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Abstract: Three types of hereditary angioedema (HAE) have been described: two are due to 

C1 inhibitor (C1-INH) deficiency (C1-INH-HAE types I and II) and one is characterized by 

normal C1-INH (nC1-INH-HAE). The management of pregnancy in patients with HAE is often 

a clinical challenge owing to potential worsening of the disease in relation to the physiological 

increase in estrogens and the limited treatment options. This review addresses the potential 

influence of pregnancy on the clinical severity of hereditary angioedema and the management 

of this disease during pregnancy with currently available treatments.
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Introduction
Hereditary angioedema (HAE) is a rare disorder characterized by recurrent, localized, 

and self-limiting acute edema episodes in different locations.1 A consensus document 

on the classification of angioedema without wheals has recently been published.2 HAE 

can be caused by a genetic deficiency of plasma C1 inhibitor (C1-INH; C1-INH-

HAE), owing to mutations in the SERPING1 gene, which results in either diminished 

levels of the C1-INH protein (C1-INH-HAE type I) or dysfunctional forms of the 

same protein (C1-INH-HAE type II).1,2 There is a third type of HAE, previously 

called type III HAE, in which no C1-INH deficiency is present (nC1-INH-HAE).3,4 

Some families with  nC1-INH-HAE have mutations in the F12 gene, which encodes 

coagulation protein factor XII (FXII-HAE), whereas no mutation has been found in 

others (U-HAE).1–3 Both C1-INH-HAE and nC1-INH-HAE are characterized by an 

activation of the  contact system, which results in an increase in bradykinin forma-

tion and subsequently an increase in endothelial permeability, with vascular leakage 

and angioedema.1

C1-INH-HAE is a rare disease with a prevalence initially estimated to be between 

1:10,000 and 1:50,000 inhabitants.5 Some national registries have published minimal 

prevalence, ranging from 1.09 to 1.41 per 100,000 inhabitants.6,7 There have been no 

studies on the prevalence of nC1-INH-HAE.

Angioedema usually develops in the subcutaneous tissues of the limbs, face, trunk, 

or genitalia (peripheral angioedema), but also commonly affects the submucosal 

 tissues of the gastrointestinal and respiratory tracts.8 This type of angioedema, which 

is elicited by local release of bradykinin, does not respond to conventional therapy 

with antihistamines, corticosteroids or adrenaline.9
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Special issues in the management of C1-INH-HAE in 

female patients, including pregnancy, have been addressed 

in an international consensus document,10 but data are more 

limited regarding nC1-INH-HAE. Although both C1-INH-

HAE and nC1-INH-HAE are autosomal dominant inherited 

diseases, and there should be no differences in sex distribu-

tion, a female preponderance of patients has been observed in 

most clinical series.6,11–18 One of the most plausible explana-

tions for the female predominance of C1-INH-HAE patients 

might be that women have a more severe expression of the 

disease due to the significant association between estrogen 

exposure and disease severity, with a higher diagnosis rate 

and a higher attendance rate at health care services.10,18 

Furthermore, the sex prevalence in nC1-INH-HAE shows 

a higher female prevalence than in C1-INH-HAE, due to a 

much lower penetrance of the disease in males (.90% of 

asymptomatic carriers in males versus 40% in women in 

FXII-HAE).2,17,19–21

The clinical course of C1-INH-HAE and nC1-INH-

HAE can worsen during pregnancy due to the physiological 

increase in estrogens.1,3,4,8,10 This fact, together with limita-

tions regarding the use of certain drugs during pregnancy, 

makes the management of HAE a challenge for physicians. 

This review addresses the issue of management of HAE 

during pregnancy in an attempt to upgrade the health care 

of patients with C1-INH-HAE and nC1-INH-HAE and 

decrease the burden HAE will cause for patients and their 

families in the future.

Bibliographic search
An in-depth search of the available English language 

literature was performed on PubMed and EMBASE using the 

 following key words: hereditary angioedema, HAE, type III 

HAE, C1-inhibitor, and C1 inhibitor deficiency. Additional 

sources were selected from the reference lists of published 

articles. Searches were last updated on December 31, 2013. 

All publications consulted were reviewed for data regarding 

the management of pregnancy and related issues in HAE.

