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Hereditary angioedema (HAE) is an autosomal dominant disease, with the expectation that there is a risk of
50%, if a parent has HAE, of inheriting the disease. Manifestations of the disease start early in life for some
patients, but symptoms frequently increase during the transition from childhood to adolescence. Unfortunately,
most medications are not approved for use in children. This requires off-label use for most of the medications
that are U.S. Food and Drug Administration approved for HAE. For this reason, we have sought to identify the
use of medications approved and unapproved and used off label for children with HAE.

Introduction

Hereditary angioedema (HAE) is a serious condition
that usually manifests in childhood (i.e., aged £ 12

years) or adolescence (i.e., aged > 12 years), and is char-
acterized by edema involving the skin, gastrointestinal tract,
and upper airway. HAE is caused by a deficiency of C1-
inhibitor (C1-INH), which is the major regulator of early
steps of the complement and contact pathways and also has
minor effects on the fibrinolytic and coagulation pathways.1

With a deficiency of C1-INH, there is uncontrolled activa-
tion of the contact system either spontaneously or after a
traumatic or stressful event, leading to increased production
of bradykinin causing the edema typical of HAE.2

It is important to treat HAE differently in the pediatric
population (i.e., in those aged £ 18 years) compared to the
adult population. The frequency of attacks are usually less
than in adults, and rarely should prophylaxis be necessary.
However, early onset of frequent symptoms can predict
future severity, and patients with onset of symptoms before
the age of 5 years are at greater risk of having more attacks
throughout life than those who develop angioedema after 15
years of age.3 Not only does the frequency of attacks differ
in children compared to later in life, but the side-effect
profiles of HAE treatments in children, other than for C1-
inhibitor, is not well defined. Also, the metabolism and
pharmacokinetics of the drugs in most cases have not been
assessed in children. Most importantly, with the exception
of C1-INH from CSL Behring and recombinant C1-INH
(rcC1-INH) from Pharming, the other approved therapies
are not based upon weight, making it difficult to treat very
small or young children.4

HAE treatments are categorized by their indication and
include acute treatment, often referred to as ‘‘on demand,’’

short-term prophylaxis, and long-term prophylaxis. In this
article, we discuss the use of fresh frozen plasma (FFP),
androgens, tranexamic acid, epsilon-aminocaproic acid,
ecallantide, icatibant, C1-INH (Berinert and Cinryze), and
rcC1-INH by their indication. The dosing, use, approval by
the United States Food and Drug Administration (FDA),
advantages and disadvantages, and experience in the pedi-
atric population are compared for each of these treatments.

What We Reviewed

We researched the literature for treatment of HAE in the
pediatric population by searching Google, PubMed, and Ovid
for ‘‘pediatrics and hereditary angioedema,’’ ‘‘icatibant and
children,’’ ‘‘ecallantide and children,’’ ‘‘C1-inhibitor and chil-
dren,’’ ‘‘recombinant C1-inhibitor and children,’’ ‘‘fresh frozen
plasma and children,’’ and ‘‘androgens and children.’’ The In-
ternet search for ‘‘pediatrics and hereditary angioedema’’ re-
turned 68 articles, which were reviewed to be included in this
article. The other search terms rarely produced studies not in-
cluded in the ‘‘pediatrics and hereditary angioedema’’ search.
Unfortunately, evidence-based literature is lacking in this age
group, making dosing difficult. For this reason, we reviewed
available information, and merged this with our clinical expe-
rience to develop suggestions for the care of patients aged 18
years and younger with HAE. Most of the suggestions are not
FDA approved.

Treatment of HAE

The only FDA-approved medications in the United States
for HAE in the pediatric population are (Table 1):

� Ecallantide: 30 mg SQ for patients aged ‡ 12 years for
acute attacks.
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� C1-INH (Berinert): 20 IU/kg intravenously (i.v.) for
adolescents and adults for acute attacks.

� C1-INH (Cinryze): 1,000 IU/kg i.v. every 3–4 days for
prophylaxis for adolescents and adults for acute attacks.

For this reason, which is also noted above, we discuss off-
label uses and make some inference and assumptions for the
treatment of pediatric patients, especially those younger
than 12 years of age in Table 2.

