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Abstract
Hereditary Angioedema (HAE) is a rare and disabling disease. Early diagnosis and
appropriate therapy are essential. This update and revision of the global guideline
for HAE provides up-to-date consensus recommendations for the management of
HAE. In the development of this update and revision of the guideline, an international expert panel reviewed the existing evidence and developed 20 recommendations that were discussed, finalized and consented during the guideline consensus

This article is co-published with permission
in Allergy and the World Allergy
Organization Journal.

conference in June 2016 in Vienna. The final version of this update and revision of
the guideline incorporates the contributions of a board of expert reviewers and the
endorsing societies. The goal of this guideline update and revision is to provide clinicians and their patients with guidance that will assist them in making rational decisions in the management of HAE with deficient C1-inhibitor (type 1) and HAE with
dysfunctional C1-inhibitor (type 2). The key clinical questions covered by these recommendations are: (1) How should HAE-1/2 be defined and classified?, (2) How
should HAE-1/2 be diagnosed?, (3) Should HAE-1/2 patients receive prophylactic
and/or on-demand treatment and what treatment options should be used?, (4)
Should HAE-1/2 management be different for special HAE-1/2 patient groups such
as pregnant/lactating women or children?, and (5) Should HAE-1/2 management
incorporate self-administration of therapies and patient support measures?
KEYWORDS

C1-inhibitor, guideline, hereditary angioedema, management, recommendations

1 | INTRODUCTION

Chair of the steering committee, requested nominations from WAO
Affiliated Allergy and Immunology Associations to appoint members to

Hereditary angioedema (HAE) is a rare disease and a serious health

the steering committee. For this update and revision of the guideline,

problem, globally and for affected patients and their families. The

the guideline’s expert panel and author group were complemented by

pathophysiological background is primarily a vascular reaction to an

additional HAE experts to account for the global reach of the guideline.

overshooting local production of bradykinin. Evidence-based recom-

In the development of this update and revision of the guide-

mendations are needed to inform and guide clinical decision-makers.

line, working groups were assigned to review and assess the evi-

This is the first revision and update of the global guideline for the diag-

dence available to answer the questions, for which the guideline

nosis and management of HAE.1 It was developed by the World

provides recommendations,1 and to raise new clinical questions to

Allergy Organization (WAO) in collaboration with the European Acad-

be addressed by the guideline.18 Based on the assessment of the

emy of Allergy and Clinical Immunology (EAACI). This revised and

evidence, the panel members, in a consensus conference at the

updated WAO/EAACI guideline on the diagnosis and management of

EAACI annual meeting in June 2016 in Vienna, Austria, developed

HAE differs from previous consensus reports and position papers.2-16

the following recommendations. Using the approach outlined

It results from a complete review of the underlying evidence based on

below, recommendations made are strong or weak. Strong recom-

systematic and transparent assessments of the quality of this evi-

mendations indicate that most physicians would want and only

dence. We used an approach oriented along the Grading of Recom-

few would not want the recommended course of action, that

mendations Assessment, Development and Evaluation (GRADE)

adherence to the recommendation in clinical practice could be

approach for the revision and update of the recommendations pro-

used as a quality criterion, and that the recommendation can be

vided by this guideline.17 GRADE is recommended by the World

adapted as policy in most situations and countries. Weak recom-

Health Organization(WHO) and takes into account that evidence

mendations should be interpreted to indicate that most but not all

alone is insufficient, and that values and preferences, clinical circum-

physicians would want the suggested course of action, that in

stances as well as clinical expertise inevitably influence decisions.

clinical practice, different choices will be appropriate for individual

During the planning of the WAO HAE International Guideline, Dr.

patients, and that policymaking will require substantial debate and

Richard Lockey, then President of the WAO, and Dr. Timothy Craig,

the involvement of various stakeholders.19 Understanding the
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interpretation of these two grades of strengths of recommendations (either strong or weak/conditional) is essential for clinical
decision-making.

3

2.3 | Selection of key questions, wording of
recommendations, and literature research

This guideline is unique in that global involvement was ensured by

All authors were assigned to one of 5 working groups: (1) diagnostic

the participation of international experts from many different coun-

workup, (2) on-demand therapy, (3) prophylaxis, (4) special popula-

tries. Most of these experts were nominated by Allergy and Immunol-

tions, and (5) clinical management of HAE-1/2. First, the teams were

ogy Associations of different countries affiliated to the WAO.

asked to review the existing recommendations from the WAO/

The goal of this guideline is to provide clinicians and their patients

EAACI guideline 20121 in their subject area and to assess these rec-

with guidance that will assist them in making rational decisions in the

ommendations for accuracy and relevance to current practice. The

management of HAE with deficient C1-inhibitor (type 1) and HAE with

groups were asked to critically review the wording and to reword if

dysfunctional C1-inhibitor (type 2, in this consensus the abbreviation

necessary. A standardized wording was used to phrase the recom-

HAE-1/2 will be utilized). To this end, twenty recommendations (num-

mendations (Table 1).

bered and given in framed boxes) were developed. The key clinical

Second, the teams were asked to consider whether new recom-

questions covered by these recommendations are as follows: (1) How

mendations were needed or useful and agree on the generation of

should HAE-1/2 be defined and classified?, (2) How should HAE-1/2

new recommendations and wording. Third, the teams were

be diagnosed?, (3) Should HAE-1/2 patients receive prophylactic and/

prompted

or on-demand treatment and what treatment options should be used?,

COCHRANE) that supports each recommendation.

to

search

the literature

(database

MEDLINE and

(4) Should HAE-1/2 management be different for special HAE-1/2

For the update and revision of recommendations from the previ-

patient groups such as pregnant/lactating women or children?, and (5)

ous version of the guideline, an incremental systematic search from

Should HAE-1/2 management incorporate self-administration of ther-

September 2010 (end of search of the WAO/EAACI guideline

apies and patient support measures?

20121) to current (2016/05/31) was performed (Table 2). For new

It is important to mention that the array of available therapies
for HAE patients is limited in certain areas of the world, but the

and additional recommendations, a complete search from 1985 to
current (2016/05/31) was performed.
Fourth, the teams evaluated the publications found in their search

intent of this guideline is to help change this and to encourage the
use of recommended therapies for all patients.

using a standardized worksheet (Figure 1). Each manuscript/trial
included in the guideline was evaluated with regard to its methodolog-

2 | METHODS

ical quality and assigned a grade of evidence according to the grading
system used in the previous version of this guideline (Table 3).

2.1 | Nomination of experts
Physicians were nominated to the expert panel and group of authors
by the steering committee nominated by WAO and/or EAACI. At

2.4 | Consensus conference, drafting of the
manuscript, and review by the review board

least one of the following criteria had to be fulfilled: (1) extensive

The open consensus conference was held in Vienna on June 11,

clinical experience in the treatment of HAE, (2) relevant publications

2016. Based on the assessment of the evidence, the expert panel

in the field of HAE, and (3) relevant experience in evidence-based

reviewed the existing recommendations and developed new recom-

medicine. Emphasis was placed on selecting a representative panel

mendations. The expert teams were asked to present a summary of

of experts from throughout the world to ensure global expertise. In

the

evidence

on

each

revision

and

update

of

existing

addition, the WAO requested a representative from the international
HAE patient association (HAEi) to participate as an author group

T A B L E 1 Wording of recommendations used in this guideline

member. One patient representative was nominated by HAEi and

Strong recommendation

We recommend

participated in the process (selection of key questions).

Weak recommendation

We suggest

Strength of recommendation, standardized wording.

2.2 | Funding and support
Funding of the development of this update and revision of the guideline including for the Guideline Conference was done through the

T A B L E 2 Example of search strategy and identified hits
incremental search

WAO and the EAACI. No company or company representative was

Step

Search terms

Hits

present during the meeting, had input into the manuscript, or was

1

“Hereditary angioedema” OR “Hereditary angiooedema”
OR “Hereditary angio-oedema” OR “Hereditary
angioneurotic oedema” OR “Hereditary angioneurotic
edema”

2063

2

Limit to year = 2010/09/01—current (2016/05/31)

718

3

Limit to “Clinical Trial”

51

allowed to provide feedback. The pharmaceutical companies were not
allowed to view the document before publication. This was essential
to prevent bias and real or perceived commercial influence on the
outcomes. All participants were required to submit conflict of interest
statements to participate as expert panel members and authors.

|
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new recommendation

_______________

Reference: Title, Authors, Journal

Randomization
yes

no

not sure

Blinded
double

single

not blinded

not sure

Controlled
yes

no
if yes: placebo

not sure
active control

other type of control

Sample size
Number of patients after randomisation (n) = ……………
Number of arms

= ……………

Grade of evidence
A

Randomized, double-blind clinical trial of high quality (for example, sample-size

calculation, flow chart of patient inclusion, intention-to-treat (ITT) analysis, sufficient sample
size)
B

Randomized clinical trial of lesser quality (for example, only single-blind, limited

sample size: at least 15 patients per study arm)
C

Comparative trial with severe methodological limitations (for example, not blinded,

very small sample size, no randomization) or large retrospective observational studies.
D

Adapted from existing consensus document or statement based on expert opinion

voting during consensus conference

FIGURE 1

Literature evaluation form

recommendations as well as on each new recommendation to all
T A B L E 3 Evidence grades (based on the previous guideline
version1)
A. Randomized, double-blind clinical trial of high quality (for example,
sample size calculation, flow chart of patient inclusion, intention-totreat (ITT) analysis, sufficient sample size)
B. Randomized clinical trial of lesser quality (for example, only
single-blind, limited sample size: at least 15 patients per study
arm)

conference participants and to give their assessment of the quality
of evidence expressed by the “evidence grade” (Table 3).
During the consensus conference, the nominal group technique
was used as the formal consensus methodology.20 All expert panel
members were entitled to vote on the recommendations. The
nominal group technique was moderated by Alexander Nast, MD,
certified moderator for the German Association of Scientific

C. Comparative trial with severe methodological limitations (for
example, not blinded, very small sample size, no randomization) or
large retrospective observational studies

Medical Societies (AWMF). All consented recommendations are

D. Adapted from existing consensus document or statement based on
expert opinion voting during consensus conference

classify the direction and strength of each recommendation

highlighted throughout the guideline document (gray boxes). In
order to avoid ambiguity, a standardized language was used to
(Table 1).
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F I G U R E 2 Diagnostic workup in patients suspected to have HAE. Abbreviations: HAE-1, hereditary angioedema due to C1-inhibitor
deficiency; HAE-2, hereditary angioedema due to C1-inhibitor dysfunction; AAE-C1-INH, acquired angioedema due to C1-inhibitor deficiency;
HAE nC1-INH, hereditary angioedema with normal C1-inhibitor levels, either due to a mutation in factor XII (FXII) angiopoietin (ANGPTI) or
plasminogen (PLG); ACEI-AE, angiotensin-converting enzyme inhibitor-induced angioedema
The participants of the consensus conference were asked to dis-

increased permeability of blood vessels resulting in tissue swel-

cuss and vote whether they agreed with recommendations and other

ling.21-25 Angioedema can be mediated by bradykinin and/or mast

specific parts of the text. In statements not receiving ≥90% approval

cell

during the first voting, the recommendation was re-discussed,

mediated angioedema can occur either on a hereditary or acquired

rephrased, and voted on and passed by majority vote. This was a

basis, due to a deficiency/defect of C1-inhibitor (C1-INH) or other

minimum of ≥75% agreement unless stated otherwise. All voting

mechanisms (Table 4).27,28 Different forms of hereditary angioe-

results were documented (% agreement).

dema (HAE) are currently recognized and genetically identifiable: (1)

mediators

including

histamine

(Table 4).14,26

Bradykinin-

International HAE experts (the Review Board) were requested to

HAE due to C1-INH deficiency (type 1 HAE, HAE-1), characterized

review the guideline and provide feedback and suggestions for

by low antigenic and functional C1-INH levels, (2) HAE due to C1-

changes. The guideline was then reviewed by the WAO and EAACI

INH dysfunction (Type 2 HAE, HAE-2), characterized by normal (or

and the other endorsing societies for content, and the document was

elevated) antigenic but low functional C1-INH levels,29,30 (3) HAE

approved as “The international WAO/EAACI guideline for the man-

with mutation in the F12 gene (HAE-FXII),31 (4) HAE with mutation

agement of hereditary angioedema—the 2017 revision and update.

in the angiopoietin-1 gene (HAE-ANGPTI),32 and (5) HAE with
mutation in the plasminogen gene (HAE-PLG).33 In addition, some
patients have HAE due to unknown mutations (HAE-UNK). Differ-

3 | DEFINITIONS, NOMENCLATURE, AND
CLASSIFICATION

ent forms of HAE with normal C1-INH (HAE-FXII, HAE-ANGPTI,
HAE-PLG, HAE-UNK) share some clinical features and, possibly,
therapeutic options.

Angioedema is defined as a vascular reaction of deep dermal/sub-

Acquired angioedema with low C1-inhibitor, henceforth called

cutaneous tissues or mucosal/submucosal tissues with localized

AAE-C1-INH, refers to patients with angioedema due to C1-INH

6
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T A B L E 4 Classification of angioedema
Bradykinin-induced AE

Mast cell mediator-induced AE

C1-INH deficiency/defect

C1-INH normal

Inherited

Acquired

Inherited

Acquired

IgE mediated

Non-IgE mediated

HAE-1 HAE-2

AAE-C1-INH

HAE nC1-INH (HAE-FXII,
HAE-ANGPTI, HAE-PLG,
HAE-UNK)

ACEI-AE

Angioedema
with anaphylaxis
urticaria

Angioedema with
urticaria

Unknown
mediator
Idiopathic AE

HAE-1, hereditary angioedema due to C1-inhibitor deficiency; HAE-2, hereditary angioedema due to C1-inhibitor dysfunction; AAE-C1-INH, acquired
angioedema due to C1-inhibitor deficiency; HAE nC1-INH, hereditary angioedema with normal C1-inhibitor levels, either due to a mutation in FXII,
ANGPTI, PLG, or unknown (HAE-FXII, HAE-ANGPTI, HAE-PLG, HAE-UNK); ACEI-AE, angiotensin-converting enzyme inhibitor-induced angioedema.

deficiency on an acquired basis (Table 4).34-36 There are a variety of

nC1-INH, no gene mutation can be found, and the pathogenesis

acquired types of angioedema not due to C1-INH deficiency, and

remains to be characterized in detail. However, there is clinical evi-

these may be bradykinin-mediated (eg, ACE inhibitor-induced

dence that bradykinin may play a major role in some types of HAE

angioedema, ACEI-AE) or due to mast cell mediators (eg, urticarial

nC1-INH, primarily in patients with a FXII-mutation.52-54 Although

27,37

angioedema, anaphylactic angioedema).

