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ABSTRACT
Hereditary angioneurotic edema is a rare disorder caused by the congenital deficiency of C1 inhibitor. Recurring angioedematous paroxysms that most commonly
involve the subcutis (eg, extremities, face, trunk, and genitals) or the submucosa
(eg, intestines and larynx) are the hallmarks of hereditary angioneurotic edema.
Edema formation is related to reduction or dysfunction of C1 inhibitor, and
conventional therapy with antihistamines and corticosteroids is ineffective. Manifestations occur during the initial 2 decades of life, but even today there is a long
delay between the onset of initial symptoms and the diagnosis of hereditary
angioneurotic edema. Although a variety of reviews have been published during
the last 3 decades on the general management of hereditary angioneurotic edema,
little has been published regarding management of pediatric hereditary angioneurotic edema. Thus, we review our experience and published data to provide an
approach to hereditary angioneurotic edema in childhood.
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EREDITARY ANGIONEUROTIC EDEMA (HAE) is an uncommon disorder that is caused by the congenital
deficiency of C1 inhibitor.1 Two types of this condition
have been identified: type 1 HAE (seen in ⬃85% of
cases), which is characterized by the low antigenic and
functional activity of C1 inhibitor in the serum, and type
2 HAE (seen in 15% of cases), which is characterized by
normal levels of protein C1 inhibitor but low functional
levels of C1 inhibitor.2 HAE follows a Mendelian autosomal-dominant trait with an estimated prevalence of 1
in 10 000 to 1 in 50 000 births. Recurring angioedematous paroxysms that most commonly involve the subcutis (eg, extremities, face, trunk, and genitals) or submucosa (eg, intestines and larynx) are the hallmarks of
HAE. Edema formation is related to reduction or dysfunction of C1 inhibitor, which results in the release of
bradykinin and C2-kinin mediators, which in turn enhance vascular permeability and lead to fluid extravasation.3,4 A variety of reviews have been published during
the last 3 decades on the general management of HAE.
Although the early manifestations of HAE occur during
the initial 2 decades of life, little has been published
regarding management of pediatric HAE.5–8 The first article that discussed the attributes of HAE during childhood determined by long-term follow-up of Hungarian
pediatric patients was published in 2002.9 Consensus
documents,10 an in-depth article,3 and a review article11
have separate sections on the properties of pediatric
HAE. We review here our experience and published data
to provide an approach to managing HAE in childhood.

DIAGNOSIS
Even today there is a long delay between the onset of
initial symptoms and the diagnosis of HAE. In 1975,
Frank et al5 reported the mean duration of this lag period
until recognition of the disease to be 21 years. As shown
by the results of a Spanish population study, this duration had decreased in some countries to 13.1 years, on
average, by 2005, which is an improvement that is probably related to the augmentation of family screening and
the increasing awareness of and familiarity with HAE.11
However, the Italian experience reported by Zingale et
al12 in 2006 (reporting on data collected to the end of
2003) indicated a 21-year lag period. These diagnostic
lag times are intolerably long. As demonstrated by reviews of large patient populations, the initial symptoms
of HAE appear during the first decade of life in 50%,
during the second decade in 35%, and after 20 years of
age in the remaining 15% of patients.7,13 Although the
mean age at the onset of initial symptoms is 8 to 12
years, HAE can occur as early as the first year of life.1,14–17
The large-scale study conducted by Bork et al13 revealed
that the annual number of attacks is almost twice as high
in patients with disease onset before age 5 compared
with those with HAE manifesting after the age of 15.
Early diagnosis, therefore, is important, because disease
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severity seems to be inversely correlated to age at onset,
and the mortality of undiagnosed HAE can be as high as
50%. The earlier that HAE is identified, the sooner complex management can be initiated, which can afford
efficient prevention and appropriate treatment of lifethreatening complications.