Treatment of pediatric HAE, like HAE in adults, began
with the wide use of FFP. The recommended dose is 10 mL/
kg i.v. for use in acute treatment of HAE as well as short-
term prophylaxis. Active C1-INH is a component of FFP,
and for this reason is expected to be effective, and prelim-
inary data suggest that it is. However, controlled data
proving the efficacy are lacking. FFP is widely available and
inexpensive. However, it has become a less favorable drug
for treatment of HAE due to risks of viral transmission
potential, immune sensitization, lack of controlled data, and
a possible but rare worsening of HAE attacks when used for
acute treatment. Despite possible potential of worsening an
acute attack, triggering a new attack when used for pro-
phylaxis has never been reported.5,6 The positive attributes
are that it is readily available and inexpensive, dose is based
upon weight, and it can be used for both short-term pro-
phylaxis and therapy for acute attacks.5,6

Androgens are frequently used in adults. However, they
are used less in the United States than in the past, but are still
used in many countries worldwide for short- and long-term
prophylaxis. The recommended dose of danazol is 2.5–
10 mg/kg per day orally for short- and long-term prophylaxis.
Stanozolol and oxandrolone are alternative androgens, but
stanozolol is no longer manufactured. A safe dose of oxan-
drolone in children has not been investigated. However, many
experts suggest oxandrolone has less adverse events associ-
ated with its use in the pediatric patient. Androgens are used
for treatment of HAE because they increase C1-INH levels in
the blood and may also have a direct effect on the contact
system, are available orally, are readily available, and are
inexpensive. However, androgens are associated with sig-
nificant adverse events and risks, especially when used before
puberty. The adverse effect profile includes liver toxicity,
vascular disease, weight gain, virilization, dyslipidemia, hy-
pertension, and premature closure of growth plates.7 Guide-
lines suggest the dose should not exceed 200 mg a day for
chronic long-term prophylaxis in adults.7 A safe dose in

children has not been determined, and research in this area
would be considered unethical due to the adverse effect
profile. Despite the risk for long-term prophylaxis, the risk in
short-term prophylaxis—that is, for 5 days before and 2–3
days after dental work or surgery—poses little risk, even
when used before puberty. The benefits of androgens are their
availability, weight-based dosing, inexpensive price, and ef-
fectiveness as determined by controlled studies.7,8 The ad-
verse events are not the only limiting factor in prescribing
androgens to children for chronic prophylaxis. In addition,
recent guidelines based on expert opinion discourage the use
of androgens in adults and pediatric patients, especially in
females.1

In children, since androgens for long-term prophylaxis
are relatively contraindicated, antifibrinolytic agents, such
as epsilon-aminocaproic acid and tranexamic acid, are often
used. The exact mechanism of action of antifibrinolytics in
HAE is unknown. However, they are thought to decrease
consumption of C1-INH. The recommended dose of epsi-
lon-aminocaproic acid is 0.17–0.43 g/kg per day orally for
long-term prophylaxis.9,10 Tranexamic acid is preferred over
epsilon-aminocaproic acid because of its better tolerability
and fewer side effects. Tranexamic acid is not approved by
the FDA for use in children in the United States. The
manufacturer’s recommended dose of tranexamic acid for
adults in the package insert is 0.5–3 g orally divided across
one to three dosages, with maximum dose of 1 g three times
a day. In Hungary, weight-based dosing for children with
HAE is 20–40 mg/kg divided across two to three dosages to
a maximum of 3 g a day divided into three dosages.9 While
both antifibrinolytics are available orally, their disadvan-
tages include multiple dosing per day, cardiac toxicities, and
questionable efficacy. The advantages are affordability,
availability, and oral dosing.9–11

Other treatments include kinin pathway modulators such
as ecallantide and icatibant. Ecallantide’s mechanism of
action is inhibition of kallikrein, which causes a reduction
of bradykinin production with the result being a reduction of
edema during HAE attacks. Ecallantide is approved for use
in the United States for treatment of acute HAE attacks in
patients aged 12 years and older. The recommended dose of
ecallantide is 30 mg subcutaneously (s.c.) as 3–10 mg in-
jections. The dose is not weight adjusted. The advantage of
ecallantide is that it can be administered s.c. The disad-
vantages are that it has a short half-life, a small risk of
anaphylaxis (3%), insufficient data for its use in patients

Table 1. Approved Medication in the United States for Use in Pediatric Patients

with Hereditary Angioedema (HAE)

Approved
medications for Indication Dose Benefits Main disadvantages

C1-inhibitor (CinryzeT) Prophylaxis for patients
aged ‡ 12 years

1,000 IU twice
a week i.v.