Diagnosis of HAE during pregnancy
C1-INH-HAE rarely presents for the first time during 

 pregnancy.10,22,23 However, it is not so rare that symptoms 

appear for the first time during pregnancy in patients 

with nC1-INH-HAE.3,19 Early and accurate diagnosis of 

both diseases is important for both mother and fetus and 

can be attained by measuring blood complement levels 

(C4, antigenic C1 inhibitor, and functional C1 inhibitor) 

and/or by carrying out genetic testing.1,2,4,10,24

Serum C1-INH testing during pregnancy should be 

carefully interpreted,10 as transient low C1-INH levels with 

normalization after delivery have been found in normal 

pregnant women.25–28 A drop in plasma C1-INH levels during 

pregnancy could be related to an increase in plasma volume.26 

Moreover, lower levels of functional plasma C1-INH have 

also been found in some women with nC1-INH-HAE during 

pregnancy.3,20,29 In order to avoid misdiagnosis, follow-up 

tests on patients who have a low blood C1-INH level or 

function during pregnancy should be run a few months after 

delivery to confirm a C1-INH-HAE diagnosis.10

Prenatal diagnosis and 
preimplantation genetic diagnosis
Prenatal diagnosis for C1-INH-HAE and nC1-INH-HAE 

during pregnancy is rarely requested. The presence of the 

mutation responsible for the disease in an affected parent 

must be detected before a fetus is tested for it. Genetic testing 

for the specific mutation is performed with cells taken from 

either a chorion villus sample or an amniotic fluid sample.10 

The risk of a miscarriage from either procedure carried out 

by experienced professionals is between 0.5% and 1%.10,30 

In cases where the disease-causing mutation is found in the 

fetus, and where applicable laws and practices allow it, the 

option of a therapeutic abortion could be made available.10

Preimplantation genetic diagnosis, a technique used to 

identify genetic defects in embryos prior to implantation 

and pregnancy, can detect embryos without C1-INH-HAE 

or FXII-HAE. However, preimplantation genetic diagnosis 

is expensive and has a low success rate for pregnancy. 

Moreover, women must be given hormone therapy, which 

is a risk factor for an increase in HAE severity.10,31 A suc-

cessful preimplantation genetic diagnosis in C1-INH-HAE 

has been published.32

Postnatal diagnosis
The C1-INH concentration in umbilical blood of healthy 

neonates is usually lower than that of the normal adult value 

(approximately two thirds)33 and the complement system 

reaches an adult maturity level by the age of 6–36 months.34 

C1-INH levels and function can show false-positive and 

false-negative results in infants under 12 months and thus 

C1-INH test findings should be confirmed after 1 year of 

age.35,36 Given the diagnostic uncertainty of biochemical 

tests in young children, genetic testing might be a use-

ful option for determining whether a child has inherited 

C1-INH-HAE. Genetic testing is necessary for diagnosing 

FXII-HAE in cases with clinical symptoms and identifying 
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 asymptomatic carriers. However, it must first be known that 

the family carries the disease-causing mutation. Genetic 

testing of asymptomatic children with C1-INH-HAE or FXII-

HAE is especially beneficial because diagnosis can help to 

ensure that the correct treatment is provided in the event of an 

attack,10,37,38 as well as in cases where emergency medical or 

surgical procedures are necessary. It is noteworthy that there 

is no diagnostic test for nC1-INH-HAE without mutation in 

the F12 gene (U-HAE).

Genetic testing
Genetic testing is not always necessary for diagnosis of 

C1-INH-HAE; however it could aid in the diagnosis of cases 

in which C1-INH measurements are inconclusive, as may 

occur with newborns or in cases with C1-INH deficiency in 

the absence of family history. Genetic testing may be used to 

detect the presence of C1-INH-HAE in “de novo mutations” 

or to rule out acquired angioedema due to C1-INH deficiency. 

