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ABSTRACT

Hereditary angioedema (HAE) is an autosomal
dominant disorder caused by amutation in theC1
esterase inhibitor gene. HAE affects 1/50,000 peo-
pleworldwide. Threemain types ofHAE exist: type
I, type II, and type III. Type I is characterized by a
deficiency in C1-INH. C1-INH is important in the
coagulation complement, contact systems, and
fibrinolysis.MostHAEcases are type I. Type I and II
HAE result fromamutation in the SERPING1 gene,

whichencodesC1-INH.Formallyknownas type III
HAE is typically an estrogen-dependent or heredi-
tary angioedema with normal C1-INH activity.
Current guidelines now recommend subdividing
hereditary angioedema with normal C1 esterase
inhibitor gene (HAE-nl-C1-INH formerly knownas
HAE type III) based on underlyingmutations such
as in kininogen-1 (HAE-KNG1), plasminogen gene
(PLG-HAE), myoferlin gene mutation (MYOF-
HAE), heparan sulfate-glucosamine 3-sulfotrans-
ferase 6 (HS3ST6), mutation in Hageman factor
(factor XII), and in angiopoietin-1 (HAE-ANGPT-
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1). The clinical presentationofHAEvaries between
patients, but it usually presents with nonpitting
angioedema and occasionally abdominal pain.
Young children are typically asymptomatic. Those
affected by HAE usually present with symptoms in
their early 20s. Symptoms can arise as a result of
stress, infection, or trauma. Laboratory testing
shows abnormal levels of C1-INH and high levels
of bradykinin. C4 and D-dimer levels can also be
monitored if an acute HAE attack is suspected.
Acute treatmentofHAEcan include IV infusionsof
C1-INH, receptor antagonists, and kallikrein inhi-
bitors. Short- and long-term prophylaxis can also
be administered to patients with HAE. First-line
therapies for long-termprophylaxis also include IV
infusion of C1-INH. This review aims to thor-
oughly understand HAE, its clinical presentation,
and how to treat it.

Keywords: Hereditary; Angioedema; Genetics;
C1-INH; HAE; SERPING1; F12

Key Summary Points

Late or inaccurate diagnosis of hereditary
angioedema might cause difficulties. HAE
causes subcutaneous or submucosal
nonpitting angioedema. Angioedema
affects the face and limbs. HAE symptoms
include stomach pain and life-threatening
laryngeal edema. A patient’s physical
exam should rule out allergic angioedema,
which is treated differently than HAE.
Neither fever nor infectious lesions should
be present.

Young HAE patients are often
asymptomatic, yet many are under 20.
Acute episodes span 2–5 days and are self-
limiting. Symptoms appear after a trauma,
infection, medical procedure, or stress.
C1-INH protein, C1-INH functional levels,
or C4 deficits can confirm HAE. Acute
therapy is effective within 60 min and
provides relief within 2 h, reducing the
progression of attacks. pdC1-INH (Cinryze
or Berinert), rhC1INH, ecallantide, and
icatibant are acute treatments.

Short-term prophylaxis has been shown to
reduce the occurrence of attacks in those
at risk. Short-term prophylaxis is indicated
in those undergoing invasive procedures
and anticipated stressful events. For those
already taking long-term prophylaxis, the
dosing schedule can be arranged to take
the IV or SC dose immediately before the
procedure or event, or a 5-day course of
Androgens before the procedure and
continued for two to three days following.
If using pdC1INH, the standard dose
should be used 1 to 12 h before the
procedure.

Long-term prophylaxis includes a plasma
kallikrein inhibitor (lanadelumab), IV
pdC1-INH (Cinryze), and SC pdC1-INH
(Haegarda). Anabolic androgens or
antifibrinolytics are second-line therapy.
PdC-1INH is recommended for pregnant
or breastfeeding women. Cinryze is
infused every 3–4 days (dose depends on
age), although it can cause infection and
vein damage. Haegarda is taken every
3–4 days but does not cause IV side effects.
2020 FDA approved lanadelumab. After
6 months, the initial 300 mg SC dose
every 2 weeks can be changed to 300 mg
every 4 weeks. Berotralstat, a plasma
kallikrein inhibitor given once daily, was
also recently approved for patients 12 and
older. This drug causes QT prolongation.

