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Overview of hereditary angioedema caused by
C1-inhibitor deficiency: assessment and clinical
management

Summary
Hereditary angioedema due to C1-inhibitor deficiency (HAE-C1-INH) is a rare, autoso-
mal-dominant disease. HAE-C1-INH is characterized by recurrent attacks of marked,
diffuse, nonpitting and nonpruritic skin swellings, painful abdominal attacks, and laryn-
geal edema. The extremities and the gastrointestinal tract are most commonly affected.
Swelling of the upper respiratory mucosa poses the greatest risk because death from asphyxi-
ation can result from laryngeal edema. HAE-C1-INH attacks are variable, unpredictable,
and may be induced by a variety of stimuli, including stress or physical trauma. Because the
clinical presentation of HAE-C1-INH is similar to other types of angioedema, the condi-
tion may be a challenge to diagnose. Accurate identification of HAE-C1-INH is critical in
order to avoid asphyxiation by laryngeal edema and to improve the burden of disease.
Based on an understanding of the underlying pathophysiology of HAE-C1-INH, drugs
targeted specifically to the disease, such as C1-inhibitor therapy, bradykinin B2-receptor
antagonists, and kallikrein-inhibitors, have become available for both treatment and pre-
vention of angioedema attacks. This article reviews the clinical features, differential diag-
nosis, and current approaches to management of HAE-C1-INH.
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Introduction

Hereditary angioedema due to C1-inhibitor deficiency
(HAE-C1-INH) is a rare genetic disorder that occurs in
1:10,000 to 1:50,000 people worldwide, with no known
sex or race predominance (1). HAE-C1-INH manifests
as abrupt, localized, transient, and often recurrent subcu-
taneous or submucosal edema, which can affect the face,
extremities, genitals, abdomen, and upper respiratory tract
(2,3). The majority of patients inherit the disease as an
autosomal-dominant trait with a mutation in the C1-es-
terase inhibitor gene, but approximately 25% of cases are
the result of de novo mutations (4,5). Two types of HAE-
C1-INH occur; individuals with type I (about 85% of

cases) have a deficiency in functional C1 inhibitor, where-
as type II (about 15% of cases) is characterized by dys-
functional C1 inhibitor. HAE-C1-INH typically begins
in the first or second decade of life, with symptoms wors-
ening during puberty and persisting throughout life in
most patients. Although severity and frequency of HAE-
C1-INH attacks may vary for each individual, past at-
tacks do not predict severity of future attack or whether
the airway may become involved.
Because HAE-C1-INH attacks are variable, unpre-
dictable, and may affect numerous parts of the body,
physicians from various specialties, including allergists,
dermatologists, internists, gastroenterologists, and pedia-
tricians, may encounter patients with HAE-C1-INH
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who initially present with swelling or submucosal edema.
Thus, it is important for clinicians to be familiar with the
characteristics of HAE-C1-INH to make an accurate di-
agnosis. This article will review the clinical features, diag-
nosis, and current approaches to management of HAE-
C1-INH.

Clinical features and consequences

HAE-C1-INH results as a consequence of mutations that
occur in the C1-inhibitor gene located on chromosome 11,
of which more than 200 mutations have been identified
[6,7]. C1 inhibitor plays an important role in regulating the
complement, contact, and fibrinolytic pathways (Figure 1)
(8). C1-inhibitor olso inhibits also thrombin and the coag-
ulation system as demonstrated by in vitro studies [9] as
well as clinical studies on patients with C1-inhibitor defi-
ciency (10,11). When there is a quantitative or functional
deficiency in C1 inhibitor, the result is unregulated release
of bradykinin (12). The first demonstration of increased

