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Abstract 

Background:  Hereditary angioedema (HAE) is a genetic disorder characterized by re-occurring swelling episodes 
called “attacks,” usually in the limbs, face, airways, and intestinal tract. New prophylactic therapies have reduced the 
frequency of these attacks. This study describes results from a literature review and clinician interviews assessing 
patient HAE symptom experiences and timing, and then evaluates whether existing patient-reported outcome (PRO) 
tools adequately reflect this experience.

Methods:  A targeted literature review as well as interviews with key opinion leaders (KOLs), were conducted to 
capture information about the patient experience and their symptoms. An assessment of various PROs was then 
conducted to determine how well they each covered HAE symptoms and impacts.

Results:  Nineteen HAE symptoms were identified. KOLs reported that patients on prophylactic therapy experienced 
some symptoms indicating an attack was imminent, but then never experienced an attack. The comparison of the 
different PROs found that the Hereditary Angioedema Patient-Reported Outcome was the instrument that most thor‑
oughly examined the symptoms of patients with HAE.

Conclusions:  Given the introduction of new prophylactic therapies, further research is needed to determine the 
effect of being attack-free for longer periods of time on health-related quality of life.
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Introduction
Hereditary angioedema (HAE) is a genetic disorder char-
acterized by re-occurring swelling episodes, usually in 
the limbs, face, airways, and intestinal tract [1]. HAE is 
estimated to impact one in 50,000 people [2, 3] and can 
potentially be life threatening, as swelling in the airways 
can lead to asphyxiation [4]. HAE onset can occur at 
any age [5], affecting males and females equally [2]. Epi-
sode or attack frequency can vary. However, attacks have 
occurred as often as every one to two weeks [3], and the 

swelling associated with an attack can last 2–5 days [6]. 
HAE attack triggers can vary greatly across patients, and 
in some cases, are unclear. Generally, triggers include 
emotional factors (such as anxiety or fear), physical 
stressors (such as exercise), and environmental factors 
[4].

Angioedema in the extremities and abdomen is the 
most common clinical symptom of an HAE attack. These 
main symptoms relate to large amounts of shifting flu-
ids, and pain related to edema around the face, joints, 
and extremities [1, 7]. While patients often present with 
a wide variety of symptoms, research to date has focused 
on the HAE symptoms that occur hours (most often) and 
days [7] before an attack, as well as during acute swell-
ing from an HAE attack [8]. Very little information is 
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available on symptoms experienced outside of the attack 
period by patients living with HAE, such as the days fol-
lowing the attack (when the swelling is subsiding), and 
the variable periods between HAE attacks.

Generally, treatment has focused on limiting morbidity 
and preventing mortality—thus improving health-related 
quality of life (HRQoL) [9]. Typical therapies include 
rescue medications that immediately treat attacks and 
prophylactic medications that prevent attacks. Differ-
ent therapies types have included monoclonal antibod-
ies, attenuated androgens, tranexamic acid, and esterase 
inhibitors [4, 10]. However, a considerable burden related 
to both HAE and its treatment still exists [10], which 
needs to be better understood in relation to how it 
impacts patients’ lives [11].

In recent years, several new, long-term, prophylactic 
HAE therapies have become available in various mar-
kets. Haegarda® is an example of a plasma-derived con-
centrate of C1-esterase inhibitor (human) (C1-INH) for 
subcutaneous administration twice weekly. Lanadelumab 
(Takhzyro®) is a plasma kallikrein inhibitor (mono-
clonal antibody) also used subcutaneously once every 
two weeks. Dosing every four weeks may be consid-
ered in some patients, according to the Food and Drug 
Administration (FDA) package insert [12]. Berotralstat 
(Orladeyo®) is an oral plasma kallikrein inhibitor admin-
istered once daily. As new prophylactic therapies are 
introduced, clinicians report observable changes in how 
their HAE patients experience symptoms—specifically, 
in terms of symptom type, severity, duration, pattern of 
occurrence, and frequency of HAE attacks. Variability in 
symptom experienced can be observed between patients, 
and in different attacks experienced by the same patient 
[11].

HAE symptoms across different timepoints in the HAE 
patient experience need to be considered and carefully 
defined. To date, the literature has focused on prodromal 
symptoms occurring just before swelling, during swell-
ing, and immediately after the swelling subsides. How-
ever, there is limited evidence of the patient symptom 
experience in-between attacks. More detailed descrip-
tions are needed, as symptoms and attacks change as 
patients receive treatment with the newer, long-term 
prophylactic therapies. Information is also needed on 
how these changes affect patients’ lives. In turn, this 
helps determine whether the most important concepts of 
the patient experience are being assessed.

Recent consensus reports on the burden of disease 
indicate that HAE may be associated with significant dis-
ease burden, which interferes with a patient’s quality of 
life both during and between attacks [13]. Determining 
HAE disease burden includes assessing attack frequency 
and severity, as well as quality of life effects. Changes in 

the patient experience raise questions about the ade-
quacy of current assessment tools to capture symptom 
changes across the patient HAE experience. When used 
correctly and consistently, these assessment tools can 
improve individualized treatment plans. In doing so, they 
could potentially reduce a patient’s annual treatment 
costs [14]. Finally, these assessment tools can also deter-
mine whether existing study endpoints efficiently evalu-
ate new therapies. In recent years, new instruments have 
been developed to better assess HRQoL aspects in this 
population, but it remains unclear whether these tools 
fully capture the patient experience with HAE symptoms, 
HAE’s overall burden, and the ability to reflect changes.

