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INTRODUCTION

Angioedema is a rare condition that manifests itself by 
sudden localised, non‑pitting swelling of certain body 
parts including skin and mucous membranes.[1,2] When 
an angioedema attack is triggered in the perioperative 
period, the anaesthesiologist may be faced with a 
confusing constellation of signs and symptoms that 
require effective, rapid intervention, especially when 
progressive airway compromise is evident. Indeed, 
multiple factors are present in the perioperative 
period that may predispose the patient to an attack of 
angioedema.[3]

The purpose of this narrative review is to provide the 
perioperative clinician with a historical perspective 
of this condition, an understanding of the aetiology 
and pathophysiology of angioedema, and a framework 
for both prophylactic and emergent treatment. It is 
imperative to distinguish between angioedema and 
anaphylaxis because while presentation may be 
similar, treatments differ. Emphasis will be placed 
on new and emerging therapies for angioedema that 
can be used in the perioperative period. To identify 
relevant medical literature for this review, the authors 

searched the PubMed, Medline, Embase, Scopus 
and Web of Science databases for English language 
articles covering a 10‑year period, 2006 through 2016. 
Search terms included hereditary angioedema (HAE), 
acquired angioedema, icatibant, ecallantide and C1 
esterase inhibitor (C1 INH). It is important to note 
that although the terms angioedema and urticaria 
have been used interchangeably, they possess 
distinct characteristics and require distinct treatment. 
Urticaria is a transient erythematous swelling of the 
skin, accompanied by itching and resolves within 
24 h. On the other hand, angioedema is known for 
swelling which is due to oedema in the deeper dermal, 
cutaneous and sub‑mucosal tissue. The skin itself 
may appear normal. Our review will focus on only 
angioedema.
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HISTORICAL PERSPECTIVE

Although urticaria was first reported approximately 
200 BC, angioedema itself was not described until 
the 1500’s. The term ‘angioedema’ was first coined in 
1586.[4] In the 19th century, a case of HAE was reported 
in a family where the common cause of death was ‘fatal 
suffocation’.[5] Angioedema received further recognition 
in the 1960’s after cases were reported dating to the 
17th century from Swedish church records, where it 
was common to register cause of death.[6] In 1963, it 
was discovered that patients with HAE possessed low 
levels of C1 INH.[7] First described in 1972, acquired 
angioedema was initially characterised by angioedema 
symptoms, C1‑INH deficiency and hyperactivation of 
the complement pathway.

EPIDEMIOLOGY

The World Allergy Organisation states that urticaria 
and/or angioedema has been reported in up to 20% 
of the general population.[8] In addition, 40–50% of 
patients with chronic urticaria have angioedema. 
Angioedema can affect all age groups; however, those 
with a genetic basis present earlier in adolescence, with 
a peak incidence in the third decade of life.[8] Hospital 
admissions due to angioedema have also increased 
over the years with most cases in patients 65 years of 
age or older. Of note, females may have a predilection 
for angioedema since oestrogen has been seen to 
exacerbate a specific form of angioedema (HAE 
Type III, see below).[9,10] While there is no clear race 
predilection, African–Americans are at higher risk of 
angioedema while taking an angiotensin‑converting 
enzyme inhibitor (ACEI).[11,12] Studies suggest this 
may be due to a genetic polymorphism, C‑2399A of 
the XPNPEP gene, which is responsible for encoding 
the enzyme aminopeptidase P.[13] Interestingly, 
colloids (gelatins) have also been implicated as a 
cause of angioedema.

CLASSSIFICATION OF ANGIOEDEMA

There are a variety of types of angioedema. 
Broadly, there is mast‑cell mediated and 
bradykinin‑induced angioedema. A third subtype is 
also described – acquired angioedema of unknown 
origin.[14] As above, angioedema manifests by sudden, 
non‑pitting swelling of certain body parts; dependent 
body parts (except feet) are not affected. This is in 
distinction to oedema from cardiac, renal or hepatic 
aetiologies, and also distinct from hives in terms of 

the location of extravasated fluid [Figure 1]. What 
follows is a description of each of the major subtypes 
of angioedema [Table 1].