Prepubescent and pregnant patients
shouldn’t utilize androgens. Effective oral
Danazol has dose-related adverse effects;
start with a large dose and titrate down or
up as needed. Tranexamic acid, an
antifibrinolytic favored for pregnant
women and children, may increase
thrombosis risk.

INTRODUCTION

Hereditary angioedema (HAE) is a rare inherited
disorder that is caused by a dysfunctional C1
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esterase inhibitor gene (C1-INH) or a lack of C1-
INH [1]. It follows an autosomal dominant
inheritance and affects 1/50,000 individuals
[2, 3]. Some studies have shown that it affects
females more severely than males, especially
type III HAE [4]. C1-INH acts on many different
pathways, including fibrinolysis, coagulation,
contact, and complement systems (See Fig. 1).
Three types of HAE exist. Type I HAE presents
with a deficiency of C1-INH, type II HAE pre-
sents with a dysfunctional C1-INH, and type III
HAE is generally estrogen-dependent or heredi-
tary angioedema with normal C1-INH activity
but several mutations have been described.
Type I HAE makes up 85% of cases, while type II
HAE makes up 15% [5]. Type III HAE (estrogen-
dependent HAE) makes up a very small per-
centage of the cases of HAE. All three types of
HAE behave similarly and present with similar
symptoms [6]. Angioedema is nonpitting edema
in subcutaneous and submucosal tissues that
affects the lips, face, neck, extremities, the oral
cavity, and the larynx [7]. All three types of HAE
can be potentially life-threatening when the
larynx is involved. Symptoms typically begin in
childhood or young adulthood and get worse

around puberty. Typically, it presents as recur-
rent episodes of swelling or abdominal pain
[8–12]. Patients may present with a serpentine
non-pruritic rash [7]. Most acute cases of HAE
resolve in 1–2 days.

The pathophysiology of HAE is described as
bradykinin-mediated [7]. As stated previously,
C1-INH is a regulator of the complement and
contact systems. If C1-INH is deficient or
defective, as in types I and II HAE, the contact
system will be activated, resulting in continu-
ous production of kallikrein. This will lead to
the uncontrolled proteolysis of high molecular
weight kininogen and bradykinin [7]. Bradyki-
nin will increase vascular permeability, causing
edema. Type III HAE leads to increased activa-
tion of factor XII by activating plasmin Table 1.

HAE can arise when a mutation in one or
both alleles for the gene that encodes C1-INH
(SERPING1). Deletions and missense mutations
make up the majority of SERPING1 variants [13].
There are postulations that epigenetic and
environmental factors can lead to the patho-
genesis of HAE [14]. Type III HAE, resulting
from a normal C1-INH function, is not fully
understood. Type III HAE has been shown to

Fig. 1 The normal functions of the C1 esterase inhibitor protein. C1-INH inhibits fibrinolysis, coagulation, contact, and
complement systems
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Table 1 Subtypes of angioedema [20]

Disease Subtype Pathogenesis Clinical features

Anaphylaxis Mast cell-

mediated

IgE-mediated Commonly seen. Urticaria/pruritus

with preceding exposure to allergens

such as insects, food, or drugs with

multisystem organ involvement

Allergic reaction Mast cell-

mediated

IgE-mediated Commonly seen. Rapid-onset urticaria/

pruritus with preceding exposure to

allergens without multisystem organ

involvement

Drug-induced Mast cell-

mediated

IgE-mediated with increased

prostaglandin formation

Commonly seen. Primarily angioedema

and bronchoconstriction with

preceding exposure to aspirin or

Non-Steroidal Anti-Inflammatory

Drugs

Angiotensin-converting-

enzyme inhibitor

(ACEI)

Bradykinin-

mediated

Over-production or impaired

bradykinin degradation

Commonly seen. Acute onset or

delayed angioedema with preceding

ACEI or Angiotensin II receptor

blocker therapy. Higher incidence in

African Americans

HAE type I Bradykinin-

mediated

Mutant C1-INH gene on chromosome

11

Rare. Childhood or early adolescent

onset with autosomal dominant

inheritance. Clinical features of

edema, respiratory distress, and

abdominal pain

HAE type II Bradykinin-

mediated

Normal C1-INH levels, but

dysfunctional

Rare. Childhood or early adolescent

onset with autosomal dominant

inheritance

HAE ‘‘type III’’

