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Abstract: Hereditary angioedema (HAE) is a rare inherited condition marked by recurrent skin and submucosal edema. 
HAE is caused by a C1 inhibitor deficiency or decreased C1 inhibitor function. The initial attack may occur during 
childhood or pregnancy, with symptoms ranging from classic angioedema to nonspecific stomach cramps. In this review, 
we discuss strategies for children and pregnant women to manage HAE attacks effectively and safely in light of the recent 
increase in HAE diagnosis. To begin, an aggressive work-up is necessary to confirm HAE-1/2 and to determine the most 
effective countermeasures. Secondly, in the event of an acute attack, plasma-derived C1-inhibitor is the first line of defense 
for children and pregnant women. Icatibant is also appropriate for use, except in pregnant women. Fresh frozen plasma (FFP) 
may be suggested as an alternative. Thirdly, proactive measures to prevent HAE attacks should be considered whenever a 
procedure is performed that may result in an exacerbation. Finally, FFP, attenuated androgen, and antifibrinolytic agents 
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are recommended for long-term prophylaxis in South Korea where the C1 inhibitor is scarce. However, when making a 
decision, it is necessary to consider both the efficacy and the risk of adverse effects. For proper management, written action 
plans and first-aid kits are required. The action plans should be customized to the patient’s unique circumstances.
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1. Introduction
Hereditary angioedema (HAE) is a rare genetic disorder characterized by recurrent skin and mucosal swelling, 
which occurs due to deficiency or dysfunction of C1 esterase inhibitor (C1-INH). The severity of HAE varies 
widely, from asymptomatic to fatal, making it difficult to predict clinical outcomes and significantly impacting 
the daily lives of patients and their families.

More than half of patients experience their first symptoms during childhood or adolescence, requiring a 
differentiated approach to prevention and treatment for adults. Additionally, HAE is known to be influenced 
by factors such as stress, physical trauma, infection, and estrogen levels, which can affect the severity of acute 
attacks. Clinical courses in pregnant and breastfeeding women, who may experience increased hormonal levels, 
may differ from those of typical patients. Therefore, meticulous care from frontline healthcare providers is 
crucial for effective diagnosis and treatment in this patient population.

However, there is currently a lack of specialized literature focusing on children, pregnant women, and 
breastfeeding mothers domestically, and internationally, limited to a few reviews and case reports, posing 
significant challenges to clinical practice [1-6].

In response, healthcare professionals affiliated with the Korean Academy of Asthma, Allergy, and Clinical 
Immunology (KAAACI) who specialize in treating HAE have published expert opinions based on recent 
literature reviews and information [7]. This opinion paper aims to provide guidance for frontline clinicians, 
particularly regarding children, pregnant women, and breastfeeding mothers who require special consideration 
in managing HAE.

2. Definition and classification of HAE
To briefly summarize the overall classification of HAE for a better understanding of the content described in the 
primary expert opinion, the following points can be highlighted. Angioedema refers to swelling occurring in the 
deep dermis, subcutaneous tissue, mucosa, or mucosal tissue as local vascular permeability increases [8]. Based on 
the major mediators, angioedema is classified into histamine-mediated mast cell-mediated angioedema, bradykinin-
mediated angioedema, and other types of angioedema that are difficult to clearly identify the cause [9]. Histamine-
mediated angioedema mainly occurs as part of allergic reactions and is often accompanied by urticaria. In 
contrast, bradykinin-mediated angioedema occurs due to genetic or acquired deficiency of C1-INH and is 
mostly not accompanied by urticaria [10]. The HAE primarily addressed in this expert opinion belongs to 
bradykinin-mediated angioedema and is caused by genetic abnormalities.

HAE is classified into type 1 HAE, type 2 HAE, and normal C1-INH HAE based on genetic characteristics. 
Type 1 HAE is characterized by decreased levels of C1-INH, while type 2 HAE features normal levels of C1-
INH but with functional impairment. Types 1 and 2 have similar mechanisms and clinical presentations, often 
collectively referred to as type 1/2 HAE. Type 1/2 HAE arises from mutations in the SERPING1 gene, which 
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encodes C1-INH, with over 700 different SERPING1 mutations reported to date [11]. Normal C1-INH HAE 
is very rarely encountered, and it is speculated that factors other than C1-INH are responsible for bradykinin 
receptor stimulation [12]. So far, six subtypes of normal C1-INH HAE have been reported [HAE due to factor 
XII gene (FXII) mutation (HAE-FXII); HAE due to angiopoietin-1 gene (ANGPT1) mutation (HAE-ANGPT1); 
HAE due to plasminogen gene (PLG) mutation (HAE-PLG); HAE due to kininogen-1 gene (KNG1) mutation 
(HAE-KNG1); HAE due to myoferlin gene (MYOF) mutation (HAE-MYOF); HAE due to heparan sulfate-
glucosamine-3-O-sulfotransferase 6 gene (HS3ST6) mutation (HAE-HS3ST6)] [12]. Additionally, there are HAE 
cases where the exact causative gene is not known (HAE-UNK) [11].

