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Abstract
Hereditary angioedema is a genetic disease with autosomal dominant inheritance and, in most 
cases, caused by C1 inhibitor deficiency. Patients present with recurrent edema affecting sub-
cutaneous and mucus membranes with variable onset and severity. More than 50% of patients 
may become symptomatic before 10 years of age. Family history can help with the diagnosis; 
however, approximately 25% of the cases are de novo mutations. Biochemical diagnosis should 
be delayed until after 1 year of age. Children were often excluded from advances in therapy 
for hereditary angioedema since most of the new medicines were tested in adults and thus 
excluded by the Food and Drug Administration (FDA) and other agencies for approval to be 
used in children. Treatment of attacks is available for the pediatric patient; however, barriers 
still exist for the use of long-term prophylaxis in young children.
© 2022 Codon Publications. Published by Codon Publications.
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Introduction

Hereditary angioedema (HAE) is a genetic disease char-
acterized by isolated (without urticaria), self-limited, and 
recurrent episodes of edema of the deep layers of skin and 
mucosa, commonly causing swelling of extremities (hands, 
feet, limbs), face, lips, tongue, genitalia, bowels, and the 
upper airway. Swelling attacks are transitory and usually 

last from 2 to 5 days, but their severity and frequency vary 
widely from patient to patient. Attacks can range from one 
debilitating attack per week to as little as one mild attack 
per year, with some patients being totally asymptom-
atic.1 In the most frequent subtype, HAE with C1 inhibitor 
(C1-INH) deficiency (HAE-C1INH, OMIM #106100), the first 
HAE episodes occur at a mean age of 10 years.2 However, 
the onset of symptoms may occur at an early age, including 
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previously described as HAE type III. Symptomatically, HAE-
nl-C1INH is very similar to HAE-C1INH, with higher mean 
age at the onset of symptoms (around 20 years of age), 
incomplete penetrance in affected males, and a remark-
able influence of estrogens as trigger of attacks in female 
patients.14–17 In HAE-nl-C1INH, the most common affected 
gene is F12, coding for the factor XII protein (HAE-F12). All 
the pathogenic mutations described in HAE-F12 are located 
at the exon 9 of the gene, and its sequencing is currently 
the only method to confirm the diagnosis, since no bio-
chemical changes can be identified in the circulant factor 
XII of HAE-F12 patients.13 In the last 3 years, rare muta-
tions found in five new genes were associated with HAE-
nl-C1INH: angiopoietin 1 (ANGPT1),18 plasminogen (PLG),19 
kininogen (KNG1),20 myoferlin (MYOF),21 and heparan sulfate 
3-O-sulfotransferase 6 gene (HS3ST6).22 None of these new 
variants associated with HAE-nl-C1INH are recommended 
to be included in the routine molecular diagnosis,13 since 
they were found in single families, with the exception of 
the variant p.Lys330Glu in PLG, which has been identified 
in many families from different nationalities.17 Therefore, 
the analysis of the PLG variant may be considered in the 
absence of mutations in the exon 9 of F12.

Treatment of HAE

The understanding of the pathophysiology of HAE I/II 
enabled the development of more specific and effective 
treatments for HAE.1 These treatments are approved in 
several countries for adults and adolescents and, in some, 
for children (Table 1). Moreover, data on the efficacy and 
safety, as well as guidelines for the management of pedi-
atric HAE remain, to date, limited.2,23,24 As in adults, the 
approach to HAE therapy in children includes the treat-
ment of attacks, referred to as on-demand, short-term 
prophylaxis (STP), often referred to as preprocedural, and 
long-term prophylaxis.

Treatment of attacks

Early treatment of attacks is advocated to reduce the 
severity, duration, morbidity, and possible mortality of 
HAE attacks, as well as the need for hospitalization and 
emergency department treatment.25 For these reasons, all 
patients and/or caregivers must be encouraged and trained 
to self-administer their prescribed therapy.25 Therefore, 
drugs approved for self-administration are preferred to 
improve QoL and decrease the burden of disease.1,26–28

Intravenous plasma-derived C1-INH (pdC1-INH) has been 
used for decades in Europe and has proved to be safe and 
effective even in pregnancy and in very young children for 
the treatment of HAE attacks. pdC1-INH is recommended 
for attacks at the dosage of 20 IU/kg for all ages.29–31 The 
recommended dose not based on patients’ weight and 
based on 10 IU/kg showed less efficacy, even needing a 
second dose for laryngeal attacks.29,30,32

Special consideration is that pdC1-INH is a human 
blood product, a limiting factor in some religious commu-
nities.12 Intravenous recombinant human C1-INH (rhC1-INH), 
obtained from rabbit milk, was demonstrated to be safe 

a recent report of an in-utero swelling of lips and legs just 
before delivery.3

The development of new drugs for the treatment of 
HAE has potentially prevented many fatal attacks and has 
significantly reduced morbidity. Although there are many 
novel therapies and improvement of the knowledge about 
HAE, the influence on the care of the child has been lim-
ited.4,5 One of the main reasons for the exclusion of chil-
dren from these advances is that most of the clinical trials 
have recruited mainly adults.

