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Angioedema is an acute swelling of the deeper layers of the skin or
mucosa resulting from a transient increase in vascular
permeability. Angioedema can occur in the absence or presence of
hives, be hereditary or acquired, and be caused by various
potential mediators, including histamine and bradykinin.
Bradykinin-mediated angioedema can be difficult to diagnose but

is responsible for a disproportionate percentage of the serious
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morbidity and mortality associated with angioedema. Our
understanding of the basic biology of angioedema has
dramatically expanded over recent years. The classification of
angioedema has correspondently undergone major changes.
Optimal management of patients with angioedema requires that
an accurate diagnosis be established and that treatment be tailored
to the patient’s specific form of angioedema. In this article, we
review the biology of bradykinin-mediated angioedema as well as
the clinical approach to the evaluation of angioedema with a focus
on bradykinin-mediated angioedema. Recognizing how the
underlying pathophysiology and mechanisms of bradykinin
dysregulation contribute to angioedema can help guide the
clinical approach to the patient. © 2018 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2018;6:1132-41)
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INTRODUCTION

Angioedema is a consequence of transiently increased vascular
permeability that can occur in various disorders. To successfully
manage patients with angioedema, the clinician must understand
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Abbreviations used
AAE- Acquired angioedema
ACE- Angiotensin-converting enzyme
ACEI- ACE inhibitor
ANGPTI- Angiopoietin-1
ARB- Angiotensin receptor blocker
BDKRBI- Bradykinin Bl receptor
BDKRB?2- Bradykinin B2 receptor
CI1INH- CI inhibitor
DPPIV- Dipeptidyl peptidase IV
FXII- Coagulation factor XII
HAE- Hereditary angioedema
HAE-ANGPTI- HAE associated with ANGPT1 mutation
HAE-CIINH- HAE due to a deficiency in CI1INH function
HAE-FXII- HAE associated with F12 mutation
HAE-nl-C1INH- HAE with normal C1INH
HAE-PLG- HAE associated with PLG mutation
HMWK- High-molecular-weight kininogen
LMWK- Low-molecular-weight kininogen
PLG- Plasminogen
VE-cadherin- Vascular-endothelial cadherin

the underlying pathophysiology of angioedema and be able to
tailor the treatment to the correct and specific disorder. At least 4
different mediators have been linked to angioedema: histamine,
bradykinin, substance P, and leukotrienes. Histamine and bra-
dykinin are the best-documented mediators of angioedema.
However, distinguishing bradykinin-mediated angioedema from
histamine-mediated angioedema remains the most important and
frequent dilemma faced by the clinician during an evaluation of
angioedema.

Although less common than histamine-mediated angioedema,
bradykinin-mediated angioedema is responsible for a dispropor-
tionate percentage of the serious morbidity and mortality asso-
ciated with angioedema. Over the last decade, a number of
specific and effective medications have been developed to treat
bradykinin-mediated angioedema. Therefore, correctly diag-
nosing bradykinin-mediated angioedema is a key step toward
preventing morbidity and mortality and optimizing patient
outcomes when treating patients with recurrent angioedema.

In this article, we will review the pertinent aspects of
bradykinin-mediated angioedema, including the underlying
pathophysiology, how bradykinin dysregulation may contribute
to swelling, and the diagnostic approach. Current treatment
options for bradykinin-mediated angioedema have been recently
reviewed.' Although some of the diagnostic and therapeutic
tools are limited to specialized centers, all physicians who di-
agnose angioedema must be familiar with bradykinin-mediated
angioedema and be able to recognize when to refer these pa-
tients to a specialized center.

NOMENCLATURE OF ANGIOEDEMA

The many forms of angioedema require some precision in the
nomenclature to avoid causing confusion. Angioedema must be
clearly distinguished from wheals or hives. Angioedema that
occurs independently from hives is referred to as primary
angioedema, a term that recognizes that even a patient with
hereditary angioedema (HAE) can experience hives under
certain conditions. The diagnosis of HAE must also distinguish

whether the angioedema is associated with a CI1 inhibitor
(C1INH) deficiency. HAE due to a deficiency in C1INH
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function is often called HAE-C1INH, whereas HAE with
normal C1INH is often called HAE-nl-C1INH. There are
minor differences in the exact lexicon of angioedema; for
instance, the Gargagno consensus article’ uses the terms
C1INH-HAE and nl-C1INH-HAE, but these differences are
minor and readily understood. It is, however, crucial to appre-
ciate that the term “type III HAE” is obsolete and misleading,
and so should not be used.