levels of bradykinin during angioedema attacks in C1-in-
hibitor deficiency was made by Nussberger et al [13];
moreover, the generation of bradykinin was found to be in-
creased in the site of the edema (14).
As C1 inhibitor is irreversibly consumed during an attack,
the resultant overproduction of bradykinin leads to in-
creased vascular permeability, extravasation, and edema.
Some precipitating factors for attacks in patients with
HAE-C1-INH include stress, physical trauma, infection,
consumption of estrogen-containing or angiotensin-con-
verting-enzyme-inhibitor-containing medications, and hor-
monal fluctuations (eg, during pregnancy or menstruation);
however, swelling often occurs without an apparent trigger.
HAE-C1-INH is characterized by episodic, localized,
nonpitting and nonpruritic edema with ill-defined mar-
gins; heat and pain of varied severity may be experienced
(15). Localized temporary swelling can affect the subcu-
taneous tissue of the skin, the gut wall in the gastroin-
testinal tract, or submucosal tissue in the upper respirato-
ry system. Unlike urticaria, swelling from HAE-C1-INH
affects tissues in deeper skin layers. Symptoms may be de-

Figure 1 - The role of C1 inhibitor (C1-INH) in the contact, complement, and fibrinolytic system (adapted from reference 8, with
permission). C1-INH = C1 inhibitor; fXIIa = activated coagulation factor XII; HMWK = high-molecular-weight kininogen; MBL
= mannan-binding lectin; MASP2 = mannan-binding-lectin-associated protease 2.
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scribed as more of a burning sensation rather than itch-
ing. Multiple areas of the body may be affected either si-
multaneously or consecutively. Many patients notice that
attacks are preceded by a prodrome (eg, erythema mar-
ginatum, tingling sensation). Although sometimes occur-
ring rapidly, swelling typically worsens gradually over the
first 24 hours, may last from 1 to 5 days, and usually be-
gins to resolve spontaneously over 48 to 72 hours (15,16).
The extremities (ie, arms, hands, legs, feet) and the ab-
domen are most commonly affected. HAE-C1-INH at-
tacks in the abdomen can cause significant pain, which
often mimics acute abdominal emergencies (2). Swelling
of the upper respiratory mucosa poses the greatest risk
because laryngeal edema can lead to death from asphyxia-
tion (17).
The consequences of undiagnosed and untreated HAE-
C1-INH are significant. In the past, mortality rates of up
to 30% have been reported as a result of asphyxiation,
which can occur at any age with variable speed and degree
of progression (18). Patients experiencing an abdominal
attack of angioedema often have significant pain, circula-
tory disturbance, vomiting, and diarrhea (2), resulting at
times in unnecessary surgical intervention (19-21). One
study showed that misdiagnosed abdominal HAE-C1-
INH resulted in unnecessary appendectomy or laparoto-
my in 35% of patients (22).
In the past, an accurate diagnosis of HAE-C1-INH was of-
ten not made upon initial presentation, which could lead to
long periods of ineffective medical treatment and recurrent
attacks (1,15,22). In an analysis of 313 patients with HAE-
C1-INH, the average time to diagnosis after initial presen-
tation of symptoms was 8.3 years, and patients reported vis-
iting an average of 4.4 physicians before receiving an accu-
rate diagnosis; allergic reactions and appendicitis were the
most common misdiagnoses (22). Recurrent episodes of
HAE-C1-INH have a significant negative impact on quali-
ty of life (23). Patients may be unable to work or go to
school for as many as 20 to 100 days each year (24). In
terms of reduced productivity and missed opportunities,
participants with HAE-C1-INH in 1 survey reported a
mean of 33.6% overall work impairment (a weighted com-
bination of missed work and reduced productivity while at
work), 48.4% felt their educational attainment was hin-
dered, and nearly 70% felt they were unable to consider cer-
tain jobs because of their disease (23). Approximately 40%
of these patients showed signs of depression. The frequent
need for medical interventions to manage HAE-C1-INH
can be costly, and management costs increase proportionally
with disease severity (20).