Clinical Manifestations
The 3 most common forms of angioedema are subcutaneous edema, abdominal edematous attacks, and laryngeal edema. Attack frequency is highly variable and
shows substantial interindividual variation. In severe
cases, attacks can occur weekly, but some patients remain symptom free almost throughout their lifetime.
Reflecting the hereditary nature of the disorder, family
history is positive in 75% of patients. In the remaining
25%, HAE cannot be demonstrated in the parents,
which suggests de novo mutation of the C1-inhibitor
gene in the index cases.3
Subcutaneous Edema
Subcutaneous angioedema developing in HAE is circumscribed, nonpruritic, and nonerythematous swelling of
the skin. It is not accompanied by urticaria, and it is
experienced by almost 100% of symptomatic patients
during their life. It is most commonly seen on the extremities (45% of attacks involve extremital edema) but
can also develop on the face, neck, genitals, and trunk
(skin edema occurs in 50% of all HAE attacks).13 Subcutaneous angioedema resolves spontaneously, usually
within 2 to 4 days. Mechanical trauma and airway infection are common precipitating factors in children.
Abdominal Attacks
Abdominal attacks may mimic an acute abdominal catastrophe and lead to unwarranted surgery. Clinical
manifestations include diffuse abdominal pain, vomiting, diarrhea, and ileus and may lead to hypovolemic
shock. The absence of fever is an important differential
diagnostic clue. Hemoconcentration can result in an elevated white blood cell count, but in contrast to inflammatory disorders, it is associated with a high red blood
cell and platelet count, elevated hemoglobin and hematocrit levels, and shortened coagulation time. The abdomen is the second most frequent localization of acute
HAE attacks, 48% of which involve the stomach and/or
gut. Ninety-seven percent of symptomatic patients experience manifestations that are suggestive of an abdominal attack during their lifetime. The importance of recognizing abdominal HAE attacks in pediatric patients
cannot be stressed enough. Abdominal pain, a frequent
problem during childhood, is often related to common
causes. In a small proportion of cases, however, abdominal pain may reflect the onset of an acute abdominal
attack of HAE, and as such, it can be the first and only
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manifestation of the disease. Often, it is also accompanied by subcutaneous edema.18
Laryngeal Edema
Although angioneurotic edema of the larynx is rare
(0.9% of all HAE attacks), it is a life-threatening manifestation of C1-inhibitor deficiency because of the risk of
impending suffocation.13 Usually, it occurs for the first
time in patients in their mid-20s, afflicts approximately
half of patients with HAE during their lifetime, and has
been reported as early as age 3.19 In children, edema
formation has a propensity for the face and neck, and it
can progress to involve the uvula, the soft palate, or the
larynx. Because of the small diameter of the upper airways in children, relatively mild swelling of the mucosal
lining causes substantial obstruction; therefore, suffocation can ensue rapidly.19,20 Clinical manifestations include hoarseness, stridor, dyspnea, globus sensation,
dysphagia, and voice change. Establishing a definitive
diagnosis usually requires consultation with an otolaryngologist (ear, nose, and throat specialist). Because indirect laryngoscopy is usually difficult to perform on
infants, presence of any of the symptoms listed above
should be regarded as evidence of laryngeal edema.
Angioedema in Other Locations
The localization of 2% of HAE attacks is different than
those discussed above.13 This applies also to pediatric
patients, in whom edema of atypical location can involve
the brain (causing headache), the urinary bladder, the
urethra, muscles and joints, and the kidney. The socalled chest episode (accompanying subcutaneous
edema of the trunk) with retrosternal pain and dyspnea
deserves special mention. Infrequently, pericardiac or
pleural effusion can be detected during the attack.