This guideline only refers to HAE-1/2.

HAE nC1-INH shares some clinical features and, possibly, therapeutic options with HAE-1/2, this guideline is for HAE-1/2.

4 | PATHOPHYSIOLOGY
5 | DIAGNOSIS
4.1 | HAE-1 and HAE-2
HAE-1/2 is a rare autosomal dominant condition affecting an esti38,39

although this may vary in differ-

mated 1 in 50 000 individuals

ent regions. HAE-1/2 is caused by one of more than 450 different
mutations in the SERPING1 gene, which codes for C1-INH.40 In
approximately 20%-25% of patients, a de novo mutation of SERP41,42

ING1 is responsible for the disease.

C1-INH is a serine protease inhibitor (SERPIN) and the major inhibitor of several complement proteases (C1r, C1s, and mannose-binding
lectin-associated serine protease [MASP] 1 and 2) and contact system
proteases (plasma kallikrein and coagulation factor XIIa) as well as a

HAE-1/2 should be suspected when a patient presents with a history of
recurrent angioedema attacks. This suspicion is further substantiated
when patients report: (1) a positive family history(although this may not
be present in up to 25% of patients), (2) onset of symptoms in childhood/adolescence, (3) recurrent and painful abdominal symptoms, (4)
occurrence of upper airway edema, (5) failure to respond to antihistamines, glucocorticoids, or epinephrine, (6) presence of prodromal signs or
symptoms before swellings, and/or (7) the absence of urticaria (wheals).
Suspicion of HAE-1/2 should prompt laboratory investigations to support the diagnosis of HAE-1/2 (Figure 2).7,9,14,55

relatively minor inhibitor of the fibrinolytic protease plasmin.43,44
The primary mediator of swelling in HAE-1/2 is bradykinin.28
Bradykinin is a low-molecular-weight nonapeptide, which is gener-

Recommendation 1

ated when active plasma kallikrein cleaves high-molecular-weight

We recommend that all patients suspected to have HAE-1/

kininogen (HMWK). Bradykinin is rapidly metabolized by endogenous

2 are assessed for blood levels of C1-INH function, C1-

metalloproteases including angiotensin-converting enzyme (ACE).45

INH protein, and C4. If any of the levels are abnormally

Plasma kallikrein is activated from its inactive zymogen prekallikrein

low, the tests should be repeated to confirm the diagnosis

by the protease factor XII, which can easily autoactivate upon con-

of HAE-1/2.

tact with negatively charged surfaces. Both, plasma kallikrein and
factor XII are inhibited by C1-INH. Increased vascular permeability

Evidence grade: D; Strength of recommendation: Strong,
≥90 agreement.

induced by the liberation of bradykinin in angioedema is primarily
mediated through the bradykinin B2 receptor.46-51
Measurements of serum/plasma levels of C1-INH function, C1-

4.2 | HAE with normal C1-Inhibitor

INH protein, and C4 are used to diagnose HAE-1/2. In HAE-1,
which comprises about 85% of patients, both, the concentration

Hereditary Angioedema with normal C1-INH (HAE nC1-INH) is a

and function of C1-INH are low (Figure 2). In HAE-2, C1-INH

very rare disease. Its clinical appearance largely resembles that of

concentrations are either normal or elevated, whereas C1-INH

HAE-1/2. In a subgroup of patients, HAEnC1-INH is associated with

function is reduced (Table 5). C4 levels are usually low in HAE-1/

mutations of the factor XII(FXII-HAE) gene. Recently, two new muta-

2 patients, but its sensitivity and specificity are limited.56-59

tions in angiopoietin-1 (ANGPT1) and plasminogen (PLG) were

Abnormal results should be confirmed. Complement C3 and CH50

reported in HAE nC1-INH.32,33 However, in most patients with HAE

levels are expected to be normal in HAE, and testing is usually
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T A B L E 5 Typical diagnostic laboratory profile of HAE-1 and HAE2 patients

7

family history. C1q is nearly always normal in HAE.36 C1qis low in 75%
of patients with AAE-C1-INH.36,76 C1q may be normal in AAE-C1-INH

C1-INH function

C1-INH protein level

C4 protein level

particularly in patients taking anabolic androgens. Many patients with

HAE-1

↓

↓

↓

AAE-C1-INH have autoantibodies that inactivate C1-INH.14,77-79

HAE-2

↓

N/↑

↓

7 | THERAPY

not helpful. Sequencing of the SERPING1 gene can be supportive

7.1 | On-demand treatment

in the diagnostic workup of some HAE-1/2 patients (including prenatal diagnosis); however, biochemical C1-INH testing is effective
and less expensive than genetic testing.59 DNA sequencing may
miss mutations such as those creating cryptic splice sites. Genetic
testing may be relevant in particular cases such as mosaicisms to
allow for correct genetic counseling.60

Recommendation 2
We recommend that all attacks are considered for ondemand treatment. We recommend that any attack affecting
or potentially affecting the upper airway is treated.
Evidence grade: D; Strength of recommendation: Strong,

6 | DIFFERENTIAL DIAGNOSIS

100% agreement.

The differential diagnoses of HAE-1/2 include the other forms of
HAE as mentioned above, AAE-C1-INH, ACEI-AE, mast cell-mediated

Attacks of the upper airways can result in asphyxiation.80,81

angioedema (eg, angioedema in patients with chronic spontaneous

Abdominal attacks are painful and debilitating. Peripheral attacks

urticaria without wheals, allergic angioedema), and idiopathic angioe-

such as those of hands or feet result in impaired function. All of

dema (Table 4). Because the pathophysiology and the management

these consequences of HAE attacks can be minimized by on-demand

of these diseases are different from those of HAE-1/2, it is impor-

treatment.82-88

tant to determine the correct diagnosis.1,9,14,61
Recurrent mast cell-mediated angioedema (in the past sometimes
referred to as idiopathic angioedema) is frequently associated with
intensely pruritic wheal and flare skin reactions (hives), in patients with

Recommendation 3

chronic spontaneous urticaria (CSU). Some CSU patients do not show

We recommend that attacks are treated as early as possible.

wheals and exclusively develop angioedema. On the other hand, CSU

Evidence grade: B; Strength of recommendation: Strong,

is a common disease, which can also affect HAE patients. The occur-

100% agreement.

rence of wheals, therefore, does not necessarily exclude HAE, and the
absence of wheals does not exclude mast cell-mediated angioedema.62 Nonsedating antihistamines, at standard or higher-than-standard doses, alone or in combination with omalizumab or immune
modulators such as cyclosporine are capable of preventing wheals and
angioedema in CSU patients.37,63 Because mast cell-mediated angioedema is far more common than HAE-1/2, on-demand therapy with
antihistamines and, if necessary, with epinephrine and corticosteroids
is indicated when the diagnosis is not yet determined and the history

Early treatment with C1-INH concentrate, ecallantide, or icatibant provides a better treatment response than late treatment. Early
treatment is associated with a shorter time to resolution of symptoms and shorter total attack duration regardless of attack severity.89-92 As early treatment is facilitated by self-administration, all
patients with HAE-1/2 should be considered for home therapy and
self-administration training.8,90,93-95 All C1-INH concentrates and
icatibant are licensed for self-administration, although approved pro-

seems to be inconsistent with HAE.37,64,65
Angioedema attacks in patients with HAE nC1-INH and in patients

duct indications vary around the world.

66-75

taking ACE inhibitors are thought to be bradykinin mediated.

AAE-C1-INH, that is, recurrent angioedema due to acquired C1INH deficiency, occurs less frequently than HAE-1/2. AAE-C1-INH

Recommendation 4

symptoms are similar to those of HAE-1/2 and the basic diagnostic lab-

We recommend that HAE attacks are treated with either

oratory profile (C1-INH function, C1-INH protein, and C4) is indistin-

C1-INH, ecallantide, or icatibant (18/20).

guishable from HAE-1. Differences include onset at later age,
underlying diseases such as lymphoma or benign monoclonal gammopa-

Evidence grade: A; Strength of recommendation: Strong,
90% agreement.

thy (MGUS), occasional constitutional symptoms (B symptoms), and
often depressed C1q levels. C1q level measurements should be
obtained to investigate patients for AAE-C1-INH, especially those with

If a C1-INH concentrate, ecallantide, or icatibant is not available,

new onset of angioedema after the age of 40 years and a negative

attacks should be treated with solvent detergent-treated plasma

8
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(SDP). If SDP is not available, then attacks should be treated with

differential glycosylation of Ruconest relative to the human protein

fresh frozen plasma (FFP), where safe supply is available. We do not

decreases the plasma half-life to approximately 3 hours.109-111 It is

advise using antifibrinolytics (eg, tranexamic acid) or androgens (eg,

contraindicated in patients with known or suspected allergy to rabbits

96

as these drugs

or rabbit-derived products.112 Safety data from controlled and

show no or only minimal effects when used for on-demand treatment.

uncontrolled studies with rhC1-INH support a favorable safety

danazol) for on-demand treatment of HAE attacks,

profile. Transmission of human viruses is not a concern.113-115

Recommendation 5

Kallikrein inhibitor

We recommend that intubation or surgical airway intervention is considered early in progressive upper airway edema.
Evidence grade: C, Strength of recommendation: Strong;

Ecallantide The kallikrein inhibitor ecallantide (Kalbitor; Shire) is
licensed only in the United States for the on-demand treatment of all
types of HAE attacks in HAE-1/2 patients aged 12 years and

100% agreement.

older.116,117 Inhibition of kallikrein activity inhibits the cleavage of
high-molecular-weight kininogen to bradykinin as well as the further

The clinical course of HAE attacks is unpredictable. Mortality

activation of FXIIa, halting the positive feedback mechanism leading to

due to laryngeal angioedema can occur, and extreme caution is

additional kallikrein production. Ecallantide is a 60-amino acid

Laryngeal attacks should be considered as medical emer-

recombinant protein produced by expression in the yeast Pichia

gencies. Rapid treatment with an effective HAE acute medication is

pastoris and has a plasma half-life of 2 hours. The main safety concern

essential in addition to preparing for emergency airway management

is potentially serious hypersensitivity reactions, including anaphylaxis,

procedures if respiratory compromise develops.

which was reported in 3% to 4% of treated patients. The drug,

81

essential.

therefore, should only be administered by a healthcare professional
with appropriate medical support to manage anaphylaxis.85,116,118-120

Treatment with C1-INH concentrate
Treatment with plasma-derived C1-INH concentrate or recombinant
C1-INH concentrate replaces the deficient/dysfunctional protein in
HAE-1/2 patients. Exogenous C1-INH concentrate acts on the same
targets as endogenous C1-INH. Treatment results in an increase of
the plasma levels of C1-INH and helps to regulate all cascade systems involved in the production of bradykinin during attacks.88,97-100
One unit of C1-INH concentrate corresponds to the mean quantity
of C1-INH present in 1 mL fresh normal plasma.
Plasma-derived

C1-INH Plasma-derived

C1-INH

plasma

by

adsorption

and

precipitation,

Icatibant Bradykinin binds to and stimulates the bradykinin B2
receptor, thereby mediating vasodilatation and increased capillary
permeability.121-123 Icatibant (Firazyr; Shire), a 10-amino acid
synthetic peptide, is a specific and selective competitive antagonist
of the bradykinin B2 receptor and prevents binding of bradykinin
to its receptor. Icatibant is indicated for self-administered ondemand

concentrate

(pdC1-INH)is obtained by separating C1-INH from cryodepleted
human

Bradykinin-receptor antagonist

purification,

pasteurization, and virus filtration. Two pdC1-INH concentrates are

treatment

of

all

types

of

HAE

attacks

in

adults

(>18 years). It has a plasma half-life of 1-2 hours. The safety and
tolerability of icatibant are good, although transient local injection
site reactions (erythema, wheal, pruritus, and burning sensation)
occur. Allergic reactions have not been reported.84,124,125

available for on-demand treatment of HAE-1/2, Berinert (CSL
Behring), and Cinryze (Shire). Approved product indications vary
around the world. The mean plasma half-life of pdC1-INH is longer
101-105

Recommendation 6

The safety and tolerability of all available

We recommend that all patients have sufficient medication

pdC1-INH are good, and few adverse events have been reported.

for on-demand treatment of two attacks and carry on-

The risk of allergic reactions is negligible. Modern pdC1-INH use has

demand medication at all times.

than 30 hours.

not been associated with transmission of hepatitis B nor C nor
human immunodeficiency viruses.106-108

Evidence grade: D, strength of recommendation: Strong.
100% agreement.

