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B ABSTRACT

Hereditary angioedema is a rare but life-threatening
disease characterized by recurring attacks of swelling of
any part of the body, without hives. Prompt recognition is
critical so that treatment can be started to minimize mor-
bidity and the risk of death. Drugs have recently become
available to prevent and treat acute attacks.

B KEY POINTS

Swelling in the airways is life-threatening and requires
rapid treatment.

Almost half of attacks involve the abdomen, and abdomi-
nal attacks account for many emergency department vis-
its, hospitalizations, and unnecessary surgical procedures
for acute abdomen.

Acute attacks can be managed with plasma-derived or
recombinant human preparations of C1 inhibitor (which
is the deficient factor in this condition), ecallantide (a
specific plasma kallikrein inhibitor), or icatibant (a B2
bradykinin receptor antagonist).

Short-term prophylaxis may be used before events that
could provoke attacks (eg, dental work or surgery).
Long-term prophylaxis may be used in patients who have
frequent or severe attacks or require more stringent con-
trol of their disease. Plasma-derived C1 inhibitor is both
safe and effective when used as prophylaxis. Attenuated
androgens are effective but associated with many ad-
verse effects.

*Dr. Zuraw has disclosed consulting for Biocryst, CSL Behring, and Isis; consulting, teaching and
speaking, and membership on advisory committee or review panels for Dyax; and a research grant
from Shire.
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EREDITARY ANGIOEDEMA due to deficien-
Hcy of C1 inhibitor is a rare autosomal
dominant disease that can be life-threatening.
[t affects about 1 in 50,000 people,! or about
6,000 people in the United States. There are
no known differences in prevalence by ethnic-
ity or sex. A form of hereditary angioedema
with normal C1 inhibitor levels has also re-
cently been identified.

Despite a growing awareness of hereditary
angioedema in the medical community, re-
peated surveys have found an average gap of
10 years between the first appearance of symp-
toms and the correct diagnosis. In view of the
risk of morbidity and death, recognizing this
disease sooner is critical.

This article will discuss how to recognize
hereditary angioedema and how to differen-
tiate it from other forms of recurring angio-
edema. We will also review its acute and long-
term management, with special attention to
new therapies and clinical challenges.

B EPISODES OF SWELLING WITHOUT HIVES

Hereditary angioedema involves recurrent epi-
sodes of nonpruritic, nonpitting, subcutaneous
and submucosal edema that can affect the face,
tongue, larynx, trunk, extremities, bowels, or
genitals. Attacks typically follow a predictable
course: swelling that increases slowly and con-
tinuously for 24 hours and then gradually sub-
sides over the next 48 to 72 hours. Attacks that
involve the oropharynx, larynx, or abdomen
carry the highest risk of morbidity and death.!

The frequency and severity of attacks are
highly variable and unpredictable. A few pa-
tients have no attacks, a few have two attacks
per week, and most fall in between.
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B Hereditary angioedema and its treatment

Hereditary angioedema, a life-threatening condition caused by a deficiency of C1 inhibitor, results from
excess bradykinin. New medications, including replacement of C1 inhibitor, can counteract it.
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Hives suggests an allergic or idiopathic
rather than hereditary cause and will not be
discussed here in detail. A history of angioede-
ma that was rapidly aborted by antihistamines,
corticosteroids, or epinephrine also suggests
an allergic rather than hereditary cause.

I UNCHECKED BRADYKININ PRODUCTION

Substantial evidence indicates that heredi-
tary angioedema results from extravasation
of plasma into deeper cutaneous or mucosal
compartments as a result of overproduction of

the vasoactive mediator bradykinin (FIGURE 1).
Activated factor XII cleaves plasma prekal-
likrein to generate active plasma kallikrein
(which, in turn, activates more factor XII).?
Once generated, plasma kallikrein cleaves
high-molecular-weight kininogen, releasing
bradykinin. Bradykinin binds to the B2 brady-
kinin receptor on endothelial cells, increasing
the permeability of the endothelium.
Normally, C1 inhibitor helps control
bradykinin production by inhibiting plasma
kallikrein and activated factor XII. Without
enough CI inhibitor, the contact system is
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Evaluation of patients presenting with recurrent angioedema

