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Angioedema In The  
Emergency Department:   
An Evidence-Based Review
 Abstract 

Angioedema is the end result of a variety of pathophysiological 
processes resulting in transient, localized, nonpitting swelling 
of the subcutaneous layer of the skin or submucosal layer of the 
respiratory or gastrointestinal tracts. It is now generally accepted 
that the swelling is mediated by either histamine or bradykinin. 
Angioedema may result in severe upper airway compromise 
or—less commonly recognized—compromise in the gastrointes-
tinal tract often associated with severe abdominal pain. A variety 
of new therapeutic options are becoming available for use in the 
United States that have the potential to greatly impact the manage-
ment and outcomes for those with severe clinical manifestations. 
This review assesses the evidence on the causes and treatments of 
angioedema in the emergency department and reviews the new 
therapeutic options available for treatment of angioedema based 
on their effectiveness, price, and availability. 
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You ask yourself several questions:
•	 What is the cause of her recurrent abdominal pain?
•	 Does she need an abdominal CT scan, and, if yes, 

does it need to be with contrast?
•	 Does she need emergent surgical consultation?
•	 Other than treating the pain, is there any medication 

that is indicated?

 Introduction 

Angioedema is the clinical manifestation of tran-
sient, localized, nonpitting swelling of the subcuta-
neous layer of the skin or submucosal layer of the 
respiratory or gastrointestinal tracts. The first widely 
recognized description of angioedema was by Hein-
rich Quincke in 1882. In honor of his contribution, it 
is sometimes referred to as Quincke edema.
 Angioedema is not a disease; rather, it is a physi-
cal manifestation of a variety of pathophysiological 
processes. These processes have the end result of 
either mast cell degranulation or formation of brady-
kinin. The incidence of angioedema, overall, is not 
known. For patients taking angiotensin-converting 
enzyme (ACE) inhibitors, the incidence is between 
0.1% and 0.7%. The prevalence of the various forms 
of hereditary angioedema is estimated to be between 
1 in 10,000 and 1 in 50,000.1 

 The emergency clinician must understand the 
various causes of angioedema and tailor the treat-
ment of the patient based on the likely etiology. In 
this issue of Emergency Medicine Practice, the various 
causes of angioedema are discussed as well as differ-
ent diagnostic and treatment strategies.

 Critical Appraisal Of The Literature 

A literature search was performed using PubMed 
from 1964 to present, using the search term angio-
edema and limited to English-language articles that 
were systematic reviews, meta-analyses, multicenter 
studies, clinical trials, or randomized clinical trials. 
Using this approach, 269 articles were found and as-
sessed for review.  In addition, 1502 case reports were 
identified in the search; however, it was determined 
that they would add little to the evidence provided by 
the better-quality resources, and, therefore, these case 
reports were not systematically reviewed. 
 A search of the National Guidelines Clearing-
house (www.guideline.gov) produced no additional 
practice guidelines focused on angioedema. There 
was 1 guideline for urticaria that resulted when a 
search for angioedema was performed.2 A review of 
the Cochrane Database of Systemic Reviews failed 
to find any completed reviews. There is a protocol 
in place for a review of “angiotensin-converting 
enzyme inhibitor-induced angioedema in patients 
with primary hypertension,” but it has not been 
completed.

 Case Presentations 

In the middle of an unusually slow evening shift, a 
52-year-old black male presents to the ED from walk-in 
triage with a complaint of lip swelling. He states that he 
noticed a tingling in his lips shortly after waking that 
morning, but it wasn’t until he brushed his teeth that 
he noticed how large his lips had become. He decided 
to come to the hospital almost 12 hours later only after 
family members insisted that he get “checked out.” He 
denies any recent trauma, infection, or known exposures 
to possible allergens. He denies any pain or itching. His 
past	medical	history	is	significant	for	hypertension	and	
borderline diabetes. He is unable to remember the name 
of the medication that he takes for his blood pressure, but 
he says he has been taking it for years. His vital signs are: 
heart rate, 74 beats per minute; blood pressure, 156/82 
mm Hg; respiratory rate, 16 breaths per minute; tempera-
ture, 36.8°C; and oxygen saturation, 98% on room air. He 
is comfortable and in no apparent distress. It would be im-
possible to miss the rather impressive size of his lips. The 
upper lip looks to be about 10 times the normal size and 
the lower lip is only somewhat less enlarged. You are able 
to	examine	his	oropharynx	and	find	no	further	swelling	of	
the uvula or posterior pharynx. The rest of his examina-
tion is unremarkable. Your nurse checks the airway cart 
out of concern that the patient will need to be immediately 
intubated. Your medical student asks the following logical 
questions:
•	 What is the cause of his lip swelling?
•	 Is there a diagnostic test to determine the cause?
•	 What is the appropriate treatment? 
•	 Should the patient be intubated immediately to pro-

tect his airway?

 The next week, you see a 19-year-old white female 
who is brought in by EMS for severe diffuse abdominal 
pain. She states that the pain began 8 hours earlier. She 
has had nausea with multiple episodes of vomiting. She 
denies fever, recent antibiotics, foreign travel, or sick con-
tacts. She does state that she has had similar presentations 
multiple times in the past but never this pronounced. 
She denies any past medical history other than recurrent 
abdominal pain similar to how she is currently present-
ing. She was recently started on oral contraceptives, but 
she denies being sexually active. Her vital signs are: heart 
rate, 112 beats per minute; blood pressure, 92/64 mm 
Hg; respiratory rate, 22 breaths per minute; tempera-
ture, 36.9°C; and oxygen saturation, 100% on room air. 
She is obviously uncomfortable and actively retching. 
Her physical exam is remarkable for a soft but markedly 
distended abdomen with evidence of shifting dullness. 
She is diffusely tender to palpation without guarding or 
rebound. A pelvic exam is unremarkable. After reviewing 
her vital signs and performing her physical exam, you are 
much more concerned about this patient. You pull over 
the portable ultrasound to take a look and are immediately 
impressed	by	a	large	amount	of	free	fluid	in	the	abdomen.	
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aldosterone system. Bradykinin is thought to be 
the primary mediator of most nonallergic forms 
of angioedema. In this system, activated factor XII 
from the coagulation cascade converts prekallikrein 
to kallikrein in a positive feedback loop. Activated 
factor XII also has a role in activation of the classical 
pathway of the complement system. This results in 
depletion of downstream components such as C4. 
Kallikrein, in turn, cleaves high-molecular-weight 
kininogen to form bradykinin. The half-life of bra-
dykinin is approximately 15 to 30 seconds, and the 
concentration is typically very low.3
 There are 2 known types of bradykinin recep-
tors, B1 and B2, that are both encoded on chromo-
some 14. Bradykinin activates endothelial cells 
through the B2 receptor, leading to increased vas-
cular permeability and subsequent formation of 
edema. There are specific zinc metalloproteases that 
are responsible for the metabolism of the kinins: 
angiotensin-I-converting enzyme (ACE), aminopep-
tidase P, neutral endopeptidase, and carboxypepti-
dases M and N.

 Etiology And Pathophysiology 

There are 6 broad categories of angioedema, based 
on pathophysiology: 
• Hereditary
• Acquired
• Immunologic/allergic 
• ACE inhibitor induced
• Physically induced
• Idiopathic 

 A brief overview of the mediator pathways is 
warranted to help understand the various types of 
angioedema, the treatment options, and the expected 
clinical course. (See Figure 1.)

Mediators Of Angioedema
Bradykinin
Bradykinin is a vasoactive nonapeptide that is 
formed as an end product of the kallikrein-kinin 
system. This system helps to counterbalance the 
vasoconstrictive properties of the renin-angiotensin-
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HMWK, high-molecular-weight kininogen.
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leads to increased formation of bradykinin and the 
resultant increased vascular permeability and edema 
formation. Nussberger et al showed increased 
bradykinin levels in patients with hereditary angio-
edema during acute attacks that returned to normal 
or near-normal during periods of remission.5
 More than 200 mutations of the SERPING1 
gene on chromosome 11 have been described.6 It is 
thought that up to 25% of these mutations are de 
novo, and, therefore, there will be no prior family 
history of angioedema. Patients with hereditary 
angioedema have varying frequency of angioedema 
episodes. Some present with frequent episodes oc-
curring every couple of weeks, whereas others go 
years without having an episode. There are at least 3 
forms of hereditary angioedema described. 
  Hereditary angioedema type I, which com-
prises approximately 85% of cases of hereditary 
angioedema, is the result of mutations in the genetic 
code that cause decreased transcription of the gene 
coding for C1-INH. This leads to a deficiency in the 
quantitative level of C1-INH. Patients with heredi-
tary angioedema type I typically have C1-INH levels 
< 40%, below the 50% level one would expect for 
an individual heterozygous for this condition. This 
is likely due to hypercatbolism of the gene prod-
uct from the 1 functional gene found in those who 
are heterozygous. The decreased inhibition of the 
complement component C1 leads to decreased levels 
of the downstream components of the complement 
system, including C4 and C2. 
  Hereditary angioedema type II, which com-
prises approximately 15% of cases of hereditary 
angioedema, is the result of a genetic defect that 
allows for the transcription of a functionally defec-
tive C1-INH protein. This results in normal or 
slightly elevated quantitative (but decreased func-
tional) levels of C1-INH. 
 A third form of hereditary angioedema (type III), 
which has normal C1-INH levels, was originally dis-
covered in 1986 by Warin et al7 but failed to receive 
significant interest until 2000 when it was indepen-
dently described by Bork et al8 and Binkley and Da-
vis.9 Bork initially postulated an X-linked inheritance 
pattern, whereas Binkley and Davis suggested that 
the inheritance was most likely autosomal domi-
nant. It is now accepted that the most likely inheri-
tance pattern is autosomal dominant. Initially, only 
female patients were described; later, males were 
identified, but with much less frequency.10,11 The 
gender difference is possibly due to males lacking a 
female-specific risk factor or possessing a male-spe-
cific protective factor. Clinical expression often oc-
curs later, at an average age of 26.8 years.12,13 Clini-
cal symptoms appear to worsen during periods of 
increased estrogen levels, such as in pregnancy and 
hormone replacement. Multiple missense mutations 
have been identified in the gene encoding Hageman 

