
neously and the possibility of developing low-molec-
ular-weight oral antagonists is of considerable
interest. Also, genetic approaches are possible,
including replacement of the C1-INH gene in an
attempt to cure the diseases or RNA approaches to
inhibit synthesis of any of the proteins requisite for
bradykinin formation (Table 1).

TARGETING PROTEINS OF THE BRADYKININ-
FORMING CASCADE

Factor XII
Factor XII, once activated, yields two major molecu-

lar forms. Cleavage within a key disulfide bridge at
Arg 353 yields a 2-chain active enzyme (designated
factor XIIa or a factor XIIa) with a heavy chain of 50
Kd disulfide linked to a light chain of 28 Kd. The active
site serine is within the light chain. Further cleavage at
Arg 334 and Arg 343 yields the second form of acti-
vated factor XII (factor XIIf or b factor XIIa), which is,
in reality, a mixture of two species at 30 Kd and 28.5
Kd. The 28 Kd light chain becomes the heavy chain of
factor XIIf and is disulfide linked to a small remnant of
the original heavy chain at 1.5 Kd or 0.5 Kd. These
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molecular species result from either autoactivation of
factor XII or cleavage by kallikrein (the “kallikrein feed-
back”) or by plasmin. The active site does not vary so
that active-site inhibition of one form inhibits them all.
A fully humanized monoclonal antibody (IgG 4 sub-

type) to activated factor XII (CSL 312) has been pro-
duced, which is potent and specific, and attenuates
vascular permeability in animal models of C1-INH
deficiency. A phase II trial in adults (intravenous or
subcutaneous) is in progress.2,3 Low-molecular-weight
inhibitors that target activated factor XII have been
developed but initial studies demonstrated activity to-
ward other proteases, e.g., coagulation factor VII, and
are not being pursued. Factor XII is a key initiator of
bradykinin formation; however, activation of endothe-
lial cells to release heat shock protein 904 or prolylcar-
boxypeptidase5 may activate the prekallikrein-HK
complex directly, i.e., bypass factor XII. Nevertheless,
the feedback activation of factor XII by kallikrein thus
formed will, at minimum, result in a major acceleration
of bradykinin formation. Whether its inhibition would
be as effective as kallikrein inhibition in HAE remains
to be seen.

Plasma Kallikrein Inhibition
Phase III trials of Biocryst BCX7353 (Biocryst

Pharmaceuticals Inc., Durham, NC) have been com-
pleted6; an application has been submitted to the U.S.
Food and Drug Administration to be considered for
approval for the treatment of HAE types I or II. This is
a low-molecular-weight oral inhibitor of plasma kallik-
rein, taken as a single daily dose. This approach has
considerable potential as an oral prophylactic therapy
and would be an alternative to the two major choices
currently available; namely subcutaneous C1-INH
(administered twice weekly) or a subcutaneous injec-
tion of a monoclonal antibody to plasma kallikrein
(administered every 2 weeks). Oral administration of a
liquid formulation of BCX7353 has been shown to have
rapid and sustained plasma concentrations.7 In a phase
II, randomized, placebo controlled trial for acute treat-
ment of HAE attacks, BCX7353 was found to be supe-
rior to placebo and was well tolerated.8 This would be
an interesting alternative to acute treatment with

subcutaneous icatibant (Firazyr, Takeda Pharmaceutical
Company, Tokyo, Japan) or ecallantide (Kalbitor, Takeda
Pharmaceutical Company, Tokyo, Japan). There are
additional oral low-molecular-weight plasma kallikrein
inhibitors being studied by Kalvista and Attune
Pharmaceuticals for prophylactic therapy (phase I stud-
ies) and an additional compound for acute therapy
(Kalvista, phase II study).

Icatibant
Although icatibant is particularly effective for the

acute treatment of angioedema due to HAE types I
and II, it can potentially be used for any bradykinin-
dependent angioedema. Synthesis of a bradykinin an-
tagonist with comparable (or better) specificity but
with a longer half-life has been reported and is being
developed by Pharvaris (Pharvaris Pharmaceuticals,
Leiden, Netherlands) for prophylaxis of HAE attacks.9

It would be administered orally.