(Formerly type III now

classified based on

specific mutations)

Bradykinin-

mediated

Typically estrogen-dependent with

normal C1-INH activity also may see

several other mutations associated

with this type

Rare. Affects women and appears later

in life with autosomal dominant

inheritance and low penetrance

Acquired type I C1-INH

deficiency

Bradykinin-

mediated

Consumption of C1-INH by immune

complexes

Rare. Age[ 40 years onset. Underlying

lymphoreticular disorder with the

presentation of angioedema without

urticaria. Prodrome of erythema

marginatum
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result in elevated estrogen levels, which also
increases levels of activated factor XII, and has a
variety of other mutations that can be seen in
this subtype [13, 15, 16]. More recent guidelines
suggest classifying all HAE-nl-C1-INH based on
specific mutations [17]. Use of the term HAE
type III or HAE-nl-C1-INH may still be used as a
broad category of these mutations but should
not be used for pathological classification under
current guidelines [17]. Specifically, HAE-nl-C1-
INH can arise from a missense mutation, caus-
ing a gain-of-function in the F12 gene, the gene
responsible for encoding coagulation factor XII
[13]. This leads to increased levels of
bradykinin.

By writing this review, we hope to offer a
thorough clinical presentation of HAE and how
practitioners can treat it. The remainder of this
review will focus on the etiologies of the three
types of HAE, how to diagnose and test for HAE,
and a discussion on the medication to help
manage HAE.

Compliance with Ethical Guidelines: This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

Etiology

Angioedemas rise due to increased vascular
permeability and can be grossly classified as
either allergic (i.e., mast cell or IgE-mediated) or
nonallergic. HAE is a subcategory of nonallergic
angioedema, along with renin–angiotensin–al-
dosterone system blocker-induced angioedema,
pseudoallergic angioedema, and acquired
angioedema [18, 19]. Hereditary angioedema is
commonly subclassified into three types, all of
which are virtually clinically indistinguishable
and largely driven by bradykinin [19].

Type 1 and 2 HAE are characterized by a
mutation in the SERPING1 gene, which encodes
the C1-inhibitor protein [21–23]. C1-inhibitor
protein, as the name suggests, is a serine pro-
tease inhibitor that delicately balances proteins
in important biological systems, including the
coagulation cascade (factor XIa), contact acti-
vation system (also known as bradykinin for-
mation system, factor XIIa, plasma kallikrein),
fibrinolytic system (plasmin), and complement
system (mannose-binding lectin-associated ser-
ine protease [MASP] 1 and 2) [15]. Though over
150 different mutations in the SERPING1 gene
have been identified, the discernment between
HAE types 1 and 2 can be ascertained by whe-
ther the C1-inhibitor protein is functional or

Table 1 continued

Disease Subtype Pathogenesis Clinical features

Acquired type II C1-

INH deficiency

Bradykinin-

mediated

Autoantibodies to C1-INH Rare. Age[ 40 years onset. Underlying

lymphoreticular disorder with the

presentation of angioedema without

urticaria. Prodrome of erythema

marginatum

Chronic Idiopathic Bradykinin-

mediated

Not well understood thought to be

bradykinin-mediated but may be

histamine-mediated

Rare. Diagnosis of exclusion with[ 3

angioedema attacks within 1 year

Gleich’s syndrome Bradykinin-

mediated

Not well understood possibly

bradykinin-mediated

Rare. Cutaneous

angioedema ± urticaria associated

with elevated serum eosinophil and

IgM levels
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not [15, 24, 25]. Patients with type 1 HAE syn-
thesize misfolded or truncated C1-inhibitor
protein and consequently possess decreased
circulating levels. Though the overall level of
C1-inhibitor protein may be low in the case of
type 1 HAE, the protein itself is still functional.
Conversely, type 2 HAE is characterized by the
production of nonfunctional C1-inhibitor pro-
tein, though its secretion is unaffected and
consequently the patient appears to have ‘nor-
mal’ levels. Type 1 HAE is the more common of
the two (80–85% compared to 15–20%) and is
associated with multiple mutations within the
gene-encoding region (missense, nonsense,
insertion, or deletion mutations), as opposed to
type 2 HAE mutations, which are most often a
missense mutation in exon 8 [23–25]. Regard-
less of the HAE subclass, the threshold for
functional physiology, at least concerning the
contact activation system, is thought to be 40%
[26]. HAE operates in a dominant-negative
fashion such that a mutation in a single gene
adversely affects the wild-type gene product,
explaining its presentation in heterozygous
individuals [27].