Important elements of the history
Association with urticaria
Frequency of episodes

Underlying malignancy or monoclonal gammopathy of uncertain significance (MGUS)

Response to previous treatment

Association with exposure to food, environment, temperature, stress, menstruation
Recent use of angiotensin-converting enzyme (ACE) inhibitor or nonsteroidal anti-inflammatory drug (NSAID)

Family history of recurrent angioedema
Age at onset of angioedema

Timing of angioedema progression
Start of any new medication

Preliminary diagnostic testing
C4 level

Antigenic and functional C1 inhibitor level (if suspicion of hereditary angioedema is high based on the history)
If foods are implicated, a trial of avoidance of foods consumed in previous 4—6 hours can be done, and referral for allergy

consultation should be made

If on an ACE inhibitor or NSAID, trial of discontinuation of medicine

Decreased C4 and decreased antigenic
and functional C1 inhibitor level

y

Confirmatory measurement

Consider diagnosis of heredi-

tary angioedema type | level

Consider acquired C1 inhibitor
deficiency if age at onset is
later in life or if there is no
family history (check C1q
level, screen for malignancy
and MGUS)

Refer to a specialist

edema type Il

FIGURE 2

uninhibited and results in bradykinin being
inappropriately generated.

Because the attacks of hereditary angio-
edema involve excessive bradykinin, they do
not respond to the usual treatments for ana-
phylaxis and allergic angioedema (which in-
volve mast cell degranulation), such as anti-
histamines, corticosteroids, and epinephrine.

B TWO TYPES OF HEREDITARY ANGIOEDEMA

FIGURE 2 shows the evaluation of patients with
suspected hereditary angioedema.
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Decreased C4 and normal antigenic C1
inhibitor level

Confirmatory measurement
Low C1 inhibitor functional

Consider hereditary angio-

Refer to a specialist

\
y V

Normal C1 inhibitor
functional level

Consider C4-consuming
nonhereditary angioedema
(ie, urticarial vasculitis)

Refer to a specialist

Normal C4 and normal antigenic and
functional C1 inhibitor levels

Repeat measurements during attack

drug-induced angioedema

Hereditary angioedema
due to C1 inhibitor deficiency
The classic forms of hereditary angioedema
(types [ and II) involve loss-of-function muta-
tions in SERPING —the gene that encodes
for Cl inhibitor—resulting in low levels of
functional C1 inhibitor.> The mutation is
inherited in an autosomal dominant pattern;
however, in about 25% of cases, it appears to
arise spontaneously,* so a family history is not
required for diagnosis.

Although Cl1 inhibitor deficiency is pres-
ent from birth, the clinical disease most com-
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If history is still consistent with
recurrent angioedema,
refer to a specialist

Differential diagnosis includes
hereditary angioedema with
normal C1 inhibitor (if family
history of angioedema),
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TABLE 1

Complement profiles in angioedema syndromes

HEREDITARY ANGIOEDEMA

C4 level Antigenic Functional C1 Clq ca
C1 inhibitor level inhibitor level level level

Hereditary angioedema types | Low Low (type I) Low (both types | Normal Normal
and I Normal (type II) and Il)
Hereditary angioedema type lll Normal Normal Normal Normal Normal
Acquired C1 inhibitor deficiency  Low Low Low Low Normal
Allergic angioedema Normal Normal Normal Normal Normal
ACE-inhibitor-associated Normal Normal Normal Normal Normal
angioedema
NSAID-associated Normal Normal Normal Normal Normal
angioedema
Idiopathic angioedema Normal Normal Normal Normal Normal
Angioedema with Low Normal Normal Low Low

urticarial vasculitis

ACE = angiotensin-converting enzyme; NSAID = nonsteroidal anti-inflammatory drug
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monly presents for the first time when the
patient is of school age. Half of patients have
their first episode in the first decade of life, and
another one-third first develop symptoms over
the next 10 years.’

Clinically, types I and II are indistinguish-
able. Type I, accounting for 85% of cases,'
results from low production of Cl1 inhibitor.
Laboratory studies reveal low antigenic and
functional levels of C1 inhibitor.