 C1 esterase inhibitor (C1-INH) is an alpha-
2-globulin glycoprotein primarily formed within he-
patocytes and loosely bound to C1. It is a member of 
the serine protease-inhibitor (serpin) family, which 
includes alpha-1-antitrypsin and antithrombin and 
is encoded by the SERPING1 gene located on the 
long arm of chromosome 11. C1-INH inhibits the 
function of C1s and C1r of the classic complement 
pathway. It also plays a major role in inhibition of 
other components such as kallikrein, factor XIa, and 
factor XIIa.

Histamine
Histamine is an amino acid derivative that is formed 
by the decarboxylation of histidine. Most of the 
conversion occurs within granules of mast cells 
in tissues or basophils circulating in the blood-
stream. Histamine has many roles in the body, but 
its primary role is within the immune system. Mast 
cells release histamine through a process known as 
degranulation when they have been sensitized with 
IgE antibodies and then come in contact with an 
appropriate antigen. Certain drugs are also capable 
of causing mast cell degranulation through a non-
immunologic mechanism. Examples of such drugs 
include morphine and tubocurarine. Additionally, 
activation of the complement system may also result 
in mast cell degranulation.
 There are 4 known receptors for histamine, 
designated H1 through H4; however, only the recep-
tors H1 and H2 are involved in the formation of 
edema that can lead to angioedema. H1 receptors 
are located on endothelial and smooth muscle cells 
as well as in the central nervous system. Activation 
of H1 receptors results in vasodilation, bronchocon-
striction, and pruritus. H2 receptors are found in 
vascular smooth muscle cells and parietal cells of 
the stomach. Activation of H2 receptors results in va-
sodilation and stimulation of gastric acid secretion. 
Histamine is metabolized by the enzymes histamine 
N-methyltransferase and diamine oxidase. 

Causes Of Angioedema
Hereditary Angioedema
Hereditary angioedema is a genetic form of an-
gioedema that is most often due to a deficiency in 
either the quantitative or functional levels of C1-
INH. William Osler was the first to demonstrate the 
heritable pattern of hereditary angioedema in 1888. 
In the original report, he described clinical find-
ings of 5 generations in a single family. Hereditary 
angioedema is most often inherited in an autosomal-
dominant fashion, with most cases being heterozy-
gous (although homozygous individuals have been 
described).4 C1-INH serves as the main regulator of 
the kallikrein-kinin system. As a result of decreased 
amounts of functional C1-INH, when the kallikrein-
kinin system is activated, it is not kept in check. This 
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anaphylaxis. The swelling caused by an allergic reac-
tion usually subsides within 24 hours, but relapses 
are common and unpredictable. Inciting agents are 
numerous and varied. Most medications that cause 
angioedema do so through this process.
 There is frequent confusion among clinicians 
about what constitutes anaphylaxis. According to 
a 2006 position paper from the National Institute 
of Allergy and Infectious Disease,21 anaphylaxis is 
highly likely when any 1 of 3 possible constellations 
of clinical findings is present:
1. Acute onset of a reaction (minutes to hours) with 

involvement of skin and/or mucosal tissue and 
at least 1 of the following:
• Respiratory compromise
• Reduced blood pressure or symptoms of 

end-organ dysfunction
2. Two or more of the following that occur rapidly 

after exposure to a likely allergen:
• Involvement of skin/mucosal tissue
• Respiratory compromise
• Reduced blood pressure or associated symp-

toms
• Persistent gastrointestinal symptoms

3. Reduced blood pressure after exposure to a 
known allergen

ACE Inhibitor-Induced Angioedema
Angioedema due to ACE inhibitors is an adverse re-
action to a medication that is not mediated through 
an allergic mechanism. Wilkin et al reported the first 
cases of ACE inhibitor-induced angioedema in 1980 
shortly before the approval of captopril by the Unit-
ed States Food and Drug Administration (FDA).22

 The inhibition of ACE prevents its 2 main func-
tions: the conversion of angiotensin I to angioten-
sin II and the metabolism of bradykinin. In 1998, 
Nussberger et al demonstrated a 10-fold increase 
in plasma bradykinin levels in a patient with ACE 
inhibitor-induced angioedema that returned to 
normal range after withdrawal of medication and 
resolution of symptoms.23 The metabolism of bra-
dykinin is also a function of the enzymes neutral 
endopeptidase (NEP), carboxypeptidase-M and 
carboxypeptidase-N, and aminopeptidase-P, which 
are not affected by the use of ACE inhibitors. It 
is postulated that angioedema may occur in only 
some users of ACE inhibitors due to a defect in 
these other pathways of bradykinin breakdown.24 
Adam et al showed significantly decreased amino-
peptidase-P function in patients with a history of 
ACE inhibitor-induced angioedema as compared to 
age-matched and sex-matched individuals taking 
ACE inhibitors but without a history of angio-
edema.25 No significant difference in carboxypepti-
dase-N function was found.  
 The enzyme dipeptidyl peptidase-IV (DPP-IV) 
and 1 of its substrates, substance P (sP) may also 

factor (factor XII).14-16 Estrogen stimulation has been 
previously shown to increase transcription of factor 
XII. The mutations found in patients with hereditary 
angioedema type III likely result in upregulation of 
Hageman factor in response to estrogen and result-
ing increase in bradykinin generation through the 
kallikrein-kinin system.

Acquired Angioedema
The term acquired angioedema refers to angioedema 
that is the result of C1-INH deficiency that is not due 
to a genetic defect. It does not refer to angioedema 
that is acquired due to other mechanisms, such 
as drug-induced angioedema. Caldwell et al first 
described this form of angioedema in 1972.17 The 
incidence of acquired angioedema is exceedingly 
rare, with only a few hundred cases reported. It 
usually presents later in life, rarely before the fourth 
decade of life. The pathophysiology has not been 
fully determined. 
 Although it is possibly an oversimplification, 
acquired angioedema is typically described as hav-
ing 2 distinct forms. In both forms, there is normal 
initial production of C1-INH. Acquired angioede-
ma type I results from increased catabolism of C1-
INH. It is often associated with lymphoproliferative 
or autoimmune disease. As a part of the disease 
process, there is increased activation of the classical 
pathway of complement, leading to consumption 
of available C1-INH. Acquired angioedema type II, 
first described by Jackson et al in 1986,18 is defined 
by the presence of an autoantibody to C1-INH that 
results in increased proteolysis of C1-INH to an 
inactive molecule.19 

 There is a blurring of these 2 types in the case of 
a monoclonal gammopathy in which the antibody 
overproduced is an antibody to C1-INH. The valid-
ity of this typing system has been questioned, due to 
the lack of rigorous testing in patients with acquired 
angioedema for lymphoproliferative diseases and 
autoantibodies to C1-INH. Multiple investiga-
tions have found patients with what is classified as 
acquired angioedema type I also have antibodies to 
C1-INH.20

Immunologic/Allergic Angioedema
Angioedema that results from immunologic or al-
lergic mechanisms is often accompanied by urticaria. 
Urticaria is similar to angioedema, but it occurs in 
the more superficial cutaneous layer of the skin and 
is often accompanied by pruritus. A true allergic 
condition requires prior sensitization to the inciting 
agent. The target cell is the dermal mast cell. When 
an IgE immunoglobulin binds to the FcR1 recep-
tor, the mast cell releases its preformed mediators, 
such as histamine, through a process referred to as 
degranulation. This is a type I hypersensitivity reac-
tion, and the patient may also demonstrate signs of 
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causes of angioedema has failed to determine the eti-
ology of angioedema in a patient who has had 3 or 
more attacks within a 6- to 12-month period.38

 Differential Diagnosis 

The differential diagnosis for a patient presenting 
with swelling includes the types of angioedema 
presented previously as well as a number of other 
causes that include the following:
• Urticaria
• Anaphylaxis
• Hydrostatic edema
• Oncotic edema
• Muckle-Wells syndrome
• Gleich syndrome (episodic angioedema associ-

ated with eosinophilia)
• Ascher syndrome (episodic swelling of eyelids 

and lips and associated with a euthyroid goiter)
• Melkersson-Rosenthal syndrome (intermittent 

but often persistent swelling of the lips or cheek, 
fissured or plicated tongue, and Bell palsy)

• Dermatitis
• Cellulitis
• Venous obstructive diseases (superior vena cava 

syndrome, deep vein thrombosis)
• Filariasis (especially infection with Loa loa, the 

“eye worm”)

 Angioedema can present with swelling in the 
submucosa of the gastrointestinal tract. This can lead 
to abdominal pain, distension, ascites, diarrhea, and 
signs of bowel obstruction. Gastrointestinal edema 
can lead to fluid shifts that result in hypotension, 
lightheadedness, and syncope. The differential diag-
nosis for isolated abdominal symptoms is broad, and 
it often presents difficulty for the treating physician. 
This is especially so if the patient has never had 
symptoms of angioedema previously.

