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ABSTRACT

The 2025 World Allergy Organization (WAQO) Guidelines for the Classification, Diagnosis, and
Treatment of Hereditary Angioedema (HAE) with Consideration of Worldwide Disparities provide
a comprehensive, evidence-informed, and globally applicable framework for the care of this rare
and potentially life-threatening disorder. HAE is a genetic disease characterized by recurrent
episodes of subcutaneous and submucosal swelling, most commonly mediated by bradykinin,
and is associated with substantial morbidity, impaired quality of life, and a lifelong risk of fatal
laryngeal edema.

The Guidelines were developed by an international panel of 40 experts from 22 countries, with
representation from all world regions, reflecting the commitment of WAO to geographic di-
versity, inclusiveness, and global relevance. The development process for these guidelines fol-
lowed a structured and transparent methodology that integrated systematic literature review,
appraisal of real-world evidence, and application of the Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) framework adapted for rare diseases, com-
plemented by a formal Delphi consensus process. This approach was specifically designed to
address the limitations of conventional evidence hierarchies in rare disorders, while ensuring
clinical applicability across heterogeneous healthcare systems and resource settings.

A central element of the guidelines is an updated classification of HAE based on underlying
pathophysiology and disease endotypes. The traditional distinction between HAE types 1 and 2 is
unified under the term HAE with C1 inhibitor deficiency (HAE-C1-INH), reflecting shared bio-
logical mechanisms and management principles. The guidelines also recognize an expanding
spectrum of HAE with normal C1 inhibitor (HAE-nC1-INH), including forms associated with
pathogenic variants in F12, PLG, ANGPT1, KNG1, MYOF, HS3ST6, CPN1, and DAB2IP, as well as
cases with currently unidentified genetic causes.

The diagnostic strategy emphasizes early clinical recognition based on characteristic features,
including recurrent angioedema without urticaria, abdominal or laryngeal involvement, early
symptom onset, and family history. A simplified diagnostic algorithm is proposed, prioritizing the
C1 inhibitor functional assay as the preferred initial test when performed in a reliable specialized
laboratory. Alternative diagnostic pathways are outlined for settings with limited access to
specialized testing, including pragmatic combinations of biochemical assays and selective use of
genetic testing, particularly relevant for HAE-nC1-INH and family screening.

Management recommendations address on-demand treatment of acute attacks, short-term
prophylaxis, and individualized long-term prophylaxis. Universal access to on-demand therapy
is emphasized for all patients with confirmed HAE, including those who are asymptomatic, given
the unpredictable nature of attacks and lifelong risk. Long-term prophylaxis is addressed within a
treat-to-target framework aimed at achieving complete disease control and sustained
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improvement in health-related quality of life, with regular reassessment and shared decision-
making. Empowering patients and caregivers through structured education, access to appro-
priate medications, and integration with specialized referral centers is associated with earlier
treatment, reduced healthcare utilization, and improved equity of care and reduced avoidable

morbidity and mortality worldwide.

The 2025 WAO Guidelines for Hereditary Angioedema establish an evidence-informed, patient-
centered, and forward-looking framework for the classification, diagnosis, and management of
HAE. By integrating advances in pathophysiology, diagnostics, and therapeutics with global
expert consensus and real-world considerations, the guidelines aim to support consistent,
equitable, and high-quality care for patients with HAE across regions and healthcare systems.

Keywords: Hereditary angioedema, Guideline, Diagnosis, Therapy, C1 inhibitor, Real-world
evidence, Quality of life, Prophylaxis, Bradykinin, Kallikrein, Rare disease, Genetic mutation, SERP-

ING1, Factor 12

INTRODUCTION

Hereditary angioedema (HAE) has been
recognized as a distinct clinical entity since the
19th century and represents a disabling health
problem for affected individuals and families that
can be potentially life-threatening.” A new era in
HAE management began with the discovery of
C1 inhibitor deficiency as the main cause, along
with establishing its genetic basis and the
subsequent development of targeted therapies.?

The World Allergy Organization (WAO) issued
and published guidelines for the diagnosis and
treatment of HAE in 2012, followed by updated
versions (in collaboration with the European
Academy of Allergy and Clinical Immunology) in
2017 and 2021.2® Evidence-based medicine is
currently considered the gold standard for guid-
ing clinical practice, but the very nature of rare
disorders (by European definitions, those with a
prevalence of <1 in 2000 individuals), including
most genetic conditions, inherently challenges the
generation and application of data on screening,
diagnosis, management, and follow-up.®” In the
context of research on these conditions, sources
traditionally considered low or very low quality —
such as small or non-randomized clinical trials,
open-label studies, compassionate use programs,
observational or qualitative studies, and case re-
ports — are the rule rather than the exception.

Most guidelines addressing rare disorders are
based on expert opinion rather than on data

derived from well-designed clinical trials, meta-
analyses, or other high-quality information sour-
ces, and proper guidance on the application of
criteria, such as Grading of Recommendations,
Assessment, Development and  Evaluation
(GRADE), is scarce.®? The current update is
needed thanks to recent advances in diagnosis
and treatment and expanded real-world evi-
dence (RWE) on HAE, including regional differ-
ences in management. A revision of the
classification of the disease also is proposed.

METHODS

All relevant published data — including original
articles involving patients with HAE who were
tested or treated in clinical trials or described in
observational studies, as well as selected review
articles — were evaluated using a systematic re-
view strategy. Both MEDLINE-indexed publica-
tions and the gray literature, such as records
registered in OpenDOAR (Nottingham, UK), were
included. No publication year limitations were
established, and articles published up to June 30,
2025, were included. Publicly available natural
language processing (artificial intelligence) ser-
vices were used to summarize articles beyond
their published abstract.’® A final manual review
followed, and evaluation of generated data was
conducted through a rigorous multi-step process
to ensure accuracy and reliability. Two indepen-
dent assessors meticulously examined the data,
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each providing individual assessments. In cases of
discrepancies, a third assessor, independent of
the initial evaluation, conducted a comprehensive
review. Discrepancies were resolved through
collaborative discussion, ensuring a consensus-
based approach.

To enhance the robustness of our evaluation,
the HAE guidelines steering committee played a
pivotal role. This committee re-evaluated all
generated data, adding complementary and
pertinent information to enrich the dataset. The
committee’s expertise in the field ensured a
comprehensive and thorough examination of the
data, contributing valuable insights to the final
evaluation.

This international consensus on the manage-
ment of HAE was developed by 40 experts from
22 countries, selected through internal discus-
sions within the WAO. Experts were divided into
task forces, each of which was responsible for
predefined subthemes. A comprehensive review
of the literature was conducted, and each task
force developed a set of initial statements based
on summarized evidence.

All statements were submitted to a Delphi
voting process."" Participants rated their level of
agreement on a 5-point Likert scale (1 =
Strongly Disagree; 5 = Strongly Agree), based on
clinical experience and the literature reviewed.
Voting occurred over 2 asynchronous and anon-
ymous rounds, using an ad hoc online platform
designed to ensure equitable participation from
experts across diverse geographic regions. Ano-
nymity was used with the aim of minimizing bias
and preventing the disproportionate influence of
dominant voices, while the asynchronous nature
accommodated participant availability.

"Agreement” was defined as at least 75% of
participants rating a statement as 4 or 5. "High
agreement” corresponded to 90% or more of
participants endorsing the statement. After the
first round, participants who rated statements as
1-3 could suggest revisions. Respective task
forces reviewed this feedback, rephrased the
statements as needed, and submitted them for a
second round of voting. Standardized phrasing
was consistently applied. Statements were devel-
oped where supported by the available evidence,
and recommendations were provided when the

anticipated benefits clearly outweighed the po-
tential risks, even in the context of low-quality
evidence.

The quality of evidence supporting therapeutic
interventions was assessed using the GRADE
methodology developed at McMaster Univer-
sity.’®"2® With this methodology, study design is
considered, along with 8 criteria: risk of bias,
inconsistency, indirectness, imprecision,
publication bias, magnitude of effect, dose-
response relationship, and confounding. Popula-
tion, intervention, comparator, outcome (ie, PICO)
questions were formulated to guide the evidence
review and statement development.'® The
GRADEpro tool (Evidence Prime) supported
evidence  grading and recommendation
development.'®

To address the challenges of evidence gener-
ation in rare diseases such as HAE, frameworks
such as those proposed by the RARE-
Bestpractices project were employed.?"¢17

Evidence quality was classified as follows:

® @ ® ® High: Further research is very unlikely to
change confidence in the estimate of effect.

® ® ® O Moderate: Further research may affect
confidence and may change the estimate.

® ® O O Low: Further research is likely to have a
significant impact and may change the estimate.

® O O O Very Low: The estimate is highly uncertain.

Recommendations were classified as Strong,
Moderate, Weak, or Recommend Against,
according to the balance between benefits and
risks, evidence quality, expert opinion, resource
use, equity, and patient acceptability. In cases
where a statement addressed multiple
outcomes, the final recommendation and quality
rating reflected a weighted analysis of the
subcomponents.

Whenever  appropriate,  therapeutic  in-
terventions were categorized hierarchically into
first-, second-, and third-line options, based on the
strength and consistency of the available scientific
evidence. In general terms, this hierarchical clas-
sification reflects the preference for each inter-
vention, assuming that if the first-line option is not
available or feasible, the second-line option
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should be considered, followed by the third-line
option as necessary. This guidance is intended to
support clinical decision-making and does not
override the need for individualized treatment,
which must always consider each patient’s char-
acteristics, preferences, and local or regional
conditions and resource availability.

A total of 3004 citations were identified (2105
from PubMed and 899 from OpenDOAR). After
removal of duplicates and overlapping records, a
total of 2841 unique citations were reviewed.
Among these, a total of 2454 were new refer-
ences, in addition to 387 that already had been
included in the 2021 version of the guideline.