DNA AND RNA APPROACHES

Factor XII, Prekallikrein, HK
Patients are occasionally identified with deficiencies

of the various components of the bradykinin-forming
cascade, including factor XII deficiency, prekallikrein
deficiency (Fletcher trait), and deficiency of HK. Most
are healthy individuals but coagulation abnormalities
(i.e., thrombosis, not bleeding) are occasionally evident
in patients with factor XII deficiency. Prekallikrein
deficiency has recently been reviewed10 and focused
on possible effects that are physiologic or predisposing
to disease. No clear abnormality was identified.10

Knockout of the prekallikrein gene is theoretically a
better approach than kallikrein inhibition for therapy
of HAE types I and II because it not only eliminates
factor XII–dependent initiation of the cascade but also
any process that might bypass factor XII to activate
prekallikrein-HK. Knocking out the HK gene is likely
more difficult and one would have to target its light
chain domain to preserve low-molecular-weight kini-
nogen. This approach eliminates factor XII–dependent
and factor XII–independent pathways for HK cleavage,
including the possibility that MASP-1 of the lectin

Table 1 Curing HAE types I and II

Replace the C1-INH mutated gene with normal C1-INH
Insert a normal (second) C1-INH gene into the genome to augment C1-INH production
Eliminate the ability to produce bradykinin via the pathway that requires factor XII and plasma kallikrein

Knockout factor XII gene
Eliminate prekallikrein
Prevent HK cleavage or knockout HK light chain

HAE = Hereditary angioedema; C1-INH = C1 inhibitor; HK = High Molecular Weight Kininogen.
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pathway contributes to bradykinin formation. This
would preserve tissue kallikrein–dependent bradykinin
formation. Otherwise beneficial effects of bradykinin
might be abrogated. An antisense prekallikrein is being
studied (Ionis Pharmaceuticals, Ionis Pharmaceuticals,
Carlsbad, CA) for prophylaxis of HAE and is at the
phase II stage. A phase I, blinded, placebo controlled
clinical trial demonstrated a 95% reduction in prekalli-
krein levels in normal volunteers. This has the potential
to be the first genetic approach to target bradykinin
formation.11

Gene Replacement Therapy
This approach, if successful, would be considered to

be a “cure” for HAE types I or II. Adeno-associated vi-
rus gene therapy is at the preclinical development stage,
and two efforts are underway, by Adverum (ADVM-
053) (Adverum Biotechnology Company, Redwood
City, CA) and RegenXbio Pharmaceuticals (Regene Rx
Biopharmaceuticals, Rockville, MD). The idea is to
splice the normal C1-INH gene into the patient’s ge-
nome so that synthesis of at least 50% of normal C1-
INH is achieved. If this were to reverse the downregula-
tion of the patient’s one normal C1-INH gene, then
blood levels could approach 100%. Thus far, sustained
circulating C1-INH levels and reduced vascular perme-
ability was observed in a murine model of HAE.12

ADDITIONAL CONSIDERATIONS
Although the constitutively present b 2-bradykinin re-

ceptor is clearly relevant to bradykinin function in HAE
types I and II, there is a b 1 receptor that is preferentially
stimulated by des-Arg9 bradykinin, the product of car-
boxypeptidase cleavage at the C-terminus of bradyki-
nin.9 This receptor is normally not present (or minimally
so) but is induced by cytokines such as interleukin 1 or
tumor necrosis factor a or by bradykinin itself.13 Rodent
models of vascular permeability due to C1-INH knock-
out are partially dependent on the b 1 receptor.14

Further, because the b 1 receptor is not rapidly internal-
ized (downregulated) like the b 2 receptor, if present, it
might contribute to protracted symptoms (typically 3
days) during attacks of angioedema.15

Although a b 1 receptor antagonist alone is not likely
to be helpful in HAE, synthesis of bradykinin analogs
that bind to both receptors have been reported and
used in animal experiments.16,17 Perhaps development
of an inhibitor of both receptors would be even more
effective for therapy of HAE attacks and/or other bra-
dykinin-dependent angioedemas than their blockade
of the b 2 receptor alone. Most therapeutic approaches
that target proteins of the bradykinin-forming cascade
have focused on prekallikrein and/or kallikrein or fac-
tor XIIa. Removal of high-molecular-weight kininogen
would be no less efficacious, theoretically, but more

difficult to accomplish. One suggestion is to use an
RNA interference approach to target either domain 5
or 6 of HK, which would limit HK synthesis and
leave low molecular weight kininogen (LK) synthesis
intact.

