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Hereditary angioedema in Austria:
prevalence and regional peculiarities

Summary

Background: Data on the prevalence and clinical features of Austrian patients with
hereditary angioedema (HAE) with Ci-inhibitor (C1-INH) deficiency (HAE-1) or dysfun-
ction (HAE-2) are lacking.

Methods: Current baseline data were collected in a national survey. The records of
HAE patients at the Medical University of Graz were analyzed with regard to clinical
characteristics.

Results: A total of 137 patients were identified, yielding a prevalence of 1: 64,396. The
median age at the onset of symptoms was 6.5 years, and the median age at the time of
correct diagnosis 21.0 years. The median delay in diagnosis was 15.0 years for newly di-
agnosed patients without a family history of HAE. Patients with a family history of HAE
received an immediate diagnosis. HAE patients without a family history of HAE and
born before 1960 had to wait a median of 16.0 years until they were diagnosed correc-
tly. Patients born after 1980 still experienced a median diagnostic delay of 6.5 years.
Conclusion: Patients with this condition still face an excessive diagnostic delay in
some parts of Austria, or their disorder may even remain unrecognized by specialists.
This underlines the need for better awareness of the disease.

history of HAE, and may therefore be classified as de novo
mutants [3]. Low levels of functional C1-INH result in exces-

Hereditary angioedema (HAE) is a rare autosomal domi-
nant genetic condition with an estimated prevalence of
1 : 50,000 [1]. Several mutations in the SERPING1 gene
have been reported to cause HAE-1, which is characterized
by low functional and antigen levels of the C1 inhibitor (C1-
INH), or HAE-2, which is marked by low functional levels
but normal or elevated antigen levels [2]. HAE-1 accounts for
about 85 % of cases of inherited bradykinin-induced angi-
oedema, whereas 15 % of mutations in the SERPINGI gene
result in HAE-2. Approximately 25 % of C1-INH-HAE pa-
tients have typical symptoms of angioedema with no family

sive generation of bradykinin (the key mediator of HAE) due
to uncontrolled activation of the plasma contact system. This
leads to a transient increase in local vascular permeability
and blood vessel dilatation in the deeper layers of the skin
and mucous membranes, causing episodes of edema [4]. Re-
current angioedema attacks typically have a non-pruritic,
non-pitting nature and may occur at virtually any site of the
body. Frequent locations are the extremities as well as the
genitourinary and gastrointestinal tracts, where untreated
angioedema attacks may not only be disfiguring but especial-
ly painful as well. Angioedema attacks in the upper airways
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may lead to asphyxiation and death if not treated appropri-
ately with a timely response [5]. Hereditary angioedema is a
rare condition and is frequently misdiagnosed or overlooked,
thus delaying the patients’ access to appropriate treatment.
The swelling that is characteristic of HAE is frequently mis-
diagnosed as an allergy and treated inappropriately [6].

The available treatment options for acute treatment as
well as short-term and long-term prophylaxis include a vari-
ety of options that have emerged over the past decade. Less
than ten years ago, attenuated androgens were the standard
choice for long-term prophylaxis in HAE patients. However,
this treatment was viewed skeptically because of its potential
side effects. Since the risk of adverse events with the use of
androgens increases in a dose- and time-dependent manner,
patients had to be monitored closely and physicians needed
to be mindful of adverse effects. Attenuated androgens are no
longer available in Germany or Austria. The fact that these
agents have to be imported from abroad makes it difficult
for the physician to prescribe them [7, 8]. In the absence of a
curative treatment for C1-INH-HAE, Austrian patients are
currently given C1-INH concentrates in an acute setting as
short-term treatment and long-term prophylaxis. Attacks
may be treated with icatibant, which antagonizes the bra-
dykinin B2 receptor and has proved to be effective in adole-
scents as well as children [9, 10]. All of the above-mentioned
therapy options are available in Austria. To the best of our
knowledge, fresh-frozen plasma and tranexamic acid are no
longer used for the treatment of HAE in Austria. Attenuated
androgens are still used by some patients who took them in
the past for long-term prophylaxis and still undergo regular
check-ups. Research on new oral kallikrein inhibitors for the
prevention of HAE attacks is currently in progress and has
yielded positive results [11].

