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Background: Hereditary angioedema (HAE) is a rare genetic
disease, most frequently associated with deficiency or
dysfunction in the C1 inhibitor protein. HAE with normal C1
inhibitor (HAE-nC1INH) lacks standardized diagnostic tests,
limiting precise prevalence estimates and development of
specific treatment guidelines.
Objective: This study sought to describe the global frequency,
diagnostic pathway, and current treatment patterns of
HAE-nC1INH.
Methods: Board-certified HAE-treating physicians from
accredited Angioedema Centers of Reference and Excellence
(ACAREs) were invited to complete a 27-item online survey
between December 2022 and April 2023.
Results: Thirty physicians from 30 ACAREs across 15 countries
reported a mean of 71 (range, 11-148) patients with HAE assessed/
treated within the previous 12 months. On average, physicians
estimated 24%(range, 2-44%)of patientswithHAEwerediagnosed
with HAE-nC1INH, most of whom were adults (88%). To diagnose
HAE-nC1INH, physicians most commonly assessed family history
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and plasma C4 levels (90% each), and C1 function and quantitative
levels (87% each). On-demand and prophylactic treatment patterns
varied widely across countries, with an average (range) of 56%
(33-100%) of patients receiving on-demand treatment only, and
37% (0-67%) receiving both on-demand and prophylactic
treatment. Physicians identified the greatest unmet needs in
HAE-nC1INH management as treatment specifically indicated for
this patient population and availability of an oral treatment.
Conclusion: HAE-nC1INH may be more prevalent than
previously reported. Importantly, our findings revealed varying
diagnostic and treatment approaches. Validated, accessible
diagnostic biomarkers and clinical outcomes derived from
rigorous clinical trials assessing mechanistically based treatments
would advance understanding and management of
HAE-nC1INH. (J Allergy Clin Immunol Global 2025;4:100446.)
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Abbreviations used

ACARE: Angioedema Center of Reference and

Excellence

C1INH: C1 inhibitor

HAE: Hereditary angioedema

HAE-C1INH-Type1: HAE due to C1INH deficiency Type 1

HAE-C1INH-Type2: HAE due to C1INH deficiency Type 2

HAE-nC1INH: HAE with normal C1INH activity
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Hereditary angioedema (HAE) is a rare disease characterized
by painful, debilitating, and unpredictable attacks of tissue
swelling in various locations of the body, including the skin,
abdomen, and upper respiratory tract.1,2 Patients with HAE expe-
rience a substantial burden related to disruptions in daily life,
direct and indirect costs, increased risk of comorbidities and
adverse consequences,3-5 and potentially life-threatening laryn-
geal attacks, which can occur at any age, including in children.6

There are several forms of genetically identifiable HAE. HAE
Type 1 (HAE-C1INH-Type1) is the most common form (approx-
imately 85% of cases) and presents with C1 inhibitor (C1INH)
deficiency, while HAE Type 2 (HAE-C1INH-Type2) is caused by
dysfunctional C1INH.2,7 Both forms are autosomal-dominant
conditions caused by mutations in SERPING1, with a combined
estimated prevalence of 1 in 50,000.1 Other cases of HAE, though
phenotypically similar, present with normal C1INH activity
(HAE-nC1INH).2,8 HAE-nC1INH currently includes 6 recog-
nized types that are based on genetically identifiable mutations
in genes for factor XII (HAE-FXII), angiopoietin-1
(HAE-ANGPT), plasminogen (HAE-PLG), kininogen 1
(HAE-KNG), myoferlin (HAE-MYOF), and heparan sulfate-
glucosamine 3-O-sulfotransferase 6 (HAE-HSST),2 plus two
recently described variants in CPN1 and DAB2IP.9,10 However,
most patients diagnosed with HAE-nC1INH have no identifiable
gene mutation.2 HAE-nC1INH is reported to be less common
than HAE-C1INH Types 1 and 2; however, precise prevalence
rates of HAE-nC1INH are lacking.11

Current guidelines for the diagnosis and management of HAE
largely focus on HAE-C1INH Types 1 and 2, while recommen-
dations specific to HAE-nC1INH have not been fully developed.2