Laboratory Diagnosis
Because the onset of symptoms from HAE can be early,
detection of HAE (C1-inhibitor deficiency) as early as
possible (ie, before the onset of initial symptoms) by
laboratory testing is desirable for families afflicted by
HAE. Importantly, the lack of manifestations does not
rule out inherited HAE. Because this disease is caused by
the hereditary deficiency of C1 inhibitor,1 diagnosing
either type of HAE in children is based on proving the
abnormally low concentration of functional C1 inhibitor.3,10,21 The reduced C1 inhibitor is associated with an
increased cleavage of C4 by C1, which results in low C4
levels in patients with HAE; therefore, documenting low
C4 levels helps to confirm the diagnosis of HAE. C4
levels are normal between attacks in ⬍1% of patients
with HAE.22,23 In general, C1-inhibitor and C4 levels are
related to disease symptoms.9,24 Normal antigenic activity
of the C1-inhibitor protein does not rule out type 2 HAE.
If there are normal C1-inhibitor protein levels but HAE
is suspected, then C1-inhibitor functional activity should

also be determined to rule out type 2 HAE. Substantial
differences exist between the results of various methods
used for the measurement of functional C1 inhibitor.24
Using a chromogenic substrate kit, for example, functional C1-inhibitor levels of patients with HAE are less
than half of the normal mean, whereas methods based
on C1r or C1s and C1-inhibitor complex formation may
yield normal values (especially in symptom-free patients). Thus, chromogenic methods are more suitable
for establishing the diagnosis, whereas complex-formation methods may be more appropriate for follow-up
purposes.3 Simultaneous determination of all 3 parameters (ie, functional C1 inhibitor, antigenic C1 inhibitor,
and C4 levels) is important for eliminating uncertainty.
In pediatric patients, the situation is complicated further
by age-dependent changes in the normal values of C1inhibitor and complement proteins. Serum levels of the
latter increase rapidly after birth, and the concentration
of individual complement proteins is highly variable. In
general, the complement system reaches adult maturity
level by the age of 6 to 36 months.25 In healthy neonates
of normal weight, C1-inhibitor concentration in umbilical blood is approximately two thirds that of the adult
normal value (although the result is substantially influenced by the maturity of the neonate, the laboratory
method used, and the properties of the blood sample3,26).
Diagnostic uncertainty is still rather high in infants
younger than 6 months of age, because C1-inhibitor and
C4 concentrations increase to adult levels between 2 and
3 years of age.27 Therefore, both positive and negative
findings should be interpreted with caution and in comparison to age-matched controls, and tests performed
before 1 year of age should be confirmed after 1 year of
age.21,24 Furthermore, it is recommended to repeat measurements (possibly with alternative methods) in a sample obtained 4 weeks later. The child should be followed
up as a patient with HAE as long as the possibility of the
disease cannot be ruled out definitively and if there is a
high index of suspicion. Considering its tremendous genetic variability,28 testing for the C1-inhibitor gene is
expensive and labor intensive. Accordingly, genetic
screening of DNA is not recommended for initial testing.
If complement values are inconsistent, however, molecular genetic tests may be useful and can also be used for
prenatal diagnosis. It should be kept in mind that genetic
screening fails to yield an accurate diagnosis in ⬃10% of
cases.29 Clearly abnormal C1-inhibitor and C4 assays,
particularly with a positive family history, make genetic
confirmation unnecessary. Acquired C1-inhibitor deficiency is unlikely in childhood; consequently, the measurement of C1/C1q levels and the detection of anti-C1inhibitor antibodies are not necessary.
PEDIATRIC PATIENT MANAGEMENT
Although the algorithm of patient management is similar for children and adults, treatment strategy must be
PEDIATRICS Volume 120, Number 3, September 2007
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shaped by taking in consideration age-related anatomic
and physiologic differences as well as the age-dependent
characteristics of HAE. Management algorithms have
essential and indispensable principles. However, treatment should always be individualized.
Management should comprise the following stages
(Fig 1):
● information and education;
● treatment (emergency therapy of acute edematous

attacks and prophylaxis [elimination of precipitating
factors, long-term prophylaxis, and short-term prophylaxis]);
● follow-up; and
● home therapy.