GENERATION AND CATABOLISM OF BRADYKININ

Bradykinin and its related kinins are small peptides with
pleiotropic biologic effects, including vascular effects of dilatation
and enhanced permeability. Kinins are generated from cleavage
of kininogen, a large plasma protein that contains bradykinin.
The protease releasing kinin from kininogen is called kallikrein.
There are 2 distinct kinin-generating systems: the plasma contact
system and the tissue kallikrein system.

Plasma contact system

The plasma contact system consists of 3 plasma proteins:
coagulation factor XII (FXII), plasma prekallikrein, and high-
molecular-weight kininogen (HMWK) (Figure 1).® When
activated, the zymogens FXII and plasma prekallikrein recipro-
cally cleave each other to generate the active proteases FXIIa and
plasma kallikrein. Plasma kallikrein then cleaves HMWK,
releasing bradykinin. Plasma kallikrein can also cleave FXIIa,
releasing a smaller active protease FXIIf (aka BFXIIa), which can
activate the classical complement pathway. Plasma kallikrein,
FXIla, and EXIIf are inhibited by C1INH, the protein that is
deficient in type I and type II HAE.

The contact system is activated ex vivo by contact with
negatively charged surfaces, notably glass, kaolin, celite, and
dextran sulfite.”'® In in vive activation, components of the
contact system assemble on the surface of endothelial cells in a
zinc-dependent manner.'' The physiologic activators of the
contact system are unknown but have been suggested to include
nucleosomes,'” extracellular nucleic acids,'” platelet-derived
inorganic polyphospl’late,]4 pathogen-released long  poly-
phosphates, * aggregated or misfolded proteins,'®'” mast cell
heparin,18 19 and endotoxin.” In addition, plasmin has been
reported to be capable of activating the contact system,ZI‘22
whereas the lectin complement pathway protease MASP-1 has
been reported to be capable of directly cleaving HMWK and
generating bradykinin.”’

Tissue kallikrein system

The tissue kallikrein system consists of a large family of tissue
kallikreins, which are not closely related to plasma kallikrein.*
Most tissue kallikreins cannot generate kinins. Tissue kallikrein
type I, however, can cleave low-molecular-weight kininogen
(LMWK), releasing Lys-bradykinin. LMWK is an alternatively
spliced product of the same gene that codes for HMWK. Lys-
bradykinin is identical to bradykinin except for a lysine residue
at its N-terminus and has essentially the same biologic effects.
Importantly, tissue kallikrein is not regulated by CIINH,”>*°
and there is no evidence that this pathway contributes to
angioedema.

Bradykinin catabolism
Bradykinin is catabolized by various peptidases (also called
kininases), of which the most important is angiotensin-converting
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FIGURE 1. Generation, action, and catabolism of bradykinin in angioedema. Schematic of contact system activation with generation of
bradykinin, which induces angioedema by binding to bradykinin receptors. BK, bradykinin; cHMWK, cleaved HMWK; CP carboxypepti-

dase; Kall, kallikrein; PK, prekallikrein.

enzyme (ACE; kininase IT) (Figure 1).”” Other important pepti-
dases involved include aminopeptidase P, carboxypeptidase N,
carboxypeptidase M, neutral endopeptidase, and dipeptidyl
peptidase IV (DPPIV). Cleavage of the C-terminal arginine of
bradykinin or Lys-bradykinin by carboxypeptidase generates des-
Arg-bradykinin or des-Arg-Lys-bradykinin, respectively. Under
normal conditions, the half-life of bradykinin in plasma is
measured in seconds.

