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ABSTRACT
Cl-inhibitor (INH) concentrate, which is recommended as first-line treatment for acute hereditary angioedema (HAE) attacks

in many countries, was recently approved in the United States. We sought to solicit patients' feedback about their health-related
quality of life (HRQoL) while being treated with Cl-INH concentrate for acute HAE attacks under real-world conditions, as
well as the personal impact of the availability of Cl-INH on lifestyle and rriental health domains. Subjects enrolled in an
open-label study of Cl-INH at 20 U/kgfor acute HAE attacks were invited to participate in a prospectively designed survey
to solicit "real-time" patient responses that were collected via an interactive voice response service or online with a personal
computer. Eighteen subjects submitted 60 quarterly HRQoL and treatment impact survey responses over 29 months. Seventeen
of 18 patients responding reported mean short form 12 HRQoL scores that were within a normal range. More than one-half
indicated that Cl-INH availability made them feel somewhat or much better, and >80% reported having a better outlook on
the future and feeling more secure about the danger of life-threatening attacks. These data confirm a high level of HRQoL and
a positive impact in lifestyle and emotional domains among patients who were treated for acute attacks of HAE with Cl-INH
concentrate.

(Allergy Asthma Proc 33:427^31, 2012; doi: 10.2500/aap.2012.33.3597)

Hereditary angioedema (HAE) is an autosomal
dominant disease characterized by sporadic, re-

current episodes of nonpruritic, nonpitting edema that
typically involves the extremities, trunk, genitalia, face,
tongue, or larynx. '̂̂  The physiological abnormality
leading to HAE is a deficit in the quantity or function-
ality of Cl-inhibitor (Cl-INH).^ In the absence of. suf-
ficient Cl-INH activity, activation of the classic com-
plement pathway and other inflammatory mediators
can go unregulated. A subsequent generation of exces-
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sive levels of imregulated bradykiriin has been impli-
cated as a primary factor in the onset of angioedema.^

There is tremendous variability in duration and fre-
quency of attacks, although edema usually escalates in
severity for the initial 24-36 hours and then gradually
resolves in another day or over several days.^'^ Ab-
dominal or peripheral swelling frequently persists for
several days or, in some cases, for >1 week.^ Laryngeal
edema can lead to death by asphyxiation.^ Bowel an-
gioedema is particularly painful and similar in presen-
tation to an acute abdomen, and failure to make the
correct diagnosis has been associated with inappropri-
ate abdominal surgery.^ The unpredictability, pain,
and potentially life-threatening nature of HAE attacks
have been shown to impact dramatically the health-
related quality of life (HRQoL) in affected individu-
als.̂ ''̂  In a computer survey, 85% of HAE patients
reported living with a constant fear of sudden airway
closure.^

Cl esterase INH concentrate is the standard of care
for serious HAE events in Europe and Canada, where
it has been available for >20 years.̂ "^^ Studies with
Cl-INH have shown it to be effective in acute HAE
attacks.-'^'" This treatment option for HAE attacks was
not available in the United States imtil October 2009,
when a pasteurized Cl-INH replacement concentrate
(Berinert; CSL Behring, Marburg, Germany) was ap-
proved by the U.S. Pood and Drug Administration.
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Recently, results were reported from the Interna-
tional Multicenter Prospective Angioedema Cl-Inhibi-
tor Trial 1 (I.M.P.A.C.T.l), a phase II/III shidy con-
ducted at 36 centers worldwide with 125 subjects s6
years of age with laboratory-confirmed Cl-INH defi-
ciency.'̂ ^ Subjects were randomized to double-blind
treatment with an infusion of Cl-INH at 10 U/kg hody
weight (BW), Cl-INH at 20 U/kg BW, or placebo in
response to an acute abdominal or facial HAE attack. A
Cl-INH dose of 20 U/kg was found to provide signif-
icantly faster onset of symptom relief (median time of
0.5 hours) compared with placeho-treated patients.^*
After completion of I.M.P.A.C.T.l, study participants
were given the opportunity to continue receiving a
single injection of Cl-INH at 20 U/kg BW treatment for
successive acute HAE attacks at any body site in an
open-label extension study, I.M.P.A.C.T.2.̂ '̂̂ ^

The survey described in this article was conducted
among a suhgroup of patients participating in the
I.M.P.A.C.T.2 study. The purpose of the survey was to
prospectively solicit patient comments ahout the effec-
tiveness of Cl-INH for the treatment of acute HAE
attacks, the effect on HRQoL, and the impact of its
availability. Treatment-related responses were submit-
ted by patients in "real time" using an automated
self-reporting system with the intention of minimizing
recall bias.