3. HAE in Pediatrics
3.1. Clinical presentation and course of HAE in children
Mutations in the SERPING1 gene, which causes type 1/2 HAE, are present from birth, but the first symptoms 
typically manifest during childhood or adolescence. While there have been reported cases of symptoms appearing 
as early as 4 weeks after birth [13], such occurrences are extremely rare. According to large-scale studies in the 
United States, children with type 1/2 HAE experience their first attack at a median age of 11 years (range: 6–15 
years), with a diagnosis typically occurring at around 19 years (range: 12–28 years), taking approximately 8 years 
(range: 1–16 years) from onset to diagnosis [14]. However, in Korea, the average age of initial symptom onset is 
28 ± 14 years, with only about 26% experiencing their first attack before the age of 20 [15]. In children, attacks 
mostly present as cutaneous angioedema, which can be particularly dangerous in the pediatric airway due to its 
narrowness, potentially leading to asphyxiation [16]. Abdominal attacks are also rare in children, but due to the 
common occurrence of abdominal pain in this age group, it is difficult to accurately assess the true extent. The 
frequency and severity of attacks increase during adolescence, and the early onset of symptoms is associated 
with a more severe course of type 1/2 HAE [17]. Peripheral erythema is a common prodromal symptom in 
children, occurring in 42%–58% of all cases [11]. It is often misinterpreted as urticaria, leading to inaccurate and 
insufficient treatment [1,11,18,19].

3.2. Diagnosis of HAE in children
In situations where type 1/2 HAE is suspected, if angioedema occurs without erythema in children, it is 
recommended to measure the levels and activity of C1-INH antigen (protein) and C4 for diagnosis [11]. Since 
type 1/2 HAE follows an autosomal dominant inheritance pattern, children of affected patients have a 50% 
chance of inheriting the disease. Prompt testing is necessary for children of type 1/2 HAE patients, even if 
they currently do not exhibit clinical symptoms, to establish an optimal management plan [11,19,20]. Until all 
evaluations for type 1/2 HAE are completed, children of affected patients should be considered to have the 
disease and managed accordingly.

This consideration also applies to newborns. Until C1-INH deficiency is definitively ruled out, newborns 
should be considered to have the disease and cared for accordingly [11,20]. Interpretation of results requires 
attention due to the following factors: First, complement values measured using cord blood may yield false-
negative results for HAE. Complement levels measured in cord blood are lower than those in maternal 
blood, with C1-INH levels in cord blood being only 70% and C1-INH activity being only 62% of those in 
adults [20,21]. Second, reference values for complement levels in pediatric peripheral venous blood are not yet 
established. However, it is known that C1-INH levels and activity are generally low in children with type 1/2 
HAE, except in some exceptional cases in infants under 1 year old [22,23]. On the other hand, C4 levels can be 
low even in healthy infants, so diagnosing type 1/2 HAE based on decreased C4 levels in infants under 12 
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months old is not very helpful [22,23]. Third, genetic testing increases diagnostic reliability in children. Especially 
when biochemical test results are ambiguous, knowing the parents’ genetic mutations can be very helpful in 
confirming the diagnosis of type 1/2 HAE through genetic testing [20,23]. However, genetic panels for HAE are 
not widely available in Korea, and some large hospitals only conduct them for research purposes. Due to the 
reasons mentioned above, all complement tests conducted initially in children of type 1/2 HAE patients should 
be repeated after the age of one [20,23].

Prenatal testing for type 1/2 HAE in fetuses during pregnancy is not recommended in clinical practice. The 
reasons include (1) the absence of observed mutations in the parents’ C1-INH-related genes in many cases, up to 
about 10%, (2) even with the same mutation, phenotypes can vary significantly, and (3) advancements in treatment 
techniques have greatly improved disease control and quality of life for patients with type 1/2 HAE [24-26].

