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Abstract

Background: Despite the availability of guidelines for the specific treatment of hereditary angioedema (HAE) attacks,
HAE morbidity and mortality rates remain substantial. HAE attacks are a major medical issue requiring specific treatment
as well as a considerable socio-economic burden. We report a protocol designed to test whether a dedicated call centre
is more effective than usual practice in the management of patients experiencing an HAE attack.

Methods/design: This prospective, cluster-randomised, single-blind, parallel-group, multicentre trial evaluates the
morbidity and consequent socio-economic costs of the management of patients experiencing an HAE attack by a
dedicated call centre as compared to usual practice. The trial aims to recruit 200 patients. Patients in the intervention
arm are provided with an SOS-HAE card with the call centre’s freephone number that they can access in the case of an
attack. The centre’s mission is to provide recommended expert advice on early home treatment. The centre can route
the call to a local emergency medical service with competency in HAE management or even arrange for the drugs
needed for the specific treatment of an HAE attack to be sent to the emergency department of the local hospital. The
primary outcome measure is the number of hospital admissions for an HAE attack. Each patient will be followed up
every 2 months for 2 years. The study has been approved by the ethics committee (Comité de Protection des Personnes
d’Ile de France 10; registration number: 2012-A00044-39; date of approval: 19 January 2012).

Discussion: The SOS-HAE protocol has been designed to address the handling of attacks experienced by patients with
HAE in the home. The proposed trial will determine whether the setting up of a dedicated call centre is more effective
than usual practice in terms of reducing morbidity as given by the numbers of hospital admissions. The results are also
anticipated to have important implications in terms of socio-economic costs for both healthcare services and patients.

Trial registration: ClinicalTrials.gov NCT01679912.
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Background
Hereditary angioedema (HAE) is a rare disease. Worldwide
prevalence ranges from 1/50,000 to 1/100,000 [1]. The form
exhibiting C1 inhibitor (C1-INH) deficiency is an auto-
somal dominant disorder, although 25 % of cases are due to
a spontaneous mutation in individuals with no family his-
tory of the disease [2, 3]. Patients with C1-INH deficiency
may have type I or type II HAE [2, 3]. Patients with a family
history of angioedema but with normal C1-INH levels may
have a mutation of the gene encoding human coagulation
factor XII (FXII-HAE) [2].
HAE attacks are characterised by recurrent subcutane-

ous swelling without itching lasting 48 to 72 hours [3, 4].
By far the most common sites of attacks are the extrem-
ities and abdomen, each accounting for nearly half of all
attacks [5]. Abdominal attacks can cause severe pain and
third-space fluid accumulation with resultant hypotension
[5, 6]. Moreover, more than half of all HAE patients ex-
perience at least one laryngeal attack during their lifetime
with the associated risk of asphyxiation [7]. Despite the
availability of guidelines on specific treatments for HAE
attacks, morbidity and mortality rates remain substantial
[2, 3, 8].
The management of patients with HAE is shifting to-

wards self-treatment of attacks at home with fewer visits to
the hospital emergency department (ED) and fewer admis-
sions [9, 10]. Even so, in a recent retrospective study of 193
HAE patients with 8 attacks/patient/year, approximately
11 % of patients visited the ED [11]. Moreover, according to
a prospective observational study including 29 HAE pa-
tients, laryngeal and facial edemas are independent risk
factors associated with hospital admission, and this is not
avoided by early ED arrival [12]. A prospective study on the
impact of measures, in particular specific home treatments,
that might shorten the time from attack onset to first con-
tact with a healthcare professional is required [12].
HAE attacks are not only an important medical issue

but also a socio-economic issue [13]. Costs and hospital
stays increase with attack severity [13]. A randomised
study evaluating a telephone care-management strategy
versus usual practice reported a significant decrease of
average medical costs and hospital admissions in the
telephone-coached group [14]. The aim of our multicen-
tre, cluster-randomised, controlled trial is to determine
whether a central dedicated call centre for HAE attacks that
provides guidelines-based, standardised advice on early
treatment would reduce the number of hospital admissions
(morbidity) and thus the socio-economic impact of the
disease.