Recombinant C1-INH Ruconest (Pharming) is the only available
recombinant human C1-INH (rhC1-INH). The mode of action is
identical to that of pdC1-INH. RhC1-INH is indicated for on-demand
treatment of all types of HAE attacks in adults and adolescents. It is

7.2 | Preprocedural (short-term) prophylaxis

derived from the milk of transgenic rabbits using a 3-step purification

With surgical trauma, dental surgery, and other interventions associ-

procedure including cation exchange chromatography, anion exchange

ated with mechanical impact to the upper aerodigestive tract (eg, endo-

chromatography, and affinity chromatography. It appears that

tracheal intubation, bronchoscopy, or esophagogastroduodenoscopy),
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swellings may occur near the site of intervention. Swellings associated

attacks in patients with confirmed HAE-1/2. Long-term prophylaxis

with these procedures usually occur within 48 hours. Following tooth

should be individualized and considered in all severely symptomatic

extraction, more than one-third of patients without preprocedural pro-

HAE-1/2 patients taking into consideration the activity of the dis-

phylaxis may develop local angioedema, and 50% of the swellings

ease, frequency of attacks, patient’s quality of life, availability of

occur within 10 hours and 75% start within 24 hours.126-133 Preproce-

healthcare resources, and failure to achieve adequate control by

dural prophylaxis reduces the risk of angioedema after above-men-

appropriate on-demand therapy. As all of these factors can vary over

tioned interventions.

time, all patients should be evaluated for long-term prophylaxis at

Despite the perceived benefits of preprocedural prophylaxis with

every visit, at least once a year. Successful long-term prophylaxis

C1-INH concentrate, evidence for its efficacy is scarce. Case reports

requires a high degree of compliance; therefore, the patient’s prefer-

and series suggest that despite prophylaxis, swellings may occur

ences should be taken into consideration. Patients with ongoing

even after relatively minor procedures.127,132 However, several

long-term prophylaxis should be assessed regularly for efficacy and

reports document a reduction in the incidence of swelling for both

safety of the therapy, and dosage and/or treatment interval should

adults and children with preprocedural prophylaxis, and the response

be adapted according to the clinical response. Upper airway edema

appears to be dose related.126,127,134,135 Preprocedural prophylaxis

and other attacks may occur despite the use of long-term prophy-

with C1-INH concentrate is therefore recommended for all medical,

laxis. Therefore, all patients using long-term prophylaxis should also

surgical, and dental procedures associated with any mechanical

have on-demand medication (C1-INH concentrate, ecallantide, or

impact to the upper aerodigestive tract.

icatibant)as per recommendation 6.1,4,6,7,61,138-140

Recommendation 7
We recommend short-term prophylaxis before procedures
that can induce an attack.
Evidence grade: C, strength of recommendation: Strong.
100% agreement.

Recommendation 8
We recommend prophylaxis be considered for patients who
face events in life that are associated with increased disease
activity.
Grade of evidence: D, strength of recommendation:
Strong, ≥90 agreement.

C1-INH concentrate should be used for preprocedural prophylaxis,
as close as possible to the start of the procedure. Dosage has yet to
be fully established. Product-approved indication may vary by coun136,137

Recommendation 9

Most experts use either 1000 units or a dose of 20 units/kg

We recommend that patients are evaluated for long-term

of pdC1-INH. Fresh frozen plasma (FFP) may be used for short-term

prophylaxis at every visit. Disease burden and patient prefer-

prophylaxis and on-demand therapy, but is not as safe as C1-INH con-

ence should be taken into consideration.

try.

centrate and is a second-line agent because of the greater risk of
blood-borne disease transmission, and allosensitization.3-7,134

Grade of evidence: D, strength of recommendation:
Strong, 100% agreement.

Attenuated androgens (eg, danazol) have been recommended in
the past for preprocedural prophylaxis as an alternative to C1-INH
concentrates.134 Preprocedural prophylaxis with attenuated androgens is even considered to be safe in children, but C1-INH concentrate is considered the prophylaxis of choice.127 Very frequent short

Plasma-derived C1-INH

courses may lead to side effects associated with long-term use. For

Plasma-derived C1-INH is currently the preferred long-term prophy-

scheduled preprocedural prophylaxis, androgens are used for 5 days

laxis for the prevention of HAE attacks. Approved product indica-

before and 2-3 days postevent. Tranexamic acid (TA) has been used

tions vary around the world. Dosing should be twice a week based

for preprocedural prophylaxis in the past, but is not recommended

upon the half-life of pdC1-INH. Dose and/or frequency may need

by most experts in attendance at the guideline meeting.4-7,127,134

adjustment for optimum efficacy.86,141

With all preprocedural prophylactic treatments, break-through

Recent studies show that subcutaneous twice-weekly administra-

attacks can occur, so patients should remain under observation, and

tion of pdC1-INH at doses of 40 or 60 U/kg bodyweight provided

on-demand treatment needs to be available.4-7,126,127,129

very good and dose-dependent preventive effects on the occurrence
of HAE attacks.142The subcutaneous route may provide more conve-

7.3 | Long-term prophylaxis (LTP)

nient administration as well as maintain improved steady-state
plasma concentrations of C1INH compared to IV C1INH prophylaxis.

Long-term prophylaxis of HAE refers to the use of regular medica-

Appropriate vaccination for hepatitis A and B should be generally

tion to reduce the burden of the disease by preventing/attenuating

considered for patients in regular/repeated administration of human
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plasma-derived products.86,143-146 Routine prophylaxis with pdC1-

headache, myalgia, depression, and acne. Androgens may lead to vir-

INH has been shown to be safe and effective, and it improves qual-

ilization of the female fetus and are, therefore, absolutely contraindi-

ity of life in patients with relatively frequent HAE attacks compared

cated during pregnancy.165,166 In children and adolescents, therapy

86,143-145

with acute treatment of individual HAE attacks.

with androgens may interfere with the natural growth and matura-

Thromboembolic events due to C1-INH concentrate use in HAE

tion process. In addition, androgens are subject to numerous con-

are rare, and patients who experience such events often have under-

traindications and show interactions with many other drugs (eg,

lying thromboembolic risk factors (eg, implanted central venous

statins).Careful surveillance is imperative in long-term prophylaxis

147-151

There are no known interactions with other medici-

with androgens. In addition to clinical tests and examinations and

nal products. Tachyphylaxis seems rare with only one report of

questioning of the patient, semiannual blood and urine tests (stan-

increasing doses required to prevent attacks when C1-INH concen-

dard urine test strip) are needed, and at least once a year, an ultra-

trate is used regularly for prophylaxis.152

sound of the liver should be performed. It is unclear whether

catheters.

stopping long-term prophylaxis with attenuated androgens should be
performed by tapering off gradually over time.167,168
The dose of androgens needed to control HAE attacks can vary

Recommendation 10

between the equivalent of 100 mg every other day and 200 mg of

We recommend use of C1-inhibitor for first-line long-term

danazol 3 times a day. The minimal effective dose should be used.

prophylaxis.

Dosages above 200 mg of danazol daily for extended periods of

Grade of evidence: A, strength of recommendation:

time are not recommended, because of side effects. The response to
androgens varies considerably, and the dose required for long-term

Strong, 50%-75% agreement (majority vote).

prophylaxis is variable. For this reason, the dosage should be
adjusted according to clinical response and not adjusted based on
C4 and C1-INH results.4,6,7,11

Recommendation 11
We suggest to use androgens as second-line long-term prophylaxis.

Antifibrinolytics
Antifibrinolytics are not recommended for long-term prophylaxis.

Grade of evidence: C, strength of recommendation:
Weak, 50%-75% agreement (majority vote).

Data for their efficacy are largely lacking, but some patients may find
them helpful. They are primarily used when C1-INH concentrate is
not available and androgens are contraindicated. Side effects are
usually minor. They include gastrointestinal upsets (can be reduced
by taking the drug with food), myalgia/creatine kinase elevation, and

Recommendation 12

a theoretical risk of thrombosis. Contraindications/precautions

We suggest adaptation of long-term prophylaxis in terms of

include the presence of thrombophilia or increased thrombotic risk

dosage and/or treatment interval as needed to minimize bur-

or acute thrombosis, for example, deep venous thrombosis and pul-

den of disease.

monary embolism. The doses of tranexamic acid (TA)used range from

Grade of evidence: D, strength of recommendation:

30 to 50 mg/kg to 6 g daily. Dose-ranging studies and comparisons
with

Weak, 100% agreement.

other

prophylactic

medications

have

not

been

per-

formed.3,4,6,7,84,169-171

8 | MANAGEMENT OF HAE-1/2 IN
CHILDREN

Androgens
Attenuated androgens are traditionally used for long-term prophylaxis of HAE-1/2.153-162 Androgen derivatives have been demonstrated to be effective in HAE-1/2, and the oral administration
154,156,158

8.1 | Course of disease and clinical picture
The gene defect (SERPING1 mutation) of HAE-1/2 is already present

However, androgens must be regarded

at birth, but symptoms are uncommon during neonatal age or

critically, especially in light of their adverse androgenic and anabolic

infancy. The symptoms may occur at any age, but usually begin in

effects, drug interactions, and contraindications. Side effects are

childhood or adolescence. The median age of symptom onset is

numerous and involve the majority of patients; in other words, the

approximately 12 years of age. At the age of 12 years, 50% of all

facilitates their use.

156,163

Side effects appear to

female patients are symptomatic and at the age of 23 years, 90%

be dose related. Virilization is the most feared complication in

are symptomatic. In males, 50% are symptomatic by the age of

women; menstrual disorders and even amenorrhea as well as dimin-

13 years and 90% by the age of 25.172 Subcutaneous edema is the

absence of side effects is exceptional.

ished libido and hirsutism are also common,

164

as are weight gain,

most common and the earliest symptom. However, abdominal
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symptoms may be an unrecognized and often overlooked symptom

mutations may be associated with substantially different phenotypes,

of HAE-1/2 in infancy. Asphyxia may ensue rapidly in children, prob-

and (3) advances in therapy have significantly improved quality of

ably because of smaller airway diameter.80 The earliest occurrence

life of patients with HAE-1/2.3,40,185,186

173

Estimating the prevalence of

Measurements of C1-INH antigen (protein) level, C1-INH func-

abdominal attacks in the pediatric population is difficult as abdominal

tional (activity) level, and C4 level are advisable in all children with

pain is common in childhood. The frequency and the severity of

angioedema without urticaria.

was described in a 4-week-old boy.

symptoms may increase during puberty and adolescence. The earlier
the onset of symptoms, the more severe the subsequent course of
HAE-1/2.174,175Erythema marginatum as a prodromal sign is more

8.3 | Therapy

frequent in the pediatric population. It has been observed in 42%-

Similar to adults, all pediatric HAE-1/2 patients need to have a treat-

58% of cases and is often mistaken for urticaria. Misdiagnosis of

ment action plan (see below) and on-demand therapy.

prodromal erythema marginatum can lead to incorrect or insufficient
treatment.2,3,62,102,169,176-180

Recommendation 14

8.2 | Diagnosis

We recommend C1-INH be used for treatment of HAE

With autosomal dominant inheritance, the offspring of a patient with
HAE-1/2 stands a 50% chance of inheriting the disease. Therefore,
it is important to establish the diagnosis as early as possible, ideally

attacks in children under the age of 12.
Evidence grade: C, strength of recommendation: strong,
>90% agreement.

before the onset of clinical manifestations. Until a full investigation
for HAE-1/2 is complete, all offspring should be considered to have
HAE-1/2.

On-demand treatment
Plasma-derived C1-INH concentrate is the only approved drug for

Recommendation 13

HAE-1/2 on-demand treatment in childhood.2 Treatment with pdC1-

We recommend testing children from HAE-affected families

INH concentrate is effective, well tolerated, and shows a good safety

be carried out as soon as possible and all offspring of an

profile in pediatric patients. During abdominal attacks, parenteral

affected parent be tested.

fluid replacement may be required in view of the increased susceptibility of children to hypovolemia and dehydration, because extrava-

Evidence grade: D, strength of recommendation: Strong,

sation into the peritoneal cavity and the intestinal lumen can be

100% agreement.

substantial. When pdC1-INH concentrate is not available SDP is preferred over FFP, but both are considered second-line treatment.
Complement concentrations measured in umbilical cord blood of

Recombinant C1-INH and ecallantide are licensed for the use in ado-

full-term neonates are lower than maternal levels. Antigenic and

lescents in some countries. In 2017, icatibant was licensed for the

functional C1-INH levels correspond to 70% and 62% of adult val-

use in children or adolescents in some countries. Clinical trials to

ues, respectively.2,181,182Therefore, using umbilical cord blood for

investigate the efficacy and safety of rhC1-INH and icatibant in chil-

complement measurements may produce false-positive (low) results.

dren are ongoing.2,13,102,177,180,187-190

The assessment of complement in peripheral venous blood (serum/
plasma) in children lacks reference values. However, with exceptions,
in HAE 1/2 aged <1 year, C1-INH antigenic level and/or functional

Preprocedural prophylaxis

activity are low.59,183 The measurement of C4, however, was found

As in adults, preprocedural prophylaxis is recommended for medical,

not to be useful for diagnosing of HAE-1/2 in children below the

surgical, and dental procedures associated with any mechanical

age of 12 months, as C4 levels are frequently low in healthy

impact to the upper aerodigestive tract.126,127 Plasma-derived C1-

59,183

Genetic testing increases the diagnostic reliability in

INH is the first-line preprocedural option, but short courses of atten-

children and may be helpful in cases in which biochemical measure-

uated androgens can be used as second line when C1-INH concen-

ments are inconclusive and the genetic mutation of the parent is

trate is not available. With either option, on-demand therapy should

known.2,59,183 All early complement testing performed in offspring of

be available because short-term prophylaxis is not 100% effective.

infants.