HAE is largely mediated by the pro-inflam-
matory mediator bradykinin and results from a
deficiency in the liver-produced acute-phase
reactant C1-inhibitor protein [24]. C1-inhibitor
protein minimizes the activation of C1r, C1s,
MASP 1, and MASP 2, thereby inhibiting the
complement system. Nonfunctional or low
levels of C1-inhibitor protein allow for unre-
strained complement activity, facilitating vas-
cular permeability and edema [28].
Additionally, the C1-inhibitor protein inhibits
plasma kallikrein, the enzyme which mediates
the conversion of high-molecular-weight
kininogen (HMWK) to bradykinin. Low levels of
C1-inhibitor allow plasma kallikrein levels to
rise, subsequently increasing bradykinin levels.
Importantly, plasma kallikrein increases the
active form of factor XII, factor XIIa, which
positively feedbacks to facilitate the conversion
of prekallikrein to kallikrein, facilitating brady-
kinin production. Bradykinin is responsible for
many of the symptoms in HAE patients as it
functions in endothelial contraction, nocicep-
tor activation, and bronchoconstriction,
explaining the edema, pain, and dry cough

typical in HAE presentation [24]. Of note,
angiotensin-converting-enzyme (ACE) lowers
bradykinin levels. Consequently, ACE-in-
hibitors, an effective anti-hypertensive thera-
peutic, may lead to HAE (referred to as ACE-
induced HAE) [22].

The third HAE, also known as HAE with
normal C1 activity, is an extremely rare subclass
only described at the turn of the second mil-
lennium [29, 30]. Though the pathophysiolog-
ical mechanism has not been thoroughly
elucidated, type 3 HAE is strongly associated
with increases in estrogen levels and is resul-
tantly called estrogen-dependent HAE [21–33].
Accordingly, type 3 HAE presents most com-
monly in females and has been shown to initi-
ate presentation and/or exacerbate symptoms in
pregnant patients or hormonal-contraceptive
users [30, 32, 34, 35]. Elevated estrogen levels
correspond with increased factor XIIa levels
which, using the previously mentioned positive
feedback loop, increase bradykinin levels [36].
Current guidelines now recommend subdivid-
ing Hereditary Angioedema with Normal C1
esterase inhibitor gene (HAE-nl-C1-INH for-
merly known as HAE type III) based on under-
lying mutations such as in kininogen-1 (HAE-
KNG1), plasminogen gene (PLG-HAE), myofer-
lin gene mutation (MYOF-HAE), heparan sul-
fate-glucosamine 3-sulfotransferase 6 (HS3ST6),
a mutation in Hageman factor (factor XII), and
in angiopoietin-1 (HAE-ANGPT-1) [16–18].

DIAGNOSIS

Clinical Presentation

Hereditary Angioedema can clinically present
with patient differences in symptomology and
disease-inducing triggers. HAE typically pre-
sents with acute episodic cutaneous or submu-
cosal angioedema and accompanied abdominal
pain [37]. In HAE, angioedema can affect most
areas of the body, but most frequently involves
the face and extremities [37]. The cutaneous
angioedema should be nonpitting and present
with ill-defined margins [38]. In addition to
cutaneous angioedema, the gastrointestinal
tract and respiratory tracts are the most
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commonly involved visceral structures [39].
While the cutaneous lesions may be most
apparent, the visceral angioedema can be just as
bothersome to the patient and key in diagnos-
ing the disease. While not a common initial
presenting complaint, laryngeal edema is one of
the deadly visceral disease complications
patients with HAE may encounter [37]. There is
no specified time frame for which the compli-
cation evolves, but it usually increases in
severity several hours after onset [37]. This
complication is especially important to recog-
nize and address quickly as it can lead to a rapid
death related to airway obstruction if not ade-
quately treated.