Information and Education
Providing in-depth and individualized education to the
patient and family members on the nature of the disease,
as well as giving advice on the most suitable means of
lifestyle modification, are indispensable. In addition,

written information should be disseminated among the
staff of day nurseries and schools, the professionals of
school-based health services, and general practitioners
and pediatricians. It is prudent to supply patients with
HAE with a medical-information card (wallet card) that
summarizes essential knowledge and methods of emergency care in several languages and contains the availability of the attending physician or other medical professional or of a hospital department or hotline service
that specializes in the management of HAE (such hotlines can be developed locally, provincially, nationally,
and even internationally). This card can prove to be an
extremely useful aid for medical professionals who are
relatively unfamiliar with HAE, both at home and
abroad. At the initial visit, patients should be supplied
with C1-inhibitor concentrate to be kept on hand for
emergencies and travel. A patient diary should also be
furnished for recording the number, location, duration,
and precipitating factors of attacks; their treatment; and
adverse reactions to medication. Replacement-therapy
infusions must be recorded accurately in these diaries to

FIGURE 1
Management strategy for pediatric HAE. bid indicates 2 times daily; tid, 3 times daily; CK, creatine kinase; CMV, cytomegalovirus; EBV, Epstein-Barr virus.
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allow product lookback and traceback and for patient
infusion records. Reviewing and interpreting the data in
the patient diary at follow-up visits is extremely useful
and instrumental for developing an individualized management protocol. Early health education and meticulous follow-up initiated in childhood can prevent social
stigmatization and guarantee an improved quality of life
during adulthood. We recommend that children with
HAE participate in sports systematically, but sports with
direct contact are not recommended. To reduce the risk
of infection, pediatric patients with HAE should not go to
day care before kindergarten. It is not recommended for
adolescent girls to take oral contraceptives. If menstruation worsens HAE symptoms, doubling the dose of
long-term prophylactics are useful.
The activity of patients’ self-help groups can assist
such efforts. If a national HAE organization is active in
the country of residence, the physician should notify the
patients and relatives of its existence and contact information, including Web-site location. Furthermore, it is
important to call attention to Internet Web sites of international self-help organizations, because they communicate useful information for patients who are traveling abroad (HAE International [www.haei.org] and
other national organization Web sites [eg, www.
haecanada.com]).3,10,30,31
Treatment
Emergency Therapy of Acute Edematous Attacks
The child must be hospitalized if:
1. the edematous attack involves the submucosa (eg, in
laryngeal edema): edema of the face and lips has a
risk of propagation to the larynx, but if the conditions
at home are reliable (close parental control, health
care professionals with adequate intervention equipment and drugs immediately available), hospitalization may not be necessary. Laryngeal edema is a
medical emergency and is an indication for admission
to an ICU with ready access to endotracheal intubation, tracheostomy if needed, and airway management. C1-inhibitor concentrate should be administered at home as early as possible, and the patient
should be sent to the emergency department for observation and further concentrate-replacement therapy if needed.
2. a severe abdominal attack has occurred and other
acute abdominal pathologies cannot be ruled out
with certainty (rapid resolution of symptoms with
infusion of C1-inhibitor–replacement therapy is very
helpful in sorting things out): the similarity between
the clinical manifestations of abdominal HAE attacks
and surgical emergencies including appendicitis is an
apparent diagnostic pitfall.13,18,32 Abdominal ultrasound (preferably performed before appropriate

treatment is initiated) is a nonspecific but extremely
sensitive and noninvasive method that is particularly
advantageous in pediatric practice. The presence of
free peritoneal fluid and edematous swelling of the
intestinal wall are highly suggestive of an abdominal
attack of HAE.32–34 Evidently, the onset or lack of
symptomatic relief after intervention confirms or refutes the tentative diagnosis.
3. the attack is associated with obvious signs of hypovolemia (paleness of skin, prostration, dehydration,
tachyarrhythmia).