CAN WE TARGET HAE-N?
All of the above approaches could work for one or

more types of HAE with normal C1 INH (HAE-N)
because we know that mutant factor XII acts through
the bradykinin-forming cascade, mutant plasminogen
presumably does so, although the mechanism is
unclear, whereas mutant HK is likely to affect bradyki-
nin formation. However, mutant angiopoietin may
require targeting the bradykinin receptor rather than
any of the enzymes. The long-acting b 2 receptor antag-
onist might represent therapy with particular efficacy
for this form of HAE-N. Because mutant factor XII is
particularly susceptible to plasmin activation18 and is
clinically very dependent on estrogen, antifibrinolytics
and progesterone seem to be more successful for this
disorder than their utility for HAE types I and II.19,20

Each, nevertheless, is a nonspecific approach. For HAE
with factor XII mutation (HAE-XII), therapy with a
monoclonal antibody to factor XIIa (which is being con-
sidered for HAE types I and II) or development of an
antisense RNA or DNA for factor XII might eliminate
mutant factor XII as well as the normal allele and
thereby ameliorate symptoms in this major subpopula-
tion of HAE-N.

CLINICAL PEARLS

• Future specific targeting of activated factor XII can
provide an additional approach for the treatment of
HAE types I and II as well as HAE with factor XII
mutations.

• Deletion of the prekallikrein gene(s) or the light
chain of high-molecular-weight kininogen is the
approach most likely for the efficacy of genetic
replacement of C1-INH in prevention of HAE types
I and II.

• Cure means replacement of the mutant C1-INH
gene, a goal for the future.

• Any current or future therapies for HAE types I and
II have the potential to treat forms of HAE with nor-
mal C1-INH provided that the angioedema is due to
overproduction of bradykinin.
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Hereditary angioedema and shared decision making

Russell A. Settipane, M.D.,1 Don A. Bukstein, M.D.,2 and Marc A. Riedl, M.D.3

ABSTRACT

Clinical decision-making in hereditary angioedema (HAE) management involves a high degree of complexity given the number of
therapeutic agents that are available and the risk for significant morbidity and potential mortality attributable to the disease. Given
this complexity, there is an opportunity to develop shared decision-making (SDM) aids and/or tools that would facilitate the inter-
active participation of practitioners and patients in the SDM process. This article reviews the general constructs of SDM, the
unmet need for SDM in HAE, and the steps necessary to create a SDM tool specific for HAE, and outlines the challenges that
must be navigated to guide the establishment and widespread implementation of SDM in the management of HAE.

(Allergy Asthma Proc 41:S55–S60, 2020; doi: 10.2500/aap.2020.41.200057)

Among the multiple clinical decisions in hereditary
angioedema (HAE) management (Table 1), dis-

cussion most often centers on the selection of pharma-
ceutical options for on-demand treatment and whether
to start long-term prophylaxis (LTP).1–6 If the decision
is made to proceed with LTP, then a choice arises with
regard to the selection of pharmaceutical options. On-
demand treatment and LTP are thoroughly discussed
in separate sections of this HAE Primer issue.2,4

However, the goals of on-demand and LTP treatment
are different. Whereas the objective of on-demand
therapy is to obtain relief of acute angioedema symp-
toms as quickly and completely as possible, the goals
of LTP are to reduce the frequency and severity of
attacks. A comprehensive HAE management plan ulti-
mately seeks to significantly reduce or eliminate inter-
ference with normal life activities. Clinicians can help
patients decide among therapeutic choices through a
process called “shared decision making (SDM).” This
process, further defined below, involves patients and
clinicians working together to develop a shared appre-
ciation of the patient’s situation and deciding how best
to respond to it.7,8 By using the SDM process, clinicians
can help their patients choose an on-demand treatment
that best meets their needs, determine if LTP is appro-
priate, and, if so, help them choose a therapeutic agent

as part of a comprehensive care plan.9 This article
addressed the multiple challenges and opportunities
for the establishment of SDM in HAE and calls for
action to accomplish this goal.