METHODS
All patients who entered the Cl-INH concentrate

open-label I.M.P.A.C.T.2 study were eligible to partic-
ipate in this companion survey, and, per the open-label
study protocol, to receive a single injection of Cl-INH
at 20 U/kg for acute HAE attacks. Survey participation
was voluntary. The survey protocol was approved by
the Institutional Review Board of Creighton University
(Omaha, NE), and written informed consent was oh-
tained from all subjects or from a parent or caregiver of
subjects <14 years of age.

Responses were collected via an interactive voice
response service or online with a personal computer.
Data were recorded in a centralized database (Clarix
Informatics, Conshohocken, PA). On survey entry,
subjects completed a one-time questionnaire about the
characteristics of their disease (age of onset, age when
diagnosis of HAE was confirmed, average numher of
annual hospitalizations and emergency room visits in
the year before study entry, current use of anabolic
steroids, and family members with HAE). At the time
of each acute HAE attack, patients suhmitted data rel-
evant to the nature of the attack. In every quarter
(approximately every 13 weeks) during their participa-
tion in the study, subjects had the opporttinity to com-
plete a survey measuring the impact of the availability
of Cl-INH on overall HRQoL and specific lifestyle and

mental health domains. The quarterly questionnaires
included the short form (SE) 12, a multipurpose generic
measure of HRQoL.̂ ^ The SP-12 measures eight do-
mains commorüy represented in widely used surveys:
physical functioning, role limitations due to physical
health problems, bodily pain, general health, vitality
(energy/fatigue), social ftmctioning, role limitations
due to emotional problems, and mental health (psy-
chological distress and well-being). Subjects were
asked to respond to each question with regard to his/
her QoL over the previous 4 weeks. The SE-12 survey
scores can range from 0 to 100 (higher scores indicate a
hetter perceived HRQoL) and are normalized so that
scores >50 represent ahove average health status.^^

Assessment was also made of the impact of the avail-
ahility of Cl-INH concentrate on physical health; emo-
tional state; outlook on the future; feelings of security
in heing able to treat life-threatening attacks; normal
functioning at work, home, and social activities; and
comfort with regard to the need for steroids. Subjects
compared the impact of HAE before entry into the
study with how they felt at the time of survey comple-
tion and rated each issue as "much better," "somewhat
better," "about the same," "somewhat worse," or
"much worse." Subjects were also asked to indicate
what they would have done for an attack if Cl-MH
concentrate had not been available. Subjects received a
small financial compensation for completing each at-
tack-related survey and each quarterly HRQoL survey.

Data were analyzed using descriptive statistics.

RESULTS
Between January 2007 and August 2008, 28 patients

(mean age, 33.5 years; range, 12-54 years) from 7 study
sites in the Urüted States enrolled in the survey. Mean
age of HAE onset was 13.4 years (range, 1-45 years).
The subjects reported having a mean of 5 family mem-
hers with HAE (range, 0-12). Ten subjects (35.7%) were
on anabolic steroids during the clinical study.

Data collection continued through August 2009. The
28 survey subjects reported a total of 384 attacks
treated with Cl-INH concentrate. The median number
of attacks reported per patient was 3.0 (range, 1-106).
The majority of attack sites were the abdomen (n = 261;
68.0%) or extremities (n = 71; 18.5%). Patients also
reported laryngeal (n = 17; 4.4%), facial (n = 8; 2.1%),
genitourinary (n = 6; 1.6%), and other site (n = 21;
5.5%) attacks.

HRQoL (SF-12 Questionnaire)
Eighteen suhjects suhmitted a total of 60 quarterly

SE-12 questionnaires (range, 18 questionnaires per sub-
ject), and 13 (46.4%) submitted SP-12 assessments for
>1 quarter. Pigure 1 is a scatterplot portraying mean
total SP-12 scores reported by 18 subjects as a function
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Figure 1. Scatterplot of mean short form 12 (SF-12) scores for 18
respondents, plotted by number of total treated hereditary angio-
edema (HAE) attacks during the survey period. Each data point
represents the mean SF-12 score for each subject for the entire study
period (number of submitted SF-12 questionnaires ranged from one
to eight per subject). SF-12 questionnaires could be completed
during any quarter, even if no attacks were treated during that
quarter. Only 17 data points are apparent in the figure because two
subjects had the same plot values (one treated attack and mean score
of 76).

of the total number of treated HAE episodes. Mean
SF-12 scores ranged from 44.8 to 93.2, with only one
subject having an SF-12 score of <50. Mean SF-12
scores among the four subjects with the greatest num-
ber of treated attacks (47-106 attacks per subject)
ranged from 70.6 to 82.7.

