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Review of hereditary angioedema
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ABSTRACT

Hereditary angioedema (HAE) is a rare disease caused by deficiency of C1 esterase inhibitor (C1-INH). It is an
autosomal dominant disease caused by a variety of mutations in the C1-INH gene. C1-INH is an important regu-
lator of several pathways. One pathway it affects is the kallikrein—kinin pathway, which results in the generation of
bradykinin. Bradykinin is an important mediator of edema. Diagnosis is based on low levels of C1-INH. HAE with
normal C1-INH is also recognized in the literature and the pathophysiology is due to another aspect of the path-
way being affected leading to increased bradykinin level. Bradykinin results in intermittent swelling of the cutane-
ous and mucosal surfaces. The swelling usually evolves over several hours and lasts a few days. Location of the
swelling can involve any part of the body including fatal laryngeal edema. Newer treatments exist to treat acute
attacks and reduce the frequency of future attacks. Earlier diagnosis and treatment of hereditary angioedema
can prevent HAE-associated mortality.

Statement of novelty: New treatments are used to treat these attacks. These treatments are aimed at patients
having a more normal life with hereditary angioedema.

Introduction

Hereditary angioedema (HAE) was first described by
William Osler in 1888. However, it was not until 1963
that Donaldson and Evan first described the biochemi-
cal abnormality responsible for HAE, the absence of
C1 esterase inhibitor (C1-INH) in patients with the dis-
ease (Cicardi et al. 2014).

Traditionally, the literature has described two types of
HAE, Type I and Type II. Both are autosomal-dominant
disorders resulting from mutation in the C1-INH gene
on chromosome 11. More than 200 mutations in the
gene have been described (Kaplan 2010). There has been
no correlation found between genotype and clinical phe-
notype in Type I and Type Il HAE (Caccia et al. 2014).

Type I HAE accounts for approximately 80%-85% of
all cases. The mutations in Type I HAE can occur

anywhere in the gene. Abnormal proteins that are either
misfolded or truncated are inefficiently secreted. This
results in decreased antigenic levels and functional
activity of the C1-INH protein (Zuraw 2008).

Type II HAE mutations, about 15%-20% of all
HAE cases, usually involve single amino acid substitu-
tions, mainly at exon 8 at or near the active site. Levels
of circulating C1-INH are usually normal. The
secreted protein is dysfunctional, resulting in normal
antigenic C1-INH levels but low function C1-INH
(Zuraw 2008).

In addition to Type I and II, another type of heredi-
tary angioedema is recognized. It has been called HAE
with normal C1-INH, Type III HAE, or estrogen-
dependent hereditary angioedema. Hereditary angioe-
dema with normal C1-INH manifests with sporadic
recurrent angioedema but normal C1-INH level and
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function. The diagnosis of HAE with normal C1-INH
is made with meeting the following criteria: (i) a history
of recurrent angioedema in the absence of concomitant
hives or concomitant use of a medication known to
cause angioedema; (ii) documented normal or near
normal C4, C1-INH level, and C1-INH function;
and (iii)) demonstration of a Factor XII mutation that
is associated with the disease or a positive family
history of angioedema and documented evidence of
lack of efficacy of chronic high dose antihistamine
therapy (cetirizine at 40 mg/day or the equivalent, for
at least 1 month and an interval expected to be associ-
ated with 3 or more attacks of angioedema) (Zuraw
et al. 2012). In some cases, bradykinin accumulation
appears dependent on Factor XII. The majority of
patients do not have any well-described mutations; a
small percentage of patients have mutations in Factor
XII. This type of angioedema appears to predominantly
affect females in high estrogen states. The postulated
mechanism by which estrogen exacerbates angioedema
is by increasing multiple components of the kallikrein-
kinin system (Duan et al. 2009; Riedl 2013; Levy
et al. 2014).

Acquired angioedema can also be secondary to a
malignancy (usually lymphoproliferative disorders)
and autoimmune diseases and present with identical
clinical and lab profiles as HAE.

Although not discussed in this review of hereditary
angioedema, it is important to ask about medications
including angiotensin converting enzyme inhibitor
and nonsteroidal anti-inflammatory drug use in
patients presenting clinically with angioedema without
urticaria.

