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ABSTRACT

Background: We conducted our first patient survey at the 2013 hereditary angioedema (HAE) patient summit and learned
that, despite several novel therapies, the burden of disease was high.

Objective: To determine, from the patient’s perspective, if any improvements in the current state of HAE care occurred over
a two-year period between HAE patient summits.

Methods: A patient survey was conducted at the 2015 Hereditary Angioedema Association conference by using paper
surveys that aimed at understanding the current state of HAE care. Questions included patient characteristics, burden of
disease, and satisfaction with care and treatment options. Comparisons between patients with HAE with C1-inhibitor
(HAE-C1INH) and patients with HAE with normal C1-inhibitor (HAE-nlC1INH), as well as between patients with HAE in
2013 and 2015, were performed by using �2 tests.

Results: There were 232 surveys distributed, and 143 surveys were identified as complete for inclusion and analysis from
patients with self-reported HAE. Most patients had type I or type II HAE (67.5% [n � 106]), with a smaller number of patients
with HAE-nlC1INH (23.6% [n � 37]). In 2015, almost half of the patients with HAE-C1INH (47.1%) and 56.7% of the
patients with HAE-nlC1INH experienced a delay of �10 years between initial symptoms and diagnosis. Among the patients
with HAE-C1INH, 25% reported one or more attacks per week and another 48% reported experiencing one or more attacks per
month (fewer than one attack per week). The patients with HAE-nlC1INH reported attacks more frequently than did the
patients with HAE-C1INH (p � 0.002), with 59.5% who reported attacks at least once a week. Emergency care was reported
one or more times per month in 5% of the patients with HAE-C1INH and in 24.3% of the patients with HAE-nlC1INH.

Conclusion: Similar to 2013, although significant progress has been made, there is still a high burden of disease that faces
patients with HAE.

(Allergy Asthma Proc 39:212–223, 2018; doi: 10.2500/aap.2018.39.4123)

Hereditary angioedema (HAE) is a rare autosomal
dominant disorder that results from mutations in

alleles encoding for C1-inhibitor (C1-INH). Individuals

with HAE present with recurrent episodes of swelling
that most commonly affects the extremities, gastrointes-
tinal tract, face, or larynx. Most angioedema attacks are
self-limiting, but abdominal attacks cause severe pain,
nausea, and vomiting; swelling that affects the throat or
larynx may be fatal due to asphyxiation. HAE is classified
as either type I or type II; both forms have a dysfunctional
C1-INH protein. In 2000, HAE with normal C1-INH
(HAE-nlC1INH), previously referred to as type III HAE,
was initially described and remains poorly understood.1,2

Clinical symptoms of HAE-nlC1INH are indistinguish-
able from HAE type I and II (HAE-C1INH). However,
HAE-C1INH patients have normal plasma levels of func-
tional C1INH and complement levels.
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In 2013, with several novel HAE therapies available
(Cinryze, Berinert, Ecallantide and Icatibant), we con-
ducted our first patient survey at a HAE patient sum-
mit.3 We learned that the majority of patients had
access to effective on-demand treatment options at
home, with an emergency plan of care in place. This
represented significant progress compared with an his-
torical lack of effective HAE acute therapy in the
United States and underscored the impact of recent
clinical advances and publications in the HAE field at
that time. Although our initial study was not designed
to specifically assess quality of life, it seemed that,
compared with previous years, although more fre-
quent attacks are associated with lower quality of
life,4,5 the patients with HAE had better access to ef-
fective care and were more satisfied overall with the
management of their condition.6,7 Further improve-
ments are clearly needed, especially in the care of
patients with HAE-nlC1INH. Our findings highlighted
several continued difficulties faced by patients with
HAE, including long delays in diagnosis, dissatisfac-
tion with care during emergency department (ED) vis-
its, and breakthrough attacks, despite prophylactic
treatment, which emphasizes the need for continued
research and educational efforts aimed at decreasing
the burden of disease.