In type 11, the mutant C1 inhibitor protein
is present but dysfunctional and unable to in-
hibit target proteases. On laboratory testing,
the functional level of C1 inhibitor is low but
its antigenic level is normal (tasLE 1). Function
can be tested by either chromogenic assay or
enzyme-linked immunosorbent assay; the for-
mer is preferred because it is more sensitive.®

Because C1 inhibitor deficiency results in
chronic activation of the complement system,
patients with type [ or II disease usually have
low C4 levels regardless of disease activity,
making measuring C4 the most economical
screening test. When suspicion for hereditary

angioedema is high, based on the presentation
and family and clinical history, measuring an-
tigenic and functional C1 inhibitor levels and
C4 simultaneously is more efficient.

Hereditary angioedema

with normal C1 inhibitor levels

Hereditary angioedema with normal CI in-
hibitor levels is also inherited in an autosomal
dominant pattern. It is often estrogen-sensi-
tive, making it more severe in women. Symp-
toms tend to develop slightly later in life than
in type I or I disease.”

Angioedema with normal C1 inhibitor
levels has been associated with factor XII mu-
tations in a minority of cases, but most pa-
tients do not have a specific laboratory abnor-
mality. Because there is no specific laboratory
profile, the diagnosis is based on clinical crite-
ria. Hereditary angioedema with normal C1
inhibitor levels should be considered in pa-
tients who have recurrent angioedema, nor-
mal C4, normal antigenic and functional C1
inhibitor levels, a lack of response to high-
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dose antihistamines, and either a family his-
tory of angioedema without hives or a known
factor XII mutation.” However, other forms of
angioedema (allergic, drug-induced, and idio-
pathic) should also be considered, as C4 and
Cl1 inhibitor levels are normal in these forms
as well.

I DIFFERENTIAL DIAGNOSIS:
OTHER TYPES OF ANGIOEDEMA

Acquired C1 inhibitor deficiency

Symptoms of acquired C1 inhibitor deficien-
cy resemble those of hereditary angioedema
but typically do not emerge until the fourth
decade of life or later, and patients have no
family history of the condition. It is often as-
sociated with other diseases, most commonly
B-cell lymphoproliferative disorders, which
cause uncontrolled complement activation
and consumption of C1 inhibitor.

In some patients, autoantibodies to C1 in-
hibitor develop, greatly reducing its effective-
ness and resulting in enhanced consumption.
The autoantibody is often associated with a
monoclonal gammopathy of unknown signifi-
cance. The presence of a Cl inhibitor auto-
antibody does not preclude the presence of an
underlying disorder, and vice versa.

Laboratory studies reveal low C4, low C1-
inhibitor antigenic and functional levels, and
usually a low Clq level owing to consumption
of complement. Autoantibodies to C1 inhibi-
tor can be detected by laboratory testing.

Because of the association with autoim-
mune disease and malignant disorders (espe-
cially B-cell malignancy), a patient diagnosed
with acquired C1 inhibitor deficiency should
be further evaluated for underlying condi-
tions.

Allergic angioedema
Allergic angioedema results from preformed
antigen-specific immunoglobulin E (IgE) an-
tibodies that stimulate mast cells to degranu-
late when patients are exposed to a particular
allergen—most commonly food, insect ven-
om, latex, or drugs. IgE-mediated histamine
release causes swelling, as histamine is a po-
tent vasodilator.

Symptoms often begin within 2 hours of
exposure to the allergen and generally include
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concurrent urticaria and swelling that last less
than 24 hours. Unlike in hereditary angioede-
ma, the swelling responds to antihistamines
and corticosteroids. When very severe, these
symptoms may also be accompanied by bron-
choconstriction and gastrointestinal symp-
toms, especially if the allergen is ingested.

Histamine-mediated angioedema may also
be associated with exercise as part of a syn-
drome called exercise-induced anaphylaxis or
angioedema.

Drug-induced angioedema

Drug-induced angioedema is typically asso-
ciated with angiotensin-converting enzyme
(ACE) inhibitors or nonsteroidal anti-inflam-
matory drugs (NSAIDs).