This is because of the challenges associated with confirming a
diagnosis of HAE-nC1INH, as standardized, validated biochem-
ical diagnostic tests are lacking, and genetic tests for the fraction
of cases with known disease-causing mutations are not widely
available.2 The 2021 World Allergy Organization/European
Academy of Allergy and Clinical Immunology guidelines recom-
mended the following for differential diagnosis of HAE-nC1INH:
suspicion of HAE should prompt laboratory testing to assess
C1INH function, C1INH protein levels, and C4 levels; and pa-
tients who are suspected to have HAE and have normal C1INH
levels and function should undergo genetic testing for known mu-
tations underlying HAE-nC1INH.2 Additionally, these guidelines
state that diagnostic procedures (eg, genetic testing) should be
used where available and that other options should be considered
where recommended procedures are not available. The guidelines
note that family history is an important tool for identifying pa-
tients with HAE-nC1INH.2 Unlike HAE-C1INH Types 1 and 2,
treatment of HAE-nC1INH has not been established by random-
ized, placebo-controlled trials.1
A recent survey of real-world practice provided estimates of
HAE-nC1INH prevalence and described diagnoses and manage-
ment strategies in the United States leveraging claims data12;
however, these may not be globally representative. To address
this gap, HAE-treating physicians in certified Angioedema Cen-
ters of Reference and Excellence (ACAREs)13 located in multiple
countries were surveyed online. The objectives of this study were:
(1) to assess the global frequency of HAE-nC1INH; (2) to
describe the diagnostic pathway of patients with HAE-nC1INH,
such as referral patterns, testing, and time to diagnosis; and (3)
to explore current patterns for on-demand and prophylactic treat-
ment of HAE-nC1INH. Additionally, physicians provided
insights into the unmet needs regarding management of people
with HAE-nC1INH.
METHODS

Data collection
This was a voluntary online survey of HAE-treating physicians

representing angioedema specialists in certified ACAREs. These
accredited angioedema referral centers fulfill robust requirements
based on the experience of the Global Allergy and Asthma
European Network (GA2 LEN) and input from patients, general
practitioners, and specialists.13 The survey consisted of 27
multiple-choice questions, rank-order questions, and scale-
based responses using a symmetrical 7-point Likert scale of
agreement with presented statements ranging from ‘‘extremely
dissatisfied’’ to ‘‘extremely satisfied.’’ The survey questions are
available in this article’s Online Repository available at www.
jaci-global.org. In a follow-up survey, the primary criteria for
diagnosis were assessed to better understand how physicians di-
agnose HAE-nC1INH.

Potential participating physicians were identified from ac-
credited ACAREswith the longest tenure as ACAREs. Physicians
were contacted and screened to determine whether they met the
following inclusion criteria: physicians who had completed
specialty training (eg, board certified) and had treated at least
one patient with HAE-nC1INH within the past 12 months.

One eligible physician per ACARE was invited to take part in
the online survey between December 2022 and April 2023 via a
secure electronic data-capture system. The survey was provided
in English and took approximately 15 minutes to complete.
Responses were based on physician recall. Before initiating the
survey, all participating physicians provided informed consent for
their data to be used anonymously or in aggregate. The study was
declared exempt from review by an institutional review board.
Data analysis
Analysis of the survey data was performed using descriptive

statistics. Continuous variables were summarized as means,
medians, and ranges, whereas categorical variables were sum-
marized as counts and percentages.
RESULTS

Survey participants and findings
The survey was completed by 30 physicians from 30 ACAREs

in 15 countries (Table I). The follow-up survey was completed by
all but 2 physicians from 2 ACAREs.
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TABLE I. Characteristics of 30 physician-respondents

Characteristic ACARE, no. (%)

Country

Brazil 6 (20.0)

Germany 4 (13.3)

France 3 (10.0)

United States 3 (10.0)

Argentina 2 (6.7)

Portugal 2 (6.7)

Spain 2 (6.7)

Australia 1 (3.3)

Austria 1 (3.3)

Bulgaria 1 (3.3)

Netherlands 1 (3.3)

North Macedonia 1 (3.3)

Peru 1 (3.3)

Russia 1 (3.3)

United Kingdom 1 (3.3)

Specialty

Allergy and/or immunology 19 (63.3)

Dermatology 7 (23.3)

Internal medicine 3 (10.0)

Otolaryngology 1 (3.3)

Years in practice, mean (range) 25 (6-45)

Total ACAREs (n=30)

11
12
17

40
43

55
64
68

83
85
89

110
115

138
148

71

Argentina (n=2)
Peru (n=1)

Portugal (n=2)
Australia (n=1)

North Macedonia (n=1)
Brazil (n=6)
Spain (n=2)

Russia (n=1)
Germany (n=4)
Bulgaria (n=1)

France (n=3)
Austria (n=1)

UK (n=1)
US (n=3)

Netherlands (n=1)