Mast‑cell mediated angioedema results from 
IgE‑mediated degranulation of mast cells. The 
majority of cases are associated with urticaria and/or 
pruritus [Figure 2]. Anaphylaxis is a severe example 
of this type of angioedema, which is preceded by 
exposure to an allergen [Figure 3]. Allergic reactions 
without anaphylaxis can also give rise to angioedema. 
A distinguishing feature of allergic angioedema is 
its ‘temporal’ relationship to a trigger.[15] The onset of 
symptoms is typically rapid – minutes to a few hours 
after exposure.

Aspirin (ASA) and non‑steroidal anti‑inflammatory 
drugs (NSAIDS) can cause drug‑induced histaminergic 
angioedema without anaphylaxis, most commonly 
effecting the periorbital and facial area. NSAID inhibition 
of cyclooxygenase (COX) promotes prostaglandin 
formation and other pro‑inflammatory mediators, 
leading to angioedema and bronchoconstriction in 
susceptible individuals.[16] Interestingly, selective 
COX‑2 inhibitors (e.g., celecoxib) are tolerated quite 
well by patients who have had angioedema‑type 
reactions to COX‑1 or non‑selective COX inhibitors.[17,18]

Figure 1: Location of extravasated fluid in hives versus angioedema. By 
permission of Mayo Foundation for Medical Education and Research. 
All rights reserved
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Bradykinin‑induced angioedema results from 
overproduction of bradykinin or inhibition of 
bradykinin degradation. Typically, mast cells are not 
involved in this type of angioedema. Therefore, pruritus 
and urticaria are noticeably absent. Mechanistically, 
activated factor XII cleaves prekallikrein to produce 
kallikrein [Figure 2]. Plasma kallikrein then cleaves 
kininogen to release bradykinin, which binds to B2 
receptors on endothelial cells. To modulate bradykinin 
production, C1 INH inhibits plasma kallikrein and 
activated factor XII. If C1 INH is deficient in quantity 

or quality, an uninhibited contact system will produce 
excess bradykinin.[19]

Table 1: Classification of angioedema
Generic Disease Pathogenesis Prevalence Features
Mast cell 
mediated

Anaphylaxis IgE‑mediated Common Urticaria/pruritus; exposure to allergen (food, insects, drugs, 
etc.); multisystem organ involvement

Allergic reaction IgE‑mediated Common Preceded by exposure to allergen; rapid onset of symptoms
Drug‑induced IgE‑mediated, enhanced 

prostaglandin formation
Common Exposure to aspirin or NSAIDS; angioedema and 

bronchoconstriction; selective COX‑2 inhibitors okay
Bradykinin 
mediated

ACEI Accumulation of bradykinin 
due to over‑ production 
or impaired bradykinin 
degradation

Common ACEI (or ARB) therapy; higher incidence in 
African‑Americans; acute or delayed onset of symptoms

HAE Type I 
(deficient C1‑INH)

Mutant C1‑INH gene on 
chromosome 11

Rare Childhood/early adolescence onset; autosomal dominant 
inheritance; symptoms: edema, respiratory distress and 
abdominal pain

HAE Type II 
(dysfunctional C1‑INH)

Normal levels C1‑INH but 
dysfunctional

Rare Childhood/early adolescence onset; autosomal dominant 
inheritance; symptoms: edema, respiratory distress and 
abdominal pain

HAE Type III 
(normal C1‑INH)

Mutation in gene encoding 
coagulation factor XII

Rare Autosomal dominant inheritance with low penetrance; 
primarily affects women (estrogen effect); symptoms later in 
life; face and tongue swelling

Bradykinin 
mediated 
continued

Acquired C1‑INH 
deficiency Type I

Consumption of C1‑INH by 
immune complexes

Rare Age >40 years; angioedema without urticaria; prodrome of 
erythema marginatum; underlying lymphoreticular disorder

Acquired C1‑INH 
deficiency Type II

Anti‑C1‑INH autoantibodies Rare Age >40 years; angioedema without urticaria; prodrome of 
erythema marginatum; underlying lymphoproliferative disorder

Chronic idiopathic 
angioedema

Unknown cause; bradykinin 
or histamine‑mediated

Rare >3 angioedema attacks in 1 year; indeterminate cause; 
diagnosis of exclusion 

Gleich’s syndrome Unknown cause Rare Elevated serum eosinophil and IgM levels; cutaneous 
angioedema; +/− urticaria

