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Abstract

Hereditary angioedema (HAE) with C1 inhibitor deficiency is
a genetic disorder that clinically manifests with attacks of
angioedema in the subcutaneous and submucosal tissues,
mainly in the extremities, abdomen, and upper airway. Dur-
ing attacks, vascular permeability is increased due to in-
creased bradykinin (BK). This means that special therapies
are needed for attacks that do not respond to traditional
antiallergic therapies involving antihistamines, corticoste-
roids, and epinephrine. The recurring attacks may disable
patients and lead to frequent visits to emergency rooms
where misdiagnoses are common. HAE attacks may be fatal
when upper-airway edema occurs, if proper treatment with
a C1 inhibitor concentrate or BK receptor antagonist is not
administered or an emergency tracheostomy is not per-
formed. We propose a mnemonic method for the warning
signs of HAE for the use as a diagnostic tool, i.e., the so-
called “ABC” of the warning signs of HAE. The letters repre-
sent the following: A = Angioedema, B = Bradykinin, C=C1
inhibitor, D = Distress factors, E = Epinephrine nonrespon-
sive, F = Family history, and G = Glottis/Gastrointestinal ede-

ma. To avoid fatalities, medical staff and patients, including
family members, must be aware of HAE. An alphabetical
mnemonic method has been developed and we hope it
may benefit patients. ©2017S. Karger AG, Basel

Introduction

Hereditary angioedema (HAE) is an autosomal domi-
nant condition involving antigenic and/or functional de-
ficiency of the C1 inhibitor (C1-INH-HAE) [1]. A clinical
condition with similar symptoms was identified in 2000
in which no C1-INH deficiency was detected (previously
called HAE type III) and recognized as HAE with normal
CI-INH [2].

The estimated prevalence of C1-INH-HAE is 1:50,000,
and >500 mutations of the C1-INH gene, SERPINGI,
have been described [3]. HAE with normal C1-INH has
been associated with mutations in exon 9 of factor XII
(FXII-HAE), but there is still a high percentage of these
patients in whom no mutations have been identified (U-
HAE) [1, 4, 5].

The common denominator of HAE is bradykinin
(BK), which is the final common biochemical mediator.
BK is a linear nonapeptide that is produced endogenous-
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ly in humans and other mammals as a result of the pro-
teolytic activity of kallikrein on kininogens. During at-
tacks of angioedema, vasodilation occurs, leading to in-
creased capillary permeability and fluid extravasation
through the interstitial space [6].

Clinical manifestations include subcutaneous or sub-
mucosal edema, without urticaria, that mainly affects the
extremities, face, genitals, gastrointestinal tract, and up-
per airway. Unnecessary abdominal surgery and asphyx-
ia can occur during the attacks if no specific therapy is
implemented [7, 8].

Acquired angioedema with C1-INH deficiency (C1-
INH-AAE) is an ultrarare disease with a clinical presenta-
tion and therapeutic response similar to that of HAE. C1-
INH-AAE is characterized by low C1-INH concentra-
tions, reduced Clq levels, and, often, measurable
antibodies to C1-INH. AAE is associated with lympho-
proliferative disorders and occasionally with autoim-
mune, neoplastic, or infectious diseases [9]. Finally, an-
gioedema caused by the use of drugs, especially angioten-
sin-converting enzyme inhibitors (ACEI), can present as
life-threatening angioedema episodes without associated
urticaria or other signs of anaphylaxis [10].

Neither of the abovementioned subtypes of BK-medi-
ated angioedema is responsive to treatment with tradi-
tional antiallergic therapies such as antihistamines, corti-
costeroids, or epinephrine [11]. In recent years, new
drugs and approaches for treating C1-INH-HAE have
emerged, but access to diagnosis and therapy is still re-
stricted in developing countries [7]. Additionally, it is a
common complaint that, even in developed countries, the
staff of the emergency room is not fully aware of these
diseases and their treatment options [12].

The Warning Signs

Taking into consideration the need to improve diag-
nosis and emergency assistance, we organized a simple
mnemonic rule with selected signs and symptoms to be
applied especially for emergency room physicians.

Warning signs were selected after listing the main rel-
evant issues of the pathophysiology, symptoms and
signs, laboratory diagnosis, and specific therapies asso-
ciated with HAE. To make the pneumonic easier to
memorize, the chosen points appear in alphabetical or-
der. This approach was applied according to previously
reported experiences with establishing warning signs for
primary immunodeficiencies [13, 14] and other diseases
(15, 16].
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Symptoms, signs, diagnosis, and responses to therapy
were condensed as warning signs listed in alphabetical
order (Fig. 1).