BRADYKININ RECEPTORS IN ANGIOEDEMA

Kinins transduce their biologic effects through 2 separate G
protein—coupled kinin receptors: bradykinin B2 receptor
(BDKRB2) and bradykinin B1 receptor (BDKRB1) (Figure 1).
These receptors are located at adjacent loci on chromosome
14932.2, but demonstrate many structural and functional dif-
ferences.”” Bradykinin and Lys-bradykinin bind to and activate
the BDKRB2, which is constitutively expressed on many cells
including endothelial cells.”” Once activated, the BDKRB2 is
rapidly desensitized and downregulated.””

The agonists for the BDKRB1 are des-Arg-bradykinin and
des-Arg-Lys-bradykinin, which are generated by cleavage of the
C-terminal arginine from bradykinin or Lys-bradykinin by
carboxypeptidase. In contrast to the BDKRB2, the BDKRBI is
not expressed in normal tissue, but is rapidly induced by various
inflammatory stimuli. Unlike the BDKRB2, the BDKRBI sig-
nals in a constitutively active manner, which is amplified by
binding to its agonists. A final important functional distinction
between the kinin receptors is that the BDKRB1 is only slowly
and partially desensitized and downregulated after binding to its
agonist.27

Kinin receptors and angioedema
Both kinin receptors are capable of increasing vascular
permeability; however, the BDKRB2 has generally been

considered to be the major kinin receptor responsible for
bradykinin-mediated angioedema attacks. This assumption is
based on several considerations: (1) endothelial cells constitu-
tively express BDKRB2 but not BDKRBI1; (2) the des-Arg
metabolite of bradykinin has been reported to be a poor ligand
for the cloned human BDKRB1/; (3) although des-Arg-Lys-
bradykinin is a potent agonist for the human BDKRBI, there
is no evidence that it is generated during angioedema attacks; and
(4) treatment with a specific BDKRB2 antagonist abrogates both
the increased vascular permeability seen in a murine model of
C1INH deficiency”” and attacks in patients with HAE.””

Although there is strong evidence supporting a key role for the
BDKRB2, several lines of evidence point to the possibility that
the BDKRBI may play a role in angioedema.” The relatively
long course of swelling in HAE relative to other forms of
angioedema is difficult to reconcile with the rapidly attenuating
signaling from the BDKRB2. This has led to the suggestion that
prolonged signaling from the BDKRB1 plays a role in sustaining
the swelling during episodes of bradykinin-mediated angioe-
dema.’’ To signal, however, the BDKRB1 must be expressed,
and the BDKRBI is not expressed in normal tissue. It appears
likely that local BDKRB1 expression is upregulated during at-
tacks of angioedema. Ex vivo induction of BDKRBI in cultured
endothelial cells by plasma obtained from patients with HAE
during an attack supports a role for this receptor in angioe-
dema.”! Furthermore, signaling through the BDKRB2 itself has
been shown to induce expression of the BDKRB1.” It is also
interesting to consider whether stress, trauma, or infection
upregulates BDKRB1 and influences susceptibility to swelling.
Finally, although des-Arg-bradykinin has virtually no effect on
cloned BDKRBI, evidence suggests that it may have biologically
relevant effects on human BDKRB1 i vive>>>? Taken together,
the role of the BDKRBI in bradykinin-mediated angioedema is
uncertain but worthy of further research.
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EFFECT OF BRADYKININ ON VASCULAR
PERMEABILITY

Angioedema results from a transient increase in vascular
permeability that is largely determined by the pore size be-
tween endothelial cells, and is normally tightly controlled
through the dynamic opening and closing of interendothelial
junctions.”” An increase in the pore size allows fluid to move
more freely across the endothelial barrier, from the higher
pressure vascular space into the lower pressure interstitial
space. Once in the interstitial space, the fluid must be resor-
bed, which is a slower process typically mediated through the
lymphatic drainage.

The major junctional component limiting permeability
outside of the central nervous system is the adherens junction,
which maintains the permeability barrier through homotypic
associations between transmembrane vascular-endothelial cad-
herin (VE-cadherin) molecules.’® Signaling cascades down-
stream from the kinin receptors phosphorylate VE-cadherin as
well as its associated intracellular catenins, resulting in inter-
nalization and degradation of VE-cadherin and contraction of
the actin cytoskeleton.”” These changes increase the effective
pore size and the permeability. Signaling from kinin receptors
also stimulates the release of the vasodilator nitric oxide,
contributing to endothelial dysfunction and enhanced vascular
permeability.””