The prevalence of Type I and II HAE is uncertain but
is estimated to be approximately 1 case per 50,000 per-
sons, without known differences among ethnic groups
(Zuraw 2008).
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Pathophysiology

In Type I HAE and Type II HAE, there is a deficiency
of C1-INH, a protein serine protease inhibitor that is
involved in the complement, coagulation, and contact
pathways (Longhurst and Cicardi 2012). It has been
shown that an overproduction of bradykinin, a nona-
peptide, in the contact pathway is the main mediator
of the increased vascular permeability in Type I and
Type II HAE (Cugno et al. 2009). The deficiency in
C1-INH decreases the normal inhibition of kallikrein
(Longhurst and Cicardi 2012), which enables greater
cleavage of high molecular-mass kininogen by kallikrein
and a resulting increased generation of bradykinin
(Cugno et al. 2009). Abnormally high plasma levels of
bradykinin can increase swelling by binding to its cog-
nate receptors (the bradykinin B2 receptor) on vascular
endothelial cells, thereby increasing tissue permeability,
vascular dilation, and vascular smooth muscle relaxa-
tion (Cugno et al. 2009). Figure 1 shows a simplified
diagram of C1-INH.

Clinical manifestations

Age of onset

Type I and Type II HAE usually presents in child-
hood, sometimes as early as 2 years of age (Zuraw
2008). Usual symptom onset occurs from 8 to 12 years
(Farkas et al. 2007), with an increase of attacks often
during puberty (Kaplan 2010). Bork et al. (2015) found
that in HAE patients with normal C1-INH, those with
mutations in the Factor XII gene, have an average age
of onset at 20.3 years, whereas those without Factor
XII mutations have an average onset of symptoms at
29.6 years.

Duration
The swelling classically worsens slowly but relent-
lessly over the first 24 hours, then gradually subsides

Ecallantide Icatibant

L ool

Figure 1: Simplified diagram of the biological cascade regulated by C1 esterase inhibitor (C1-INH). HMMK,
high-molecular mass kininogen; BK, bradykinin. Reprinted by permission from Macmillan Publishers Ltd.:
[Nature Reviews Drug Discovery] (Zuraw et al. 2010), copyright (2010).
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over the subsequent 48-72 hours (Zuraw 2008).
A sequential progression of an attack is shown in
Figure 2.

Frequency of attacks

Untreated patients have attacks every 7-14 days on
average, with the frequency ranging from every 3 days
to virtually never (Zuraw 2008).

Features of attacks

HAE is typically characterized by recurrent episodes
of nonpruritic, nonpitting, subcutaneous, or submu-
cosal edema of the arms, legs, hands, feet, trunk, bowels,
genitalia, face, tongue, or larynx (Zuraw 2008). Swelling
in the absence of urticaria is suggestive of HAE. In
about 40%-87% of HAE patients there are prodromal
symptoms (up to 16 hours prior) including erythema
marginatum, substantial fatigue, or local discomfort
(Longhurst and Cicardi 2012). HAE patients with nor-
mal C1-INH do not have erythema marginatum but fre-
quently have hemorrhaging into skin swellings
(Bork 2010).

The site of swelling varies among patients and
within patients between attacks (Kaplan 2010).
Attacks may originate in one area and may spread
to another (Zuraw 2008). HAE patients with
normal C1-INH more frequently have skin swelling,
tongue swelling, and abdominal pain attacks (Bork
2010).

Intra-abdominal swelling causes abdominal pain,
distension, nausea, vomiting, and diarrhea. Symptoms
are often mistaken for other causes of acute abdo-
men, and HAE patients often undergo unnecessary
invasive investigations and surgeries (Longhurst and
Cicardi 2012).

Laryngeal attacks pose the greatest risk for patients
as they may progress to death from asphyxiation
(Zuraw 2008).

N

Figure 2: Sequential progression and resolution of HAE attack. Patient consent obtained.