Methods/design
Design and setting
The SOS-HAE trial is a prospective single-blind, two-arm,
cluster-randomised, multicentre trial for patients with HAE

attending a reference centre for bradykinin-mediated angio-
edema. Because the prevalence of HAE is low, the study
will include only adult patients with an HAE diagnosis
already confirmed by a specialist on the basis of patient
history, functional and antigenic C1-INH levels and genetic
data. Each investigator will select eligible patients (those
with type I HAE, type II HAE or FXII-HAE) from amongst
his/her reference centre’s customary patient population.

Ethical aspects
The SOS-HAE study protocol and patient information
sheets have been approved by the ethics committee and
by the competent French authorities (Comité de Protection
des Personnes d’Ile de France 10; Hôpital Robert Ballanger;
registration number: 2012-A00044-39; date of approval:
19 January 2012).
Patients are informed orally and in writing (SOS-HAE

information sheet) by the investigator and can refuse to
participate. Written informed consent is required by French
law, as the standard of care does not apply to both study
arms.

Participating centers
Eight French reference centres for bradykinin-mediated
angioedema are participating in the trial. The centres were
accredited in 2006 by the French Ministry of Health. Their
mission is to improve access to diagnosis and therapy for
patients with HAE. All eight centres have medical and
paramedical teams with experience in the field of HAE, all
implement a therapeutic education programme based on
guidelines for systematic treatment of severe attacks and
for prophylaxis of recurrent attacks, and all offer nurse-led
sessions on self-administration of specific therapy for an
attack [2, 3, 8, 15].
The freephone call centre (0800 111 001) is hosted by

the French emergency medical service (EMS) of a Paris
suburb (SAMU 93) which has the logistics capabilities
needed to provide 24/7/365 expert medical advice over
the telephone [16]. SAMU 93 has promoted appropriate
care of HAE attacks by (1) posting placards in SAMU 93
to enhance awareness and (2) providing their emergency
physicians with instruction sheets on recommended emer-
gency management of HAE attacks and prophylaxis of
recurrence [2].
In France, each local EMS is equipped with one or

more mobile intensive care units (MICUs), which include
a senior emergency physician, a nurse and an ambulance
driver. MICUs provide rescue techniques and medical ad-
vice, known as advanced life support, throughout France
[16]. The local EMS facilities of each participating refer-
ence centre have the required logistics capabilities for
storage and around-the-clock delivery of appropriate spe-
cific agents (plasma-derived C1-INH and icatibant) to
patients or healthcare organisations [17]. If the case is life-
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threatening, SOS-HAE will immediately contact SAMU
headquarters.

Study population
Eligible patients are adults (≥18 years) with HAE at one of
the eight participating reference centres. Inclusion criteria
are a documented diagnosis of HAE (type I, II or FXII-
HAE) and signed informed consent. Exclusion criteria are
pregnancy, recent history (≤1 month) of myocardial infarc-
tion or ischemic stroke and allergy to icatibant or plasma-
derived C1-INH.
Withdrawal of the study: withdrawal of consent

follow-up.

Randomisation
The randomised units are the reference centres (clusters)
with randomisation stratified according to the number of
eligible HAE patients by reference centre. Using permuted
blocks of 4, we randomly assigned reference centres (not
patients) to the intervention or to usual practice (1:1 ratio).
A modified version of Zelen’s method involving a two-

step informed consent process was used for randomisation
and inclusion [18]. Eligible patients were first invited to
participate in a cohort study but without being informed of
the nature of the study arms. Patients who agreed to par-
ticipate in the study signed the first consent form. This was
followed by verification of eligibility (compliance with inclu-
sion/exclusion criteria) and centre randomisation. The pa-
tients in each centre were then offered inclusion in the arm
assigned to their centre but without being informed of the
nature of the other arm. Patients who agreed to be included
signed the second consent form. The patient inclusion day
is study day zero (D0).