Currently, the intravenous administration of C1-inhibitor concentrate is the most appropriate therapy for
significant acute HAE attacks (laryngeal or diffuse facial
edema and severe abdominal attacks).3,35–39 Similar to
that in adults, an intravenous dose of 10 to 20 U/kg (500
U up to 50 kg, 1000 U for weights between 50 and 100
kg, and 1500 U if weight is ⬎100 kg) usually ensures
therapeutic effect. This intervention is highly effective in
halting the progression of clinical symptoms and achieving improvement within 15 to 60 minutes. A repeat dose
may be required if the symptoms are not relieved within
1 hour or progress. C1-inhibitor concentrate may be
administered to any pediatric age group and has an
excellent safety profile.40 Volume replacement to correct
hypovolemic shock that results from an acute abdominal
edematous attack is more frequently necessary in children. However, C1-inhibitor concentrate is unavailable
in a number of countries.41,42 If this is the case, appropriate measures for life-threatening HAE attacks include
administering 1 to 2 U of fresh-frozen plasma (10 mL/kg,
preferably solvent-detergent treated to reduce viral
transmission).42–45 Mild edematous attacks (eg, edema of
the extremities, mild abdominal attack) usually subside
spontaneously within a couple of days and often do not
require intervention. Doubling the dose of medications
administered for long-term prophylaxis for the duration
of the attack often prevents the progression of edema
and reduces the time required for its resolution.9
Prophylaxis
Elimination of Precipitating Factors
The incidence and severity of characteristic manifestations show substantial interindividual variation, even
among patients from the same family. A variety of environmental factors can influence the onset of attacks.
Therefore, patient management should start with the
identification, elimination, and avoidance of precipitating factors when possible. In the case of children, mechanical trauma is usually the most common precipitating factor. Even dentition or minor mechanical trauma
(ie, friction during writing) can induce edema formation
and should be recognized by pediatricians and family
physicians. Considering the importance of physical acPEDIATRICS Volume 120, Number 3, September 2007
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tivity and sports on growth and development, there
seems to be little indication for restriction of physical
activities, but this must be closely discussed with the
family and patient. Upper-airway infection and Helicobacter pylori infection are potential triggering factors; the
former warrants prompt treatment and the latter warrants eradication of the H pylori.46,47 Psychic stress or
excitement in children can also precipitate HAE attacks
and, therefore, should be minimized when possible. Adolescence is often associated with substantial changes in
the activity of the disease, so close supervision is required during this period. Contraception indications are
the same for adults and adolescents. Estrogen contraceptives should be avoided, because they may precipitate
acute attacks.48 Angiotensin-converting enzyme inhibitors also induce edema and, although rarely indicated in
the pediatric population, are best avoided.49 As with
other potential recipients of chronic blood-product administration, consideration should be given to vaccinating patients with HAE against hepatitis B (may be combined hepatitis A and B).
Long-term Prophylaxis
Long-term prophylaxis is seldom necessary for children under the age of 6, because frequent HAE symptoms are rare before this age. The introduction of longterm prophylaxis is recommended if edematous attacks
recur frequently (ⱖ1 attack per month) or a life-threatening episode can be identified in the patient’s history.21,50 C1-inhibitor-concentrate–replacement therapy
on demand has been suggested as an ideal agent for
pediatric patients.51 Unfortunately, short half-life, intravenous administration, and cost of the concentrate often
preclude its regular use for long-term prophylaxis. In
pediatric patients, antifibrinolytic agents may be the
treatment of choice for continuous therapy, because