FIG 1. Average HAE patient volume over previous 12 months. Average

number of patients per center treated for any type of HAE (confirmed or

suspected); n represents number of centers per country.
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Over the previous 12 months, on average, ACAREs treated
71 patients with HAE (including HAE-C1INH-Type1,
HAE-C1INH-Type2, and HAE-nC1INH). There was wide vari-
ability across countries, ranging from aminimum of 11 patients in
Argentina to 148 patients in the Netherlands (Fig 1). Twelve
ACAREs provided estimates of treated patients with HAE sub-
types. Among these ACAREs, an estimated 763 (40-83 per
center) patients with HAE-C1INH-Type1, 139 (0-25 per center)
patients with HAE-C1INH-Type2, and 298 (2-55 per center) pa-
tients with HAE-nC1INH were reported (see Table E1 in the
Online Repository available at www.jaci-global.org).
HAE-nC1INH frequency estimates
On average, nearly one quarter (24%) of patients with HAE at

ACAREs were diagnosed with HAE-nC1INH (Fig 2, A); the pro-
portion of patients with HAE-nC1INH ranged from 2% in
Australia and the Netherlands to 44% in Austria. Across ACAREs
and HAE subtypes, most patients (>_86%) were adults (Fig 2, B).
Six countries (Australia, Austria, Bulgaria, France, the
Netherlands, and North Macedonia) reported no pediatric (age
<18 years) patients with a presumptive diagnosis of
HAE-nC1INH.
HAE-nC1INH diagnosis-related findings
The average time to diagnosis of HAE-nC1INH (defined as the

time from which symptoms were first experienced to the time at
which a conclusive diagnosis was received) across ACAREs was
9 years, ranging widely from 2 years in the United Kingdom to 30
years in Peru (Fig 3, A). When physicians were asked to report the
minimum and maximum length of time to HAE-nC1INH diag-
nosis observed in their personal experience, there was a wide
range reported within countries—for example, 2-20 years in the
United States, 1-20 years in Portugal, 3-23 years in Brazil, 4-29
years in France, 2-30 years in Peru, and 2-31 years in Germany.

ACARE physicians reported assessing an average of 9 (range,
5-14) different criteria when diagnosing HAE-nC1INH (Fig 3,B).
The most common criteria used to diagnose HAE-nC1INH
included the assessment of a positive family history of angioe-
dema (90%), normal plasma C4 levels (90%), normal C1INH
functional and quantitative (antigenic) levels (each 87%), muta-
tions in factor XII (83%), lack of response to antihistamines
(73%), response to HAE-specific medications (70%), and muta-
tions in plasminogen (67%) (Fig 3, C). Utilization of genetic
testing (other than factor XII) for diagnosis was highly variable
across countries, and was the primary criterion used to confirm
diagnosis of HAE-nC1INH in ;50% of ACAREs (see Fig E1,
A, in the Online Repository available at www.jaci-global.org).
Icatibant (91%) and intravenous plasma-derived C1INH
(10-52%) were the most common treatments for confirming diag-
nosis (see Fig E2, also in the Online Repository). Other criteria to
confirm diagnoses were used in 13% of ACAREs, with a positive
family history noted in 6 of 8 free-text responses (Fig E1, B).
HAE-nC1INH treatment patterns
ACAREs reported that, on average, 56% of patients received

on-demand treatment only, with 4 individual centers reporting
that all their patients with HAE-nC1INH received on-demand
treatment only. Over one-third (37%) of patients received pro-
phylactic plus on-demand treatment, ranging from 0 to 67%
depending on country (Fig 4). On average, 7% of patients were
reported to have received no treatment.

On-demand treatment. Icatibant was the most commonly
prescribed on-demand treatment for HAE-nC1INH attacks,
followed by intravenous plasma-derived C1INH (Fig 5, A). Pa-
tients receiving on-demand treatment experienced an average of
6 (range, 1-30) attacks per year.

Prophylactic treatment. Attack frequency (43%) and
severity (38%) were identified as the top 2 drivers for initiating
prophylactic treatment for HAE-nC1INH, followed by patient
request (5%), knowledge of triggers for attack (5%), and

http://www.jaci-global.org
http://www.jaci-global.org


66%

10%

24%

53% 55% 57% 63% 58%
71% 72% 73%

83% 81%
74%

83%
71% 75%

83%

4% 5% 3%

10% 20%
7% 9% 8%

0% 7% 17%
13%

25% 23%
15%

44% 40% 40%
27% 23% 22% 19% 19% 17% 12% 9%

4% 4% 2% 2%

Au
st

r ia
(n

=1
10

)

Br
az

il
(n

=5
5)

Ar
ge

n t
in

a
(n

=1
1)