Study arms
The study protocol and randomisation arms are described
in Fig. 1. The methodical management strategy of patients
with HAE experiencing an HAE attack (SOS-HAE) was
conceptualised after discussions of inclusion criteria and
follow-up with a specialist in HAE. The protocol assesses
the impact of the implementation of this strategy on num-
ber of hospital admissions in a group of patients rather
than the actual efficacy of the treatment administered
(Fig. 2).

Intervention arm
All patients in the intervention arm are given an SOS-
HAE card indicating what to do in the case of an attack:
“On attack onset and before taking any drugs, call the
freephone number 0800 111 001”. The physicians receiving
the call at the call centre (open 24/7/365) have received
special training as well as instruction sheets on emergency
HAE management according to attack severity (Table 1).
They can prescribe home treatment or route the call to a
local EMS team with competency in HAE management.
They can also make arrangements for specific drugs to be
sent to the ED of the patient’s local hospital.

Usual practice arm
No changes are made to usual practice treatment, and
patients are not given the SOS-HAE card.

Data collection and follow-up
Medical data
HAE specialists and emergency physicians collect stan-
dardised clinical data including those presented in the

Fig. 1 Study design
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most recent Hereditary Angioedema International Working
Group (HAWK) guidelines [2]:

– On day zero (D0): Patient sex, age, type of HAE (type
I, II or FXII-HAE), time since diagnosis, personal
history of angioedema (ED visits during previous year,
admissions to intensive care unit (ICU) and history of
intubation and tracheotomy), ongoing long-term
treatment and number of relatives with HAE

– At each attack and every 2 months for 2 years:
Number of attacks and, for each attack: possible trigger
of attack, day and time of onset of symptoms, day and
time of call to SOS-HAE centre, edema site, home
therapy (self-administered or caregiver) or hospital
treatment, time treatment started and course of attack
(onset of symptom relief and time of symptom
resolution)

– Number of admissions/patient/year over 2 years,
duration of admissions, number of admissions to
ICU/patient/year over 2 years, number of ED visits/
patient/year over 2 years, number of intubations,
number of interventions by EMS and mortality

Health economics data
Call centre costs include freephone, training of EMS
personnel and answering of calls (time spent and num-
ber of calls).
Patient care costs include consumption of hospital re-

sources (admissions) and out-of-hospital resources (ED
visits or emergency ambulance, drugs to treat attacks
and their administration by physicians or nurses), work-
ing days lost and any remaining costs supported by
patients.

Quality of life
The Short Form Health Survey (SF-36) score is mea-
sured after 1 year and after 2 years of follow-up.

Trial coordination and implementation
Each medical and paramedical team in the eight partici-
pating reference centres and in the SOS-HAE call centre
is trained in protocol implementation and data collection.
The electronic case report form (eCRF) was developed
using CleanWEB™ (a centralised, secure, interactive web
response system edited by Telemedicine Technologies and
accessible from each study centre). In accordance with

Fig. 2 Study flowchart

Table 1 Treatment recommendations

Treatment Recommendations

Vital distress - Immediately and as soon as possible:

- Administer icatibant (Firazyr®): 30 mg subcutaneously or

- plasma-derived C1-INH (Bérinert®): 20 UI/kg
intravenously

- Switch the call to the local SAMU to send French EMS

- Gain control of upper airway

Severe
attacks

- Immediately and as soon as possible:

Laryngeal - Administer icatibant (Firazyr®): 30 mg subcutaneously
or

Facial - plasma-derived C1-INH (Bérinert®): 20 UI/kg
intravenously

Abdominal - If treatments are unavailable at home, switch the call to
the local SAMU to send an ambulance headed towards
a hospital with specific treatments available or being able
to get them by French EMS

- Gain control of upper airway

Non-severe
attacks
(members,
genitals)

- Tranexamic acid: 1 g/6 h except for patients who are
breastfeeding or have thromboembolic pathology

Surveillance
in all cases

Monitoring by phone 30 min, 1 h, 4 h, 12 h and 24 h
after the beginning of the attack

Advice to call back SOS-HAE call centre in case of
secondary worsening
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French law, the eCRF and database were validated by the
CCTIRS (Comité consultatif sur le traitement de l’infor-
mation en matière de recherche dans le domaine de la
Santé - Advisory Committee on Information Processing in
Healthcare Research) and by the CNIL (Commission
Nationale de l’Informatique et des Libertés - French Data
Protection Authority).