their safety profile is more favorable than that of attenuated androgens.3,9,52–54 Clinical experience shows that
tranexamic acid (TA) at a dosage of 20 to 40 mg/kg per
day split 2 or 3 times per day (maximum dose: 3 g/day
split 2 or 3 times per day) is better tolerated than -aminocaproic acid (0.17– 0.43 g/kg per day), which often
causes gastrointestinal discomfort. Muscle weakness,
myalgia, elevated creatine kinase activity, vascular
thrombosis, postural hypotension, myonecrosis, and retinal changes may occur as adverse effects treatment with
of TA.5,54 TA is contraindicated in active thromboembolic
disease or if a family history of thrombophilia (if family
history is positive for thrombophilia, we suggest a
thrombophilia workup before considering use of TA). If,
however, these agents fail to achieve satisfactory improvement, treatment with attenuated androgens may
be necessary.9,55–57 Danazol and stanozolol have been in
clinical use for ⬎20 years.58–60 Stanozolol is not available
in many countries,41,61 and its efficacy seems inferior to
that of danazol. Limited experience with pediatric use
e718
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has been obtained in patients treated for idiopathic
thrombocytopenic purpura.62 Treatment with the lowest
effective maintenance dose of danazol (2.5 mg/kg per
day; 50 mg/day starting dose; if necessary, up to a maximum of 200 mg/day) and intermittent dosage regimens
(ie, doses repeated every other day or at 3-day intervals)
do not interfere with growth and mental development
and may prevent potential adverse effects such as hirsuitism, virilization, weight gain, myalgia, headache, libido changes, elevation of serum transaminase levels,
microhematuria, menstruation irregularities, and lipidprofile changes.21,52,58,60,63 In recent years, several case
reports have been published on the efficacy and favorable safety profile of oxandrolone in pediatric patients.64
Short-term Prophylaxis
Except for children who are undergoing surgical or
diagnostic interventions in the head and neck region,
short-term prophylaxis is less frequently required in
children compared with adults.65–68 Attenuated androgens such as danazol provide adequate protection when
initiated 5 days before and continued 2 days after surgery with double the long-term daily dose (ie, 5 mg/kg
per day; maximum of 600 mg/day). Antifibrinolytic
agents (TA; see dosage above) are similarly effective for
attack prevention.22,50 Nevertheless, prophylaxis with
C1-inhibitor concentrate (10 –20 U/kg)22 1 hour before
the aforementioned procedures is the safest option for
patients with a history of severe attacks that are precipitated by similar interventions (particularly if endotracheal intubation or the contemplated surgery is expected
to last several hours and involves tissue destruction).9,10,21,31,69 Fresh-frozen plasma (preferably solvent
detergent; 10 mL/kg) is a reasonable alternative if C1inhibitor concentrate is not available.6,70,71 Another strategy for short-term prophylaxis involves reserving the
administration of agents conventionally used for longterm prophylaxis for the occurrence of prodromal symptoms (eg, generalized nonpruritic skin rash [erythema
marginatum]), which can be observed before and during
edematous attacks of HAE.72 Short-term prophylaxis
may alleviate the need for continuous prophylaxis and
minimize drug exposure and adverse effects. TA or danazol (see short-term dosage above) administered for 2 to
3 days reduces the severity and duration of subcutaneous or gastrointestinal manifestations.
Follow-up
Given that HAE is a lifelong, currently incurable hereditary disorder with disease activity that varies in response
to concomitant diseases, medications, and physiologic
influences, lifelong regular monitoring and follow-up of
patients in a comprehensive care clinic similar to that in
the hemophilia model is of utmost importance. Regular
follow-up visits to update medical history, perform physical and laboratory checkups, review the patient diary
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and infusion records, and decide on potential changes to
the therapeutic strategy are necessary at least once or
twice per year.