We repeated our patient survey, 2 years later, at the
next HAE patient summit in 2015 to determine if there
were any subsequent improvements in either quality of
life or the current state of HAE care from the patient
perspective. In this 2-year period, there was one addi-
tional U.S. Food and Drug Administration–approved
therapy for acute treatment of HAE attacks (recombi-
nant C1 esterase inhibitor). Several guidelines and
publications that focused on improving care were de-
veloped, which we hypothesized would translate into
improved HAE management and a reduction in the
burden of disease.8–10

METHODS

Questionnaire
Similar to the 2013 survey, questions were developed

in collaboration with HAE experts (A.B., P.B., M.R.,
S.C.) to characterize the current state of HAE care.
Questions fell into several broad categories, including
patient characteristics, burden of disease, satisfaction
with care, and treatment options, including on-de-
mand versus prophylactic treatment.

Data Collection
Data for this study were collected during one session

of the 2015 U.S. Hereditary Angioedema Association
(HAEA) National Patient Summit, held in Denver, Col-
orado, in October 2015. At the 2015 HAEA conference,
paper surveys were distributed to patients who were

attending the conference; patients were asked to fill out
the survey and return it to a collection bin. This was in
contrast to the 2013 HAEA conference where partici-
pant responses were captured by using an audience
response system (Padgett Communications, Tampa,
FL). The survey was optional, the patients who at-
tended the summit were self-selected, and all data,
including HAE diagnosis, were self-reported. The pur-
pose of the data collection was explained to patients by
the investigators before completion of the survey, and
patients were encouraged to completely fill out the
survey to the best of their ability. The paper survey
responses were coded and data were analyzed at Mas-
sachusetts General Hospital. Incomplete surveys were
excluded from analysis. The Partners Human Research
Committee granted a waiver for this study because no
identifying information was in the survey.

Statistical Analysis
Data were presented in frequencies and percentages.

To make data statistically comparable between the 2013
and 2015 questionnaires, all percentages presented in this
article included missing values if there were any associ-
ated with a specific question. The number of missing
values varied with each question, and the complete data
are summarized in the tables. The �2 tests were per-
formed among participants who completed the corre-
sponding questions. To ensure that there was no bias
associated with missing responses, we performed sensi-
tivity analyses, in which “missing” was included as a
category. By using sensitivity analysis (to include missing
data), none of the results that compared HAE-C1INH
and HAE-nlC1INH were different.

When comparing 2013 questionnaire responses with
2015, due to a higher response rate without missing
data in 2015 compared with 2013, responses to three
questions were significantly different among the pa-
tients with HAE-C1INH only if missing responses
were included: the time between the first attack and a
diagnosis, the frequency of HAE attacks during the
past year, and if physicians discussed a treatment plan
in a life-threatening HAE attack. After a deeper inves-
tigation into these questions, we observed that the
participants who responded to these questions had
almost identical distribution of responses and that the
missing responses were not from the same group of
participants. Thus, we did not expect bias concerning
missing responses from respondents. Comparisons of
demographics, burden of disease, satisfaction with
care, and treatment options between patients with
HAE-C1INH and patients with HAE-nlC1INH, as
well as between patients with HAE in 20133 and
2015, were performed by using �2 tests. A two-sided
p value of �0.05 was considered to be significant. All
analyses were performed by using SAS 9.4 (SAS
Institute, Inc., Cary, NC).
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RESULTS
There were 232 surveys sequentially numbered and

distributed to patients at the 2015 HAEA summit. Of
these, 169 were returned to the investigators. Twelve of
these surveys were excluded: four due to lack of com-
pletion (i.e., only the first page of the questions was
answered) and eight due to reliability concerns (i.e.,
multiple and/or no answers circled to many questions,
directions not followed, written comments such as “I
am not sure what you mean”). In sum, 157 surveys
were identified as complete for inclusion. The patients
who reported their HAE type as “other or I do not
know” were excluded from analysis due to reliability
of categorization concerns (8.9% [n � 14]). The patients
who self-reported type I HAE or type II HAE were
grouped together (67.5% [n � 106]) and were referred
to, in the survey, as having HAE-C1INH. The patients
with HAE-C1INH were analyzed separately from the
patients with HAE-nlC1INH (23.6% [n � 37]). Overall,
143 surveys from patients with self-reported HAE were
included in the data analysis. The 2013 HAEA patient
summit data3 included 186 patients with HAE, of
whom 80% were self-reported as having HAE-C1INH
and 20% as having HAE-nlC1INH.