ACEI – Angiotensin converting enzyme inhibitor; ARB – Angiotensin receptor blocker; HAE – Hereditary angioedema; C1‑INH – C1‑esterase inhibitor; 
NSAIDS – Nonsteroidal anti‑inflammatory drugs; COX – Cyclooxygenase

Figure 2: Mechanism of mast cell versus bradykinin mediated 
angioedema. By permission of Mayo Foundation for Medical Education 
and Research. All rights reserved

Figure 3: Common signs of hives versus angioedema. By permission of 
Mayo Foundation for Medical Education and Research. All rights reserved
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Increased vascular permeability is caused by 
bradykinin, resulting in contraction of non‑vascular 
smooth muscle, vasodilation and oedema 
formation.[20] In addition to the typical locations of 
swelling, bradykinin‑induced angioedema affects the 
gastrointestinal mucosa.

The most common subtype of bradykinin‑induced 
angioedema is due to ACEI therapy. The prevalence 
of ACEI induced angioedema ranges from 0.1% to 
2.5%.[11,21] Roughly 20–30% of all angioedema cases 
in the emergency department can be traced to ACEI 
use.[22] In fact, 0.1–2.5% of patients treated with ACEI 
experience angioedema.[11,22,23] The onset of symptoms 
varies greatly, from hours to several years after initiation 
of ACEI.[11,14,24] The ACEI prevents degradation of 
bradykinin to inactive fragments with accumulation 
and enhanced half‑life of bradykinin. In particular, 
African–Americans and immunosuppressed patients 
are at highest risk.[25,26] There is also the potential for 
latent angioedema attacks after discontinuation of an 
ACEI,[27] which can range from several weeks to years. 
The timeframe for a recurrent angioedema attack if the 
ACEI is not discontinued is about 10 months.[27]

HAE is another form of non‑histaminergic angioedema. 
It is caused by mutations on the C1 INH gene on 
chromosome 11, which results in a nonfunctional copy 
of the SERPING1 gene.[28] The prevalence of HAE is 
between 1:10,000 and 1:50,000 in the United States.[23,29] 
It is transmitted in autosomal dominant fashion. In 
25% of cases, there is a spontaneous mutation at the 
C1 INH gene that causes angioedema.[15,30] Often, this 
form of angioedema begins in childhood and worsens 
during puberty. Symptoms include severe oedema, 
respiratory distress and abdominal pain. HAE can be 
divided into three subtypes: HAE with C1 INH (serpin 
C1 INH) deficiency (Type I ~85%), HAE with normal 
(but dysfunctional) C1 INH (Type II ~15%), and HAE 
which is characterised with normal C1 INH (Type III, 
rare). Type III is primarily observed in women; it is 
often associated with oestrogen use. The pathology 
of Type III HAE is a mutation in the gene encoding 
for factor XII. Prekallikrein is cleaved to kallikrein by 
activated factor XII, ultimately generating bradykinin 
from high‑molecular‑weight kinin[28,31] [Figure 2]. 
Oestrogens can exacerbate this gene alteration.[31]

Finally, acquired C1 INH deficiency is a rare cause 
of angioedema. This form of angioedema can be 
subdivided into Type I and Type II (see below). In 
general, enzyme dysfunction is caused by abnormal 

levels or function of C1 INH, which leads to higher 
bradykinin levels. Ultimately, there is contact system 
activation.[32]

Type 1 acquired C1 INH deficiency is attributed to the 
increased consumption of C1 INH by immune complexes 
in certain disease states. It occurs predominantly in 
older patients (>40 years age) and is never associated 
with a family history.[14,33] In about 15% of cases, 
there is an underlying lymphoproliferative disorder 
and/or autoimmune disease, such as monoclonal 
gammopathy or lymphomas.[34,35] Angioedema with C1 
INH deficiency will present with recurrent angioedema 
without urticaria. A characteristic rash, erythema 
marginatum, may precede the onset of angioedema. 
Type 2 acquired C1 INH deficiency is due to anti‑C1 
INH autoantibodies. These autoantibodies inactivate 
C1 INH which leads to angioedema.[15]

Considering that HAE and acquired angioedema 
present with similar symptoms, a detailed history and 
specialised laboratory tests are crucial in distinguishing 
between the two variants and ultimately selecting the 
correct treatment. A key component of the history is 
age of onset of symptoms.

