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mean annual number of hospitalizations (16.8 vs. 2.1, p  = 
0.003) and missed work/school days (20.3 vs. 7.1, p = 0.037) 
compared to conventional treatment. The times from symp-
tom onset to treatment administration and from treatment 
administration to symptom improvement/resolution were 
not significantly different between the two strategies. The 
mean annual per-patient costs decreased with home thera-
py from EUR 30,010.57 to EUR 26,621.16 (11.3% saving) and 
from EUR 29,309.34 to EUR 26,522.04 (9.5% saving) from the 
societal and payer perspective, respectively.  Conclusions:  
Home therapy with pdC1-INH is a feasible strategy for the 
management of C1-INH-HAE and may result in cost savings. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Hereditary angioedema with C1 inhibitor deficiency 
(C1-INH-HAE) is a rare autosomal dominant disease  [1] . 
A quantitative or functional deficiency of C1 esterase in-
hibitor leads to a dysregulated production of bradykinin, 
a potent vasodilator and mediator of capillary leakage and 
thus of angioedema  [1, 2] . 

  Epidemiologic surveys suggest that C1-INH-HAE af-
fects about 1 in 50,000 individuals worldwide, with no 

 Key Words 

 Hereditary angioedema · Plasma-derived C1 inhibitor · 
Self-administration · Home therapy · Cost minimization  

 Abstract 

  Background:  Attacks of hereditary angioedema with C1 in-
hibitor deficiency (C1-INH-HAE) are commonly treated in the 
emergency department. Self-administration is emerging as 
an effective treatment option. In this study, we assessed the 
impact of home therapy with plasma-derived C1 esterase in-
hibitor (pdC1-INH) concentrate on treatment outcomes and 
costs.  Methods:  This is an observational study in C1-INH-HAE 
patients who switched to home therapy with pdC1-INH 
(Berinert ® ) after learning intravenous self-infusion in a train-
ing course at a center in Southern Italy. Before starting home 
therapy and after the first year of home therapy, patients 
were interviewed about their treatment and outcomes dur-
ing the prior 12 months. Annual costs were analyzed by cost 
minimization from the Italian health care payer perspective 
and the societal perspective. Outcomes and costs before and 
after the switch to home therapy were compared.  Results:  
The training course was attended by 36 participants, 17 
(47.2%) of whom decided to switch to home therapy. This 
therapy was associated with a significant decrease in the 
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ethnic or gender preference  [3–5] . In Italy, the minimum 
prevalence is estimated at 1 in 66,000 according to a re-
cent study  [6] . The disease is characterized by recurrent 
attacks of subcutaneous or submucosal swelling affecting 
various body sites  [2] . Abdominal C1-INH-HAE epi-
sodes can be particularly debilitating and associated with 
severe pain, while laryngeal episodes can be fatal due to 
the risk of airway obstruction. C1-INH-HAE greatly in-
terferes with the patient’s education and career, it has a 
negative impact on the quality of life, and its economic 
burden is considerable  [7–10] .

  C1-INH-HAE attacks are a frequent cause of visits to 
the emergency department (ED)  [11, 12] . Having to at-
tend the ED for treatment inevitably results in delayed 
treatment. Failure to promptly treat an attack results in a 
prolonged duration of the episode, increased severity, 
hospitalization, and a longer hospital stay  [13] . 