DEFINITION OF SDM
SDM is a process in which clinicians and patients work

together to make decisions and select tests, treatment,
and care plans based on clinical evidence that balances
risks and expected outcomes with patient preferences
and values.10 To elaborate further, theNationalAcademy
for State Health Policy defines SDM as “a process under-
taken between providers and a patient with a condition
with more than one clinically appropriate management
strategy to help the patient decide among multiple ac-
ceptable health-care choices in accordance with their
preferences and values.”11 Despite these fairly straight-
forward definitions, confusion as to what constitutes
SDM still exists (Table 2).7,12 Regardless of how it is
defined, the basic tenet of SDM is that clinicians are the
experts in the evidence and that patients are the experts
in what matters most to them and their families. The ulti-
mate goal for the SDM process is to allow patients and
health-care providers to make decisions collaboratively
based on available evidence, patient preferences, and fac-
tors such as the environment, stress, and health literacy,
all of which are extremely important for the underserved
population.13,14

UNMET NEED FOR SDM IN HAE
First introduced in 1982 and fueled by the hope of

improving value-based care, the 21st century has wit-
nessed the incorporation of SDM by policy makers at
both the local and national level. For example, in
2007, Washington State passed legislation that incen-
tivizes SDM as an alternative to traditional informed
consent procedures for preference-based treatment
decisions that include elective procedures, which
range from joint replacement to infusion based
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therapies, including the use of biologic therapies.15,16

The expansion of SDM is reflected by an accelerating
increase in the number of PubMed citations found
when using “shared decision making” as the search

term. From 1999 to 2009, the number of citations
quadrupled, and, from 2009 to 2019, they increased
eightfold. Despite this growing body of literature,
there remains an unmet need for education among
clinicians, most of whom have limited knowledge of
SDM and limited experience with using decision aids
in clinical practice.17

There is also an unmet need for the development
and validation of SDM aids and/or tools, particularly
in rare diseases, e.g., HAE, in which no validated deci-
sion aids exist. The potential value of decision aids
cannot be underestimated. A review of studies that
included >30,000 patients showed that, when patients
use decision aids as part of SDM, they are more knowl-
edgeable about the options, are clearer about what
matters to them, have more accurate expectations
about the risks and benefits associated with different
options, and are more likely to make decisions that are
consistent with their preferences, values, and goals.18

In addition, in many situations, patients elect for more
conservative treatment options.19

In line with the benefits of SDM (further elaborated
in Table 3),10 the 2017 World Allergy Organization
(WAO)/European Academy of Allergy and Clinical
Immunology (EAACI) HAE guideline states, “An indi-
vidualized treatment plan should be carefully devel-
oped in partnership between the physician and each
patient.”20 The 2020 US HAEA Medical Advisory
Board Guidelines for the management of HAE will
more specifically advocate for SDM and, by doing so,
will help further advance the widespread use of SDM
and formal development of SDM aids in HAE.21 The rec-
ognition that informed patients often choose more con-
servative and, hence, less-expensive medical options has
made SDM a focus of value-based care with regard to
many biologic- and infusion-based therapies for more
common diseases, e.g., asthma,12 but rare diseases, e.g.,
HAE, have been overlooked. This is unfortunate because
HAE is an ideal disease for the use of SDM and associ-
ated SDM aids to help with patient management, espe-
cially when selecting among several evidence-based
options. Because no head-to-head trial data exist and it,
therefore, is not possible to determine “best” evidence-
based treatment options, patient preferences play a large
role in decisions with regard to therapy, which thus
makes HAE management very preference sensitive. The
incorporation of SDM into HAEmanagement can ensure
that choices in medical care will best align with patients'
preferences and values.

CHALLENGES TO SDM IMPLEMENTATION IN
HAE
To guide the implementation of high-quality and

achievable SDM for HAE, the following challenges will
need to be addressed:

Table 2 SDM defined: What it is and what it is not*

What SDM is What SDM is not

A distinctly defined
process

An undefined interaction
between patients and
clinicians in decision
making

A collaborative discus-
sion between patients
and clinicians

A discussion solely con-
trolled by the patient or
clinician

An ongoing discussion
throughout the course
of the clinician–patient
relationship

A single discussion that
outlines the risks and
benefits of therapeutic
options

A process that encom-
passes the entire visit

A brief conversation dur-
ing the course of the
visit

Sharing and discussing
information

Providing educational
materials not geared to
a specific decision

Literacy and culturally
appropriate for
population

Providing educational
materials that promote
adherence or advising
patients to choose one
option over another

SDM = Shared decision-making.
*Adapted from Ref. 12.