Angioedema associated with ACE inhibi-
tors is estimated to affect 0.1% to 6% of pa-
tients taking these medications, with African
Americans being at significantly higher risk.
Although 25% of affected patients develop
symptoms of angioedema within the first
month of taking the drugs, some tolerate them
for as long as 10 years before the first episode.’
The swelling is not allergic or histamine-relat-
ed. ACE normally degrades bradykinin; there-

fore, inhibiting ACE leads to accumulation of The average
bradykinin. Because all ACE inhibitors have gap between

this effect, this class of drug should be discon-
tinued in any patient who develops isolated
angioedema.

NSAID-induced angioedema is often ac-
companied by other symptoms, including ur-
ticaria, rhinitis, cough, hoarseness, or breath-
lessness.!® The mechanism of NSAID-induced
angioedema involves cyclooxygenase (COX)
1 (and to a lesser extent COX-2) inhibition.
All NSAIDs (and aspirin) should be avoided
in patients with recurrent angioedema. Specif-
ic COX-2 inhibitors, while theoretically capa-
ble of causing angioedema by the same mecha-
nism, are generally well tolerated in patients
who have had COX-1 inhibitor reactions.

Idiopathic angioedema

If no clear cause of recurrent angioedema (at
least three episodes in a year) can be found, it
is labeled idiopathic.!' Some patients with id-
iopathic angioedema fail to benefit from high
doses of antihistamines, suggesting that the
cause is bradykinin-mediated.
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Attacks of
hereditary
angioedema
do not respond
to antihista-
mines,
corticosteroids,
or epinephrine
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B CLINICAL MANIFESTATIONS
OF HEREDITARY ANGIOEDEMA

Attacks may start at one site and progress to
involve additional sites.

Prodromal symptoms may begin up to sev-
eral days before an attack and include tingling,
warmth, burning, or itching at the affected
site; increased fatigue or malaise; nausea, ab-
dominal distention, or gassiness; or increased
hunger, particularly before an abdominal at-
tack’ The most characteristic prodromal
symptom is erythema marginatum—a raised,
serpiginous, nonpruritic rash on the trunk,
arms, and legs but often sparing the face.

Abdominal attacks are easily confused
with acute abdomen
Almost half of attacks involve the abdomen,
and almost all patients with type I or II disease
experience at least one such attack.!? Symp-
toms can include severe abdominal pain,
nausea, vomiting, and diarrhea. Abdominal
attacks account for many emergency depart-
ment visits, hospitalizations, and surgical pro-
cedures for acute abdomen; about one-third of
patients with undiagnosed hereditary angio-
edema undergo an unnecessary surgery during
an abdominal attack. Angioedema of the gas-
trointestinal tract can result in enough plasma
extravasation and vasodilation to cause hypo-
volemic shock.

Eradicating Helicobacter pylori infection
may alleviate abdominal attacks."

Attacks of the extremities can be painful
and disabling

Attacks of the extremities affect 96% of pa-
tients'? and can be very disfiguring and dis-
abling. Driving or using the phone is often dif-
ficult when the hands are affected. When feet
are involved, walking and standing become
painful. While these symptoms rarely result in
a lengthy hospitalization, they interfere with
work and school and require immediate medi-
cal attention because they can progress to
other parts of the body.

Laryngeal attacks are life-threatening

About half of patients with hereditary angio-
edema have an attack of laryngeal edema at
some point in their lives.!? If not effectively
managed, laryngeal angioedema can progress

VOLUME 80 ¢ NUMBER 5

to asphyxiation. A survey of family history in
58 patients with hereditary angioedema sug-
gested a 40% incidence of asphyxiation in
untreated laryngeal attacks, and 25% to 30%
of patients are estimated to have died of laryn-
geal edema before effective treatment became
available.!

Symptoms of a laryngeal attack include
change in voice, hoarseness, trouble swallow-
ing, shortness of breath, and wheezing. Physi-
cians must recognize these symptoms quickly
and give effective treatment early in the at-
tack to prevent morbidity and death.

Establishing an airway can be life-saving in
the absence of effective therapy, but extensive
swelling of the upper airway can make intuba-
tion extremely difficult.

Genitourinary attacks also occur

Attacks involving the scrotum and labia have
been reported in up to two-thirds of patients
with hereditary angioedema at some point in
their lives. Attacks involving the bladder and
kidneys have also been reported but are less
common, affecting about 5% of patients.!?
Genitourinary attacks may be triggered by lo-
cal trauma, such as horseback riding or sexual
intercourse, although no trigger may be evi-
dent.

