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Agents acting on the angiotensin system are commonly used for 
the treatment of hypertension and heart failure. Angiotensin-
converting enzyme (ACE) inhibitors reduce the production of 
angiotensin II, whereas angiotensin receptor blocker (ARB) 
drugs inhibit the binding of angiotensin II to the angiotensin 
II type 1 receptor.1 ACE inhibitors have been on the market 
since the early 1980s, and more than 40 million patients are 
treated worldwide.2 ARBs were first licensed in the mid-1990s 
and are steadily increasing their market share: In 2013, 7% of 
the Swedish population was treated with an ACE inhibitor and 
6% was treated with an ARB.3 ACE inhibitors and ARBs are safe 
and effective in the majority of patients, but some patients can 
develop adverse drug reactions (ADRs). For instance, persistent 
dry cough occurs in about 9% of patients treated with an ACE 
inhibitor and in 2% treated with an ARB.4 More rarely, patients 
can develop angioedema affecting the head and neck region; this 
occurs in 0.1–0.7% of those treated with an ACE inhibitor and 
in 0.1% of those treated with an ARB.5–7

CONSENSUS PROCESS
In order to study the genetic etiology of rare ADRs, inter-
national consortia and multicenter recruitment are needed.8 
Angioedema of the head and neck region induced by ACE 

inhibitors or ARBs is being investigated by the international 
consortium PREDICTION-ADR, which was funded by the 
European Union’s Seventh Framework Programme in 2013. 
To facilitate multicenter recruitment of patients, a meeting 
was organized to standardize the phenotype of angioedema 
induced by agents acting on the angiotensin system. A panel 
of invited experts comprising clinical and basic pharmacolo-
gists, internists, immunologists and clinical chemistry scien-
tists, allergists, oto-rhino-laryngology specialists, regulatory 
agency representatives, and managers of electronic medical 
record databases convened in Liverpool on 10 December 
2013.

DESCRIPTION OF THE PHENOTYPE
Angioedema, also known as angioneurotic edema or Quincke’s 
edema, is a transient, localized, potentially life-threatening 
swelling of the deep reticular dermis, subcutaneous or sub-
mucosal tissues, and occasionally the viscera.9 It is caused by 
vasodilation and increased endothelial permeability, leading 
to extravasation of fluid into the interstitial compartment.10–13 
Angioedema can be either hereditary or acquired. Diagnosis of 
angioedema induced by drugs acting on the angiotensin sys-
tem is based on the case history and clinical features, and other 
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Angioedema is a potentially life-threatening adverse reaction to angiotensin-converting enzyme inhibitors and 
angiotensin receptor blockers. To study the genetic etiology of this rare adverse event, international consortia and 
multicenter recruitment of patients are needed. To reduce patient heterogeneity, we have standardized the phenotype. 
In brief, it comprises swelling in the head and neck region that first occurs during treatment. It should not coincide with 
urticaria or have another likely cause such as hereditary angioedema.
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causes of angioedema need to be excluded.14 Supplementary 
Table S1 online describes the clinical and demographic data 
recommended to be collected for each patient.

Pathophysiological mechanism
Angioedema induced by ACE inhibitors is thought to be mediated 
by bradykinin and other vasodilating molecules, but the precise 
pathophysiology has not been elucidated.13–15 ACE has two active 
sites that are able to generate angiotensin II from  angiotensin I 
and degrade bradykinin to inactive metabolites (Figure 1a).14 
Inhibition of ACE will thus decrease both the formation of 
angiotensin II and the degradation of bradykinin (Figure 1b). 
Alternative bradykinin inactivating pathways usually step in, but 
if these pathways are deficient, bradykinin accumulates.15 Genetic 
variants in these pathways could explain why only a minority of 
patients develop angioedema.16 Variants have been identified in 
the first intron of the membrane metallo-endopeptidase gene 
(MME) and upstream of the X-prolyl aminopeptidase 2 gene 
(XPNPEP2) that encodes aminopeptidase P (APP).17–20 However, 
for the majority of patients, the predisposing factors are unknown.