HAE-1/2

patients

should

be

repeated

after

the

age

of

1 year.2,3,59,183,184
Prenatal diagnosis of HAE-1/2 has not become widespread in

Long-term prophylaxis

clinical practice. Reasons include (1) mutations in affected parent

The indications for long-term prophylaxis in adolescents are the

C1-INH gene are not detected in 8%-10% of cases, (2) identical

same as in adults. The preferred therapy for long-term prophylaxis is

12
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pdC1-INH. The dosing interval and dose may need to be adjusted

school, and travel including school field trips. As noted above, an

according to the individual response.

action plan is necessary and the family and local hospital should

When C1-INH concentrate is not available for long-term prophy-

have therapies available for emergency treatment and this should be

laxis, antifibrinolytics (ie, Tranexamic acid 20-40 mg/kg) are pre-

included in the treatment plan. All HAE patients have a potential for

ferred to androgens because of their better safety profile; however,

receiving human blood products. Because of this, HAE patients

efficacy is questioned by many, and data are not available supporting

should be screened for hepatitis B and C and HIV. Vaccinations for

its use. Epsilon aminocaproic acid is less well tolerated than tranex-

hepatitis A and B are recommended by many experts.2,177All patients

amic acid. Androgens are not recommended for long-term prophy-

should be considered to receive influenza vaccine and other routine

laxis in children and adolescents prior to Tanner Stage V; however,

vaccinations.

long-term use has been reported, and in some cases, the benefits
may outweigh the risks. The administration of androgens requires
careful safety monitoring. The continued need for regular prophylaxis with androgens and the dosing should be reviewed on a regular
basis. Initial danazol dose for children is 2.5 mg/kg/d with subsequent adjustment, until symptom suppression or the maximum toler-

9 | MANAGEMENT OF HAE-1/2 DURING
PREGNANCY AND LACTATION
9.1 | Course of disease and clinical picture

ated or maximum recommended dose is reached, with a maximum

The anatomical, physiological, and hormonal changes during preg-

single dose of 200 mg/d. Androgens result in masculinization and

nancy may influence the manifestations and affect the course and

hypogonadism in boys and menstruation irregularities in girls. Unfa-

treatment of HAE-1/2. Pregnancy can mitigate, aggravate, or have

vorable effects on behavior are possible. Reduction in ultimate body

no effect. Infrequently, the manifestations of HAE-1/2 first occur

height may occur owing to the premature closure of epiphyseal

during pregnancy.196-198 Attack frequency observed during previous

2,4-7,11,13,180,191,192

pregnancies is only in part predictive of that in subsequent pregnan-

growth plates.

cies.3,196,198 Pregnant HAE-1/2 patients require vigilant care and
meticulous monitoring by an HAE expert. Patients should be man-

8.4 | Primary prevention

aged in close cooperation by professionals from relevant medical

As in adults, most attacks in children occur without an obvious trig-

specialties. Labor and delivery only rarely induce an attack, which

ger.193 Infections and mechanical trauma seem to be more common

may occur either during labor or within 48 hours of delivery. Close

trigger factors during childhood. Compulsory and recommended vac-

follow-up is recommended for at least 72 hours postpartum after

cinations for children are safe and the prevention of infections may

uncomplicated vaginal delivery. Breastfeeding may be associated

reduce the frequency of attacks (ie, throat infections). Medicinal

with an increased number of maternal attacks, with abdominal symp-

products, which can cause edema as an adverse effect, are less fre-

toms and facial edema, but is still recommended based on benefits

quently used in children. Treatment with ACE-I is less often neces-

provided to the infant.3,196,197,199 Care for C-section, especially if

sary during childhood. However, early initiation of oral estrogen-

intubation is necessary, should proceed as in any other surgical pro-

containing contraceptives is increasingly common and may trigger

cedure performed on a patient with HAE-1/2 and is covered below.

attacks. These agents should be avoided. Hormonal contraception
with progesterone-only pills may turn out to be beneficial for many
young women with HAE-1/2,3,194,195 or at least should not increase

9.2 | Diagnosis

attack frequency. Other triggers like strenuous physical activities

In healthy women, the plasma levels of C1-INH decrease during

involving mechanical trauma and emotional challenges (stress) are

pregnancy, and return to normal after delivery.200,201 Therefore,

193

Restrictions of

measurements of levels of C1-INH function, C1-INH protein, and C4

suspected triggers will result in a restriction of activities and lifestyle,

for the purpose of diagnosing HAE-1/2 during pregnancy should be

and should, therefore, be individualized and sensibly applied. The

interpreted with caution. It is recommended to repeat the measure-

aim of HAE-1/2 management at all ages should be to normalize life

ments after childbirth to confirm the diagnosis of HAE.3,199

essential elements of childhood and adolescence.

2

activities and lifestyle whenever possible.

9.3 | Therapy
8.5 | Other management considerations

C1-INH concentrate is recommended as first-line therapy for preg-

Providing pediatric patients and their families with appropriate infor-

nant or breastfeeding HAE-1/2 patients as it is safe and effective.202

mation is indispensable to support them to adopt a suitable lifestyle

No published experience is available for ecallantide. Although con-

and to avoid complications. Educators, teachers, and healthcare per-

traindicated by label, there are isolated case reports about the

sonnel responsible for the child at daycare or school should receive

administration of icatibant during pregnancy with no maternal or

written information on the disease, with advice on management of

fetal adverse effects reported.203-205 SDP may be used when C1-

HAE attacks, including the urgency of treatment for airway attacks.

INH concentrate is not available and fresh frozen plasma when SDP

C1-INH concentrate for emergency use should be available at home,

is not available.196-198,206-210
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philosophy that all patients worldwide should have sufficient resources
to control their HAE symptoms and fulfill their potential at school, at

Recommendation 15
We recommend C1-INH as the preferred therapy for HAE
attacks during pregnancy and lactation.
Evidence grade: D, strength of recommendation: strong,
100% agreement.

work, and in their relationships. HAEi, the international umbrella organization for the world’s HAE patient groups, and national HAE associations have active informative web sites for patients and healthcare
providers. HAEi has launched a “call to action” aimed at increasing the
awareness and knowledge on HAE with governments, health authorities, and healthcare professionals and to achieve recognition of HAE as

Preprocedural prophylaxis is recommended, preferably with C1INH concentrate, before any intervention such as chorionic villus sam-

a serious, disabling, potentially life-threatening, and chronic condition
that must receive timely accurate diagnosis and effective treatment.

pling, amniocentesis, and induced surgical abortion. Alternatively, C1-

Patient organizations also work toward identifying and addressing

INH concentrate should be available and administered immediately at

unmet needs in HAE management, which include the development of

the onset of an attack. It is recommended to manage childbirth in the

safe and well-tolerated new prophylactic and on-demand therapies,

hospital setting, unless robust measures for prompt treatment HAE

the optimization of existing long-term prophylactic and on-demand

attacks are available. Although mechanical trauma and stress are

therapies (eg, by dose-ranging studies, pediatric studies), increasing

known to trigger attacks, few women have developed angioedema

the availability of modern treatment options worldwide, emphasizing

during labor and delivery.3,198 Therefore, routine administration of

the need for self-care, individual action plans, early therapy, and gene

preprocedural prophylaxis before uncomplicated natural delivery is

therapy research. As with most diseases, information obtained from

not mandatory, but C1-INH concentrate should be immediately avail-

the internet is not always accurate and reliable; however, HAEi pro-

able for on-demand use. However, administering C1-INH concentrate

vides reviewed, updated, and scientifically sound information and is

as preprocedural prophylaxis is recommended before labor and deliv-

considered to be a quality source for patient education.

ery when symptoms have been recurring frequently during the third
trimester and the patient’s history includes genital edema caused by
mechanical trauma, during forceps delivery or vacuum extraction. Vag-

10.2 | Individualized Patient Action and Treatment
Plans

inal delivery is preferred because surgery or general anesthesia may
involve endotracheal intubation. Preprocedural prophylaxis with C1-

Because HAE-1/2 is an unpredictable, painful, and life-threatening

INH concentrate and epidural anesthesia is recommended before a

condition that incurs a huge stressful burden on patients and their

cesarean section, and intubation should be avoided if possible. If intu-

families, an individualized treatment plan should be carefully devel-

3-7,11

bation is required, preprocedural prophylaxis is mandatory.

oped in partnership between the physician and each patient. Individ-

Long-term prophylaxis may become indicated during pregnancy,

ualized treatment plans should address preventive measures and

especially in women experiencing an increase of attack frequency. In

home care and self-administration. It should include an effective

these women, C1-INH concentrate is considered a safe and effective

emergency (on-demand) treatment plan, with clear instructions on

197

treatment option.

Antifibrinolytics may be considered if C1-INH

concentrate is unavailable, but efficacy is not proven.3,209,211

how to best use medications to treat HAE attacks. Patients should
carry on-demand medication and an HAE identification card with

Androgens are contraindicated, as these drugs cross the placenta.

instructions on how to manage an HAE attack. Patients on long-term

Their adverse effects include masculinization of the female fetus,

prophylaxis also require an action plan and available therapy for on-

placental insufficiency, and fetal growth retardation. Breastfeeding

demand use.213-216

should be discontinued before androgens are introduced. Terminating lactation itself may reduce attack frequency.165,166
Plasma-derived C1-INH concentrate is considered the best therapy for on-demand treatment, short-term prophylaxis, and long-term
prophylaxis when indicated during lactation. Androgens and antifibrinolytics are secreted in breast milk. In contrast to androgens, tranex-

Recommendation 16
We recommend that all patients have an action plan.
Evidence grade: D, strength of recommendation: Strong,
100% agreement.

amic acid was found to be safe during breastfeeding.212

10 | PATIENT SUPPORT, HOME THERAPY
AND SELF-ADMINISTRATION, AND OTHER
MANAGEMENT CONSIDERATIONS
10.1 | Patient support
Patient organizations and support groups provide help and support for
HAE patients, caregivers, and family members. They endorse the

Recommendation 17
We suggest that HAE-specific comprehensive, integrated
care is available for all patients.
Evidence grade: D, strength of recommendation: Weak,
100% agreement.
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10.3 | Home therapy and self-administration

10.4 | Avoidance of triggers

Self-administration is crucial for an effective on-demand therapy as

A variety of conditions and events are known to trigger HAE

early treatment in the course of an attack has been shown to be

attacks. Trauma, whether accidental or associated with dental,

more effective and may prevent complications. This effect is inde-

medical, and surgical procedures, may result in a swelling attack.

pendent of the on-demand medication used (see recommendation 3

The use of estrogen-containing oral contraceptive agents and hor-

and text) and facilitated by the skill of the self-administrator or home

mone replacement therapy may trigger attacks. These agents

8,90,93-95

Similarly, self-administration facilitates long-

should be avoided. Hormonal contraception with progesterone-only

term prophylaxis. Every patient should be considered for home ther-

pills may turn out to be beneficial for many women with HAE-1/

apy and self-administration. Having to attend a medical facility to

2.3,194,195 Antihypertensive agents containing ACE inhibitors may

receive acute medication may result in delayed on-demand treat-

increase the frequency or precipitate HAE attacks and should

ment, prolonged observation, or inappropriate therapy. Self-adminis-

therefore be avoided strictly.

therapy partner.

tration training should include a home therapy partner (family

Other reported triggers include psychological stress, fatigue, feb-

member or friend who can provide support, advice, and administra-

rile illness, possibly Helicobacter pylori infection, and the menstrual

tion of therapy when the patient is compromised or unable or

cycle. Patients should be made aware of potentially relevant triggers

uncomfortable with self-treatment). Home therapy decreases the

of symptoms to reduce precipitation of attacks. Many of these latter

severity and duration of HAE attacks, reduces morbidity and disabil-

triggers are only suspected triggers and of limited significance. Most

ity, and can improve quality of life and productivity. In addition, the

attacks in most patients are unpredictable. Therefore, physicians

cost of care is reduced considerably by the use of home and self-

should not support excessive avoidance of suspected triggers, in

8,139,189,215,217-223

order not to limit the patient’s normal life. Influenza vaccine may

therapy.

C1-INH concentrate home therapy is also suitable for children

reduce upper airway infections and possibly reduce upper airway

with frequent or disruptive attacks, where a responsible adult is

swelling. Good dental care can reduce extractions, need for aggres-

available and willing to undertake training. Experience with hemo-

sive dental procedures, and prevent acute or chronic intraoral inflam-

philia suggests that it is beneficial for children to be encouraged

mation, which might reduce the threshold for attacks. Monitoring for

to take an active part early in their treatment, and even at the

side

age of 8, IV self-administration has been proven possible and

above.129,130,193,225-227

effects

of

medications

is

important

and

is

outlined

safe.189,224 Advanced age is not a contraindication for home therapy, provided that patients and/or home therapy partners can
safely and effectively administer the treatment. The subcutaneous

Recommendation 19

route may provide more convenient administration in all age
groups covered by the license. As pdC1-INH concentrate is a

We recommend that all patients with HAE should be edu-

blood derivative, tracking for home use is important in the event

cated about possible triggers which may induce HAE attacks.
Evidence grade: C, strength of recommendation: strong,

of recall, as well as to make sure that the product is being used

100% agreement.

as directed.

Recommendation 18
We recommend that all patients who are provided with on-

10.5 | Expert involvement and follow-up

demand treatment licensed for self-administration should be
HAE-1/2 patients are encouraged to find a healthcare provider with

taught to self-administer.
Evidence grade: C, strength of recommendation: Strong,

knowledge and interest in the disease. When and where possible,
care should be provided by comprehensive care clinics with exper-

100% agreement.

tise in HAE.
It is recommended that HAE patients have a medical evaluation
Early treatment is crucial in cases of upper airway involve-

at least annually. Newly diagnosed patients and those on long-term

ment (tongue, uvula, larynx). Patients should self-administer treat-

prophylaxis with attenuated androgens should be seen in a shorter

ment

extremely

interval. Those on androgens should continue to be seen twice a

important to encourage all patients to seek further care immedi-

year. Evaluation at follow-up visits should include recording of type

ately after administration of therapy. Upper airway swelling may

and frequency and severity of symptoms, frequency of use, and

progress or rebound, and repeat dosing may be necessary. Seek-

effectiveness of treatments for swelling attacks. A physical examina-

ing emergency care after therapy is essential to reduce the risk

tion

of suffocation.

ducted.228,229

while

awaiting

transfer

to

hospital.

It

is

and

appropriate

laboratory

evaluation

should

be

con-
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10.6 | Family screening
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xico City,
Campos, H. Especialidades C.M.N.SXXI, I.M.S.S., Me
xico; Sandra Nieto, Genetic Nutrition Unit. Instituto Nacional de
Me

HAE-1/2 is a genetic disorder with autosomal dominant transmis-

Pediatria. Mexico City. Mexico; Nieves Prior, Allergy Department

sion. Family members including grandparents, parents, siblings, chil-

s, Madrid (Spain); WilHospital Universitario Severo Ochoa, Legane

dren, and grandchildren of HAE-1/2 patients should be screened for

liam Smith, Department of clinical Immunology and Allergy, Royal

C1-INH function, C1-INH protein, and C4 plasma levels. Delayed

Adelaide Hospital, South Australia; Peter J. Spaeth, Institute of Phar-

diagnosis leads to morbidity and decreased quality of life due to

macology, University of Bern, CH-3010 Bern, Switzerland; Wei Te

delayed introduction of appropriate therapy. There is a risk that the

Lei, Department of Pediatrics, Division of Pediatric Allergy, Immunol-

first HAE attack might affect the airway and could be fatal.

ogy Rheumatology, Hsinchu Mackay Memorial Hospital, Taiwan;
Elias Toubi, Division of Allergy and Clinical Immunology, Bnai-Zion
Medical Center- Haifa Israel; Lilian Varga, Hungarian Angioedema

Recommendation 20
We recommend that family members of individuals with
HAE should be screened for the condition based on.