Moreover, genetic testing is the only way to confirm a diagno-

sis of FXII-HAE. It could also be helpful in the identification 

of family members at risk of C1-INH-HAE or FXII-HAE 

(presymptomatic testing). The disease-causing mutation in 

a particular family should be identified in advance in cases 

where prenatal diagnosis, preimplantation genetic diagnosis, 

or presymptomatic testing is requested. It is noteworthy that 

the mutation responsible for C1-INH deficiency is only identi-

fied in approximately 90% of patients with C1-INH-HAE39,40 

and in a lower percentage of patients with nC1-INH-HAE.4

Genetic counseling
Patients and families with C1-INH-HAE and nC1-INH-HAE 

should have access to genetic counseling and be provided 

with a pedigree chart, information on the type of inheritance 

(autosomal dominant), diagnostic screening of affected 

relatives, and information on prenatal diagnosis or preim-

plantation genetic diagnosis according to national laws and 

practice.10 C1-INH-HAE is a treatable disease with a highly 

variable phenotype, and prenatal diagnosis is therefore 

seldom requested.10 Nevertheless, there is no approved 

therapy for nC1-INH-HAE, and information on the efficacy 

of drugs available for C1-INH-HAE and nC1-INH-HAE is 

scattered. The low number of requests for prenatal diagnosis 

of nC1-INH-HAE might be attributed to the fact that it is a 

newly described disease, together with low penetrance.

Patients should also be informed of limitations of HAE 

treatment during pregnancy and lactation, possible worsen-

ing of the disease, and available treatments for HAE dur-

ing  pregnancy and patient accessibility to them. It is also 

important that patients be warned not to receive certain 

HAE treatments, such as attenuated androgens, prior to 

conception.10

Management
During pregnancy
Close follow-up during pregnancy, labor, delivery, and 

breast-feeding is recommended since these events can affect 

the course of the disease in different ways.10 Pregnancy 

may affect the course of C1-INH angioedema attacks by 

worsening, improving, or having no impact at all,10,41 but a 

higher percentage of pregnancies experienced an increase in 

C1-INH-HAE attack rates in the largest published series, with 

227, 118, and 35 pregnancies respectively.41–43 The influence 

of pregnancy on C1-INH-HAE severity may even change 

in different pregnancies in the same woman.9,11,42 Thus, in 

the series reported by Czaller et al including 41 women, the 

C1-INH-HAE course was similar in 21 patients (78% of 

those with several pregnancies) and different in six.42 The 

effects on C1-INH-HAE symptoms were also reported as 

similar for each subsequent pregnancy in most women by 

Bouillet et al (data on 107 women from eight countries who 

had experienced 227 pregnancies).41

Regarding the pregnancy trimester when C1-INH-

HAE symptoms are more severe, the published data show 

some discrepancies. On the one hand, more severe clinical 

symptoms have been described during the first trimester in 

some series,42,44,45 but on the other, increased attack rates in 

the second and third trimesters have also been reported.43,46 

The influence of pregnancy on the course of the disease has 

been analyzed according to different parameters in a variety 

of published studies (attack rates, severity of attacks, and 

number of pregnancies with attacks in each trimester). The 

differences in the analyzed parameters among studies could 

explain the different conclusions reached. Martínez-Saguer 

et al found that the highest mean number of attacks happened 

during the two last trimesters,43 whereas Czaller et al reported 

a higher number of pregnancies with angioedematous attacks 

during the first trimester (49% of pregnancies) than in the 

second (37%) and third (37%) trimesters.42 However, a higher 

mean number of attacks was found in the third trimester 

(6.59) followed by the first (3.78) and then the second (2.29) 

in the same series.42 As for attack severity, the results were 

very similar in the first (0.585) and third (0.561) trimester.42 

Bouillet et al observed no improvement in the last two 

trimesters.41

Factors predicting the course of C1-INH-HAE during 

pregnancy have been analyzed. First, there is a connection 
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between experiencing angioedema attacks at a young age 