DEFINITIONS, NOMENCLATURE, AND
CLASSIFICATION

Angioedema is a localized, self-limiting, asym-
metric, and disfiguring non-inflammatory edema
of the subcutaneous and submucosal tissues that
arises because of increased vascular perme-
ability."®1? HAE comprises a group of genetic
disorders characterized by recurrent episodes of
angioedema, inherited across generations and
typically mediated by bradykinin. It may affect
any area of the skin — most commonly the lips,
face, neck, genitalia, and extremities — as well as
the gastrointestinal (Gl) tract (mimicking an acute
surgical abdomen), oral cavity, and/or larynx.
Laryngeal involvement can be life-threatening
due to the risk of asphyxiation.’®"? The acute,
circumscribed edema of the skin (angioedema)
was first described by Quincke in 1882, and in
1888, Osler documented its hereditary nature,
followed by several case reports during the 20th
century.?® Sixty years ago, the absence of
plasma C1 inhibitor, also known as C1 esterase
inhibitor (C1-INH), was identified by Donaldson
and Evans as the biochemical cause of HAE.?"
The role of C1-INH in regulating activation of the
contact system — through inactivation of plasma
kallikrein and factor Xlla — was well established
during the 1970s and 1980s.%%%% In 1986, Davis
and Bock reported the chromosomal locus and
structure of the serine protease inhibitor gene,
later named SERPING1, which was confirmed the
following year as the genetic basis of what is
now referred to as HAE type 1 and HAE
type 2.2527

In 1983, a pivotal study by Fields et al. impli-
cated bradykinin as the likely primary mediator
responsible for angioedema attacks.?® This
hypothesis was further supported in 1999 by
Nussberger et al, who analyzed plasma samples
from individuals with HAE and reported elevated
bradykinin  levels in blood drawn from
edematous sites compared to unaffected
areas.?? Shortly thereafter, in 2002, a landmark
experimental study using a double-knockout mu-
rine model deficient in both C1 inhibitor (C1-INH)
and bradykinin B2 receptor (Bk2R) further
confirmed the critical role of C1-INH deficiency
and bradykinin in the pathogenesis of HAE.3°
These groundbreaking studies shed light on the
pathophysiology of HAE, marking crucial
milestones  in  understanding  how  the
angioedema associated with C1-INH deficiency
arises. Furthermore, in 2000, a new type of HAE
was described in patients with normal C1-INH
function, a form initially known as HAE type 3
but currently called HAE with normal C1-INH
(HAE-nC1-INH).>"32

HAE (ORPHA:91378, OMIM: PS106100) is most
commonly caused by a deficiency of C1 inhibitor
(C1-INH), which can be confirmed through
biochemical and genetic testing. It is subclassified
into type 1 HAE (quantitative deficiency) and type
2 HAE (dysfunctional protein).‘%'35 Since both
classic forms— types 1 and 2 — share the same
clinical management, this guideline proposes a
simplified classification: C1 inhibitor deficiency
angioedema (HAE-C1-INH). HAE is primarily
mediated by bradykinin. (Fig. 1).%¢

Further research has identified additional
genes associated with HAE in patients with
normal SERPING1 genetic testing and normal C1-
INH  measurements.®”*%  Abnormalities in
proteins/genes, such as factor Xll (encoded by
the F12 gene), plasminogen (PLG),
angiopoietin-1 (ANGPT1), kininogen 1 (KNGT),
myoferlin (MYOF), and heparan sulfate-3-O-sul-
fotransferase 6 (HS3ST6), have been associated
with these forms of HAE (collectively HAE-nC1-
INH), and the involvement of bradykinin has not
been confirmed in all cases.*?*° Currently, these
forms of HAE are designated respectively as
HAE-FXIl, HAE-PLG, HAE-ANGPT1, HAE-KNG1,
HAE-MYOF, and HAE-HSST. HAE of unknown
origin (ie, with negative genetic test results) is
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Fig. 1 Proposed classification of recurrent angioedema based on underlying endotypes. Footnote: This classification is based on current
knowledge and existing scientific evidence and may evolve as understanding of HAE expands with new data. ® The mechanism has not
been fully elucidated and may not involve the bradykinin pathway. Abbreviations: HAE: hereditary angioedema; AAE-C1-INH: acquired
angioedema; C1-INH: C1 inhibitor; VEGF: vascular endothelial growth factor; HAE-C1-INH: HAE with C1-INH deficiency; HAE-nC1-INH:
HAE with normal C1-INH; HAE-ANGPT1: HAE with angiopoietin-1 (ANGPT1) mutation; HAE-CPN1: HAE with carboxypeptidase N (CPN1)
mutation; HAE-DAB2IP: HAE with DAB2-interacting protein (DAB2IP) mutation; HAE-FXII: HAE with factor 12 (F12) mutation; HAE-
HS3STé6: HAE with heparan sulfate-3-O-sulfotransferase 6 (HS3STé) mutation; HAE-KNG1: HAE with kininogen 1 (KNG1) mutation; HAE-
MYOF: HAE with myoferlin (MYOF) mutation; HAE-PLG: HAE with plasminogen (PLG) mutation.

referred to as HAE-UNK.****® Efforts to identify
causes in patients with HAE-UNK/HAE-nC1-INH
have led to the discovery that the carboxypepti-
dase N (CPNT) and DABZ2-interacting protein
(DAB2IP) genes also can cause this condition,
adding 2 forms that we now recommend be
designated respectively as HAE-CPN1 and HAE-
DAB2IP.*?3% Recently, a classification of
"recurrent angioedema" based on endotypes
was proposed and now also includes a group
(endotype) primarily linked to defective vascular
endothelial growth factor (VEGF) signaling
(HAE-ANGPT1, HAE-MYOF, and HAE-DAB2IP),
which may be a second mediator of hereditary
angioedema.®" %2

Recognizing these ongoing advances in under-
standing of hereditary angioedema, the guidelines
authors advocate for an improved classification
system based on endotypes, as depicted in Fig. 1,
with consideration of pathophysiologic
mechanisms (Fig. 2). Accurate diagnosis and
classification of HAE are crucial to ensuring
appropriate management, treatment, and genetic
counseling when considering HAE-C1-INH versus
HAE-nC1-INH. This classification is based on cur-
rent knowledge and existing scientific evidence
and may evolve as understanding of HAE expands
with new data.

HAE-C1INH
HAE-HSST

= e
Production ' Degradation
HAE-FXII
— Bradykinin l HASANGPT, S
' Angiopoietin-1 VEGF Myoferlin
Histamine ’

' <* .
5?, - '— TIE2 —l - !5!2 t
’.\:\ ,.""" -’< DAB2IP

HAE-DAB2IP

S

Increased Vascular Permeability

Fig. 2 Pathophysiology of recurrent angioedema. Footnote:
Adapted from Giavina-Bianchi P et al *'*2. Orange boxes:
Endotypes of HAE; Pink boxes: mediators directly involved in
hereditary angioedema; Green: mediators indirectly involved in
hereditary angioedema; Blue: mediator involved in mast cell-
induced angioedema.These pathophysiological mechanisms are
based on current knowledge and existing scientific evidence and
may evolve as understanding of HAE expands with new data.
Abbreviations: HAE: hereditary angioedema; AAE: acquired
angioedema; C1-INH: C1 inhibitor; VEGF: vascular endothelial
growth factor; HAE-C1-INH: HAE with C1-INH deficiency; HAE-
ANGPT1: HAE with angiopoietin-1 (ANGPT1) mutation; HAE-
CPN1: HAE with carboxypeptidase N (CPN1) mutation; HAE-
DAB2IP: HAE with DAB2-interacting protein (DAB2IP) mutation ;
HAE-FXII: HAE with factor 12 (F12) mutation; HAE-HS3ST6: HAE
with heparan sulfate-3-O-sulfotransferase 6 (HS3ST6) mutation;
HAE-KNG1: HAE with kininogen 1 (KNG1) mutation; HAE-MYOF:
HAE with myoferlin (MYOF) mutation; HAE-PLG: HAE with
plasminogen (PLG) mutation.

EPIDEMIOLOGY

The exact prevalence of HAE remains uncertain
and likely varies across countries. Available
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estimates suggest a range from 1:50,000 to
1:100,000 individuals. For HAE-C1-INH, a global
prevalence of approximately 1:67,000 has been
reported, with more than 85% of cases classified
as type 1 HAE-C1-INH.*® This prevalence rate
suggests that >100,000 patients are affected
around the world and that underdiagnosis rates
are likely high.®* The worldwide distribution of
patients reported in the literature to be affected
by HAE is shown in Fig. 3, but epidemiological
and clinical data from many more patients are
available to researchers through national and
international registries. No significant differences
in the incidence of C1-INH deficiency across
ethnic groups have been confirmed. Allergy
societies from several countries, including
Argentina, Brazil, Canada, France, Japan, ltaly,
Slovakia, Spain, and the United States, have
published their own guidelines on management
of this condition.?*"¢"

PATHOPHYSIOLOGY OF HAE

Advances in the understanding of the patho-
physiological basis of HAE may enable improved
classification strategies based on endotypes,
which in turn can help refine diagnostic and
therapeutic algorithms.®? In HAE-C1-INH, brady-
kinin is the primary mediator of swelling. This
molecule arises from cleavage of high-molecular-

Reported patients

W >500

W 500-899

W 300-499
100-299

W 5099

[ <50

weight kininogen by plasma kallikrein, which is
activated from prekallikrein by factor XII.'®* The
resulting bradykinin  nonapeptide increases
vascular permeability and induces swelling
(angioedema) through a specific receptor, B2,"°°
and is in turn degraded by endogenous
metalloproteases, including angiotensin-
converting enzyme (ACE)."%*"%% C1-INH is a
serine protease inhibitor protein synthesized in
hepatocytes that is crucial in regulating the
plasma kallikrein-kinin system (KKS) and prevent-
ing excessive bradykinin production. More
broadly, C1-INH is the main inhibitor of several
components of the contact and complement sys-
tem (Fig. 4).196-199

HAE-C1-INH is caused by mutations in SERP-
ING1, which encodes C1-INH, leading to reduced
levels or impaired activity of C1-INH. This defi-
ciency in turn leads to uncontrolled activation of
the KKS and excessive bradykinin production, with
bradykinin acting as the key mediator of the
condition." 91"

In contrast, several causative genes have been
implicated in HAE-nC1-INH. Current evidence in-
dicates that excessive bradykinin generation is still
involved in most cases (HAE-FXII, HAE-PLG, HAE-
KNG, HAE-HSST, and HAE-CPN). However, other
mediators such as VEGF and angiopoietin have
emerged as candidate contributors, potentially

Created with mapchart.net

Fig. 3 Geographic distribution of reported hereditary angioedema (HAE) patients, by country. Note: The publicly available number
of patients reported to be diagnosed with (and/or treated for) HAE, by country, excluding case reports of single patients. Because of a

high estimated risk of underdiagnosis bias, the absolute number of patients was used instead of prevalence.®

2-102
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Fig. 4 Main pathways involved in bradykinin-induced angioedema, including HAE-C1-INH. Abbreviations: HAE: hereditary angioedema;

C1-INH: C1 inhibitor.

increasing vascular permeability either directly
(HAE-MYOF, HAE-DAB2IP) or indirectly (HAE-
ANGPT) 4452112117

HAE-C1-INH is an autosomal dominant disorder
characterized by high penetrance, with only about
5% of mutation carriers remaining asymptomatic
over their lifetime. The risk of parent-child trans-
mission is 50%, but up to 25% of cases result from
de novo genetic mutations.”"®"2% HAE-nC1-INH
forms also usually follow an autosomal dominant
inheritance pattern, although autosomal recessive
forms have been reported.?*47:121