In addition to clinical symptoms, the age of
symptom onset is also considered when diag-
nosing HAE. Most HAE patients present with
symptomatic cases before age 20 [37]. It is
uncommon, however, for the disease to present
in young children as they are often asymp-
tomatic [39]. The use of patient age should not
be the main reason for the inclusion or exclu-
sion of the disease but can be used to help guide
a differential diagnosis and applicable treat-
ment options. Acute symptom time frame is
also important to consider when making an
HAE diagnosis.

In most cases, the acute angioedema epi-
sodes should last between 2 and 5 days and
additionally resolve spontaneously without the
need for medical intervention [39]. This typical
disease progression time frame can help exclude
patients with chronic, non-episodic symptoms.
Knowing the progression and typical disease
pattern can also help appropriately diagnose
these recurring episodes when combined with
other clinical symptoms.

Symptom onset is another key part of diag-
nosing HAE and providers should ask all
patients with a suspected HAE diagnosis about
preceding events prior to the increase in symp-
toms which may clue providers of a non-HAE
cause such as drug-induced causes. In the case
of HAE, some attacks may have a preceding
trigger, but often many attacks have no trigger
at all [39]. While triggers vary for each patient,
common triggers can include trauma, medical
procedures, stress, oral contraceptives (estro-
gen), infectious processes, and ACE inhibitors

[39]. Additionally, patients with HAE have dif-
ferent disease response levels to the same trig-
gers [39]. Interestingly, there seems to be a
prevalence of epilepsy among patients with
HAE. One article by Kuwahara S, Fukunaga A,
Ohata M, et al., found that in a group of 18
patients with HAE (with more normal C1-INH
HAE than C1-INH HAE), 16.7% had epilepsy
[40]. A 2019 study by Mugisho OO, Robilliard
LD, Nicholson LFB, Graham ES, O’Carroll SJ.,
demonstrated increased vascular permeability
in human cerebral microvascular endothelial
cells with activation of bradykinin 1 receptor; a
similar mechanism has been suggested for
transient cerebral edema, which is closely asso-
ciated with hypertension and epileptic seizures.
[40–44]. While a specific trigger may cause a
severe disease response in one patient, that
same trigger may only result in a minor disease
response in another patient.

When constructing a differential diagnosis
list, urticaria is an important finding to consider
for the exclusion of an HAE diagnosis [38].
Patients presenting with an HAE flare should
not have urticaria on physical exam and the
lesions present should not indicate an infec-
tious process (warm or painful) [38, 39]. In
addition to the lesions requiring no evidence of
an infectious process, the patient should also be
fever free for a diagnosis of acute HAE [4]. One
clinical test that can help aid in either making
or excluding a diagnosis of HAE is the admin-
istration of an ACE inhibitor. If a patient is
suspected to have Hereditary Angioedema, their
symptoms should increase in intensity with an
ACE inhibitor [38]. If the patient does not show
a change in the disease process with the
administration of the ACE inhibitor, the diag-
nosis of HAE is not as likely.

In a subset of HAE, clinical findings are the
most predictive and diagnostic of HAE [38]. The
subset of HAE relying the most on a patient’s
clinical presentation is HAE with normal C1-
INH levels. In this subset of HAE, patients will
have identifiable clinical symptoms, normal lab
values (including C1-INH), and either an F12
mutation of a positive family history and a
known treatment failure to chronic high-dose
antihistamine therapy [38]. The combination of
these different factors can help establish a
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diagnosis of HAE with normal C1-INH levels
through clinical presentation.

Laboratory Tests

HAE can be detected with laboratory testing as a
deficiency of C1 esterase inhibitor, leading to an
abnormally high bradykinin level [38]. Patients
with HAE can also be detected through low C4,
C1-INH protein, and C1-INH functional levels
[38]. Low C1-INH levels occur due to a defi-
ciency without the SERPING1 gene [38]. If an
HAE patient presents with a low circulating C1-
INH level, they likely have type 1 HAE, whereas
a normal circulating C1-INH level indicates type
2 HAE.