The pathophysiological mechanism underlying angioedema 
during ARB treatment is even more unclear (Figure 1c).21 
ARBs have no direct effect on ACE or bradykinin breakdown 

but have been shown to increase bradykinin levels in hyper-
tensive humans, possibly through indirect inhibition of ACE 
and metallo-endopeptidase.22 It is assumed that by blocking the 
angiotensin type 1 receptor, more circulating angiotensin II is 
made available for binding to the type 2 receptor.1 This, in turn, 
inhibits ACE and metallo-endopeptidase, which can result in 
increased bradykinin levels.14,22

Incidence and onset
ACE inhibitor treatment is the single most common cause 
of angioedema in the head and neck region in adults,11,23 
accounting for ~30% of angioedema cases in emergency 
departments.24,25 Angioedema generally occurs within the first 
3 months of therapy, but symptoms may appear after many 
years of treatment.6,7,26 During the first year, the cumulative 
incidence of angioedema per 1,000 persons was 1.79 (95% 
confidence interval (CI), 1.73–1.85), with the incidence rate 
per 1,000 person-years being 4.38 (95% CI, 4.24–4.54) based 
on an analysis of 1,845,138 patients initiating ACE inhibitor 
treatment.27 If the use of an ACE inhibitor is continued after 
an incident, the rate of recurrent angioedema increases to 187 
per 1,000 person-years, with, on average, 11 months to recur-
rence, according to a study covering 51,752 person-years of 

Figure 1 Theoretical effect of agents acting on the angiotensin system. (a) A simplified scheme of the angiotensin–bradykinin pathways.1,14 (b) Mechanism of 
action of angiotensin-converting enzyme (ACE) inhibitors.1,14 ACE inhibitors inhibit two pathways: the formation of angiotensin II from angiotensin I, and the 
degradation of bradykinin into inactive peptides. Aminopeptidase P (APP) and membrane metallo-endopeptidase (MME) are alternative pathways to inactivate 
bradykinin. Accumulation of bradykinin may contribute to the development of angioedema. (c) Mechanism of action of angiotensin II receptor type 1 blockers 
(ARBs).1,14,22 ARBs block the type 1 receptor site for angiotensin II, which instead may bind to the type 2 receptor. Stimulation of the type 2 binding site results 
in a bradykinin cascade that inhibits ACE and metallo-endopeptidase (MME), which can lead to increased bradykinin levels. Bradykinin contributes to the 
therapeutic action of ARBs and may also contribute to the development of angioedema.
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ACE inhibitor use.28 After drug withdrawal, the tendency to 
develop angioedema usually abates but may persist for months 
or even years.29,30 It is difficult to rationalize how such epi-
sodes can occur after stopping the ACE inhibitor, and indeed 
this is not in accordance with the usual criteria for causality 
assessment for acutely occurring ADRs. It is possible that the 
episodes that occur after stopping the ACE inhibitor reflect 
exacerbation of an intrinsic underlying susceptibility to angi-
oedema, the etiology of which is unclear.

Angioedema during ARB treatment is more infrequent.7,21 
During the first year, the cumulative incidence of angioedema per 
1,000 person-years was 0.62 (95% CI, 0.55–0.69), with the inci-
dence rate per 1,000 person-years being 1.66 (95% CI, 1.47–1.86) 
in 467,313 patients initiating ARB treatment.27 ARBs are usu-
ally well tolerated in patients with previous general ACE inhibi-
tor intolerance.31 However, patients who have experienced ACE 
inhibitor angioedema have been known to develop angioedema 
when switched to an ARB.21,32–34 Among such patients, the rate 
of angioedema during ARB treatment is ~4%, according to two 
meta-analyses, suggesting that a previous episode of ACE inhibi-
tor angioedema can predispose patients to ARB angioedema.31,34

Clinical presentation
Angioedema induced by an ACE inhibitor develops in areas of 
loose connective tissue over about 4–6 h and usually resolves in 
24–48 h.35 The face, lips, tongue, floor of the mouth, and upper 
airways are most often affected, and the swelling may be asym-
metrical.13,21,25 Symptoms such as a lump in the throat, hoarse 
voice, and difficulties in swallowing and breathing are signs of 

impending airway obstruction.13,15 ACE inhibitor–induced 
angioedema rarely presents with urticaria or swelling outside 
the head and neck region, although gastrointestinal and genital 
angioedema have been reported.21,36,37 There are no obvious dif-
ferences in symptoms of angioedema induced by ACE inhibitors 
and ARBs.26 Supplementary Table S2 online describes further 
information to be requested with regard to the reaction.