Table 1 Topics for which shared decision-making
could be useful in hereditary angioedema
management

Topic Decision
Reference

No.

Diagnosis Genetic testing 1
Testing family members 1

Treatment Choice of on-demand treat-
ment options

2

Choice of short prophylaxis
options

3

Choice of long-term prophy-
laxis options

4

Treatment choices in
pregnancy

5

Treatment choices in
children

6
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1. Clinician education. It is necessary for clinicians
to not only grasp the true definition of SDM but
also to become competent in facilitating the SDM
process. The challenge is that there is a substan-
tial disconnect between what clinicians perceive
to be informed decision-making and what
actually constitutes informed decision-making.17

In addition, to promote competency in SDM,
active training, in the form of simulations, is opti-
mal for the development of the specific commu-
nication skills necessary to successfully facilitate
SDM (Table 4).10

2. Development, certification, and maintenance of
decision aids for HAE. Although the National
Quality Forum has issued criteria to certify
patient decision aids,22 there currently are no cer-
tified decision aids for HAE and no Center for
Medicare and Medicaid Services (CMS)-funded
mandates to support the development, certifica-
tion, and maintenance of decision aids in general
(should be updated every 2 years at minimum).
The challenge is to create high-quality deci-
sion aids that make explicit the decision being
considered and provide balanced, evidence-
based information about the condition and the
risks, benefits, probabilities, and uncertainties
that surround the diagnosis and treatment of
HAE and associated with different treatment
options.

3. Development of SDM measures. Although meas-
ures to assess skillfulness exist, measures to
assess proficiency in risk communication are not
well established.

4. Fostering a SDM culture. Although strategies
for how to perform SDM have been well estab-
lished, most notably the “six steps of shared de-
cision making” (Table 5),10 this process requires
dedicated time and effort. The challenge is how
to integrate SDM in clinical practice in a manner
that is not a burden to clinicians but rather an
enhancement to their practice. Unfortunately,
best practices to inform the dissemination and
implementation of decision aids and SDM mod-
els have not been established, but, if SDM is to
achieve its intended goals, the workflow of
routine clinical care for HAE must be consid-
ered. Decision aids for HAE need to be made
readily available to clinicians and easily share-
able with patients, such that patients can view
them in multiple formats (digital and print)
both with the clinician and independently,
inside and outside of the clinical encounter.
This could be hosted in a patient portal or
through an HAE patient support group web
site, such as the Hereditary Angioedema
Association (Fairfax City, VA), www.haea.
org. Reimbursement incentives and increased
protection from litigation akin to Washington
State’s SDM legislation may help win the en-
thusiasm of clinicians to embrace SDM.16

5. Overcoming patient issues of low health literacy,
low numeracy, and cultural diversity. Although
it is important to support patient autonomy and
to respect individual competence, the approach,
type, and complexity of communication needs to
be tailored to each individual. In addition,
because the concept of SDM is often novel to
patients, it may be appropriate to formally

Table 3 Benefits of SDM*

When patients engage in SDM they:
Learn about their health
Recognize that a decision needs to be made
Understand the pros and cons of different options
Gain the information and tools needed to evaluate
options
Are better prepared to talk with their clinician
Collaborate with their health-care team
Are more likely to follow through on their decision

SDM = Shared decision-making.
*Adapted from Ref. 10.

Table 4 Communication skills and suggested lan-
guage for clinicians to introduce shared decision-
making to patients*

“Sometimes things in medicine are not as clear as
most people think. Let us work together so that
we reach a decision that is best for you.”

“People have different goals and concerns. As you
think about your options, what is important to
you?”

“Do you want to discuss this decision with anyone
else?”

*Adapted from Ref. 10.

Table 5 Six steps of shared decision-making*

Invite the patient to participate
Present options
Provide information on risks and benefits
Assist patients in evaluating options based on their

goals and concerns
Facilitate deliberation and decision making
Assist patients to follow through on the decision

*Adapted from Ref. 10.
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introduce the process of SDM to the patient
before beginning the communication process.

6. Building clinician-patient rapport. Achieving
successful SDM depends, in large part, on build-
ing a good relationship during the clinical en-
counter, which thus enables patient education,
deliberation, and preference determination. This
requires optimizing communication skills and
allocating time. A lack of time to interact with
the patient is recognized as the biggest impedi-
ment to SDM, in part, because there is no system

established for reimbursement of the additional
work required to perform SDM.