3.3. Treatment of HAE in pediatric patients
Just like in adults, it is essential to establish treatment guidelines in advance and have necessary emergency 
medications ready for all pediatric patients with type 1/2 HAE [11,27]. The approved emergency medications for 
pediatric patients with type 1/2 HAE are plasma-derived C1-inhibitor (trade name Berinert) and icatibant (trade 
name Firazyr). Recombinant C1-inhibitor (trade name Ruconest) is available as a rare drug for use in patients 
aged 13 and older, while ecallantide and Lanadelumab have not yet received approval in Korea. While all these 
medications are effective and safe for use, considering their availability in Korea, Icatibant is prioritized for 
use in adolescents and children under 12 years old [11]. Icatibant can be used in children aged 2 and older during 
acute attacks, with dosages based on weight. Icatibant is supplied in pre-filled syringes containing 30 mg in 
3 mL, and the dosage is determined based on weight. Detailed recommended dosages are provided in Table 
1. If Icatibant is unavailable, fresh frozen plasma (FFP) can be administered as an alternative [24,25]. Solvent-
detergent-treated plasma is preferred over FFP, but both are considered second-line options [25]. Other available 
medications for pediatric use, their characteristics, and mechanisms of action are summarized in Table 1 and 
Figure 1. In case of abdominal attacks, it is crucial to secure intravenous access and adequately replenish fluids. 
This is important as children are vulnerable to dehydration or hypovolemia, especially during HAE attacks 
involving leakage into the intestines or abdominal cavity [11].

Similar to adults, preventive measures for attacks are necessary before procedures. Medical, surgical, 
and dental procedures that can mechanically stimulate the upper airway or gastrointestinal tract fall under this 
category [28,29]. The primary consideration for preventive treatment is plasma-derived C1-inhibitor, administered 
at 15–30 units/kg. However, due to limited availability, attenuated androgens, such as danazol, at doses of 2.5–10 
mg/kg/day (maximum 600 mg/day), may be considered as an alternative short-term option [20]. Androgens 
promote the synthesis of C1-INH protein, which is maintained by the expression of the remaining normal C1-
related genes in the liver. Danazol is known to have increased efficacy with increasing doses, but individual 
doses required to prevent worsening of angioedema and maintain normal C1 and C4 levels vary significantly. 
Hence, it is recommended to adjust the dosage based on the response and side effects after starting the initial 
dose [27]. Since short-term preventive measures are not completely effective, emergency medications should also 
be available if needed [11].
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Figure 1. Targets and the action mechanisms of medications prescribed in children for managing their hereditary 
angioedema exacerbations [27]. Abbreviations: HMWK, high-molecular-weight kininogen.

The indications for long-term prophylactic therapy in adolescents are the same as those in adults [11]. 
Plasma-derived C1-inhibitor is recommended as the standard treatment for long-term prophylaxis in children 
under 12 years old, starting at 10–20 units/kg once or twice a week [20]. Subsequent dosing intervals and 
doses are adjusted based on individual responses to the medication [11]. However, considering the difficulty in 
obtaining C1-inhibitor in Korea, attenuated androgens or antifibrinolytics can be tried [11,19,20]. Antifibrinolytics 
inhibit the generation of plasmin, which is involved in the bradykinin pathway, without directly affecting C1-
INH or C4 levels. Tranexamic acid is a representative antifibrinolytic, but due to the significant variability in 
the individual dose required to suppress symptoms, it is started at a low dose (20–50 mg/kg/day, divided into 
2 or 3 doses) and adjusted based on the response and risk of side effects thereafter [27]. While using attenuated 
androgens may seem appropriate due to safety concerns with androgens being male hormones, the evidence 
supporting the efficacy of antifibrinolytics is still lacking. The safety of epsilon aminocaproic acid, another 
antifibrinolytic, compared to tranexamic acid is still unclear.

Close monitoring of safety indicators is necessary when administering attenuated androgens. These 
medications can cause virilization and hypogonadism in boys and menstrual irregularities in girls. They can 
also cause various behavioral abnormalities and may lead to premature closure of growth plates, potentially 
resulting in reduced final adult height [11,19,20]. Hence, attenuated androgens are not recommended for long-
term prophylactic use in adolescents who have not reached Tanner stage V puberty and in all pediatric patients 
with HAE. It is important to periodically reassess the necessity of using attenuated androgens for long-term 
prophylaxis on a case-by-case basis and adjust the dosage and method of administration accordingly. For 
example, in the case of danazol, a representative attenuated androgen medication, the initial dose in children is 
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2.5 mg/kg/day, gradually increasing every 2 weeks. The dosage can be adjusted based on symptoms until the 
maximum recommended or tolerated dose (up to 200 mg once daily) is reached [11.20].