Blinding
Physicians and nurses could not be blinded to the interven-
tion given its nature, but patients are blinded to the inter-
vention by Zelen’s method (pre-randomisation consent).
The single-blind procedure is partially counterbalanced by
the objective nature of the primary outcome measure [19].
The analysis will be blinded to group allocation.

Outcome measures
Primary outcome
The primary outcome is the number of admissions for
angioedema attacks per patient per year over a 2-year
period. The number of admissions for angioedema attacks
is measured from the randomisation date until the end of
follow-up or death. For patients discharged alive, informa-
tion on the primary outcome will be collected by phoning
the patients. All admission observation charts are collected
and collated.

Secondary outcomes
Secondary outcomes are the number of admissions for a
cause other than an angioedema attack per year over a 2-
year period, mortality from an angioedema attack, mortality
from another cause, number of ICU admissions per year,
number of ED admissions per year, number of hospital
stays, number of intubations per year, number of interven-
tions by EMS, number of working days lost and their dur-
ation, costs of patient care and SF-36 score.

Definitions
An admission is defined as a hospital stay >12 hours as
an inpatient. An ED visit is defined as a consultation in
the ED without admission (stay ≤24 hours).

Sample size calculation
The aim of this study is to demonstrate a difference in
outcome between a methodical management strategy and
usual practice. Our primary hypothesis is that an SOS-
HAE call centre might benefit patients suffering from an
angioedema attack. The sample size calculation is based
on the primary outcome, i.e. on the number of admissions
for angioedema attacks.
A recent study involving 193 patients with HAE in

France reported a rate of approximately 8 attacks/year/
patient with approximately 11 % of patients coming to
the ED or being admitted to hospital (i.e. an estimated

88 % per year). We hypothesise that implementation of
the SOS-HAE call centre management strategy should
reduce this rate by 20 %, resulting in a rate of 68 % of
ED visits or admissions per year over a 2-year period. If
we consider the design effect due to cluster randomisa-
tion as relatively low (1.4), the estimated required sam-
ple size is 100 patients/arm for 85 % power and a 5 %
alpha risk (two-sided comparison).

Statistical analysis
Descriptive analyses will provide the following informa-
tion for each continuous variable: mean value, standard
deviation, 95 % confidence interval (CI), minimum, first
quartile, median, third quartile and maximum and num-
ber of missing observations. Categorical variables will be
expressed as numbers and percentages.

Analysis of primary outcome
The number of admissions for angioedema attacks will
be analysed in the intent-to-treat population.
Because some patients may be blood relatives and be-

cause data from within the same family are not independ-
ent, the analysis will use generalised mixed models with the
family included in the model as a random effect, the strat-
egy as a fixed effect and with a binomial distribution of the
variable of interest.
All tests will be two-sided.

Analysis of secondary outcomes
Secondary outcomes will be analysed using a mixed
model ANOVA. The family will be introduced into the
model as a random effect. All tests will be two-sided.
Number of admissions for a cause other than an angio-

edema attack per year for 2-year-period, mortality from an
angioedema attack, mortality from another cause, number
of ICU admissions per year, number of ED admissions per
year, number of hospital stays, number of intubations per
year, number of interventions by EMS, number of working
days lost (and duration), costs (hospital and ambulatory
costs) of patient care and SF-36 will all be estimated in each
arm for 2 years.