  Substitution therapy with plasma-derived C1 ester-
ase inhibitor (pdC1-INH) concentrates, administered 
by intravenous infusion, has been the first-line treat-
ment for several decades in Europe  [14] . A recent im-
portant turn in the management of C1-INH-HAE has 
been the increased use of self-administration for the 
treatment of attacks  [13, 15–17] . In a number of studies, 
self-administration has been shown to improve patients’ 
quality of life due mostly to early intervention and ther-
apy optimization, reduce the time to the onset of symp-
tomatic relief and complete attack resolution, and de-
crease the number of visits to the ED  [18–22] . Interna-
tional guidelines for home-based therapy for 
C1-INH-HAE were recently published  [13, 17] . Treat-
ments currently licensed for self-administration include 
pdC1-INH concentrates (Berinert ®  and Cinryze ® ) and 
icatibant (Firazyr ® )  [13, 16, 17] . pdC1-INH concen-
trates are administered by intravenous infusion while 
icatibant, a bradykinin B 2  receptor antagonist, has the 
advantage of subcutaneous administration and is sup-
plied in a prefilled syringe. The experience with icati-
bant is, however, still limited and this treatment is not 
indicated for children or pregnant or lactating women 
 [17] . pdC1-INH concentrates, on the other hand, have 
been used for more than 30 years and therefore have a 
well-defined effectiveness and safety profile  [17] . The 
development and practice of self-administration for the 
treatment of C1-INH-HAE vary among countries  [16, 
23, 24] . In Italy, self-therapy for C1-INH-HAE has been 
in use for a few years but is not consistently practiced 
across the country. 

  This article describes the experience of a center located 
in Southern Italy with introducing patients with C1-INH-

HAE to self-administration, or home therapy, with pdC1-
INH concentrate. After attending a training course, pa-
tients willing to switch to home therapy were followed for 
12 months. Clinical outcomes and costs before and after 
the switch to home therapy were compared. The objective 
of this study was to define the clinical and economic im-
pact of home therapy with pdC1-INH.

  Methods 

 Design, Patients, and Self-Administration Training 
 This study was conducted between 2010 and 2013 at the De-

partment of Translational Medical Sciences of the University of 
Naples Federico II, Italy. The primary objective of this study was 
to investigate the impact of home therapy on treatment effective-
ness and costs by comparing these outcomes in the enrolled pa-
tients before and after the switch to home therapy. 

  In 2010, the center started offering to patients affected by C1-
INH-HAE the option of self-administered treatment with pdC1-
INH (Berinert ® ; CSL Behring) or icatibant (Firazyr ® ; Shire). Ica-
tibant is administered subcutaneously and patients are taught 
self-administration during regular visits  [25] , while pdC1-INH 
is administered by intravenous infusion  [26] . A training pro-
gram to instruct patients on self-administration of pdC1-INH 
by intravenous infusion, consisting of a 1-day course, was start-
ed. The Italian Association of HAE Patients had an important 
role in promoting the development of the training program. As 
of June 2014, a total of 3 courses had been given at the center. 
This analysis included the participants of the first two training 
courses. 

  The training course was designed by physicians of the center 
and by a nurse with experience teaching self-administration to pa-
tients with hemophilia, and it consisted of a theory session (ap-
proximately 2 h) and a practical session (approximately 3 h). The 
input from members of the Italian Association of HAE Patients 
was also relevant. The theory session was held by a physician and 
a nurse and covered the following topics: general information on 
C1-INH-HAE and current treatment options; general information 
on pdC1-INH and intravenous administration; techniques for in-
travenous infusion, use of needles and syringes, and how to inject 
under sterile conditions; storage and reconstitution of lyophilized 
pdC1-INH according to the manufacturer’s instructions  [26] ; 
what to do in case of a laryngeal attack or if unable to perform in-
travenous infusion, and management of adverse reactions. During 
the practical session held by a nurse, participants were taught how 
to administer an intravenous infusion and could practice intrave-
nous injection on a simulator arm. Participants were also further 
advised on the importance of keeping a diary, which involved re-
cording the number of administrations, the drug lot, the time to 
symptom improvement and to complete resolution, and the site 
and severity of the episode. The first self-administration was per-
formed at the center or at home under the supervision of a nurse 
or a physician.

  As recommended by current guidelines, the training program 
was offered to all C1-INH-HAE patients referred to the center and 
to their families/caregivers  [13, 17] . This study was approved by 
the local Institutional Review Board and was conducted in accor-
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dance with the Declaration of Helsinki. Patients whose data were 
collected for the present analysis signed an informed consent 
form.

  Assessment of Home Therapy Outcomes 
 In this article the term ‘home therapy’ refers to the injection of 

pdC1-INH practiced at home by a person – patient, family mem-
ber, or caregiver – trained at the course held within the present 
study, as opposed to ‘conventional therapy’ administered by a 
health care professional. 