G
er

m
an

y 
(n

=8
3)

Po
r tu

ga
l(

n=
17

)

Fr
an

ce
(n

=8
9)

U
S

(n
=1

38
)

S p
ai

n
(n

=6
4 )

Pe
ru

(n
=1

2)

N
o r

t h
M

a c
ed

on
ia

( n
=4

3 )

U
K

(n
=1

15
)

R
us

si
a

(n
=6

8)

Bu
lg

ar
ia

(n
=8

5)

Au
st

ra
lia

(n
=4

0)

N
et

he
rla

nd
s

(n
=1

48
)Total ACAREs

(n=71)

Pa
tie

nt
s

w
ith

H
AE

(%
)

A

86%

14%

Pediatric

HAE-C1INH-Type1: Low quantitative (antigenic) 
C1INH levels

HAE-C1INH-Type2: Normal C1INH quantitative 
levels but low C1INH function

HAE-nC1INH: HAE with normal C1INH

Adult

0

94%

6%

88%

12%

Pa
tie

nt
s

w
ith

H
AE

(%
)

HAE-C1INH-Type1 HAE-C1INH-Type2 HAE-nC1INH

B

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70

80

90

100

FIG 2. Estimates of (A) HAE subtypes by country and (B) HAE subtypes among adult and pediatric patients.

(A) n represents average HAE patient volumes per center over last 12 months. (B) Pediatric patients were

age <18 years.
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Angioedema Control Test scores (5%). ACAREs recommended
prophylactic treatment for patients who had, on average, 12
(range, 3-34) or more attacks per year. Before taking prophylactic
treatment, patients had, on average, 19 (range, 6-50) attacks per
year. Across ACAREs, tranexamic acid (36%) and lanadelumab
(23%) were the most common prophylactic treatments for
HAE-nC1INH, followed by berotralstat (Fig 6, A).

Unmet treatment needs. ACARE providers identified an
HAE-nC1INH–specific indication as the greatest unmet need in
on-demand treatment for HAE-nC1INH (Fig 5,B). In free-text re-
sponses, physicians emphasized a need for improved diagnostic
criteria and treatment that is faster acting and in oral/tablet formu-
lation (see the Online Repository available at www.jaci-global.
org).

Similar to on-demand treatment, on average, 33% of ACARE
providers identified an HAE-nC1INH–specific indication as the
greatest unmet need in prophylactic treatment for HAE-nC1INH
(Fig 6, B). This was followed by 24% of providers indicating a
need for prophylactic treatment to provide sustained reduction
in the frequency of attacks. Free-text responses from physicians
are provided in the Online Repository.
DISCUSSION
This is the first study to survey HAE-treating physicians across

multiple countries about the frequency and treatment patterns of
patients with HAE-nC1INH. On average, 24% of patients with
HAE at ACAREs were diagnosed with HAE-nC1INH, demon-
strating a potentially larger population of patients with HAE-
nC1INH within clinical practices than previously reported in the
literature (16-23%).12 However, this rate varied widely across
countries, from 2% to 9% of patients with HAE in the
Netherlands, Australia, Bulgaria, Russia, and the United
Kingdom, and up to 27% to 44% of patients with HAE in
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FIG 3. Diagnosis of HAE-nC1INH. (A) Duration of recurrence of symptoms before diagnosis, (B) number of

criteria typically assessed, and (C) diagnostic criteria utilized. (A) Time to diagnosis was defined as time

from which symptoms were experienced to receiving clinical diagnosis. (C) Physicians were asked to select

which criteria they typically assess to make diagnosis of HAE-nC1INH (multiple selections allowed).
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Germany, Argentina, Brazil, and Austria. Whether this disparity
is due to regional genetic differences, the variable diagnostic
criteria utilized, or other factors is unknown.14 There was a
disparity in the proportion of pediatric (12%) to adult (88%) pa-
tients with HAE-nC1INH, potentially related to reliance on clin-
ical symptoms or a differing natural history/age at symptom onset
for HAE-nC1INH compared to HAE-C1INH Types 1 or 2. For
example, age at symptom onset is reportedly higher among
patients with HAE-nC1INH (age >_20 years in HAE-FXII,
HAE-PLG, and HAE-KNG) compared with HAE-C1INH-Type1/
2 (childhood/adolescence), where female patients with HAE-FXII
especially experience attacks triggered by estrogens.2,15 Previous
studies similarly reported HAE-nC1INH is less commonly diag-
nosed in children, with a mean age at symptom onset at 27 years,
and only 8% of patients experiencing clinical onset before the
age of 10 years.16 A slightly higher proportion (;10-14%) of
patients with HAE-nC1INH due to mutations in F12 (ie, the gene
encoding coagulation FXII) reported symptoms before the age of
12 years, potentially as a result of the hormonal influence of
puberty.1,2