Additionally, laboratory tests to monitor C4
levels should be done with suspected HAE but
only in episodes of an acute attack [38]. Ran-
domly checking an HAE patient’s C4 level alone
only has a sensitivity of 80% [45]. D-dimer level
monitoring may also be useful in diagnosing an
acute HAE attack as the value may rise in this
setting [45]. In addition to monitoring C4 and
D-dimer levels, a physician may choose to check
C1 and/or C3 levels [46]. If any lab values are
less than or equal to 50% of the normal values,
labs should be repeated in 1–3 months to ensure
values are accurate and not related to a more
acute illness [38]. It is recommended that to
make a diagnosis of HAE, the patient should
have both clinical symptoms and positive lab-
oratory findings [38].

Genetic testing is another test that can
diagnose HAE, but the limitation presented
with this testing is predicting disease progres-
sion. A positive result on genetic screening for
HAE cannot indicate a patient’s future sympto-
mology or severity since the same genotypic
variation can present differently in multiple
patients [38].

TREATMENT AND MANAGEMENT

Acute Treatment

In the setting of acute attacks, swelling typically
resolves within 3 to 5 days in the absence of

treatment [37]. The main complications of
immediate concern are laryngeal edema, possi-
bly fatal asphyxiation, and decapitating pain
secondary to gastrointestinal attacks [47]. The
main goal of acute treatment is to prevent rapid
progression to these sequelae as peak symptom
severity is reached within hours. It has been
proven that early recognition of symptoms and
treatment administration within 6 h of onset
has been shown to have better outcomes than
delayed treatment [48]. Therefore, treatment
should be made readily available to be initiated
‘‘on-demand’’ by the patient. The acute treat-
ment options include plasma-derived C1-INH
(pdC1-INH), recombinant human C1-INH
(rhC1-INH), ecallantide, and icatibant [49].
Proper education on self-administration tech-
niques and two home doses should be made
available to the patient to improve disease
management [48]. A subcutaneous (SC) option
may relieve many of the challenges associated
with the self-administration of IV formulations
at home. These medications become effective
within 60 min and relief is usually seen within
2 h [17]. A second dose may be warranted if the
attack begins to worsen. If the on-demand
medications are unavailable, fresh frozen
plasma (FFP) containing C1-INH can be used
however it is not recommended as the level of
evidence is very low. No randomized controlled
trials have proven FFP’s efficacy, but retrospec-
tive studies have shown effectiveness thus this
treatment should be reserved in the absence of
other available treatments [50]. Longer resolu-
tion times and more adverse effects were seen.
Therefore, precautions should be taken to pro-
tect the patient’s airway. Because angioedema
and vascular permeability are due to bradyki-
nin-mediated effects rather than histamine,
epinephrine, antihistamines, and glucocorti-
coids are ineffective [17]. Likewise, ACE inhibi-
tors should be discontinued due to their effects
on increased bradykinin and angioedema.

The intravenous (IV) options include pdC1-
INH and rhC1-INH [17]. IV pdC1-INH is a
plasma concentrate available in vials of 500
units under the brand name Cinryze or Berinert.
Haegarda is a brand name that is only approved
for prophylaxis. The recommended dosing is 20
units/kg and rounded up to each vial size [17].

Adv Ther (2023) 40:814–827 821



To avoid denaturation, caution must be utilized
to avoid shaking the solution. The most com-
mon adverse effect reported is headache.
Thrombotic events have been associated with
pdC1INH1 [51]. RhC1-INH is pooled from the
milk of transgenic rabbits. Because of this,
allergy to rabbits is a contraindication to its use.
It has a similar efficacy, but shorter half-life.
Therefore, higher doses are needed to achieve
therapeutic levels for acute treatment and is not
used for prevention [52]. The recommended
dose is 50 units/kg, with a maximum of 4200
units per dose [17]. Both may also be used in
children aged 5 and older.

Icatibant is a bradykinin B2-receptor antag-
onist approved for those aged 18 and older in
the United States [17]. The dosing is weight-
based by SC injection. The dosing is 10 mg for
12–25 kg, 15 mg for 26–40 kg, 20 mg for
41–50 kg, 25 mg for 51–65 kg, and 30 mg for
those greater than 65 kg [17]. A second dose
may be recommended if symptoms do not
improve within 6 h, with a maximum of three
doses within 24 h. For those with angina or
coronary artery disease, icatibant should be
used with caution because studies have shown
the effect of reduced coronary blood flow [53].