Chronic idiopathic angioedema is defined as three or 
more episodes of angioedema within a 1 year period 
with an indeterminate cause.[15] This is different from 
the other types due to its association with urticaria, 
which is not seen in other forms of angioedema. 
Recurrent swelling that is generally associated with 
pruritus and urticaria is a hallmark of this subtype. 
This condition can mimic either bradykinin‑mediated 
or mast‑cell mediated angioedema. Patient response 
to antihistamine therapy is indicative of a mast‑cell 
mediated process.[36,37]

Beyond the above‑discussed types of angioedema, there 
are several rare and esoteric causes of angioedema. 
For example, Gleich’s syndrome is characterised by 
cutaneous angioedema, with or without urticaria, and 
elevated serum eosinophil and IgM levels. The cause 
for Gleich’s syndrome is unknown. While medication 
induced (NSAIDS, ASA and ACEI) angioedema is 
well‑established, it’s worth noting that angioedema has 
also been reported due to calcium channel blockers, 
rocuronium and propofol.[38‑40]

Clinical presentation
Angioedema has multiple subtypes as described 
above, but at their core is a temporary increase in 
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endothelial permeability which in turn leads to plasma 
extravasation in the deeper layers of the dermis and 
submucosa. While facial and genital skin is mostly 
affected, the extremities, airways and intestinal tract 
may also be involved.[15] Laryngeal involvement varies 
from mild oedema to severe respiratory distress and 
asphyxiation. Intestinal tract angioedema may present 
as abdominal pain with or without nausea, vomiting, 
diarrhoea and ascites which may be confused with a 
surgical abdomen.[15]

TREATMENTS FOR ANGIOEDEMA

When a patient with known angioedema develops 
signs and symptoms in the recovery room suggestive 
of an angioedema attack, a number of actions are 
appropriate. Airway assessment is primary. Findings 
suggestive of obstruction, such as stridor, retractions 
and paradoxical chest movement are worrisome. If 
there is evidence of progressive airway compromise 
from tongue swelling and/or laryngeal oedema, 
endotracheal intubation is likely to be necessary.

In addition to examination of the oropharynx, 
nasopharyngoscopy can be considered to evaluate the 
posterior pharynx and glottis. Patient comorbidities 
and baseline airway exam should also influence 
the decision to intubate the trachea versus other 
options. If endotracheal intubation is selected, 
issues of sedation versus induction of general 
anaesthesia before intubation must be addressed, in 
addition to airway approach (direct laryngoscopy, 
fibreoptic intubation, videolaryngoscopy, nasal or 
oral). Supraglottic airways are probably not useful 
in this setting due to the tongue and laryngeal 
involvement. Consultation with and the presence of 
an otolaryngologist is appropriate if available in a 
timely fashion.

Medication management in the acute 
setting – intraoperative attack of angioedema
Intra‑operatively, it can be difficult to distinguish 
between anaphylaxis and an angioedema attack. 
Anaphylaxis may manifest as hypotension, 
tachycardia, increased airway pressures and rash. 
Suggestive of angioedema are swelling not associated 
with a rash; although, this is not pathognomonic. 
In this setting, initial treatment for anaphylaxis 
is reasonable; but if there is a lack of response, the 
clinician should consider treatments for angioedema 
as described below.

Medication management in the acute setting – patient 
with known angioedema
Patients with known angioedema who develop 
symptoms in the PACU should be treated according 
to the mechanism of swelling. Histamine‑mediated 
angioedema should be treated with adrenaline if there 
are life‑threatening signs and symptoms including 
airway involvement and low blood pressure. In 
addition, H‑1 antagonists should be administered 
to reduce histamine related effects; intravenous 
diphenhydramine is an appropriate choice during 
urgent scenarios. H‑2 blockers can be added to 
reduce histamine effects such as pruritus, urticaria 
and hypotension. Finally, although not immediately 
beneficial, corticosteroids can be administered to 
suppress inflammatory mediators.

Traditional and accepted management
For patients with known bradykinin associated 
angioedema, preventing the production of bradykinin 
or reducing its effect is crucial. Fresh‑frozen 
plasma (FFP) can be administered in the acute setting 
because it provides C1 INH. The benefit of FFP would 
extend to patients reacting to an ACEI. However, FFP is 
not without risks including transmission of bloodborne 
pathogens, fluid overload and hypersensitivity 
reactions.