Differential diagnosis

HAE-C1-INH is often belatedly diagnosed because the
disease is rare and the clinical symptoms of HAE-C1-
INH may be difficult to distinguish from other forms of
angioedema. No radiographic or endoscopic findings dif-
ferentiate between various types of angioedema (25). Ra-
diographs of angioedema occurring in the gastrointestinal
tract typically show dilated loops of bowel, narrowing of
the lumen, and ascites. Angioedema in the bowel or ab-
domen can occur in the absence of cutaneous manifesta-
tions and may be easily misdiagnosed unless the clinician
has a high degree of awareness to include HAE-C1-INH
in the differential diagnosis (2). Other conditions that
manifest with angioedema should be ruled out in the dif-
ferential diagnosis for HAE-C1-INH (26-28).
Acquired angioedema appears most similar to HAE-C1-
INH, but is not associated with an underlying genetic de-
fect (29). Like HAE-C1-INH, acquired angioedema pri-
marily manifests as swelling in subcutaneous tissue, gas-
trointestinal mucosa, and upper respiratory tract mucosa.
Unlike HAE-C1-INH, symptoms usually begin after the
fourth decade of life in the absence of family history and
are frequently associated with other disease states, such as
malignancy, lymphoproliferative disorders, or autoim-
mune phenomena. The clinical course and prognosis for
acquired angioedema are unpredictable. In some patients,
successful treatment of the underlying disease leads to
resolution of angioedema attacks, although this is not true
for all patients (29).
Hereditary angioedema with normal C1 inhibitor (also
referred to as HAE type III) has been described in nu-
merous families. Some cases are associated with missense
mutations or a deletion mutation in the coagulation factor
XII gene (30,31). Hereditary angioedema with normal C1
inhibitor shows predominance in women (32,33).
Other forms of angioedema that may be considered in the
differential diagnosis of HAE-C1-INH include angioede-
ma caused by angiotensin-converting enzyme (ACE) in-
hibitors and idiopathic angioedema. IgE-mediated allergic
reactions may also be a cause of transient angioedema, and
a comprehensive history may elucidate a link between onset
of swelling and exposure to an allergen (eg, food, medica-
tion, insect sting, latex). Angioedema may be associated
with urticaria and can be treated with antihistamines or
corticosteroids (28), which are ineffective for managing
HAE-C1-INH. With nonsteroidal anti-inflammatory
drugs (NSAIDs), the reaction often occurs within minutes
of drug administration (27), whereas approximately 50% of
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ACE inhibitor-induced angioedema occurs within the first
week of treatment (34). The onset of angioedema symp-
toms may also occur after several months to years of treat-
ment with ACE-inhibitors (35). Pruritus and urticaria
rarely occur with angioedema secondary to ACE-inhibitor
therapy (36). Patients with idiopathic angioedema experi-
ence episodes of recurrent swelling with no apparent cause;
fever and leukocytosis are unusual. Following careful sys-
tematic assessment to rule out other known causes of an-
gioedema, the diagnosis of idiopathic recurrent angioedema
is based on meeting the definition of chronic, recurrent an-
gioedema without an identifiable cause after comprehen-
sive medical evaluation.

Diagnosing hereditary angioedema due to C1-inhibitor
deficiency

In every case of recurrent angioedema without urticaria,
HAE-C1-INH should be considered, particularly in indi-
viduals with a positive family history. Accurate diagnosis
of HAE-C1-INH is guided by laboratory analysis of cir-
culating complement components (Figure 2) (1). Mea-
surement of complement functional and quantitative C1
inhibitor and C4 is recommended. During an attack of
angioedema, the concentration of C4 is markedly dimin-
ished and may be undetectable in patients with HAE-
C1-INH. Measurement of antigenic and functional C1-
inhibitor levels differentiate between type I (low antigenic
and functional C1-inhibitor levels) and type II (normal
antigenic C1 inhibitor with low functional C1-inhibitor
levels). Types I and II HAE-C1-INH may be ruled out if
C1-inhibitor functional assays and C4 antigenic protein
are both normal (1).

Treatment options for hereditary angioedema due to
c1-inhibitor deficiency

Unlike angioedema induced by allergens or medications,
which may be treated by removing the causative agent,
HAE-C1-INH requires life-long monitoring and man-
agement in many cases. Management of HAE-C1-INH
can be categorized into 1) acute treatment for attacks,
with a focus on quickly alleviating the progression and
severity of attacks, and 2) prophylaxis to avoid attacks or
to reduce incidence of attacks. Pain management and sup-
portive care should be provided during acute attacks, par-
ticularly in patients suffering from an abdominal episode.

Additionally, maintenance of the airway is critical, and in-
tubation should be considered early in progressive laryn-
geal edema.