DIAGNOSIS OF HAE

The diagnosis of HAE relies on clinical and
laboratory criteria, and distinguishing between
acquired and hereditary angioedema, as well as
between HAE-C1-INH and HAE-nC1-INH, is
essential for proper management. A comprehen-
sive approach that integrates clinical presentation,
laboratory testing, and genetic analysis is there-
fore warranted."**72¢ Although the signs and
symptoms of HAE are well recognized, they can
vary in expression. Suggestive features include
recurrent swelling of the skin and mucous
membranes, typically involving the abdomen
and larynx (Table 1). Diagnosis can be
particularly challenging for physicians who are
not familiar with this rare disorder."?7-13"

Onset of HAE episodes may occur at any age
but is most common during childhood or

adolescence, with a reported mean age of around
11 years (range 1 to 40 years), and approximately
50% of patients having their first attack before age
10 years."®?> The episodes typically involve
nonpruritic, nonpitting swelling that worsens
over the first 24 hours and gradually subsides
over the next 48 to 72 hours, usually lasting no
more than 5-7 days."®"3""33 Angioedema
attacks commonly affect the skin of the face and
extremities (known as peripheral attacks) but can
involve the trunk. Additionally, swelling can
occur in the genital area, the oropharynx
(including the tongue and uvula), the larynx, and
the intestinal loops. Abdominal involvement
occurs in 70%-90% of all individuals and is
associated with high morbidity. Laryngeal
involvement, although accounting for less than
1% of all attacks, poses a risk of death and
occurs at least once in about half of patients.
Headaches and episodes involving the urinary
bladder, chest, muscles, joints, kidneys, and
esophagus (<1% each) also are
observed 131,132,134

Angioedema attacks are unpredictable, focal,
asymmetric, and disfiguring and may occur at
different locations simultaneously, but they are
not typically systemic.”*® Non-specific prodromal
symptoms are common and can include anxiety,
nausea, paresthesia, and fatigue.”*® One third of
patients  with  HAE, especially  children,
experience erythema marginatum (a nonpruritic
form of flat, figurate erythema) as an initial
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Recurrent swelling of any skin surface, particularly the extremities, face, or genitals, as well as

subcutaneous tissues

Recurrent gastrointestinal symptoms (eg, severe, long-lasting abdominal colic and/or vomiting)
accompanied by abnormal abdominal imaging findings (eg, ascites, bowel wall edema)

Episodes of upper airway (mouth, tongue, larynx) edema

Early onset of symptoms (childhood/adolescence) in HAE-C1-INH

Prodromal signs and symptoms preceding angioedema attacks

Attacks not accompanied by urticaria, except in cases of HAE-CPN1

No response to treatment of attacks with epinephrine, H1-antihistamines, or glucocorticoids

Recurrent angioedema unresponsive to fourfold doses of antihistamines and to an anti-IgE monoclonal

antibody (for HAE-nC1-INH)

Positive family history, especially if suggestive of autosomal dominant inheritance

Table 1. Clinical criteria for suspecting hereditary angioedema. Abbreviation: HAE: Hereditary angioedema; C1-INH: C1 esterase inhibitor; HAE-C1-
INH: HAE with C1-INH deficiency; HAE-CPN1: HAE with carboxypeptidase N (CPN1) mutation; HAE-nC1-INH: HAE with normal C1-INH

manifestation, which may mimic the skin lesions of
urticaria.’®”""*? The severity and location of
attacks vary considerably, even within affected
families who generally harbor the same genetic
mutation.”®*  Some  associations  between
phenotypic differences and regional ancestry/
ethnicity have been reported, such as less
frequent abdominal attacks in HAE patients from
China and Taiwan in comparison with patients
from Western countries."*°

Abdominal attacks can cause severe abdominal
pain, nausea, and vomiting and may lead to un-
necessary abdominal surgery, as the clinical pre-
sentation can resemble an acute surgical
abdomen. In some cases, intestinal angioedema
may be accompanied by ascites and, very rarely,
by hypovolemic shock."*''? Laryngeal edema
presents the greatest risk due to the potential
for asphyxiation and death and requires
advanced airway management. In the absence of
the HAE diagnosis, the risk of death with
laryngeal edema is estimated at 20%-25%. Facial
edema is considered a potential risk factor for
laryngeal involvement.’*" 43147 On  average,
the first episodes of laryngeal edema occur later
in life (average age, ~26 years) compared with
initial episodes of skin swelling (age ~11 years)
or abdominal pain (age ~16 years).
Nevertheless, laryngeal edema has been
reported in children as young as age 3 years. As

previously noted, approximately 50% of patients
are expected to experience laryngeal edema at
some point in their lifetime."*® A recent Brazilian
study identified 39 deaths due to asphyxiation
from laryngeal angioedema among 170 patients
with HAE from 46 families. Of those who died,
87.2% had no prior diagnosis of HAE, 41% of
the deaths occurred outside of a hospital, and in
half of the cases, more than 8 hours had passed
since the onset of the HAE attack.’” Other
authors also have described a rapid progression
from onset to peak of laryngeal edema, with a
mean duration of 8 hours."*® Untreated patients
with HAE may experience attacks every 7-14
days on average, although some report attacks
as frequently as every 3 days, while others may
experience them rarely or never." 8132

The clinical manifestations of HAE-nC1-INH are
similar to those of HAE-C1-INH, and the 2 are
largely indistinguishable based on signs and
symptoms alone. However, in certain HAE-nC1-INH
subtypes, angioedema attacks tend to have a later
onset and may be accompanied by local hema-
tomas."®® For HAE-FXII, the onset is consistently
reported after puberty, secondary to increased
estrogen production. Women may experience the
onset of attacks or worsening symptoms after using
estrogen-based contraceptives, during pregnancy,
or while undergoing hormone replacement ther-
apy during menopause."®"
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A few years ago, the use of the abbreviation
"HA4E" was proposed to highlight the clinical
warning signs of HAE, aiming to improve diag-
nosis and assist general practitioners in identifying
this often-neglected condition based on how most
patients typically present. The abbreviation in-
corporates the initials of hereditary angioedema
(ie, HAE), with 4 As strategically placed between
the H and the E. "HAAAAE" or "HA4E" stands for
Hereditary, recurrent Angioedema, Abdominal
angioedema/pain, Absence of urticaria, Absence
of response to antihistamines, and Estrogen
association."®®

In most of the world, blood testing for the C4
complement fragment and C1-INH antigen levels
has long been considered the first step in diag-
nosing HAE. This testing can be confirmatory in
most patients who present with the most common
form, HAE-C1-INH type 1, which is characterized
by reduced levels of C1 inhibitor. C4 levels are low
in 90%-95% of patients with HAE-C1-INH during
asymptomatic periods and are almost always low
during acute attacks. A low C4 level in association
with a clinical presentation suggestive of HAE
supports the diagnosis and should prompt further
confirmatory testing.

The C1-INH antigenic assay is widely available,
simple to perform, and generally accessible. In
HAE type 1, C1-INH antigen levels are reduced,
whereas in HAE type 2, they are normal or
elevated. Therefore, the C1-INH antigenic assay
cannot confirm the diagnosis of type 2 HAE, in
which C1-INH levels are normal but functional ac-
tivity is decreased. The combination of a low C4
level with normal or elevated C1-INH antigen levels
increases the positive predictive value for diag-
nosing HAE type 2.'®2 Assessing the functional
activity of C1-INH, although more sensitive than
C1-INH antigen levels and more sensitive and
specific than C4 levels, is a complex process
requiring rigorous quality control, proper sample
handling, and access to specialized laboratories,
which limits its availability in low-income coun-
tries. In HAE-C1-INH, functional activity is typically
less than 50% of normal levels.’®

Results for all 3 of these tests are normal in
HAE-nC1-INH and in ACE inhibitor-induced
angioedema and decreased in acquired C1-INH
deficiency (ie, acquired angioedema [AAE-C1-

INH]). C1q levels are often reduced (in ~75% of
cases) in AAE-C1-INH and should be measured
when it is suspected.”® Additionally, testing for
antibodies against C1-INH is recommended

whenever possible, as they are detected in 50%-
60% of AAE-C1-INH cases.

Building on recent studies of HAE-C1-INH
diagnosis that indicate good reproducibility,
100% sensitivity, streamlined techniques, and
enhanced standardization of the C1-INH func-
tional assay, we propose a revised and simplified
diagnostic algorithm for HAE. This approach in-
volves performing only the C1-INH functional
assay whenever this test is available and reliable,
rather than following the traditional recommen-
dation of conducting all 3 tests (C1-INH levels, C1-
INH functional assay, and C4 level), potentially
reducing diagnostic costs (Fig. 5)."%4 %8 |f the test
result is inconsistent with the clinical history, the
test should be repeated.

Statement 1 Agreement
level:
We recommend that all 85%

patients for whom HAE is
suspected undergo an
initial assessment with a C1-
INH functional assay, as
long as it is performed by a
specialized laboratory using
an accurate, validated
method.

If the C1-INH functional assay is unavailable or
unreliable, the diagnosis can still be confirmed
through quantitative C1-INH measurement and/or
genetic testing for SERPINGT. Functional activity
testing of C1-INH and genetic testing are both
rarely available in low- and middle-income coun-
tries, and genetic testing is often expensive in high-
income countries.”? In such situations, dried blood
spots can be used to detect genetic abnormalities
and measure C1-INH levels by liquid
chromatography-tandem mass spectrometry. This
method offers several advantages over fresh blood
testing, including minimal sample processing,
simplified transport, and easier storage, thereby
improving patient access to diagnostic testing.’®%
162 Routine testing for CH50 or C3 is not
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recommended, as neither adds to the diagnosis of
HAE 163,164

C4 and C1-INH antigenic levels can be consid-
ered for diagnosis if the functional assay is not
available. Due to the serious implications of the
HAE diagnosis, the functional or antigenic assay
should be repeated for confirmation if the test
result and clinical assessment do not agree,
ideally 1-3 months later.’?7:157.165-167 Opce g
diagnosis of HAE-C1-INH has been established,
testing does not need to be repeated given that
the condition is lifelong.

Statement 2 Agreement level:

If the C1-INH functional
assay cannot be conducted
in a specialized laboratory
and/or is unreliable or
inconsistent with the clinical
history, we recommend
repeating the test to
confirm the diagnosis of
HAE-C1-INH.

100%

Statement 3 Agreement level:

If the C1-INH functional
assay is not available, a C1-
INH antigenic level should
be requested to possibly
confirm the diagnosis of
HAE-C1-INH, although a
normal result does not
exclude the diagnosis.

100%

Statement 4 Agreement level:

If C1-INH testing is not 97%
available, measuring C4
levels may help support and
strengthen the diagnostic

suspicion of HAE-C1-INH.

11

Statement 5 Agreement level:

In settings where access to 97%
and accuracy of C1-INH
testing are limited, ordering
simultaneous
measurements of C4, C1-
INH antigenic level, and C1-
INH function may be
considered an acceptable
approach to expedite
diagnosis and reduce the
risk of losing the patient to
follow-up during the
diagnostic process.