3.4. Considerations for primary prevention and management in pediatric HAE patients
In pediatric patients with type 1/2 HAE, most attacks occur without specific triggers [30], which is similar to 
adults. Infections are suspected as more common precipitating factors for attacks in children. Since essential 
vaccinations or recommended immunizations are safe, all should be administered. Preventing infections such 
as pharyngitis can reduce the frequency of attacks. Medications that can cause swelling as a side effect, such as 
ACE inhibitors, are not often necessary in children. However, in cases where oral contraceptives are required in 
children, contraceptive pills containing estrogen should be avoided as they can trigger HAE attacks [11,31]. On the 
other hand, intense physical activity accompanied by physical trauma or emotional stress, which are considered 
triggering factors in adults, are core exacerbating factors during childhood and adolescence [32]. However, overly 
restricting physical activity and lifestyle can be detrimental, so behavioral guidelines should be individualized 
according to the person’s situation. The ultimate goal of managing type 1/2 HAE in all ages is for the patient to 
enjoy a safe and normal life [20,33].

In this context, providing appropriate information to pediatric patients and their families is essential for 
them to enjoy a healthy lifestyle and avoid complications [11]. It is important to provide information about this 
disease in document form to caregivers such as teachers and school nurses who handle children at daycare 
centers or schools. Among the information provided, management strategies for HAE attacks, including 
emergency treatment for respiratory attacks, must be included [11,19,20]. Ensuring that Icatibant is always available 
for emergency use at home, school, or during travel is essential. Guidelines for responding to attacks are 
needed, and emergency medications required for first aid should be available at home and local hospitals, with 
effective use of these medications included in the response plan [11]. While standardized forms for response 
plans are not yet well established, some countries are preparing for emergencies by providing standard forms 
for response plans from medical societies and having medical personnel describe detailed content for students 
to carry [34]. Since all HAE patients may potentially receive blood transfusions, it is advisable to administer 
hepatitis A and hepatitis B vaccinations if not already completed. Influenza vaccines and other essential 
vaccinations should also be administered if not yet completed. There are currently no recommendations 
regarding the COVID-19 vaccine, but based on reports targeting non-pregnant adult patients, many people were 
able to receive vaccinations well without short-term prophylactic therapy. Although some people experienced 
severe swelling as a side effect, they were able to manage acute exacerbations adaptively [35]. Based on these 
reports, it is recommended to proceed with the COVID-19 vaccination without short-term prophylactic therapy, 
and immediate response to acute exacerbations if necessary is recommended.

4. Pregnancy and breastfeeding in HAE
4.1. Clinical course of HAE during pregnancy and lactation
Anatomical, physiological, and hormonal changes during pregnancy can affect the symptoms of HAE and 
may impact the clinical course and treatment. Pregnancy can either alleviate or exacerbate the activity of 
HAE, or it may have no effect, and rarely, symptoms of angioedema may first appear during pregnancy. While 
the frequency of attacks observed during previous pregnancies can provide an estimate for the frequency of 
occurrence in subsequent pregnancies, accurate predictions are difficult [5,36-38]. Pregnant women with HAE 
require thorough and meticulous monitoring by specialists, and adjustment through close cooperation with 
experts in relevant fields is necessary. Labor and delivery rarely trigger attacks, but they can occur during 
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childbirth or within 48 hours postpartum, necessitating at least 72 hours of intensive observation even after 
uncomplicated vaginal delivery. Breastfeeding may be associated with an increase in attack frequency, 
such as abdominal symptoms or facial swelling, but breastfeeding is recommended based on the benefits of 
breastfeeding for the newborn [4,25]. In the case of cesarean section, especially when endotracheal intubation is 
required, it should be performed similarly to procedures performed on HAE patients described in the following 
sections.

4.2. Diagnosis of HAE during pregnancy
Due to an increase in plasma volume, plasma levels of C1-INH may decrease during pregnancy even in healthy 
women without HAE, and return to normal after delivery [39,40]. Therefore, measuring C1-INH, C1-INH activity, 
and C4 levels to diagnose type 1/2 HAE during pregnancy requires significant caution, and repeating tests after 
childbirth may be helpful for confirmation if HAE is suspected [4,25].