Our findings highlight the challenges in the diagnosis of
HAE-nC1INH. Consistent with findings in patients with
HAE-C1INH-Type1 and HAE-C1INH-Type2, a significant delay
in diagnosis (as long as 30 years) was reported in patients with
HAE-nC1INH.3,5,17 The most common diagnostic criteria for
HAE-nC1INH were a positive family history, normal C4 assess-
ment, normal C1INH functional and quantitative (antigenic)
assessment, lack of response to antihistamines (ie, H1 antago-
nists), response to HAE-specific medications, and mutations in
factor XII and plasminogen. Overall, these diagnostic assess-
ments included assessment of family history, C1INH functional
and quantitative levels, C4 levels, and genetic testing, which
aligns with current international guidelines for diagnosis of
HAE-nC1INH,2 although the primary diagnostic criteria varied
across countries, with some reporting that 100% of
HAE-nC1INH diagnoses were primarily confirmed using genetic
testing (NorthMacedonia and Spain), while others primarily used
response to treatment for 100% of HAE-nC1INH patient diagno-
ses (the Netherlands, Bulgaria, and Peru) despite also assessing
relevant genetic variants or family history. The variability of these
results by country shows an uneven geographical distribution of
HAE-nC1INH that is difficult to fully explain. Differences in
prevalence of certain genetic variants (ie, founder effects) in
some countries or regions is an important consideration, but it
is likely that the implementation of different criteria (ie, lack of
a standardized approach) for the diagnosis of HAE-nC1INH leads
to differences in frequency. The combination of inconsistent
weighting of criteria and the lack of broad availability of genetic
testing are likely among the greatest drivers of the observed vari-
ability. Genetic testing for HAE-nC1INH is not only inaccessible
in some regions but is also limited by a small number of known
pathogenic variants found in only the subset of patients with
phenotypic symptoms of HAE-nC1INH.2,18 These limitations
warrant a diagnostic approach that combines genetic tests with
assessment of other biomarkers and does not rely heavily on fam-
ily history or treatment responses. An in-depth family history is
challenging to gather in clinical practice and can be unreliable
or inaccurate as a result of numerous factors: recall bias, unknown
or incorrect information (eg, due to estrangement, adoption, or
paternal discrepancy), possible de novo mutations, and variable
penetrance resulting in phenotypic variation or asymptomatic car-
riers.19 Responses to on-demand treatment may be a poor
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diagnostic indicator as a result of subjective assessment, patient
response bias associated with open-label treatment, or failing to
more definitively exclude mast cell–mediated angioedema with
adequate treatment such as omalizumab therapy.20 While there
are currently no validated biochemical markers to identify indi-
viduals with HAE-nC1INH, novel assays for assessing C1INH
function and measurement of kinins or stimulated kallikrein ac-
tivity (eg, dextran sulfate, cold induced) may potentially fulfill
the crucial need to identify and diagnose HAE-nC1INH.1,21 Addi-
tionally, the detection of bradykinin degradation products may be
more clinically practical than plasma bradykinin measurement,
which is technically challenging, given the extremely short
half-life of bradykinin.18
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The ACARE clinicians who were surveyed use a variety of
approaches to treat patients with HAE-nC1INH. Patients with
HAE-nC1INH often received drugs indicated for management of
patients with HAE-C1INH Types 1 or 2, including icatibant for
on-demand treatment and lanadelumab for prophylactic treatment.
On average, physicians recommended prophylactic treatment
after 12 attacks per year for patients with HAE-nC1INH,
although this recommendation varied widely across countries
(range, 3-34 attacks per year). These findings are consistent
with case series and observational studies that indicate use of
HAE-C1INH-Type1/2–indicated treatment options in some
individuals with HAE-nC1INH4,17; however, robust treatment
efficacy and safety data specific to HAE-nC1INH are still lacking.
Notably, the only randomized, placebo-controlled clinical trial
of treatment of HAE-nC1INH completed to date evaluated effi-
cacy and safety of lanadelumab for prevention of attacks
(NCT04206605).22 A reduction in plasma kallikrein and cleaved
high-molecular-weight kininogen activity was observed, with in-
hibition being numerically higher in the lanadelumab group
compared with placebo; however, the study did not meet its pri-
mary end point, finding no significant difference in the number
of angioedema attacks between groups.22