 Prehospital Care 

The focus of prehospital management of angioede-
ma is on maintenance of airway patency. If there is 
concern for airway compromise, appropriate maneu-
vers are indicated, based on local protocols. Patients 
with angioedema symptoms located on the head or 
neck require oxygenation and cardiac monitoring 
with oxygen supplementation provided, as indi-
cated. Angioedema that is accompanied by signs of 
anaphylaxis is treated with epinephrine and intra-
venous (IV) fluids. Signs of immune-mediated or 
allergic angioedema may be treated with IV steroids 
and antihistamines. If bronchospasm is present, the 
patient may benefit from a nebulized beta agonist 
such as albuterol. 

have some involvement in formation of angioede-
ma. Substance P has vasodilatory actions similar to 
that of bradykinin. Normally, DPP-IV is involved 
in a number of different processes, such as me-
tabolism of incretin. It has increased activity in the 
metabolism of bradykinin when the normal mecha-
nism of breakdown by ACE is diminished. A new 
class of diabetes medications, DPP-IV inhibitors, 
was developed based on DPP-IV’s ability to metab-
olize incretin. Multiple researchers have suggested 
that there is an increased risk of angioedema with 
concomitant treatment with ACE inhibitors and 
DPP-IV inhibitors.26,27

 Angioedema is estimated to occur in 0.1% to 0.7% 
of patients on ACE inhibitor therapy. The majority 
of cases occur in the weeks following initiation of 
therapy; however, cases have been reported after a 
prolonged course of several years or more. There 
is variation in the incidence of angioedema accord-
ing to the specific medication used. The OCTAVE 
(Omapatrilat Cardiovascular Treatment Assessment 
Versus Enalapril) trial compared enalapril (Vasotec®) 
to omapatrilat, a novel antihypertensive agent that 
inhibits both neutral endopeptidase and ACE. In this 
study, the incidence of angioedema was 0.7% in the 
enalapril arm and 2.2% in the omapatrilat arm.28

 There is also significant variation of ACE 
inhibitor-induced angioedema among different 
races. There is a 3- to 5-fold increased risk among 
black Americans compared to white Americans.29,30 
Individuals of Asian descent have an increased risk 
of ACE inhibitor-induced cough,31 but not angio-
edema,32 although both appear to be due to the same 
final common pathway of increased bradykinin.33

 The safety of angiotensin receptor blocker (ARB) 
usage in patients who have previously experienced 
ACE inhibitor-induced angioedema is not estab-
lished. ARBs bypass the function of the ACE and 
directly inhibit the angiotensin I receptor. There is 
evidence that blockade of the angiotensin I receptor 
induces increased numbers of angiotensin II recep-
tors by alteration of normal feedback inhibition. Ani-
mal models have shown that stimulation of angio-
tensin II receptors may actually result in increased 
synthesis of bradykinin.34

Physically Induced Angioedema
There are a number of different physically induced 
causes of angioedema. These include extremes of 
temperature, intense physical activity, vibration,35 
and ultraviolet radiation.36 The pathophysiology 
is unclear, but it may be the result of a number of 
processes, including mast cell degranulation with 
release of histamine.37

Idiopathic Angioedema
The diagnosis of idiopathic angioedema is made 
after a comprehensive investigation of other known 
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somewhat differing presentations. Clinically, angio-
edema has a predilection for the face, extremities, 
and gastrointestinal tract. Reports of cerebral edema 
have been described.40 Pruritus is uncommon unless 
due to immune-mediated or allergic causes. Gastro-
intestinal tract involvement occurs in up to 93% of 
patients with hereditary angioedema and can lead 
to development of severe abdominal pain, obstruc-
tion, diarrhea, and ascites.41 The clinical picture can 
mimic an acute abdomen and lead to unnecessary 
surgical exploration. The most feared complication is 
involvement of the airway. The lifetime mortality of 
hereditary angioedema was, historically, as high as 
30%, mostly due to laryngeal edema and obstruction 
of the airway. This rate of mortality has decreased 
with increased awareness of the disease and the 
development of newer treatments.42 
 Almost all patients with hereditary angioedema 
report having prodromal symptoms prior to onset 
of swelling.43 The most frequently cited symptoms 
include fatigue and rash. The rash is often charac-
terized as erythema marginatum, sometimes called 
chicken-wire erythema.44 This is a serpiginous rash, 
which may have raised borders due to vasodilation 
of surface capillaries. 

 Diagnostic Studies 

Determination of the exact cause of angioedema is 
usually beyond the means of the emergency clini-
cian. Many of the laboratory tests of interest for 
diagnosis of angioedema require several days for 
results. Diagnosis of both hereditary and acquired 
forms of angioedema requires knowledge of the 
disease process and a high index of suspicion. There 
is often a considerable lag between the onset of 
symptoms and making a formal diagnosis of heredi-
tary angioedema. In 1977, the average delay was 
22 years. Recently, the delay was estimated to have 
decreased to 10 years.1
 C1-INH deficiency is suggested by a history 
of recurrent attacks of angioedema and/or un-
explained abdominal pain. The hereditary form 
would be strongly considered if there is a positive 
family history of similar attacks. Serum C4 level is 
often recommended as a screening test for C1-INH 
deficiency; usually, the level is < 30% of normal. If 
the C4 level is low, then C1-INH level and function 
should be measured. A low C1-INH level and func-
tion suggests hereditary angioedema type I. If the 
level is normal but the function is low, then heredi-
tary angioedema type II is likely. Normal levels of 
these markers are not definitively established in 
very young children, making it difficult to ascertain 
the diagnosis in this age group. Use of only C4 as a 
screening laboratory test has been questioned due 
to cases of patients with verified hereditary angio-
edema having normal C4 levels at times.45

 Emergency Department Evaluation 

Initial Stabilization
Evaluation in the emergency department (ED) 
begins with rapid triage, a full set of vital signs, and 
an assessment of the airway, breathing, and cardio-
vascular status. Continuous pulse oximetry and 
electrocardiogram (ECG) monitoring is indicated. 
Head, neck, or lung involvement or evidence of hy-
potension or hypoxia are indications for triage to the 
resuscitation area of the ED. Patients with symptoms 
only involving an extremity should be placed in an 
area where they can be frequently assessed, as there 
is always potential for rapid progression of symp-
toms.

History
The purpose of the history is to help the emergency 
clinician determine the underlying cause of the 
patient’s angioedema. Time of onset, activities at 
onset, recent exposures, and initial symptoms are 
important facts to obtain. Other important areas of 
questioning should focus on:
• Prior history of similar attacks
• Family history of angioedema
• Other medical history
• Current medications
• Associated symptoms such as pruritus, short-

ness of breath, or lightheadedness

 Investigation into possible recent trauma should 
be undertaken. Even minor trauma has been as-
sociated with onset of angioedema in patients with 
hereditary angioedema. There are numerous reports 
of dental procedures (such as tooth extraction) that 
have precipitated laryngeal edema and have some-
times resulted in significant morbidity or mortality.39

Physical Examination
The physical examination for a patient with sus-
pected angioedema includes a careful examination 
of the airway with special attention paid to any 
evidence of swelling. Characteristics that have been 
associated with need for definitive airway include: 
voice change, hoarseness, stridor, and dyspnea. The 
patient should be asked if the tongue or lips feel 
larger than normal or if there is any change in their 
voice. Asking the patient to phonate a high-pitched 
“E” is one way of assessing for laryngeal edema. If 
the patient is able to phonate a high-pitched “E,” 
then the presence of laryngeal edema is unlikely. 
Breath sounds are carefully auscultated to determine 
whether there is sufficient movement of air and for 
any adventitious sounds such as stridor, wheezing, 
or rales. Adequacy of circulation is then assessed. 
The entire body should be examined for signs of 
swelling, urticaria, or rashes.
 Different causes of angioedema tend to have 
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gioedema has not been previously diagnosed. Small 
intestine involvement has been reported in cases of 
hereditary angioedema, acquired angioedema, and 
ACE inhibitor-induced angioedema. Computed 
tomography (CT) findings include segmental bowel 
wall edema with or without skip segments, straight-
ening of bowel segments, and ascites.52 Use of the 
white blood cell (WBC) count to differentiate be-
tween an infectious process and angioedema is not 
definitive. Episodic swelling of the gastrointestinal 
system has been associated with a marked leukocy-
tosis as high as 31,000/mm3.53

 Ultrasonography has been used to demonstrate 
bowel wall thickening and the presence of ascites.54 
One benefit to the use of ultrasound is the ability to 
perform serial examinations without increased ex-
posure to radiation. Also, the anatomy of the larynx 
is visualized well on ultrasound evaluation despite 
being an air-filled structure. Ultrasonography has 
been used in the evaluation of laryngeal edema for 
other conditions. A potential clinical application of 
this modality would be for assessing resolution of 
known laryngeal edema seen on direct fiber optic 
evaluation. 