  Patients attending the training course could switch to home 
therapy only after they/their family members or caregivers had ac-
quired adequate skills of intravenous infusion (as judged by the 
training nurse) and only if they/their family members or caregivers 
felt comfortable with this approach. Patients were advised to refer 
to the nearest ED in case of a laryngeal attack.

  Patients switching to home therapy were interviewed before 
starting home therapy and 12 months after the switch to it by 
means of a questionnaire addressing the following issues concern-
ing outcomes and treatment during the prior 12 months: overall 
disease burden (number of attacks and site of the attack, number 
of visits to the ED, number of hospital admissions and length of 
stay, need for emergency diagnostic and surgical procedures, and 
number of missed work or school days); additional disease treat-
ments or assessments (laboratory exams, radiography, ECG, echo-
cardiogram, gastrointestinal endoscopy, medications, and infu-
sion at home administered by a healthcare professional); quality of 
therapy administration (time to infusion, pdC1-INH dose, self-
administration or administration by a family member, administra-
tion by a health care professional), and treatment outcomes (time 
to symptom improvement and to symptom resolution and treat-
ment-related adverse events). The patients provided the answers 
to the questionnaire based on their diaries and recollection. The 
reliability of the data recorded in the diaries was checked repeat-
edly at control visits for drug prescriptions. The correctness of data 
related to the 12-month period before the switch to home therapy 
was confirmed by comparing the data from diaries to those re-
corded at the ED. Patient demographic characteristics (age, gen-
der, occupation, distance from home to the nearest ED, and occu-
pation of family members) were also recorded.

  Estimate of Costs 
 The economic impact of the switch to home therapy was stud-

ied by means of a cost minimization analysis. The estimated per-
patient annual costs for home therapy with pdC1-INH were com-
pared to those for pdC1-INH therapy administered by a health 
care professional. Per-patient annual costs were estimated based 
on the information recorded in the questionnaire used to interview 
patients and described above. The analysis was conducted from the 
perspective of the Italian National Healthcare System (payer), in-
cluding only medical costs (i.e. medical resources used), and from 
the societal perspective, including medical costs, costs of missed 
work/school days, and travel expenses. 

  The costs of visits to the ED, of procedures/assessments per-
formed, and of hospitalization were calculated based on the fees of 
the Regione Campania for 2013 and the diagnosis-related groups 
system of the Italian National Healthcare System  [27, 28] . Drug 
acquisition costs were estimated based on the prices agreed upon 
by the drug manufacturer and the local agency managing drug ten-
ders  [29] . Travel expenses to the hospital/ED by car were estimat-

ed based on the costs indicated by Automobile Club Italia for 2014 
 [30] . The cost of a missed workday was derived from average 
 Italian salaries for 2010  [31] . For household work, the cost of a 
missed workday was estimated by means of the substitution ap-
proach  [32] . The cost of a missed school day was estimated based 
on the average daily public expenditure for education in 2012 in-
dicated by the Organisation for Economic Cooperation and Devel-
opment  [33] .

  Data Analysis and Statistics 
 The mean (±SD) annual, per-patient number of hospitaliza-

tions (including visits to the ED) and missed work or school days, 
the mean time from attack onset to therapy administration, and 
treatment outcomes (i.e. the mean time to symptom improvement 
and to symptom resolution) with conventional administration 
were calculated and compared to those after the switch to home 
therapy. The statistical significance of the difference between val-
ues was tested by means of the χ 2  test (p  ≤  0.05 was considered 
statistically significant). The economic analysis was based on the 
comparison of total annual costs (entire study population) and 
mean per-patient annual costs before and after switching to home 
therapy, according to the perspective considered.