The primary aim of this paper is to describe the full 
range of symptoms reported by patients living with HAE 
and reflected in the literature. This paper also examines 
the content coverage of current measurement tools, 
to see if they are adequately capturing symptoms and 
impacts reported in the literature and by clinicians.

Materials and methods
A targeted literature review was conducted to identify 
the common symptoms associated with HAE outside 
of the attack phase, and to time the symptoms in rela-
tionship to an HAE attack. These symptoms could have 
occurred just before an attack (also known as “prodromal 
symptoms”), immediately after the attack as the swelling 
subsides, and between attacks. Clinical expert interviews 
(n = 11) were then conducted to further describe the 
HAE symptoms discussed by patients with their doctors, 
the timing and duration of symptoms, and the impres-
sions of clinicians from patient reports about symptom 
changes following the start of long-term prophylactic 
treatment. Finally, a comparison of content coverage 
was conducted for the existing HAE-specific assessment 
tools, to identify whether they were adequately address-
ing the patient-reported symptoms and impacts on new 
prophylactic therapies.

A targeted search strategy was developed to initi-
ate the literature review. OVID and Medline databases 
were searched using the categories listed in Table  1. 
Limits were applied to include only those articles pub-
lished in English between 2009 and 2019, and conducted 
with humans. Prior to screening the records using the 

Table 1  Search categories used in the literature review

Category Search term used

Indication Angioedema hereditary, hereditary angioedema

Period of time Non-attack, attack-free, basal, prodromal, period, 
interval, phase, between attacks

Additional Key Words Symptoms, prodromal symptoms
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eligibility criteria, duplicate entries were identified and 
removed. Records were then screened using the criteria 
described below.

Articles were included if they focused on describing 
HAE patient symptoms, and described at least one symp-
tom experienced by patients outside the swelling attack 
period. Reference lists from full-text articles were also 
reviewed to identify additional, potentially relevant cita-
tions. A data extraction template was developed to aid 
in the literature review. Information extracted from the 
literature included patient experiences with symptoms 
and impacts, as well as information about any assessment 
tools used in these studies.

US-based clinical experts were identified from those 
frequently presenting at HAE meetings, as well as pub-
lished specialists who are active in HAE research and 
treatment. Nineteen clinicians were identified from aca-
demic centers, large referral centers, and private practice; 
eleven agreed to participate in the qualitative interviews. 
Reasons for non-participation included lack of time to 
be involved, prohibitive contracting issues, and con-
flict of interest. A semi-structured qualitative interview 
guide was developed to facilitate discussion with clinical 
experts regarding HAE symptoms described by patients. 
Clinician interviews were conducted by trained qualita-
tive interviewers and lasted approximately 60 min. Sam-
ple interview guide questions included the following:

•	 What are the most common prodromal symptoms 
that you hear about from your patients who still have 
HAE attacks?

•	 What do your patients usually describe as the 
impacts on their daily lives because of these symp-
toms that they have before, after, and between HAE 
attacks?

•	 When you think about the symptoms that your 
patients have in between their HAE attacks, what are 
your thoughts about the source of these symptoms?

•	 When you think about the symptoms that your 
patients have in between their HAE attacks, what are 
your thoughts in general about treating and manag-
ing these between-attack symptoms?

Interviews were audio-recorded and transcribed; tran-
scripts were used for qualitative analysis. Areas of key 
interest included patients’ descriptions of their symp-
toms, when those symptoms occurred relative to the 
swelling attack, and the types of changes reported follow-
ing the start of long-term prophylactic treatment.

The resulting symptom and impact concepts identi-
fied in both the literature and clinician interviews were 
used to develop a conceptual disease model (CDM) 
that describes the patient experience with symptoms, 

impacts, severity, and treatment. The most frequently 
cited symptoms and impacts from the literature review 
were used to develop the CDM. This was later updated 
using the clinician interview results.

While previous work went into the development of 
HAE-specific disease models [15], our CDM describes 
the patient-reported signs and symptoms before, dur-
ing, after, and in between attacks. It also describes how 
HAE severity and the patient’s treatment choice influence 
one another. Reduction in HAE severity may then lessen 
limitations on recreational activities, social factors, and 
travel; as well as emotional impacts like anxiety, depres-
sion, and reduced quality of life (Fig. 1).

Several HAE-specific HRQoL assessment tools (PROs) 
were identified during the literature review. These PROs 
were reviewed for specific content coverage across the 
spectrum of patient-reported symptoms and impacts. 
The PROs that were identified as HAE-specific included 
the following: the 17-item Angioedema Quality of Life 
Score (AE-QoL) [16], the 25-item Hereditary Angi-
oedema Quality of Life Score (HAE-QoL) [17], the 
recently developed 27-item Hereditary Angioedema 
Association Quality of Life Score (HAEA-QoL) [18], the 
12-item Hereditary Angioedema Activity Score (HAE-
AS) [19], the 18-item Hereditary Angioedema PRO 
(HAE-PRO) [20], the Angioedema Control Test (AECT) 
[21], and the five-item Angioedema Activity Score (AAS) 
[22]. A matrix was developed to map the symptoms and 
impacts covered in each PRO, comparing the content 
coverage of these measures to the spectrum of patient-
reported symptoms and impacts from the published 
literature.