Patient Characteristics
The patients with HAE-C1INH who attended the

2015 HAEA conference and completed this survey var-
ied in age from adolescents (0–15 years of age [6.6%])
through senior citizens (�65 years of age [8.5%]). Most
patients were between 46 and 65 years old (46–55 years
old [23.6%], 56–65 years old [22.6%]), and younger
adults, between 16 and 45 years of age, comprised
38.7% of the sample. Most patients with HAE-nlC1INH
were between 46 and 65 years old, and were, on aver-
age, older than the patients with HAE-C1INH who
attended the 2015 conference (p � 0.02) (Table 1). Al-
most half of the patients with HAE-C1INH (47.2%)
lived in cities (population of 100,000 to 1 million) or
large metropolitan areas (population of �1 million),
whereas 23.6% lived in rural areas (population of
�20,000) and 29.2% in small towns (population,
20,000–10,000). The age distribution and geographic
distribution of patients with HAE-C1INH between the
2013 and 2015 attendees was similar. In contrast,
whereas the patients with HAE-nlC1INH had similar
age distribution between the 2 survey years, their geo-
graphic distribution was dissimilar, with more patients
from small towns and cities in 2015 compared with
2013 (p � 0.04).

In the 2015 survey, 81.1% of the patients with HAE-
C1INH and 91.9% of the patients with HAE-nlC1INH
reported that an allergist/immunologist was their
main HAE health care provider. A majority of the
patients with HAE-C1INH (85.9%) experienced their

first HAE symptoms before the age of 18 years. Pa-
tients with HAE-nlC1INH were generally older when
they experienced their first angioedema symptoms
compared with the patients with HAE-C1INH, with
only 59.4% who experienced their first symptoms be-
fore age 18 years (p � 0.003). There were no differences
seen from 2013 when the majority of the patients with
HAE surveyed also had an allergist/immunologist as
the primary health care provider and reported a simi-
lar age of first angioedema symptoms.

Burden of Disease
In 2015, one-fourth of the patients with HAE-C1INH

were diagnosed within 1 year of onset of HAE symp-
toms, but almost half (47.1%) experienced a delay of
�10 years between the initial symptoms and diagnosis.
In 2013, 28.1% of patients had received a diagnosis
within 1 year of their first HAE attack and 28.2%
experienced a delay of �10 year between onset and
diagnosis. For patients with HAE-nlC1INH, 18.9%
were diagnosed within 1 year of symptoms onset, but
56.7% experienced a delay of �10 years. For the pa-
tients with HAE-nlC1INH, there was a significantly
longer time to diagnosis compared with the patients
with HAE-C1INH in 2013 (p � 0.02) but a similar delay
in 2015 (p � 0.38) (Fig 1).

In the 2015 survey, among the patients with HAE-
C1INH, 25% reported one or more attacks per week,
48% reported experiencing one or more attacks per
month (but fewer than one per week), and 26% re-
ported experiencing attacks fewer than once a month
(Fig 2a). This overall attack frequency reported in 2015
was similar to data from 2013 (p � 0.06). In 2015, the
patients with HAE-nlC1INH reported attacks more fre-
quently than did the patients with HAE-C1INH (p �
0.002), with 59.5% reporting attacks at least once a
week. Overall, the attack frequency in the patients with
HAE-nlC1INH was similar in 2013 and 2015 (p � 0.31)
(Fig 2b).

The patients were asked to estimate, on average, how
frequently they went to the urgent care center or the
ED, or were hospitalized for HAE. Among the patients
with HAE-C1INH, 83% reported emergency care fewer
times than once every 6 months, and 5% reported
emergency care more than once a month. Similarly, in
2013, 71% of the patients with HAE-C1INH reported
going to the ED or being hospitalized fewer than once
every 6 months, with only a small minority (8%) aver-
aging one or more visits per month. However, the 2013
survey did not ask about urgent care centers. In the
current survey, 24.3% of the patients with HAE-
nlC1INH reported emergency care at least once a
month, 29.7% reported once every 2–3 months, and
40.5% reported fewer than once every 6 months. Com-
pared with 2013, in 2015, the patients with HAE-
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nlC1INH sought out emergency care more frequently
(p � 0.05) (Fig 3).