Risk factors
Minor local trauma, surgical procedures, and dental treatment 
may trigger angioedema during ACE inhibitor treatment.13,33,38 
Smoking and a history of ACE inhibitor–induced cough have 
also been identified as risk factors.39 Other risk factors include 
female gender, African-American ethnicity, chronic heart fail-
ure, coronary artery disease, and a history of drug rash and sea-
sonal allergies (Table 1).6,7,15 Due to the rarity of angioedema 
induced by ARBs, knowledge about risk factors is poor.40 
Neither sex nor age has been identified as a risk factor.27

DIFFERENTIAL DIAGNOSIS
Other causes of angioedema can be divided by their 
 pathophysiology into (i) hereditary or acquired, mediated by 
bradykinin or vasoactive molecules; (ii) allergic or  pseudoallergic, 
dependent on direct mast cell degranulation; and (iii) idiopathic 
 angioedema.11,13–15,21,41,42

Angioedema mediated by bradykinin or vasoactive molecules
Bradykinin-mediated angioedema is characterized by pain-
less swelling without urticaria that responds to treatment with 
the selective bradykinin B2 receptor antagonist icatibant.15,43 
Bradykinin-mediated angioedema is not associated with urti-
caria or other manifestations of histamine release such as hypo-
tension, wheezing, or anaphylaxis.42,44

Hereditary angioedema. This is a rare condition with a prevalence 
of 1 in 50,000.10,11,14 Patients with hereditary angioedema may 
present with abdominal pain, obstruction of the upper airways, 
and swelling of the hands and feet in addition to angioedema at 
other sites.11,15 They do not experience urticaria but may present 
a transient creeping (serpiginous) skin rash at the leading edge 
of the angiodematous area.10 Hereditary angioedema should be 
suspected in young adults with a family history of angioedema.14 
There are three subtypes of hereditary angioedema.11,14,15 Both 
types I and II are caused by mutations in the C1 inhibitor gene 
serpin peptidase inhibitor clade G member 1 (SERPING1) on 
chromosome 11.14 Type I is characterized by low circulating lev-
els of C1-inhibitor (C1-INH) and represents 85% of cases. Type 
II has a functional deficiency of C1-INH, but normal levels, and 
accounts for 15% of cases. A rare type III is caused by mutations 
in the coagulation factor XII gene (F12) on chromosome 5.11 It 
is found in women with normal levels and function of C1-INH, 
and is thought to be induced by estrogen.

Acquired angioedema. This is an uncommon form of C1-INH 
deficiency that is usually associated with B-cell lymphoprolifera-
tive diseases such as lymphoma and myeloma, and occasionally 

Table 1 Relative risk estimates for angioedema in patients 
taking ACE inhibitors as compared with reference category

Variable reference category
relative 

riska 95% CI reference

Initiating ACEI Other medication 
for hypertension

3.56 2.82–4.44 Miller7

African 
American

Caucasian 3.88 2.99–4.95 Miller7

Female Male 1.45 1.15–1.88 Miller7

Age 65–74 
years

Age 75+ years 1.42 1.15–1.74 Miller7

Chronic heart 
failure

No chronic heart 
failure

1.22 1.08–1.38 Miller7

Coronary artery 
disease

No coronary artery 
disease

1.31 1.16–1.48 Miller7

Diabetes 
mellitus

No diabetes 
mellitus

0.88 0.82–0.95 Miller7

History of drug 
rash

No history of drug 
rash

3.78 1.80–7.92 Kostis6

Seasonal 
allergies

No seasonal allergy 1.79 1.06–3.00 Kostis6

ACE, angiotensin-converting enzyme; ACEI, angiotensin-converting enzyme inhibitor; 
CI, confidence interval.
aEstimated from multivariate Poisson regression models. 

From Lewis’ 2013 review, reprinted with permission from Wolters Kluwer Health and 
Elsevier.7,15
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with connective tissue diseases such as systemic lupus erythe-
matosus.11,14,15 Like hereditary angioedema, it is characterized 
by low complement C4 and reduced C1-INH levels, and in some 
patients, autoantibodies against C1q have been detected.11,14

Angioedema dependent on mast cell degranulation
Mast cell degranulation results in the release of histamine and 
other inflammatory mediators that increase vascular permeability 
and lead to angioedema, which is often associated with urticaria 
and pruritus.10–12 Angioedema dependent on mast cell degranu-
lation can be divided into allergic and pseudoallergic types.11,15,21 
It usually responds to treatment with antihistamines, corticoster-
oids, and epinephrine.11,15 Elevated levels of histamine and serum 
tryptase are sometimes found in this type of angioedema when 
accompanied by systemic features (anaphylaxis).12,44,45