Results
Literature review
Of the 131 records identified in the literature review, 29 
were removed after limits were applied. Articles removed 
at this point included those published in a language other 
than English, outside the 2009 to 2019 timeframe, and 
on non-human subjects. Twenty duplicate entries were 
also removed, leaving 82 records to be screened using 
the eligibility criteria. Sixty records did not meet the eli-
gibility criteria, which yielded seven full-text articles and 
15 conference abstracts for review and data extraction. 
The studies covered in the published literature presented 
information from the patient perspective, with one 
exception—presenting information based on the clini-
cian’s view of the patient perspective (Fig. 2).

After combining different terminologies used to 
express the same symptoms, 20 types of symptoms 
were extracted from the literature to represent the 
HAE patient experience. The most frequently reported 
symptoms (aside from swelling) were fatigue, erythema 



Page 4 of 12Jean‑Baptiste et al. Orphanet Journal of Rare Diseases          (2022) 17:232 

marginatum, paresthesia, stinging, tingling, abdominal 
issues (i.e., cramping, stomach ache), nausea, vomiting, 
pain, rash, flu-like symptoms, pruritus, and rumbling 
throughout different body parts. Additional symptoms 
reported included irritability/short temper, bruises, 
transitory edema, appetite changes, headache, fatigue, 
restlessness, excessive perspiration, changes in body tem-
perature, and psychological issues (including depression/
sadness and anxiety).

Although patient symptoms were identified through-
out the literature, the timing of symptoms occurrence 
was most often described as “prodromal” (signaling the 
beginning of an attack) or during the swelling episode. 
Symptoms were seldom reported as occurring while the 
swelling subsided or in between attacks.

Clinician interviews
Eleven interviews were conducted with the identified 
clinical experts. Four clinicians were from academic cent-
ers, two were from large referral treatment centers, and 
five were in private practice. The private practice set-
tings treated 25–100 HAE patients, and the case load at 
the larger academic centers ranged from 100 to 180. The 
majority (75–95%) of the patient groups treated by inter-
viewed clinicians were type I or type II HAE.

Although there was broad acknowledgement that 
symptoms occurred outside of the swelling episodes, 
there was no consensus on how to precisely define the 
attack period—as well as the post-attack period—ver-
sus those symptoms occurring between attacks. In 
describing prodromal symptoms, most clinicians (n = 8) 
described this as any symptom experienced within a 
couple hours to a couple of days before the swelling epi-
sode (or the attack), whereas a few characterized these 
symptoms as specifically attack-related. Most clinicians 
(n = 8) described patients experiencing symptoms occur-
ring just prior to the swelling, during the actual swelling 
episode, after an episode as the swelling subsides, or in 
between episodes—which excludes the other time peri-
ods described above. This reflects how HAE symptoms 
could occur on a continuum.

While clinicians reported many of the same symp-
toms appearing in the literature, their interviews added 
more detail about these symptoms. For example, the 
physicians focused on different types of swelling based 
on the anatomical locations involved, and the tim-
ing of the symptoms in relation to swelling episodes. 
Clinician-reported symptoms included general swell-
ing, facial swelling, throat swelling, and peripheral 
angioedema in the hands or feet. Other non-swelling 
symptoms mentioned during clinician interviews 

Fig. 1  Conceptual (disease) model for HAE
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included fever, general aches and pain or muscle aches, 
numbness, the sensation of feeling “run down” or hav-
ing fatigue, and non-swelling abdominal symptoms 
(cramping, loose stools, nausea, vomiting). Except for 
the primary swelling symptoms that characterize HAE 
attacks, the symptoms that patients reported to clini-
cians occurred both before their HAE swelling attacks, 
and again after the swelling attack had peaked. In some 
cases, fatigue and abdominal symptoms continued into 
the period between HAE attacks. Other symptoms like 
rash, flu-like symptoms (fever, chills, etc.), and various 
paresthesias (burning, prickling, etc.) were experienced 
just prior to and following the acute attacks (as the 
swelling subsides). Of note, these were not reported in 
between attacks.

Finally, emotional symptoms (sadness, depression, 
worry, fear, anxiety) were reported throughout the 
HAE patient experience. Anxiety would focus on when 
another attack would begin. Once the attack started, the 
anxiety would switch to how severe the swelling would 
be before subsiding. Sadness and depression were expe-
rienced throughout the different HAE phases, related to 
the quality-of-life disruption.

One of the most prominent changes clinicians heard 
from patients being treated prophylactically with C1 INH 
inhibitors (such as Haegarda® and Firazyr®) or monoclo-
nal antibodies (like Takhzyro®) was that they still experi-
enced symptoms associated with attack onset—but now 
that they were on prophylactic treatment, these symp-
toms were not followed by an attack.

Symptom timing in relation to HAE attacks (swelling 
episodes)
As noted earlier, some of the symptoms reported in the 
literature were not always categorized by the timing in 
relation to swelling episodes. Thus, this information was 
not available for all symptoms. Also, clinicians’ responses 
regarding when their patients’ experienced symptoms 
were based on anecdotal recall of conversations with 
patients; it should be noted that this is not a typical line 
of inquiry in the clinical setting. Therefore, timing for 
only 19 symptoms was reported in the literature and 
clinician interviews (Fig. 3). Fourteen of these 19 symp-
toms (74%) occurred before the onset of an actual attack, 
five (36%) occurred during an attack, six (43%) occurred 
after an attack, and five (36%) occurred between attacks. 

Fig. 2  Abstracts identified, screened, and selected to review
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Nine symptoms (64%) also occurred across multiple 
timeframes.