Four different genes have been identified as responsible for
HAE.””** The common denominator for these 4 genes is the
possibility to amplify the vasopermeabilizing effect of bradykinin.
Other genes may influence angioedema phenotypes reducing
bradykinin catabolism.”**> The network providing genetic
control of vasopermeability is just emerging. Large-scale, in-
depth genetic studies may elucidate unmet aspects of angioedema
pathogenesis and heterogeneity. "

BRADYKININ DYSREGULATION IN ANGIOEDEMA

The nature of the bradykinin dysfunction that results in
angioedema varies among the different angioedema types
(Figure 2). The potential causes of bradykinin dysregulation in
angioedema due to C1INH deficiency, HAE-nl-C1INH, and
ACE inhibitor (ACEID)-associated angioedema are briefly
described herein. Although each of these forms of angioedema is
thought to be bradykinin-mediated, the strength of the sup-
porting evidence is markedly different.

Bradykinin dysregulation in C1INH deficiency

Type | and type Il HAE. Studies in the early 1960s estab-
lished that the fundamental defect in type I and type Il HAE was
a deficiency of functional C1INH.*"*® In the case of type I
HAE, C1INH protein levels are low, whereas type II HAE is
associated with normal or near-normal C1INH protein levels but
reduced C1INH function due to a dysfunctional protein.”’
Subsequent studies proved that type I and type II HAE resul-
ted from mutations in the gene encoding C1INH, SERP-
INGIP”*° Type I C1INH mutant proteins are not properly
secreted, leading to low plasma levels.”! The SERPINGI muta-
tions associated with type II HAE were found to largely cluster
around the active inhibitory site, leading to a secreted protein
that was incapable of inhibiting its target proteases.

Acquired C1INH deficiency. Unlike type I or type II
HAE, acquired C1INH deficiency is not associated with
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SERPINGI mutations. Instead, C1INH is secreted normally in
these patients, but it is catabolized at a rate faster than it can be
synthesized. In most patients with acquired C1INH deficiency,
the increased catabolism of CIINH appears to result from an

autoantibody against C1INH, an underlying malignancy, or
both.””

C1INH deficiency leads to excessive activation of
the contact system. CIINH regulates various serine pro-
teases, including early proteases of the classical and lectin com-
plement systems (Clr, Cls, MASP1, and MASP2), contact
system protease (plasma kallikrein, FXIIa, and FXIIf), coagula-
tion factor Xla, and plasminogen.53 In the absence of sufficient
functional CI1INH, these proteases may not be adequately
regulated. Although some ex vivo studies pointed toward a
permeability-enhancing factor released from C2 (C2-kinin), no
evidence for in vivo generation of C2-kinin has ever been found
and some studies have questioned the accuracy of the original
C2-kinin results.”® In contrast, multiple studies have docu-
mented enhanced activation of the contact system with genera-
tion of bradykinin in C1INH-deficient patients.”*>*

Bradykinin dysregulation in HAE-nI-C1INH

In 2000, Binkley and Davis’’ and Bork et al®’ described an
unexpected form of HAE characterized by normal C1INH
antigenic and functional levels. Several features suggested that
HAE-nl-C1INH, like HAE-CIINH, might be bradykinin-
mediated, including the lack of response to antihistamines, cor-
ticosteroids, and epinephrine as well as the favorable response to
medications targeting the bradykinin pathway.

The evidence linking HAE-nl-C1INH with bradykinin is not
as strong as that for HAE-C1INH. A breakthrough came in
2006 with the finding that a minority of these patients had a
mutation in exon 9 of the F12 gene."""" This form of HAE-nl-
C1INH is now classified as HAE-FXII. More recently, muta-
tions in the genes for plasminogen (PLG)** and angiopoietin-1
(ANGPT1)™ have been found in some patients with HAE-nl-
CI1INH (HAE-PLG and HAE-ANGPT1, respectively). The
possible mechanism of bradykinin dysregulation in each of these
is described herein.