  Results 

 Self-Administration Training Attendance  
 Self-administration training was proposed to all C1-

INH-HAE patients referred to the study center at the be-
ginning of this study (n = 60). Of these, 24 were interest-
ed in switching to home therapy and attended the course. 
These patients had so far been treated with intravenous 
infusions of pdC1-INH concentrate either at the nearest 
ED or at home by a nurse or a physician. Of the patients 
who declined to participate, some were treating their 
acute attacks with subcutaneous icatibant and were there-
fore already practicing self-administration, while others 
had a very low attack rate because they were on long-term 
prophylaxis with danazol. A few patients were unwilling 
to switch to self-administration for personal reasons in-
cluding fear of self-injection and a lack of self-confidence.

  The first two self-administration training courses or-
ganized at the center were attended by 36 participants (24 
patients and 12 family members). At the end of the train-
ing, 17 participants (47.2%, 4 patients and 13 family 
members) felt confident about the possibility of practic-
ing home therapy. The remaining 19 participants were 
still feeling uncomfortable about self-injection but did 
not exclude a switch to this option in the foreseeable fu-
ture.

  Among the 17 participants starting home therapy, 10 
learned quickly how to self-inject or inject the pdC1-INH 
concentrate and were autonomous after completing the 
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course. The other 7 participants required additional as-
sistance at home (on average 6 additional sessions with a 
nurse per participant) before feeling fully comfortable 
with self-injection or injection. 

  The demographic characteristics of the 17 patients 
who switched to home therapy (53% female, mean age 
32.2 years) are shown in  table 1 . Four of these patients 
were self-injecting the pdC1-INH concentrate, while 13 
patients were injected by a trained family member.

   Outcomes of Home Therapy 
  Compared with the conventional management of 

acute HAE attacks, home therapy with pdC1-INH con-
centrate was associated with a significantly lower number 
of hospitalizations (mean annual per-patient number of 
hospitalizations, respectively: 16.8 vs. 2.1, p  = 0.003) 
 ( table 2 ). Home therapy was also associated with a sig-
nificantly lower number of missed work and school days 
(mean annual per-patient number of missed work/school 
days, respectively: 20.3 vs. 7.1, p = 0.037) ( table 2 ). In ad-
dition, the mean time from symptom onset to pdC1-INH 
infusion was shortened from 3.2 to 1.9 h (difference not 
statistically significant). Symptom improvement and res-
olution were achieved earlier compared to the results of 
conventional administration; however, the difference be-
tween the two treatment strategies was not statistically 
significant (84 vs. 54 min for symptom improvement and 
12.8 vs. 10.8 h for symptom resolution, respectively) ( ta-
ble 2 ). The numbers of C1-INH concentrate administra-
tions over the 12 months before switching to home ther-
apy (440 administrations) and after the switch to home 
therapy (399 administrations) were not significantly dif-
ferent. Home therapy proved safe. Over the 12-month 
observation period, no unexpected or severe adverse 
events were reported with home therapy.

   Economic Impact of Home Therapy 
  The results of the cost minimization analysis are shown 

in  table 3 . After the switch to home therapy, the costs for 
the entire study population decreased from EUR 
510,179.69 to EUR 452,559.80 according to the societal 
perspective, and from EUR 498,258.73 to EUR 450,874.66 
according to the perspective of the Italian National Health-
care System. The mean per-patient annual costs decreased 
from EUR 30,010.57 with conventional treatment to EUR 
26,621.16 with home therapy from the societal perspec-
tive (11.3% saving), and from EUR 29,309.34 to EUR 
26,522.04 from the payer perspective (9.5% saving) 
 ( table 3 ). With the exception of medication use, which re-
mained unchanged after the switch to home therapy, the 

use of the other resources considered in the analysis de-
creased significantly, leading to substantial (80–100%) 
decreases in costs for ED visits, hospital admissions, 
missed work/school days, and travel expenses ( table 3 ). 