National surveys of the prevalence of C1-INH-HAE are
scarce. Studies in Sweden, Italy and Norway, based on 146,
983, and 67 patients, respectively, reported minimum preva-
lences of 1 : 64,028, 1 : 66,284 and 1 : 66,597 respectively
[12-14]. Publications from Denmark, Spain, and Greece re-
ported national prevalences of 1 : 72,671, 1 : 91,162 and
1 : 93,235, respectively [15-17]. Two recent reports from
Slovenia and the Western Cape Province, South Africa, re-
ported lower prevalence rates of 1 per 105,000 and 1 per
140,000 inhabitants [18, 19]. The prevalence of C1-INH-
HAE in Austria has not yet been surveyed. In order to de-
termine the clinical characteristics of patients in Austria,
we retrospectively analyzed medical records at the Medical
University of Graz. The aim was to obtain reliable disease-
specific information about HAE-1/2 patients in Austria.

With regard to clinical characteristics, a retrospective
study encompassing a large number of C1-INH-HAE pati-
ents revealed that the vast majority of them experienced their
first symptoms in childhood or adolescence; these symptoms

then persisted throughout their lives [20]. More recent obser-
vations based on an analysis of the Icatibant Outcome Survey
(IOS) registry data, including 171 patients from eight centers
in Germany, Spain, Italy, France, the UK, Denmark, Israel
and Sweden, showed that the median age of patients at the
onset of symptoms was 12.0 years (mean 14.5 years), with
a median age at diagnosis of 24.3 years (mean 27.9 years),
and a median diagnostic delay of 8.5 years (mean 12.9 years)
21].

Methods

As of August 2017, we had sparse data on the prevalence
of HAE in Austria. A survey was initiated at Austrian de-
partments of dermatology, among local HAE experts and
among physicians from other disciplines who were known
to be aware of HAE and were listed on the homepage of the
Austrian patient organization. Dermatologists are frequently
the first doctors to diagnose HAE in Austria, because pati-
ents with a swelling commonly consult a dermatologist [22].
A total of 11 facilities and doctors throughout Austria were
contacted via email and requested to participate in a short
survey concerning HAE patients identified by them. Austri-
an patients with HAE tend to consult different doctors for
their condition, and we wished to avoid multiple counting
of patients. We asked for the following data: gender, initials,
year of birth, postal code, HAE type 1 or 2, and whether the
type of HAE had been identified. Only patients with con-
firmed C1-INH-HAE according to the consensus report of
the Hereditary Angioedema International Working Group
were included in the analysis [1]. Patients with other types
of bradykinin-mediated angioedema such as AAE-C1-INH
or HAE nC1-INH (HAE-FXII, HAE-ANGPTI, HAE-PLG,
HAE-UNK) were not included. Existing patient records at
the Medical University of Graz were analyzed with regard to
the onset of symptoms, age at diagnosis and diagnostic delay.

Different numbers of patients were analyzed for the indi-
vidual parameters as only complete and confirmed data were
processed; only patients who were alive at the time of data
analysis were included. Descriptive analysis of epidemiolo-
gical data was performed; the results are presented as means
and standard deviations (SD), median, Q1 and Q3 as well as
minimum and maximum values. We used the Mann-Whit-
ney U-test to compare the different categories of the onset
of symptoms, age at diagnosis, and delay from the onset of
symptoms to the correct diagnosis. The level of significance
was set to an alpha level of 0.05. Given the small quantity of
existing patient data for analysis, medians and means could
differ because outliers are liable to influence means and the
low patient numbers may influence median values. It there-
fore seems meaningful to view both mean and median data
in the present report. For the calculation of prevalence, we
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collected demographic data in September 2016 and in August
2018 from Statistik Austria, which is the official statistics
register in Austria (www.statistik.at).