The most common form of HAE-FXII, p.Thr309Lys, was
recently shown to cause enhanced susceptibility of the contact
system to become activated ex wivo and in vivo.”” The FI2
mutations associated with HAE-FXII were also shown to
enhance susceptibility of FXII to activation by plasmin,”
providing a potential explanation for the efficacy of anti-
fibrinolytic medications in the treatment of HAE-nl-C1INH,
including HAE-FXII.

The mechanism of angioedema in patients with the recently
described HAE-PLG is not yet known. However, considering the
putative role of plasmin in HAE-FXII, an early target of inves-
tigation will be the ability of the mutant plasmin protease to
activate the contact system.

The p.Alal119Ser mutation associated with HAE-ANGPT1
was shown to interfere with the ability of mutant ANGPTI
to assume a multimeric form, which is the most efficient ligand
for the Tie2 receptor.”’ Because Tie2 signaling has been
shown to decrease susceptibility to enhanced vascular perme-
ability, this mutation may put patients at greater risk of
developing angioedema from multiple mediators, including
bradykinin.
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FIGURE 2. Mechanism of bradykinin dysregulation in angioedema. The primary effects, secondary effects, and outcomes of dysregu-
lation are shown for C1INH deficiency, HAE-FXII, ACEl-associated angioedema, and HAE-ANGPT1.

Bradykinin  dysregulation in ACEl-associated
angioedema

The antihypertensive effect of ACEIs stems from the physi-
ological role of ACE in cleaving the biologically inactive peptide
angiotensin [ into the biologically active peptide angiotensin II,
which binds and activates the angiotensin I receptor causing
vasoconstriction.”* By inhibiting the conversion of angiotensin
to angiotensin II, ACEIs lower blood pressure and reduce some
pathologic vascular outcomes. Like most peptidases, ACE is
promiscuous and cleaves other peptides, including bradykinin.
ACE is the primary peptidase responsible for inactivation of
bradykinin. ACEIs block the inactivation of bradykinin by ACE,
resulting in a longer half-life of bradykinin and potentially
enhancing its biologic activity and ability to induce angioedema.
ACE also degrades substance P, and inhibition of this activity
may also contribute to ACEI-associated angioedema.®®

APPROACH TO ANGIOEDEMA DIAGNOSIS
Quincke,(’(’ in his study “On acute circumscribed cutaneous
edema,” gave the first comprehensive description of angioedema
as a condition that primarily affects the skin, but may involve the
oral mucosa with the possibility to reach the larynx “up to
creating severe respiratory problems.” Through the thoughtful
observation of a patient with angioedema who had abdominal
symptoms, he speculated, “... it is possible that also the mucosa
of the stomach and of the bowel could present circumscribed
swellings.” In 2008, a capsule endoscopy performed in a patient
with HAE-C1INH showed that abdominal symptoms in this
patient developed from the obstruction of the bowel, secondary
to the swelling of the mucosa.”” Going back to the article by

Quincke, he failed in differentiating angioedema from wheals.
Today we know that both originate from an increase in
permeability of the skin vessels, with angioedema located in the
deep layers and wheals in the superficial ones.”® The different
anatomical location accounts for redness, warmth, and edema
demarcation present in wheals and minimal or absent in
angioedema. Distinguishing whether angioedema takes place
with or without wheals is the first critical step to framing patients
with “acute circumscribed edema.”

Angioedema without wheals (primary angioedema)

When angioedema occurs either simultaneously or alternating
with wheals, we are in the field of urticaria either induced or
spontaneous. However, angioedema without wheals stands as a
separate nosologic entity, here identified as primary angioedema.
The first classification of primary angioedema was given in 2014
and distinguished 4 acquired angioedema (AAE) types and
3 HAE types (Figure 3).” Aside from distinguishing hereditary
and acquired forms, it is crucial to separate angioedema induced
by a mast cell mediator from angioedema induced by another
principal mediator, such as bradykinin. So far, presence or
absence of a response to chronic treatment with antihistamines
separates the 2 angioedema forms, named histaminergic and
nonhistaminergic.