Satisfaction with Care
In 2015, of the patients with HAE-C1INH, 46% re-

ported that they were not satisfied with the care they
received in the emergency setting; however, in 2013,
62% of patients reported that they were not satisfied
(p � 0.01) (Table 2). Most of the patients with HAE-
nlC1INH (70%) were not satisfied with their ED care;
this number was not significantly different from 2013
(77%). Although most patients were unsatisfied with
their emergency care, 90% of the patients with HAE-
C1INH reported that they were overall happy with the
care that their physician gave to help manage their
HAE; this has increased from 70% in 2013 (p � 0.003).
A majority of patients with HAE-nlC1INH reported

that they were happy with care from their physician,
again, significantly higher than in 2013 (81 versus 41%;
p � 0.007). In 2015, most patients with HAE-C1INH
reported being “very satisfied” or “moderately satis-
fied” with current on-demand and prophylactic treat-
ment options. A significantly lower number of patients
with HAE-nlC1INH were happy or satisfied with
emergency care (p � 0.04), the physician who provided
care (p � 0.04) on demand (p � 0.02), and prophylactic
treatment options (p � 0.002) compared with the pa-
tients with HAE-C1INH in the current survey.

Treatment Options
In 2015, 75% of the patients with HAE-C1INH and

73% of the patients with HAE-nlC1INH discussed an
individual treatment plan with their physician for life-
threatening HAE attacks (Table 3). In 2013, a smaller

Table 1 Characteristics of patients with HAE-C1INH and patients with HAE-nlC1INH

2013 2015

Patients with
HAE-C1INH,

no. (%)
(n � 149)

Patients with
HAE-nlC1INH,

no. (%)
(n � 37)

p Patients with
HAE-C1INH,

no. (%)
(n � 106)

Patients with
HAE-nlC1INH,

no. (%)
(n � 37)

p

Current age 0.75 0.02
0–15 y 12 (8.1) 2 (5.4) 7 (6.6) 3 (8.1)
16–25 y 12 (8.1) 4 (10.8) 12 (11.3) 3 (8.1)
26–35 y 27 (18.1) 9 (24.3) 13 (12.3) 5 (13.5)
36–45 y 26 (17.4) 6 (16.2) 16 (15.1) 9 (24.3)
46–55 y 39 (26.2) 9 (24.3) 25 (23.6) 16 (43.2)
56–65 y 19 (12.8) 5 (13.5) 24 (22.6) 1 (2.7)
�65 y 9 (6.0) 0 (0.0) 9 (8.5) 0 (0.0)
Missing 5 (3.4) 2 (5.4) 0 (0.0) 0 (0.0)

Area of residence 0.12 0.39
Rural (population �

20,000)
33 (22.1) 10 (27.0) 25 (23.6) 6 (16.2)

Small town (population
20,000 to 100,000)

39 (26.2) 7 (18.9) 31 (29.2) 10 (27.0)

City (population
100,000 to 1 million)

43 (28.9) 15 (40.5) 36 (34.0) 11 (29.7)

Large metropolitan area
(population �1
million)

22 (14.8) 1 (2.7) 14 (13.2) 9 (24.3)

Missing 12 (8.1) 4 (10.8) 0 (0.0) 1 (2.7)
Age of first symptoms 0.003 �0.001

0–5 y 38 (25.5) 3 (8.1) 34 (32.1) 4 (10.8)
6–10 y 30 (20.1) 2 (5.4) 25 (23.6) 4 (10.8)
11–17 y 48 (32.2) 14 (37.8) 32 (30.2) 14 (37.8)
18–25 y 14 (9.4) 8 (21.6) 9 (8.5) 4 (10.8)
�25 y 11 (7.4) 7 (18.9) 6 (5.7) 11 (29.7)
Missing 8 (5.4) 3 (8.1) 0 (0.0) 0 (0.0)

HAE-C1INH � Hereditary angioedema with C1-inhibitor; HAE-nlC1INH � hereditary angioedema with normal C1-
inhibitor.
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percentage of the patients with HAE-C1INH (66%) and
those with HAE-nlC1INH (43%) reported developing
individual treatment plans with their physicians. In
2015, 89% of the patients with HAE-C1INH had access
to on-demand medication, and, of these, 96% had on-
demand medication available at home. The patients
with HAE-C1INH on-demand availability and use
were similar between 2013 and 2015, whereas the pa-
tients with HAE-nlC1INH had increased access to on-
demand care from 2013 to 2015 (68 versus 95%; p �
0.02). More than half of the patients with HAE-C1INH
(55%) and 48.6% of the patients with HAE-nlC1INH
used on-demand medication �90% of the time to treat
attacks.