•
•

autosomal dominant inheritance

sity, Budapest, Hungary; Andrea Zanichelli, Department of Biomedical and Clinical Sciences, Luigi Sacco, University of Milan—ASST
Fatebenefratelli Sacco, Milan, Italy.

delayed diagnosis leads to morbidity and decreased quality of life without appropriate therapy

•

Center, 3rd Department of Internal Medicine, Semmelweis Univer-

12 | ENDORSING SOCIETIES

risk of the first angioedema event being fatal due to airway involvement without appropriate therapy
Evidence grade: D, strength of recommendation: strong,

100% agreement

12.1 | Founder societies
WAO (World Allergy Organization), EAACI (European Academy of
Allergy and Clinical Immunology).

12.2 | WAO member societies and/or
author-supporting societies
11 | REVIEW BOARD

American Academy of Allergy Asthma and Immunology, American
College of Allergy Asthma and Immunology, Argentine Association of

Werner Aberer, Department of Dermatology, Medical University of

Allergy and Clinical Immunology, Asia Pacific Association for Allergy

Graz, Graz, Austria; Reshef Avner, Angioedema Center, Barzilai Uni-

Asthma and Clinical Immunology, Australasian Society of Clinical

versity Hospital, Israel; Aleena Banerji, Division of Rheumatology,

Immunology and Allergy, Austrian Society of Allergology and Immu-

Allergy and Immunology, Massachusetts General Hospital, Boston,

nology, Azerbaijan Society for Asthma, Allergy and Clinical Immunol-

Massachusetts, USA; Isabelle Boccon-Gibod, Centre national de

ogy, Belarus Association of Allergology & Clinical Immunology,

fe
rence des angioede
mes (CREAK), Po
^le Pluridisciplinaire de
re

Belgian Society of Allergy and Clinical Immunology, Brazilian Society

decine et de Ge
rontologie Clinique, Grenoble, France; Laurence
Me

of Allergy and Immunology, Canadian Society of Allergy and

Bouillet, Internal medicine department, national reference center for

Immunology, Chinese College of Allergy and Asthma, Chinese Society

angioedema, Grenoble University Hospital, Grenoble Alpes (CHUGA),

of Allergology, Croatian Society of Allergology and Clinical Immunol-

University (UGA), France; Paula Busse, Division of Clinical Immunol-

ogy, Czech Society of Allergology and Clinical Immunology, Egyptian

ogy, Icahn School at Mount Sinai, New York, USA; Teresa Caballero,

Society of Allergy and Clinical Immunology, Egyptian Society of

Allergy Department, Hospital La Paz Health Research Center (IdiPaz),

Pediatric Allergy and Immunology, German Society for Angioedema,

CIBERER (U754), Madrid, Spain; Dorottya Csuka, Hungarian Angioe-

German Society for Dermatology, German Society of Internal Medi-

dema Center, 3rd Department of Internal Medicine, Semmelweis

cine, German Society for Pediatrics & Adolescent Medicine (DGKJ),

University, Budapest, Hungary; Mark Gompels, Department of

HAEi (International Organization for C1 Inhibitor Deficiencies),

Immunology, North Bristol NHS Trust, Southmead Hospital, Bristol,

HAEUK, Hungarian Allergy and Immunology Society, Indian Academy

UK; Richard Gower, Marycliff Clinical Research, Spokane Washing-

of Allergy, Italian Society for Allergology and Clinical Immunology,

ton, USA; Guillermo Guidos-Fogelbach, National School of Medicine,

Japanese Dermatological Association, Japanese Society of Allergol-

cnico Nacional, Mexico City, Mexico; Hiok Hee Chng,
Instituto Polite

ogy, Romanian Network for Hereditary Angioedema (RHAEN). Kor-

Department of Rheumatology, Allergy and Immunology, Tan Tock

ean Academy of Allergy, Asthma and Clinical Immunology, Kuwait

Seng Hospital, Singapore; Allen Kaplan, Medical University of South

Society of Allergy and Clinical Immunology, Malaysian Society of

Carolina, Charleston, SC, USA; Andrew MacGinnitie, Division of

Allergy and Immunology, Polish Society of Allergology, Portuguese

Immunology, Boston Children’s Hospital, Department of Pediatrics,

Society of Allergology and Clinical Immunology, Spanish Society of

Harvard Medical School, Boston, USA; AlejandroMalbran, Unidad de

Allergology and Clinical Immunology, Ukrainian Allergists Association,

Alergia, Asma e Inmunologıa Clınica, Buenos Aires; Juan J. Matta

Venezuelan Society of Allergy, Asthma, and Immunology.

16

|

CONFLICT OF INTEREST
I. Ansotegui has no conflict of interest.
€ ren-Pu
€rsu
€n has received honoraria as a speaker/advisor
E. Aygo
and/or is a recipient of institutional research/study funding from
BioCryst, CSL Behring, Jerini, Shire, Pharming Technologies, and/or
Viropharma.
S. D. Betschel is or has been a speaker/consultant and has
received research funding currently or in the past from CSL Behring,

MAURER

ET AL.

R. Pawankar has no conflict of interest.
M. Riedl has received honoraria as a speaker/advisor for
Adverum, Alnylam, Arrowhead, BioCryst, CSL Behring, Kalvista, Ionis,
Shire, and/or Pharming. He is a recipient of institutional research/
study funding from BioCryst, CSL Behring, Ionis, Pharming, and
Shire.
M. Sanchez-Borges has no conflict of interest.
Yuxiang Zhi has no disclosure of potential conflict of interests.

Shire, and Viropharma.
K. Bork is a speaker for CSL Behring and Shire.
T. Bowen has no conflict of interest.
H. B. Boysen is the executive director of HAEi, who has worked
and is working with the majority of pharmaceutical companies in the
field of hereditary angioedema (HAE).
T Craig is a speaker for CSL Behrings, Grifols, and Shire. He per-

ORCID
M. Maurer
M. Hide
C. Katelaris

http://orcid.org/0000-0002-4121-481X
http://orcid.org/0000-0002-1569-6034
http://orcid.org/0000-0002-4412-1336

REFERENCES

forms research for Biocryst, CSL Behring, Grifols, and Shire. He is a
consultant for Biocryst and CSL Behring. He has received educational grant from Shire.
H. Farkas received honoraria speaker fee and travel grants from
CSL Behring, Shire, Swedish Orphan Biovitrum, and Pharming and/or
served as a consultant for these companies.
A. S. Grumach is or has been a speaker/consultant for CSL Behring, Shire, and Biocryst and performs research with a grant from the
Shire Research Program for Investigators.
M. Hide has received honoraria as a speaker/advisor from BioCryst, CSL-Behrin, Shire, and Biropharma. He has received institutional research funding from CSL Behring.
Allen Kaplan is a consultant for adjudication of angioedema episodes occurring during clinical studies for Genentech. Speaker program on HAE for Shire.
C. H. Katelaris has received honoraria as a speaker and advisory
board chair for Shire and CSL Behring and is a principal investigator
for trials conducted by CSL Behring, Shire, and Biocryst.
R. F. Lockey is an investigator for Shire and has no other conflict
of interest.
H. J. Longhurst has received honoraria as a speaker/advisor and/
or is a recipient of institutional research/study funding from BioCryst, CSL Behring, Jerini, Shire, and/or Viropharma.
W. R. Lumry is or has been a speaker/consultant and has
received research grants from BioCryst, CSL Behring, Dyax, Jerini,
Pharming, Shire, and Viropharma.
M. Magerl is or has been a speaker/consultant for BioCryst, CSL
Behring, Jerini, Shire, Sobi, and Viropharma.
I. Martinez Saguer is or has been a speaker/consultant and performs research for CSL Behring, Shire, Biocryst, Sobi, and Viropharma.
M. Maurer has received honoraria as a speaker/advisor and/or is
a recipient of institutional research/study funding from BioCryst,
CSL Behring, Jerini, Shire, and/or Viropharma.
D. Moldovan has ties with CSL Behring, BioCryst, Pharming
Technologies, Shire, and Swedish Orphan Biovitrum.
A. Nast has no conflict of interest.

€ ren-Pu
€rsu
€n E, Bork K, et al. WAO guideline for the
1. Craig T, Aygo
management of hereditary angioedema. World Allergy Organ J.
2012;5:182-199.
2. Farkas H, Martinez-Saguer I, Bork K, et al. International consensus
on the diagnosis and management of pediatric patients with hereditary angioedema with C1 inhibitor deficiency. Allergy. 2017;72:300313.
3. Caballero T, Farkas H, Bouillet L, et al. International consensus and
practical guidelines on the gynecologic and obstetric management
of female patients with hereditary angioedema caused by C1 inhibitor deficiency. J Allergy Clin Immunol. 2012;129:308-320.
4. Bowen T, Cicardi M, Farkas H, et al. Canadian 2003 international
consensus algorithm for the diagnosis, therapy, and management of
hereditary angioedema. J Allergy Clin Immunol. 2004;114:629-637.
5. Gompels MM, Lock RJ, Abinun M, et al. C1 inhibitor deficiency:
consensus document. Clin Exp Immunol. 2005;139:379-394.
6. Bowen T, Cicardi M, Bork K, et al. Hereditary angiodema: a current
state-of-the-art review, VII: Canadian Hungarian 2007 International
Consensus Algorithm for the Diagnosis, Therapy, and Management
of Hereditary Angioedema. Ann Allergy Asthma Immunol. 2008;100
(1 Suppl 2):S30-S40.
7. Bowen T, Cicardi M, Farkas H, et al. 2010 International consensus
algorithm for the diagnosis, therapy and management of hereditary
angioedema. Allergy Asthma Clin Immunol. 2010;6:24.
8. Longhurst HJ, Farkas H, Craig T, et al. HAE international home therapy consensus document. Allergy Asthma Clin Immunol. 2010;6:22.
~as R, et al. Consensus statement on
9. Caballero T, Baeza ML, Caban
the diagnosis, management, and treatment of angioedema mediated
by bradykinin. Part I. Classification, epidemiology, pathophysiology,
genetics, clinical symptoms, and diagnosis. J Investig Allergol Clin
Immunol. 2011;21:333-347.
~as R, et al. Consensus statement on
10. Caballero T, Baeza ML, Caban
the diagnosis, management, and treatment of angioedema mediated
by bradykinin. Part II. Treatment, follow-up, and special situations. J
Investig Allergol Clin Immunol. 2011;21:422-441.
11. Cicardi M, Bork K, Caballero T, et al. Evidence-based recommendations for the therapeutic management of angioedema owing to
hereditary C1 inhibitor deficiency: consensus report of an International Working Group. Allergy. 2012;67:147-157.
12. Lang DM, Aberer W, Bernstein JA, et al. International consensus on
hereditary and acquired angioedema. Ann Allergy Asthma Immunol.
2012;109:395-402.
13. Wahn V, Aberer W, Eberl W, et al. Hereditary angioedema (HAE) in
children and adolescents-a consensus on therapeutic strategies. Eur
J Pediatr. 2012;171:1339-1348.

MAURER

ET AL.

14. Cicardi M, Aberer W, Banerji A, et al. Classification, diagnosis, and
approach to treatment for angioedema: consensus report from the
Hereditary Angioedema International Working Group. Allergy.
2014;69:602-616.
15. Longhurst HJ, Tarzi MD, Ashworth F, et al. C1 inhibitor deficiency:
2014 United Kingdom consensus document. Clin Exp Immunol.
2015;180:475-483.
16. Reshef A, Kidon M, Leibovich I. The story of angioedema: from
Quincke to bradykinin. Clin Rev Allergy Immunol. 2016;51:121-139.
17. Brozek JL, Akl EA, Alonso-Coello P, et al. Grading quality of evidence and strength of recommendations in clinical practice guidelines. Part 1 of 3. An overview of the GRADE approach and
grading quality of evidence about interventions. Allergy.
2009;64:669-677.
18. Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 2. Framing the question and deciding on important outcomes. J Clin Epidemiol. 2011;64:395-400.
19. Broz_ ek JL, Akl EA, Compalati E, et al. Grading quality of evidence
and strength of recommendations in clinical practice guidelines part
3 of 3. The GRADE approach to developing recommendations.
Allergy. 2011;66:588-595.
20. Black N, Murphy M, Lamping D, et al. Consensus development
methods: a review of best practice in creating clinical guidelines. J
Health Serv Res Policy. 1999;4:236-248.
21. Bork K, Meng G, Staubach P, Hardt J. Hereditary angioedema: new
findings concerning symptoms, affected organs, and course. Am J
Med. 2006;119:267-274.
22. Cicardi M, Bergamaschini L, Marasini B, Boccassini G, Tucci A,
Agostoni A. Hereditary angioedema: an appraisal of 104 cases. Am
J Med Sci. 1982;284:2-9.
€t zu
23. Dinkelacker E. Ueber acutes oedem. In: Medicinische Faculta
Kiel. Kiel: Liel; 1882:27.
24. Rosen FS, Austen KF. The “neurotic edema” (hereditary angioedema). N Engl J Med. 1969;280:1356-1357.
25. Zuraw BL, Christiansen SC. HAE pathophysiology and underlying
mechanisms. Clin Rev Allergy Immunol. 2016;51:216-229.
26. Kaplan AP, Greaves MW. Angioedema. J Am Acad Dermatol.
2005;53:373-388.
27. Hedner T, Samuelsson O, Lunde H, Lindholm L, Andren L, Wiholm
BE. Angio-oedema in relation to treatment with angiotensin converting enzyme inhibitors. BMJ. 1992;304:941-946.
28. Nussberger J, Cugno M, Amstutz C, Cicardi M, Pellacani A, Agostoni
A. Plasma bradykinin in angio-oedema. Lancet. 1998;351:1693-1697.
29. Donaldson VH, Evans RR. A biochemical abnormality in herediatry
angioneurotic edema: absence of serum inhibitor of C’ 1-esterase.
Am J Med. 1963;35:37-44.
30. Rosen FS, Charache P, Pensky J, Donaldson V. Hereditary
angioneurotic edema: two genetic variants. Science. 1965;148:957958.
31. Dewald G, Bork K. Missense mutations in the coagulation factor XII
(Hageman factor) gene in hereditary angioedema with normal C1
inhibitor. Biochem Biophys Res Commun. 2006;343:1286-1289.
32. Bafunno V, Firinu D, D’Apolito M, et al. Mutation of the angiopoietin-1 gene (ANGPT1) associates with a new type of hereditary
angioedema. J Allergy Clin Immunol. 2017;pii: S0091-6749(17)
30921-1.
€ller-Magin L, et al. Hereditary angioedema
33. Bork K, Wulff K, Steinmu
with a mutation in the plasminogen gene. Allergy. 2018;73:442450.
34. Caldwell JR, Ruddy S, Schur PH, Austen KF. Acquired C1 inhibitor
deficiency in lymphosarcoma. Clin Immunol Immunopathol.
1972;1:39-52.
35. Schreiber AD, Zweiman B, Atkins P, et al. Acquired angioedema
with lymphoproliferative disorder: association of C1 inhibitor deficiency with cellular abnormality. Blood. 1976;48:567-580.