Of the 19 symptoms identified in the literature review 
and clinician interviews with a timing designation, rash 
and fatigue were most often identified before and after 
an attack. Clinicians described swelling in the hands, fin-
gers, feet, face, and abdomen as the most common pro-
dromal symptoms—as well as key attack symptoms. Rash 
and fatigue were also commonly cited in the literature as 
prodromal.

CDM description
The CDM describes how various environmental, behav-
ioral, and health conditions—in combination with patient 
attributes—influence HAE severity, swelling severity and 
frequency, and the pattern and duration of signs and 
symptoms. HAE severity influences treatment choice—
particularly for long-term prophylaxis, which in turn 
influences the patient’s symptom experience, emotional 
impacts, and activity limitations (Fig. 1).

Content analysis of existing assessment tools
Several assessment tools were mentioned across both the 
literature review and clinical expert interviews. Those 
considered for content comparison include the five-item 
AAS [23, 24], the four-item AECT [21, 25], the 17-item 
AE-QoL [16, 26], the 18-item HAE-PRO [20], the 

12-item HAE-AS [19], the 25-item HAE-QoL [27], and 
the 27-item HAEA-QoL [28, 29].

The content of these tools was mapped to compare dif-
ferences between measures. The PROs identified varied 
in length. Some were four-item measures, while others 
included up to 27 items. The recall periods also varied, 
ranging from “None defined” (HAEA-QoL and HAE-
PRO) to “past 6 months” (HAE-QoL and HAE-AS). This 
is important to note because clinicians described widely 
varying timeframes for both symptom occurrence and 
intervals between attacks. No instruments inquired 
about the time period where symptoms occurred—effec-
tively preventing the assessment of changes in symptom 
and attack timing that many patients starting prophylaxis 
experience. Table 2 shows the coverage of symptom con-
cepts in existing instruments.

The AE-QoL is largely a quality of life measure more 
focused on impacts— not symptom coverage. Emotions 
such as anxiety or depression are coded with impacts, 
since they are a disease impact rather than a direct HAE 
symptom. The HAE-PRO and HAE-AS have detailed 
coverage of the swelling symptoms associated with 
attacks, but the HAE-PRO is the only instrument that 
provides any substantial coverage of other non-swelling 
symptoms. Only the HAE-PRO and HAEA-QoL address 
fatigue, which was frequently reported in both the litera-
ture review and clinician interviews. Only the HAE-PRO 
assesses attack severity and symptoms duration, and only 

Fig. 3  Time period where symptoms were experienced
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the AAS addresses the overall severity of swelling and 
pain (though in general, rather than for specific swelling 
locations).

Interference with work, productivity, and daily activi-
ties are covered in varying detail by several instru-
ments. The primary categories of life interference and 
burden identified in the literature—and mentioned in 

Table 2  Symptom coverage in existing HAE specific instruments

AAS Angioedema activity score, AECT angioedema control test, AE-QoL angioedema quality of life score, HAE-PRO hereditary angioedema PRO, HAE-AS hereditary 
angioedema activity score, HAE-QoL hereditary angioedema association quality of life, HAEA-QoL hereditary angioedema association

SYMPTOM—
content coverage 
of existing 
HAE-specific 
instruments

AE-QOL 17 items HAE PRO 18 
items

AECT 4 items AAS 5 items HAE-AS 12 items HAE-QOL 25 
items

HAEA-QOL 27 
items

Leg/foot swelling Yes Yes

Arm/hand/finger 
swelling

Yes Yes

Face swelling Yes

Throat swelling Yes

Abdominal swell‑
ing

Yes Yes

Genital swelling Yes

Swelling (unspeci‑
fied)

Yes

Tiredness/ fatigue/ 
energy levels

Yes Yes

Pain (muscle 
pain, joint pain, 
abdominal pain)

Yes

Skin symptoms 
(pain, redness, 
irritation)

Yes

Difficulty swallow‑
ing/ voice change

Yes

Respiratory dif‑
ficulty

Yes

Headache Yes

Dizziness

Other abdominal 
symptoms (such 
as cramps, loose 
stools)

Yes (Diarrhea 
Constipation)

Nausea Yes

Vomiting Yes

Difficulty urinating Yes

Overall frequency 
of attacks

Yes

Overall severity of 
attack

Yes

General duration 
of symptoms

Yes

Severity of swell‑
ing overall

Yes

Severity of pain/ 
discomfort overall

Yes

Time of day swell‑
ing took place

Yes

Recall Period Last 4 weeks None defined Past 3 months Past 24 h Past 6 months Past 6 months None defined
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the clinician interviews—were the impact on work and 
productivity, social relationships, emotions, and the 
ability to resume greater normalcy in daily life activi-
ties. The HRQoL and impact coverage of each assess-
ment tool are further described in Table 3.

While some measures focus more on assessing the 
patient’s symptomatic experience, others more broadly 
assess HAE disease burden—specifically, how much HAE 
might impact an individual’s daily functioning or overall 
quality of life. In this sense, disease burden reflects the 
degree to which symptoms might interfere with daily 
activities or overall quality of life. Although the AE-QoL, 
HAEA-QoL, and HAE-QoL do not cover symptoms, 
these two measures do have better coverage for emo-
tional impacts. Similarly, the four-item AECT also evalu-
ates HRQoL, specifically by assessing symptom bother 
and how well the prescribed therapy controls HAE. In 
looking across Tables 2 and 3, instruments like the HAE-
PRO and the HAE-AS show both symptomatic and 
impact content coverage.