4.3. Treatment of HAE in pregnant and lactating women
C1-inhibitor (C1-INH) is recommended as first-line therapy for pregnant or lactating women with HAE due 
to its safety and high efficacy [11]. During pregnancy, medications such as Ecallantide, Lanadelumab, and 
Berotralstat are not indicated and have not been recommended as there have been no reported cases of their use 
to date. Although the use of Icatibant during pregnancy is contraindicated based on prescribing information, 
cases of its use during pregnancy have been reported without adverse effects on the mother or fetus [41-43]. If C1-
INH is unavailable, fresh frozen plasma (FFP) may be considered as an alternative [5,36,37,44-46].

Prophylactic use of C1-INH is recommended before procedures that carry a risk of acute attacks during 
pregnancy, such as amniocentesis, cordocentesis, and termination of pregnancy surgery [4,11,25]. If prophylactic 
treatment is not administered before the procedure, immediate administration of C1-INH during the procedure 
is necessary, and if an attack occurs, it should be administered immediately. If managing acute attacks of HAE 
is difficult, it is advisable to give birth in a hospital where measures can be taken.

Although physical trauma or stress is known to trigger attacks, vascular swelling during labor or delivery is 
rare [5,25]. Therefore, while prophylactic treatment is not necessary for an uncomplicated vaginal delivery without 
complications, immediate administration of C1-INH concentrate should be available upon symptom onset. For 
patients who frequently experience swelling symptoms during the third trimester of pregnancy or have a history 
of genital swelling due to traumatic delivery or instrumental delivery [11,45-47], prophylactic administration of C1-
INH concentrate before analgesia and delivery is recommended [11,37,44].

Preventive treatment may also be considered during pregnancy, especially for patients who have 
experienced an increase in the frequency of vascular swelling attacks during pregnancy. In such cases, plasma-
derived C1-INH is recommended as a safe and effective preventive therapy [37]. Fibrinolytic inhibitors may be 
considered when C1-INH is not available, although their efficacy has not been proven [4,11,25]. Androgens are 
contraindicated during pregnancy because they pass through the placenta and can cause virilization of female 
fetuses, placental insufficiency, and fetal growth restriction. Androgen therapy must be discontinued before 
breastfeeding [48,49], as breastfeeding itself may reduce the frequency of attacks [37].

Plasma-derived C1-INH is recommended as the optimal treatment for symptomatic treatment, short-term 
prevention, and long-term prevention during lactation [11]. Androgens and fibrinolytic inhibitors are secreted in 
breast milk, but tranexamic acid has been shown to be safe during breastfeeding unlike androgens [50]. Table 1 
summarizes the types of medications that can be used during pregnancy and lactation [4,11].
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4.4. Considerations for the management of pregnancy and childbirth in HAE patients
Type 1/2 HAE, although rare, can have a profound impact on the quality of life for patients and their families 
due to its unpredictable nature and potential lethality. Given the possibility of increased severity and acute 
exacerbation of HAE during pregnancy, systematic monitoring and maintenance therapy, as well as planning for 
acute symptoms, are paramount [4].

Expectant mothers diagnosed with type 1/2 HAE should receive management from healthcare 
professionals with sufficient knowledge, expertise, and experience in HAE. If diagnosed during pregnancy or 
with pre-existing HAE, it is essential to inform the obstetrician/gynecologist about the condition so that plans 
for short-term preventive treatment for acute attacks that may occur during surgery or procedures can be made 
in advance. Additionally, if long-term preventive therapy for pre-existing HAE is being conducted, consultation 
with the responsible specialist may be necessary to adjust medications, especially if taking drugs like attenuated 
androgens may be challenging to maintain during pregnancy. Moreover, caution is warranted regarding 
estrogen-containing oral contraceptives and estrogen hormone replacement therapy in relation to pregnancy 
planning, as they may exacerbate symptoms. Progesterone-only therapy for hormonal contraception may be 
beneficial for women with type 1/2 HAE [31,51].

Similar to general HAE patients, providing appropriate information about the condition and emergency 
response guidelines to patients and their families is essential for maintaining a normal life and preventing 
complications. Patients should have guidelines and medications for managing acute HAE attacks at home, and 
they should confirm and request emergency medications to be stocked by local emergency medical facilities.

5. Conclusion
Type 1/2 HAE, while rare, can significantly impact the quality of life and, if diagnosis is delayed, may lead to 
fatal outcomes. Although South Korea has a lower prevalence compared to Western countries, the difficulty 
in diagnosis suggests the possibility of undiagnosed patients, emphasizing the importance of early detection 
and appropriate treatment efforts. This statement hopes to contribute to such diagnosis and treatment efforts 
and further advocates for the domestic introduction of essential medications for optimal treatment of pediatric, 
pregnant, and lactating patients, who currently have a narrower range of treatment options.
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