 Treatment 

Treatment of angioedema due to any cause prioritizes 
airway management, with a low threshold for estab-
lishment of a definitive airway. If there is concern that 
the airway is compromised or that compromise is 
imminent, the airway should be secured early in the 
ED evaluation. It should be cautioned that physical 
manipulation of the airway during evaluation can 
potentially increase the amount of edema present and 
result in further compromise to the airway. Nasotra-
cheal intubation with fiber-optic visualization may 
be useful in cases of massive tongue swelling in the 
absence of significant laryngeal edema. Standard res-
cue devices such as the laryngeal mask airway or the 
esophageal-tracheal double-lumen airway will not be 
effective in cases of laryngeal edema. It is suggested 
that a “double setup” with equipment for an emer-

 Further testing of various complement factors 
can be undertaken to help differentiate between the 
causes of angioedema. (See Table 1.) To differentiate 
hereditary from acquired angioedema, C1q levels are 
obtained. C1q levels would be normal in hereditary 
angioedema but markedly decreased in acquired an-
gioedema type I, due to the increased rate of catabo-
lism of the C1 complex.46 Presence of anti-C1-INH 
autoantibodies defines acquired angioedema type 
II.47 Activation of the complement system in heredi-
tary angioedema and acquired angioedema results 
in cleavage of C4 and C2; however, a functional C3 
convertase (C4b2a) is not formed, and, therefore, 
levels of C3 and C5 are typically normal.48 Heredi-
tary angioedema type III is diagnosed when there is 
a family history of angioedema but normal C1-INH 
levels and function are found. DNA analysis of fac-
tor XII can be undertaken but has had varied results.
 There is no definitive diagnostic test for ACE 
inhibitor-induced angioedema. The diagnosis re-
mains one based on clinical presentation, history of 
concurrent ACE inhibitor use, and physical exami-
nation. In a single retrospective cohort study by Bas 
et al, all (n = 25) of the patients with ACE inhibitor-
induced angioedema had elevated C-reactive pro-
tein (CRP) levels. The average level was increased 
over 7-fold the upper limit of normal.49 A smaller 
retrospective review of patients with angioedema 
found that none of the patients on ACE inhibitors 
had an elevation of CRP.50

 In allergic angioedema, measurements of mark-
ers of mast cell degranulation (such as serum trypt-
ase) may be increased during an acute attack.51 If a 
distinct offending agent is suspected, IgE-specific 
assays can be performed.
 The ice cube test is used to diagnose cold-induced 
angioedema. In this test, an ice cube is placed on the 
patient’s volar forearm for 4 minutes. The skin is then 
observed as it passively rewarms. Appearance of 
isolated swelling confirms the diagnosis.37

 Patients with angioedema of the small intestine 
present a significant diagnostic dilemma for even the 
most astute clinician. This is particularly true if an-

Table 1. Complement Profile Testing For Different Causes Of Angioedema
Quantitative C1-INH Functional C1-INH C4 Level C1q Level C3 Level

HAE type I Decreased Decreased Decreased Normal Normal

HAE type II Normal Decreased Decreased Normal Normal

HAE type III Normal Normal Normal Normal Normal

AAE type I Decreased Decreased Decreased Decreased Normal or de-
creased

AAE type II Decreased Decreased Decreased Decreased Normal or de-
creased

ACE inhibitor-induced Normal Normal Normal Normal Normal

Allergic/immunologic Normal Normal Normal Normal Normal

Abbreviations: AAE, acquired angioedema; ACE, angiotensin-converting enzyme; C1-INH, C1 esterase inhibitor; HAE, hereditary angioedema.
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is repeated every 5 to 15 minutes as needed. The 
dose for children is 0.01 mg/kg (maximum 0.3 mg) 
of the 1:1000 dilution. It is important to choose an 
appropriate-length needle to ensure administration 
into the muscle rather than the subcutaneous tissue. 
In a study of 220 healthy adult volunteers using 
high-frequency ultrasound, a standard 5/8-inch-long 
(16-mm-long) needle would have failed to pen-
etrate the deltoid muscle in 17% of men and 48% of 
women.59 In obese patients, consideration should be 
given to use of a longer needle or an alternative site 
of injection.
 IV administration is usually reserved for pa-
tients requiring multiple doses of IM epinephrine 
or if the patient is in cardiac arrest.60 The recom-
mended dose of epinephrine for IV infusion is 1 to 
4 mcg/min.61

 Nebulized epinephrine is not the first-line agent 
for angioedema presenting with anaphylaxis. It may 
be considered as an adjunct therapy in these cases or 
in cases of mild angioedema of the oropharynx. 
 In cases of bradykinin-mediated angioedema, 
epinephrine given by any route is unlikely to have 
a significant response. There are no prospective 
studies assessing the efficacy of epinephrine in any 
type of bradykinin-mediated angioedema. There 
are multiple case reports that demonstrate a failure 
of bradykinin-mediated angioedema to respond to 
epinephrine.62,63 

Glucagon
Patients on beta-blocker therapy may not have the 
expected response to epinephrine therapy. In these 
cases, the clinician should consider giving glucagon. 
Glucagon and epinephrine both exert their clinical 
effects through the elevation of cyclic adenosine mo-
nophosphate (cAMP) levels. The effect of glucagon 
on cAMP levels is mediated through activation of 
adenylate cyclase independent of the beta receptor.21 
The adult dose is 1 to 5 mg given intravenously over 
5 minutes. If necessary, an infusion can be initiated 
at a rate of 5 to 15 mcg/min. In children, the dose 
is 20 to 30 mcg/kg (maximum 1 mg) given intrave-
nously over 5 minutes.21 

Terbutaline
Terbutaline is a selective beta-2-receptor agonist that 
results in bronchodilation. It can be administered as 
a 0.25 mg subcutaneous injection every 20 minutes 
to a maximum of 3 doses. Terbutaline is not FDA ap-
proved for patients younger than 12 years of age. 

Antihistamines
Antihistamines are considered a second-line agent 
in the treatment of angioedema with signs of ana-
phylaxis due to the relatively slow onset of action 
as compared to epinephrine. They should never 
be used as the sole agent in anaphylaxis treatment. 

gent surgical airway be at the bedside. Rapid transfer 
to the operating room should be considered, if avail-
able, for patients with airway compromise who are 
not crashing but may need a surgical airway due to 
severe oropharyngeal edema. 
 Studies assessing the prevalence of airway 
obstruction in patients with angioedema have pro-
duced numbers ranging from 5% to 15%. Of patients 
requiring airway intervention, the need for cricothy-
rotomy or tracheotomy has ranged from 0% to more 
than 50%.55,56 There is large heterogeneity of the 
populations, the causes of angioedema, and the ad-
ditional treatments provided that limit conclusions 
from this data.
 Supplemental oxygen should be given to all 
patients with angioedema of the head and neck, 
especially if the patient is hypoxic or if there is any 
possibility that intubation will be required. A nasal 
trumpet may be used to increase airflow past an 
enlarged tongue. Vascular access should be secured. 
IV crystalloid infusion is essential in patients with 
large fluid shifts that result in hypotension or if the 
angioedema is associated with anaphylaxis.

Pharmacologic Treatment
The management of angioedema has 3 phases: 
• Management of acute episodes
• Short-term prophylaxis
• Long-term prophylaxis
 
 ED management focuses on the first 2 phases. 
For any type of allergic or drug-induced angio-
edema, removal of the offending agent is the first 
step. Angioedema, regardless of cause, has histori-
cally been treated as a histaminergic reaction with 
antihistamines, steroids, and epinephrine. In cases 
of bradykinin-mediated angioedema, these medi-
cations have limited, if any, utility. For allergic or 
immunologic-induced angioedema, these would be 
considered the mainstay of treatment.