When describing patient-reported symptom changes, 
clinicians described significant changes in severity and 
duration with both C1 INH inhibitors and monoclo-
nal antibodies. Only the HAE-PRO asks participants to 
describe symptom severity and duration. However, the 
AECT describes how bothersome these symptoms were 
and how well they are controlled by treatment.

Instrument content compared to literature review 
and clinician interview results
In addition to comparing each PRO’s content to each 
other, we also compared the symptoms and impacts 
identified in the literature and clinical expert interviews 
(Table  4). The 29 identified symptom concepts were 
grouped into similar categories and listed in the left col-
umn. The symptoms that are covered in existing HRQoL 
instruments have been highlighted in blue. The symp-
toms reported in the literature and discussed by clini-
cians but not covered in existing HAE instruments have 
been highlighted in green.

Based on this comparison, only the HAE-PRO, AAS, 
HAE-AS, and HAEA-QoL adequately assessed the symp-
toms described in the literature review and by clinicians. 
Of these four instruments, only the 18-item HAE-PRO 
identified more than three symptom categories. The 
HAE-PRO and HAE-AS provide the best detailed cover-
age of swelling symptoms by location, and the HAE-PRO 
provides the best coverage of non-swelling symptoms. 
Skin redness, rash, and eruptions are only covered by 
the HAE-PRO. Fatigue (including feeling tired and run 
down) is only covered by the HAE-PRO and the HAEA-
QoL (Table 4).

Symptoms identified from the literature review and 
expert clinician interviews—but not assessed in the 
assessment tools themselves—included flu-like symp-
toms, fever, itching, and nausea. Additionally, paranes-
thesia, numbness, and tingling were also reported in both 
the literature and by clinicians, and discussed as impor-
tant prodromal symptoms—yet not reflected in any 
instruments. Finally, less commonly reported symptoms 
(excessive sweating, temperature changes, mild bruising) 
are also not covered in the instruments (Table 4).

Discussion
The most frequently reported symptoms in both the lit-
erature review and clinical interviews included fatigue, 
rash, and abdominal symptoms. During an attack, the 
most frequently reported symptoms in both the litera-
ture and clinician interviews focused on different swell-
ing symptoms. While swelling symptoms were reported 
before or during an attack, non-swelling symptoms 
were also reported before and after attacks, as well as 
in between attacks. Although no specific consensus was 
reached about the definitions of “before, during, after, 
and between” attacks, it was generally recognized that 
symptoms occur outside the swelling episodes. The infor-
mation gained from the literature and clinician inter-
views shows a much broader patient experience with 
HAE symptoms and impacts. Additionally, all clinicians 
recognized that the current focus of patient care has 
moved from attack-specific to a broader, more holis-
tic definition of disease burden. Clinicians also felt that 
they have been hearing this broader picture of symptom-
related impacts from their patients.

The current PRO tools may not fully reflect the symp-
tom experience of HAE patients across this continuum 
of symptoms in their everyday lives. While the identi-
fied instruments have different recall periods, none of 
them assess the timeframe in which a particular symp-
tom occurred, whether that be before, during, after, or 
in between an attack. More research may be needed to 
better define and distinctively outline these timeframes. 
Additional research is needed to better understand and 
describe the changes occurring in symptom frequency 
and severity, attack frequency and severity, and dura-
tion for patients living with HAE and starting new pro-
phylactic therapies. Qualitative interviews with patients 
who live with HAE and have experienced different treat-
ment regimens will be required to better understand the 
impact of long-term prophylactic therapy and confirm 
whether being attack-free for longer durations effects 
on patients’ emotional well-being and functional status 
across all time periods. Further, it is unclear whether 
the patient-reported HAE symptoms in this study were 
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Table 3  Impact coverage in existing HAE-specific instruments

AAS angioedema activity score, AECT angioedema control test, AE-QoL angioedema quality of life score, HAE-PRO hereditary angioedema PRO, HAE-AS hereditary 
angioedema activity score, HAE-QoL hereditary angioedema association quality of life, HAEA-QoL hereditary angioedema association

IMPACT—
content coverage 
of existing 
HAE specific 
instruments

AE-QoL 17 items HAE-PRO 18 
items

AECT 4 items AAS 5 items HAE-AS 12 items HAE-QoL 25 
items

HAEA-QoL 27 
items

Ability to work/
productivity

Yes Yes Yes Yes

Ability to do physi‑
cal activity

Yes

Ability to carry out 
daily activities

Yes Yes Yes

Leisure time Yes Yes

Social relation‑
ships

Yes Yes Yes

Eating and drink‑
ing restricted

Yes

Sleep difficulties Yes

Tired during the 
day

Yes

Trouble concen‑
trating

Yes

Burden experi‑
enced by swelling

Yes

Ability to go to 
school

Yes

Going out in 
public

Yes

Ability to travel Yes Yes

ER visit due to HAE 
attack

Yes

HAE controlled by 
treatment

Yes

Worry about 
aspects of care 
and treatment

Yes

Bothered from 
unpredictability of 
HAE attack

Yes

General health Yes Yes

General quality 
of life

Yes

Bothered from 
unpredictability of 
HAE attack

Yes

Emotional impacts

 Feeling of 
enjoying life

Yes

 Mood/depres‑
sion

Yes Yes

 Anxiety/fear/
worry

Yes Yes Yes

 Embarrass‑
ment/shame 
(appearance)

Yes Yes Yes

Recall period Last 4 weeks None defined Past 3 weeks Past 24 h Past 6 months Past 6 months None defined
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side effects of the prophylactic treatments being taken. 
Larger quantitative studies are also needed to differenti-
ate between symptoms and treatment side effects at dif-
ferent timepoints.