  Discussion 

 The practice of self-administered C1-INH replace-
ment therapy for on-demand treatment or for prophy-
laxis of C1-INH-HAE, though not equally developed 
worldwide, is increasingly considered a valuable ap-

 Table 1.  Summary of the demographic characteristics of patients 
who switched to home therapy (either self-administered or admin-
istered by a trained family member)

Patient No. Gender Age, years Occupation

1 M 11 Student
2 F 35 Housewife
3 F 34 Unemployed
4 F 31 Housewife
5 M 32 Self-employed 
6 F 40 Housewife
7 F 44 Housewife
8 F 16 Student
9 M 42 Driver

10 M 11 Student
11 F 75 Retired
12 M 44 Unemployed
13 M 38 Hairdresser
14 F 13 Student
15 F 45 Housewife
16 M 24 Bartender
17 M 13 Student

M = Male; F = female.

 Table 2.  Disease burden and treatment outcomes before and after 
switching to home therapy 

Before home
therapy

After home 
therapy

Hospitalizationsa, n 16.8±19.2 2.1±3.9b

Time to therapy administration, h 3.2±5.8 1.9±5.7
Time to symptom improvement, min 84±1.1 54±0.5
Time to symptom resolution, h 12.8±12.9 10.8±12.9
Missed work/school days, n 20.3±23.9 7.1±15.5c

 All data are means ± SD. a Including visits to the ED and hos-
pital admissions. b p value (χ2 test) = 0.003. c p value (χ2 test) = 
0.037. 
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proach for optimizing both patient management and the 
use of resources. The present study describes how this 
approach was established in a center in Southern Italy and 
provides a first estimate of the impact of the switch to 
home therapy on patient outcomes and costs. Almost 
50% of the 36 participants (including patients and family 
members or caregivers) of the self-administration train-
ing program offered at the center learned to self-inject or 
to inject C1-INH concentrate intravenously. The switch 
to home therapy was associated with a statistically sig-
nificant decrease in the number of visits to the ED and 
hospital admissions and in the number of missed work or 
school days. A tendency towards shorter times to therapy 
administration and to symptom relief was also reported 
with home therapy.

  This study confirms that self-administration of C1-
INH concentrate infusion can be learned by patients and 
their families. Overall, patients and family members re-
acted positively to the proposal of using self-administra-
tion, with a proportion of patients switching to home 
therapy similar to that observed in other studies  [34–36] . 
For example, a recently published Danish study that fol-
lowed 80 C1-INH-HAE patients for 11 years found that 
by the end of 2012, forty-nine percent of the patients were 
practicing self-therapy for acute attacks  [34] . However, 
several barriers to self-administration still exist  [23, 37] . 
As pointed out by a recent survey, the most common ob-
stacles to self-administration include: difficulty practic-
ing intravenous injection, a shortage of nursing resourc-
es, the patient’s mental capacity, and loss of skills as a 
result of a low attack frequency  [15] . In addition, reluc-
tance to prescribe self-administration has been reported 
also among physicians  [15, 23] . 

  In our study, home therapy with pdC1-INH concen-
trate resulted in significantly fewer hospitalizations and 
work or school days lost, in agreement with other pub-
lished reports  [34, 36] . The Danish survey mentioned 
above found a decrease of 84% in the number of acute 
hospital visits (from 3.8 visits/year before learning self-
administration to 0.6 visits/year after switching to self-
therapy)  [34] . Compared to the findings from other stud-
ies, the improvement in time to symptom resolution in 
our patients was less substantial (from 12.8 to 10.8 h) and 
failed to reach statistical significance, as did the differ-
ence in time to therapy administration (from 3.2 to 
1.9 h). For example, a study involving 43 patients on self-
administration followed up for 3.5 years found statisti-
cally significant decreases in the time from attack onset 
to C1-INH administration (3.4 vs. 1.4 h, p = 0.01) and in 
the time from therapy administration to angioedema res-
olution (13.8 vs. 5.9 h, p = 0.01) after the switch from 
conventional administration to self-administration  [20] . 
Published evidence suggests that the early administra-
tion of C1-INH concentrate is associated with a more 
rapid relief of symptoms compared to delayed treatment 
 [19–21, 38, 39] . Recently, a study conducted within the 
Icatibant Outcome Survey (IOS) clearly demonstrated 
that the attack duration was significantly shorter in pa-
tients treated within 1 h of symptom onset compared to 
patients treated after 1 h (6.1 vs. 16.8 h, p < 0.001)  [40] . 
In addition, treatment within 1 h of symptom onset sig-
nificantly reduced the time to attack resolution (5.8 vs. 
8.8 h, p  < 0.05)  [40] . Based on these findings, the less 
rapid relief of symptoms observed in our patients com-
pared to the data reported in the literature may be ex-
plained by a longer time to treatment administration in 