MOVING FORWARD
The first step in establishing SDM as a standard com-

ponent of HAE management is the creation of SDM
aids specifically developed for HAE. This project would
require prototype development and usability testing
with targeted end-users consistent with International
Patient Decision Aid Standards.23 Although validated

Table 6 Benefits and adverse effects of on-demand treatment for HAE attacks

Drug Advantages MOA Route Repeated Dosing Adverse Events
Approved

for

PdC1-INH Decades of
treatment
and safety
data

Replacement;
pdC1-INH

IV A second dose can
be admin in 4 hr

Headache, nausea,
vomiting, abdomi-
nal pain, and mus-
cle spasms

Self-admin
for chil-
dren and
adults

Recombinant
C1-INH

Scalable pro-
duction
and/or sup-
ply, not
plasma-
derived

Replacement
recombi-
nant C1-
INH

IV Maximum of 2 doses
in a 24-hr period

Headache, vertigo,
diarrhea,
anaphylaxis

Self-admin
for >12
years old

Ecallantide SC Recombinant
kallikrein
inhibitor

SC Maximum of 2 doses
in a 24-hr period

Headache, nausea, di-
arrhea, pyrexia,
nasal congestion,
anaphylaxis

Health-care
professio-
nal admin
to >12
years old

Icatibant SC, easily self-
admin

Bradykinin
b 2-recep-
tor
antagonist

SC Admin additional
doses �6 hr apart;
no more than 3
doses in a 24-hr
period

Injection-site pain
and/or reactions,
pyrexia, transami-
nase increase, diz-
ziness, rash

Self-admin
for >18
years old

HAE = Hereditary angioedema; MOA = mechanism of action; pd = plasma-derived; C1-INH = C1 esterase inhibitor; IV = in-
travenous; SC = subcutaneous injection; admin = administer.

Table 7 Benefits of long-term prophylaxis therapy for hereditary angioedema

Benefit Subcutaneous Injection Intravenous Oral

pdC1-INH Lanadelumab pdC1-INH
Berotralstat

(investigational at publication) Danazol

Reduced attack frequency + + + + +
Study data on improved

quality of life
+ + + +

Oral route + +
Dosing frequency 2 times/wk 1–2 times/mo 2 times/wk Daily Daily
Non-plasma derived + + +

pdC1-INH = plasma-derived C1 esterase inhibitor; + = yes; wk = week; mo = month.
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SDM aids do not currently exist for HAE, an informed
discussion should at a minimum include a comparison
between the benefits and adverse effects of all U.S.
Food and Drug Administration approved on-demand
treatment and LTP options. The discussion should
address the following issues: What do the treatment
options have in common? How do they differ? How does the
adverse effect profile of the different options compare? The in-
formation shared with the patient should be unbiased
and balanced to the extent that it includes reasons why
and why not to seek medical treatment. Examples of
preliminary (unvalidated) decision aids that may serve
as a catalyst for a more in-depth discussion with regard
to on-demand treatment and LTP options are provided
in Tables 6–8.

CONCLUSION
Although on-demand treatment is an absolute neces-

sity for every patient with HAE, the presence of multi-
ple effective therapeutic products presents choices that
are ideal for SDM As opposed to on-demand treat-
ment, LTP, although not necessary for every patient,
provides a reduction in attack frequency and severity
as well as improved quality of life. Both forms of treat-
ment have associated costs, which need to be balanced
by symptom improvement and a diminished need for
acute medical care and reduced morbidity. When
deciding whether to start a therapeutic course of LTP,
it is important to review all benefits and safety issues.
To this end, patients are encouraged to engage their
clinician in the process of SDM to help them decide if
LTP is appropriate for them, and, if so, which medica-
tion to use.

CLINICAL PEARLS

• SDM in HAE is a process in which clinicians and
patients work together to make decisions with regard
to HAE tests, treatment, and care plans based on clin-
ical evidence that balances risks and expected out-
comes with patient preferences and values.

• SDM is not a single step of education to be added into
the consultation but should provide the framework
for communicating with patients about their health
care choices, which will help improve patient-physi-
cian conversation quality and outcomes.

• Arguably, the most essential component to SDM and
making an informed decision is patient knowledge
and understanding of issues related to patient care.

• The same process may not work for all patients; SDM
approaches must be individualized to be successful.
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