When the patient is a child, research and clinical inter-
ventions must take into account the needs and engagement 
of both the child and family caregivers. In chronic diseases, 
caregivers play a crucial role in assisting children to adjust 
physically and psychologically to a disease state.6 Above all 
other aspects, the issue of uncertainty, which is intrinsic to 
the HAE experience, is often considered more distressing 
than the impact of physical symptoms.7,8 Lack of adherence 
to therapy is a well-recognized factor reducing the quality 
of life (QoL) in adults, and we must assume that the lack 
of adherence to therapy, whether or not the result of the 
caregiver or the child, would also decrease the QoL of a 
child. The aim of this manuscript was to improve aware-
ness about HAE in children for both health care providers 
and caregivers.

Pathophysiology and Diagnosis

The diagnosis of HAE-C1INH is confirmed by the presence 
of classical clinical symptoms and family history of the 
disease, associated with low plasma levels of C4 and low 
C1-INH function. In most of the patients with HAE-C1INH 
(85%), the quantitative plasma levels of C1-INH will also 
be decreased, usually below 50% of the normal values, 
characterizing the HAE-C1INH type I, in which deleteri-
ous mutations in the gene encoding to C1-INH (SERPING1) 
cause a reduction in the secretion of the inhibitor to the 
circulation. Less frequently (15% of cases), HAE-C1INH is 
characterized by a functional defect of C1-INH, which is 
secreted in a molecular conformation not able to inhibit its 
targets, but present in normal or even high concentrations 
in plasma (type II). Although HAE-C1INH is a genetic disease 
transmitted in an autosomal dominant inheritance, approx-
imately 5 to 25% of cases are due to de novo mutations 
in the gene SERPING1,9,10 and the absence of family history 
should not discourage the measurement of C4 and C1-INH 
in plasma.

International guidelines recommend the measurement 
of C4 and C1-INH in two independent samples collected on 
different days and out of attacks to confirm the diagnosis 
of HAE-C1INH.11,12 Although not necessary for most of the 
patients,13 the genetic sequencing of the SERPING1 gene 
can be supportive in cases where there are inconsistent 
assessments of C4 and/or C1-INH, or in patients below 1 
year of age.2 SERPING1 analysis may also be helpful in the 
differential diagnosis of patients presenting with a late 
onset of symptoms (>40 years old) and without family his-
tory, in which C1-INH deficiency may be acquired.

Patients presenting with normal C1-INH but with clini-
cal symptoms and family history of angioedema are diag-
nosed as having HAE with normal C1-INH (HAE-nl-C1INH), 
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patients ≥2 years of age in the EU and other countries, but 
in the USA for adults only. The dose adjustment is needed 
for adolescents/children (0.4 mg/kg). Approximately, 10% of 
patients, in some studies, require a second dose for re-emer-
gent symptoms, although in others a smaller proportion of 
patients needed a second dose.34,35 Additional injections 
may be administered after 6 hours of the previous dose, 
reaching up to a maximum of three in 24 hours. Icatibant 
is effective and well tolerated, but mild injection site reac-
tions are common and occur in 97% of the patients.35,36 The 
recent approval of multiple generic icatibant drugs has sig-
nificantly reduced the cost of therapy of HAE and hopefully 
will improve access in lower income counties.

As a last resort, C1-INH replacement with intravenous 
fresh frozen plasma (FFP) is a reasonable alternative in 

and effective as a therapy for HAE attacks. It is import-
ant to mention that the difference in glycosylation results 
in shorter plasma half-life. In addition, the effective dose 
was 50 IU/Kg, far greater than that required for human-
derived C1-inhibitor. Rabbit-derived C1-inhibitor should be 
avoided in patients with known rabbit allergy. rhC1-INH 
was approved for patients older than 12 years old in some 
countries and ≥2 years in others.32,33

The subcutaneous kallikrein inhibitor, ecallantide, a 
60-amino acid recombinant protein, is effective for acute 
HAE attacks in adolescents and adults and is available in 
some countries. Due to the risk of anaphylaxis, in approxi-
mately 3–4%, it is not approved for home administration.2,32

Subcutaneous icatibant, a synthetic selective bradyki-
nin B2 receptor competitive antagonist, is approved for HAE 

Table 1  Drugs for acute treatment, short-term prophylaxis, and long-term prophylaxis in the management of pediatric HAE.