Clinicians identified the greatest unmet need as treatments
indicated specifically for HAE-nC1INH, with some physicians
noting a need for therapies that are effective across each subtype
of HAE-nC1INH. Physicians also indicated a need for oral on-
demand and prophylactic treatments, consistent with preferences
reported by patients with HAE currently receiving prophylactic
intravenous and subcutaneous therapies.23 Currently, the oral
treatments available for HAE prophylaxis are berotralstat,24

attenuated androgens (not recommended for first-line treatment
in evidence-based HAE management guidelines),2 and tranexa-
mic acid (off-label use for HAE).2 A positive phase 3 trial was
recently reported for the investigational oral plasma kallikrein in-
hibitor, sebetralstat, for the on-demand treatment of HAE attacks
in patients with HAE-C1INH-Type1/2 (NCT05259917).25

The following limitations should be considered when inter-
preting these findings. These data depend on physician recall, and
there was no requirement to validate against patient charts.
Information on how medical records were maintained was not
collected. Because the diagnostic approach for HAE is most often
by exclusion, whether physicians excluded other potential di-
agnoses was taken into account but not explicitly requested.
Additionally, the data do not necessarily reflect the overall
situation at individual ACAREs but are limited to the patients
cared for by the participating doctor. The inability to confirm each
HAE-nC1INH diagnosis with a standard diagnostic biomarker or
genetic test introduces the potential for some patients to bemissed
and others erroneously included. It is important for future studies
to investigate the proportions of patients with confirmed
HAE-nC1INH mutations. Furthermore, while participating phy-
sicians had, on average, practiced for 25 (range, 6-45) years,
information on how many years of experience physicians had
specifically managing patients with more common types of HAE
(ie, HAE-C1INH Types 1 and 2) was not collected. The patients
seen at ACAREs are a highly selected HAE population and HAE
frequency may be overestimated compared to those seen in other
clinics.

Current literature on HAE-nC1INH diagnosis and treatment is
limited, with ongoing development of expert consensus on
diagnosis of HAE-nC1INH. These findings may be valuable for
future study development, potentially improving diagnosis and
management of patients with HAE-nC1INH.
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participated as speaker/advisor and/or received department
research funding from AbbVie, Almirall, AstraZeneca, Elli-
Lilly, LEO Pharmaceutica, Pfizer, Sanofi, Novartis, and Takeda.
J. Greve is or recently was a speaker and/or advisor for and/or has
received research funding from BioCryst, CSL Behring,
KalVista, and Takeda. A. S. Grumach receives research funding
from the Brazilian National Council for Scientific and Techno-
logical Development (CNPq) and a grant of researcher initiative
from Shire/Takeda; and is or recently was a speaker and/or
advisor for Catalyst Pharmaceuticals, CSL Behring, Takeda,
KalVista, Pharvaris, Pint-Pharma, and MultiCare. M. Guilarte is
or recently was a speaker and/or advisor for and/or has received
research funding from BioCryst, CSL Behring, KalVista,
Pharvaris, and Takeda. C. Katelaris has received personal fees
from AstraZeneca, CSL Behring, GSK, KalVista, Pharvaris, and
Sanofi. T. Kinaciyan is or recently was a speaker and/or advisor
for and/or has received research funding from BioCryst, CSL
Behring, KalVista, KINIKSA, Novartis, Pharvaris, Sanofi-
Aventis, and Takeda. E. A. Latysheva has received personal
fees from CSLBehring, Octapharma, Novartis, and Takeda; and a
grant from Takeda. R. Lleonart has received consulting fees,
honoraria, payment for expert testimony, meeting/travel support,
and/or served on advisory boards for KalVista, BioCryst, CSL
Behring, Pharming, and Takeda. E. Mansour has received grants
and/or personal fees from AstraZeneca, CSL Behring, GSK,
Novartis, Sanofi, and Takeda. V. Grivcheva-Panovska has served
on advisory boards for CSL Behring, Takeda, BioCryst, KalVista,
and Pharvaris; and has received honoraria for presentations from
CSL Behring and Takeda, an unrestricted research grant from
CSLBehring, and travel assistance fromCSLBehring. A. Sp�ınola
Santos has received personal fees from BioCryst, CSL Behring,
Diater Laboratorio de Diagn�ostico y Aplicaciones SA, and
Takeda. P. Staubach has received grants and/or consulting fees
from Novartis, CSL Behring, Sanofi, Takeda, KalVista, BioCryst,
and Pharvaris. A. Valerieva has received honoraria for educational
lectures, acted as consultant for, and/or has received sponsorship
for educational meetings and/or research projects from Shire/
Takeda, Pharming Group NV, CSL Behring, SOBI, AstraZeneca,
Berlin-Chemie/Menarini Group, Teva, Novartis, Ewopharma,
Stellergenes-Greer, Pharvaris, KalVista, Ionis, Astria, and
Organon. S. Danese and J. Ulloa received consulting fees from
KalVista. P. K. Audhya is an employee of KalVista. M. Maurer
was a speaker and/or advisor for and/or received research funding
from Astria, BioCryst, CSL Behring, Intellia, Ionis, KalVista,
Pharvaris, and Takeda. The rest of the authors declare that they
have no relevant conflicts of interest.