and worsening during pregnancy, with an increase in the 

frequency and severity of attacks.12,42 Second, women who 

referred to menstruation as an exacerbating factor improved 

in the last trimester.42 Third, those who indicated that mechan-

ical trauma triggered their angioedema attacks even before 

pregnancy had more C1-INH-HAE attacks during all three 

trimesters.42 Last, being pregnant with a C1-INH-HAE fetus 

has been found to be associated with a higher frequency of 

angioedema episodes during the last trimester.42 In contrast, 

Martínez-Saguer et al found no relationship between attack 

rate during pregnancy and whether the fetus had C1-INH-

HAE,43 whereas they did find that women whose newborns 

had C1-INH-HAE tended to have a lower level of C1-INH 

activity during pregnancy.43

Pregnancy can influence the course of the disease in 

patients with nC1-INH-HAE.3,4,17,47–49 Two families with 

FXII-HAE in which the affected women experienced severe 

complications of their disease during pregnancy, including 

some cases of fetal and neonatal death, have been described.50 

Both families had strictly estrogen-dependent swelling with 

angioedema attacks only during pregnancy or when taking 

estrogen-containing medications.50

The abdomen is the most frequent localization of angio-

edema attacks, whether isolated or combined with attacks on 

different locations.42,43 This might be explained by mechani-

cal trauma due to the progressive stretching of the uterus 

as a result of fetal growth and movement.42,43 Differential 

diagnosis of an abdominal attack during pregnancy may be 

difficult to undertake.42,45,51 An abdominal ultrasound would 

be very useful. Discovery of free peritoneal fluid and edema-

tous swelling of the intestinal wall are highly suggestive of an 

abdominal attack of HAE. Clinical improvement and ultra-

sonographic assessment of regression after treatment with 

plasma-derived human C1-INH concentrate (pdhC1INH) 

could confirm the tentative diagnosis.10,42

Labor and delivery
During childbirth, women with C1-INH-HAE/nC1-INH-

HAE should be monitored closely in hospital by different 

specialists (obstetrician, immunologist, anesthesiologist, 

pediatrician) who can work together with the HAE specialist, 

thereby providing a multidisciplinary approach.10,42

Despite suspicion that the mechanical trauma involved 

in vaginal childbirth could trigger angioedema, there is no 

evidence to support this. Only rarely do vaginal deliveries 

cause an edematous attack,42 with 6% of women not receiv-

ing prophylactic treatment according to the PREHAEAT 

(Novel methods for predicting preventing and treating attacks 

in patients with hereditary angioedema) study.41 Those 

attacks appear immediately after or in the first 48 hours 

after delivery.9,10,41 Spontaneous vaginal delivery occurs in 

80%–90% of births. The number of cesarean sections per-

formed is similar to those in the overall population,41,42,45 and 

a cesarean delivery rate of 12% was reported by Bouillet et al 

in the PREHAEAT study.41

After delivery, the prevalence of angioedema of the vulva 

is higher than that of genital edema before pregnancy.12,42,44,45 

Postpartum, some patients suffer a higher rate of edema 

episodes,23,42,52,53 mainly abdominal attacks.42 Caring for and 

close monitoring of the mother in the postnatal period is 

recommended for at least 72 hours after giving birth.10,54,55

Breast-feeding
A temporary increase in the number of episodes, mainly 

abdominal, has been observed during lactation.42 Prolactin 

levels have been found to be associated with the number of 

abdominal episodes suffered by these patients.56 The increased 

serum prolactin level in susceptible women could be respon-

sible for the temporary increase in angioedema episodes 

observed in some females postpartum.42 Stopping breast-

feeding altogether might decrease the frequency of angioedema 

episodes by causing the levels of this hormone to drop.

Spontaneous abortion  
and premature labor
Data on the rate of spontaneous abortion in HAE are scarce 

and conflicting. Nielsen et al reported that patients with 

C1-INH-HAE who had symptoms of angioedema had 

an increased rate of spontaneous miscarriage and early 

 delivery,57 whereas other authors reported no increases in the 

rate of miscarriage, early delivery, or stillbirths.41–43

Treatment
Available treatments for HAe  
and pregnancy and their indications
Therapeutic options for patients with HAE are limited dur-

ing pregnancy. We reviewed all the treatment possibilities 

for HAE and their tolerability and safety during pregnancy. 

Most treatments have been studied in C1-INH-HAE, whereas 

experience in nC1-INH-HAE is limited. Treatment should 

always be individualized.

Plasma-derived human C1-INH concentrate
pdhC1INH is available from several pharmaceutical compa-

nies, and includes Berinert® (CSL-Behring GmbH, Marburg, 
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 Germany), Cebitor® (Sanquin, Amsterdam, the  Netherlands), 