Drug Acute treatment Short-term prophylaxis Long-term prophylaxis

Androgens (danazol, 
oxandrolone, 
stanozolol)

Not recommended Avoid use. 10 mg/kg/d and 
≤ 200 mg/d for danazol, 
5 d before & 2–3 d after 
procedure/trigger. Oral

Avoid use. If necessary,  
10 mg/kg/d and ≤ 200 mg/d 
for danazol, after puberty 
(Tanner 5). Oral

Antifibrinolytics 
(tranexamic acid, 
Epsilon aminocaproic 
acid)

Not recommended Not recommended Tranexamic acid: 10 mg/kg/d 
bid to 25 mg/kg/d tid. Limit 
dosage 3g/d. Oral

Berotralstat Not approved Not recommended Approved in some countries for 
12 y or older. 150 mg/d. Oral

Ecallantide Approved in some countries 
for ≥12 y. 30 mg SC. Self-
administration is not 
allowed due to anaphylaxis

Not recommended Not recommended

Fresh frozen plasma May be used, if other 
on-demand medications 
are not available. 10 mL/
kg IV. No age limit

May be used, if other STP 
medications not available. 
10 mL/kg IV. No age limit

Not recommended

Icatibant Approved for ≥18 y in 
some countries, ≥2 y in 
others. 30 mg/3mL. Dose 
adjustment is needed for 
adolescent/children <65 
kg/≥2 y. SC

Not approved Not approved

Lanadelumab Not approved Not approved 300 mg every 2 weeks. After 
6 months, if no attacks: 300 
mg every 4 weeks. >12 y. SC

pdC1-INH nanofiltrated* 20 IU/kg IV (No age limits) 20 IU/kg IV (No age limits) 1 
to 6h before procedure/
trigger. IV

Approved for ≥12 y in some 
countries, ≥6y in others. 
1000 IU in ≥12 y. 6 to 12 y 
500 UI. q 3-4 d. IV

SC pdC1-INH 
nanofiltrated

Not approved Not approved 60 IU/kg twice weekly. >12 y. 
SC

rhC1-INH/conestat alfa Approved for ≥12y in some 
countries, ≥2y in others. 
50 IU/kg, max. 4200 IU 
(50 IU/kg <84 kg, 4200 IU 
>85kg) IV

Not approved Not approved

*There are two commercial drugs in use.
bid, twice a day; C1-INH, C1 inhibitor; d, day; HAE, hereditary angioedema; IU, international unit; IV, intravenous; pd, plasma-derived; 
q, every; rh, recombinant human; SC, subcutaneous; STP, short-term prophylaxis; tid, three times a day; y, years.1,20,26,30,53



4	 Mansour E et al.

is 20 units per kg48 and objective evidence suggests that a 
dose of 20 IU/kg may be more effective than a fixed one of 
either 500 or 1000 units.49

A subcutaneous pdC1-INH nanofiltrated for HAE LTP 
for adults and adolescents 12 years or older was recently 
approved in some countries. This treatment proved to be 
safe and effective at the dose of 60 IU/kg twice weekly 
(every 3 to 4 days).50 The reduction of attacks was demon-
strated by a median reduction of about 95% and a mean 
reduction of approximately 85%.45,50 Presently SQ-C1-INH is 
approved for patients aged ≥6 years.28

Lanadelumab, a human kallikrein inhibitor monoclonal 
antibody, is a subcutaneous LTP for HAE patients 12 years 
or older. As with IV or SC pdC1-INH, lanadelumab is consid-
ered as the first-line treatment. The dose is 300 mg every 
2 weeks; after 6 months, with full control of attacks, the 
patient may be switched to 300 mg every 4 weeks.28,42,51

Berotralstat, a small molecular inhibitor of kallikrein, 
was recently approved in some countries, for 150 mg once 
daily oral LTP of HAE in adolescents (≥12 years old) and 
adults. This drug demonstrated to be safe and reduced 
the frequency of attacks of HAE by approximately 50%. 
The main limiting factor was gastrointestinal adverse 
effects.52,53

For countries with limited access to newer, more effec-
tive treatments for LTP of HAE, especially in children 
and adolescents, oral antifibrinolytics, like tranexamic 
acid, are less likely to induce adverse effects compared 
to androgens, but in turn are not as effective as andro-
gens. Therefore, their efficacy is low compared to other 
LTP treatments, and antifibrinolytics are contraindicated 
in hypercoagulable states. The recommended dose of 
tranexamic acid ranges from 500 to 3000 mg/day for adults 
and adolescents, and in children the initial dose was as 
low as 100 mg/day, increasing as needed to a maximum of 
1500 mg/day. In low-income countries this may be the best 
available therapy; however, in high-income countries antifi-
brinolytics use is discouraged.1,2,24

Oral attenuated androgens (AA), like danazol, oxan-
drolone, and stanozolol, are considered effective but, due 
their low safety profile, are not considered as the first-line 
treatment for LTP of HAE. This is especially true for chil-
dren where the adverse events supersede the benefit. AA 
must be avoided, especially before puberty Tanner Stage 
V and if administered, careful safety monitoring is war-
ranted. Danazol can be started at the dose of 2.5 mg/kg/
day and increased as needed to a maximum of 200 mg/day 
(2.5 to 10 mg/kg/day and ≤ 200 mg/day).1,2,24,28

In summary, data on the use of the therapies for 
on-demand, STP, and LTP in children are mainly extrapo-
lated from data collected from clinical trials that recruited 
adults. Nonetheless, it appears that the safety of many of 
the products, especially C1 inhibitor, suggests that their 
use for STP and LTP in children is acceptable. Despite this 
comment, more studies are needed to truly assess best 
therapies in children with HAE.
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