Epinephrine
Epinephrine is a potent nonselective agonist of all 
types of adrenergic receptors. Its action on alpha-1 
receptors results in vasoconstriction. It is the drug of 
choice for angioedema associated with anaphylaxis. 
The preferred route of administration of epineph-
rine is intramuscular (IM), into the anterolateral 
aspect of the middle third of the thigh. There is some 
limited evidence that administration in the lateral 
thigh results in better absorption than administra-
tion in the deltoid. Subcutaneous administration of 
epinephrine has been shown to result in erratic and 
delayed absorption, as it is dependent on cutane-
ous blood flow, which may be compromised during 
these episodes.57,58 

 The initial dose in adults is 0.2 mL to 0.5 mL 
(0.2-0.5 mg) of a 1:1000 dilution (1 mg/mL). This 
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Clinical Pathway For The Management Of Patients With Angioedema

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard of care. 
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Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and 

effectiveness

Level of Evidence:
• One or more large prospective 

studies are present (with rare 
exceptions)

• High-quality meta-analyses
• Study results consistently posi-

tive and compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of 

evidence
• Nonrandomized or retrospective 

studies: historic, cohort, or case 
control studies

• Less robust randomized con-
trolled trials

• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alterna-

tive treatments

Level of Evidence:
• Generally lower or intermediate 

levels of evidence
• Case series, animal studies,  

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until 

further research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradic-

tory
• Results not compelling

Significantly modified from: The 
Emergency Cardiovascular Care 
Committees of the American 
Heart Association and represen-

tatives from the resuscitation 
councils of ILCOR: How to De-
velop Evidence-Based Guidelines 
for Emergency Cardiac Care: 
Quality of Evidence and Classes 
of Recommendations; also: 
Anonymous. Guidelines for car-
diopulmonary resuscitation and 
emergency cardiac care. Emer-
gency Cardiac Care Committee 
and Subcommittees, American 
Heart Association. Part IX. Ensur-
ing effectiveness of community-
wide emergency cardiac care. 
JAMA. 1992;268(16):2289-2295.

 Class Of Evidence Definitions

Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions. 

YES

YES

NO

NO

Patient presents with angioedema

Airway obstruction present or imminent?

Evidence of anaphylaxis?

Consider underlying cause

Abbreviations: AAE, acquired angioedema; ACE, angiotensin-converting enzyme; FFP, fresh frozen plasma; HAE, hereditary angioedema; IM, intramus-
cular; IV, intravenous; SC, subcutaneous.

• Determine disposition based on severity of illness and response to treatment.
• Consider using Ishoo classification in determining appropriate disposition (see page 15).

ACE inhibitor-induced:
• Stop treatment with ACE inhibitors
• Consider H1 antagonist (Class Inde-

terminate)
• Consider H2 antagonist (Class Inde-

terminate)
• Consider corticosteroids (Class Inde-

terminate)
• Consider treatment with FFP 10-15 

mL/kg IV (Class II)
• Consider treatment with icatibant, if 

available (off-label use) (Class II)

HAE or AAE known or likely:
• Consider treatment with FFP 10-15 

mL/kg IV (Class II)
• Consider treatment with Berinert® 20 

U/kg IV (Class II)
• Consider treatment with ecallantide 

10 mg SC x 3 (Class II)
• Consider treatment with icatibant 30 

mg SC (Class II)
• Consider H1 antagonist (Class Inde-

terminate)
• Consider H2 antagonist (Class Inde-

terminate)
• Consider corticosteroids (Class Inde-

terminate)

Allergic/immunologic (histaminergic):
• Remove offending agent
• Treat with corticosteroid (Class I)
• Treat with H1 antagonist (Class I)
• Consider addition of H2 antagonist 

(Class III)

Secure the airway: 
• Direct laryngoscopy
• Fiberoptic intubation
• Cricothyrotomy
• Tracheotomy

• Administer epinephrine 0.2-0.5 mL 
of 1:1000 dilution IM in anterolateral 
thigh 

• Repeat every 5 min as needed 
(Class I)

• In patients on beta-blocker therapy 
not responsive to epinephrine, con-
sider glucagon 1-5 mg IV (Class III)
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specific recommendation can be made as to the type 
and dose of steroid used.
 
Fresh Frozen Plasma  
Fresh frozen plasma is widely available and rapidly 
accessible for administration. There are no studies 
evaluating its effectiveness, but multiple case reports 
appear to support its use in acute attacks of heredi-
tary68-70 and ACE inhibitor-induced71,72 angioedema. 
In 1975, Jaffe et al demonstrated the safe use of fresh 
frozen plasma as prophylactic therapy for patients 
with hereditary angioedema who were undergo-
ing dental procedures.73 Since that case series, there 
have been no systematic studies of this therapy, but 
other reports have shown fresh frozen plasma to 
have varying degrees of success. No reports were 
found showing the successful use of fresh frozen 
plasma in the treatment of acute attacks of acquired 
angioedema. The underlying mechanism of angio-
edema (reduced C1-INH) is similar in acquired an-
gioedema and hereditary angioedema. Presumably, 
replacement of this substrate should be as effective. 
Caution should be given that, in cases of acquired 
angioedema type II, there is an autoantibody that 
is responsible for the decreased levels of C1-INH, 
and providing additional substrate for these au-
toantibodies presumably increases the potential 
for worsening clinical outcome. The possibility of 
infectious transmission, hypersensitivity reactions, 
and fluid overload precludes fresh frozen plasma’s 
widespread use as therapy. It requires 50 times the 
volume of fresh frozen plasma compared to C1-INH 
concentrate to achieve the same level of enzyme.74 
While fresh frozen plasma contains the desired C1 
inhibitor, it also contains the substrates (such as 
high-molecular-weight kininogen) that could wors-
en the clinical expression of angioedema. This has 
further limited its use; however, no reports substan-
tiate this argument.75 In acute attacks, the usual dose 
is 2 units (10 to 15 mL/kg). For prophylaxis prior to 
planned surgical procedures in patients with heredi-
tary angioedema, the usual dose is 2 units given 1 
hour prior to the procedure.76

C1 Inhibitor Concentrate
Replacement therapy is the mainstay of treatment 
for a number of inherited protein deficiencies such 
as hemophilia and hypogammaglobulinemia. Use 
of C1-INH concentrate for the treatment of acute 
attacks of hereditary angioedema was first dem-
onstrated in 1973.77 There are currently 2 different 
formulations of C1-INH concentrate available in the 
United States, Berinert® and Cinryze®. A recombi-
nant form, Rhucin®, is in development stages. (See 
Table 2, page 12.)

Older H1 antagonists such as diphenhydramine have 
a long history of use in allergic reactions. Adults 
receive a dose of 25 to 50 mg IV. Pediatric dosing is 
1 mg/kg IV (up to 50 mg). If given for mild allergic 
symptoms associated with angioedema, the oral 
route may be considered. Diphenhydramine un-
dergoes extensive first-pass liver metabolism that 
results in only approximately 50% bioavailability.64 
Second-generation H1 antagonists (cetirizine, lorata-
dine, fexofenadine) may also be given, although this 
would be limited to the oral route as there are no 
parenteral versions available in the United States.
 The addition of an H2 blocker may be benefi-
cial, as 15% of cutaneous histamine receptors are of 
the H2 subtype.65 A small, underpowered study of 
39 patients by Runge et al did not show improve-
ment in pruritus with the addition of cimetidine to 
diphenhydramine; however, the researchers were 
able to show that cimetidine alone or cimetidine in 
combination with diphenhydramine was superior 
to diphenhydramine for urticaria. This study was 
not designed to assess improvement in angioedema 
symptoms.66 Lin et al performed a placebo-con-
trolled double-blind trial assessing the addition of 
ranitidine to standard therapy with diphenhydr-
amine.67 At 2 hours, there was significant relief in 
urticaria but not in angioedema symptoms.
 Patients that present to the ED with angioedema 
with obvious allergic or immunologic cause should 
receive an H1 blocker with strong consideration 
to also receiving an H2 blocker. In cases where the 
etiology of angioedema is not clear, it is reasonable 
to give these medications, as they have a favorable 
side-effect profile. The choice of H2 blocker should 
be based on availability, as there is no evidence to 
support the use of one type over another. 