A rebound and/or recurrence of symptoms after
on-demand treatment was relatively rare, with 55% of
the patients with HAE-C1INH reported to have expe-

rienced rebound symptoms �5% of the time, and only
12% reported rebound symptoms �30% of the time.
However, when rebound symptoms occurred, almost
all of the patients with HAE-C1INH treated the symp-
toms; only 9% did not treat rebound symptoms, 34%
treated symptoms by using the same drug used for
on-demand care, and 17% used a different HAE drug.
In the 2015 survey, 28.6% of the patients with HAE-
nlC1INH reported rebound symptoms �5% of the
time. Among the patients with HAE-nlC1INH, 20% did
not treat rebound symptoms, 60% reused the same
HAE drug, and 14% opted for a different HAE drug.

The majority of the patients with HAE-C1INH (70%)
were using prophylactic therapy (Table 3). Among the
patients with HAE-C1INH who received prophylaxis,
93% received treatment in their home, either by self or
family administration of medication, or via home

Figure 1. The time between the first hered-
itary angioedema (HAE) attack and diagno-
sis (a) in 2013 and (b) in 2015. The com-
parisons between data of patients with HAE
with C1-inhibitor (HAE-C1INH) and the
patients with HAE with normal C1-inhibitor
(HAE-nlC1INH) were conducted by using
the �2 test.
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health care visits; these results were comparable with
the 2013 information.3 More than one-third (39%) re-
ported that they were “very satisfied” with their cur-
rent prophylactic treatment; 22% were “moderately
satisfied,” 6% were “mildly satisfied,” and 2% reported
they were “minimally satisfied” with current prophy-
laxis (Table 2). Among the patients with HAE-C1INH
who received prophylaxis, 20% reported breakthrough
attacks at least once per week, 31% reported break-
through attacks one to three times per month, 15%
reported breakthrough attacks once every 2–3 months,
and 34% reported breakthrough attacks fewer than
once every 6 months (Fig 4).

The patients with HAE-nlC1INH were less likely
than the patients with HAE-C1INH to be on prophy-
laxis (51 versus 70%; p � 0.02). Among the patients
with HAE-nlC1INH on prophylaxis, the majority (89%)
received in-home treatment. The proportion of the pa-
tients with HAE-nlC1INH on prophylaxis increased
markedly from 2013 to 2015; only 16% of the patients
with HAE-nlC1INH reported prophylactic treatment
in 2013 (p � 0.002). Breakthrough attacks despite pro-

phylaxis were reported by 42.1% of the patients with
HAE-nlC1INH at least two to three times a week, and
another 15.7% reported attacks at least once a week.

DISCUSSION
Our 2015 survey encompassed data from 106 pa-

tients with HAE-C1INH and 37 patients with HAE-
nlC1INH who attended a national U.S. patient summit.
A comparison with our report from 2013 revealed that
important progress had been made; however, the pa-
tients with HAE still face a significant burden of dis-
ease.11–13 Despite rapid advances in medicine and tech-
nology, there are still long delays in the time to HAE
diagnosis even after the initial onset of angioedema
symptoms. Patients are still experiencing attacks with
significant frequency with and without prophylaxis,
which negatively impacts quality of life. Although ED
utilization was not high, the care experienced by pa-
tients with HAE in the ED needs to be improved for a
substantial number of patients.14 On a positive note, an
increasing number of the patients with HAE had indi-

Figure 2. Frequencies of he-
reditary angioedema (HAE) at-
tacks reported during the past 1
year (a) among the patients with
HAE with C1-inhibitor (HAE-
C1INH) and (b) among the pa-
tients with HAE with normal
C1-inhibitor (HAE-nlC1INH).
The comparisons between 2013
and 2015 data were conducted
by using the �2 test.