Comments

HAE is a rare disease that occurs worldwide without
ethnic or geographical preferences. In Denmark, Spain,
and Italy, prevalences of 1.41, 1.09, and 1.65 per 100,000
inhabitants have been reported, respectively [17-19]. US
estimates of annual emergency department visits for an-
gioedema of all types have reached >108,000 [20]. Misdi-
agnosis and delayed diagnosis due to the lack of recogni-
tion of the disease may suggest that the prevalence could
even be underestimated. One point to be discussed is that
patients experience distress and feel rejected when physi-
cians do not believe in their diagnosis, especially in emer-
gency departments. In cases of life-threatening laryngeal
attacks, the patients would not be able to argue with the
physicians about the nature of and treatment responses
to their disease [21]. The consequence is the occurrence
of deaths due to inappropriately treated HAE attacks,
even though drug therapy is available [8, 22, 23]. Before
the introduction of effective therapies for HAE, one-
third of patients died of asphyxiation [23]. Mortality was
reported to occur from asphyxiation during a laryngeal
attack in 70 of 728 patients diagnosed with HAE owing
to a CI-INH deficiency in Germany [8]. Emergency
treatment, such as immediate endotracheal intubation or
percutaneous tracheotomy, may be necessary if the air-
way is threatened. Specific therapy for HAE attacks is
needed.

A descriptive epidemiology of visits to emergency de-
partments in the USA documented >5,000 patients with
confirmed HAE diagnoses in 2006-2007. Among all the
HAE patients evaluated, >50% had symptoms directly re-
lated to HAE, 10% had abdominal pain, and approxi-
mately 40% of the cases were hospitalized [24].

We propose an alphabetical mnemonic to remind
physicians and other health care personnel about the di-
agnosis of HAE. When using this “ABC”, HAE may be
easily recognized in the emergency room. Moreover, pa-
tients without a confirmed diagnosis could access this
ABC and identify themselves as affected.

Angioedema

The first meaningful symptom is angioedema without
urticaria. The emphasis on the absence of urticaria could
aid the faster identification of the disease. Differential di-
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ANGIOEDEMA

BRADYKININ

C1 INHIBITOR

Fig. 1. ABC of angioedema: symptoms,
signs, diagnosis, and responses to therapy.

DISTRESS FACTORS

C1-INH-HAE.
EPINEPHRINE Therapy of attacks are nonresponsive to epinephrine
NONRESPONSIVE and/or antihistamines and/or corticosteroids.

FAMILY HISTORY

GASTROINTESTINAL
and/or GLOTTIS
EDEMA

Angioedema without urticaria affects mainly
subcutaneous tissue on extremities, the gastrointestinal
tract and upper airways. It is important to exclude

the use of drugs acting as ACE inhibitors, among

more frequent causes of angioedema. Angiotensin
receptor |l inhibitor and gliptin could also trigger
angioedema.

Bradykinin has been associated with clinical
manifestations in HAE and ACEI-AAE patients.
Therapy with the bradykinin receptor inhibitor,
icatibant, reinforces this mechanism.

Deficiency of C1 inhibitor is the defect leading to

HAE. HAE with normal C1 inhibitor has no

biochemical marker and symptomatology is similar

to that of C1-INH-HAE. Therapy with the plasma derived
or recombinant C1-INH can be used.

Triggering factors such as stress, trauma, menses,
weather and infections are associated with HAE.
Hormonal influences are more evident in noninhibitory

Family history is reported in 75-85% of patients with
HAE. Autosomal dominant inheritance is described
in C1-INH-HAE.

Gastrointestinal edema may be misdiagnosed as
acute abdomen. Upper airway edema leading to
glottis edema and asphyxia.

Both conditions can lead to death or unnecessary
surgeries.

agnosis would be accessed with a few questions, such as
about the use of ACEI or the late onset of the disease [1,
25]. The incidence of ACEI-acquired angioedema (ACEI-
AAE) arising during treatment ranges from 0.2 to 0.7%,
and corresponds to a potentially substantial number of
cases [10, 26].

Angioedema preferentially affects the face, extremi-
ties, and genitals. Furthermore, gastrointestinal involve-
ment is quite common and it can lead to unnecessary sur-
gery. Laryngeal edema and airway obstruction are more
rare [1,27, 28]. Unlike HAE, the main site of the swelling
in ACEI-AAE tends to be the face and not the abdomen

Hereditary Angioedema and Warning
Signs

[8,9,29, 30]. The treatment of the underlying condition,
i.e., hypertension, should instantly be continued with a
drug of a different class. Angioedema due to angiotensin
IT receptor blockers in patients who have previously ex-
perienced angioedema due to ACEI treatment has already
been reported [31].