Discussion
Key priority issues in HAE management are reducing mor-
bidity and mortality rates and socio-economic costs [2].
No study has ever been conducted to determine whether a
central dedicated call centre for HAE attacks would reduce
morbidity and the socio-economic impact of the disease.
The indications for the specific treatment of HAE attacks

are well established. Plasma-derived C1INH and icatibant
are the undisputed emergency drugs for life-threatening
cases (laryngeal involvement), abdominal attacks and cases
with facial involvement [2, 3, 20, 21]. Early home treatment
is recommended [2, 15]. HAE patients trained in icatibant

Javaud et al. Trials  (2016) 17:225 Page 5 of 7



self-administration can recognise HAE attacks and decide
when to inject [22], thereby avoiding hospital admission
[12]. In an evaluation of the feasibility and efficacy of
plasma-derived C1-INH in 31 patients with HAE, the time
from attack onset to start of treatment was significantly
shorter after than before training in self-injection [23].
Nevertheless, morbidity remains high in these patients. In
one retrospective study, 73 patients (16 %) presented at the
hospital ED with an attack and 59 % were admitted to hos-
pital [13]. In another, 21 patients (11 %) presented at the
hospital ED with an attack [11]. According to a recent
prospective study, most of these patients visited the ED
because they were short of medication or because they
were unaware that emergency treatment could be
self-administered. Our prospective controlled cluster-
randomised trial would enable evaluation of the im-
pact of a measure (dedicated call centre) that might
shorten the time from attack onset to first contact
with a healthcare professional.
HAE is a considerable economic burden both to the

healthcare system and to HAE patients and their families
[13]. Reducing the number of hospital admissions might
help reduce this burden. We hypothesise that the use of a
dedicated call centre providing expert advice for HAE
might significantly reduce the number of admissions (mor-
bidity rate) and thus the socio-economic costs associated
with the disease.

Trial status
Recruitment for the trial was completed in June 2014.

Abbreviations
C1-INH: C1 inhibitor; ED: emergency department; EMS: emergency medical
service; FXII-HAE: factor XII-HAE; HAE: hereditary angioedema; ICU: intensive
care unit; SF-36: Short Form Health Survey.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
NJ, OF and FA drafted the manuscript. NJ, OF, IDZ, DL, LB, AG, AS, FL, IBG, BC,
BF, GK, LM, EV and FA participated in the design of the SOS-HAE study and
contributed to revisions of the original manuscript. IDZ and EV performed the
statistical plan and sample size calculation. NJ, MW, HR, TP, FL, PGR, PB and FA
are involved in acquisition of data. All authors edited the manuscript and read
and approved the final manuscript.

Acknowledgements
The SOS-HAE trial is promoted by the Assistance Publique - Hôpitaux de Paris and
funded by a grant from the French Ministry of Health (Programme Hospitalier de
Recherche Clinique 2011; SOS AOH P110109).

Funding
The sponsor of the SOS-HAE trial is Assistance Publique - Hôpitaux de Paris
(Public Hospitals of Paris). The trial is supported by a grant from the French
Ministry of Health (Programme Hospitalier de Recherche Clinique 2011 (Hospital
Clinical Research Programme); AOM 11 090). The funding source had no role
in the design of the trial and will have no role in its execution, in the analysis
and interpretation of data or in the decision to submit results for publication.