In HAE-C1-INH, the diagnosis is typically
confirmed through biochemical testing, and ge-
netic testing is rarely required. However, in cases
of diagnostic uncertainty, identifying a pathogenic
variant in SERPINGT may confirm the diagnosis
(Table 2).121.168-170 ¢4 C1-INH antigenic levels,
and functional activity are within normal ranges
in HAE-nC1-INH and typically reduced in AAE-
C1-INH. In both scenarios, HAE-nC1-INH and
AAE-C1-INH — in the latter, particularly if Clq
levels are normal — genetic testing is essential to
advance the diagnostic workup and support
appropriate clinical decision-making.®

Patients with more than 1 form of HAE have
been reported, such as a family with mutations in
both SERPINGT and PLG, which highlights the
relevance of molecular testing for proper genetic
counseling and management."”" Differences in
the most prevalent pathogenic or likely
pathogenic (P/LP) variants in SERPINGT have
been noted among several countries, which are
common for genetic conditions associated with
dominant-negative physiopathology. Therefore,
genetic testing should include all 7 protein-
coding exons, as all of them are known to
potentially  harbor  causal  variants."7%7184
Increasingly available whole genome sequencing
will likely improve the diagnostic yield of HAE,
especially for patients with less clear phenotypes
and without a family history (Table 2). The
capture of additional genes or gene variants
using these tests will probably be increasingly
useful if analysis of modifying genes or
polygenic scores are brought to the clinic.'®>"8¢
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Statement 6 Agreement level:

We recommend genetic 100%
testing for HAE-nC1-INH in
patients for whom there is
high clinical suspicion of
HAE and who have normal
C1-INH functional assay

results.

Statement 7 Agreement level:

We recommend SERPING1 85%
genetic testing after a
diagnosis of HAE-C1-INH is
confirmed in cases where
prenatal, neonatal, or
preimplantation genetic
testing is being considered
for the family.

Of note, negative genetic test results should not
be considered definitive for excluding HAE-C1-
INH or HAE-nC1-INH. Unknown genes or atypical
mutational mechanisms could underlie the dis-
ease in certain families, and despite a good
sensitivity of current high-throughput genetic
testing technologies, such as next-generation
sequencing, the sensitivity is not 100%."%”

sequences persist, particularly when analyzing
the pathogenicity of variants found in individuals
from ethnic or ancestral backgrounds that are
underrepresented in most databases.
Furthermore, many detected variants are
classified as being of uncertain significance and
do not alone confirm a diagnosis of HAE."#8187
Of  particular  relevance, a Hereditary
Angioedema Variant Curation Expert Panel is
being established to create gene- and disease-
specific variant classification guidelines for HAE,
including  HAE-nC1-INH.'"®® A genotype-
phenotype correlation has been observed for
certain variants, with deletions and other non-
functional mutations being associated with a
higher risk of disease. However, in most cases —
particularly for novel variants — these correlations
cannot be accurately predicted.?®197-193

Cascade screening refers to the process of
sequentially testing close blood relatives, begin-
ning with first-degree relatives and extending to
siblings, parents, and children when a family
member is found to be affected. This approach
helps reduce costs, improves management of
currently asymptomatic but affected individuals,
and alleviates anxiety for unaffected family mem-
bers. It is recommended for dominant conditions
such as HAE."* Prenatal diagnosis of HAE is rare,
but if the causative genetic variant in the parents
has been identified, it can be performed via

Additionally, challenges in interpreting genetic  invasive  prenatal testing.  Variability in
Clinical suspicion *
Family History
Low C4 level
C1INH function assay is
Available and Reliable?
| | |
Yes with Yes with -I_
| Normal Function | Reduced Function -l
.
Rule out other Diagnoses
- Genetic testing for HAE-nC1INH /\

- Mast cell associated angioedema

No Family History *
Late-onset symptoms +

Underlying Disease *
Low C1q
Wild-type SERPING1

| Reduced |

| Normal |

|
E-C1INH Genetic testing for
. -

|

Genetic
Counseling

|

mutated gene

Known
Rule out other Diagnoses

AAE-C1INH

- Genetic testing for HAE-nC1INH
- Mast cell associated angioedema

Fig. 5 Diagnostic workup for patients with suspected HAE. Abbreviations: HAE: hereditary angioedema; C1INH: C1 inhibitor; HAE-C1-
INH: HAE with C1-INH deficiency; AAE-C1-INH: acquired angioedema; HAE-nC1-INH: HAE with normal C1-INH.
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Variant segregation testing in asymptomatic family members

Variant segregation testing in symptomatic and asymptomatic family members when a variant of
uncertain significance is found in an affected proband

Prenatal diagnosis
Preimplantation genetic testing

Newborn diagnosis

Suspicion of gonadal mosaicism (>1 affected child of an unaffected couple)

De novo cases with borderline results on C1-INH functional assays

Genetic epidemiology research

Research on genotype-phenotype correlations

Research on pharmacogenetic aspects of HAE (response to treatment, risk of adverse effects)

Table 2. Situations where SERPING T genetic testing can be valuable in HAE-C1-INH patients and their families. Abbreviation: HAE: Hereditary
angioedema,; C1-INH: C1 esterase inhibitor; HAE-C1-INH: HAE with C1-INH deficiency

penetrance and expressivity, as well as current
and potential future advances in therapy, should
be discussed with the couple in the context of
genetic counseling.'¢819519¢

Statement 8 Agreement level:

We recommend cascade 100%
family testing for HAE when
an index case is diagnosed,
either through C1-INH
testing or genetic testing, as
appropriate based on age
and diagnosis (HAE-C1-INH
vs. HAE-nC1-INH).

Fortunately, diagnostic delay in HAE has
declined considerably in the last decades, from an
average of 21 years in the 1970s to around 7-10
years currently, but >50-year-old previously undi-
agnosed patients with lifelong symptoms are still
being reported.®*?¢"97-199 Time to diagnosis
varies considerably, from less than é months (in
<6% of patients) to more than 10 years. Under
40% of patients receive a diagnosis within 1 to 3
years after symptom onset. This gap highlights
the need for enhanced education of health care
providers regarding warning signs and the
interpretation of diagnostic tests, along with
improved access to biochemical and genetic

testing."%%"?? Delays in HAE diagnosis can lead

to serious consequences, including reduced
quality of life (Qol), loss of productivity and
income, depression, unnecessary  medical

interventions, increased healthcare costs, and an
imminent risk of death. Patients with HAE often

require more than 4 visits to emergency
departments annually, with 1 in 5 receiving
treatment for anaphylaxis. Unnecessary

abdominal surgeries, such as appendectomies,
along with exploratory diagnostic procedures
such as colonoscopy, also are frequent.’?7:200.201

Diagnostic confirmation requires targeted
biochemical assessment, including measurement
of C4 and C1INH levels and function. Repeat
testing should be performed whenever there is
discordance between the clinical presentation
and laboratory findings. Accurate classification—
distinguishing HAE with C1INH deficiency, HAE
with normal C1INH, and acquired forms—may be
further supported by genetic evaluation, which
can be of substantial value in selected and more
complex diagnostic scenarios. Organizing the
diagnostic process into these 3 interconnected
components enhances clinical decision-making,
improves diagnostic reliability, and facilitates
timely intervention, thereby reducing morbidity,
preventing unnecessary procedures, and lowering
the risk of potentially fatal laryngeal edema.
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Statement 9 Agreement level:

We recommend further 100%

Other conditions that may mimic hereditary
angioedema should be considered in the
differential diagnosis. These conditions include

. : abdominal disorders such as intestinal
efforts to raise awareness in bstructi hvri d familial
medical schools and among obstruction, porphyria, an amilia

Mediterranean fever; localized edema

physicians regarding the
criteria for suspecting HAE
and the appropriate
management of
angioedema.

THE DIFFERENTIAL DIAGNOSIS OF HAE

The differential diagnosis of HAE includes other
angioedema endotypes, which may generally be
associated with either the kinin system or mast
cells.

Regarding the bradykinin-mediated angioe-
dema (BK-AE) endotype, other potential causes
should likewise be evaluated. These conditions
include AAE-C1-INH from acquired C1 inhibitor
deficiency, which is typically linked to autoim-
mune or lymphoproliferative disorders, and BK-
AE with normal C1-INH, often caused by adverse
drug reactions, such as to ACE inhibitors.”2:122.141

syndromes such as Melkersson-Rosenthal syn-
drome, Gleich’s syndrome, and contact derma-
titis; and iatrogenic causes such as reactions to
facial fillers, among others,"22:141.202

Patients with acquired angioedema due to C1-
INH deficiency typically lack a family history of
recurrent angioedema, and the condition usually
presents later in life compared with HAE. The ac-
quired form often is associated with underlying
disorders such as lymphoproliferative diseases,
including monoclonal gammopathy and lym-
phoma, or autoimmune conditions, possibilities
that should be investigated. As C1q levels are
reduced in approximately 75% of cases and C1-
INH autoantibodies are detected in 50%-60% of
cases, testing is recommended when there is no
family history of angioedema (Table 3).203:204
ACE inhibitors can cause angioedema with a
recurrent pattern and, due to their widespread

. C1-INH C1-INH .
Angicedema | tigenic | functional Anti-C1-INH |~ Genetic
ypP level activity g
HAE-C1-INH <50% <50% Decreased | Normal Absent SERPING1
type 1 (80-95%
of time)
HAE-C1-INH Normal or | <50% Decreased | Normal Absent SERPING1
type 2 elevated (80-95%
of time)
HAE-nC1-INH | Normal Normal Normal Normal Absent FXII, PLG,
ANGPTT1,
KNG1, MYOF,
HS3ST6, CPNT,
DAB2IP
AAE-C1-INH Decreased | Decreased | Decreased | Decreased Present None
(75% of time) | (50% of
time)
AAE-ACEi Normal Normal Normal Normal Absent None

Table 3. Laboratory and genetic characteristics of bradykinin-mediated angioedema. Abbreviation: C1-INH: C1 esterase inhibitor; HAE-C1-INH:
HAE with C1-INH deficiency; HAE-nC1-INH: HAE with normal C1-INH; AAE-C1-INH; AAE-ACEi
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use, represent the most common cause of
emergency room admissions for BK-AE and a
frequent differential diagnosis of HAE. However,
HAE can manifest in individuals who were previ-
ously asymptomatic and only become symptom-
atic after initiating these drugs, and C1-INH
testing should be performed in such cases. Other
medications, including DPP-4 inhibitors (gliptins)
and neprilysin inhibitors, also can induce angioe-
dema. Although angiotensin Il receptor blockers
have been implicated in some reports, their role in
causing bradykinin induced angioedema remains
controversial. 2257297

Mast cell-mediated angioedema represents an
important differential diagnosis due to its high
frequency in the general population. It falls within
the clinical spectrum of disorders such as chronic
spontaneous urticaria (CSU), encompassing both
phenotypes—those exacerbated and those not
exacerbated by the use of nonsteroidal anti-
inflammatory drugs (NSAIDs). NSAIDs may also
induce isolated angioedema in the absence of
urticaria  among  predisposed  individuals.
Furthermore, IgE-mediated allergic reactions
resulting from intermittent allergen exposure
should be considered, as they may manifest as
recurrent angioedema.?%®

NSAIDs always should be investigated as a
potential trigger in patients with or without
chronic spontaneous urticaria.??® However, up to
22% of HAE patients are reported to have been
misdiagnosed  with drug hypersensitivities,
leading to delays in the diagnosis of HAE and
adverse clinical outcomes.?°? Similarly, as noted,
CSU is a common condition associated with
recurrent angioedema, with or without pruritic
wheals (hives). Cases of patients affected by
both CSU and HAE have been reported, and the
presence of wheals should not automatically
exclude a diagnosis of HAE. An observational,
real-world study that included over 600 HAE pa-
tients showed that almost half had been previ-
ously misdiagnosed, leading to a median
additional delay of 1.7 years to the correct diag-
nosis, and patients without a family history of HAE
had an almost 60% higher likelihood of
misdiagnosis.?"?