|

17

36. Zanichelli A, Azin GM, Wu MA, et al. Diagnosis, course, and management of angioedema in patients with acquired C1-inhibitor deficiency. J Allergy Clin Immunol Pract. 2017;5:1307-1313.
37. Zuberbier T, Aberer W, Asero R, et al. The EAACI/GA(2) LEN/EDF/
WAO Guideline for the definition, classification, diagnosis, and
management of urticaria: the 2013 revision and update. Allergy.
2014;69:868-887.
38. Bygum A. Hereditary angio-oedema in Denmark: a nationwide survey. Br J Dermatol. 2009;161:1153-1158.
39. Zanichelli A, Arcoleo F, Barca MP, et al. A nationwide survey of
hereditary angioedema due to C1 inhibitor deficiency in Italy.
Orphanet J Rare Dis. 2015;10:11.
40. Germenis AE, Speletas M. Genetics of hereditary angioedema revisited. Clin Rev Allergy Immunol. 2016;51:170-182.
 pez-Lera A, Garrido S, Roche O, Lo
pez-Trascasa M. SERPING1
41. Lo
mutations in 59 families with hereditary angioedema. Mol Immunol.
2011;49:18-27.
42. Pappalardo E, Cicardi M, Duponchel C, et al. Frequent de novo
mutations and exon deletions in the C1 inhibitor gene of patients
with angioedema. J Allergy Clin Immunol. 2000;106:1147-1154.
43. Donaldson VH, Rosen FS. Action of complement in hereditary
angioneurotic edema: the role of C’1-esterase. J Clin Invest.
1964;43:2204-2213.
44. Kaplan AP, Joseph K. Complement, kinins, and hereditary angioedema: mechanisms of plasma instability when C1 inhibitor is
absent. Clin Rev Allergy Immunol. 2016;51:207-215.
45. Kaplan AP, Joseph K, Silverberg M. Pathways for bradykinin formation and inflammatory disease. J Allergy Clin Immunol. 2002;109:195209.
46. Donaldson VH. Kinin formation in hereditary angioneurotic edema
(HANE) plasma. Int Arch Allergy Appl Immunol. 1973;45:206-209.
47. Whalley ET, Amure YO, Lye RH. Analysis of the mechanism of
action of bradykinin on human basilar artery in vitro. Naunyn Schmiedebergs Arch Pharmacol. 1987;335:433-437.
48. Whalley ET, Nwator IA, Stewart JM, Vavrek RJ. Analysis of the
receptors mediating vascular actions of bradykinin. Naunyn Schmiedebergs Arch Pharmacol. 1987;336:430-433.
49. Jacques L, Couture R, Drapeau G, Regoli D. Capillary permeability
induced by intravenous neurokinins. Receptor characterization and
mechanism of action. Naunyn Schmiedebergs Arch Pharmacol.
1989;340:170-179.
50. Fields T, Ghebrehiwet B, Kaplan AP. Kinin formation in hereditary
angioedema plasma: evidence against kinin derivation from C2 and
in support of “spontaneous” formation of bradykinin. J Allergy Clin
Immunol. 1983;72:54-60.
51. Maurer M, Bader M, Bas M, et al. New topics in bradykinin
research. Allergy. 2011;66:1397-1406.
52. Binkley KE, Davis A 3rd. Clinical, biochemical, and genetic characterization of a novel estrogen-dependent inherited form of angioedema. J Allergy Clin Immunol. 2000;106:546-550.
53. Bork K, Barnstedt SE, Koch P, Traupe H. Hereditary angioedema
with normal C1-inhibitor activity in women. Lancet. 2000;356:213217.
€ rkqvist J, Suffritti C, et al. Plasmin is a natural trigger
54. de Maat S, Bjo
for bradykinin production in patients with hereditary angioedema
with factor XII mutations. J Allergy Clin Immunol. 2016;138:14141423.
55. Zuraw BL, Christiansen SC. Pathogenesis and laboratory diagnosis
of hereditary angioedema. Allergy Asthma Proc. 2009;30:487-492.
56. Aabom A, Bygum A, Koch C. Complement factor C4 activation in
patients with hereditary angioedema. Clin Biochem. 2017;50:816821.
57. Karim Y, Griffiths H, Deacock S. Normal complement C4 values
do not exclude hereditary angioedema. J Clin Pathol. 2004;57:213214.

18

|

€ rster T, Mohammadi M, Longhurst HJ. An
58. Tarzi MD, Hickey A, Fo
evaluation of tests used for the diagnosis and monitoring of C1
inhibitor deficiency: normal serum C4 does not exclude hereditary
angio-oedema. Clin Exp Immunol. 2007;149:513-516.
 pez-Lera A, Lo
 pez-Trascasa M,
59. Pedrosa M, Phillips-Angles E, Lo
Caballero T. Complement study versus CINH gene testing for the
diagnosis of type I hereditary angioedema in children. J Clin Immunol. 2016;36:16-18.
60. Ebo DG, Van Gasse AL, Sabato V, et al. Hereditary angioedema in
2 sisters due to paternal gonadal mosaicism. J Allergy Clin Immunol
Pract. 2017;6:277-279.
61. Betschel S, Badiou J, Binkley K, et al. Canadian hereditary angioedema guideline. Allergy Asthma Clin Immunol. 2014;10:50.
62. Rasmussen ER, de Freitas PV, Bygum A. Urticaria and prodromal
symptoms including erythema marginatum in Danish patients with
hereditary angioedema. Acta Derm Venereol. 2016;96:373-376.
63. Staubach P, Metz M, Chapman-Rothe N, et al. Effect of omalizumab on angioedema in H1 -antihistamine-resistant chronic spontaneous urticaria patients: results from X-ACT, a randomized
controlled trial. Allergy. 2016;71:1135-1144.
64. Bernstein JA, Lang DM, Khan DA, et al. The diagnosis and management of acute and chronic urticaria: 2014 update. J Allergy Clin
Immunol. 2014;133:1270-1277.
65. Peveling-Oberhag A, Reimann H, Weyer V, Goloborodko E, Staubach P. High-concentration liquid prednisolone formula: filling a
therapeutic niche in severe acute attacks of urticaria and angioedema. Skin Pharmacol Physiol. 2016;29:9-12.
66. Bork K, Wulff K, Witzke G, Hardt J. Treatment for hereditary
angioedema with normal C1-INH and specific mutations in the F12
gene (HAE-FXII). Allergy. 2017;72:320-324.
67. Bouillet L, Boccon-Gibod I, Ponard D, et al. Bradykinin receptor 2
antagonist (icatibant) for hereditary angioedema type III attacks.
Ann Allergy Asthma Immunol. 2009;103:448.
68. Cronin JA, Maples KM. Treatment of an acute attack of type III
hereditary angioedema with ecallantide. Ann Allergy Asthma Immunol. 2012;108:61-62.
69. Bouillet L, Boccon-Gibod I, Gompel A, et al. Hereditary angioedema
with normal C1 inhibitor: clinical characteristics and treatment
response with plasma-derived human C1 inhibitor concentrate (Berinert(R)) in a French cohort. Eur J Dermatol. 2017;27:155-159.
70. Magerl M, Germenis AE, Maas C, Maurer M. Hereditary angioedema with normal C1 inhibitor: update on evaluation and treatment. Immunol Allergy Clin North Am. 2017;37:571-584.
71. Toh S, Reichman ME, Houstoun M, et al. Comparative risk for
angioedema associated with the use of drugs that target the reninangiotensin-aldosterone system. Arch Intern Med. 2012;172:15821589.
72. Magerl M, Bader M, Gompel A, et al. Bradykinin in health and disease: proceedings of the Bradykinin Symposium 2012, Berlin 23-24
August 2012. Inflamm Res. 2014;63:173-178.
73. Bas M, Hoffmann TK, Kojda G. Icatibant in ACE-inhibitor-induced
angioedema. N Engl J Med. 2015;372:1867-1868.
74. Basß M, Greve J, Stelter K, et al. A randomized trial of icatibant in
ACE-inhibitor-induced angioedema. N Engl J Med. 2015;372:418425.
75. Straka BT, Ramirez CE, Byrd JB, et al. Effect of bradykinin receptor
antagonism on ACE inhibitor-associated angioedema. J Allergy Clin
Immunol. 2017;140:242-248.
76. Gobert D, Paule R, Ponard D, et al. A nationwide study of
acquired C1-inhibitor deficiency in France: Characteristics and
treatment responses in 92 patients. Medicine (Baltimore). 2016;95:
e4363.
77. Bork K. Hereditary angioedema with normal C1 inhibitor activity
including hereditary angioedema with coagulation factor XII gene
mutations. Immunol Allergy Clin North Am. 2006;26:709-724.

MAURER

ET AL.

78. Farkas H, Veszeli N, Kajdacsi E, Cervenak L, Varga L. “Nuts and
bolts” of laboratory evaluation of angioedema. Clin Rev Allergy
Immunol. 2016;51:140-151.
79. Weiler CR, van Dellen RG. Genetic test indications and interpretations in patients with hereditary angioedema. Mayo Clin Proc.
2006;81:958-972.
80. Bork K, Hardt J, Schicketanz KH, Ressel N. Clinical studies of sudden upper airway obstruction in patients with hereditary angioedema due to C1 esterase inhibitor deficiency. Arch Intern Med.
2003;163:1229-1235.
81. Bork K, Hardt J, Witzke G. Fatal laryngeal attacks and mortality in
hereditary angioedema due to C1-INH deficiency. J Allergy Clin
Immunol. 2012;130:692-697.
82. Lumry WR, Li HH, Levy RJ, et al. Randomized placebo-controlled
trial of the bradykinin B receptor antagonist icatibant for the treatment of acute attacks of hereditary angioedema: the FAST-3 trial.
Ann Allergy Asthma Immunol. 2011;107:529-537.
83. Riedl MA, Bernstein JA, Li H, et al. Recombinant human C1-esterase inhibitor relieves symptoms of hereditary angioedema attacks:
phase 3, randomized, placebo-controlled trial. Ann Allergy Asthma
Immunol. 2014;112:163-169.
84. Cicardi M, Banerji A, Bracho F, et al. Icatibant, a new bradykininreceptor antagonist, in hereditary angioedema. N Engl J Med.
2010;363:532-541.
85. Cicardi M, Levy RJ, McNeil DL, et al. Ecallantide for the treatment
of acute attacks in hereditary angioedema. N Engl J Med.
2010;363:523-531.
86. Zuraw BL, Busse PJ, White M, et al. Nanofiltered C1 inhibitor concentrate for treatment of hereditary angioedema. N Engl J Med.
2010;363:513-522.
87. Craig TJ, Bewtra AK, Bahna SL, et al. C1 esterase inhibitor concentrate in 1085 Hereditary Angioedema attacks–final results of the
IMPACT 2 study. Allergy. 2011;66:1604-1611.
88. Craig TJ, Levy RJ, Wasserman RL, et al. Efficacy of human C1
esterase inhibitor concentrate compared with placebo in acute
hereditary angioedema attacks. J Allergy Clin Immunol.
2009;124:801-808.
89. Craig TJ, Rojavin MA, Machnig T, Keinecke HO, Bernstein JA.
Effect of time to treatment on response to C1 esterase inhibitor
concentrate for hereditary angioedema attacks. Ann Allergy Asthma
Immunol. 2013;111:211-215.
90. Maurer M, Aberer W, Bouillet L, et al. Hereditary angioedema
attacks resolve faster and are shorter after early icatibant treatment. PLoS One. 2013;8:e53773.
91. Banta E, Horn P, Craig TJ. Response to ecallantide treatment of
acute attacks of hereditary angioedema based on time to intervention: results from the EDEMA clinical trials. Allergy Asthma Proc.
2011;32:319-324.
~ez E, Longhurst H, et al. Treatment of HAE
92. De Rojas DH, Iban
attacks in the Icatibant outcome survey: an analysis of icatibant
self-administration versus administration by health care professionals. Int Arch Allergy Immunol. 2015;167:21-28.
€ ren-Pu
€rsu
€n E, Martinez-Saguer I, Rusicke E, Klingebiel T, Kreuz
93. Aygo
W. On demand treatment and home therapy of hereditary angioedema in Germany – The Frankfurt experience. Allergy Asthma Clin
Immunol. 2010;6:21.
94. Cicardi M, Craig TJ, Martinez-Saguer I, Hebert J, Longhurst HJ.
Review of recent guidelines and consensus statements on hereditary angioedema therapy with focus on self-administration. Int Arch
Allergy Immunol. 2013;161(Suppl 1):3-9.
95. Muhlberg H, Ettl N, Magerl M. An analysis of the teaching of intravenous self-administration in patients with hereditary angiooedema. Clin Exp Dermatol. 2016;41:366-371.
96. Zanichelli A, Vacchini R, Badini M, Penna V, Cicardi M. Standard
care impact on angioedema because of hereditary C1 inhibitor

MAURER

97.

98.

99.
100.

101.
102.

103.

104.

105.