Reduces attacks by 50% Requires i.v. injection,
associated with thrombosis

C1-inhibitor (BerinertT) On demand for HAE
attacks for patients
aged ‡ 12 years

20 IU/kg i.v. Long half-life, years
of experience from
Europe, and
weight-adjusted dosing

Requires i.v. injection,
associated with
thrombosis

Ecallantide On demand for patients
aged > 15 years

30 mg s.c. s.c. Short half-life,
anaphylaxis,
no self-treatment

TTrade name. Used as both medications are C1-inhibitors but approved for different indications.
i.v., intravenous; s.c., subcutaneous.
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younger than 12 years of age, and a fixed dose that is not
weight based. Although the risk of anaphylaxis is low, the
drug should be administered under the supervision of a li-
censed healthcare professional trained to treat anaphylaxis.12

Icatibant inhibits bradykinin activity by binding in a
competitive inhibitory fashion with bradykinin for the
bradykinin-B2 receptor. Icatibant is given in a 30 mg s.c.
dose as a single injection. An additional and very positive
benefit of icatibant is that it is stable at room temperature
and is approved for self-administration. The disadvantage of
icatibant is that 97% of patients will have redness, pain, and
burning at the injection site. Additional disadvantages of
icatibant are that it has a short half-life and needs to be
redosed in approximately 10% of patients, the dose is fixed
and not weight-based, and there is a lack of efficacy and
safety data in the pediatric population.13

The first FDA-approved medication for the treatment of
HAE in the United States was plasma-derived C1-INH con-
centrate (Cinryze) for long-term prophylaxis. Berinert was
FDA approved shortly after for the treatment of acute HAE
attacks. Both C1-INH can be used interchangeably, but are
suggested to be used for their FDA-approved indication. The
recommended dose of Berinert is 20 IU/kg i.v. and Cinryze is
1,000 IU/kg i.v. Plasma-derived C1-INH has been used for
more than 30 years for the treatment of HAE in Europe and
has been used safely in children, during lactation, and in
pregnancy. The advantages are that it has a long half-life,
controlled studies demonstrating the efficacy, can be used for
prophylaxis and for acute therapy, and there is a vast amount
of literature published supporting its use and safety. The
disadvantages are it requires i.v. injection, it is expensive to
produce, it is not available in many countries, and it has the
remote but possible risk of viral transmission. The advantage
of C1-INH for children is that controlled studies have dem-
onstrated that dosing by weight is effective.14 For children,
the WAO guidelines recommend C1-INH as the preferred
therapy for both treatment of attacks and, if needed, short-
and long-term prophylaxis at 20 IU/kg. However, a set dose
of 1,000 IU/kg is an alternative. Both C1-INH products are
FDA approved for patients aged ‡ 12 years and are not ap-
proved below this age.1,10,11

Recombinant human C1-INH (rcC1-INH) has just re-
cently been approved by the FDA, and was approved earlier
in the European Union (EU). It is a human C1-INH protein
produced from the milk of transgenic rabbits, and differs
from native human CI-INH only in terms of glycosylation.
Controlled studies demonstrate the effective dose is 50 IU/
kg i.v. Although there is no viral risk associated with the
drug, it has a shorter half-life and a potential for an allergic
reaction in patients allergic to rabbits. Since it is dosed by
weight, it is expected to be utilized off label in children for
the treatment of acute attacks. The short half-life may limit
the use for prophylaxis, but further data are necessary before
indicated or excluded for this use.1,10

Application of the Above

Children can be screened for C1-INH deficiency after the
age of 1 year.1 Once identified, it is the authors’ belief that
therapy should be prescribed, since there is no way to pre-
dict when the first attack will occur.14 Since severe disease
is uncommon in children, chronic prophylaxis is rarely
necessary. When prophylaxis is indicated in children, C1-