Steroids
Glucocorticoids are another second-line agent and 
are often given as part of the “shotgun” approach. 
Their use in type I immediate hypersensitivity reac-
tions are based on their inhibition of T helper cells 
and production of inflammatory mediators such as 
leukotrienes, prostaglandins, histamine, and brady-
kinin. Any effect from steroid administration would 
be expected to be significantly delayed; however, 
it may help prevent a rebound reaction. The use of 
glucocorticoids in all types of angioedema is an ex-
tension of their use in angioedema with anaphylaxis, 
which itself is an extension of their use in asthma. 
There are no high-quality investigations assessing 
the use of glucocorticoids for angioedema due to 
any pathological process. 
 Based on the low likelihood of harm from a 
short course of steroids, it is reasonable for the 
emergency clinician to include this treatment unless 
contraindications exist and all other appropriate 
therapies are utilized. Due to lack of evidence, no 
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Cinryze® (ViroPharma, Inc.; Exton, PA) 
Cinryze® C1-INH was developed by Lev Pharma-
ceuticals in partnership with Sanquin Blood Supply 
Foundation. This pooled plasma product undergoes 
an additional nanofiltration step, which is particu-
larly effective against enveloped viruses, to ensure 
purity. In 1 small study of 6 patients, Cinryze® was 
administered at a dose of 1000 units once or twice 
weekly as prophylaxis against hereditary angioede-
ma attacks during pregnancy. The number of attacks 
and ED visits was decreased by more than 85%.83

 In a double-blind placebo-controlled trial, 68 
hereditary angioedema patients with acute episodes 
of angioedema involving the extremities, groin, or 
abdomen were randomized to receive either Cinry-
ze® 1000 units intravenously over 10 minutes or pla-
cebo. The primary end point was the time to relief 
of symptoms. In the study group, 60% had onset of 
relief by 4 hours as compared to 42% in the placebo 
group. This failed to achieve significance with a P 
value of 0.06; however, the median time to complete 
resolution of symptoms of 12.3 hours in the study 
group as compared to 25.0 hours in the control 
reached significance, with a P value of 0.006. The 
same study team performed a double-blind cross-
over trial of 21 patients from the initial trial looking 
at the use of Cinryze® as a prophylactic agent. The 
results showed a decrease in the number, duration, 
and severity of attacks.84

 An extension of the previous study was per-
formed as a multicenter prospective open-label 
study that was not placebo controlled.85 In this 
study, 609 attacks in 101 patients were treated with 
1000 units of Cinryze® intravenously. Patients with-
out relief at 60 minutes could receive a second dose 
of the study medication; 68% of these patients had 
unequivocal relief at 1 hour and 87% within 4 hours.
 Cinryze® was approved by the FDA in October 
2008 for use in prophylactic treatment of hereditary 

Berinert® (CSL Behring; Marburg, Germany) 
Berinert® C1-INH is produced from pooled plasma 
obtained from United States donors. It is adminis-
tered at room temperature by slow IV infusion. It 
has been used for many years in Europe. The medi-
an half-life is > 30 hours in both adult and pediatric 
patients.78 It has also been used effectively in acute 
attacks of ACE inhibitor-induced angioedema.79  
 In 2001, Bork and Barnstedt published a study in 
which 18 patients with known hereditary angioede-
ma experiencing 193 episodes of hereditary angio-
edema were treated with Berinert® at an initial dose 
of 500 units intravenously. An additional dose of 500 
units was given if symptoms had not resolved by 30 
to 60 minutes. The mean time to reversal of develop-
ment of symptoms was 42.2 (+/- 19.9) minutes.80

 CSL Behring funded the IMPACT trials (In-
ternational Multi-centre Prospective Angioedema 
C1-Inhibitor Trials) to evaluate the effectiveness of 
Berinert® in acute attacks of hereditary angioedema. 
The IMPACT-1 trial was a randomized double-blind 
placebo-controlled study that assessed Berinert® 
given at IV doses of 10 or 20 U/kg, as compared 
to placebo. The 20 U/kg dose showed a significant 
decrease in time to onset of symptom relief (0.5 h vs 
1.5 h, P = 0.0025). The 10 U/kg dose did not show 
significant improvement in the primary end point.81 
The validity of this study is questionable, given 
the rather rapid time to onset of relief of symptoms 
in the placebo group. The IMPACT-2 study was 
an open-label, uncontrolled extension of the IM-
PACT-1 trial in which Berinert® was used to treat 
1085 episodes of acute exacerbations of hereditary 
angioedema in 57 patients. The median time to onset 
of symptom relief was 0.46 h.82 Berinert® was given 
full FDA approval in 2009 for the treatment of acute 
abdominal, facial, or laryngeal attacks of hereditary 
angioedema in adult and adolescent patients at a 
dose of no less than 20 U/kg.

Table 2. Comparison Of New Medications For Treatment Of Angioedema97

Drug Mechanism FDA-Approved Indication Dose Adverse Effects Cost Per Dose

C1-INH concen-
trate (Berinert®)

Replacement of C1-
INH; inhibition of 
bradykinin formation

Acute abdominal, facial, or 
laryngeal attacks of HAE in 
adult and adolescent patients

20 U/kg IV Headache, nausea, vomiting, 
diarrhea, anaphylaxis, transmis-
sion of infection

$5796

C1-INH concen-
trate (Cinryze®)

Replacement of C1-
INH; inhibition of 
bradykinin formation

Prophylactic treatment of 
HAE in adult and adolescent 
patients

1000 U IV
q3d or q4d

Headache, nausea, rash, vomit-
ing, development of antibodies, 
transmission of infection

$4680

Ecallantide 
   (Kalbitor®)

Inhibition of kallikrein-
mediated formation of 
bradykinin

Acute attacks of HAE in any 
location in patients > 16 y

30 mg SC Headache, nausea, injection-site 
irritation, anaphylaxis, develop-
ment of antibodies, diarrhea

$9540

Icatibant (Firazyr®) Bradykinin B2 receptor 
antagonist

Acute attacks of HAE in any 
location in adults

30 mg SC Headache, nausea, dizziness, 
injection-site irritation, elevated 
liver enzymes, fever

$6800

Abbreviations: HAE, hereditary angioedema; FDA, United States Food and Drug Administration; INH, inhibitor; IV, intravenous; q, every; SC, subcutane-
ous; U, unit.
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were treated with ecallantide at doses of 5, 10, or 
20 mg/m2 as a 10-minute IV infusion or as a 30-mg 
subcutaneous injection. The subcutaneous dosing 
had the greatest proportion of patients with success-
ful outcome and the lowest rate of patients having 
only a partial response. Based on the results of this 
study, further studies were based on treatment with 
ecallantide with a subcutaneous dose of 30 mg.90 
 The EDEMA3 trial was a 2-stage (open label and 
double blind) phase 3 trial evaluating ecallantide 30 
mg by subcutaneous injection versus placebo. The 
primary endpoint was a patient-reported treatment 
outcome score at 4 hours from -100 to 100. Patients 
treated with ecallantide had statistically significant 
improvement in the treatment outcome score as 
compared to placebo (53.8 vs 18.5, P = 0.02).91

 In the EDEMA4 trial, patients with moderate 
to severe attacks of hereditary angioedema were 
assigned 1:1 to receive either ecallantide 30 mg 
subcutaneously or placebo. The primary efficacy 
endpoint was change in the patient-reported assess-
ment, mean symptom complex severity score, at 4 
hours. In this scoring system, a decrease in score 
indicates improvement in symptom severity. A total 
of 96 patients were enrolled. The results showed a 
significant difference between the ecallantide-treated 
group as compared to the control group (-0.8 vs -0.4, 
P = 0.01).92 
 In December 2009, ecallantide was given FDA 
approval for use in adults over the age of 16 with 
acute attacks of hereditary angioedema. The recom-
mended dose is 3 subcutaneous injections of 10 mg 
each for a total of 30 mg. Due to concerns regarding 
potential for anaphylaxis and anaphylactoid reac-
tions with administration of ecallantide, the FDA re-
quires that administration of the drug be performed 
by clinicians capable of treating these reactions.

Icatibant (Firazyr®/HOE-140; Shire Human Genetic 
Therapies, Inc.; Lexington, MA) 
Icatibant is a synthetic decapeptide structurally simi-
lar to bradykinin but containing 5 nonproteinogenic 
amino acids. It functions as a specific inhibitor to the 
bradykinin B2 receptor. It has 96% bioavailability af-
ter subcutaneous administration and is not degrad-
ed by the 2 main bradykinin metabolizing enzymes, 
ACE and carboxypeptidase. A series of clinical trials 
sponsored by the original manufacturer, Jerini, were 
called FAST (For Angioedema Subcutaneous Treat-
ment). The results of the FAST-1 and FAST-2 trials 
were published together but had significant differ-
ences in their study designs.93 The FAST-1 study was 
a double-blind placebo-controlled study comparing 
subcutaneous administration of 30 mg of icatibant to 
placebo. FAST-2 was also a double-blind study, but 
it was of double-dummy design, without placebo, in 
which icatibant 30 mg subcutaneous was compared 
to oral tranexamic acid at a dose of 3 g daily for 3 

angioedema in adult and adolescent patients. The 
dose is 1000 units intravenously every 3 or 4 days. 
With an average wholesale price of $2340 per 500 
units,86 the yearly cost of this medication would be 
about $500,000.

Rhucin® (Pharming; Leiden, The Netherlands) 
Rhucin® (conestat alfa) is a recombinant human C1-
INH (rHuC1INH) made from the milk of transgenic 
rabbits. An open-label study without placebo control 
was performed on 9 patients with 13 severe angio-
edema attacks. Patients were treated with 100 U/kg 
of Rhucin® intravenously over 15 minutes. Median 
time to symptom relief was 30 minutes.87 A placebo-
controlled, double-blind study assessing the efficacy 
of Rhucin® at doses of 50 U/kg and 100 U/kg versus 
saline was stopped early, on the advice of data moni-
toring committees, due to significant positive find-
ings and lack of adverse events. The median time to 
relief of symptoms was 66 minutes in the 100 U/kg 
group, 122 minutes in the 50 U/kg group, and 495 
minutes in the control group.88 The protein under-
goes extensive glycosylation that reduces its half-life 
to about 3 hours, but it does not appear to reduce its 
clinical efficacy nor result in rebound of angioedema 
symptoms. Conestat alfa was approved by the 
Committee for Medicinal Products for Human Use 
(CHMP) of the European Medicines Agency (EMA) 
for use in Europe in 2010 under the trade name 
Ruconest®. In 2011, the FDA sent Pharming a Refusal 
to File letter for its application for Rhucin®, stating 
that there was insufficient scientific evidence to do a 
proper analysis.