B MANAGING ACUTE ATTACKS

The goals of treatment are to alleviate acute
exacerbations with on-demand treatment and
to reduce the number of attacks with pro-
phylaxis. Therapy should be individualized
to each patient’s needs. Treatments have ad-
vanced greatly in the last several years, and
new medications for treating acute attacks
and preventing attacks have shown great
promise (FIGURE 3, TABLE 2).

Patients tend to have recurrent symptoms
interspersed with periods of health, suggesting
that attacks ought to have identifiable triggers,
although in most, no trigger is evident. The
most commonly identified are local trauma
(including medical and dental procedures),
emotional stress, and acute infection. Disease
severity may be worsened by menstruation,
estrogen-containing oral contraceptives, hot-
mone replacement therapy, ACE inhibitors,
and NSAIDs.
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Algorithm for treating patients who have hereditary angioedema

Patient with known hereditary angioedema

Current attack

Y \

No current attack

Y \

Mild Moderate or severe No stressor upcoming Stressor upcoming
Consider on-demand Provide acute, on-demand Is the severity and Consider short-term
therapy, especially if there treatment immediately frequency of attacks prophylaxis
is functional impairment (ideally, C1 inhibitor, acceptable to the Call surgical or procedural
: I - P
ecallantide, or icatibant) patient and physician? facility ahead of time to
ensure that on-demand
therapy is available in
case of emergency
Yes No
Re-evaluate periodically Eliminate exacerbating factors such as oral contraceptives,

Have on-demand treatment
available in case of attack

Discuss action plan
in case of attack

FIGURE 3

It is critical that attacks be treated with an
effective medication as soon as possible. Con-
sensus guidelines state that all patients with
hereditary angioedema due to Cl inhibitor
deficiency, even if they are still asymptomatic,
should have access to at least one of the drugs
approved for on-demand treatment.”® The
guidelines further state that whenever possible,
“patients should have the on-demand medicine
to treat acute attacks at home and should be
trained to self-administer these medicines.”"

Plasma-derived C1 inhibitors
Several plasma-derived C1 inhibitors are avail-
able (Cinryze, Berinert, Cetor). They are pre-
pared from fractionated plasma obtained from
donors, then pasteurized and nanofiltered.
Berinert and Cinryze were each found to
be superior to placebo in double-blind, place-
bo-controlled trials: attacks usually resolved 30
to 60 minutes after intravenous injection.!®!?

hormone replacement therapy, angiotensin-converting
enzyme inhibitors, nonsteroidal anti-inflammatory drugs

If the attacks are still frequent and severe, start long-term
prophylaxis

Have action plan in case of breakthrough
swelling, with on-demand therapy readily available

Reevaluate periodically

Berinert 20 Ul/kg is associated with the onset of
symptom relief as early as half an hour after ad-
ministration, compared with 1.5 hours with pla-
cebo. Early use (at the onset of symptoms) of a
plasma-derived C1 inhibitor in a low dose (500
U) can also be effective.!®!? Efficacy appears to
be consistent at all sites of attack involvement,
including laryngeal edema. Safety and efficacy
have been demonstrated during pregnancy and
lactation and in young children and babies.?

Plasma-derived C1 inhibitors can be self-
administered. The safety and efficacy of self-
administration (under physician supervision)
were demonstrated in a study of Cinryze and
Cetor, in which attack duration, pain medica-
tion use, and graded attack severity were sig-
nificantly less with self-administered therapy
than with therapy in the clinic.”!

A concern about plasma-derived products
is the possibility of blood-borne infection, but
this has not been confirmed by experience.?
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TABLE 2

Medications for acute attacks of hereditary angioedema

Drug Approved Self- Dosage Potential adverse effects
dosing

Plasma-derived United States: Yes 20 U/kg Rare: anaphylaxis
nanofiltered adolescents and intravenously Theoretical: blood-b infecti
C1 inhibitor adults eoretical: blood-borne infection
(Berinert) Europe: all ages
Plasma-derived Europe: Yes 1,000 U Rare: anaphylaxis
nanofiltered adolescents and intravenously, Theoretical blood-b i facti
C1 inhibitor adults with possibility eoretical: blood-borne infection
(Cinryze, Cetor) of second dose

of 1,000 U

after 60 minutes
Ecallantide United States: No 30 mg Uncommon: antidrug antibodies,
(Kalbitor) > 16 years old subcutaneously anaphylaxis
Icatibant United States and Yes 30 mg Common: transient discomfort at
(Firazyr) Europe: subcutaneously injection site