HAE-CPN patients present a phenotype char-
acterized by both angioedema and urticaria

15

episodes. Carboxypeptidase N plays a crucial role
in cleaving and degrading bradykinin, lys-
bradykinin, and the anaphylatoxins C3a and Cb5a.
Mutations in CPN impair its function, leading to
reduced degradation of bradykinin and anaphy-
latoxins, which may trigger both angioedema and
urticaria attacks. This scenario challenges the
conventional belief that urticaria is not a charac-
teristic feature of HAE, adding potential
complexity to the presentation of the syndrome.
The discovery of the HAE-CPN endotype has
enhanced understanding of HAE while high-
lighting the need for a comprehensive approach
to diagnosis and treatment.*?2"1" However, these
findings still require confirmation, and the global
prevalence of HAE-CPN is unknown.

Statement 10 Agreement level:

We recommend measuring 97%
C1q levels and testing C1-
INH antibodies when
acquired C1-INH
angioedema is suspected
due to late-onset
angioedema, absence of
family history, and evidence
of an underlying
hematologic or
autoimmune disease or low
C3-C4 levels.

Statement 11 Agreement level:

We recommend that HAE 94%
be considered as a
potential diagnosis in
patients with recurrent
angioedema, even in the
presence of medications
known to induce
angioedema or
concomitant urticaria,
particularly when there is a
positive family history.

GENERAL PREEMPTIVE STRATEGIES

Although several triggers for HAE attacks have
been identified, including physical trauma and
injury, dental work, surgery and manipulation of
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the upper airway, endoscopy or other medical
procedures, stress, infections, and intake of es-
trogens or ACE inhibitors, most episodes are
spontaneous.”31212:216¢ An individualized risk
assessment is warranted, as some patients could
be affected by specific triggering factors,
especially  those  related to  emotional
disturbance.?"” Measures to prevent exposure to
frequent triggers include using hormonal
contraception  with  progesterone-only  pills
(instead of estrogen-based products), avoiding
ACE inhibitors if antihypertensive medication is
required, following good dental care, receiving
vaccines for influenza and COVID-19, and other
routine infection-prevention measures. Addition-
ally, hepatitis A/B vaccination should be consid-
ered in patients who regularly receive plasma-
derived products and fresh frozen plasma
(FFP).2"8-223 Of note, even though COVID-19
infection has been confirmed as a trigger for
HAE attacks, infection severity and the mortality
rate associated with this virus do not appear to be
higher in HAE patients, and vaccination is
considered safe 2237227

Statement 12 Agreement level:

We recommend educating 97%
patients about avoiding
common and individual
triggers of HAE attacks.

TREATMENT
Acute attack and on-demand treatment

For patients experiencing HAE attacks, regard-
less of the location or severity of symptoms, on-
demand treatment (ODT) is essential. Antihista-
mines, corticosteroids, and epinephrine are inef-
fective for BK-AE and should not be used, as their
use may delay the administration of specific
treatments for BK-AE.137.228.229 A|| patients with
confirmed HAE, even if asymptomatic, must have
access to ODT, as the risk of a severe attack is
unpredictable and persists throughout life. ODT,
regardless of HAE endotype, reduces the risks of
asphyxiation,  abdominal  symptoms, and
functional impairment of the limbs.?*%23" When
laryngeal or upper airway involvement is evident
or suspected, urgent administration of ODT is

essential, and immediate emergency care should
be sought, with airway patency being the
foremost  priority  in management ?3%-234
Compared to delayed treatment, early treatment
is associated with better outcomes, including
faster symptom resolution, shorter episode
duration, and greater efficacy, regardless of the
severity of the attack.?3%"%37

Prodromal symptoms, traditionally reported in
up to 65%-70% of attacks, present an opportunity
for early intervention but may lead to overuse of
ODT. Recent studies indicate that although the
specificity of prodromal symptoms for an attack
exceeds 95%, their sensitivity for accurately pre-
dicting an attack varies from 18% to 64%,
depending on the attack site. 238241

Statement 13A Quality of evidence:

®d OO Low

We recommend that
every patient, even
if asymptomatic,
must have ODT
available at home
because the risk of a
serious attack is
unpredictable and
persists throughout
their lifetime.

Recommendation:Strong

Agreement levels:

91% (statement 13A)
97% (statement 13B)
100% (statement 13C)

Statement 13B

We recommend that
ODT be considered
for all HAE attacks,
which is mandatory
when upper airway
involvement is
detected, and
should be instituted
as early as possible.

Statement 13C

We recommend that
in the case of upper
airway swelling,
ODT should be
given as early as
possible, and
patients should seek
emergency care.

Downloaded for Anonymous User (n/a) at Vilnius University from ClinicalKey.com by Elsevier on August 31, 2026.
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.waojou.2026.101335

Volume 19, No. 5, May 2026

Four types of ODT for HAE attacks are recog-
nized as effective: exogenous intravenous (IV) C1-
INH (plasma-derived [pdC1-INH] or recombinant
[rC1-INH]), icatibant, sebetralstat, and ecallantide
(Table 4).'9242-247 Djrect comparisons among
these options are limited. Both icatibant and C1-
INH effectively reduce attack duration, with
icatibant offering faster and more convenient
self-administration but more frequently requiring
a second dose.?*%2%3 Reported differences in
treatment outcomes may partly reflect variations
in dosing practices and suboptimal
administration.?*"24% When pdC-1INH is used, it
should be administered at a dose of 20 [U/kg,
rounded to the nearest 500 U (as vials contain
500 IU) to minimize product waste. The only oral
ODT available is sebetralstat and the dose is 2
300 mg tablets. If IV C1-INH, icatibant,
sebetralstat or ecallantide is unavailable, solvent
detergent-treated plasma (SDP) or FFP may be
considered, provided that a safe and reliable
supply of these blood products can be
ensured.?*?2%" Using antifibrinolytics (such as
tranexamic acid) or attenuated androgens (such
as danazol) for ODT is discouraged because of a
lack of benefit. 22

For over 20 years, exogenous C1-INH has been
proven to effectively increase plasma levels of the
protein, aiding in regulation of all bradykinin-
related cascade systems involved in HAE attacks.
It is commercially available in 2 plasma-derived
concentrates and 1 recombinant human product
for intravenous administration.?*3#3% rC1-INH is
produced through genetic engineering, and
because it is secreted in the milk of transgenic
rabbits, it is contraindicated in patients with a
known allergy to rabbits. No risk of transmission
of hepatitis B/C or HIV exists for these products,
and their tolerability is good.?'82%%72%8 They
have been shown to improve QoL in affected
patients and are considered safe, with
thromboembolic events rarely reported, and
when reported are likely attributable to other
underlying risk factors or the use of permanent
venous devices 2?7262

Icatibant is a selective competitive antagonist of
bradykinin B2 receptors, administered subcuta-
neously. It reduces vasodilation and capillary

17

permeability, alleviating symptoms and short-
ening HAE attacks. It generally has an adequate
safety and tolerability profile, although mild in-
jection site reactions may occur in up to 97% of
cases.?632¢  Ecallantide, which also s
administered subcutaneously, directly inhibits
plasma kallikrein activity and is effective in the
treatment of HAE attacks. However, concerns
about a 3%-4% risk of potentially serious
hypersensitivity reactions, including anaphylaxis,
led the manufacturer to withdraw its application
in Europe. Despite this, it remains approved by
the US Food and Drug Administration (FDA) for
administration  exclusively by  healthcare
providers in the United States.?#4267-269

Sebetralstat, an oral plasma kallikrein inhibitor,
was recently approved by the United States Food
and Drug Administration (FDA) as an ODT for
HAE, based on the findings of the KONFIDENT
study.?”® Adverse events are limited to headache,
nevertheless, long-term data from extension
studies and RWE are still lacking, precluding
appropriate comparisons between this novel
agent and existing first-line ODT options.

Statement 14A Quality of evidence:

&P OO0 Low

We recommend that
first-line ODT for
HAE attacks include
either IV C1-INH,
icatibant or
sebetralstat.

Recommendation:Strong
Agreement levels:

97% (statement 14A)
94% (statement 14B)

Statement 14B

We recommend that
patients or their
caregivers are
advised to always
carry enough
medication to treat
at least 2 HAE
attacks.
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Product/drug

Plasma-derived

C1-INH concentrate

(Berinernt®)

Plasma-derived

C1-INH concentrate

(Cinryze®)

Recombinant
C1-INH

lcatibant

Sebetralstat
Ecallantide

Lanadelumab

Mechanism of action

Replacement

Replacement

Replacement

Bradykinin-2
receptorantagonist

Kallikrein inhibitor
Kallikrein inhibitor

Plasma kallikrein
monoclonal antibody

Formulation

Intravenous

Subcutaneous**

Intravenous

Intravenous

Subcutaneous

oral
Subcutaneous

Subcutaneous

Uses/posology

On-demand

Short-terrm
prophylaxis

Long-term
prophylaxis
(twice weekly)

On-demand

Short-term
prophylaxis

Long-term
prophylaxis
(twice weekly)

On-demand
Short-term
prophylaxis

On-demand

On-demand
On-demand

Long-term
prophylaxis
(every 2-4
weeks)

Regular dose

20 IU/kg

20 1U/kg

60 1U/kg

500 IU

1000 1U

500-1000 IU twice a week

1000-2000 IU twice a week

50 IU/kg, to a max dose of
4200 U

30 mg adults, pediatrics (0.4
mg/kg up to 30 mg)

600 mg
30 mg

150/300 mg
>12 years: 300 mg every 2
weeks
6 to <12 years: 150 mg every
2 weeks
2 to <6 years: 150 mg every
4 weeks

Approved
age group

All

>6 years

6-11 years

> 12 years

6-11 years

> 12 years

>2 years

>2 years***

>12 years
>12 years

>2 years
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Berotralstat Plasma kallikrein
inhibitor

Oral

Long-term
prophylaxis
(daily)

150 mg (110 mg if hepatic
impairment, drug
interactions or
gastrointestinal symptoms)

>12 years

Donidalorsen Prekallikrein inhibitor | Subcutaneous

Fresh frozen Replacement
plasma

Table 4. Drugs used for on-demand treatment and pro?h
47

C1 inhibitor. Adapted from Zuraw et al. #*¢, Lunn et al.