We wish to acknowledge Dr Marcus Maurer, our colleague, mentor, and

friend. We join all who knew Marcus in mourning his untimely passing. He

will be deeply missed. This project benefited from the global network of

Angioedema Centers of Reference and Excellence (acare-network.com), and

we thank the members of the ACARE team, Kristina Richwine, RN, and Kara

Grim, RN, for their help and support. Scientific editorial review was provided

by Monique N. O’Leary, PhD, of KalVista Pharmaceuticals. Medical writing

support for the development of this manuscript, under the direction of the au-

thors, was provided by Marisa DeGuzman, PhD, of Oxford PharmaGenesis

Inc, Newtown, Pennsylvania, and was funded by KalVista Pharmaceuticals.
REFERENCES

1. Busse PJ, Christiansen SC, Riedl MA, Banerji A, Bernstein JA, Castaldo AJ, et al.

US HAEA Medical Advisory Board 2020 guidelines for the management of hered-

itary angioedema. J Allergy Clin Immunol Pract 2021;9:132-50.e3.

2. Maurer M, Magerl M, Betschel S, Aberer W, Ansotegui IJ, Aygoren-Pursun E,

et al. The international WAO/EAACI guideline for the management of hereditary

angioedema—the 2021 revision and update. Allergy 2022;77:1961-90.

3. Lumry WR, Settipane RA. Hereditary angioedema: epidemiology and burden of

disease. Allergy Asthma Proc 2020;41:S08-13.

4. Jones D, Zafra H, Anderson J. Managing diagnosis, treatment, and burden of dis-

ease in hereditary angioedema patients with normal C1-esterase inhibitor. J Asthma

Allergy 2023;16:447-60.

5. Christiansen SC, Wilmot J, Castaldo AJ, Zuraw BL. The US Hereditary Angioedema

Association Scientific Registry: hereditary angioedema demographics, disease severity,

and comorbidities. Ann Allergy Asthma Immunol 2023;131:766-74.e8.

6. Bork K, Hardt J, Witzke G. Fatal laryngeal attacks and mortality in hereditary an-

gioedema due to C1-INH deficiency. J Allergy Clin Immunol 2012;130:692-7.

7. Betschel S, Badiou J, Binkley K, Hebert J, Kanani A, Keith P, et al. Canadian he-

reditary angioedema guideline. Allergy Asthma Clin Immunol 2014;10:50.

8. Reshef A, Buttgereit T, Betschel SD, Caballero T, Farkas H, Grumach AS, et al. The

definition, acronyms, nomenclature, and classification of angioedema: AAAAI,

ACAAI, ACARE, and APAACI DANCE Consensus. J Allergy Clin Immunol 2024.

9. Vincent D, Parsopoulou F, Martin L, Gaboriaud C, Demongeot J, Loules G, et al.

Hereditary angioedema with normal C1 inhibitor associated with carboxypeptidase

N deficiency. J Allergy Clin Immunol Glob 2024;3:100223.

10. D’Apolito M, Santacroce R, Vazquez DO, Cordisco G, Fantini CA, D’Andrea G,

et al. DAB2IP associates with hereditary angioedema: insights into the role of

VEGF signaling in HAE pathophysiology. J Allergy Clin Immunol 2024.

11. Betschel S, Badiou J, Binkley K, Borici-Mazi R, Hebert J, Kanani A, et al. The

International/Canadian hereditary angioedema guideline. Allergy Asthma Clin Im-

munol 2019;15:72.

12. Riedl MA, Danese M, Danese S, Ulloa J, Maetzel A, Audhya PK. Hereditary an-

gioedema with normal C1 inhibitor: US survey of prevalence and provider practice

patterns. J Allergy Clin Immunol Pract 2023;11:2450-6.e6.

13. Maurer M, Aberer W, Agondi R, Al-Ahmad M, Al-Nesf MA, Ansotegui I, et al.

Definition, aims, and implementation of GA2LEN/HAEi Angioedema Centers of

Reference and Excellence. Allergy 2020;75:2115-23.