and Cinryze® (Viropharma Inc., Exton, PA, USA). pdhC1INH 

has been proved to be effective in the resolution of acute 

angioedema episodes as well as for long-term prophylaxis 

in randomized, placebo-controlled, clinical trials in C1-INH-

HAE2,9,54,58,59 and for short-term prophylaxis in a number of 

open studies and case series in C1-INH-HAE.60–64 However, 

it has only been tested in isolated cases of nC1-INH-HAE 

and yielded variable results.3,4,19,20 There are several reports 

in which pdhC1INH has been proven to be safe and effective 

during pregnancy and breast-feeding for long-term prophy-

laxis, short-term prophylaxis, and acute therapy in patients 

with C1-INH-HAE,10,42,43,65–69 although no controlled studies 

have been conducted during pregnancy. It is recommended 

as the first-line therapy during pregnancy and lactation in 

C1-INH-HAE for all these indications.10,42,43

The long-term prophylactic pdhC1INH dosage and 

intervals between doses should be determined on a case-by-

case basis, taking into account clinical disease severity9,10,70 

and can vary from 500 U once a week to 2,000 U twice 

a week.65,69 A notable case has been published in which 

a pregnancy was successfully managed in a patient with 

severe C1-INH-HAE who was first treated with on-demand 

pdhC1INH and long-term prophylaxis with tranexamic 

acid and subsequently with both on-demand and long-term 

prophylaxis with pdhC1INH.71

Antifibrinolytics
Tranexamic acid and epsilon aminocaproic acid are anti-

fibrinolytic agents used in the treatment of angioedema. 

Antifibrinolytics have been administered for mild edema 

attacks,51 but there are no controlled studies of their effec-

tiveness in treating acute attacks.10 Long-term prophylaxis 

with tranexamic acid during pregnancy is considered medi-

cally indicated in C1-INH-HAE only when pdhC1INH is 

unavailable.10 As for patients diagnosed with nC1-INH-HAE, 

there are no clear therapeutic alternatives for treating acute 

episodes, although there are reports of isolated cases in 

which treatment using tranexamic acid and pdhC1INH was 

successful.4,19,20

Although tranexamic acid crosses the placenta, no 

mutagenic activity or harmful effects of tranexamic acid 

on the fetus have been reported10,72 and animal reproduction 

studies have shown no teratogenic effects.10,73,74 Tranexamic 

acid dosages similar to those used in patients with C1-INH-

HAE have been administered during pregnancy for other 

diseases, but generally for a shorter period of time and not 

during the first trimester.10,75 Tranexamic acid has been well 

tolerated and has not been associated with a  prejudicial 

effect on the delivery of healthy children.10,76 Given the 

lack of data on the use of tranexamic acid throughout entire 

pregnancies, its potential risks and benefits must be consid-

ered carefully.10 Tranexamic acid is not recommended during 

breast-feeding as it can pass into breast milk and may harm 

a nursing baby.10

There are concerns about the possibility of thromboembo-

lism in relation to the suppression of the fibrinolytic system;76 

however, controlled clinical studies have not provided any 

evidence to support them.72 Nevertheless, patients with a per-

sonal or family medical history of thromboembolic disease 

might be at greater risk of venous or arterial thrombosis when 

taking antifibrinolytics, and an in-depth diagnostic workup, 

including a hypercoagulability study, may be necessary 

before initiating tranexamic acid.9

Epsilon aminocaproic acid is a derivative and analog of 

the amino acid lysine. Its efficacy in the prevention of angio-

edema attacks was demonstrated in a placebo-controlled, 

double-blind trial.77 The known side effects are thrombosis 

and muscle pain, with increased activity of creatine phos-

phokinase and aldolase, extensive muscle necrosis, asthenia, 

weakness, abdominal pain, itching, nausea, and dizziness.77 

Because of the risk of thrombosis, epsilon aminocaproic acid 

should be discontinued in patients with prothrombotic states 

and in all patients prior to surgery.9,58 The standard dose is 1 

g every 6–8 hours,9 and can be increased to 12 g/day divided 

into four doses.8 There are few data on its use during preg-

nancy or lactation.