Intravenous

Long-term
prophylaxis

On-demand
Short-term
prophylaxis

Long-term
prophylaxis

80 mg once a month, but
may extend out to every 8
weeks

400 m(**

<200 mg/d

>12 years

ylaxis of HAE attacks. IU: International Units (1 IU is equivalent to the amount of C1-INH present in 1 mL of plasma); C1-INH:

, and the products’ prescribing information 27728

or indication in the US ***. Not approved for < 18 years in the US

*. Oxandrolone is still used in some countries **. Not an FDA-approved formulation
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Statement 15

We suggest
considering
ecallantide as a
second-line option for
ODT for HAE attacks
only when first-line
therapies are not
available or feasible.
Due to the risk of
hypersensitivity
reactions, ecallantide
must be administered
only under the
supervision of
healthcare personnel.

® O OO Very low

Recommendation:

Moderate

Agreement level:

82%

Statement 16 Quality of evidence:

We recommend SDP/FFP
as third-line treatment,
with SDP preferred over
FFP if available due to a
lower risk of viral
transmission.

® O OO Very low

Recommendation:

Moderate

Agreement level:

100%

HAE attacks can follow an unpredictable clinical
course, rebound is possible, and multiple attacks
can appear in quick succession. Therefore, pa-
tients should always have enough medication
available to treat at least 2 acute attacks at home.

Quality of evidence:

Furthermore, even when these medications are
administered in the emergency room, airway
management procedures must be readily avail-
able. If intubation is indicated but proves difficult
or impossible, an emergency cricothyrotomy or

tracheotomy should be performed without
delay.271'273

Statement 17 Agreement level:

We recommend that airway 91%
interventions (intubation,
cricothyroidotomy, or
tracheotomy) be promptly
considered during the initial
evaluation of patients
presenting with signs of

upper airway involvement.

Educational programs focused on the self-
administration of on-demand medications, along
with national call centers that provide support to
patients during acute attacks, have a significant
impact on outcomes. Evidence shows that these
initiatives can reduce the need for emergency
department visits and hospitalizations.?”#273
Emergency services providers at the local or
regional level should receive specialized training
on awareness (for fast recognition) and
management of HAE attacks.?”®

Statement 18 Agreement level:

We recommend that 100%
patients and their
caregivers be educated in
how to administer ODT,
including self-
administration with all

available formulations.

Short-term Prophylactic Treatment

Pre-procedural or short-term prophylaxis (STP)
refers to preventive treatment for HAE prior to
exposure to common triggers or situations that
may predispose individuals to angioedema at-
tacks, such as dental procedures, surgeries, or
procedures involving manipulation of the aero-
digestive tract (eg, endoscopies or endotracheal
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intubation). Angioedema typically occurs within
48 hours of exposure®®©?37 and affects greater
than 1 in 5 patients, with an overall incidence of
up to 30% following invasive procedures.?">#88
Prophylaxis administered before a scheduled
invasive procedure is associated with a lower risk
of HAE attacks in both children and adults, and it
should be given with a lead time that ensures
that it remains effective throughout the
procedure.?87:299

Statement 19 Quality of evidence:

We recommend ® ® ® O Moderate
considering STP
before scheduled
exposure to potentially
attack-triggering
invasive procedures,
such as dental
interventions, upper
airway management,
or surgery requiring
intubation.

Recommendation:

Strong

Agreement level:

100%

The first-line strategy for STP is administration
of IV pdC1-INH less than 6 hours before the pro-
cedure. Additionally, some evidence suggests
that rC1-INH reduces the rate of procedure-
related HAE attacks compared to control pro-
cedures without prophylaxis. Nevertheless, an
HAE attack may occur despite STP use, and ODT
should always be readily available 74288291292 |f
these medications are unavailable, FFP or
attenuated androgens (such as danazol) may be
considered as second-line options for patients at
high risk. Note that tranexamic acid is not rec-
ommended for this indication. For patients with a
complete response to long-term prophylaxis

21

(LTP), additional short-term management is
generally unnecessary, although situational pro-
phylaxis may be considered during high-risk
events, with therapeutic strategies tailored to in-
dividual patients and procedures ??%293-293

Statement 20 Quality of evidence:

We recommend as ® ® ®& O Moderate

first-line STP the use of
intravenous C1-INH,
preferably plasma-
derived products.

Recommendation:

Strong

Agreement level:

97%

Statement 21 Quality of evidence:

We recommend as & OO0 Low

second-line STP the

use of attenuated

androgens or FFP in

patients at high risk of

developing

periprocedural

angioedema, but only

if IV C1-INH is not

available.
Recommendation:
Strong
Agreement level:

91%

Downloaded for Anonymous User (n/a) at Vilnius University from ClinicalKey.com by Elsevier on August 31, 2026.
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



22 Vézquez et al. World Allergy Organization Journal (2026) 19:101335

http://doi.org/10.1016/j.waojou.2026.101335

Statement 22 Agreement level:

We suggest that ODT
be readily available
before scheduled
exposure to potential
triggers, even if the
patient has received
STP.

97%

Statement 23 Agreement level:

We suggest that STP 97%
may be considered for
patients on successful
LTP during high-risk
events, with
therapeutic strategies
tailored to individual
patients and
procedures.

Long-term prophylactic treatment

HAE is associated not only with an increased
risk of mortality from asphyxiation and the phys-
ical burden of acute attacks but also with a sig-
nificant reduction in health-related Qol, even in
patients with low attack frequencies. This impair-
ment is importantly driven by the fear of unpre-
dictable attacks, missed professional or academic
opportunities, and the need to avoid potential
triggers.??¢29? School and work absenteeism
related to HAE is usually high.2°939% HAE
attacks have a negative impact on patients’
mental health, with anxiety and depressive
disorders being more common in those with
frequent attacks.®>°® HAE significantly impacts the
daily and emotional lives of patients, and while
the availability of ODT offers relief, LTP may lead
to greater improvements in QoL compared to
treatment limited to acute attacks.??7-394.30%

Guidelines for the management of HAE have
evolved to reflect advances in therapeutic options
and a more patient-centered approach, with a
focus on achieving complete disease control and
enabling patients to lead normal lives. 3267398 | TP
involves the regular use of medication aimed at
achieving complete disease control by

preventing attacks and improving, or even
normalizing, the lives of HAE patients. This
benefit has been documented for several
currently available therapies.*°?*'2  Patients
whose disease is well controlled using LTP
therapy may be symptom-free for years, even for
more than a decade."??

LTP should be individualized using a treat-to-
target approach and regularly reassessed — at
least annually — based on disease activity, current
and anticipated improvements in Qol, resource
availability, age-specific drug approvals (Table 4),
treatment burden, and patient preferences, all of
which may evolve over time.*"*3"7 Successful
LTP implies full disease control with minimal
treatment burden and requires  patient
adherence, so that a shared decision-making
approach is essential. >'832" Attacks can still
occur even in patients under LTP, and on-

demand medication must remain available to
them 322,323

Statement 24 Quality of evidence:

We recommend that ®d OO Low
all patients with HAE
are evaluated for LTP
at every visit, with a
shared decision-

making approach.

Recommendation:

Strong

Agreement level:

97%

Statement 25 Agreement level:

We recommend that 97%
patients have access to
ODT, even while
receiving LTP.
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First-line LTP options include plasma-derived
subcutaneous (SC)-C1-INH, lanadelumab, gara-
dacimab, donidalorsen and berotralstat due to
their proven efficacy and safety in reducing the
frequency, severity, and duration of HAE attacks,
as well as improving Qol for patients
(Table 4).324-329 5C administration of pdC1-INH
results in more consistent plasma C1-INH
concentrations than the IV route and mitigates
venous access-related complications, such as
thrombosis risk.*3°33*2 The reported median
annualized HAE attack rate in patients receiving
LTP with SC-pdC1-INH for over 1 year is approxi-
mately 1 event, with mean rescue medication use
ranging from 0 to 0.2 times per year.?33334
Additionally, health-related Qol is significantly
improved with SC-pdC1-INH, with benefits per-
sisting for up to 88 weeks.?3°

Lanadelumab, a fully human monoclonal anti-
body directed against plasma kallikrein, reduces
the risk of attacks in the context of LTP, with a
low risk of adverse events and a positive impact on
QoL 311313336337 patients receiving LTP  with
lanadelumab for >2.5 years have been reported
to remain attack-free almost 98% of the time.
Moreover, more than 82% and 68% of patients
remain attack-free for >6 and >12 months,
respectively.>*® Reported attack rates with this
drug are less than 0.3 per month with biweekly
dosing, and over 95% of treatment-emergent
adverse events are non-serious.**?

Berotralstat, an oral plasma kallikrein inhibitor,
demonstrated efficacy in a pivotal trial, achieving a
~50% reduction in attack rate. Gastrointestinal
side effects, such as abdominal pain, have been
reported but are generally transient and self-
limiting. Some patients may favor the oral formu-
lation of berotralstat because of its convenience
and ease of use. Patients should be aware of
delayed onset of action. 349342

Although no direct comparisons between
therapies have been published, indirect compar-
isons and a Cochrane analysis favor lanadelumab
and C1-INH as LTP over berotralstat in terms of
efficacy. 343344 Indirect ~ comparisons  of
lanadelumab versus C1I-NH have favored the
former, but the results require cautious
interpretation because the IV C1-INH used in

23

those comparisons is being replaced by the SC
product for LTP.2#23%¢ Although the short-term
reduction in attack rate was lower with berotral-
stat than with SC pdC1-INH and lanadelumab in
clinical trials, open-label extension studies have
demonstrated a further decrease with berotralstat
over time, with attack rates reduced by up to
90.8% after 96 weeks of continuous treatment in
good responders. The oral formulation of bero-
tralstat may improve patient uptake or support a
seamless transition from previous therapies and is
considered safe while preserving the therapeutic
effects of prior attenuated androgen use.®47:348
Switching to monotherapy with this drug from
injectable products appears to be safe and
associated with greater patient satisfaction and
enables patients to maintain good disease
control, 341349

Garadacimab is a human monoclonal antibody,
given subcutaneously once a month at 200 mg.
The first dose is given as a loading dose (total 400
mg as 2 200 mg injections) and secondary to this
onset is rapid. It inhibits activated factor Xlla at the
top of the kallikrein-kinin pathway. It is tolerated
well with minimal injection site reactions. Pro-
longed PT, INR, PTT and ULN may occur, but no
bleeding or thrombosis were evident during
prolonged preclinical trials. In the phase 3
Vanguard trial the attack rate was reduced by 87%
compared to placebo.?%%35"

Donidalorsen is an antisense oligonucleotide
that blocks the production of prekallikrein in the
liver, which is primarily synthesized in the liver. The
dose is 80 mg subcutaneous once a month but
may be extended out to every 8 weeks. Adverse
events include decreased platelets, increased liver
enzyme levels, and anaphylaxis, but these events
were extremely limited, and there is no need to
monitor CBC or liver enzymes. Efficacy of every 4-
and 8-weeks injections was 81% and 55%,
respectively, compared to placebo. Because of a
delay in onset of the donidalorsen, when data
were compared to placebo starting at week 5, the
4- and 8-weeks dose reduced attacks by 87% and
60%, respectively.®>?