Allergy and Asthma Proceedings 217



vidualized treatment plans and a significant majority
had access to on-demand therapy available at home,
which confirmed our hypothesis that the publication of
multiple guidelines targeted to improve HAE manage-
ment may have had a favorable impact. Overall, ad-
vances in patient care are clear but improvements in
disease recognition, care options, and management
continue to represent an unmet need for HAE.

Patients with HAE are most frequently managed by
allergist/immunologists, and patients with HAE are
reporting strong satisfaction with the overall care they
are receiving. It is important to note that this satisfac-
tion has improved significantly even within 2 years
from 2013. There have been numerous online educa-
tional programs, presentations at national allergy con-
ferences, and publications geared toward the practic-
ing allergist/immunologists that we suspect have
contributed to these positive findings. Recently pub-

lished guidelines focus on the importance of HAE ac-
tion plans,8,10 and this seems to have influenced care
delivery reflected by our findings, which depicted a
high frequency of individualized treatment plans. It
will be important to continue these educational efforts
as the field advances but consider innovative ways to
target physicians in disciplines that would encounter
patients with HAE.

The improvement in the satisfaction of care in the ED
reported by the patients with HAE-C1INH in the ED is
commendable but more work is needed. The existing
disparity between the level of satisfaction with ED care
versus specialist physician care points to the need for
greater coordination of care with local EDs for patients
with HAE, which could include telephone discussions
by a specialist physician with ED directors about indi-
vidualized plans of care for patients with HAE by
detailing specifics. When possible, flagging a medical

Figure 3. The frequency of ur-
gent care center, emergency de-
partment, or hospitalization vis-
its for hereditary angioedema
(HAE) attacks among (a) the pa-
tients with HAE with C1-inhib-
itor (HAE-C1INH) and (b) the
patients with HAE with normal
C1-inhibitor (HAE-nlC1INH).
The comparisons between 2013
and 2015 data were conducted
by using the �2 test.
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record to indicate the rare condition and the unique
specific treatment required may be beneficial.15 Pa-
tients with HAE report long wait times before proper
treatment is administered.14 Written HAE action plans
carried by patients with HAE and calling the ED in
advance of the patient’s arrival for management of an
ongoing HAE attack has been successful. The HAEA
consensus document specifically concluded that a com-
prehensive individualized management plan devel-
oped between an expert HAE physician and the pa-
tient, in collaboration with local medical providers and
the ED, can provide patients with the best opportunity

to lead a normal life.10 Further research could examine,
more specifically, measures that have been successful
in the ED to manage similar chronic conditions with
acute or life-threatening symptoms.

Our survey found an increase in utilization of the ED
by the patients with HAE-nlC1INH in 2015 compared
with 2013. In contrast, patients with HAE-C1INH re-
ported infrequent ED visits. The reasons for the in-
crease among the patients with HAE-nlC1INH were
not clear and were unfortunately not assessed in the
survey. We know that, in contrast to HAE-C1INH,
there are no quick definitive laboratory tests to confirm

Table 2 Satisfaction with care in the patients with HAE-C1INH and the patients with HAE-nlC1INH

Patients with HAE-C1INH,
no. (%) (n � 106)

Patients with HAE-nlC1INH,
no. (%) (n � 37)

p Value

Satisfaction with the care in the urgent
care center or emergency
department

0.04

Yes 42 (39.6) 9 (24.3)
No 49 (46.2) 26 (70.3)
Missing 15 (14.2) 2 (5.4)

Satisfaction with the care physician
provided to manage HAE

0.04

Yes 95 (89.6) 30 (81.1)
No 7 (6.6) 7 (18.9)
Missing 4 (3.8) 0 (0.0)

Satisfaction with on-demand
(“rescue”) medication*

�0.001

Not at all 0 (0.0) 1 (2.9)
Minimally satisfied 1 (1.1) 4 (11.4)
Mildly satisfied 5 (5.3) 2 (5.7)
Moderately satisfied 10 (10.6) 13 (37.1)
Very satisfied 38 (40.4) 13 (37.1)
Not applicable 1 (1.1) 0 (0.0)
Missing 39 (41.5) 2 (5.7)
Not using on-demand medication 12 2