 Table 3.  Summary of costs related to the management of C1-INH-HAE before and after the switch to home therapy with pdC1-INH 

Resource  Before home therapy After home therapy Δ Savings,
%stu dy population

(n = 17)
per 
patient

study population
(n = 17)

per 
patient

study population
(n = 17)

per 
patient

Medical resources
pdC1-INH concentrate
ED visits

481,805.00
8,201.73

28,341.47
482.45

449,499.00
1,375.66

26,441.12
80.92

32,306.00
6,826.07

1,900.35
401.53

6.7
83.2

Hospital admissions 8,252.00 485.41 0 0 8,252.00 485.41 100.0
Total 498,258.73 29,309.34 450,874.66 26,522.04 47,384.07 2,787.30 9.5

Missed work/school days 11,026.25 648.60 1,514.04 89.06 9,512.21 559.54 86.3
Travel expenses 894.72 52.63 171.10 10.06 723.62 42.57 80.9
Total 510,179.69 30,010.57 452,559.80 26,621.16 57,619.89 3,389.41 11.3

Costs are in EUR and were estimated for Italy from the payer (Italian National Healthcare System) and societal perspectives.

D
ow

nl
oa

de
d 

by
: A

. M
ar

i -
 3

12
98

U
ni

ve
rs

ita
 d

eg
li 

S
tu

di
&

#4
4;

 B
ib

l. 
A

re
a 

B
io

m
ed

. T
or

 V
er

ga
ta

16
0.

80
.2

.3
8 

- 
5/

30
/2

01
5 

3:
27

:1
8 

P
M



 Petraroli/Squeglia/Di Paola/Barbarino/
Bova/Spanò/Marone/Triggiani 

 Int Arch Allergy Immunol  2015;166:259–266
DOI: 10.1159/000381341

264

our study. Why the time to treatment administration re-
mained relatively long in our patients is currently un-
clear. It is possible that the 12-month observation period 
of the present study was not sufficient to detect clear im-
provements in the time to treatment administration be-
cause patients and family members, though able to inject 
intravenously, were still relatively inexperienced with 
home therapy and unable to react promptly to an attack. 
It is also possible that some of our patients might have 
benefitted from additional training and assistance at 
home. Notably, 2 recent studies investigating the feasibil-
ity of C1-INH concentrate self-administration found 
that on average patients needed 5 training sessions at 
home to be trained, and that the preferred form of teach-
ing was at home by a visiting nurse in the presence of a 
family member or caregiver  [35, 37] . As recommended 
by current guidelines, refresher training at regular inter-
vals may also help to further improve and maintain the 
acquired skills  [17] .

  Self-administered therapy is viable and effective also in 
children and adolescents  [41] . The population of the 
present analysis included 5 children/adolescents who 
were injected by members of their families trained at the 
course, with safety and efficacy outcomes comparable to 
those of the entire population. A substantial benefit from 
the switch to self-administration/home therapy emerged 
from a recent study in 20 pediatric patients (median age 
14 years) with C1-INH-HAE showing that home therapy 
self-administered or administered by a parent was associ-
ated with a significantly shorter time from symptom on-
set to treatment (15 vs. 67.5 min during physician-admin-
istered therapy)  [19] . The switch to home therapy result-
ed also in a reduction of the mean annual number of days 
in hospital from 3.8 during physician-administered ther-
apy to 0.11. 