Diagnosis

Plasma C4 levels are a valuable screening test for
Type I and Type II HAE, with most of those affected
having a reduced level between attacks (Zuraw et al.
1986) and nearly 100% having a low level during attacks
(Lang et al. 2012). If C4 is low, further tests can distin-
guish Type I HAE patients who have low antigenic
C1-INH levels and low functional C1-INH levels from
Type II patients with normal antigenic C1-INH levels
but low functional C1-INH levels. C1q and C3 are nor-
mal with Type I and Type II HAE patients (Zuraw
2008). Reduction in C4 and C1-INH levels and function
of C1-INH should be confirmed one to three months
after initial testing (Cicardi et al. 2014). Figure 3 shows
a diagnostic algorithm.

Two methods (chromogenic or immunoenzymatic)
are available to measure C1-INH function. They are
based on the measurement of the capacity of plasma to
inhibit the esterase activity of a fixed amount of Cls.
The chromogenic assay is usually preferred owing to a
higher positive predictive value of close to 100%. It is
important to send the CI1-INH function to specialized
laboratories to avoid inaccurate results. The samples
should be stored at —20°C (Wagenaar-Bos et al. 2008).
Genetic testing is not necessary for the diagnosis given
the heterogeneity of mutations responsible for Type I
and Type II HAE (Cicardi et al. 2014). Genetic testing
is also not widely available. The average time between
the onset of symptoms and diagnosis was 22 years as
of 1977 and was still more than 10 years as of 2005
(Zuraw 2008).

The importance of diagnosis was shown in a study by
Bork et al. (2012). Mortality by asphyxiation due to
laryngeal angioedema was significantly higher in
patients with undiagnosed HAE (63 cases) than in
patients diagnosed with HAE (7 cases). HAE patients
must be informed of the risks of laryngeal angioedema
and be educated about emergency treatments and the
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Figure 3: Diagnostic algorithm. HAE, hereditary angioedema; ACE, angiotensin converting enzyme; NSAIDs,

nonsteroidal anti-inflammatory drugs.

need for early treatment administration (Bork
et al. 2012).

Treatment of Type | and Type Il HAE

Acute attacks

Acute attacks may be spontaneous or triggered from
external stimuli; they can be life threatening and involve
airway compromise. The treatments listed in Table 1
have been used successfully to treat acute attacks.

Plasma-derived C1-INH and icatibant are licensed in
Canada for treatment of acute attacks. Plasma-derived
C1-INH has been shown to decrease the severity and
length of attacks. Icatibant is a synthetic 10-amino acid
peptide that acts as a selective bradykinin B2 receptor
antagonist. It has been shown to effectively treat HAE
attacks (Betschel et al. 2014).

Frozen plasma should be used only if other therapies
are not available. Evidence for effective treatment is

Table 1: Treatment of acute attacks—Type | and Type Il HAE.*

Mechanism Approved indications
Treatment Drug of action in Canada Dose Adverse events
C1-INH (plasma Berinert Replaces C1-INH Acute treatment 20 IU/kg intravenous Rare: anaphylaxis/thrombosis;
derived) (CSL) infusion theoretical: transmission of
infectious agents
Icatibant Firazyr Blocks bradykinin Acute treatment 30 mg subcutaneous Common swelling, pain, and
(Shire) 2 receptor injection pruritus at injection site;
theoretical: exacerbation of
coronary artery disease
Frozen plasma Frozen C1-INH Acute treatment 2U intravenous Theoretical: worsening of
plasma from replacement infusion (Cicardi angioedema, transmission
blood bank etal. 2014) of infectious agent
Ecallantide Kalbitor Inhibitor of Not approved; Special 30 mg subcutaneous Uncommon: risk of anaphylaxis
(Dyax) kallikrein Access Program of  injection
Health Canada
C1-INH Rhucin Replaces C1-INH Not approved; Special 50 U/kg intravenous Rare: risk of anaphylaxis
(recombinant)  (Pharming) Access Program of infusion

Health Canada

*Adapted from Betschel et al. (2014)
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low and it contains potential substrates for the
generation of additional bradykinin that, in theory,
could worsen attacks of angioedema (Betschel
et al. 2014).

Ecallantide and recombinant C1-INH have both been
shown to be effective treatments for acute attacks. They
are not approved by Health Canada but can applied for
through the Special Access Program of Health Canada
(Betschel et al. 2014).