Allergic angioedema. This is the result of immunoglobulin E 
(IgE)-mediated mast cell activation and degranulation.12,15,21 
IgE-mediated reactions are triggered by specific allergens, and 
previous exposure is required, but this may be covert. Symptoms 
do not appear in the absence of the allergens such as food, latex, 
insect stings, and drugs. IgE-mediated angioedema usually 
subsides within 24 h, but relapses are common and unpredicta-
ble.10 Typical localization is to the face, particularly the lips and 
periorbital area; extremities; and genitals.11 Severe cases mani-
fest with respiratory tract symptoms with rhinitis, wheezing, or 
stridor, and cardiovascular involvement with tachycardia and 
hypotension that may evolve into anaphylactic shock.10,12,45

Pseudoallergic angioedema. This mimics an allergic reaction but 
is not mediated by IgE.15 It can be caused by direct mast cell 
degranulation due to, for example, intravenous radiocontrast 
media and opiates.15 Nonsteroidal anti-inflammatory drugs 
can induce both allergic and more commonly nonallergic 
angioedema.21 When nonallergic, the mechanism is thought 
to be mast cell activation that is mediated through the inhi-
bition of cyclooxygenase pathways, resulting in leukotriene 
synthesis.21,46

Idiopathic angioedema
Idiopathic angioedema has, by definition, no known pathophysiol-
ogy.15,42 It is often associated with urticaria and appears to be trig-
gered by physical stimuli (heat, cold, pressure, and severe trauma) 
as well as by infection and autoimmune processes.10,15,42 Some 
cases of idiopathic angioedema respond to antihistamines and leu-
kotriene receptor antagonists, suggesting a histamine-mediated 
pathway, whereas others do not, and treatment is largely empiric.42

CONCLUDING REMARKS
The adverse event angioedema occurring in the head and 
neck region and induced by agents acting on the angiotensin 
system is being investigated by the international consortium 
PREDICTION-ADR. To enable multicenter recruitment of 
patients, the phenotype was standardized through a consensus 
procedure involving discussions with an expert panel and the 
drafting of this article.

The clinical criteria presented in Table 2 can be used both 
for ACE inhibitor–induced angioedema and for the rarer con-
dition of ARB angioedema. The main feature is symptomatic 
swelling in the head and neck region, clinically judged to be 
angioedema during treatment with an ACE inhibitor or ARB. 
There are reports of angioedema recurring after cessation of 
treatment, the mechanism of which is unknown. If a follow-up 
of patients is made after the initial event, we would recommend 
that any recurrence of the angioedema is noted. This will enable 
a subgroup analysis of these patients in order to identify distinct 
genetic predisposing factors.

Patients recruited should not have another likely cause such 
as severe facial trauma or infection, as seen in idiopathic angi-
oedema (Supplementary Table S1 online). The angioedema 
should not co-occur with urticaria, which is more suggestive 
of angioedema due to mast cell degranulation (Supplementary 
Table S2 online). Patients with a known hereditary angioedema 
should be excluded. However, when an ACE inhibitor or ARB 
angioedema is suspected, it is not obligatory to analyze for 
C1-INH or complement factor deficiency or to genotype for 
C1 inhibitor or factor XII mutations. Should coding mutations 
in these genes be present in angioedema cases in PREDICTION-
ADR, they will be caught during exome sequencing.

We hope this guidance will be of use to others studying 
angioedema induced by ACE inhibitors or ARBs, and invite 
researchers and consortia interested in collaborating with regard 
to this rare, but potentially dangerous, ADR.

SUPPLEMENTARY MATERIAL is linked to the online version of the paper at 
http://www.nature.com/cpt
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Table 2 Phenotype definition for angioedema induced by an 
ACE inhibitor or ARB

Inclusion criteria

1.  Symptoms in the head and neck region judged to be angioedema by 
a physician

2.  The initial event should occur during treatment with an ACE inhibitor 
or ARB

3.  It may recur after cessation of treatment

Exclusion criteria

1.  Symptoms coinciding with urticaria

2. Another likely cause, such as severe facial trauma or infection

3.  Association with C1-INH or complement deficiency (if these data are 
available)

4.  Mutation in the C1 inhibitor (SERPING1) or factor XII (F12) gene (if 
these data are available)

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor type 1 blocker.
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