Ethics approval was not required for the retrospective
analysis of clinical records or for the survey. Since Austri-
an law ensures the anonymity of patients, no ethics approval
was needed for data collection or analysis.

Results

The survey identified 137 C1-INH-HAE patients (43.8 %
male) living in Austria, amounting to a prevalence of
1 : 64,396 or 1.55 per 100,000 inhabitants. As shown in
Table 1 and in Figure 1 with a corresponding color code, the
prevalence varies throughout the federal provinces of Aust-
ria: from highest prevalence with 1 per 29,529 inhabitants in
Styria to provinces with few or no diagnosed HAE patients.
A detailed analysis of Styrian patients revealed 42 patients
in 17 unrelated families, with the extended family ranging
from 1 to 8 affected persons. Prevalence data were deter-
mined twice (2016 and 2018), and showed an increase in the
number of patients. The type of C1-INH-HAE is known for
96 of the 137 patients. Of these 96 patients, 80.2 % (n = 77)
had HAE-1 and 19.8 % (n = 19) had HAE-2. A total of 72
patients were identified in 27 unrelated families. The term
‘patients with a family history’ was defined as more than one
affected family member (horizontal/vertical relatives, dead
or alive). The term “patient without a family history” was
defined as the patient being the sole individual in the family
with HAE. Fourteen patients belonged to the latter category.
Genealogical information was not available for 51 patients.
The patients’ median age at the onset of symptoms was 6.5

years (range 3.0-67.0 years, mean 12.6, SD 13.0). No sig-
nificant difference was noted between male and female pa-
tients with regard to the onset of symptoms: the median age
of males at onset was 6.5 years (range 3.0-67.0 years, mean
12.3 years, SD 14.6), and the median age of females was 9.0
years (range 3.0-51.0 years, mean 12.9, SD 11.7). Figure 2
shows that HAE manifested early in life in the majority of pa-
tients. Our patient records at the Medical University of Graz
revealed that no patient developed symptoms before the age
of 3.0 years. Further analysis of age at the onset of symptoms
revealed that patients born before 1960 reported the onset
of symptoms significantly later in life (mean 20.4 years, SD
18.4) than patients born after 1960 (mean 8.8 years, SD 7.4,
p =0.004) and those born after 1980 (mean 7.6 years, SD 5.2,
p = 0.007). HAE-1 patients reported the onset of symptoms
at a median age of 6.0 years (range 3.0-51.0 years, mean
10.7, SD 10.7), and HAE-2 patients reported symptom onset
at a median age of 13.0 years (range 4.0-67.0 years, mean
18.4, SD 20.2). The difference was not significant (p = 0.131).
The overall median age of patients at the time of correct di-
agnosis for those with and without a family history of HAE
was 21.0 years (range 0.0-69.0 years, mean 22.9, SD 16.4).
The determination of diagnostic delay is important,
because patients who are symptomatic but have not yet been
correctly diagnosed with the condition will be given inappro-
priate treatment or no treatment at all. Analyzing patients
without a family history of HAE and those with a family
history of HAE who were the first to be diagnosed with the
disease in their family, we registered a median diagnostic de-
lay of 15.0 years (range 1.0-33.0 years, mean 15.0, SD 9.9).
Patients born before 1960 were diagnosed with a median
delay of 16.0 years (range 1.0-33.0 years, mean 17.6 years,

Table 1 HAE prevalence in Austria as of August 2018. Provinces are ranked from lowest to highest prevalence.