Newer therapies
There are a number of new, targeted therapies for 
acute attacks of HAE (non‑histaminergic type). These 
US Food and Drug Administration (FDA) approved 
therapies may also have benefit in ACEI related 
angioedema; common therapies for histaminergic or 
anaphylactic aetiologies (adrenaline, H‑1 antagonists, 
corticosteroids) are unlikely to be of benefit when 
dysregulation of bradykinin is the aetiology of the 
attack. 

New therapies include: Icatibant (Firazyr®, Shire, 
Lexington MA, USA) is a synthetic bradykinin receptor 
antagonist.[33,41] The FDA has approved it for use by 
physicians or patients ≥18 years of age. A 30 mg dose 
is administered subcutaneously and can be repeated 
after 6 h if symptoms return, up to 3 times in 24 h. 
A number of common side effects include rash, 
headache, nausea, local irritation at the injection site 
and fever.

Ecallantide (Kalbitor®, Shire, Lexington MA, USA) 
was approved in the United States in 2009.[42] It is 
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a plasma kallikrein inhibitor for patients 12 years 
of age or older which is administered via three 
subcutaneous injections of 10 mg each. Due to risk 
of anaphylactoid‑type reactions (3%) it is approved 
for administration by health‑care professionals 
only.[43] Most reactions to ecallantide develop within 
1 h. Common side effects are similar to icatibant.

C1 INH is available from several sources, including 
two products which are plasma derived (Berinert, 
Cinryze) and a recombinant C1 INH (Ruconest). 
Berinert® (CSL Behring, King of Prussia PA, USA) is 
a C1 INH that is a plasma product. It is approved 
for the treatment of acute HAE attacks involving 
facial, abdominal, or laryngeal regions in adults 
and adolescents.[44] The dose is 20 U/kg of body 
weight, administered intravenously. Since Berinert 
is a plasma product, there is a risk of infection. 
Dysgeusia was reported in >4% of patients receiving 
Berinert infusions (vs. 0%, placebo group).[45] 
Cinryze® (Shire, Lexington MA, USA) is a similar 
product with similar safety considerations, risks 
and side effects. However, Cinryze is approved for 
intravenous home infusion to prevent HAE attacks. 
It is administered every 3–4 days in a dose of 
1000 units. There have been reports of thrombosis 
after C1 INH product administration for long‑term 
HAE prophylaxis.[43] Finally, Ruconest® (Salix, 
Raleigh NC, USA) is a recombinant C1 INH approved 
for acute HAE attacks [Table 2]. Our review suggests 
that at a minimum, Icatibant is currently being used 
in some parts of India.

PROPHYLAXIS AGAINST ANGIOEDEMA ATTACKS

For patients with known angioedema, the need for 
prophylaxis before a procedure is driven by diagnosis, 
personal history and the magnitude of the planned 
procedure. Multispeciality planning is crucial when 
caring for patients with angioedema. Many physicians 
are not familiar with this rare condition. Moreover, 

anaesthesiologists can play an important coordinating 
role as perioperative physicians.

Risk factors for attacks in the perioperative period 
include oral trauma (including instrumentation 
of the airway), stress, and surgical procedures in 
the airway itself. A number of reports describe 
anaesthetic management during various surgical 
procedures.[33,46,47] Anaesthesia techniques that may 
reduce the risk of angioedema in the perioperative 
period include avoidance of instrumenting the 
airway and even general anaesthesia if possible. 
Pretreatment with attenuated androgens, C1 INH or 
FFP is appropriate (see details below) and availability 
of rescue medications is crucial, including icatibant, 
ecallantide, C1 INH (either recombinant or plasma 
derived), or plasma.

Attenuated androgens (most commonly danazol) 
are thought to increase C1 INH via stimulation 
of hepatic synthesis among other mechanisms.[48] 
When used in the lowest effective dose possible for 
long‑term prophylaxis, they appear to have minimal 
or no virilising side effects, even in female patients, 
although they should only be used for adults.[49] As 
a short course of prophylaxis before a procedure, 
danazol can be prescribed at a dose of 200 mg tid for 
5 days preoperatively and 3 days post‑operatively.