Level of satisfaction with your current
prophylactic treatment#

0.003

Not at all 0 (0.0) 3 (15.8)
Minimally satisfied 2 (2.7) 0 (0.0)
Mildly satisfied 6 (8.1) 5 (26.3)
Moderately satisfied 23 (31.1) 6 (31.6)
Very satisfied 41 (55.4) 5 (26.3)
Not applicable 1 (1.4) 0 (0.0)
Missing 1 (1.4) 0 (0.0)
Not using prophylactic treatment 32 18

HAE-C1INH � Hereditary angioedema with C1-inhibitor; HAE-nlC1INH � hereditary angioedema with normal C1-
inhibitor; HAE � hereditary angioedema.
*Only included participants who reported using on-demand medication, including 94 patients with HAE-C1INH and 35
patients with HAE-nlC1INH.
#Only included participants who reported using prophylactic treatment, including 75 patients with HAE-C1INH and 19
patients with HAE-nlC1INH.
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Table 3 Treatment and management in the patients with HAE-C1INH and patients with HAE-nlC1INH

Patients with HAE-
C1INH, no. (%)

(n � 106)

Patients with HAE-
nlC1INH, no. (%)

(n � 37)

p Value

HAE physician talked about a treatment plan if the
patient has a life-threatening HAE attack?

Yes 79 (74.5) 27 (73.0) 0.84
No 24 (22.6) 9 (24.3)
Missing 3 (2.8) 1 (2.7)

Do you have on-demand (“rescue”) medication for
your HAE attacks?

0.43

Yes 94 (88.7) 35 (94.6)
No 10 (9.4) 2 (5.4)
Missing 2 (1.9) 0 (0.0)

Among patients with on-demand medication,
frequency of rebound, or recurrence after
treatment?*

0.03

�5% 52 (55.3) 10 (28.6)
6–10% 13 (13.8) 6 (17.1)
11–20% 8 (8.5) 5 (14.3)
21–30% 5 (5.3) 4 (11.4)
�30% 11 (11.7) 10 (28.6)
Missing 5 (5.3) 0 (0.0)
Not using on-demand medication 10 2

Percentage of HAE attacks treated with on-demand
medication*

0.09

0% 1 (0.9) 0 (0.0)
10% 15 (14.2) 1 (2.7)
25% 7 (6.6) 5 (13.5)
50% 9 (8.5) 5 (13.5)
75% 7 (6.6) 7 (18.9)
90% 13 (12.3) 6 (16.2)
100% 46 (43.4) 12 (32.4)
Missing 8 (7.5) 1 (2.7)
Not using on-demand medication 10 2

Prophylactic therapy 0.03
Yes 74 (69.8) 19 (51.4)
No 28 (26.4) 18 (48.6)
Missing 4 (3.8) 0 (0.0)

If you have prophylactic therapy, where do you
usually receive it?#

0.25

Home (self-treat or family assistance) 60 (81.1) 13 (68.4)
Home (home health care) 9 (12.2) 4 (21.1)
Physician’s office 3 (4.1) 0 (0.0)
ED or urgent care center 0 (0.0) 0 (0.0)
Other 2 (2.7) 2 (10.5)
Not using prophylactic therapy 28 18

What do you do usually do when you get a
breakthrough attack? (can have more than one
choices)#

Repeated the same drug 22 (29.7) 1 (5.3)
Use a different HAE drug 42 (56.8) 15 (78.9)
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a diagnosis of HAE-nlC1INH or U.S. Food and Drug
Administration–approved therapies, which makes the
diagnosis and management of patients with HAE-

nlC1INH in any setting more complex. Patients with
recurrent episodes of angioedema and with normal
laboratory test results are often labeled with HAE-

Figure 4. The frequency of a
hereditary angioedema (HAE)
breakthrough after prophylactic
therapy (a) among the patients
with HAE with C1-inhibitor
(HAE-C1INH) and (b) among
the patients with HAE with
normal C1-inhibitor (HAE-
nlC1INH). The comparisons be-
tween 2013 and 2015 were con-
ducted by using the �2 test.