Clinicians described their HAE patients as having dif-
ficulties with anxiety and depression, both before and 
after acute attacks. This suggests that patients living 
with HAE experience both physical symptoms and emo-
tional impacts. Further research is needed to characterize 
patients’ emotional impacts, and if they change following 
the start of long-term prophylaxis. It is noteworthy that 
patients with long-term prophylactic therapy still experi-
ence prodromal symptoms that do not necessarily lead to 
an intensification of the swelling episode, because their 
anxiety level about an impending attack will likely lessen 
(since the usual warning signs no longer indicate such an 
imminent attack).

Several PRO instruments exist, and collectively they 
address many of the HAE symptoms faced by patients. 
However, of the seven PROs assessed, only the HAE-
PRO adequately addressed the symptoms raised in the 
literature review and clinical expert interviews; how-
ever, several key areas remain unaddressed. Only the 
HAE-PRO assessed the attack severity and symptom 
duration, and only the AAS addresses the overall sever-
ity of swelling and pain—but in general, rather than for 
specific symptom locations. The AECT also asks par-
ticipants to describe how bothersome these symptoms 
were and how well they were controlled by treatment. 
The AE-QoL and HAEA-QoL provided the most con-
tent coverage for the impacts raised by patients liv-
ing with HAE, both in the literature and from clinical 
expert interviews. In looking at an evolving patient 
experience, it is important to re-evaluate what concepts 
are being assessed, the length of time these concepts 
occur, whether these are the best concepts to reflect the 

Table 4  Coverage in existing HAE-specific instruments for symptoms reported in literature and by clinicians

Symptoms reported in literature 
and key opinion leader interviews

AE-
QOL

17 
items

HAE PRO
18 items

AECT
4 

items

AAS
5 

items

HAE-
AS
12 

item

HAE-
QOL

25 
items

Erythema marginatum (rash) Yes
Hives/Urticaria-like skin eruptions
Fatigue/ feeling 'run down' Yes Yes
Flu-like symptoms
Fever
Paresthesias (burning/prickling 
sensation)
Numbness
Tingling 
Pruritus
Mild Bruises
Nausea
Abdominal symptoms (GI discomfort, 
uneasiness in stomach, loose stool)

Yes (Diarrhea/ 
Constipation)

Pain Yes
Aches and pain or muscle aches
Headache Yes
Feet swelling Yes Yes
Facial swelling Yes Yes
Abdominal swelling Yes Yes
Throat swelling Yes
General swelling Yes
Excessive perspiration
Change in temperature perception
AAS Angioedema activity score, AECT angioedema control test, AE-QoL angioedema quality of life score, HAE-PRO hereditary angioedema PRO, HAE-AS hereditary 
angioedema activity score, HAE-QoL hereditary angioedema association quality of life, HAEA-QoL hereditary angioedema association

Blue cells = Symptom identified in at least one instrument; Green cells = Symptom not included in any instrument
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treatment goals, and whether they are being covered by 
existing HAE-specific PRO assessment tools.

Conclusions
Although the current research is based on a small sample 
of expert clinicians and a targeted literature review, the 
results show that HAE symptoms are not limited to only 
those experienced during HAE swelling attacks. Many 
different symptoms (including abdominal symptoms, 
pain, headache, fatigue, depression, and anxiety) may also 
occur at different times. As the symptom experience var-
ies widely across patients, clinicians have heard patients 
describe changes in their symptom severity and noticed a 
pattern of symptom occurrence from the new prophylac-
tic treatments.

From the review conducted, very few HAE assessment 
tools reflect the changing patient experience and include 
the symptom experience in all time periods (apart from 
the swelling episodes). Patients experience a wide variety 
of HAE symptoms, thus making an assessment of all of 
symptoms infeasible. However, some frequently expe-
rienced symptoms, and those often preceding attacks 
(paresthesias, itch, nausea), should be considered as part 
of a thorough assessment of patient HAE status utiliz-
ing HAE PROs. Yet no existing HAE instruments reflect 
these concepts.

Other aspects of the symptom experience may be more 
important to capture, such as specific symptom sever-
ity and duration, and overall attack severity and dura-
tion—especially since these are aspects where patients 
and clinicians report change due to the new prophylactic 
treatments. These are areas that may be more meaning-
ful to patients, and possibly more reflective of treatment 
benefit. With the advent of new HAE prophylactic ther-
apies, patients experience fewer HAE attacks, and the 
intervals between HAE attacks may increase [13]. These 
therapies may additionally impact HRQoL and emotional 
well-being [30]. Further research is needed to determine 
the effect of being attack-free for longer intervals on the 
full symptom spectrum, including emotional well-being 
and physical functioning.

Acknowledgements
We would like to thank the 11 expert clinicians (Drs. Henry Li, Marc Riedl, 
Timothy Craig, Paula Busse, Raffi Tachdjian, Donald Levy, Alena Banerji, Doug 
Johnston, John Anderson, Johnathan Bernstein, and Cristine Radojicic) who 
participated in the interview sessions. We also thank Kelly Clovie, MSc, for her 
efforts in supporting the literature review and clinician recruitment. Finally, 
we thank all reviewers who reviewed this manuscript, and the patients from 
which this research is based.