In patients who are undergoing long-term prophylaxis with attenuated androgens, laboratory tests (complete blood count, liver- and renal-function tests, clotting test, obtain serum lipid levels, and urinalysis) should
be repeated initially at 3-month intervals and abdominal
ultrasound should be performed semiannually during
the first 2 years of treatment. Subsequently, asymptomatic individuals or patients with mild symptoms should
be checked every 6 to 12 months to detect potential liver
damage. Anthropometric assessment of growth should
be done every 6 months. The following studies may be
undertaken as necessary: bone-age determination; monitoring the development of secondary sexual characteristics and pubertal changes; and developmental milestones and school performance.63,73,74
In patients who are receiving long-term TA prophylaxis, it is recommended to repeat laboratory tests including performing a complete blood count, liver- and
renal-function tests, and a clotting test, obtaining the
creatine kinase level, and performing urinalysis every 3
months during the first year and then, if asymptomatic,
every 6 to 12 months thereafter. Ophthalmology review
should be performed semiannually during the first 2
years of treatment and annually thereafter.75,76
C1-inhibitor concentrate is a blood product; therefore, appropriate hemovigilance for blood-borne pathogens (viral serology screening for hepatitis B and C, HIV,
and parvovirus B19 at baseline and follow-up) should be
performed before the first administration and annually,
as is done for patients with hemophilia.9,10,21,40 Serum
samples should be stored on an annual basis for lookback and traceback purposes, should a new pathogen be
encountered in the blood program, and meticulous
blood-product–infusion recording is required to ensure
vein-to-vein tracking of blood products.77 Blood products that include C1 inhibitor that is manufactured by
using the pasteurization procedure have an excellent
safety profile.40 Recent findings indicate that administration of C1-inhibitor concentrate is not associated with
development of autoantibodies against C1 inhibitor.78
Meticulous follow-up in a comprehensive care clinic
and registration on an international database registry
(the HAE Register, available at www.haeregister.org)
afford timely recognition of therapy-related adverse effects and allow fine-tuning of therapy as necessary. Psychosocial support for the patient and family for this
lifelong chronic disease is essential.
Home Therapy
Similar to the hemophilia model, which is now ⬎30
years old,79,80 all patients with HAE should be offered
home therapy.10,22 The edematous attacks of HAE can
rapidly progress to a life-threatening condition, espe-

cially in children.19 It is recommended that patients keep
a supply of C1-inhibitor–replacement therapy for personal use at home and for travel to be either self-administered or infused by a caregiver (human C1-inhibitor
concentrate reconstituted, warmed to room temperature
if time permits; 25-gauge butterfly intravenous cannula;
over 10 minutes).10,22 Self-administration on demand
allows timely administration of the replacement product, lessens the severity of the event, improves quality of
life, hopefully prevents the life-threatening complication
of laryngeal edema, and usually prevents hospital emergency department visits. Home therapy should be supervised by the comprehensive care clinic to ensure ongoing competence of the infusers, training updates,
infusion guidelines, hemovigilance sampling, and bloodproduct tracking.10,22,77 Not all patients are capable of
home self-infusion, and sometimes the attack is so severe and sudden that venous access for self-infusion may
be difficult (eg, waking with hypovolemia in the middle
of the night with an abdominal attack). Patients should
not hesitate to seek immediate medical attention if they
feel self-administration or infusion-partner administration will not be possible. Self-possession of C1-inhibitor–
replacement product reduces the lag time to successful
infusion by emergency personnel.3 The patient should
seek immediate medical attention if the episode is not
responding to replacement infusion and always if the
event has started to involve the larynx. Appropriate
carrying cases for infusion supplies and the C1-inhibitor–replacement product to prevent exposure to extremes of heat and cold should be provided.3,10,22,79 Comprehensive care clinics and their patients should be
encouraged to participate with the HAE Register to
speed up advances in diagnosis, therapy, and management of this disorder.
Novel Therapeutic Agents
Novel therapeutic agents such as recombinant C1 inhibitor (Pharming Group, Leiden, Netherlands), the bradykinin B2-receptor antagonist icatibant (Jerini AG, Berlin,
Germany), and the kallikrein antagonist DX88 (DyaxGenzyme, Cambridge, MA) are being investigated in
phase II/III clinical trials. The introduction of these drugs
into clinical practice may expand the options for managing HAE with new treatments with novel modes of
action.3,12,41,61,80
Complex Management of HAE: Comprehensive Care Clinic/
Angioedema Center
HAE is an uncommon disorder. Accordingly, the majority of medical professionals are unfamiliar with this condition and often do not consider HAE in the differential
diagnosis of angioedema.13 The clinical manifestations of
HAE are not exclusively related to any particular organ.