Table 3 Continued

Patients with HAE-
C1INH, no. (%)

(n � 106)

Patients with HAE-
nlC1INH, no. (%)

(n � 37)

p Value

Go to the ED or urgent care center 3 (4.1) 3 (15.8)
I do not usually treat my rebound symptoms 5 (6.8) 1(5.3)
Not using prophylactic therapy 28 18

HAE-C1INH � Hereditary angioedema with C1-inhibitor; HAE-nlC1INH � hereditary angioedema with normal C1-
inhibitor; HAE � hereditary angioedema; ED � emergency department.
*Only included participants who reported using on-demand medication, including 94 patients with HAE-C1INH and 35
patients with HAE-nlC1INH.
#Only included participants who reported using prophylactic treatment, including 75 patients with HAE-C1INH and 19
patients with HAE-nlC1INH.
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nlC1INH; however, this diagnosis may be incorrect,
and the patient could, in fact, have difficult-to-treat
histaminergic angioedema. Understandably, when
there is no obvious food or medication trigger, it is
difficult to establish a precise cause of swelling in the
ED, and any life-threatening component needs to be
managed quickly and effectively. Along these lines, a
group of experts in the field of emergency medicine
and allergy/immunology created an evidence-based
algorithm approach that is critical to effective care.9

These types of efforts are essential for improving the
emergency care of patients who present with recurrent
angioedema regardless of etiology.

The burden of disease for HAE remains high. Our
survey found that patients are experiencing HAE at-
tacks with some frequency despite long-term prophy-
laxis, and there are still significant delays in diagnosis.
Published trials of long-term prophylaxis medications
available to patients show significant but not complete
prevention of symptoms, which leaves room for im-
provement in therapies. Promising data are emerging
from trials of additional novel prophylactic therapies,
which could help achieve the goal of patients with
HAE to lead normal lives and improving quality of
life.8,16,17 With various levels of confidence of patients
administering on-demand medication,18 physicians
must continue to manage patients with individualized
treatment plans and encourage patients with HAE to
treat all attacks, to treat the attack as soon as it is clearly
recognized, and to always carry two doses of on-de-
mand treatment.16 It is reassuring that patients with
HAE who receive long-term prophylaxis are largely
treated at home and are relatively satisfied with this
approach, likely due to the reduced burden of treat-
ment associated with home therapy.

Results of recent studies show an average delay in
diagnosis between symptom onset and disease diagno-
sis of 8–10 years,19–21 and we also found significant
delays in our survey. Although substantial efforts have
aimed to educate providers about HAE, long diagnos-
tic delays still exist for some patients. Testing family
members of patients with identified HAE for C1 inhib-
itor deficiency could markedly decrease this delay. Not
only is such family testing an effective screening
method in autosomal dominant genetic conditions, but
such an approach could be cost effective by decreasing
the number of unnecessary tests and procedures or-
dered.22 Multiple published guidelines and consensus
documents encourage testing of all family members,8,16

and this should be emphasized to patients with HAE
and to their family.

The limitations of our study included population
bias due to several factors. First, this was a self-selected
population that took the initiative to travel to an HAE
conference, which could indicate a group more en-
gaged with and knowledgeable about their disease

than the average patient with HAE. Thus, the results
may not be generalizable to the overall population of
individuals affected by HAE. Second, patients self-
reported their HAE diagnosis, which was not con-
firmed by diagnostic testing. This could have led to
both misreporting of the HAEA status and subtypes. It
was of particular concern in patients who reported an
HAE-nlC1INH diagnosis because no established con-
firmatory diagnostic tests exist outside of tests for fac-
tor XII mutations. There were likely differences in the
2015 versus 2013 HAE patient populations based on
the location of the meeting and who chose to attend.
These differences were difficult to assess. Also, similar
to the 2013 survey, data were gathered at a single time
point rather than longitudinally and not every patient
answered all the questions. However, our study had
several clear advantages, including simultaneous data
collection from a large number of patients with HAE
and assessing the current state of management from
the perspective of patients with HAE.

CONCLUSION
We reported descriptive data from a patient-based

survey of almost 150 patients with self-reported HAE.
Similar to the data from 2013 and other published
literature,23,24 our results indicated that significant
progress was made in effectively managing HAE, but a
high burden of disease remained for patients with
HAE. Additional recent advances in HAE therapy that
are more effective and easier to use are expected to
further reduce the burden of disease. Treatment dis-
parities and diagnostic challenges exist even more so
for patients with HAE-nlC1INH compared with pa-
tients with HAE-C1INH. Our findings highlight the
need for continued research and educational efforts
aimed at improving quality of life for all patients with
HAE.
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