Bradykinin

BK is a nonapeptide that is cleaved from high-molec-
ular-weight kininogen by kallikrein, and it is the main
vasoactive peptide generated during HAE attacks. Drugs
that inhibit kallikrein or block the interaction of BK with
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bradykinin receptor 2 (B2R) diminish the increased va-
sopermeability and reduce the intensity and duration of
angioedema attacks in patients with HAE [27]. This is
also the case for ACEI-AAE, and such treatments lead to
an increased concentration of BK [10, 29, 30].

Icatibant is an inhibitor of B2R which, given subcuta-
neously, has proven its efficacy and safety in the treat-
ment of HAE attacks; this reinforces the role of BK in the
physiopathology of the disease. The response to this ther-
apy is good, with <8% of patients requiring additional
doses [32].

CI Inhibitor

C1-INH deficiency is the biomarker for C1-INH-
HAE. A quantitative deficiency affects approximately
90% of patients and impaired functional C1-INH activity
has been described in 10%. C4 concentrations could be
measured as a screening test because they will be low dur-
ing C1-INH-HAE attacks but also out of them [19, 27,
28]. No biomarker has been established for HAE with
normal C1-INH.

In addition to mentioning this protein evaluation for
diagnosis, plasma-derived C1-INH has been used for
>30 years to treat attacks. It is not necessary to hospital-
ize the patient or go to an emergency department to re-
ceive this therapy. Self-administration has been estab-
lished in several centers and has led to significantly low-
er numbers of missed work and school days as well as
the tendency to initiate the infusion earlier, which re-
sults in an earlier improvement of symptoms. In sum-
mary, plasma-derived C1-INH influences the burden of
the disease [33, 34]. A recombinant C1-INH is also
available to treat attacks with the same efficacy as the
plasma-derived product, although due to its faster me-
tabolism, recombinant C1-INH should be given at a
higher dosage [35].

Distress Factors

Distress or other possible triggering factors have been
associated with the attacks and include the following:
stress, physical trauma, more estrogen (due to menses,
pregnancy, or contraceptives), infections, and cold weath-
er. Dental extraction is a dangerous procedure for HAE
patients, and plasma-derived C1-INH should be used for
short-term prophylaxis [8].

Epinephrine (Nonresponsive)

When a patient does not respond to the drug epineph-
rine, this should trigger a suspicion that a different mech-
anism is involved. The a-adrenergic, vasoconstrictive
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effect of epinephrine reverses peripheral vasodilation,
which reduces angioedema and urticaria. A temporary
improvement can also be reported due to the placebo ef-
fect. Nevertheless, this approach will not result in edema
resolution [36, 37]. As previously mentioned, a response
to icatibant could be interpreted as BK-mediated edema
[32].

The lack of a response to conventional antiallergic
therapies, corticosteroids, and antihistamines, and often
also the seriousness of the swelling attacks in BK-mediat-
ed angioedema can provide clues. This sign is not exclu-
sive to HAE attacks. Patients with ACEI-AAE do not re-
spond to conventional therapy; therapy with plasma-de-
rived C1-INH or an inhibitor of the B2R (icatibant) have
proven effective in such situations [10]. Additionally, the
use of ACEI in HAE patients is contraindicated as it in-
creases the risk of angioedema [30, 35].

Family History

A family history in association with clinical criteria is
crucial for HAE because this condition is an autosomal-
dominant disease. Approximately 75-85% of patients
have a positive family history of angioedema [28]. The
child of a patient with C1-INH-HAE has a 50% chance of
carrying the abnormal gene [38, 39].

Gastrointestinal/Glottis Edema

Gastrointestinal edema is very common and causes
abdominal HAE attacks in up to 85% of patients [7, 38].
These attacks are severely painful and often mimic other
diseases, such as appendicitis, diverticulitis, small-bowel
obstruction, cholecystitis, and inflammatory bowel dis-
eases. It is not unusual for patients to undergo unneces-
sary abdominal surgery including exploratory laparoto-
my and even hysterectomy [7, 27, 40].

Although laryngeal attacks with glottis edema are
rare (occurring in approx. 5% of HAE attacks), at least
50% of patients with HAE experience a laryngeal attack
at least once in their lifetime [27, 28]. In the past,
before therapy, up to 30% of such patients died due to
asphyxiation [22]. HAE attacks are often painful and
unpredictable, and they can vary in severity, frequency,
and anatomical location in different patients. Conse-
quently, attacks can be debilitating and result in a sig-
nificant and multifaceted disease burden. Newly ap-
proved and emerging therapies provide safe and effec-
tive relief for a significant proportion of patients with
HAE [12, 19].
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Conclusion

HAE is a rare condition, but it remains a disabling life-
long disease that should be diagnosed and treated cor-
rectly to avoid fatalities. Indeed, in order for this to hap-
pen, medical staff, patients, and family members must be
aware of this disease. An alphabetical mnemonic method
has been developed, and we hope it may benefit patients.
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