Ecallantide (Kalbitor®/DX-88; Dyax; Burlington, MA) 
Ecallantide is a 60-amino-acid recombinant protein 
that functions as a plasma kallikrein inhibitor and 
is produced in Pichia pastoris yeast. Inhibition of 
kallikrein results in decreased formation of kinins, 
including bradykinin. Dyax has sponsored a series 
of phase 2 and 3 trials with the use of the name 
EDEMA (Evaluating DX-88’s Effects on Mitigating 
Angioedema). 
 In the EDEMA1 trial, patients were assigned 
to receive ecallantide intravenously at a dose of 5, 
10, 20, or 40 mg/m2 versus placebo. The primary 
efficacy endpoint was the percentage of patients that 
achieved significant symptom improvement at the 
primary site by 4 hours after drug administration. 
Comparing the pooled data of patients treated with 
ecallantide versus placebo, there was a significant re-
sult for the primary efficacy endpoint (72.5% vs 25%, 
P = 0.0169). Comparing the individual doses, only 
the 40 mg/m2 dose achieved statistical significance, 
although the study was likely underpowered to fully 
assess the lower doses.89 

 The EDEMA2 trial was a phase 2 dose ranging 
trial in which 77 patients with 240 separate episodes 
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normal levels of C1-INH) have shown improvement 
in symptoms with their use. Recent literature has 
shown that these androgens also cause an increased 
synthesis of aminopeptidase P, another major enzyme 
responsible for the breakdown of bradykinin.100 
These medications take a minimum of a few days to 
exert any effect and are, therefore, not indicated for 
the treatment of acute attacks. Attenuated androgens 
have been used as short-term prophylaxis prior to 
planned surgical procedures. High-dose therapy is 
initiated 1 week prior to the operation. 
 The side-effect profile of these medications 
greatly limits their use. These adverse effects include 
hirsutism, weight gain, menstrual irregularities, 
liver function abnormalities, and hepatic neoplasms. 
They are contraindicated in pregnancy and lactation, 
in childhood, and in patients with prostate cancer 
undergoing androgen therapy. A small pilot study of 
8 patients with hereditary angioedema treated with 
the synthetic steroid, tibolone, showed similar ef-
ficacy to danazol but a reduced side-effect profile.101 

Antifibrinolytic Agents
Antifibrinolytic agents, including tranexamic acid 
(Cyklokapron®) and sigma-aminocaproic acid 
(Amicar®) have been used for prophylaxis in he-
reditary angioedema. The mechanism of action is 
not completely understood. Use of antifibrinolytic 
agents does not result in increased levels of C1-INH. 
Antifibrinolytics are not as efficacious as androgens 
for hereditary angioedema, but they are considered 
first-line agents for prophylaxis in children due 
to the reduced side-effect profile in comparison to 
androgen therapy. Tranexamic acid is ineffective in 
hereditary angioedema type III. Some researchers 
consider antifibrinolytic agents to be superior to 
attenuated androgens for the treatment of acquired 
angioedema.102 There is an increased risk of throm-
boembolic events with the use of these medications.

 Controversies And Cutting Edge 

Controversies In Treatment
Angioedema is very well described in the literature, 
but its treatment is relatively poorly studied. It was 
not until recent years that well-designed clinical tri-
als assessing the efficacy of various newly developed 
treatments were undertaken. The most standard of 
treatments (steroids, antihistamines, and epineph-
rine) have very little evidence to support their use in 
most types of angioedema. Epinephrine, however, 
is the medication of choice when angioedema is ac-
companied with anaphylaxis. 
 The lack of options in the emergency clinician’s 
armamentarium has begun to change. With the ap-
proval of the C1-INH concentrates ecallantide and 
icatibant, there is finally an option to treat nonhista-
minergic angioedema. These medications have been 

days. The results of FAST-1 showed a significant de-
crease in onset of symptom relief (0.8 vs 16.9 h; P < 
0.001); however, it failed to show a statistical differ-
ence in the primary end point of time to significant 
symptom relief (2.5 vs 4.6 h; P = .142). The FAST-2 
study showed superiority of icatibant as compared 
to tranexamic acid. The time to onset of symptom 
relief was 0.8 hours versus 7.9 hours (P < 0.001), and 
median time to significant symptom improvement 
was 2.0 versus 12.0 hours (P < 0.001).
 FAST-3, a phase 3 randomized double-blind 
placebo-controlled trial of 88 patients with heredi-
tary angioedema showed significantly improved 
results for icatibant 30 mg subcutaneous versus 
placebo using a visual analog score. The primary ef-
ficacy endpoint was time to onset of symptom relief, 
which took 2.0 hours for icatibant versus 19.8 hours 
for placebo (P < 0.001). There was also a decrease 
in the time to onset of primary symptom relief (1.5 
vs 18.5 h; P < 0.001) and median time to almost 
complete symptom relief (8.0 vs 36.0 h; P = 0.012).94 

Based on the results of these studies, the FDA ap-
proved icatibant for patient-administered treatment 
of acute attacks of hereditary angioedema in patients 
18 years of age and older.
 Use of icatibant in ACE inhibitor-induced angio-
edema has been limited to case reports and series. 
Schmidt et al reported a case of a man with ACE 
inhibitor-induced angioedema of the neck, tongue, 
and larynx. He was treated unsuccessfully with 
steroids, diphenhydramine, inhaled epinephrine, 
and C1-INH concentrate. After administration of 
icatibant, his symptoms began to improve within 10 
to 15 minutes.95 The most significant study, to date, 
was a case series of 8 patients with ACE inhibitor-
induced angioedema who received icatibant in a 
single subcutaneous dose of 30 mg.96 The clinical 
results of these patients were then compared to a 
historical group of 47 patients with similar presen-
tations. In the study group, the mean time of first 
symptom improvement was 50.6 minutes, and there 
was complete relief of symptoms in 4.4 hours. The 
historical group had a mean time to complete relief 
of symptoms of 33 hours. A prospective double-
blind placebo-controlled study assessing the use of 
icatibant for ACE inhibitor-induced angioedema is 
currently enrolling patients.

Prophylactic Medications
Androgens 
Danazol, stanozolol, and oxandrolone are synthetic 
17-alpha-alkylated androgens that are used for the 
long-term prophylaxis of hereditary angioedema. 
Androgens have also been used as prophylaxis in 
acquired angioedema type I, but they are not effec-
tive for type II.98 Androgens are thought to exert their 
effects by increasing hepatic synthesis of C1-INH.99 
There are likely other mechanisms involved, since pa-
tients with hereditary angioedema type III (who have 
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 Disposition  

Several authors have attempted to predict the risk 
of airway compromise in angioedema attacks. Ishoo 
et al performed a single-center retrospective review 
of patients admitted over an 11-year period with 
angioedema due to all causes.107 They found that the 
following factors were associated with an increased 
risk of need for definitive airway: voice change, 
hoarseness, stridor, and dyspnea. Patients in the 
study by Ishoo et al were categorized according to 
the  anatomic location of the edema.107  (See Table 
3.) These same factors were found in another review 
performed by Bentsianov et al 1 year later.108 
 Based on the assigned stage, the percentage 
of patients who required intensive care unit (ICU) 
admission and airway intervention was determined. 
All patients with stage I and II angioedema were 
managed as outpatients or on the regular medical 
floor. Stage III angioedema required ICU admis-
sion in 67% of cases and airway management in 7%. 
Stage IV angioedema was managed in the ICU in all 
cases, and 24% required airway management. This 
study had several limitations to its applicability in 
clinical practice. First, it was retrospective and has 
not been validated in a prospective manner. Sec-
ond, the study was based in a single center, where 
practice patterns and physician comfort with angio-
edema may vary greatly from that of other locations. 
Third, the study period was from 1985 to 1995, and, 
since that time, there have been multiple advances in 
the care of angioedema. 
 Patients should be observed in the ED for a 
minimum of 4 to 6 hours after the peak clinical 
expression of angioedema before consideration for 
discharge. If the patient had angioedema associ-
ated with anaphylaxis and required epinephrine, 
admission to the hospital or observation for at least 
24 hours should be considered. This is based on the 
concern for recurrent anaphylaxis. Patients with 
only mild reactions who show no progression of 
symptoms during a period of observation in the ED 
may be discharged. If the angioedema was due to an 
allergic or immunologic response, then a prescrip-
tion for a short course of steroids and antihistamines 
should be provided.

rigorously studied only in hereditary angioedema, 
but they are now being tested in cases of ACE 
inhibitor-induced angioedema. Case reports and 
series demonstrate the possibility that these medica-
tions will prove beneficial. The next hurdles will be 
lowering the cost of treatment and increasing the 
availability of these medications
 Due to the lack of evidence regarding the use 
of steroids in angioedema, no recommendation can 
be made as to dosing and duration of therapy. The 
emergency clinician should follow local standards 
for this treatment. 
 For patients with angioedema associated with 
anaphylaxis, there is some concern that patients 
may have a rebound episode of anaphylaxis. Rates 
of recurrent anaphylaxis as high as 20% have been 
reported, but this was a study with a small sample 
size.103 A larger study of 282 patients demonstrated 
a rate of recurrent anaphylaxis of 5.3%. Four of the 
15 patients had onset of the second phase more than 
8 hours later.104 This highlights the importance of 
patient education and the need for discharge with an 
epinephrine autoinjector device if the patient is to be 
discharged from the ED.  
 