106.
107.

108.
109.

110.

111.

112.

113.
114.

115.

ET AL.

deficiency: a 21-month prospective study in a cohort of 103
patients. Allergy. 2011;66:192-196.
Craig TJ, Wasserman RL, Levy RJ, et al. Prospective study of rapid
relief provided by C1 esterase inhibitor in emergency treatment of
acute laryngeal attacks in hereditary angioedema. J Clin Immunol.
2010;30:823-829.
Kunschak M, Engl W, Maritsch F, et al. A randomized, controlled
trial to study the efficacy and safety of C1 inhibitor concentrate in
treating hereditary angioedema. Transfusion. 1998;38:540-549.
Schulz KH. Hereditary Quincke’s edema. New therapeutic ways.
Hautarzt. 1974;25:12-16.
Waytes AT, Rosen FS, Frank MM. Treatment of hereditary angioedema with a vapor-heated C1 inhibitor concentrate. N Engl J Med.
1996;334:1630-1634.
Brackertz D, Isler E, Kueppers F. Half-life of C1INH in hereditary
angioneurotic oedema (HAE). Clin Allergy. 1975;5:89-94.
€ ren-Pu
€rsu
€n E, Von Hentig N,
Martinez-Saguer I, Rusicke E, Aygo
Klingebiel T, Kreuz W. Pharmacokinetic analysis of human plasmaderived pasteurized C1-inhibitor concentrate in adults and children
with hereditary angioedema: a prospective study. Transfusion.
2010;50:354-360.
Martinez-Saguer I, Cicardi M, Suffritti C, et al. Pharmacokinetics of
plasma-derived C1-esterase inhibitor after subcutaneous versus
intravenous administration in subjects with mild or moderate
hereditary angioedema: the PASSION study. Transfusion.
2014;54:1552-1561.
Hofstra JJ, Budde IK, Van Twuyver E, et al. Treatment of hereditary angioedema with nanofiltered C1-esterase inhibitor concentrate (Cetor(R)): multi-center phase II and III studies to assess
pharmacokinetics, clinical efficacy and safety. Clin Immunol.
2012;142:280-290.
Bernstein JA, Ritchie B, Levy RJ, et al. Population pharmacokinetics
of plasma-derived C1 esterase inhibitor concentrate used to treat
acute hereditary angioedema attacks. Ann Allergy Asthma Immunol.
2010;105:149-154.
Terpstra FG, Kleijn M, Koenderman AH, et al. Viral safety of C1inhibitor NF. Biologicals. 2007;35:173-181.
De Serres J, Groner A, Lindner J. Safety and efficacy of pasteurized
C1 inhibitor concentrate (Berinert P) in hereditary angioedema: a
review. Transfus Apher Sci. 2003;29:247-254.
Groner A, Nowak T, Schafer W. Pathogen safety of human C1
esterase inhibitor concentrate. Transfusion. 2012;52:2104-2112.
van Doorn MB, Burggraaf J, van Dam T, et al. A phase I study of
recombinant human C1 inhibitor in asymptomatic patients with
hereditary angioedema. J Allergy Clin Immunol. 2005;116:876-883.
van Veen HA, Koiter J, Vogelezang CJ, et al. Characterization of
recombinant human C1 inhibitor secreted in milk of transgenic rabbits. J Biotechnol. 2012;162:319-326.
Farrell C, Hayes S, Relan A, Amersfoort ES, Pijpstra R, Hack CE.
Population pharmacokinetics of recombinant human C1 inhibitor in
patients with hereditary angioedema. Br J Clin Pharmacol.
2013;76:897-907.
PharmingGroup. Ruconest prescribing information. 2014. https://
www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodPro
ducts/ApprovedProducts/LicensedProductsBLAs/FractionatedPlasma
Products/UCM405634.pdf.
Riedl M. Recombinant human C1 esterase inhibitor in the management of hereditary angioedema. Clin Drug Investig. 2015;35:407-417.
Moldovan D, Bernstein JA, Cicardi M. Recombinant replacement
therapy for hereditary angioedema due to C1 inhibitor deficiency.
Immunotherapy. 2015;7:739-752.
Moldovan D, Reshef A, Fabiani J, et al. Efficacy and safety of
recombinant human C1-inhibitor for the treatment of attacks of
hereditary angioedema: European open-label extension study. Clin
Exp Allergy. 2012;42:929-935.

|

19

116. Shire. Kalbitor prescribing information. 2015. http://www.shirecon
tent.com/PI/PDFs/Kalbitor_USA_ENG.pdf. Accessed August 21,
2017.
117. DyaxCorp. Withdrawal of Kalbitor at EMA. 2011.
118. Craig TJ, Li HH, Riedl M, et al. Characterization of anaphylaxis after
ecallantide treatment of hereditary angioedema attacks. J Allergy
Clin Immunol Pract. 2015;3:206-212.
119. Levy RJ, Lumry WR, McNeil DL, et al. EDEMA4: a phase 3, double-blind study of subcutaneous ecallantide treatment for acute
attacks of hereditary angioedema. Ann Allergy Asthma Immunol.
2010;104:523-529.
120. Sheffer AL, Campion M, Levy RJ, Li HH, Horn PT, Pullman WE.
Ecallantide (DX-88) for acute hereditary angioedema attacks: integrated analysis of 2 double-blind, phase 3 studies. J Allergy Clin
Immunol. 2011;128:153-159.
121. Rocha ESM, Beraldo WT, Rosenfeld G. Bradykinin, a hypotensive
and smooth muscle stimulating factor released from plasma globulin by snake venoms and by trypsin. Am J Physiol. 1949;156:261273.
122. Antonio A, Rocha ESM. Coronary vasodilation produced by
bradykinin on isolated mammalian heart. Circ Res. 1962;11:910915.
123. Erikson U. Peripheral arteriography during bradykinin induced
vasodilation. Acta Radiol Diagn (Stockh). 1965;3:193-201.
124. Bork K, Frank J, Grundt B, Schlattmann P, Nussberger J, Kreuz W.
Treatment of acute edema attacks in hereditary angioedema with a
bradykinin receptor-2 antagonist (Icatibant). J Allergy Clin Immunol.
2007;119:1497-1503.
125. Farkas H. Icatibant as acute treatment for hereditary angioedema
in adults. Expert Rev Clin Pharmacol. 2016;9:779-788.
126. Bork K, Hardt J, Staubach-Renz P, Witzke G. Risk of laryngeal
edema and facial swellings after tooth extraction in patients with
hereditary angioedema with and without prophylaxis with C1 inhibitor concentrate: a retrospective study. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2011;112:58-64.
127. Farkas H, Zotter Z, Csuka D, et al. Short-term prophylaxis in hereditary angioedema due to deficiency of the C1-inhibitor–a long-term
survey. Allergy. 2012;67:1586-1593.
128. Nanda MK, Singh U, Wilmot J, Bernstein JA. A cross-sectional
questionnaire assessing patient and physician use of short-term
prophylaxis for hereditary angioedema. Ann Allergy Asthma Immunol. 2014;113:198-203.
129. Bork K, Barnstedt SE. Laryngeal edema and death from asphyxiation after tooth extraction in four patients with hereditary angioedema. J Am Dent Assoc. 2003;134:1088-1094.
130. Forrest A, Milne N, Soon A. Hereditary angioedema: death after a
dental extraction. Aust Dent J. 2017;62:107-110.
131. Frank MM. Hereditary angioedema: short-term prophylaxis for surgery. Allergy Asthma Proc. 2012;33:303-304.
€ ren-Pu
€rsu
€n E, Martinez Saguer I, Kreuz W, Klingebiel T, Sch132. Aygo
wabe D. Risk of angioedema following invasive or surgical procedures in HAE type I and II–the natural history. Allergy.
2013;68:1034-1039.
~oz-Caro JM, Lo
 pez-Serrano MC, et al. Man133. Jurado-Palomo J, Mun
agement of dental-oral procedures in patients with hereditary
angioedema due to C1 inhibitor deficiency. J Investig Allergol Clin
Immunol. 2013;23:1-6.
 falvy E, F€
134. Farkas H, Gyeney L, Gido
ust G, Varga L. The efficacy of
short-term danazol prophylaxis in hereditary angioedema patients
undergoing maxillofacial and dental procedures. J Oral Maxillofac
Surg. 1999;57:404-408.
135. Magerl M, Frank M, Lumry W, et al. Short-term prophylactic use of
C1-inhibitor concentrate in hereditary angioedema: findings from
an international patient registry. Ann Allergy Asthma Immunol.
2017;118:110-112.

20

|

136. Shire. Cinryze prescribing information. 2017. https://www.shir
e.de/-/media/shire/shireglobal/shiregermany/pdffiles/product%
20information/fi-cinryze.pdf.
137. Behring C. Berinert 500/1500 Prescribing Information. 2017.
www.berinert.de/documents/64158/69464/Fachinformationen-Be
rinert-Jan-2015.pdf.
138. Frank MM. Update on preventive therapy (prophylaxis) for hereditary angioedema. Immunol Allergy Clin North Am. 2013;33:495-503.
139. Greve J, Strassen U, Gorczyza M, et al. Prophylaxis in hereditary
angioedema (HAE) with C1 inhibitor deficiency. J Dtsch Dermatol
Ges. 2016;14:266-275.
140. Maurer M, Magerl M. Long-term prophylaxis of hereditary angioedema with androgen derivates: a critical appraisal and potential
alternatives. J Dtsch Dermatol Ges. 2011;9:99-107.
141. Bernstein JA, Manning ME, Li H, et al. Escalating doses of C1
esterase inhibitor (CINRYZE) for prophylaxis in patients with hereditary angioedema. J Allergy Clin Immunol Pract. 2014;2:77-84.
142. Longhurst H, Cicardi M, Craig T, et al. Prevention of hereditary
angioedema attacks with a subcutaneous C1 inhibitor. N Engl J
Med. 2017;376:1131-1140.
143. Lumry WR, Miller DP, Newcomer S, Fitts D, Dayno J. Quality of life
in patients with hereditary angioedema receiving therapy for routine
prevention of attacks. Allergy Asthma Proc. 2014;35:371-376.
144. Zuraw BL, Kalfus I. Safety and efficacy of prophylactic nanofiltered
C1-inhibitor in hereditary angioedema. Am J Med. 2012;125:938.
145. Craig T, Shapiro R, Vegh A, et al. Efficacy and safety of an intravenous C1-inhibitor concentrate for long-term prophylaxis in
hereditary angioedema. Allergy Rhinol (Providence). 2017;8:13-19.
146. Riedl MA, Grivcheva-Panovska V, Moldovan D, et al. Recombinant
human C1 esterase inhibitor for prophylaxis of hereditary angiooedema: a phase 2, multicentre, randomised, double-blind, placebocontrolled crossover trial. Lancet. 2017;390:1595-1602.
147. Kalaria S, Craig T. Assessment of hereditary angioedema treatment
risks. Allergy Asthma Proc. 2013;34:519-522.
148. Crowther M, Bauer KA, Kaplan AP. The thrombogenicity of C1
esterase inhibitor (human): review of the evidence. Allergy Asthma
Proc. 2014;35:444-453.
149. Riedl MA, Bygum A, Lumry W, et al. Safety and usage of C1-inhibitor in hereditary angioedema: berinert registry data. J Allergy Clin
Immunol Pract. 2016;4:963-971.
€
150. Arzteschaft
ADD. Schwerwiegende thrombenbildung nach Ber€
inertâ HS. Deutsches Arzteblatt,
2000;97:A-1016.
} halmi KV, Veszeli N, Zotter Z, Varnai K, Varga L. Risk
151. Farkas H, Ko
of thromboembolism in patients with hereditary angioedema treated with plasma-derived C1-inhibitor. Allergy Asthma Proc.
2016;37:164-170.
152. Bork K, Hardt J. Hereditary angioedema: increased number of
attacks after frequent treatments with C1 inhibitor concentrate.
Am J Med. 2009;122:780-783.
153. Blackmore WP. Danazol in the treatment of hereditary angio-neurotic oedema. J Int Med Res. 1977;5(Suppl 3):38-43.
154. Agostoni A, Cicardi M, Martignoni GC, Bergamaschini L, Marasini
B. Danazol and stanozolol in long-term prophylactic treatment of
hereditary angioedema. J Allergy Clin Immunol. 1980;65:75-79.
155. Bork K, Schneiders V. Danazol-induced hepatocellular adenoma in
patients with hereditary angio-oedema. J Hepatol. 2002;36:707-709.
156. Bork K, Bygum A, Hardt J. Benefits and risks of danazol in hereditary angioedema: a long-term survey of 118 patients. Ann Allergy
Asthma Immunol. 2008;100:153-161.
157. Farkas H, Czaller I, Csuka D, et al. The effect of long-term danazol
prophylaxis on liver function in hereditary angioedema-a longitudinal study. Eur J Clin Pharmacol. 2010;66:419-426.
€st G, Farkas H, Csuka D, Varga L, Bork K. Long-term efficacy of
158. Fu
danazol treatment in hereditary angioedema. Eur J Clin Invest.
2011;41:256-262.

MAURER

ET AL.