Treatment for Acute Attacks

Angioedema in patients with HAE-C1-INH does not
respond to antihistamines, corticosteroids, or epinephrine.
Historically, management of HAE-C1-INH was limited
to alleviating clinical symptoms (eg, fluid replacement,
pain management). Solvent detergent or fresh frozen
plasma was utilized as a source of C1 inhibitor. Although
fresh frozen plasma remains an option when other thera-
pies are unavailable and has been used successfully in
pregnant women with HAE-C1-INH and in the emer-
gency department (4,37,38), clinical efficacy data are lim-
ited, and plasma contains substrates that could theoreti-
cally worsen symptoms in patients with HAE-C1-INH
(1). Currently, several clinically effective options for treat-
ing HAE-C1-INH attacks are available, including C1-
inhibitor replacement and agents that affect specific
points in the contact system, such as the bradykinin B2-
receptor antagonist (icatibant) and the kallikrein-inhibitor
(ecallantide) (Table 1) (15,39).
C1-inhibitor replacement (human or recombinant) is a safe
and effective disease-targeted treatment that is an excellent
option for HAE-C1-INH attacks, including life-threaten-
ing laryngeal edema and use during pregnancy (1,40-45). In
most patients, symptoms begin to improve within 15 to 60
minutes of C1-inhibitor administration (46-50). Numerous
case studies and clinical trials have demonstrated the safety
and efficacy of pasteurized C1 inhibitor (41,46,48,51,52). In
a retrospective analysis, treatment with pasteurized C1 in-
hibitor (500 U) consistently relieved severe abdominal, sub-
cutaneous, and laryngeal edema in patients with HAE-C1-
INH, with no recurrence within 72 hours of the attack (47).
In 16 patients who experienced 39 laryngeal attacks, open-
label treatment with a single dose of pasteurized C1 in-
hibitor (20 U/kg) relieved laryngeal edema within a median
time of 15 minutes, with complete resolution of symptoms
by 8 hours (42). A prospective, open-label study evaluating
pasteurized C1-inhibitor concentrate (20 U/kg) in treatment
of successive acute abdominal and facial HAE-C1-INH at-
tacks in 50 patients showed that median time to onset of re-
lief for all attacks was 19.8 minutes, with complete resolution
occurring at a median of 11 hours (48). A double-blind,
placebo-controlled study showed that median time to onset
of symptom relief was significantly shorter with pasteurized
C1 inhibitor (20 U/kg) compared with placebo (0.5 vs
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Figure 2 - Hereditary and acquired forms of angioedema: Diagnostic algorithm (1). AE = angioedema; ACE = angiotensin-convert-
ing enzyme.

04-Bork:cottini 13-02-2013  10:31  Pagina 11



12

1.5 hours; P=.0025) in 125 patients with HAE-C1-INH
(51). The most frequently reported adverse events with pas-
teurized C1 inhibitor in this study were nausea, diarrhea, ab-
dominal pain, and muscle spasms.
In june 2011, a nanofiltered C1 inhibitor was approved in
Europe for acute attacks of HAE-C1-INH. In a double-
blind, placebo-controlled trial, nanofiltered C1 inhibitor
was evaluated for treatment of acute attacks of angioede-
ma in 68 subjects with HAE-C1-INH (49). Patients
were randomly assigned to receive either nanofiltered C1
inhibitor (1000 U/dose; up to 2 doses; N=35) or placebo
(N=33). Median time to onset of unequivocal relief from
the attack was reduced by half in the nanofiltered C1-in-
hibitor group compared with the group receiving placebo
(2 vs 4 hours, respectively; P=.02). Median time to com-
plete resolution of symptoms was 12.3 hours in the
nanofiltered C1-inhibitor group compared with 25 hours
in the placebo group (P=.004). Efficacy was further con-
firmed in an open-label, multicenter study that evaluated
the efficacy and safety of nanofiltered C1 inhibitor 1000
U administered for the treatment of 609 attacks in 113
patients with HAE-C1-INH (53). Within 4 hours of
treatment, 87% of patients achieved unequivocal relief
and 95.5% achieved clinical relief (defined in the study as
patients with either unequivocal relief or 1 or 2 consecu-
tive assessments consistent with improvement followed by
cessation of symptom assessments).
Furthermore, a recombinant C1 inhibitor is available. In 2
randomized, double-blind trials, patients with HAE-C1-
INH were randomized to a single intravenous infusion of re-
combinant C1 inhibitor at a dose of 100 U/kg (N=29) or 50
U/kg (N=12), or placebo (N=29) (50). The primary end