Attenuated androgens
Attenuated androgens, such as danazol, stanozolol, and 

oxandrolone, can cross the placental barrier and should be 

avoided during the entire pregnancy, particularly during the 

first trimester when they may have direct effects on the fetus, 

such as virilization and female pseudohermaphroditism.78–83 

Notwithstanding, in one case series, seven patients took 

danazol during the initial weeks of their pregnancies and 

masculinization was not observed in any of their female 

 neonates.42 In addition, placental insufficiency and fetal 

growth retardation may occur due to exposure to testosterone 

during pregnancy.10,84 Consequently, attenuated androgens 

should be discontinued before pregnancy and at least 1 month 

prior to conception.9

It is not known whether anabolic steroids are excreted 

into breast milk. Nevertheless, because of the potential side 

effects in children, it is recommended that women stop breast-

feeding before starting attenuated androgen therapy.10
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virally inactivated fresh frozen plasma
Virally inactivated fresh frozen plasma can be an alterna-

tive in countries in which pdhC1INH is not available24,85–87 

and in cases where antifibrinolytics are contraindicated or 

ineffective.10,88,89 Risks and precautions are similar to those 

in nonpregnant women.10,24,85–87

Virally inactivated fresh frozen plasma, when used for 

the treatment of acute angioedema attacks, has the poten-

tial to lead to worsening of HAE symptoms. In addition to 

C1-INH, it also supplies substrates (factor XII, prekallikrein, 

and high molecular weight kininogen) that can produce an 

increase in bradykinin before the supplied C1-INH has had 

time to act.10,88,90 Anaphylaxis has been reported in a case in 

which fresh frozen plasma was administered for an acute 

C1-INH-HAE attack.85 Physicians must be prepared for such 

situations. If pdhC1INH is not available and antifibrinolytics 

are contraindicated or ineffective, virally inactivated fresh 

frozen plasma could be used for long-term prophylaxis.88,89 

Not enough data exist on the use of fresh frozen plasma for 

long-term prophylaxis during pregnancy.10

Icatibant acetate
Icatibant acetate (Firazyr®; Shire Orphan Therapies GmbH, 

Zug, Switzerland) is a selective bradykinin B2-receptor 

antagonist that is effective in the treatment of acute 

angioedema attacks in adult patients with C1-INH-HAE. 

Randomized, double-blind, controlled studies have demon-

strated its effectiveness.2,9,54,58,91 Beneficial effects on acute 

attacks in patients with nC1-INH-HAE have also been 

shown.4 However, no data are available for its use during 

pregnancy or lactation. For this reason, icatibant acetate is 

not recommended during pregnancy, except when a life-

threatening angioedema attack does not respond to other 

treatments.9

ecallantide
Ecallantide (Kalbitor®; Dyax Corporation, Boston, MA, 

USA) is a kallikrein inhibitor that has been shown to be 

effective for the treatment of acute attacks in patients older 

than 16 years.2,9,54,58,91 There are isolated data on its efficacy 

when used in patients with acute angioedema attacks in nC1-

INH-HAE.4 No data are available for the use of ecallantide 

during pregnancy or lactation.

Recombinant human C1-INH
Recombinant human C1-INH (Ruconest®; Pharming NV, 

Leiden, the Netherlands), also known as conestat alfa or 

rhC1INH, is produced in transgenic rabbits in which the 

human C1NH gene has been inserted.9 rhC1INH is excreted 

into milk and purified.9 No data are available on its use during 

pregnancy or lactation.

Management of medical and surgical  
procedures during pregnancy
Patients with C1-INH-HAE and nC1-INH-HAE are at 

particular risk of upper airway edema from medical, dental, 

and surgical procedures,4,9,10,19,54 and should be managed 

individually with the participation of a multidisciplinary 

team. The decision to give prophylaxis before a procedure 

depends on the patient’s personal history and the degree of 

risk associated with the procedure.54

Short-term prophylaxis should be considered before 

bronchoscopy, endoscopy, and surgical procedures, espe-

cially dental/intraoral surgery, which requires endotracheal 

intubation and manipulation of the upper airway or 

pharynx.54

In the case of surgical procedures, there is no specific 

contraindication to general anesthetic medication.55 However, 

regional analgesia is preferable because it avoids the need 

to perform an endotracheal intubation, which can produce 

laryngeal edema.86 If intubation is absolutely necessary, it 

is best to use a small endotracheal tube.55

The treatment of choice is pdhC1INH 1–6 hours prior 

to the procedure (as close to the procedure as possible).10,24 

If pdhC1INH is not available, virally inactivated fresh 

frozen plasma can be administered.92 pdhC1INH should also 

be available for acute angioedema treatment if necessary.