INH at 20 IU/kg is preferred.1 Some children can be taught
to self-administer C1-INH after the age of 8 years, but for
most young children, a family member would be the pre-
ferred person for the i.v. injections of C1-INH. Serial as-
sessment of HIV, hepatitis C and B, and administration of
hepatitis B vaccine are recommended by some experts, since
there is a remote risk, though never reported with the C1-
INH currently marketed, of viral transmission.1

Most children in our experience will be able to maintain
a quality life by early use of ‘‘on demand therapy,’’ and
WAO guidelines recommend C1-INH at 20 IU/kg.1 Re-
combinant C1-INH is expected to be safe in children, and
since the dose is weight based (50 IU/kg), there is guidance
on how much to give to children. The use of icatibant and
ecallantide are limited by fixed dose (30 mg s.c. for attacks)
and lack of safety data in children. We expect both will be
safe, but dosing needs to be explored to ensure the 30 mg
doses are safe in young children. Similar to adults, all pe-
diatric patients should have two doses of on-demand therapy
at all times, since none of the drugs are 100% effective in
stopping an attack, and thus redosing may be necessary. A
second reason always to have two doses available is that
after use, the shipment of a replacement dose may be de-
layed, predisposing the children to have inadequate therapy
available for an attack.1,10,15,16

Short-term prophylaxis can be accomplished with C1-
INH, FFP, or androgens. Again, since data exist that 20 IU/
kg is effective, most suggest that this should be the dose for
short-term prophylaxis for children.17 Administration should
be the day of surgery or dental work, since the benefit lasts
for 3 days, and attacks can be triggered as much as 2 days
after a procedure. Androgens can be used 5 days before and
2 days after a procedure at a dose of 2–5 mg/kg. Lastly, if
C1-INH is not available, FFP at 10 mL/kg can be adminis-
tered on the day of the procedure.1,6,10

The key to successful therapy is encouraging the early use
of specific therapies noted above for attacks. All the above
therapies work best when used early during an attack. Early
therapy also reduces disability, pain, anxiety, swelling, ab-
senteeism, morbidity, and potential mortality. As noted
above, backup therapy is essential, since breakthrough attacks
may occur despite therapy. An action plan, to include a
backup plan and location for treatment, is recommended,
since at times self-injection may be impossible. Self-care and
home care are preferred to dependence on the emergency
department (ED), since ED care often results in delay of
therapy and increased cost. Training of the patient and the
family can be accomplished by the home infusion specialist
provided by the specialty pharmacies in the United States or
by physicians and their extenders if home infusion specialists
are not available.1,16,18,19 Despite the potential need for fre-
quent i.v. therapies, central dwelling catheters should be
avoided due to the risk of infection and thrombosis associated
with indwelling catheters.20

The future looks bright in that multiple therapies for
prophylaxis are being researched, and we suspect that at
least a few of these medications will make it to market and
make prophylactic therapy easier with the advantage of
improving the quality of life for our patients. These addi-
tional new therapies under investigation are further dis-
cussed in a separate article in this issue. C1-INH injected
s.c. dosed by weight (CSL-Behring) and as a fixed dose
(Shire) are being studied for long-term prophylaxis to be
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used in place of the i.v. preparations. Dyax is investigating a
monoclonal antibody that inhibits kallikrein and is expected
to be effective for long-term prophylaxis. Biocryst has
completed studies in the EU on an oral preparation for long-
term prophylaxis that also inhibits kallikrein. Two other
preparations are under very early investigation and include a
pegylated-C1-INH and a factor 12 inhibitor, with both being
for long-term prophylaxis.21

In conclusion, HAE is a chronic disease, and as with
all chronic diseases, depression and anxiety are common.
Both should be assessed for and treated if indicated. A
strong patient–physician relationship is essential for
compliance and adherence, and also because frequent
attacks may compromise quality of life. Patients should
be encouraged to treat as early as possible when attacks
occur, since delay in therapy may result in significant
morbidity.18 It has been recommended that reassessment
every 6–12 months by an HAE specialist is indicated for
HAE patients, and this includes children.1 It is necessary
to avoid estrogens and ACE inhibitors, since both can
trigger attacks. As emphasized above, a treatment plan
is essential to ensure early and appropriate therapy is
initiated.1
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