Some patients with HAE-nC1-INH have been
successfully treated with lanadelumab, IV C1-INH,
garadacimab or berotralstat; however genetic
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testing is essential to determine which medication
would be most appropriate. ****%¢ |n those with
negative genetic testing lanadelumab failed to
demonstrate any significant benefit.*>”

Statement 26 Quality of evidence:

We recommend SC @@ OO0 Low
pdC1-INH,
lanadelumab,
berotralstat,
garadacimab, or
donidalorsen as first-

line options for LTP.

Recommendation:

Strong

Agreement level:

94%

When first-line treatments are unavailable, IV
pdC1-INH (approved for LTP in some countries) is
a second-line option, supported by scientific evi-
dence of its efficacy. However, it has disadvan-
tages, such as the need for venous access, high
cost, and frequent administrations due to its short
half-life. Other second-line options include atten-
uated androgens, which have been used for this
indication for many years, and tranexamic acid,
which is less effective and supported by limited
cvidence 294.358-362

Attenuated androgens have been used for
many years with good efficacy at doses of up to
600 mg per day. However, due to their adverse
effects, current recommendations limit the dose
to 200 mg per day, which reduces side effects but
diminishes efficacy. Attenuated androgens are

strongly associated with virilization in women,
dyslipidemia, and hepatotoxicity, with an
increased risk of hepatic neoplasms. They cannot
be used during pregnancy or in the pediatric and
adolescent populations because they interfere
with growth. We suggest monitoring blood pres-
sure and periodically screening patients with liver
ultrasound and blood tests to assess the meta-
bolic profile and liver function.3¢3-362

Tranexamic acid shows mediocre efficacy in
HAE-C1-INH but performs better in HAE-nC1-INH,
particularly in cases involving PLG or FXIl variants.
It has also been used in special situations, such as
pregnancy and childhood, when other specific
drugs are unavailable. It has a better safety profile
than attenuated androgens but has been associ-
ated with a low incidence of gastrointestinal ef-
fects and ocular disorders and an increased risk of
thrombosis.*?

Statement 27 Quality of evidence:

We suggest IV C1-INH,
attenuated androgens
(at the lowest effective
dose, preferably not
exceeding 200 mg per
day), or
antifibrinolytics as
second-line options for
LTP in patients for
whom first-line
therapies are not
available, not feasible,
or not tolerated.

®® OO0 Low

Recommendation:

Moderate

Agreement level:

94%
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Statement 28 Quality of evidence:

We recommend semi-
annual monitoring when
using androgens,
including a complete
blood count, chemistry
panel, lipid panel, and
routine urinalysis, along
with annual liver
ultrasound.

® O OO Very low

Recommendation:

Moderate

Agreement level:

97%

Ongoing monitoring of patients on LTP should
include regular assessment of disease activity,
treatment burden, and Qol, ideally through
patient-reported outcomes collected using vali-
dated tools.221379371 These tools, which are not
all specific to HAE, include the Angioedema
Activity Score, the Hereditary Angioedema
Activity Score, the Angioedema Quality of Life
Questionnaire, the Hereditary Angioedema
Quality of Life Questionnaire, and the
Angioedema Control Test.*”?372 Some of them
have been translated into multiple languages
and validated in various populations.?”337% The
Angioedema Activity Score is especially valuable
for documenting attack frequency, a practice
that should be encouraged among all patients,

Statement 29 Agreement level:

We recommend that all 97%
patients with HAE use
validated instruments to
assess disease activity,
severity, disease control,
treatment efficacy, and Qol,
and that they undergo regular
reassessments to ensure
optimal therapeutic
management.

25

shown reliability — and

376,377

and  has
consistency.
Management in children

strong

In pediatric patients, diagnosis is especially
challenging because of the high prevalence of
abdominal pain in this age group and the
frequent misdiagnosis of upper airway edema as
allergic asthma, pharyngitis or epiglottitis.
Asphyxiation in children may develop more
quickly because of the smaller diameter of the
airway."®” Symptoms of HAE are rare in neonates,
but more than 50% of patients develop symptoms
before age 10 years, making it essential to
consider appropriate management strategies for
children.?”337% A case of an attack in utero has
been described.?*”?

Attack severity tends to increase during puberty
and adolescence, and early onset of symptoms
predicts a more severe disease course.*3%3%1 |n
diagnosing of HAE in this population, clinicians
should consider that in children under age 1
year, C1-INH levels and functional activity are
typically low, which may lead to false-positive
tests. Genetic testing is recommended to ensure
an accurate and timely diagnosis.'37:382-385

Statement 30 Agreement level:

We recommend 88%
genetic testing for
children age <1 year if
HAE is considered a
likely diagnosis. In
older children, C1-INH
measurements should
be considered the first
step.

Treatment of HAE in pediatric patients includes
ODT, STP, and LTP, similar to treatment strategies
used in adults. Additionally, an individualized ac-
tion plan, avoidance of potential triggers, and
consideration of QoL aspects related to both the
disease and its therapy are essential 267388 C1.
INH is approved for all indications in children of
all ages, as it is considered safe and effective.
Icatibant is also approved for ODT in children
over age 2 years, sebetralstat (approved for 12
years and older) whereas SDP and FFP are
considered second-line options for ODT or
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STP.270:295,325388-395 | anadelumab (approved
for children aged 2 years or older), berotralstat
(approved for children aged 12 years or older),
garadacimab (approved for 12 years and older),
donidalorsen (approved for 12 years and older)
and antifibrinolytics (if other options are
unavailable) may be used for LTP 330:352:396-400
Caregivers, including educators, should be
provided with comprehensive information and
instructions about the condition and its
management. ODT must be readily accessible at
all  times, including at school and during

activities such as holidays, sleepovers, and field
trips. 382:401

Statement 33

For children with HAE,
we recommend first-
line STP with IV pdC1-
INH.

Quality of evidence:

® O OO Very low

Recommendation:

Strong

Agreement level:

97%

Statement 31

For children with HAE,

Quality of evidence:

® O OO Very low

we recommend first-
line ODT with IV pdC1-
INH, icatibant or
sebetralstat.

Recommendation:

Strong

Agreement level:

97%

Statement 32 Quality of evidence:

For children with HAE,
we suggest using SDP
or FFP as a second-line
option for ODT if first-
line drugs are
unavailable.

® O OO Very low

Recommendation:

Moderate

Agreement level:

97%

Statement 34

For children with HAE,

Quality of evidence:

® O OO Very low

we suggest second-
line STP with SDP or
FFP if first-line drugs
are unavailable.

Recommendation:

Moderate

Agreement level:

94%

Management in pregnant and breastfeeding
patients

Pregnancy has variable effects on the preva-
lence and frequency of HAE attacks. It has been
reported to both mitigate the risk in some affected
patients and aggravate activity in others. In
multiparous patients, the course of symptoms
during previous pregnancies does not always
correlate with current risk.?°274%5 |y rare cases,
HAE may first be suspected during pregnancy. It
is important to note that C1-INH levels are
normally decreased during pregnancy, which
can lead to false-positive results. If clinical suspi-
cion remains high, genetic testing should be
considered.*?®  Although labor and vaginal
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Statement 35

For children with HAE,
we recommend first-
line LTP with SC pdC1-
INH, lanadelumab,
berotralstat,
garadacimab, or
donidalorsen.

®e OO0 Low

Recommendation:

Strong

Agreement level:

91%

Statement 36 Quality of evidence:

For children with HAE,
we suggest second-
line LTP with
antifibrinolytics if first-
line drugs are
unavailable.

® O OO Very low

Recommendation:

Moderate

Agreement level:

91%

delivery uncommonly trigger HAE attacks,
angioedema crises may still occur up to 48
hours postpartum. Therefore, close monitoring
for at least 72 hours is recommended, with ODT
readily available."?® STP for delivery is not
usually indicated, but it can be considered in
special cases, using IV pdC1-INH.%97

Plasma-derived C1-INH is considered safe and
effective for on-demand treatment of HAE attacks
during pregnancy, whereas all other drugs are off-
label alternatives. Icatibant has emerging

Quality of evidence:

27

evidence of safety, but it has been used only
during a limited number of pregnancies. %44
SDP or FFP can be deemed third-line options for
this indication.*"®

STP with IV pdC1-INH is recommended for pa-
tients undergoing invasive procedures such as
chorionic villus sampling, amniocentesis, induced
surgical abortion, or cesarean section (the latter
should include epidural anesthesia).”?®

Statement 37 Quality of evidence:

For pregnant patients
with HAE, we
recommend first-line
ODT with IV pdC1-
INH.

® O OO Very low

Recommendation:

Strong

Agreement level:

100%

Statement 38 Quality of evidence:

For pregnant patients
with HAE, on-demand
emergency treatment
with icatibant for
potentially severe
attacks may be
considered if pd-C1-
INH is unavailable or
has failed.

® O OO Very low

Recommendation:

Weak

Agreement level:

97%
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Statement 39 Quality of evidence:

For pregnant patients
with HAE, third-line

ODT with SDP or FFP
might be reasonable.

® O OO Very low

Recommendation:

Weak

Agreement level:

94%

Statement 40 Quality of evidence:

We recommend that ®®d OO Low
patients with HAE
undergoing
uncomplicated vaginal
delivery should not
receive STP, except in
cases of high attack

frequency.

Recommendation:

Strong

Agreement level:

85%

Several case reports of successful use of pdC1-
INH for HAE LTP during pregnancy have been
published, even for patients affected with HAE-
nC1-INH 3°3403416-422  Antifibrinolytics  are
considered safe and could be effective in this
context if first-line therapy is not available,
whereas attenuated androgens are strongly con-
traindicated.*%342¢

Breastfeeding is not discouraged in patients
with HAE, and treatment options generally follow
the same guidelines as during pregnancy. Treat-
ment with plasma-derived products and tra-
nexamic acid is considered safe during

Statement 41

For pregnant patients
with HAE undergoing
invasive procedures,
or C-section we
recommend STP with
IV pdC1-INH.

breastfeeding, while
avoided 408.427,428

androgens

Quality of evidence:

® O OO Very low

Recommendation:

Moderate

Agreement level:

97%

should be

Patient support, home-based therapy, self-
administration, and additional management

approaches

Similar to other rare genetic disorders, patient
organizations and support/advocacy groups play

Statement 42

Due to the potential
need for an
emergency cesarean
section, we suggest
that LTP should be
considered in
pregnant patients with
HAE who are at higher
risk of severe attacks
or complications
during childbirth.