Author contributions
Conceptualization—DS and MM; methodology—DS, MM, and MJB; soft‑
ware—MM and MJB; validation—MM and MJB; formal analysis—MM and MJB; 
resources—DS, MM, RI, SP, and MJB; data curation—MM and MJB; writing—
original draft preparation—MM and MJB; writing—review and editing—DS, 
MM, RI, SP, and MJB; visualization—MM and MJB; supervision—DS, MM, RI, SP; 

project administration—MJB; funding acquisition—MM and MJB. All authors 
have read and agreed to the published version of the manuscript. MM was 
the study Principal Investigator from Evidera, conducted and analyzed clinical 
expert interviews, and oversaw the literature review process. MJB was the 
Project Manager from Evidera who conducted and analyzed clinical expert 
interviews and contributed to the development of the literature review. Both 
drafted this paper, developed revisions following comments, and reviewed 
the final version. DS, SP, and RI all made substantial contributions to the analy‑
sis and interpretation of the data, and revised it critically for important intel‑
lectual content. All coauthors also provided final approval of the manuscript, 
and are accountable for the accuracy and integrity of its content. All authors 
read and approved the final manuscript.

Funding
This research was funded by CSL Behring (Grant No. EVA-24984-00-001).

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available, but are available from the corresponding author on reason‑
able request.

Declarations

Ethics approval and consent to participate
Key opinion leaders (KOLs) were asked to share their expertise and experi‑
ences in open-ended interviews. Each KOL was approached with a description 
of the task (work for hire) and purpose. If they agreed, each signed a contract 
that included confidentiality clauses, a description of the work, and agreed 
compensation for sharing their time and expertise.

Consent for publication
Not applicable.

Competing interests
MM and MJB are employed by Evidera, Inc., which received funding from CSL 
Behring Inc. to carry out this research. RI and SP are employed by CSL Behring, 
a pharmaceutical company active in the development of medications for 
rare diseases, including hereditary angioedema. DS was employed by CSL 
Behring at the time this study was conducted and is now employed by Jazz 
Pharmaceuticals Inc.

Author details
1 Evidera, Bethesda, MD, USA. 2 CSL Behring, King of Prussia, PA, USA. 3 CSL 
Behring GmbH, Marburg, Germany. 4 Jazz Pharmaceuticals (Formerly CSL 
Behring), King of Prussia, PA, USA. 5 Evidera, 615 2nd Ave Ste 500, Seattle, WA 
98104, USA. 

Received: 13 January 2022   Accepted: 8 May 2022

References
	1.	 Medline Plus. Hereditary angioedema. https://​medli​neplus.​gov/​genet​ics/​

condi​tion/​hered​itary-​angio​edema/. Accessed 25 July 2021.
	2.	 Lumry WR. Overview of epidemiology, pathophysiology, and disease 

progression in hereditary angioedema. Am J Manag Care. 2013;19(7 
Suppl):s103–10.

	3.	 Zuraw BL. Clinical practice. Hereditary angioedema. N Engl J Med. 
2008;359:1027–36.

	4.	 Abdulkarim A, Craig TJ. Hereditary angioedema. Treasure Island: StatPearls 
Publishing; 2018.

	5.	 Bygum A. Hereditary angio-oedema in Denmark: a nationwide survey. Br 
J Dermatol. 2009;161(5):1153–8.

	6.	 Agboola F, Lubinga S, Carlson J, Lin GA, Dreitlein WB, Pearson SD. The 
Effectiveness and value of lanadelumab and C1 esterase inhibitors for 
prophylaxis of hereditary angioedema attacks: a summary from the insti‑
tute for clinical and economic review’s california technology assessment 
forum. J Manag Care Spec Pharm. 2019;25(2):143–8.

https://medlineplus.gov/genetics/condition/hereditary-angioedema/
https://medlineplus.gov/genetics/condition/hereditary-angioedema/


Page 12 of 12Jean‑Baptiste et al. Orphanet Journal of Rare Diseases          (2022) 17:232 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	7.	 National Institutes of Health (NIH). Hereditary angioedema. https://​rared​
iseas​es.​info.​nih.​gov/​disea​ses/​5979/​hered​itary-​angio​edema#​ref_​14820. 
Accessed 25 July 2021.

	8.	 Reshef A, Prematta MJ, Craig TJ. Signs and symptoms preceding acute 
attacks of hereditary angioedema: results of three recent surveys. Allergy 
Asthma Proc. 2013;34(3):261–6.

	9.	 Zuraw BL, Banerji A, Bernstein JA, Busse PJ, Christiansen SC, Davis-Lorton 
M, et al. US hereditary angioedema association medical advisory board 
2013 recommendations for the management of hereditary angi‑
oedema due to C1 inhibitor deficiency. J Allergy Clin Immunol Pract. 
2013;1(5):458–67.

	10.	 Riedl MA, Banerji A, Manning ME, Burrell E, Joshi N, Patel D, et al. Treat‑
ment patterns and healthcare resource utilization among patients 
with hereditary angioedema in the United States. Orphanet J Rare Dis. 
2018;13(1):1–7.

	11.	 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 hereditary angioedema. J Allergy Clin Immunol Pract. 
2021;9(1):132–50.

	12.	 Shire. TakhzyroTM (lanadelumab-flyo) injection, for subcutaneous use. 
https://​www.​shire​conte​nt.​com/​PI/​PDFs/​TAKHZ​YRO_​USA_​ENG.​pdf. 
Accessed 23 Sept 2019.

	13.	 Bork K, Anderson JT, Caballero T, Craig T, Johnston DT, Li HH, et al. Assess‑
ment and management of disease burden and quality of life in patients 
with hereditary angioedema: a consensus report. Allergy Asthma Clin 
Immunol. 2021;17(1):1–14.