Austria Population Patients Prevalence Population Patients Prevalence
(2016) (09/2016) (2018) (08/2018)

Vorarlberg 381,000 o 391,741 o -
Tyrol 732,671 1 1: 732,671 751,140 1 1: 751,140
Carinthia 558,612 2 1: 279,306 560,898 2 1: 280,449
Burgenland 289,262 3 1: 96,421 292,675 3 1: 97,558
Lower Austria 1,643,001 11 1: 149,364 1,670,668 22 1: 75,939
Vienna 1,814,225 12 1: 151,185 1,888,776 30 1: 62,959
Upper Austria 1,444,122 18 1: 80,229 1,473,576 24 1: 61,399
Salzburg 541,439 6 1: 90,240 552,579 13 1: 42,506
Styria 1,225,187 37 1: 33,113 1,240,214 42 1: 29,529
Total 8,629,519 90 1: 95,884 8,822,267 137 1: 64,396
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Figure 1 Color-coded prevalence map of HAE in Austria as of August 2018. (Original map source: https://d-maps.com/m/

europa/austria/autriche/autriche68.pdf).

SD 11.8). This long period was reduced to a median of 12.0
years (range 1.0-27.0 years, mean 12.5, SD 7.6) for patients
born after 1960. A nearly significant difference in diagnostic
delay was noted for patients born before 1960 and those born
after 1980 (median 16.0 years [range 1.0-33.0] versus 6.5
years [range 1.0-15.0]; p = 0.057). If HAE had already been
diagnosed in a family member, the median delay in diagno-
sis for other affected family members was 0.0 years (range
—6.0t0 16.0, mean 0.5, SD 4.7) (Table 2). The negative values
in delay result from pre-symptomatic testing in some family

Discussion

Our nationwide survey revealed an overall prevalence of 1 in
64,396 inhabitants, with a prevalence of at least 1: 29,529
or 3.39 per 100,000 inhabitants in Styria. Styria is one of
nine federal provinces in Austria, with 42 HAE patients in
a population of more than 1.2 million. The high prevalence
in Styria may be explained by the fact that, in Austria, HAE
is primarily diagnosed by dermatologists. Styria has just
one hospital department of dermatology (at the Medical

members. University of Graz) which performs biochemical C1-INH
2
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Table 2 Epidemiological data of Austrian HAE patients as of August 2018.

Characteristics of HAE patients in Austria N [%]

Total number (as of August 2018) 137 100

Male 60 43.8

Female 77 56.2

Diagnosis N2 [%]°

HAE-1 (confirmed) 77 80.2

HAE-2 (confirmed) 19 19.8

Patients without HAE-1/2 type identification 4

Inheritance Na [%]

Unrelated HAE families 27

Patients with a family history of HAE® 72 83.7

Patients without a family history of HAE¢ 14 16.3

Patients with no information on inheritance 51

Age at onset of HAE symptoms [y] Mean +SD N2 Median Q1 Q3 Min Max
Total 12.6 (x13.0) 40 6.5 4.75 17.25 3.0 67.0
Male 12.3 (£14.6) 20 6.5 5.0 12.75 3.0 67.0
Female 12.9 (x11.7) 20 9.0 4.75 17.25 3.0 51.0
HAE patients born before 1960 20.4 (#18.4) 13 16.0 9.0 19.0 5.0 67.0
HAE patients born after 1960 8.8 (£7.4) 27 5.0 4.5 1.5 3.0 28.0
HAE patients born after 1980 7.6 (#5.2) M 6.0 5.0 13.5 3.0 51.0
HAE-1 10.7 (#10.7) 27 6.0 5.0 13.5 3.0 51.0
HAE-2 18.4 (£20.2) 8 13.0 9.0 16.0 4.0 67.0
Age at correct diagnosis [y] Mean +SD N2 Median Q1 Q3 Min Max
HAE patients (total) 22.9 (£16.4) 55 21.0 8.5 31.0 0.0 69.0
Diagnostic delay [y] Mean +SD N2 Median Q1 Q3 Min Max
Total® 15.0 (£9.9) 23 15.0 8.0 19.5 1.0 33.0
HAE patients born before 1960¢ 17.6 *11.8) 11 16.0 9.5 29.0 1.0 33.0
HAE patients born after 1960°¢ 12.5 (x7.6) 12 12.0 3.0 15.75 1.0 27.0
HAE patients born after 1980° 7.2 (£5.9) 6 6.5 2.25 1.5 1.0 15.0
Patients with a family history of HAE 0.5 (x4.7) 17 0.0 —1.0 0.0 —-6.0 16.0