> 18 years old

Recombinant human C1 Europe: adults No 50 U/kg or 4,200  Uncommon: anaphylaxis in rabbit-

inhibitor
(Rhucin)

United States:
pending

U intravenously,
whichever dose
is higher

sensitized patients

Recombinant human C1 inhibitor

A recombinant human C1 inhibitor (Rhucin)
has been studied in two randomized placebo-
controlled trials. Although this product has a
shorter half-life than the plasma-derived C1
inhibitors (3 vs more than 24 hours), the two
are equipotent: 1 U of recombinant human
C1 inhibitor is equivalent to 1 U of plasma-
derived C1 inhibitor. Because the supply of
recombinant human C1 inhibitor is elastic,
dosing has been higher, which may provide
more efficacy.” Similar to plasma-derived C1
inhibitor products, the recombinant human
C1 inhibitor resulted in more rapid symptom
relief than with saline (66 vs 122 minutes)
and in a shorter time to minimal symptoms
(247-266 vs 1,210 minutes).**

Allergy is of concern: in one study, a
healthy volunteer with undisclosed rabbit
allergy experienced an allergic reaction. Pa-
tients should be screened by a skin-prick test

or serum testing for specific IgE to rabbit epi-
thelium before being prescribed recombinant
human CI inhibitor. No data are available for
use during pregnancy or breastfeeding.

Ecallantide
Ecallantide (Kalbitor) is a selective inhibitor of
plasma kallikrein that is given in three subcuta-
neous injections. Ecallantide 30 mg was found
superior to placebo during acute attacks.?>?
Ecallantide is well tolerated, with the most
common adverse effects being headache, nau-
sea, fatigue, diarrhea, and local injection-site
reactions. Antibodies to ecallantide can be
found in patients with increasing drug expo-
sure but do not appear to correlate with ad-
verse events. Hypersensitivity reactions have
been observed in 2% to 3% of patients receiv-
ing repeated doses. Because of anaphylaxis
risk, ecallantide must be administered by a
health care professional.
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TABLE 3

Medications for prophylaxis of hereditary angioedema

Drug Approved Self-dosing  Dosage Potential adverse effects
Plasma-derived  United States and Yes Short-term: Rare: anaphylaxis
nanofiltered Europe: > 12 years old 500-1,500 U s infecti
C1 inhibitor intravenously 1 Theoretical: blood-borne infection
(Cinryze) hour before event
Long-term: 1,000 U
every 3—4 days
Danazol United States: adults Yes Short-term: Common: Weight gain, virilization,
(Danocrine) Contraindicated 200 mg by mouth acne, altered libido, muscle pains
dor! faindicate q 3 times a day for and cramps, headaches, depression,
I u;mtg_ preghr}iadncy an il 5-10 days before fatigue, nausea, constipation, men-
ac atll'(l)r']' ch rfrl[ unt event strual abnormalities, elevated liver
growth is compiete Long-term, adult: enzymes, hypertension, alterations
< 200 mg/day in lipid profile
gaog_"gg(f \rlﬁr);ja ) Uncommon: decreased growth
ChiI)(Ijren' 50 r?] / y rate in children, masculinization of
da (50' ma/ g female fetus, cholestatic jaundice,
we{ek— 203 i) peliosis hepatis, and hepatocellular
9%y} adenoma and carcinoma
Aminocaproic Not approved for Yes Adults: 1 g by mouth  Common: nausea, vertigo, diar-

acid (Amicar) hereditary angioedema

Tranexamic Not approved for Yes
acid hereditary angioedema
(Lysteda)

Icatibant

[catibant (Firazyr) is a bradykinin receptor-2
antagonist that is given in a single subcuta-
neous injection. Icatibant 30 mg significantly
shortened time to symptom relief and time to
almost complete resolution compared with
placebo.?™® Icatibant’s main adverse effect is
transient local pain, swelling, and erythema
at the injection site. Icatibant can be self-ad-
ministered by patients.