Table 1 outlines the average quarterly SF-12 values
reported for specific domains. Mean physical function-
ing scores per quarter varied between 45.4 and 53.6,
and mean quarterly bodily pain scores ranged from
39.6 to 50.2. General health scores and vitality scores
per quarter varied from 47.4 to 59.8 and from 46.1 to
54.5, respectively. Among the 13 subjects with at least
tv\'o quarterly SF-12 assessments, the mean changes
between first and last observations showed that scores
remained fairly stable for mental health (mean change,
-1-4.2) and physical functioning (mean change, -1.1).

Assessment of the Impact of Cl-INH Availability
A total of 60 quarterly assessments were submitted

over the course of the study reporting subjects' opin-
ions on the impact of having Cl-INH concentrate avail-
able. For five of the six domains, the vast majority of
responses indicated feeling much or somewhat better
witii the availability of Cl-INH compared with prior
experience without it (Fig. 2). The one exception was
comfort level about the need for anabolic steroids,
which was reported most commonly as "about the
same" (53%). Only 5 of 360 individual domain ratings

Table 1 Mean SF-12 component scores reported
over 10 study quarters among hereditary
angioedema patients treated with Cl-INH for
acute attacks*

SF-12 Component Overall Mean,
Quarters 1-10

Range of
Quarterly
Averages

Physical functioning
Role physical
Bodily pain
General health
Vitality
Social functioning
Role emotional
Mental health
Mental health

summary score
Physical health

summary score

51.1
47.1
45.5
52.8
51.2
45.5
49.8
50.2
49.6

48.8

45.4-53.6
41.4-52.6
39.6-50.2
47.4-59.8
46.1-54.5
39.3-53.2
44.9-52.9
43.6-56.7
44.6-54.5

42.7-52.5

*Value of 50 representative of normal for general U.S. pop-
ulation.
SF-12 = short form 12; Cl-INH = Cl inhibitor.

• Much better • Somewhat better • About the same • Somewhat worse

•S 30 -

Physical Emotional Outlook on Security of Social Comfort
Health Health Future Treatment Activities (need for

steroids)

Figure 2. Subjective impact of Cl-inhibitor (INH) availability on
various quality of life (QoL) domains—opinions as reported by 18
HAE patients in 60 quarterly survey completions. The option of
"much worse" was also offered in the survey. There were no
responses in that category.

(6 domains rated for each of 60 quarterly assessments
completed) were reported as "somewhat worse," and
there were no responses of "much worse." Subjects'
feeling of security about being able to treat life-threat-
ening attacks was rated as much or somewhat better in
almost 92% of assessments, and their ability to fxmction
normally at home/work/social activities was rated as
much or somewhat better in 75% of responses.

Responses provided by 18 patients at the end of
study participation indicated that without Cl-INH
availability, 7 would have tolerated the acute HAE
attack without medical intervention, 6 would have
sought emergency medical treatment, 3 would have
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self-treated with analgesics, and 2 would have con-
sulted a physician.

DISCUSSION
This prospectively designed survey reports the ef-

fects on HRQoL of a single injection of Cl-INH at a
dose of 20U/ kg BW for the treatment of HAE and the
impact of its availability. The cohort of 18 of 28 HAE
patients whose responses to the questionnaire are re-
ported here is sizable for this rare and poorly studied
condition, the number of treated attacks is substantial
(384 for all patients), and the data were gathered under
generalizable "real-world" conditions. The data have a
number of limitations related to study design. Being
open label in nature, the study did not include an
active or placebo control group for comparison. Be-
cause the questionnaires were voluntary, they were not
completed by all patients or during every quarter. Fur-
thermore, the SF-12 is certainly not disease specific for
HAE, and we did not attempt to account or control for
concomitant illnesses and how they might impact QoL.
We were also not able to capture direct or indirect
financial burdens imposed by HAE. Despite these lim-
itations, the data added to our knowledge base and
provide insight into patient perceptions of treatment
and the impact of treatment availability on mental
status and physical functioning.