Management of special obstetric 
procedures during pregnancy
1. Amniocentesis/chorial biopsy: short-term prophylaxis 

with pdhC1INH is recommended.10

2. Medical artificial abortion: the need for short-term 

 prophylaxis in this condition has not been established, but 

specific acute treatment should be immediately available 

if necessary.10

3. Surgical artificial abortion: short-term prophylaxis with 

pdhC1INH is recommended to prevent angioedema.42 

Alternatively, specific medications for acute treatment 

should be readily available.10,42

4. Delivery and puerperium: there is no evidence as to 

the best method of delivery in patients with C1-INH-

HAE or nC1-INH-HAE. However, there is agreement 

among experts on the convenience to deliver in hospi-

tals for safety reasons. The rate of cesarean section is 

similar to the general population, with most births being 
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spontaneous vaginal deliveries.41,42,45 It is noteworthy 

that although labor and delivery may result in significant 

mechanical trauma, they seldom induce an edematous 

attack.10,54–56,65

Thus, routine prophylaxis is not recommended before 

uncomplicated natural vaginal deliveries, although 

pdhC1INH should be immediately available in the deliv-

ery room.10 Prophylactic treatment has to be considered 

in patients with additional risk factors for an attack, such 

as repeated or severe attacks during pregnancy or a medi-

cal history of genital edema associated with mechanical 

trauma.10,11

Although there is no evidence to suggest that the 

risk of angioedema in vaginal deliveries that require the 

use of vacuum or forceps is greater than in deliveries 

where they are not used, most experts agree with the 

recommendation to administer pdhC1INH as soon as 

possible.10

Following vaginal delivery, patients with significant 

perineal swelling or other postpartum complications 

should be closely monitored for at least 3 days, and treated 

with pdhC1INH if necessary.10,23,41,53,93,94

•	 Cesarean section (abdominal delivery): epidural anes-

thesia is recommended to avoid endotracheal trauma 

and local airway edema. Short-term prophylaxis with 

pdhC1INH is recommended prior to the procedure87,95–97 

and a treatment dose should be on hand in case of 

complications.9,10 Emergency procedures should not be 

delayed if pdhC1INH is not available because pdhC1INH 

can be administered at any time.10

A summary of the different drugs available for the treat-

ment of HAE is shown in Table 1.

Home care
HAE is an unpredictable, stress-provoking, and life-

 threatening condition that places a huge burden on patients 

and their families.15,16 Individualized treatment plans created 

by both physician and patient can increase a patient’s health-

related quality of life.54

Once an HAE diagnosis is confirmed, specific treatment 

should be available at home and every patient should be 

trained for self-administration with the most suitable specific 

drug.54 Home therapy has been shown to reduce the severity 

and duration of attacks, and as a result it reduces morbid-

ity and incapacity.98 Furthermore, home care can improve 

health-related quality of life for patients, and cut down the 

cost of care significantly.99,100

pdhC1INH therapy has been shown effective in 

C1-INH-HAE2,9,42,43,54,58,59,65–69 and there are some data 

indicating that it may also be effective in nC1-INH-

HAE3,19,20,50 and it is the optimal treatment in pregnant 

and lactating patients with both types of HAE. There-

fore, intravenous pdhC1INH home self-administration 

programs and training should be considered for these 

patients.43 This is very important, as pregnant women 

usually suffer from an increase in number and severity 

of angioedema attacks.3,12,17,19,41–43 Recent surveys reveal 

that self-administration training programs for intravenous 

drugs have been established in several HAE centers,101 

and it is our hope that the number of HAE centers with 

training programs will continue to grow.
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Table 1 Treatments available for HAe and their possible 
indications during pregnancy and lactation

Drug Pregnancy Lactation
LTP STP Acute  

treatment
LTP STP Acute  

treatment

pdhC1INH Y* Y* Y* Y* Y* Y*
AFs Y Y (Y) N N N
viFFP (Y) (Y) (Y) (Y) (Y) (Y)
AAs N N N N N N
Icatibant N N N N N N
ecallantide N N N N N N
rhC1INH N N N N N N

Notes: Y, yes, indicated; (Y), only indicated if other drugs are not available; N, not 
indicated; *first choice.
Abbreviations: HAe, hereditary angioedema; AAs, attenuated androgens; LTP, 
long-term prophylaxis; STP, short-term prophylaxis; pdhC1INH, plasma-derived 
human C1 inhibitor concentrate; AFs, antifibrinolytics; viFFP, virally inactivated fresh 
frozen plasma.
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