2Number of analyzed patients varies, since only complete and confirmed data have been processed.

bPercentage refers to patients with confirmed HAE-1/2 diagnosis (n = 96).

Positive family history = more than one affected person in the family (horizontal/vertical, dead or alive).

dPatients with no affected family member reported in the previous, same or next generation.

¢Calculated on the basis of data from patients without a family history of HAE and data from patients with a family history
of HAE who were the first in their families to be diagnosed with HAE.
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antigen and function testing. The department is well known
throughout the federal province for its expertise in the field
of angioedema. Thus, patients anywhere in Styria are li-
kely to be referred to this department for clarification of
any ambiguous angioedema-like symptoms. The 42 Styrian
patients belong to 17 unrelated families. New mutations
causing C1-INH-HAE at a rate of 1 : 72,953 have been
detected in the Styrian population. This de novo mutation
rate is based on a manageable number of unrelated families.
We estimate a de novo mutation rate of about 1 : 50,000 to
1:100,000 in the SERPINGT1 gene region, amounting to a
high overall prevalence of about 1: 30,000 to 1 : 50,000 for
Austria (based on our data showing an average of 2.5 pati-
ents per HAE family). This is indicative of a large number of
unreported, unknown, or undiagnosed patients. Since our
survey yielded 137 patients, we assume that 22-53 % are
not yet diagnosed. Assuming a C1-INH-HAE prevalence
range of 1:30,000to 1:50,000, we may estimate a total of
176 to 294 C1-INH-HAE patients in Austria. This would
be consistent with previously published data on percentages
of diagnosed versus non-diagnosed patients [23].

Prevalence data from other federal provinces of Austria
revealed lower prevalence rates than those in Styria. This
has several reasons. First, although we contacted HAE spe-
cialists at hospital departments as well as physicians who
were known to be aware of HAE, listed on the homepage
of the Austrian HAE patients’ organization and therefore
with expertise in the subject, other physicians may also tre-
at HAE patients. Secondly, our nationwide survey yielded
a response rate of only close to 45 % (5/11), with responses
from Vienna, Upper Austria and Salzburg. Furthermore,
we are aware of patients from certain regions of Austria
who visit specialists in a neighboring federal province with
an established HAE care center, indicating cross-regional
patient care. The survey responses revealed 15 patients
from outside Styria who had attended our department.
Other reasons for the low prevalence rates may be misdiag-
nosis of patients with similar symptoms, undiagnosed pati-
ents, or the fact that C1-INH-HAE is a very rare disease in
these regions. All these factors may influence — to a greater
or lesser extent — the difference in prevalence rates among
the federal provinces of Austria.

Switzerland, a neighboring country, has nearly the same
number of inhabitants as Austria and similar numbers of
C1-INH-HAE patients; an investigation yielded 111 affec-
ted patients, who are believed to constitute 70 % of all HAE
patients in Switzerland [24]. A handful of national studies
have been performed on the prevalence of HAE. The highest
prevalence was noted in Sweden (1.56 patients per 100,000
inhabitants), followed by Italy and Norway with confirmed
prevalence rates of 1.51 per 100,000 and 1.50 per 100,000 re-
spectively [12-14]. A recent comparison of national prevalence

rates for C1-INH-HAE revealed that the epidemiology of this
condition is stable; its prevalence was about 1.50 per 100.000
across the six European countries that were compared [25].
Accurate estimates of the prevalence of C1-INH-HAE in a
given population are hindered by the rare occurrence of the
disease, poor awareness of the condition, the absence of estab-
lished registries, the small number of studies on the prevalence
and epidemiology of HAE, and diverse methods of data col-
lection (registries, data from patient organizations or surveys).