point, beginning of relief of symptoms, was achieved at a
median of 66 minutes in the 100-U/kg group (P<.001), 122
minutes in the 50-U/kg group (P=.013), and 495 minutes in
the placebo group. Median time to minimal symptoms was
also significantly reduced in the recombinant C1-inhibitor
groups (266 minutes in the 100-U/kg group [P<.001] and
247 minutes in the 50-U/kg group [P=.013]) compared with
the placebo group (1210 minutes).
Targeted therapies for HAE-C1-INH that act at specific
points in the contact system include a selective competi-
tive bradykinin B2-receptor antagonist (icatibant) and a
recombinant plasma kallikrein inhibitor (ecallantide) (54-
56). Icatibant is effective for the acute management of
HAE-C1-INH (54). In the double-blind For Angioede-
ma Subcutaneous Treatment (FAST)-1 trial, patients
with HAE-C1-INH who presented with cutaneous or
abdominal attacks were randomized to either icatibant 30
mg subcutaneous (N=27) or placebo (N=29); in FAST-2,
patients were randomly assigned to either icatibant 30 mg
subcutaneous (N=36) or oral tranexamic acid 3 g daily for
2 days (N=38). The primary end point, median time to
clinically significant relief of symptoms, was reached in
2.5 hours in the icatibant group versus 4.6 hours with
placebo (P=.14) in FAST-1, and in 2.0 hours in the icati-
bant group compared with 12 hours in the tranexamic
acid group (P<.001) in FAST-2. The most common ad-
verse events with icatibant were recurrent or worsening
angioedema and injection-site reactions. In a double-
blind, placebo-controlled trial, treatment with ecallantide
30 mg subcutaneous (N=36) was compared with placebo
(N=36) in patients with HAE-C1-INH who presented
during an attack (55). Four hours after treatment, patient-
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Table 1 - General measures for treatment of acute attacks of hereditary angioedema due to C1-inhibitor deficiency (HAE-C1-
INH), in the order of historical availability and experience in Europe

Treat as early as possible during an attack

1. Dosages (adults):
a. Pasteurized C1 inhibitor (marketed as Berinert®; CSL Behring, Marburg, germany) 20 U/kg IV
b. Icatibant (marketed as Firazyr®; Shire Orphan Therapies, Lexington, MA, USA) 30 mg SC
c. Nanofiltered C1 inhibitor (marketed as Cinryze®; ViroPharma Biologics, Inc, Exton, PA, USA) 1000 U IV; second 1000 U if no

response within 60 minutes
d. Recombinant C1 inhibitor (marketed as Ruconest®; Pharming Group NV, Leiden, Netherlands) 50 U/kg IV; 4200 U IV

in adults >84 kg
e. Ecallantide (marketed as Kalbitor®; Dyax Corp, Cambridge, MA, USA) 30 mg SC split into 3 injections (not available in Europe)

2. If first-line agent not available, consider solvent detergent-treated plasma (SDP) or fresh frozen plasma

3. Intubation: consider early in progressive laryngeal edema

IV = intravenous; SC = subcutaneous.

04-Bork:cottini 13-02-2013  10:31  Pagina 12



13

reported treatment outcome scores (P=.004) and mean
symptoms complex severity scores (P=.01) were signifi-
cantly better in the ecallantide group compared with the
placebo group. Headache, diarrhea, pyrexia, and nasal
congestion were reported more often with ecallantide
than with placebo. Of note, anaphylaxis has been reported
following administration of ecallantide, therefore, patients
should be carefully monitored when utilizing this agent.
In clinical trials, 2.7% of patients with HAE-C1-INH
who were treated with subcutaneous ecallantide experi-
enced anaphylaxis, which typically occurred within the
first hour after dosing (57).