  In the present study, the switch to home therapy was 
associated with a decrease in the number of treatment ad-
ministrations with, however, no statistically significant 
difference between conventional administration and 
home therapy. It is currently unclear how the switch from 
conventional treatment to self-administration impacts 
the number of C1-INH-HAE attacks being treated. In 
contrast with our findings suggesting a decreasing trend, 
the Danish survey mentioned above showed that patients 
on self-therapy had a 3-fold increase in the number of 
treated attacks  [34] . The authors pointed out that some 
patients on self-administration may overuse the therapy 
by treating false prodromes or minor attacks  [34] . This 
risk exists, and patients on self-administration should be 
encouraged to keep a diary documenting their attacks 

and the treatment administered to facilitate monitoring 
of the disease and treatment course. 

  To our knowledge, this is the first attempt to assess 
the impact of the switch to home therapy with pdC1-
INH concentrate on expenditures. According to our es-
timate, home therapy was associated with a mean an-
nual decrease in medical costs reaching EUR 2,800 per 
patient (almost 10% saving) from the perspective of the 
Italian National Healthcare System. Drugs acquisitions 
costs, which have a considerable impact on total medical 
expenses, may not change significantly from conven-
tional treatment to self-administration, as pointed out 
above. A recent study that analyzed the costs of HAE 
management in the US highlighted the urgent need for 
strategies aimed at containing costs, as assistance pro-
grams funded by HAE drugs manufacturers to prevent 
elevated out-of-pocket expenses for patients may not be 
sustainable in the future  [10] . As for the economic im-
plications of the switch to self-administration with oth-
er HAE medications, a study conducted from the per-
spective of the Spanish National Health System found 
that the estimated health care costs per acute attack de-
creased from EUR 1,272.42 for health care professional-
administered icatibant to EUR 1,182.62 for self-admin-
istered icatibant, with an average savings per attack of 
EUR 89.80 (7.06%) arising mostly from a reduction in 
the number of visits to the ED and other medical facili-
ties  [42] . The social costs (direct plus indirect costs) per 
acute attack decreased from EUR 1,315.14 to EUR 
1,193.84, with an average savings of EUR 121.30 per at-
tack (9.22%)  [42] . In the present analysis we did not in-
clude the costs of the self-administration training pro-
gram, a nonrecurring expenditure. The costs related to 
the course were limited, as the training program was 
held at the center by the health care personnel of the 
center, within their working hours, and did not involve 
any extra working hours. The cost of the materials for 
the course was also negligible.

  In line with the findings of other studies in patients 
practicing C1-INH self-administration, our patients did 
not experience any treatment-related adverse events dur-
ing home therapy, and the new procedure was well toler-
ated  [18–22] . 

  The present study has several limitations, including 
a small sample size and a relatively short duration of 
follow-up after switching to home therapy. With regard 
to the limited number of patients, it should be noted 
that C1-INH-HAE is a rare disease and that the enroll-
ment of large populations is very difficult. As for the 
duration of follow-up, the first 12 months of self-ad-
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ministration may not be optimal for describing a fully 
autonomous and extensively experienced patient using 
routinely self-therapy and able to promptly use the drug 
at symptom onset. In addition, after the training pro-
gram, most patients continued to receive some assis-
tance at home by medical staff. This may have resulted, 
for example, in improved compliance to treatment rec-
ommendations and diary updating. Another limitation 
of our study is the use of patient-reported outcomes, 
which may involve anamnestic bias. To limit this prob-
lem, great care was taken to motivate the patients to fill 
out their diary on a regular basis so as to avoid reporting 
errors. 

  Conclusions 

 This study showed that self-administration of the 
pdC1-INH concentrate was easy to learn and feasible. 
The management of acute C1-INH-HAE attacks based 
on home therapy significantly reduced the number of vis-
its to the hospital and the number of lost work or school 
days. The switch to home therapy also led to a decrease in 
total costs, arising from the significant reduction of the 
number of hospitalization and missed work and school 
days. These findings clearly need to be confirmed by ad-
equately designed studies and in the long term. Assessing 

the impact of home therapy on the health-related quality 
of life will also be important. Based on these preliminary 
observations, home therapy with pdC1-INH concentrate 
appears to be a viable and effective strategy with a favor-
able impact on costs.
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