	14.	 Brix ATH, Boysen HB, Weller K, Caballero T, Bygum A. Patient-reported out‑
come measures for angioedema: a literature review. Acta Derm Venereol. 
2021;101(5):adv00456.

	15.	 Bygum A, Aygören-Pürsün E, Beusterien K, Hautamaki E, Sisic Z, Wait S, 
et al. Burden of illness in hereditary angioedema: a conceptual model. 
Acta Derm Venereol. 2015;95(6):706–10.

	16.	 Weller K, Groffik A, Magerl M, Tohme N, Martus P, Krause K, et al. Develop‑
ment and construct validation of the angioedema quality of life ques‑
tionnaire. Allergy. 2012;67(10):1289–98.

	17.	 Prior N, Remor E, Gómez-Traseira C, López-Serrano C, Cabañas R, Con‑
treras J, et al. Development of a disease-specific quality of life question‑
naire for adult patients with hereditary angioedema due to C1 inhibitor 
deficiency (HAE-QoL): Spanish multi-centre research project. Health Qual 
Life Outcomes. 2012;10:82 (Epub 2012/07/24).

	18.	 Busse PJ, Christiansen SC, Birmingham JM, Overbey JR, Banerji A, Otani IM, 
et al. Development of a health-related quality of life (QoL) instrument for 
patients with hereditary angioedema (HAE) living in the United States. J 
Allergy Clin Immunol Pract. 2019;7(5):1679–83.

	19.	 Forjaz J, Ayala A, Caminoa M, Prior N, Pérez-Fernández E, Caballero T. 
HAE-AS, a specific disease activity scale for hereditary angioedema 
with C1-inhibitor deficiency. J Investig Allergol Clin Immunol. 
2020;31(3):246–52.

	20.	 Bonner N, Abetz-Webb L, Renault L, Caballero T, Longhurst H, Maurer M, 
et al. Development and content validity testing of a patient-reported 
outcomes questionnaire for the assessment of hereditary angioedema in 
observational studies. Health Qual Life Outcomes. 2015;13(1):1–15.

	21.	 Weller K, Donoso T, Magerl M, Aygören-Pürsün E, Staubach P, Martinez-
Saguer I, et al. Development of the Angioedema Control Test—A patient-
reported outcome measure that assesses disease control in patients with 
recurrent angioedema. Allergy. 2020;75(5):1165–77.

	22.	 Kulthanan K, Chularojanamontri L, Rujitharanawong C, Weerasubpong P, 
Weller K, Maurer M. Angioedema Activity Score (AAS): a valid and reliable 
tool to use in Asian patients. Biomed Res Int. 2019;2019:9157895.

	23.	 Nordenfelt P, Nilsson M, Lindfors A, Wahlgren C-F, Björkander J. Health-
related quality of life in relation to disease activity in adults with heredi‑
tary angioedema in Sweden. Allergy Asthma Proc. 2017;38(6):447–55.

	24.	 Weller K, Groffik A, Magerl M, Tohme N, Martus P, Krause K, et al. Develop‑
ment, validation, and initial results of the Angioedema Activity Score. 
Allergy. 2013;68(9):1185–92.

	25.	 Weller K, Donoso T, Magerl M, Aygoren-Pursun E, Staubach P, Martinez-
Saguer I, et al. Development of the Angioedema Control Test-A patient-
reported outcome measure that assesses disease control in patients with 
recurrent angioedema. Allergy. 2020;75(5):1165–77 (Epub 2019/12/10).

	26.	 Weller K, Magerl M, Peveling-Oberhag A, Martus P, Staubach P, Maurer M. 
The Angioedema Quality of Life Questionnaire (AE-QoL) - assessment of 

sensitivity to change and minimal clinically important difference. Allergy. 
2016;71(8):1203–9.

	27.	 Prior N, Remor E, Pérez-Fernández E, Caminoa M, Gómez-Traseira C, 
Gayá F, et al. Psychometric field study of hereditary angioedema quality 
of life questionnaire for adults: HAE-QoL. J Allergy Clin Immunol Pract. 
2016;4(3):464–73.

	28.	 Bygum A, Busse P, Caballero T, Maurer M. Disease severity, activity, impact, 
and control and how to assess them in patients with hereditary angi‑
oedema. Front Med. 2017;4:212.

	29.	 Caballero T, Prior N. Burden of illness and quality-of-life measures in 
angioedema conditions. Immunol Allergy Clinics. 2017;37(3):597–616.

	30.	 Mendivil J, Murphy R, de la Cruz M, Janssen E, Boysen HB, Jain G, et al. 
Clinical characteristics and burden of illness in patients with hereditary 
angioedema: findings from a multinational patient survey. Orphanet J 
Rare Dis. 2021;16(1):1–3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://rarediseases.info.nih.gov/diseases/5979/hereditary-angioedema#ref_14820
https://rarediseases.info.nih.gov/diseases/5979/hereditary-angioedema#ref_14820
https://www.shirecontent.com/PI/PDFs/TAKHZYRO_USA_ENG.pdf

	The symptom experience of hereditary angioedema (HAE) patients beyond HAE attacks: literature review and clinician interviews
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Results
	Literature review
	Clinician interviews
	Symptom timing in relation to HAE attacks (swelling episodes)
	CDM description
	Content analysis of existing assessment tools
	Instrument content compared to literature review and clinician interview results


	Discussion
	Conclusions
	Acknowledgements
	References