Another SC option is ecallantide, a geneti-
cally engineered recombinant plasma kallikrein
inhibitor [17]. This antagonism blocks the pro-
duction of bradykinin. The FDA approved this
for treating attacks in those aged 12 and older in
the U.S. Due to the most common and severe
adverse reaction being anaphylaxis and allergic
reactions, it may only be administered in a
healthcare setting equipped to manage this
complication [54]. The adult dose is 30 mg and
is available in 1 mg vials of 10 mg [17]. There-
fore, the dose should be administered as three
separate injections in the abdomen, upper arm,
or thigh and distinct from the site of angioe-
dema. A second dose of 30 mg may be given as
early as 1 h after the first dose [17].

Substantially increased mortality has been
associated with laryngeal attacks [47]. Subse-
quently, emergency care should be sought for
those experiencing laryngeal, throat or tongue
swelling. Elective intubation should be consid-
ered to protect the airway for those experienc-
ing respiratory distress despite the

administration of treatment. If intubation has
failed, emergent cricothyrotomy may be
required [47]. Gastrointestinal attacks may
range from mild to severe and usually resolve
without treatment. On-demand treatment
should be sufficient, but rehydration and
symptomatic treatment with antiemetics, anti-
diarrheal, and constipation medications may be
warranted.

Short-term Prophylaxis

Short-term prophylaxis has been shown to
reduce the occurrence of attacks in those at-risk.
Trauma and stress have been shown to incite
acute attacks [55]. Short-term prophylaxis is
indicated in those undergoing invasive proce-
dures such as major dental work, oral surgery,
endotracheal intubation, endoscopies, and
anticipated stressful events. For those already
taking long-term prophylaxis, the dosing
schedule can be arranged to take the IV or SC
dose immediately before the procedure or
event, or a 5-day course of Androgens before the
procedure and continued for two to three days
following [17]. If using pdC1INH, the standard
dose should be used 1 to 12 h before the pro-
cedure. Due to their short half-life, ecallantide
and icatibant are not used for prevention.
Tranexamic acid (TXA) is a common antifibri-
nolytic medication used to treat excessive
bleeding caused by surgeries, pregnan-
cies/menorrhagia, clotting disorders, and
trauma. TXA is used to treat HAE both acutely
and prophylactically, despite its disputed use.
TXA displaces plasmin to prevent clot resolu-
tion and lower bradykinin [56]. Particularly, a
2021 case report showed that tranexamic acid
may be particularly useful in treating ACE
inhibitor-induced angioedema and in short-
term prophylaxixuse [57].

Long-Term Prophylaxis

The criteria for deciding whether long-term
prophylaxis is indicated is subjectively based on
the patient. The practitioner should consider
the severity and frequency of attacks, impact on
quality of life, access to treatment and comorbid

822 Adv Ther (2023) 40:814–827



conditions [17]. First line therapies include
monoclonal plasma kallikrein inhibitor named
Lanadelumab, IV pdC1-INH (Cinryze), and SC
pdC1-INH (Haegarda). Alternatively, anabolic
androgens or antifibrinolytics may be used as
second-line agents.

Cinryze is approved for children and adults
to reduce the occurrence of attacks [58]. An
infusion is given every 3 to 4 days as 2500 or
1000 units based on age [17]. Careful consider-
ation should be given as to whether long-term
IV access is appropriate, ability to infuse
appropriately, and risk for infection. Repeated
IV administration may lead to damaged veins
and loss of access. Indwelling ports may be
placed but there is an increased risk for infec-
tion and placement is not currently recom-
mended. The SC option, Haegarda, is another
first-line option that does not pose these same
risks. It follows the same schedule, but with
doses of 60 units/kg [59]. PdC1-INH is the pre-
ferred option for acute treatment and preven-
tion in pregnant and lactating patients [60].