3 times daily
Children:

0.05 g/kg twice

daily (0.025 g/kg

twice daily-0.1 g/

kg twice daily)

Adults: 1 g twice
daily (0.25 g twice
daily-1.5 g three
times daily)

Children: 20 mg/kg
twice daily (10 mg/
kg twice daily—25
mg/kg 3 times daily)

rhea, postural hypotension, fatigue,
muscle cramps with elevated muscle
enzymes

Uncommon: thrombosis

Same as with aminocaproic acid

Fresh-frozen plasma

Fresh-frozen plasma contains C1 inhibi-
tor and was used before the newer products
became available. Several noncontrolled
studies reported benefit of its use in acute
attacks.” However, its use is controversial
because it also contains contact-system pro-
teins that could provide additional substrate
for the generation of bradykinin, which could
exacerbate attacks in some patients.! This
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may be particularly dangerous in patients
presenting with laryngeal edema: in such a
situation, the physician should be ready to
treat a sudden exacerbation with intubation.
The risk of acquiring a blood-borne patho-
gen is also higher than with plasma-derived

C1 inhibitor.
@ PROPHYLACTIC MANAGEMENT

Short-term and long-term prophylaxis have
important roles in preventing attacks (TaBLE 3).

Short-term prophylaxis
before an anticipated attack
Short-term prophylaxis is used for patients
whose disease is generally well controlled but
who anticipate exposure to a potentially exac-
erbating situation, such as an invasive medi-
cal, surgical, or dental procedure. (Routine
dental cleanings are generally considered safe
and do not require prophylaxis.)
Prophylactic treatments include:
e Plasma-derived C1 inhibitor, 500 to 1,500
U 1 hour before the provoking event
e High-dose 17-alpha alkylated (attenuated)
androgens (eg, danazol [Danocrine] 200
mg orally 3 times daily) for 5 to 10 days
before the provoking event
® Fresh-frozen plasma, 2 U 1 to 12 hours be-
fore the event.!
Yet even with short-term prophylaxis, on-
demand treatment should be available.

Long-term prophylaxis
While many patients can be managed with
on-demand treatment only, other patients
(reflecting the severity of their attacks, as well
as their individual needs) may benefit from
a combination of on-demand treatment plus
long-term prophylaxis. Several options are
available (TaBLE 3).

17-alpha alkylated androgens. Patients
treated with danazol 600 mg/day were attack-
free 90% of the time during a 28-day period
compared with only 2.2% of the time in pla-
cebo-treated patients.’® Use of anabolic an-
drogens, however, is limited by their adverse
effects, including weight gain, virilization,
menstrual irregularities, headaches, depres-
sion, dyslipidemia, liver enzyme elevation,
liver adenomas, and hepatocellular carci-
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noma. Arterial hypertension occurs in about
25% of treated patients.

Because adverse effects are dose-depen-
dent, treatment should be empirically ti-
trated to find the minimal effective dose,
generally recommended to be no more than
200 mg per day of danazol or the equiva-
lent.”

Contraindications include use by women
during pregnancy or lactation and by children
until growth is complete.

Regular follow-up is recommended every
6 months, with monitoring of liver enzymes,
lipids, complete blood counts, alpha fetopro-
tein, and urinalysis. Abdominal ultrasonog-
raphy (every 6 months if receiving 100 mg/
day or more of danazol, every 12 months if less
than 100 mg/day) is advisable for early diag-
nosis of liver tumors.

Antifibrinolytic drugs. Tranexamic acid
(Lysteda) and aminocaproic acid (Amicar)
have been found to be effective in reducing
the number of attacks of hereditary angioede-
ma compared with placebo but are considered
to be less reliable than androgens. These drugs
have been used in patients who do not toler-
ate anabolic androgens, and in children and
pregnant women. Tranexamic acid is given
at a dose of 20 to 50 mg/kg/day divided into
two or three doses per day. The therapeutic
dose of aminocaproic acid is 1 g orally three to
four times per day.’! Patients with a personal
or family history of thromboembolic disease
may be at greater risk of venous or arterial
thrombosis, but this has not occurred in clini-
cal studies.