Prophylaxis

For patients with HAE-C1-INH, number of attacks per
year does not predict severity of the next attack or whether a
future attack will involve the airway; thus, risk of asphyxia-
tion remains a possibility regardless of past history (17).
Routine prophylaxis should be considered for patients with
HAE-C1-INH who have 1 or more severe attacks per
month or if treatment for acute attacks is ineffective or un-
available (1). Routine prophylaxis is also appropriate for pa-
tients who do not achieve adequate benefit from on-de-
mand therapy. Ultimately, the decision to use prophylactic
treatment should be individualized through close collabora-
tion between the patient and clinician, with the goal of
helping patients maintain good quality of life. Prophylactic
therapies for HAE-C1-INH include attenuated androgens,
C1 inhibitor, and antifibrinolytics (Table 2) (15,39). In pa-
tients with HAE-C1-INH, it is also important to avoid
conditions facilitating or triggering attacks, such as use of
ACE inhibitor therapy or hormonal contraceptives.
Androgens have been used successfully for prophylaxis of
HAE-C1-INH for more than 50 years and are the most fre-

quently prescribed therapy in many countries (58,59). Al-
though the exact mechanism of attenuated androgens in
treating HAE is unknown, these agents are thought to in-
crease endogenous C1-inhibitor levels by hepatic synthesis
and increased expression of mRNA. Danazol, stanozolol,
and oxandrolone are employed most commonly in HAE-
C1-INH. The efficacy of danazol 200 mg three times daily
in preventing attacks of HAE-C1-INH was established in a
double-blind, placebo-controlled trial in 1976 (58). At pre-
sent, considerably lower doses are recommended to mini-
mize dose-dependent adverse effects. In a retrospective
analysis of 118 patients with HAE-C1-INH who were
treated with long-term danazol therapy (mean dosage was
171.2 mg/d; range, 40-1000 mg/d), nearly 50% of patients
became completely or practically symptom free (≤1 attack
per year), attack frequency was reduced to 16.2%, and attacks
were considerably milder than before treatment (60). How-
ever, 6% of patients did not respond to danazol therapy, and
1 or more adverse effects occurred in 78.8% (93/118) of pa-
tients and led to discontinuation of therapy in 30 patients
(25.4%). Once symptom control is established with andro-
gen therapy, doses should be titrated to the lowest effective
amount to minimize adverse effects (1). Potential adverse ef-
fects of androgen therapy include weight gain, menstrual ir-
regularities, arterial hypertension, virilization, behavioral is-
sues, and lipid abnormalities (60-62); a few cases with hepat-
ic adenomas have been reported (63). Androgens are not rec-
ommended for use in children and pregnant women.
Several clinical trials support the effectiveness of long-term
C1-inhibitor prophylaxis for HAE-C1-INH (49,64,65).
Prophylactic twice-weekly injections of nanofiltered C1 in-
hibitor (1000 U) were compared with placebo during two
12-week periods in a randomized, crossover trial involving
22 patients with HAE-C1-INH (49). Number of attacks
during the 12-week period was reduced by 50% with

Overview of hereditary angioedema: assessment and management

Table 2 - Therapy options for routine prophylaxis of hereditary angioedema due to C1-inhibitor deficiency (HAE-C1-INH) in adults

1. 17α-Alkylated androgens
a. Danazol (marketed as Danocrine®; Sanofi-Synthelabo, New York, NY, USA) 100 mg PO every 3 days to 200 mg QD
b. Oxandrolone (marketed as Oxandrin®; Savient Pharmaceuticals, Inc, East New Brunswick, NJ, USA) 2.5 mg PO every 3 days to

20 mg QD
c. Stanozolol (marketed as Winstrol®; Sanofi-Aventis) 1 mg PO every 3 days to 6 mg QD

2. C1 inhibitor
a. Nanofiltered C1 inhibitor (marketed as Cinryze®; ViroPharma Biologics, Inc, Exton, PA, USA) 1000 U IV every 3 or 4 days

3. Antifibrinolytic agent
a. Tranexamic acid (marketed as Cyklokapron®; Pfizer, New York, NY, USA) 20-50 mg/kg/day PO split BID or TID