Quality of evidence:

® O OO Very low

Recommendation:

Strong

Agreement level:

91%
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Statement 43

Quality of evidence:

Moderate

Agreement level:

Statement 44 Quality of evidence:

Moderate

Agreement level:

a crucial role for individuals with HAE and their
families and caregivers. These organizations
engage in a wide range of activities that can vary
based on regional needs, particularly regarding
access to care (Table 5).429-431 Hereditary
Angioedema International (HAEi) serves as the
umbrella organization for HAE associations
worldwide, offering patient information and
advocating for enhanced research, diagnosis,

29

Statement 45

Quality of evidence:

Weak

Agreement level:

Statement 46 Quality of evidence:

Strong

Agreement level:

and access to treatments. HAEi is a global
nonprofit organization dedicated to supporting
individuals with HAE and promoting awareness
of the condition.**2
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Statement 47 Agreement level:

We recommend that 94%
patients be advised to
contact or establish
local/regional patient
associations focused
on advocating for their
condition, in
collaboration with
HAE;.

Self-administration and home therapy are
available for all C1-INH products, icatibant, bero-
tralstat, sebetralstat, donidalorsen, garadacimab,
and lanadelumab. These strategies enhance QoL
and outcomes by enabling early treatment and
preventing attacks through their use as STP and
LTP. Their use should be encouraged, with an
individualized approach, for all patients with HAE,
through direct decision-making with the patient
or, if relevant, a caregiver.a?’:"'436 Self-
administration is feasible even for 8-year-olds
and for older adults, provided that a home ther-
apy partner or caregiver can be properly trained,
if needed.**”"*3*? Data suggest that self-
administration of icatibant reduces and delays
the need for Emergency Department visits, which
are typically required when attacks affect critical
anatomical sites.*4°

Patients should be encouraged to always carry
their ODT, even if they are on LTP.##"444
Moreover, identification cards detailing the
condition and therapy are essential for proper
management of the disease. An example of an
emergency identification card can be accessed
at HAEi Emergency Cards (https://haei.org/
resources/emergency-cards/). Comprehensive
and integrated care, led by a healthcare
professional with expertise in HAE, improves
outcomes and helps patients address challenges
common to many rare disorders, including HAE.
These challenges include delays in diagnosis,
limited access to medication, and insufficient
referrals to specialists by general practitioners to
address questions and concerns related to the
disease.***#%¢ Although there are few experts in
HAE worldwide, advances in telemedicine, which
was proven effective during the COVID-19
pandemic, could help bridge the gap between

patients and specialized care.**”"*%° Additionally,
efforts should be made to educate healthcare
professionals and decision-makers about the
importance of HAE, as well as to develop local
guidelines that consider differences in access to
diagnosis and treatment. 29431

Statement 48 Quality of evidence:

We recommend that
HAE patients be
managed by
physicians with
expertise in the
condition, with the
support of a referral
center.

® O OO Very low

Recommendation:

Strong

Agreement level:

97%

Molecules in development and future
perspectives

The treatment of HAE has advanced rapidly in
recent years, with the continuous development of
new drugs for acute attacks and particularly for
LTP. These drugs primarily target the KKS through
various molecular strategies.**? Sebetralstat, an
oral plasma kallikrein inhibitor, was recently
approved by the FDA as an ODT for HAE, based
on findings from the phase 3 KONFIDENT trial
(NCT05259917). That study demonstrated that
sebetralstat provided a faster onset of symptom
relief, a greater reduction in attack severity, and
more rapid complete resolution of HAE attacks
compared to placebo. As an orally administered
therapy, sebetralstat offers the added benefit of
convenience and ease of use, which may
improve treatment adherence and allow for
earlier intervention during attacks.?”945345%
Garadacimab, also newly approved, has
demonstrated efficacy and is associated with
high treatment satisfaction and improved QolL. It
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Providing information to newly diagnosed patients on self-care, available therapies and access to

treatment

Offering updates on disease management and clinical trial opportunities for patients

Increasing awareness of the condition among health authorities and the general community

Achieving recognition of the disease as a serious, potentially disabling, and life-threatening condition

Advocating for research into better diagnostic methods and increasing the availability of testing

Advocating for research into improved treatments, including the development of new, safer, and more
effective drugs or strategies (such as appropriate dosing and de-escalation)

Advocating for global access to diagnosis and treatment, especially in low-income countries

Table 5. Activities within the scope of patients’ organizations

offers LTP for patients over age 12 years with HAE-
C1-INH, with sustained effects lasting beyond 2
years. 390351456 Donidalorsen is an antisense
oligonucleotide administered subcutaneously
every 4 to 8 weeks that specifically reduces
prekallikrein  production and was newly
approved. In recently published findings from a
phase 2 study and a phase 3, double-blind, ran-
domized trial, donidalorsen was shown to signifi-
cantly and safely reduce HAE attack rates and
improve QoL compared to placebo.?3%4%7

Deucrictibant is a small molecule bradykinin
B2 receptor antagonist in clinical development,
exhibiting high affinity, potent antagonistic ac-
tivity (20 times greater than icatibant), and strong
selectivity.**® Two distinct formulations are being
investigated: immediate-release capsule (previ-
ously referred to as PHVS416) and extended-
release tablet (previously referred to as
PHVS719). Preliminary study results on the use of
deucrictibant for the treatment of HAE attacks
have demonstrated its efficacy.**? ADX-324, a
small-interfering RNA, is currently being investi-
gated for HAE and looks promising to be an
every 6 month subcutaneously injected medica-
tion.**® Navenibart, a human monoclonal
antibody targeting plasma kallikrein  and
engineered with Fc region modifications that
extend its half-life to approximately 100 days,
has advanced into phase 3 clinical trials. The
therapy is being administered subcutaneously
every 3 to 6 months in the ongoing phase 3
Alpha-Orbit study.“" Additionally, NTLA-2002,
an in vivo gene-editing therapy using CRISPR-
Cas9 technology, targets the gene encoding

kallikrein B1 and is presently in phase 3 trials. The
goal of this therapy is to provide lifelong control
of HAE attacks with just a single dose. The results
of a recent phase 1 and 2 studies suggest that
NTLA-2002 is safe and may lead to durable re-
ductions in plasma kallikrein levels.#6%463 A
summary of clinical trials investigating new
treatments for HAE can be found at
ClinicalTrials.gov - Hereditary Angioe
dema (https://clinicaltrials.gov/search?cond=
Hereditary%20angioedema).

HAE IN THE REAL WORLD: REGIONAL
REALITIES AND HOW TO BRIDGE THE
GAP

By definition, clinical trials are conducted in
controlled settings with carefully selected patients
and meticulous monitoring of treatment efficacy
and safety. Conversely, RWE obtained post-
commercialization is valuable for translating clin-
ical trial findings to the broader population and
for identifying gaps in patient needs, treatment
adherence, and access.*¢*

Regarding diagnosis, the availability and quality
of functional tests for C1-INH vary globally.
Therefore, physicians are encouraged to tailor
these guidelines to their specific settings and
advocate to health authorities and local labora-
tories to implement the necessary tests, improving
diagnosis and reducing the morbidity and mor-
tality associated with HAE.*4®

The impact of HAE on health-related QoL has
been confirmed in studies conducted in several
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low- and middle-income countries. 21305466467

RWE on HAE treatment has shown that several
drugs, including  pdC1-INH  concentrate,
recombinant C1-INH, icatibant, berotralstat,
sebetralstat, garadacimab, donidalorsen, and
lanadelumab, perform in line with their label
indications and improve Qol. The recent
approval of several generics for icatibant have
decreased cost and hopefully will allow broader
access. Trends suggest that newer treatments
are increasingly being used in countries where
they are available, often with concomitantly
reduced use of older drugs such as attenuated
androgens and tranexamic acid. Adverse effect
profiles reported in RWE also are consistent with
those observed in clinical trials 89468472

Nevertheless, even with recent advances, LTP is
still not the standard of care, even in high-income
countries, with only about 50% of patients
currently receiving it. Among those on LTP, the use
of emergency services remains common, and older
treatments continue to be widely used, particularly
in lower-income countries.®%294473-482 Dagpite
their greater effectiveness, newer drugs are
associated with higher costs that clearly limit their
availability, particularly in low- and middle-
income countries.*®* Several solutions have been
proposed to address the lack of access to first-
line, high-cost treatments for HAE. These strate-
gies include the use of lower-efficacy but safe al-
ternatives, such as plasma-derived products,
tranexamic acid, or low-dose attenuated andro-
gens. Additional strategies involve local or regional
fractionation and production of off-patent medi-
cations, as well as participation in international
global access programs.**® Pharmacoeconomic
analyses of HAE treatment with targeted
therapies have been limited and require
additional RWE data, although efforts are under
way to address some of these gaps.*8348¢

Additionally, physicians continue to demand
more efficient and better-tolerated medications,
easier treatment administration, and less-
expensive therapies, even in high-income coun-
tries.*®7 In countries where access to ODT for HAE
is guaranteed by law (which is not the case
everywhere), long delays in diagnosis still have
prevented many patients from receiving
adequate care.”? Of note, the local availability of

patient support groups and regional or local
guidelines, which are more common in countries
where newer drugs are approved, has been
associated with improved access to care.*®” An
additional recommended strategy to improve
understanding of disease epidemiology and to
optimize allocation of diagnostic and therapeutic
resources is the implementation of HAE
registries. Some country-specific and interna-

tional efforts are already under way in this regard.
62,64,70,75,101,102,261,447,488,489,490-495

In addition to these regional and structural
challenges, emerging digital technologies warrant
consideration for their potential impact on HAE
diagnosis and management. Artificial intelligence
(Al)-assisted tools are increasingly being devel-
oped for rare diseases and may offer meaningful
benefits in selected settings. Clinical Decision
Support Systems (CDSS) have the potential to
support earlier recognition of symptom patterns,
improve risk stratification, and assist clinicians in
therapeutic decision-making. Likewise, digital
symptom diaries, mobile-based monitoring tools,
and patient-facing platforms may enhance the
characterization of attack frequency, triggers, and
treatment responses, thereby contributing to more
individualized care. Although these technologies
are not yet incorporated into the current recom-
mendations, future versions of this guideline
should monitor their development and evaluate
their potential value for clinical decision support,
patient education, and long-term disease man-
agement. Incorporating these innovations may
strengthen the forward-looking nature of the
guideline and align it with global trends in digital
healthcare.
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tor; BK-AE, Bradykinin-mediated angioedema; C1-INH, C1
esterase inhibitor; CSU, chronic spontaneous urticaria;
DPP-4 inhibitors (gliptins), dipeptidyl peptidase-4 in-
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