Plasma-derived C1 inhibitors. In a 24-
week crossover study in 22 patients with he-
reditary angioedema, Cinryze 1,000 U every
3 to 4 days reduced the rate of attacks by
50% while also reducing their severity and
duration.!” An open-label extension study in
146 patients for almost 3 years documented
a 90% reduction in attack frequency with no
evidence of tachyphylaxis.*?

New treatments are costlier

The newer on-demand and prophylac-
tic drugs are substantially costlier than the
older alternatives (androgens, antifibrinolyt-
ics, and fresh-frozen plasma); however, they
have a substantially better benefit-to-risk

MAY 2013

Downloaded from www.ccjm.org on August 7, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

TSE AND ZURAW

ratio. Furthermore, the costs of care for an
attack requiring emergency treatment are
also high. Hereditary angioedema patients
are often young, otherwise healthy, and ca-
pable of leading normal productive lives.
While formal pharmacoeconomic studies of
the optimal use of these newer drugs have
not yet been done, it is important that the
use of these drugs be well justified. Ideally,
physicians who prescribe these drugs should
be knowledgeable in the management of he-
reditary angioedema.

B SPECIAL CHALLENGES IN WOMEN

Women with hereditary angioedema have
more frequent attacks and generally a more
severe disease course than men.!? Optimizing
care for women is challenging because hor-
monal changes often cause the disease to flare
up in menarche, pregnancy, lactation, and
menopause. Women also have a higher rate
of discontinuing long-term androgen therapy
because of side effects, including virilization
and menstrual irregularities. Spironolactone
(Aldactone) 100 to 200 mg daily can be used

to control hirsutism.?*?

Contraception

Because estrogen can trigger attacks, proges-
terone-only formulations, intrauterine de-
vices, or barrier methods are recommended
for contraception.” Progesterone-only pills
are preferred and improve symptoms in more
than 60% of women. Etonogestrel, another
alternative, is available as an implant (Impla-
non) or vaginal ring (Nuvaring). Intrauterine
devices are generally well tolerated, and no
prophylaxis is needed during placement. The
progesterone-eluting intrauterine device (Mi-
rena) could be beneficial.*

Pregnancy and lactation

Pregnancy and lactation pose particular
challenges. Anabolic androgens are contra-
indicated during pregnancy as well as during
breastfeeding because they can be passed on
in breast milk. Women receiving androgen
prophylaxis should understand that they can
still ovulate and need contraception if they
are sexually active.’* Patients on attenuated
androgens who desire pregnancy should dis-
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continue them 2 months before trying to
conceive.

Changes in attack patterns can be unpre-
dictable during pregnancy. Attacks tend to
be more severe during the first trimester and
more frequent during the third. Due to its
safety and efficacy, plasma-derived C1 inhib-
itor has become the treatment of choice for
on-demand or prophylactic treatment during
pregnancy and lactation. Antifibrinolytics
are considered only when plasma-derived C1
inhibitor is not available.’! Ecallantide and
icatibant have not been studied in pregnan-
cy. If neither plasma-derived C1 inhibitor
nor antifibrinolytics are available, fresh-fro-
zen plasma or solvent-and-detergent-treated
plasma can be used.

Short-term prophylaxis should be consid-
ered before amniocentesis, chorionic villous
sampling, and dilation and curettage. Deliv-
ery should take place in a facility with rapid
access to plasma-derived C1 inhibitor as well
as consultants in obstetrics, anesthesiology,
and perinatology. Although plasma-derived
C1 inhibitor should be available at all times
during labor and delivery, its prophylactic
use is not required unless labor and delivery
are particularly traumatic, the underlying

forceps, vacuum delivery, or cesarian sec-
tion is performed. Close monitoring is rec-
ommended for at least 72 hours after routine
vaginal delivery and for 1 week after cesarian
section.

B CONCLUSION

The goals of hereditary angioedema treat-
ment are to alleviate morbidity and mortali-
ty associated with the disease and to improve
the patient’s quality of life. Achieving these
goals requires timely diagnosis, patient edu-
cation, and careful selection of therapeutic
modalities that are individualized to the
needs of that patient. Treatments have ad-
vanced greatly in the last 4 years, and new
medications for both the acute and chronic
symptoms of hereditary angioedema have
shown great promise. [ |
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