14. Veronez CL, Moreno AS, Constantino-Silva RN, Maia LSM, Ferriani MPL, Castro

FFM, et al. Hereditary angioedema with normal C1 inhibitor and F12 mutations in

42 Brazilian families. J Allergy Clin Immunol Pract 2018;6:1209-16.e8.

15. Bork K, Machnig T, Wulff K, Witzke G, Prusty S, Hardt J. Clinical features of

genetically characterized types of hereditary angioedema with normal C1 inhibitor:

a systematic review of qualitative evidence. Orphanet J Rare Dis 2020;15:289.

16. Bork K. Diagnosis and treatment of hereditary angioedema with normal C1 inhib-

itor. Allergy Asthma Clin Immunol 2010;6:15.

17. Grumach AS, Henriques MT, Bardou MLD, Pontarolli DA, Botha J, Correa M,

et al. Icatibant use in Brazilian patients with hereditary angioedema (HAE) type

1 or 2 and HAE with normal C1-INH levels: findings from the Icatibant Outcome

Survey Registry Study. An Bras Dermatol 2022;97:448-57.

18. Porebski G, Kwitniewski M, Reshef A. Biomarkers in hereditary angioedema. Clin

Rev Allergy Immunol 2021;60:404-15.

19. Zuraw BL, Bork K, Binkley KE, Banerji A, Christiansen SC, Castaldo A, et al.

Hereditary angioedema with normal C1 inhibitor function: consensus of an inter-

national expert panel. Allergy Asthma Proc 2012;33(suppl 1):S145-56.

20. Buttgereit T, Fijen LM, Vera C, Bergmann KC, Maurer M, Magerl M. Case report:

recurrent angioedema: diagnosing the rare and the frequent. Front Med (Lausanne)

2022;9:1048480.

21. Grumach AS, Veronez CL, Csuka D, Farkas H. Angioedema without wheals:

challenges in laboratorial diagnosis. Front Immunol 2021;12:785736.

22. A study of lanadelumab in teenagers and adults to prevent acute attacks of

non-histaminergic angioedema with normal C1-inhibitor (C1-INH). Study

NCT04206605. Available at: https://clinicaltrials.gov/study/NCT04206605.

23. Geba D, Mohd Sani J, Gascon M, Hahn R, Aggarwal K, Rosselli J. Hereditary

angioedema patients would prefer newer-generation oral prophylaxis. J Drug

Assess 2021;10:51-6.

24. BioCryst Pharmaceuticals. Orladeyo (berotralstat) capsules, for oral use. Prescrib-

ing information; 2023. Available at: https://www.biocryst.com/wp-content/uploads/

ORLADEYO_USPI.pdf.

25. Riedl MA, Farkas H, Aygoren-Pursun E, Psarros F, Soteres DF, Staevska M, et al.

Oral sebetralstat for on-demand treatment of hereditary angioedema attacks. N

Engl J Med 2024;391:32-43.

http://acare-network.com
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref1
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref1
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref1
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref2
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref2
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref2
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref3
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref3
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref4
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref4
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref4
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref5
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref5
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref5
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref6
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref6
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref7
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref7
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref8
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref8
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref8
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref9
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref9
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref9
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref10
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref10
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref10
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref11
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref11
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref11
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref12
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref12
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref12
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref13
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref13
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref13
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref13
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref14
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref14
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref14
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref15
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref15
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref15
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref16
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref16
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref17
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref17
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref17
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref17
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref18
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref18
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref19
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref19
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref19
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref20
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref20
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref20
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref21
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref21
https://clinicaltrials.gov/study/NCT04206605
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref23
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref23
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref23
https://www.biocryst.com/wp-content/uploads/ORLADEYO_USPI.pdf
https://www.biocryst.com/wp-content/uploads/ORLADEYO_USPI.pdf
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref25
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref25
http://refhub.elsevier.com/S2772-8293(25)00047-5/sref25

	Global frequency, diagnosis, and treatment of hereditary angioedema with normal C1 inhibitor
	Methods
	Data collection
	Data analysis

	Results
	Survey participants and findings
	HAE-nC1INH frequency estimates
	HAE-nC1INH diagnosis-related findings
	HAE-nC1INH treatment patterns
	On-demand treatment
	Prophylactic treatment
	Unmet treatment needs


	Discussion
	Disclosure statement
	References