C1 INH concentrate can be used for short‑term 
prophylaxis 1 h before the procedure in a dose of 
1000 units or 20 units/kg. Alternatively, two units of 
FFP can be administered 1 h before the procedure, 
but plasma is a less desirable option for reasons noted 
above.

While prophylaxis before a scheduled procedure is 
reasonable, another option is to only have medications 
available to abort an angioedema attack. This 
approach can be considered if the patient is deemed to 
be low‑risk and the procedure is considered low‑risk 

Table 2: New treatments for angioedema
Generic name Brand 

name
Manufacturer Dose Side Effects

Icatibant* Firazyr Shire, Lexington MA US 30 mg subcutaneous Rash, headache, nausea, 
local irritation, fever

Ecallantide Kalbitor Shire, Lexington MA US 3 mg×10 mg subcutaneous Rash, headache, nausea, 
local irritation, fever

C‑1 esterase inhibitor Berinert CSL Behring, King of Prussia PA, USA 20 U/kg IV Dysgeusia
Cinryze Shire, Lexington MA US 1000 units IV Thrombosis
Ruconest Salix, Raleigh, NC USA <84 kg: 50 IU/kg IV 

>84 kg: 4200 IU (2 vials) IV
Headache, vertigo, diarrhoea

*Available in India. IV – Intravenous
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as well, e.g., surgery that does not require airway 
manipulation.

MANAGEMENT OF PATIENTS AFTER AN 
ANGIOEDEMA ATTACK

Once an acute attack of angioedema has stabilised, 
a number of decisions must be made regarding 
patient disposition. Consultation with an 
allergist/immunologist is appropriate for on‑going 
management and advice regarding future prophylactic 
and abortive therapies.

Obviously if the patient required intubation, Intensive 
Care Unit (ICU) admission will be necessary. If 
endotracheal intubation was not necessary, a number 
of factors can be considered to determine the need for 
observation on the hospital ward versus ICU versus 
discharge home. The extent and severity of airway 
involvement is a primary driver of this decision. 
Typically, in cases of resolving angioedema involving 
the face, lips and anterior tongue, the patient can be 
discharged home or observed on the hospital ward.[50] 
Conversely, if the patient has evidence of laryngeal 
involvement, observation in ICU is appropriate. 
Consultation with an otolaryngologist may be 
indicated with nasopharyngoscopy to define the 
involved anatomic regions.

ADDITIONAL TESTING AND FOLLOW‑UP

Follow‑up should be provided for the patient, depending 
on their history of angioedema and available resources. 
New symptoms should trigger a consultation with an 
allergist/immunologist. If there is suspicion that the 
episode was triggered by an ACEI, the medication 
should be held and the prescribing provider notified. 
A plan for recurrent symptoms should be established, 
with clear instructions for the patient. Depending on 
the aetiology of their angioedema, a specific treatment 
should be made available to them, such as the abortive 
therapies described above.

Additional testing can be ordered soon after an 
episode. After an acute attack, C4 levels should be 
obtained if possible to assist with the diagnosis of 
HAE, and tryptase level to diagnose anaphylaxis 
associated with angioedema. Low C4 is associated 
with HAE and is therefore a good screening test for 
C1 INH deficiency. Tryptase is normal in HAE but 
in mast‑cell disorders or other causes of anaphylaxis 
manifesting as angioedema, it may be elevated.

These tests are not ‘point of care’ and as such, they 
will not guide acute management of angioedema 
attacks. However, they will be useful for long term 
management decisions. Obtaining blood samples at 
the time of the attack will assure they are available for 
subsequent consultations. Patient and family education 
is obviously vital throughout the process of diagnosis 
and treatment of angioedema. In addition, the patient 
can be offered a ‘Medalert’ bracelet and card.

SUMMARY

Angioedema, with its intermittent and sudden swelling 
of certain body parts, can be particularly challenging 
for perioperative physicians. During a surgical episode 
of care, patients with angioedema are at increased risk 
of angioedema attacks; airway involvement can be 
life threatening. Fortunately, anaesthesiologists are 
in a unique position to coordinate perioperative care 
for these patients, including prophylactic treatment, 
abortive therapy and airway management. New classes 
of drugs, including anti‑bradykinin, plasma kallikrein 
inhibitor and C1 INHs provide additional tools for the 
perioperative clinician to manage this complex group 
of patients.
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