Replacement with Cl-HSTH concentrate has long been
a recommended treatment of choice for acute HAE
attacks and short-term prophylaxis in Europe and Can-
ada.^"'" Before the availability of Cl-INH in the United
States, symptomatic treatment was the basis of acute
HAE attack management, and patients reported a high
level of dissatisfaction with the management of their
disease.^ Pharmacologie interventions were limited
mainly to fresh frozen plasma or e-arrünocaproic acid,
neither of which has been well studied or shown to
have consistent efficacy.̂

The open-label study, which was the parent study
for this companion survey, evaluated efficacy and
safety data of Cl-INH concentrate at 20 U/kg in 57
patients and 1085 acute HAE attacks.^^ The Cl-INH
concentrate treatment was associated with a median
time to relief onset of 0.5 hours, which was similar for
all attack sites. Median time to complete resolution of
HAE attack symptoms was 15.5 hours. There were no
safety concerns and no detection of inhibitory anti-Cl-
INH antibodies.

Neither overall HRQoL nor the impact of the avail-
ability of effective treatment has been well studied in
patients with HAE. However, a recent study confirmed
the physical and emotional burden of HAE, with pa-
tients who were not treated with Cl-INH reporting
clinical depression and marked impairments in work
productivity.^ HAE patients had a mean SF-12 physical

component summary score of 43.7 and a mental com-
ponent summary score of 42.6, both of which were
significantly lower than the historic population norm
values of 49.6 and 49.4, respectively (both, p < 0.0001).
Our survey was umited in its capacity to detect
changes in HRQoL because there was no control group
or baseUne data with which to compare SF-12 scores
before and after Cl-INH treatinent. Nonetheless, SF-12
scores obtained throughout the survey were within the
range of healthy people.^^ Only lsubject had a mean
SF-12 score <50, and 13 subjects' mean scores were
S:70. Similarly high scores were noted among the four
subjects with the greatest number of tireated attacks, a
subgroup who, intuitively, might have been expected
to exhibit the poorest HRQoL. For individual SF-12
domains, average values for all 10 reporting quarters
were generally within several points of the population
norm of 50.

The relatively high SF-12 scores in the survey popu-
lation might be caused by self-selection bias in that the
patients who volunteered for the survey may have
been those with a more positive outlook on their dis-
ease. These scores may also indicate that these patients
had become so accustomed to living under the constant
burden of HAE that even small benefits of Cl-INH
were dramatic enough to improve substantially their
sense of well-being.

The positive SF-12 scores were mirrored by the more
subjective but possibly even more insightful portion of
the survey about the impact of Cl-INH availability on
various physical and emotional domains. Almost all
survey participants reported having a better outiook
on the future and having a greater level of security in
their disease treatment. Opinions of physical and emo-
tional health were also improved in the majority of
patients. The category that showed the least improve-
ment in attitude was that of being able to function
normally at work, home, and social activities, with
about one-half of patients feeling better in this regard
and approximately one-half feeling about the same.
This may reflect the fact that social fimctioriing can be
impaired by the constant threat of or onset of an acute
HAE attack, neither of which would have been mini-
mized in this study, even with rapid and effective
treatment when attacks occurred.

Many patients reported an increased comfort level
about the need for anabolic steroids. Long-term ana-
bolic steroid use has often been a mainstay of prophy-
lactic treatment, but this treatment has troubling side
effects^^ that limit its usefulness and patient accep-
tance. Given that almost one-half of survey subjects
reported that before Cl-INH availability they would
have simply tolerated acute HAE attacks without any
kind of medical attention, having access to a rapidly
effective intervention would likely be a major advance
in the management of their disease.
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Recent studies suggest that training HAE patients to
self-administer Cl-INH at the immediate onset of an
attack may provide further health and HRQoL bene-
fits.̂ '̂ '̂̂ ° Consensus guidelines encourage patient-ad-
rrünistered Cl-INH if there is proper training and pro-
tocol.̂ °'̂ ^ Bygum et al7 described the in\plementation
of a home-based Cl-INH admirüstration program in
seven patients, with follow-up ranging from 27 to 72
months. Both the Dermatology Life Quality Index and
the SF-36 indicated significant improvement in pa-
tients' HRQoL. When questioned during follow-up vis-
its, patients reported feeling that they had greater con-
trol of their disease and their lives and much less fear
of life-threatening attacks.'̂

CONCLUSIONS
This prospectively designed patient survey provides

information on the HRQoL benefits of Cl-INH for
acute HAE attacks and the positive impact of its avail-
ability on lifestyle and mental health. These data con-
firm that a high level of HRQoL is achievable for
patients dealing with a chronic condition such as HAE
when effective treatment is available.
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