Histaminergic/mast cell-induced angioedema
Histamine is abundant in mast cell granules, and histamin-
ergic angioedema is mast cell—induced.”” This represents the
most common form of primary angioedema, accounting for
about 70% of cases in a specialized angioedema center.””
Nevertheless, a criterion restricting the term histaminergic to



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 6, NUMBER 4

CICARDI AND ZURAW 1137

HEREDITARY ANGIOEDEMA

DIFFERENT GENOTYPES

SERPING1 MUTATIONS
Low C1INH protein
C1INH-HAE Type |

SERPING1 MUTATIONS
Low C1INH function
C1INH-HAE Type II

C1 inhibitor deficiency

HEREDITARY
ANGIOEDEMA

F12 MUTATIONS
FXII-HAE

ANGPT1*
ANG-1-HAE

PLG**
PLG-HAE

Normal C1 inhibitor

UNKNOWN MUTATIONS
U-HAE

FIGURE 3. Genetic and biochemical abnormalities in HAE.

antihistamine-responsive angioedema excludes from the group
types of angioedema that very likely are mast cell—induced, such
as those responding to corticosteroids or prevented by omalizu-
mab.”" Separating mast cell—induced and non—mast cell—in-
duced angioedema is crucial for therapeutic approach, but criteria
for these categories remain unclear.”” The main problem is
defining the response to corticosteroid treatment. The risk/
benefit balance of long-term corticosteroids to prevent angioe-
dema is highly questionable, and we have no studies to support
this as a criterion. Similarly, using the response to treatment with
corticosteroids during attacks would require controlled trials, but
these have never been done or seriously contemplated. Although
nobody questions the real-life evidence that most angioedema
attacks respond to these agents, too many unassessable variables
intervene to translate this evidence into a classification criterion.

The clinical features that characterize angioedema induced by
mast cells reveal similarities with wheals, including pruritus, er-
ythema, demarcation, eyelid location, and evolution frequently
within 24 hours.”” The pathophysiology of histaminergic
angioedema looks identical to IgE-mediated allergic reactions
with the exclusive but relevant difference, which is the absence of
a specific causative factor.”*

Non—mast cell—-induced/bradykinin-induced
angioedema

Unifying features in primary angioedema not induced by mast
cells first emerge from the clinical presentation that completely
loses urticaria-like characteristics.

Angioedema with C1INH deficiency. The prototypes of
non—mast cell—induced angioedema are those due to C1INH
deficiency. The cutaneous symptoms affect the limbs far more
often than the face and they usually last 48 hours or longer.”
The redness of vasodilation is not discernable as well as the
distinct boundary between swollen and normal skin. Abdominal
symptoms occur in more than 90% of the affected subjects and
they recur with a frequency similar to that of cutaneous
attacks.”® Temporary bowel occlusion results in pain, vomiting,
diarrhea, dehydration, and even circulatory collapse. The severity

of these symptoms frequently leads undiagnosed patients
to unnecessary surgery. Even after diagnosis of C1INH defi-
ciency, distinguishing angioedema from other conditions with
acute abdominal pain remains a challenge for emergency
departments.”” In the absence of precise markers, response to
specific angioedema treatment remains the major tool guiding
differential diagnosis. The most serious manifestation of this
form of angioedema is laryngeal involvement. In 50% of these
patients, it occurs at least once in life and accounts for 5% of all
angioedema episodes.”® In our series of patients with HAE-
C1INH, we estimated laryngeal angioedema to be the cause of
death in nearly 50% of patients who died without an established
diagnosis.”” In a series of 983 patients diagnosed with HAE-
C1INH in Italy between 1973 and 2015, 63 died, 5 of them
from laryngeal edema.” In a study on 182 families with HAE-
C1INH, detailed clinical information was available for 728
members, 514 of whom were alive and 214 of whom had died.®"
Among the 13 patients who had a diagnosis of HAE-CI1INH at
the time of death, 7 died from laryngeal edema. Thus, diagnosis
is the first step, but does not per se guarantee that there will be
no HAE-C1INH-related fatalities.