Author details
1Service des Urgences, Hôpital Louis Mourier, Centre de Référence associé
sur les angiœdèmes à kinines (CRéAk), Assistance Publique - Hôpitaux de
Paris, Université Paris 7, 178 Rue des Renouillers, 92 700 Colombes, France.
2Service de Médecine Interne, DHUi2B, Centre de Référence associé sur les
angiœdèmes à kinines (CRéAk), Assistance Publique - Hôpitaux de Paris,
Hôpital Saint-Antoine, Université Paris 6, 75 012 Paris, France. 3URCEco Ile de
France, Assistance Publique - Hôpitaux de Paris, Hôpital de l’Hôtel-Dieu,
Université Paris 12, 75 004 Paris, France. 4Service de Médecine Interne, Centre
de Référence associé sur les angiœdèmes à kinines (CRéAk), Université de
Lille, CHRU de Lille, 59037 Lille, Cedex, France. 5Service de Médecine Interne,
Centre de Référence associé sur les angiœdèmes à kinines (CRéAk), CHU de
Grenoble, 38043 Grenoble, France. 6Département d’Endocrinologie
Gynécologique, Centre de Référence associé sur les angiœdèmes à kinines
(CRéAk), Assistance Publique - Hôpitaux de Paris, Hôpital Port Royal,
Université Paris 5, 75001 Paris, France. 7T2i, Centre de Référence associé sur
les angiœdèmes à kinines (CRéAk), Assistance Publique - Hôpitaux de Paris,
Hôpital Hôtel Dieu, Université Paris 5, 75004 Paris, France. 8SAMU-SMUR 93,
Assistance Publique - Hôpitaux de Paris, Hôpital Avicenne, Université Paris 13,
93 000 Bobigny, France. 9Service de Médecine Interne, et, 69 437, Lyon,
Cedex, France. 10Service de Réanimation, Centre de Référence associé sur les
angiœdèmes à kinines (CRéAk), CHU Edouard Herriot, 69 437 Lyon, Cedex,
France. 11Service de Médecine Interne, Centre de Référence associé sur les
angiœdèmes à kinines (CRéAk), CHU de Nancy, 54 035 Nancy, France.
12Service de Dermatologie, Centre de Référence associé sur les angiœdèmes
à kinines (CRéAk), Université d’Angers, CHU d’Angers, 49 933 Angers, Cedex,
France. 13Unité de Recherche Clinique, Assistance Publique - Hôpitaux de
Paris, Hôpital Fernand Widal, Université Paris 7, 75 010 Paris, France.

Received: 13 December 2015 Accepted: 19 April 2016

References
1. Longhurst H, Cicardi M. Hereditary angio-oedema. Lancet. 2012;379:474–81.
2. Cicardi M, Aberer W, Banerji A, Bas M, Bernstein JA, Bork K, et al.

Classification, diagnosis, and approach to treatment for angioedema:
consensus report from the Hereditary Angioedema International Working
Group. Allergy. 2014;69:602–16.

3. Zuraw BL, Bernstein JA, Lang DM, Craig T, Dreyfus D, Hsieh F, et al. A
focused parameter update: hereditary angioedema, acquired C1 inhibitor
deficiency, and angiotensin-converting enzyme inhibitor-associated
angioedema. J Allergy Clin Immunol. 2013;131:1491–3.

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

5. Bork K, Staubach P, Eckardt AJ, Hardt J. Symptoms, course, and
complications of abdominal attacks in hereditary angioedema due to C1
inhibitor deficiency. Am J Gastroenterol. 2006;101:619–27.

6. Guichon C, Floccard B, Coppere B, Hautin E, Bages-Limoges F, Rouviere O,
et al. One hypovolaemic shock…two kinin pathway abnormalities. Intensive
Care Med. 2011;37:1227–8.

7. Bork K, Hardt J, Schicketanz KH, Ressel N. Clinical studies of sudden upper
airway obstruction in patients with hereditary angioedema due to C1
esterase inhibitor deficiency. Arch Intern Med. 2003;163:1229–35.

8. Cicardi M, Bork K, Caballero T, Craig T, Li HH, Longhurst H, et al. Evidence-based
recommendations for the therapeutic management of angioedema owing to
hereditary C1 inhibitor deficiency: consensus report of an International Working
Group. Allergy. 2012;67:147–57.

9. Riedl MA, Banerji A, Gower R. Current medical management of hereditary
angioedema: follow-up survey of US physicians. J Allergy Clin Immunol
Pract. 2015;3:220–7.