A monoclonal antibody to plasma kallikrein,
Lanadelumab, was recently FDA approved in
2020 for those ages 12 and older [61]. The
medication’s much longer duration of action
allows for long-term prophylactic therapy and
once or twice monthly dosing. The initial rec-
ommended dose is 300 mg SC every two weeks
[17]. This may be de-escalated to 300 mg every
4 weeks after 6 months if attacks have been
well-controlled. Berotralstat is a recently
approved oral plasma kallikrein inhibitor for
those 12 and older [62]. Dosing is usually
150 mg once daily with food [17]. A 110 mg
option is available for those taking BCRP or P-gp
inhibiting medications. The main concern is its
increased risk of QT prolongation [62]. Future
studies are still required to prove the long-term
safety and effectiveness.

The precise mechanism contributing to
attenuated androgens efficacy is not entirely
understood. Danazol is an oral option available
for prophylaxis widely throughout the US.
Although effective, there are more dose-related
side effects and are considered second-line
alternatives [63]. Therefore, the lowest effective
dose may be used. Dosing may range from 50 to
200 mg daily or every other day. When

initiating, there are two strategies recom-
mended [17]. Beginning with a high dose, 400
or 600 mg daily, and gradually tapering by tol-
erability may be preferred for those requiring
quick attack control of attacks. Generally, it is
recommended to titrate down by 100 mg per
day each month. If another attack breaks
through, the last effective dose may be resumed
until attack resolution. Alternatively, one can
begin with a low dose, such as 100 mg daily,
and titrate up as necessary. This regimen may be
best utilized in those not needing immediate
resolution of attacks and limits the exposure to
dose-related side effects. Androgens should be
avoided in prepubertal adolescents and preg-
nant patients.

Another second-line off-label option is an
antifibrinolytic tranexamic acid [64]. It is typi-
cally preferred over androgens in pregnant
patients and children where other first-line
options are unavailable. Dosing typically begins
at 500 mg orally two to three times daily and is
titrated up to a maximum tolerated dose of 3 g
[17]. The risk for thrombosis should be moni-
tored while using this medication.

CONCLUSIONS

It is important to recognize and treat HAE
promptly related to complications of a late or
improper diagnosis. HAE commonly presents
with acute episodes of subcutaneous or sub-
mucosal nonpitting angioedema. Angioedema
affects areas near the face and extremities.
Associated symptoms for HAE may include
abdominal discomfort and laryngeal edema, a
life-threatening complication that should raise
immediate concern. The absence of urticaria
should be confirmed on a patient’s physical
exam to rule out the possibility of allergic
angioedema, which has a different treatment
plan than HAE. Additionally, the patient should
show no signs of fever or any infectious lesions.
Young children with HAE tend to be asymp-
tomatic, but many symptomatic cases occur in
patients under 20. Laboratory testing for defi-
ciencies of C1-INH protein, C1-INH functional
levels, or C4 can be used to confirm an HAE
diagnosis.
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Acute treatment plays a significant role in
preventing the progression of attacks due to the
medication becoming effective within 60 min
and providing relief within 2 h. Options for
acute treatment include pdC1-INH (Cinryze or
Berinert), rhC1-INH, ecallantide, and icatibant.
Short- or long-term prophylaxis can be admin-
istered to reduce the occurrence of HAE attacks.
Management via long-term prophylaxis
involves first-line therapies such as IV pdC1-
INH (Cinryze), SC pdC1-INH (Haegarda), and a
monoclonal plasma kallikrein inhibitor
(lanadelumab).

Second-line therapies include anabolic
androgens or antifibrinolytics. Haegarda is also
given every 3–4 days but does not involve the
side effects of repeated IV administration.
Lanadelumab was recently FDA-approved in
2020. This medication is used for patients
12 years and older with an initial 300 mg dose
SC every 2 weeks, which can be changed after
6 months to 300 mg every 4 weeks. Berotralstat,
also recently approved for patients 12 years and
older, is an oral plasma kallikrein inhibitor
given once daily as a 150 mg dose but as a
110 mg dose for those taking BCRP. Danazol is
an effective oral option with dose-related side
effects; therefore, it is recommended to start
with a high dosage and titrate down or start
with a low dose and titrate up as needed.
Antifibrinolytic tranexamic acid is another sec-
ond-line option preferred for pregnant patients
and children, but it may increase the risk of
thrombosis.
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