Attenuated androgens and tranexamic acid should
not be used to treat acute attacks, as there is a lack
of evidence toward their effectiveness (Betschel
et al. 2014).

Short-term prophylaxis

Prophylaxis for procedures and known patient-
specific triggers is generally recommended. Dosages
for plasma-derived C1-INH have not been established
for prophylaxis. In Canada, Berinert is licensed for
acute attacks and Cinryze is licensed for long-term pro-
phylaxis. In Europe, Cinryze (1000 units) is licensed to
be given within 24 hours of the procedure and Berinert
(1000 units) is licensed for within 6 hours of an antici-
pated procedure (Betschel et al. 2014).

Danazol can be considered 5 days before the anticipated
procedure or trigger and continued for 2-3 days after
(Danazol 2.5-10 mg/kg/day, maximum 600 mg/day).

Table 2: Long term prophylaxis—Type | and Type Il HAE.

Fu et al. — Hereditary angioedema

Anti-fibrinolytic agents (i.e., tranexamic acid) have
also been used at 25 mg/kg 2-3 times daily to a maxi-
mum of 3-6 g/day, 5 days before and 2-5 days after a
procedure or anticipated trigger. This agent should only
be used if other therapies are not available, as its efficacy
for prevention of attacks is not well studied (Betschel
et al. 2014).

Long-term prophylaxis

Patients with recurrent episodes of angioedema may
be considered for long-term prophylaxis to reduce
the frequency, duration, and severity of attacks
(Table 2).

Long-term prophylaxis aims to reduce the frequency
and severity of attacks to improve quality of life.
Controlled trials and observational studies have demon-
strated that prophylaxis with 17-alpha-alkylated ana-
bolic androgens reduced the frequency and severity of
attacks, although there are many side effects and a need
for monitoring. Plasma-derived C1-INH (Cinryze) is
approved for use in Canada. It has been shown to be
effective in reducing the number, duration, and severity
of attacks (Betschel et al. 2014). Anti-fibrinolytic agents
have also been used in long-term prophylaxis of HAE
attacks; they have been used when androgens were
contraindicated (Kaplan 2010) and they can be used
in children for whom treatment with androgens
could affect growth (Longhurst and Cicardi 2012).
Tranexamic acid for long-term prophylaxis can be given

Approved
Mechanism of  indications
Treatment Drug action in Canada Dose Adverse events
Androgen Danazol Anabolic action  Available 200 mg/day or Increase in liver enzymes, hypertension,

on C1-INH

Plasma derived Cinryze (Shire) Replaces C1-INH Approved in 1000 IU q3—4
C1-INH Canada

Antifibrinolytic ~ Tranexamic
agents acid

Antiplasmino-

activity

Approved in 30-50 mg/kg
plasminogen Canada

less oral alterations in lipid profile, hepatocellular
adenoma, emotional irritability,
depression, aggressive behaviour,
menstrual irregularities, masculinization,
voice alterations, and hirsutism
(Betschel et al. 2014)

Rare: risk of anaphylaxis, thrombosis;

days intravenous  theoretical: transmission of infectious

infusion agent (Betschel et al. 2014)

Common: nausea, vertigo, diarrhea,

daily oral divided postural hypotension, fatigue, muscle

in 2-3 doses cramps with increased muscle

max. 6 g/day enzymes; uncommon: thrombosis

(Cicardi et al. 2014)
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at doses of 20-40 mg/kg/day in 2 or 3 divided doses
(maximum dose: 3 g/day in 2 or 3 divided doses per
day) (Farkas et al. 2007).

Treatment of HAE with normal C1-INH

There is not enough evidence to support a specific
treatment of acute attacks or for prophylaxis in patients
with HAE with normal C1-INH. Some experts feel that
a trial of effective treatments demonstrated for Type I
and Type II may be appropriate (Betschel et al. 2014).

Conclusion

Hereditary angioedema is a life-threatening disease
that is under-recognized and under-diagnosed. There
have been many advances in specific treatments in the
last few years for HAE. Given the mortality of undiag-
nosed disease, it is very important for the medical com-
munity to recognize and appropriately diagnose HAE.
Effective treatment should be made available to HAE
patients for acute attacks and long term prophylaxis
when appropriate.
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