The diagnosis of HAE-C1INH requires documentation, in
the propositus or in the family, of angioedema symptoms asso-
ciated with plasma levels of C1INH less than 50% of normal
values. Ninety-six percent of patients with this diagnosis also
have plasma levels of C4 less than 50% of normal values. Normal
C4 has high negative predicting value for the diagnosis of HAE-
C1INH.*” The global distribution of HAE-CI1INH does not
significantly vary with ethnicity or racial characters. Country data
indicate  HAE-CI1INH to have minimum prevalence of
1:64,000.*” Two phenotypic variants of HAE-CIINH are
recognized: type 1, where C1INH antigen and function are both
markedly reduced, and type 2, where C1INH function is
reduced, but antigenic levels are in the normal range for the
presence of a dysfunctional protein.”” No clinical differences are
associated with these variants.

Deficiency of C1INH can also be acquired. This diagnosis is
made in the absence of a family history of angioedema and of
deficiency of C1INH. In the acquired form, symptoms start after
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the fourth decade of life,” and patients with AAE-C1INH
frequently present low levels of Clq and autoantibodies to
CI1INH." Thirty percent of these patients have non—Hodgkin
B-cell lymphoma that seems to cause the consumption of
CIINH.**

HAE-C1INH results from mutations in SERPING1, but the
diagnosis does not require genetic testing. Of the 400 SERP-
ING] variants resulting in amino acid change, only 1 is associ-
ated with normal phenotype.*® Relatively few (5%-10%)
patients with HAE-C1INH have no detectable pathogenetic
variant in the CIINH gene (SERPINGI).*”*” These variants
most commonly derive from point mutations, rarely recur in
different families, and represent de novo mutations in 25% of
index cases.”’ Their penetrance approaches 100% for biochem-
ical phenotype. Five percent of adults with the biochemical
phenotype in families with CIINH-HAE are asymptomatic,””
suggesting high penetrance for the clinical phenotype but with
variable degrees of severity.”””" The different genotypes only
marginally explain this variability.”' We recently described a
woman with genetic CIINH deficiency and no angioedema in
her personal and familial history.”” The SERPINGI variant in
this woman was identical to the one found in the first patient
reported to have homozygous C1INH deficiency. This patient
was symptomatic for angioedema, but his heterozygous relatives
were not.”” These findings suggest that along with the common
dominant pattern, rare HAE-C1INH variant(s) may have low
penetrance reminiscent of a recessive character.

Angioedema with normal C1INH. When we exclude that
angioedema is induced by mast cells, that there is no C1INH
deficiency. and that the patient is not on an ACEI, we are into
the group of angioedema with normal C1INH. Patients in this
group have HAE if they present a family history of angioedema
or 1 of the known HAE-related genetic variants. If there is no
angioedema in the family and no genotypic variants, they have
AAE. The clinical features of HAE and AAE with normal
CI1INH are very similar to each other and to that of C1INH
deficiency. In a survey of 94 patients with HAE or AAE with
normal C1INH, the only difference in clinical presentation was
the presence of abdominal symptoms, which was higher in
HAE.” Inside the hereditary forms, analysis of the differences
has been conducted, distinguishing patients with HAE with and
without specific mutations in the F12 gene.”* The main finding
is a sex-related difference in the clinical expression. Angioedema-
specific F12 variants have autosomal-dominant transmission, but
male carriers almost never express angioedema symptoms.”’
Furthermore, increases in estrogen levels, whether physiologic
or drug-induced, are a potent trigger of angioedema. It
is not uncommon that women with this form of
angioedema experience symptoms only during pregnancy or es-
trogen-treatment.”””® Excluding patients with HAE-FXII, there
are 3 other recognized forms of HAE-nl-C1INH: the largest,
where genetic etiology remains unknown, and the 2 recently
described genotypes involving ANGPTI and PLG genes."*"’
The number of patients in the last 2 groups is still too small
to elaborate on internal differences.