10. Petraroli A, Squeglia V, Di Paola N, Barbarino A, Bova M, Spanò R, et al.
Home therapy with plasma-derived C1 inhibitor: a strategy to improve
clinical outcomes and costs in hereditary angioedema. Int Arch Allergy
Immunol. 2015;166:259–66.

11. Bouillet L, Launay D, Fain O, Boccon-Gibod I, Laurent J, Martin L, et al.
Hereditary angioedema with C1 inhibitor deficiency: clinical presentation
and quality of life of 193 French patients. Ann Allergy Asthma Immunol Off
Publ Am Coll Allergy Asthma Immunol. 2013;111:290–4.

12. Javaud N, Gompel A, Bouillet L, Boccon-Gibod I, Cantin D, Smaiti N, et al.
Factors associated with hospital admission in hereditary angioedema

Javaud et al. Trials  (2016) 17:225 Page 6 of 7



attacks: a multicenter prospective study. Ann Allergy Asthma Immunol Off
Publ Am Coll Allergy Asthma Immunol. 2015;114:499–503.

13. Wilson DA, Bork K, Shea EP, Rentz AM, Blaustein MB, Pullman WE. Economic
costs associated with acute attacks and long-term management of
hereditary angioedema. Ann Allergy Asthma Immunol. 2010;104:314–20. e2.

14. Wennberg DE, Marr A, Lang L, O’Malley S, Bennett G. A randomized trial of
a telephone care-management strategy. N Engl J Med. 2010;363:1245–55.

15. Longhurst HJ, Farkas H, Craig T, Aygoren-Pursun E, Bethune C, Bjorkander J,
et al. HAE international home therapy consensus document. Allergy,
Asthma Clin Immunol. 2010;6:22.

16. Adnet F, Lapostolle F. International EMS systems: France. Resuscitation.
2004;63:7–9.

17. Javaud N, Achamlal J, Reuter P-G, Lapostolle F, Lekouara A, Youssef M, et al.
Angioedema related to angiotensin-converting enzyme inhibitors: attack
severity, treatment, and hospital admission in a prospective multicenter
study. Medicine (Baltimore). 2015;94:e1939.

18. Zelen M. A new design for randomized clinical trials. N Engl J Med.
1979;300:1242–5.

19. Savović J, Jones HE, Altman DG, Harris RJ, Jüni P, Pildal J, et al. Influence of
reported study design characteristics on intervention effect estimates from
randomized, controlled trials. Ann Intern Med. 2012;157:429–38.

20. Craig TJ, Levy RJ, Wasserman RL, Bewtra AK, Hurewitz D, Obtułowicz K, et al.
Efficacy of human C1 esterase inhibitor concentrate compared with placebo in
acute hereditary angioedema attacks. J Allergy Clin Immunol. 2009;124:801–8.

21. Cicardi M, Banerji A, Bracho F, Malbran A, Rosenkranz B, Riedl M, et al.
Icatibant, a new bradykinin-receptor antagonist, in hereditary angioedema.
N Engl J Med. 2010;363:532–41.

22. Aberer W, Maurer M, Reshef A, Longhurst H, Kivity S, Bygum A, et al. Open-label,
multicenter study of self-administered icatibant for attacks of hereditary
angioedema. Allergy. 2014;69:305–14.

23. Boysen HB, Bouillet L, Aygören-Pürsün E. Challenges of C1-inhibitor concentrate
self-administration. Int Arch Allergy Immunol. 2013;161 Suppl 1:21–5.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Javaud et al. Trials  (2016) 17:225 Page 7 of 7


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Design and setting
	Ethical aspects
	Participating centers
	Study population
	Randomisation
	Study arms
	Intervention arm
	Usual practice arm

	Data collection and follow-up
	Medical data
	Health economics data
	Quality of life

	Trial coordination and implementation
	Blinding
	Outcome measures
	Primary outcome
	Secondary outcomes
	Definitions

	Sample size calculation
	Statistical analysis
	Analysis of primary outcome
	Analysis of secondary outcomes


	Discussion
	Trial status
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgements
	Funding
	Author details
	References