Laboratory data in our Austrian patient population re-
vealed HAE-1 in 80.2 % of patients and HAE-2 in 19.8 %,
which is similar to published reports (85 % and 15 %, res-
pectively) [26]. Information on C1-INH-HAE type identifi-
cation was not available in 41 out of 137 patients, meaning
that C1-INH antigenic levels have not been determined in
those patients to distinguish between C1-INH-HAE type 1
and type 2. Nevertheless, diagnosis of C1-INH-HAE has
been made according to the guidelines [1]. In our survey we
did not ask whether or not mutation analysis on the pati-
ents’ SERPINGI gene had been performed in order to con-
firm C1-INH-HAE 1/2 diagnosis, as biochemical testing is
sufficient to diagnose the condition. The patients’ median
age at the onset of symptoms was 6.5 years, which is lower
than that of patients enrolled in the IOS study (12.0 years)
[21]. Detailed analysis revealed a significant difference in
age at onset between HAE patients born before or after
1960 and those born after 1980 (p = 0.004; p = 0.007).
This may be explained by increasing awareness of the sym-
ptoms, especially in patients with a family history of HAE,
whereas patients born before 1960 may not associate the
symptoms experienced in childhood with manifestations of
HAE. Our comparison of mean values showed a slight dif-
ference: we registered a mean age of 12.6 years (SD 13.0)
compared to the published figure of 14.5 years (SD 12.3)
[21]. The high standard deviation was due to a few extre-
me outliers, such as an onset of symptoms at the age of 67
years. The overall median age at the time of correct diagno-
sis for patients with and without a family history of HAE
was 21.0 years (range 0.0-69.0 years, mean 22.9, SD 16.4).
Thus, the difference between the median age at the time of
correct diagnosis and the median age at the onset of sym-
ptoms does not concur with the median diagnostic delay
in years. The delay in correct diagnosis was derived from
the data of patients without a family history of HAE and
those with a family history of HAE who were the first to be
diagnosed with the disease in their family. In patients with
a positive family history we registered a median diagnostic
delay of 0.0 years (range —6 to 16 years), which would bias
the delay in favor of a misleading low median value. As a
result, we obtained an overall median diagnostic delay of
15.0 years, which is nearly double the time period reported
in the literature (8.5 years) [21].
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Comparing the diagnostic delay in subgroups of pa-
tients born before 1960 and after 1980, we noted a nearly
significant drop in the delay between the former and the lat-
ter (median 16.0 years vs 6.5 years; p = 0.057). It seems likely
that HAE is diagnosed correctly at an earlier point in time
after manifestation of the initial symptoms in patients born
after 1980 without a family history of HAE than in those
born before 1960.

Conclusion

This first-ever nationwide survey of the prevalence of C1-
INH-HAE in Austria yielded 1 patient per 64,396 inhab-
itants with remarkable local differences. Patients with C1-
INH-HAE appear to be quite unequally distributed among
the nine federal provinces of Austria with very low to very
high prevalence rates. Comparing the diagnostic delay in
subgroups of patients over three generations, we noted a re-
duction in the diagnostic delay, but younger patients without
a family history of the disease still face an unacceptable delay
of 6.5 years from experiencing their first attack to correct
diagnosis of HAE. The delay has clearly been shortened, but
further awareness of the disease is needed in order to dis-
tinguish HAE from other common causes of angioedema.
This would ensure that patients receive targeted therapy for
their condition on a timely basis. Our data also demonstrate
that higher awareness and better information and commu-
nication among doctors is essential in order to improve the
management and quality of life of those affected by this rare
disease.
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