ACEl-associated/drug-related angioedema. The rapid
and large expansion of ACEI for the treatment of hypertension
made clear, within a few years after their introduction, that these
drugs facilitated the appearance of angioedema, mainly of the lips
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and tongue.”” Involvement of the larynx with fatalities was also
possible.”””*”” Angioedema occurs in less than 1% of all ACEI-
treated patients and the risk is higher in women and in
blacks."”""'"? There is no genetic transmission of this form of
angioedema, which belongs to AAE, but there is a genetic pre-
disposition likely caused by specific polymorphisms in
bradykinin-degrading enzymes.”**> AAE-ACEI differs from
other drug-induced angioedema for absence of a relationship
between exposure to the drug and appearance of angioedema.”
ACEISs facilitate accumulation of bradykinin and therefore act as
facilitators of angioedema in a manner repeating C1INH defi-
ciency that facilitates bradykinin release without causing
angioedema per se. AAE-ACEI is defined as an angioedema that
develops during ACEI treatment, and it may start years after the
initiation of treatment in absence of other predisposing factors.
After the first episode, recurrences occur with different fre-
quencies and severities.” Drug withdrawal stops or drastically
reduces angioedema in most patients, but 25% of them continue
having recurrences.'”* This finding reinforces the evidence that
patients with AAE-ACEI carry established conditions leading to
accumulate bradykinin for factors other than ACEI treatment.
Why these conditions remain clinically silent before ACEI is
unclear.

The possibility that other drugs affecting bradykinin meta-
bolism induce angioedema is highly debated. Angiotensin re-
ceptor blockers (ARBs) and other renin-targeted agents are
frequently considered to significantly increase the risk of
angioedema. There is no evidence that these drugs modify the
levels of bradykinin in vive. Data from clinical trial looking at
angioedema as a side effect did not confirm that ARBs have
significant risk.'”* Case reports associating angioedema with
ARBs do not provide definitive evidence.'’”"'"” Further data are
needed to conclude on the risk of angioedema with ARBs.

Alogliptin, an inhibitor of the bradykinin-degrading enzyme
DPPIV, is a class of relatively new oral hypoglycemic drugs used
in patients with type 2 diabetes.'”® Environmental or genetic
factors that reduce DPPIV activity may predispose individuals to
angioedema and their use may increase risk.'"*'"” Available
evidence confirms an increased risk of angioedema when alog-
liptin is associated with concomitant ACEIs, but not when used
in absence of other angioedema-predisposing factors."'’ In-
hibitors of neprilysin, a neutral endopeptidase that degrades
bradykinin and natriuretic peptides, have been developed on the
premise of potential efficacy in the treatment of hypertension and
heart failure. Omapatrilat, a dual inhibitor of ACE and nepri-
lysin, was tested versus enalapril alone for efficacy in reducing
blood pressure.'"" In this study, omapatrilat provided broadly
superior antihypertensive efficacy, but higher rate of angioedema
(2.17% vs 0.68%). Quantification of the risk/benefit ratio
hampered its approval.''* In contrast, the combination of the
neprilysin inhibitor sacubitril with valsartan (an ARB instead of
an ACEI) was approved and is now on the market for heart
failure.""” Present evidence suggests a rate of angioedema for the
sacubitril/valsartan combination similar to ACEIs, but future
trials and post—market surveillance are critical to understand
such risk better.""*

CONCLUSIONS
Angioedema was identified at the end of the 19th century.
From the first descriptions it has been seen in 2 separate forms: as
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a symptom of urticaria and allergic reactions or as a rare genetic
disease. Today we recognize primary angioedema as a group of
diseases where angioedema stands as a major feature in the
absence of urticaria. Genetic conditions, specific therapies, and
yet undefined mechanisms create environments where re-
currences of the Quincke’s acute circumscribed edema, the same
that we now call angioedema, develop upon minimum stimuli or
spontaneously. The pathophysiology of angioedema has been
unraveled enough to provide therapies that in 10 years
completely changed the life of patients with HAE.'"” Here we
did not touch upon the topic of angioedema treatment because it
is already covered by a huge amount of literature and excellent
recent review articles. However, the present treatment of primary
angioedema has a major drawback of being restricted to HAE-
CI1INH. Development of adequate therapeutic approaches for
other forms is the future challenge.
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