Therefore, patients frequently visit different medical
outpatient clinics and the emergency department before
PEDIATRICS Volume 120, Number 3, September 2007
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their condition is eventually diagnosed. With the autosomal-dominant nature of HAE, a new gene mutation
may occur with the family history negative in 25% of
cases.81 Diagnostic workup is further complicated by the
lack of ready availability of C1-inhibitor functional levels
in the laboratory. The complement laboratory cooperating in the diagnosis of HAE must be competent in performing the whole range of special studies that are necessary, including testing the C1-inhibitor functional
level. Genetic testing is indicated in a small proportion of
cases and is rarely readily available (with ⬎100 known
mutations).28 Although establishing an accurate diagnosis is a precondition, it is not sufficient for the management of HAE. Once diagnosed, HAE is associated with
further difficulties during its management. Available
treatment protocols are guidelines only and do not enable the inexperienced physician to fully manage this
disorder and deliver optimum and individualized care.
C1-inhibitor concentrate is not available everywhere for
the treatment of acute, life-threatening attacks. The lack
of licensed pharmaceutical products for the treatment of
HAE is an important difficulty. Unlicensed medications
may require special access processes with arduous paperwork and may delay timely therapy. Prophylactic
medication administration must be carefully monitored
to minimize adverse events. Establishing and maintaining a database of the clinical and laboratory parameters
of patients (ie, the HAE Register) as well as organizing
the follow-up care of patients and appropriate inpatient
care are demanding challenges that are best undertaken
by comprehensive care clinics that specialize in HAE and
include appropriate transition from pediatric to adult
clinics and require close cooperation with genetics services, diagnostic complement laboratories, and support
from patient self-help groups (Table 1).3,30 Only such
comprehensive care clinics are capable of meeting educational, research, and development requirements in addition to delivering state-of-the-art patient care (Table
2). International cooperation between individual HAE
centers and national and international organizations affords the most rapid improvement in our knowledge of
such an uncommon disease. An international registry
has already been established for this purpose with anonymized records of patients from only European countries to date but, hopefully, expanding worldwide as
soon as possible.

TABLE 1 Makeup of the HAE Comprehensive Care Center
HAE comprehensive care clinic staff including physician, nursing, psychosocial
support, transfusion medicine
Complement laboratory
HAE hospital for pediatric patients
HAE hospital for adult patients
Molecular genetics laboratory
HAE patient self-help organization
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TABLE 2 Role of the HAE Center
Diagnostic workup
Differential diagnosis
Treatment
Follow-up care
Patient database registry maintenance
Education: community and medical (continuing medical education, graduate and
postgraduate courses)
Research
Conference activity
Publications
Participation in international projects (basic science research and clinical trials)

Clinical studies that are necessary for the approval of
novel and innovative therapies cannot be implemented
effectively without the active contribution of HAE centers. Institutions with substantial experience can assist
regions in which a proprietary health care delivery system has not yet been established. This is exemplified by
the HAENetwork Project of the Hungarian HAE Center.
This 3-phase project endeavors to foster the establishment of similar centers in all countries of Middle Europe
over ⬃3 years. According to this experience, establishing
an HAE center for every 10 million inhabitants seems
reasonable; more centers may be necessary where populations are spread over larger geographic regions. Detailed information on the project is available at the
homepage of the Hungarian HAE Center (www.haenet.
hu).
CONCLUSIONS
Early diagnosis is the cornerstone of successful management of HAE in pediatric patients. Treatment requires
adequate professional experience and lifelong follow-up.
Therefore, it is recommended that patients with HAE be
cared for in comprehensive care centers that specialize in
the management of HAE. Emergency C1-inhibitor–replacement therapy for life-threatening edematous attacks must be made readily available to all patients, with
home therapy encouraged and promoted, and the product must be carried for travel to assure the best quality of
life and prevention of progression of life-threatening
events with early replacement-therapy intervention.
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