159. Thoufeeq MH, Ishtiaq J, Abuzakouk M. Danazol-induced hepatocellular carcinoma in a patient with hereditary angioedema. J Gastrointest Cancer. 2012;43(Suppl 1):S280-S282.
160. Berkel AE, Bouman DE, Schaafsma MR, Verhoef C, Klaase JM.
Hepatocellular carcinoma after danazol treatment for hereditary
angio-oedema. Neth J Med. 2014;72:380-382.
161. Rahal S, Gilabert M, Ries P, Oziel-Taieb S, Dermeche S, Raoul JL.
Hepatocellular carcinoma in a noncirrhotic liver after long-term use
of danazol for hereditary angioedema. Case Rep Oncol. 2014;7:825827.
} halmi KV, Veszeli N, Zotter Z, et al. The effect of long-term
162. Ko
danazol treatment on haematological parameters in hereditary
angioedema. Orphanet J Rare Dis. 2016;11:18.
163. Zuraw BL, Davis DK, Castaldo AJ, Christiansen SC. Tolerability and
effectiveness of 17-alpha-alkylated androgen therapy for hereditary
angioedema: a re-examination. J Allergy Clin Immunol Pract.
2016;4:948-955.
164. Zotter Z, Veszeli N, Csuka D, Varga L, Farkas H. Frequency of the
virilising effects of attenuated androgens reported by women with
hereditary angioedema. Orphanet J Rare Dis. 2014;9:205.
165. Brunskill PJ. The effects of fetal exposure to danazol. Br J Obstet
Gynaecol. 1992;99:212-215.
166. Wentz AC. Adverse effects of danazol in pregnancy. Ann Intern
Med. 1982;96:672-673.
167. Hochberg Z, Pacak K, Chrousos GP. Endocrine withdrawal syndromes. Endocr Rev. 2003;24:523-538.
168. Wu Y, Chen S, Li T, Liu J, Lan M, Chang Y. Intracranial hypertension associated with danazol withdrawal: a case report. Acta Neurol
Taiwan. 2007;16:173-176.
€st G, Varga L, Visy B. Clinical management
169. Farkas H, Harmat G, Fu
of hereditary angio-oedema in children. Pediatr Allergy Immunol.
2002;13:153-161.
170. Sheffer AL, Austen KF, Rosen FS. Tranexamic acid therapy in
hereditary angioneurotic edema. N Engl J Med. 1972;287:452-454.
171. Blohme G. Treatment of hereditary angioneurotic oedema with
tranexamic acid. A random double-blind cross-over study. Acta Med
Scand. 1972;192:293-298.
172. Bonnekoh H, Ellrich A, Hawro T, Weller K, Maurer M, Magerl M.
Hereditary angioedema due to C1-INH deficiency: age of onset
and delay in diagnosis in Germany. 2016, Dpartment of Dermatol, Charite
 - Univerogy and Allergy, Allergie-Centrum-Charite
platz 1, 10117 Berlin: Global Forum on
sit€atsmedizin Berlin, Charite
Hereditary Angioedema, Warsaw, Poland.
173. Bork K, Siedlecki K, Bosch S, Schopf RE, Kreuz W. Asphyxiation by
laryngeal edema in patients with hereditary angioedema. Mayo Clin
Proc. 2000;75:349-354.
€ ren-Pu
€rsu
€n E, Klingebiel
174. Martinez-Saguer I, Graff J, Rusicke E, Aygo
T, Kreuz W. Does early clinical manifestation of hereditary angioedema (HAE) influence the clinical course of the disease? Journal of
Allergy and Clinical Immunology. 2013;131:AB30.
175. Christiansen SC, Davis DK, Castaldo AJ, Zuraw BL. Pediatric hereditary angioedema: onset, diagnostic delay, and disease severity. Clin
Pediatr (Phila). 2016;55:935-942.
176. Boyle RJ, Nikpour M, Tang ML. Hereditary angio-oedema in children:
a management guideline. Pediatr Allergy Immunol. 2005;16:288-294.
177. Caballero T. Angio-oedema due to hereditary C1 inhibitor deficiency in children. Allergol Immunopathol (Madr). 2013;41:45-53.
178. Farkas H. Pediatric hereditary angioedema due to C1-inhibitor deficiency. Allergy Asthma Clin Immunol. 2010;6:18.
179. Martinez-Saguer I, Farkas H. Erythema marginatum as an early
symptom of hereditary angioedema: case report of 2 newborns.
Pediatrics. 2016;137:e20152411.
180. Frank MM, Zuraw B, Banerji A, et al. Management of children with
hereditary angioedema due to C1 inhibitor deficiency. Pediatrics.
2016;138:e20160575.

MAURER

ET AL.

181. Grumach AS, Ceccon ME, Rutz R, Fertig A, Kirschfink M. Complement profile in neonates of different gestational ages. Scand J
Immunol. 2014;79:276-281.
182. Nielsen EW, Johansen HT, Holt J, Mollnes TE. C1 inhibitor and
diagnosis of hereditary angioedema in newborns. Pediatr Res.
1994;35:184-187.
183. Aabom A, Andersen KE, Fagerberg C, Fisker N, Jakobsen MA,
Bygum A. Clinical characteristics and real-life diagnostic approaches
in all Danish children with hereditary angioedema. Orphanet J Rare
Dis. 2017;12:55.
184. Spath PJ, Wuthrich B. Angioedema. A review on the acquired, allergic or non-allergic, and the hereditary forms. Recenti Prog Med.
1990;81:513-531.
185. Pappalardo E, Caccia S, Suffritti C, Tordai A, Zingale LC, Cicardi M.
Mutation screening of C1 inhibitor gene in 108 unrelated families
with hereditary angioedema: functional and structural correlates.
Mol Immunol. 2008;45:3536-3544.
186. Speletas M, Szilagyi A, Psarros F, et al. Hereditary angioedema:
molecular and clinical differences among European populations. J
Allergy Clin Immunol. 2015;135:570-573.
187. Pharming. Open-label, phase II, single arm study to evaluate the
safety, immunogenicity, pharmacokinetics and efficacy of recombinant human C1 inhibitor for the treatment of acute attacks in pediatric patients with hereditary angioedema, from 2 up to and
including 13 years of age. 2017. https://clinicaltrials.gov/ct2/show/
NCT01359969.
188. Shire. A multicenter, open-label, non-randomized study to assess
the pharmacokinetics, tolerability, and safety of a single subcutaneous administration of icatibant in children and adolescents with
hereditary angioedema. 2017. https://clinicaltrials.gov/ct2/show/
NCT01386658.
€ ren-Pu
€rsu
€n E, Heller
189. Kreuz W, Rusicke E, Martinez-Saguer I, Aygo
C, Klingebiel T. Home therapy with intravenous human C1-inhibitor
in children and adolescents with hereditary angioedema. Transfusion. 2012;52:100-107.
190. Lumry W, Soteres D, Gower R, et al. Safety and efficacy of C1
esterase inhibitor for acute attacks in children with hereditary
angioedema. Pediatr Allergy Immunol. 2015;26:674-680.
191. Bowen T. Hereditary angioedema consensus 2010. Allergy Asthma
Clin Immunol. 2010;6:13.
€st G. Prophylactic therapy
192. Farkas H, Csuka D, Zotter Z, Varga L, Fu
in children with hereditary angioedema. J Allergy Clin Immunol.
2013;131:579-582.
 E, et al. The influence of trigger factors
193. Zotter Z, Csuka D, Szabo
on hereditary angioedema due to C1-inhibitor deficiency. Orphanet
J Rare Dis. 2014;9:44.
194. Bouillet L, Longhurst H, Boccon-Gibod I, et al. Disease expression
in women with hereditary angioedema. Am J Obstet Gynecol.
2008;199:484.
195. Saule C, Boccon-Gibod I, Fain O, et al. Benefits of progestin contraception in non-allergic angioedema. Clin Exp Allergy.
2013;43:475-482.
 th F, Farkas H. The natural
€st G, To
196. Czaller I, Visy B, Csuka D, Fu
history of hereditary angioedema and the impact of treatment with
human C1-inhibitor concentrate during pregnancy: a long-term survey. Eur J Obstet Gynecol Reprod Biol. 2010;152:44-49.
€ ren-Pu
€rsu
€n E, Heller C, Klinge197. Martinez-Saguer I, Rusicke E, Aygo
biel T, Kreuz W. Characterization of acute hereditary angioedema
attacks during pregnancy and breast-feeding and their treatment
with C1 inhibitor concentrate. Am J Obstet Gynecol. 2010;203:131.
198. Gonzalez-Quevedo T, Larco JI, Marcos C, et al. Management of
pregnancy and delivery in patients with hereditary angioedema due
to C1 inhibitor deficiency. J Investig Allergol Clin Immunol.
2016;26:161-167.

|

21

~as R. Management
199. Caballero T, Canabal J, Rivero-Paparoni D, Caban
of hereditary angioedema in pregnant women: a review. Int J
Womens Health. 2014;6:839-848.
200. Halbmayer WM, Hopmeier P, Mannhalter C, et al. C1-esterase inhibitor in uncomplicated pregnancy and mild and moderate
preeclampsia. Thromb Haemost. 1991;65:134-138.
201. Ogston D, Walker J, Campbell DM. C1 inactivator level in pregnancy. Thromb Res. 1981;23:453-455.
202. Fox J, Vegh AB, Martinez-Saguer I, et al. Safety of a C1-inhibitor
concentrate in pregnant women with hereditary angioedema.
Allergy Asthma Proc. 2017;38:216-221.
} halmi KV, Veszeli N, To
 th F, Varga L. First report of
203. Farkas H, Ko
icatibant treatment in a pregnant patient with hereditary angioedema. J Obstet Gynaecol Res. 2016;42:1026-1028.
204. Fernando SL, Li J. Hereditary cause of severe recurrent bowel
swelling that requires targeted therapy. Med J Aust. 2014;200:179.
205. Zanichelli A, Mansi M, Periti G. Icatibant exposure during pregnancy in a patient with hereditary angioedema. J Investig Allergol
Clin Immunol. 2015;25:447-449.
206. Galan HL, Reedy MB, Starr J, Knight AB. Fresh frozen plasma prophylaxis for hereditary angioedema during pregnancy. A Case
Report. J Reprod Med. 1996;41:541-544.
207. Nathani F, Sullivan H, Churchill D. Pregnancy and C1 esterase inhibitor deficiency: a successful outcome. Arch Gynecol Obstet.
2006;274:381-384.
208. Caliskaner Z, Ozturk S, Gulec M, Dede M, Erel F, Karaayvaz M. A
successful pregnancy and uncomplicated labor with C1INH concentrate prophylaxis in a patient with hereditary angioedema. Allergol
Immunopathol (Madr). 2007;35:117-119.
 th F, Ko
} szegi L, Varga L. Successful preg209. Farkas H, Csuka D, To
nancy outcome after treatment with C1-inhibitor concentrate in a
patient with hereditary angioedema and a history of four miscarriages. Eur J Obstet Gynecol Reprod Biol. 2012;165:366-367.
210. Gorman PJ. Hereditary angioedema and pregnancy: a successful
outcome using C1 esterase inhibitor concentrate. Can Fam Physician. 2008;54:365-366.
211. Bouillet L, Lehmann A, Gompel A, Boccon-Gibod I, Launay D, Fain
O. Hereditary angioedema treatments: recommendations from the
French national center for angioedema (Bordeaux consensus 2014).
Presse Med. 2015;44:526-532.
212. Gilad O, Merlob P, Stahl B, Klinger G. Outcome following tranexamic acid exposure during breastfeeding. Breastfeed Med.
2014;9:407-410.
213. Banerji A, Busse P, Christiansen SC, et al. Current state of hereditary angioedema management: a patient survey. Allergy Asthma
Proc. 2015;36:213-217.
214. Boccon-Gibod I. Hereditary angioedema: treatment and educational
therapeutic program. Presse Med. 2015;44:78-88.
215. Nasr IH, Manson AL, Al Wahshi HA, Longhurst HJ. Optimizing
hereditary angioedema management through tailored treatment
approaches. Expert Rev Clin Immunol. 2016;12:19-31.
216. Banerji A, Basß M, Bernstein JA, et al. Expert perspectives on hereditary angioedema: key areas for advancements in care across the
patient journey. Allergy Rhinol (Providence). 2016;7:172-181.
217. Bernstein JA, Riedl M, Zacek L, Shapiro RS. Facilitating home-based
treatment of hereditary angioedema. Allergy Asthma Proc.
2015;36:92-99.
218. Bygum A. Hereditary angioedema - consequences of a new treatment paradigm in Denmark. Acta Derm Venereol. 2014;94:436-441.
219. Li HH. Self-administered C1 esterase inhibitor concentrates for the
management of hereditary angioedema: usability and patient acceptance. Patient Prefer Adherence. 2016;10:1727-1737.
220. Tourangeau LM, Castaldo AJ, Davis DK, Koziol J, Christiansen SC,
Zuraw BL. Safety and efficacy of physician-supervised self-

22

221.
222.

223.

224.

225.

226.

|

MAURER

managed c1 inhibitor replacement therapy. Int Arch Allergy Immunol.
2012;157:417-424.
Tuong LA, Olivieri K, Craig TJ. Barriers to self-administered therapy
for hereditary angioedema. Allergy Asthma Proc. 2014;35:250-254.
Wilson DA, Bork K, Shea EP, Rentz AM, Blaustein MB, Pullman
WE. Economic costs associated with acute attacks and long-term
management of hereditary angioedema. Ann Allergy Asthma Immunol. 2010;104:314-320.
Zilberberg MD, Jacobsen T, Tillotson G. The burden of hospitalizations and emergency department visits with hereditary angioedema
and angioedema in the United States, 2007. Allergy Asthma Proc.
2010;31:511-519.
Abdel-Karim O, Dizdarevic A, Bygum A. Hereditary angioedema:
children should be considered for training in self-administration.
Pediatr Dermatol. 2014;31:e132-e135.
€st G, Bygum A, et al. Helicobacter pylori infection as a
Visy B, Fu
triggering factor of attacks in patients with hereditary angioedema.
Helicobacter. 2007;12:251-257.
Caballero T, Maurer M, Longhurst HJ, et al. Triggers and prodromal symptoms of angioedema attacks in patients with hereditary angioedema. J Investig Allergol Clin Immunol. 2016;26:383386.

ET AL.

} halmi KV, et al. Bacteriuria increases the risk
227. Zotter Z, Veszeli N, Ko
of edematous attacks in hereditary angioedema with C1-inhibitor
deficiency. Allergy. 2016;71:1791-1793.
228. Riedl MA. Creating a comprehensive treatment plan for hereditary angioedema. Immunol Allergy Clin North Am. 2013;33:471485.
229. Zuraw BL, Banerji A, Bernstein JA, et al. US Hereditary Angioedema Association Medical Advisory Board 2013 recommendations
for the management of hereditary angioedema due to C1 inhibitor
deficiency. J Allergy Clin Immunol Pract. 2013;1:458-467.

How to cite this article: Maurer M, Magerl M, Ansotegui I,
et al. The international WAO/EAACI guideline for the
management of hereditary angioedema—The 2017 revision
and update. Allergy. 2018;00:1–22. https://doi.org/10.1111/
all.13384