BID = twice daily; IV = intravenous; PO = by mouth; QD = daily; TID = three times daily.
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nanofiltered C1-inhibitor prophylaxis (6.26; P<.001) com-
pared with placebo (12.73). Prophylactic treatment with
nanofiltered C1 inhibitor also reduced the severity and dura-
tion of attacks, the need for open-label rescue medication,
and total number of days with swelling. In the open-label ex-
tension of this trial, 146 patients with HAE-C1-INH re-
ceived nanofiltered C1 inhibitor administered prophylacti-
cally at 1000 U every 3 to 7 days (65). Prior to enrollment,
patients reported a median attack rate of 3.0 per month,
which was reduced to 0.2 per month while receiving prophy-
lactic therapy; 86% of patients experienced an average of 1 or
fewer attacks per month and 35% reported no attacks during
the study. The vast majority of patients treated prophylacti-
cally with nanofiltered C1 inhibitor tolerated the medication
without adverse effects (49,65).
A prospective observational trial evaluated long-term
treatment with 1 or more weekly injections of pasteurized
C1 inhibitor (dose ranged from 500-7000 U) for an aver-
age of 9 years in 19 patients with HAE-C1-INH (64).
Patients reported that all or most attacks were less severe
on prophylactic therapy, and the percentages of severe at-
tacks were 93.3% without treatment and 3.8% with pas-
teurized C1-inhibitor prophylaxis. However, in some pa-
tients the number of attacks increased considerably, and a
few patients needed continuously more C1 inhibitor to
control attacks. Furthermore, a more rapid progression of
attacks and the occurrence of multilocular attacks were re-
ported. Properly trained patients may keep a supply of C1
inhibitor to facilitate prophylactic therapy when indicated
or for self-administration (1,39,66,67).
Antifibrinolytic agents (tranexamic acid, ε-aminocaproic
acid) inhibit formation and activity of plasmin, subse-
quently decreasing plasmin-induced activation of C1.
These agents are less effective than attenuated androgens
in decreasing number and severity of attacks, but provide
an option for routine prophylaxis in children (1,66,68,69)
or in patients who are unresponsive or intolerant of an-
drogens or intravenous therapy. Common adverse effects
associated with antifibrinolytics include nausea, vertigo,
diarrhea, postural hypertension, fatigue, and myalgia.
The primary goal of pre-procedural prophylaxis is preven-
tion of an HAE-C1-INH attack that may be triggered by
a medical, surgical, or dental procedure. International
guidelines recommend C1-inhibitor therapy administered
1 to 6 hours prior to major procedures or intubation
(1,66). A systematic evaluation of 171 patients with
HAE-C1-INH who were at risk for an attack following
tooth extractions showed that facial swelling, potentially
life-threatening edema, or both occurred in 21.5%

(124/577) of extractions in patients who did not receive
prophylaxis compared with 12.5% (16/128) of extractions
in the patients who received pre-procedural C1-inhibitor
prophylaxis (70). Although a few cases of laryngeal edema
and facial swellings were reported after tooth extraction
despite prophylaxis in this study, the overall incidence of
swelling was markedly reduced with pre-procedural pro-
phylaxis. If C1-inhibitor therapy is immediately available,
pre-procedural prophylaxis may not be needed for minor
manipulations (1). If C1 inhibitor is unavailable, attenuat-
ed androgens given for 5 days before and 2 to 5 days after
the procedure may be used (1,66). Solvent-treated or
fresh frozen plasma administered 1 to 6 hours before the
procedure has also been tried (1,45).

Conclusions

HAE-C1-INH is a rare, genetic disorder characterized
by recurrent attacks of subcutaneous edema affecting vari-
ous parts of the body. Improper diagnosis of HAE-C1-
INH can result in unnecessary treatments, including
surgery, delay in administration of appropriate therapy, re-
current attacks, and significant disease burden for pa-
tients. Therefore, any patient who presents with repeated
episodes of swelling should be evaluated for HAE-C1-
INH. The importance of accurate diagnosis of HAE-C1-
INH is paramount in order to determine the most effec-
tive treatment options. Several disease-targeted therapies
are available for treatment of acute attacks and routine
and pre-procedural prophylaxis in patients with HAE-
C1-INH.
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