Use Of Angiotensin Receptor Blockers
The use of ARBs after an episode of ACE inhibitor-
induced angioedema is controversial because the 
use of ARBs is also associated with angioedema. The 
safety of ARB use after an episode of ACE inhibitor-
induced angioedema is not established. A meta-
analysis published in 2008 found the risk of devel-
oping angioedema while on an ARB after having 
confirmed ACE inhibitor-induced angioedema was 
3.5% (95% confidence interval [CI], 0.0%-9.2%) and 
for possible cases, was 9.4% (95% CI, 1.6%-17%).105 
A recent meta-analysis found that the incidence of 
angioedema in all patients taking ARBs was 0.11% 
(95% CI, 0.09%-0.13%) and that this was not statisti-
cally different than the rate in patients taking pla-
cebo, 0.07% (95% CI, 0.05%-0.09%).106 Despite this, in 
this author’s opinion, because there are other treat-
ments available that are not associated with angio-
edema, ARB therapy should be avoided in patients 
who have previously had an episode of angioedema 
while on an ACE inhibitor.

Table 3. Ishoo Staging Of Angioedema107

Stage Site Episodes (%) Outpatient Treat-
ment (%)

Floor Treatment 
(%)

ICU Treatment 
(%)

Intervention (%)

I Face, lip 31 48 52 0 0

II Soft palate 5 60 40 0 0

III Tongue 32 26 7 67 7

IV Larynx 31 0 0 100 24

Ishoo E, Shah UK, Grillone GA. Otolaryngology - Head and Neck Surgery. (Volume 121, Issue 3), page 265, copyright © 1999 by SAGE Publications. 
Reprinted by permission of SAGE Publications.
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 Summary 

Angioedema, the swelling of subcutaneous or sub-
mucosal tissue, is a clinical manifestation of various 
pathological processes. Most cases are due to allergic 
or immunologic reactions, ACE inhibitor use, or a 
genetic or functional deficiency of C1-INH. Severe 
upper airway compromise is one of the most devas-
tating presentations. Consideration must be taken 
early to secure the airway in a patient with signs of 
airway compromise. By understanding the physiol-
ogy of these processes, the emergency clinician will 
be able to more effectively treat these patients. For 
allergic and immunologic angioedema, treatment 
focuses on steroids, antihistamines, and epinephrine. 
Other bradykinin-mediated forms of angioedema 
have new forms of treatment available. These are ei-
ther replacement of C1-INH, inhibition of kallikrein 
to decrease formation of bradykinin, or blockage of 
the bradykinin B2 receptor. 

 Patients treated for anaphylactic reactions 
should be prescribed an epinephrine autoinjector. 
There are currently 2 formulations available. The 
EpiPen® contains 0.3 mL of a 1:1000 dilution (0.3 
mg) of epinephrine and is used for patients weigh-
ing 30 kg or more. The EpiPen Jr® contains 0.3 mL 
of a 1:2000 dilution (0.15 mg) of epinephrine. It is 
approved for patients weighing 15 to 30 kg. It is 
important that patients receive sufficient training re-
garding storage and administration of these devices.
 Patients who present with ACE inhibitor-
induced angioedema should be carefully instructed 
to never take this class of medication again. There 
are case reports of patients who remained on ACE 
inhibitors after an episode of angioedema who had 
subsequent episodes of angioedema. 

1. “The patient had been on an ACE inhibitor for 
years. I assumed the angioedema was due to 
another cause, so I did not tell the patient to 
stop taking it.”

 ACE inhibitor-induced angioedema can 
develop at any time, although most cases 
are reported to occur in the weeks following 
initiation of treatment. There are multiple cases 
of angioedema developing after years of being 
on the ACE inhibitor. If a patient is on an ACE 
inhibitor and develops angioedema, the patient 
should be told to stop taking that medication 
immediately.

2. “The patient had no family history of heredi-
tary angioedema, so I thought it must be due to 
some other cause.”

 Not all patients with hereditary angioedema 
have a family history of the disease. While the 
disease is due to a genetic defect and is therefore 
considered hereditary, up to 25% of these 
mutations occur de novo. An investigation for 
hereditary angioedema should be undertaken in 
patients with recurrent angioedema even if there 
is no family history.

3. “I didn’t give this patient epinephrine because 
I thought this was angioedema and not ana-
phylaxis.”

 It is important to remember that angioedema is a 
physical manifestation of a disease process. This 
may include allergic reactions and anaphylaxis. 
If the patient is having an anaphylactic reaction 

Risk Management Pitfalls For Angioedema (Continued on page 17)

and epinephrine is indicated, then the presence 
of angioedema does not change the need for 
epinephrine.

4. “The patient’s swelling only involved the lips, 
so I sent him home after an hour of observa-
tion.”

 Patients with angioedema should be observed 
in the ED for a minimum of 4 to 6 hours before 
there is any consideration for discharge. The 
swelling of angioedema may present with a 
benign initial evaluation but then significantly 
worsen in a short period of time. 

5. “The patient wasn’t on an ACE inhibitor or an 
ARB, there was no family history, and there 
was no sign of an allergic reaction. I didn’t 
think she needed follow-up.”

 It is important to remember that there 
are multiple causes of angioedema. One 
possible cause, although rare, is acquired 
angioedema. This is usually associated with a 
lymphoproliferative or autoimmune disease. 
Angioedema may be the presenting complaint 
for some of these patients. For recurrent 
angioedema without an obvious cause, an 
investigation into possible malignancy or 
autoimmune disease should be initiated.

6. “I knew the patient had a history of heredi-
tary angioedema, but she presented with a 
rigid, tender abdomen and elevated WBC, so I 
thought emergency surgery was indicated.”
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might present with intermittent, severe abdominal pain. 
You were not swayed by the fact that she had no family 
history of hereditary angioedema because you read that 
25% of cases are the result of new mutations. You did get 
a CT scan with IV and oral contrast that showed marked 
small bowel edema and large amount of ascites. There was 
no	definitive	source	of	infection	or	sign	of	active	bleeding.	
You got a surgical consult but discussed with the sur-
geon that you thought that this may be angioedema. You 
treated	her	pain	and	gave	IV	fluids,	which	improved	her	
situation. You discussed with her the possibility of treat-
ing with a new medication called C1-INH concentrate. 
After	discussion	of	risks	and	potential	benefits,	she	agreed.	
One	hour	after	infusion,	she	had	improved	significantly.	
You decided to admit her overnight for observation. The 
next day, you reviewed her labs and saw that the comple-
ment panel you sent had returned with a low C4 level and 
a low C1-INH level. The hospitalist called you later and 
thanked you for your astute diagnosis and informed you 
that she was referred to an immunologist for management 
of newly diagnosed hereditary angioedema.

 Case Conclusions  

The patient with the lip swelling was able to tell you later 
that the medication he takes is lisinopril. You realized that 
the diphenhydramine, cimetidine, and prednisone that 
you already gave him were unlikely to change his clini-
cal course; however, you were reassured that despite how 
impressive his lip swelling may have been, this would be 
considered Ishoo stage I and thus unlikely to need airway 
intervention. You decided to observe him in the ED. After 
6 hours, he had marked improvement. You decided to 
discharge the patient after contacting his primary care 
provider who would be able to see him the next afternoon. 
You instructed the patient that the lisinopril is most likely 
the cause of his swelling and that he should never take 
this medication or any medication of the same class again. 
 Luckily for the young girl with severe abdominal 
pain, you had reviewed the literature on angioedema after 
your recent encounter with ACE inhibitor-induced angio-
edema, and you remembered that hereditary angioedema 

 Angioedema affects not only the subcutaneous 
tissue but also the submucosal layer of the 
gastrointestinal tract. Patients with hereditary 
angioedema often have recurrent abdominal 
pain. The presentation may be so profound 
that unnecessary surgical exploration may 
be undertaken. An elevated WBC count is 
unlikely to be helpful in differentiating an acute 
infectious abdominal process from abdominal 
angioedema. These patients present a diagnostic 
challenge to the treating physician.

7. “The tongue swelling was getting worse, but I 
thought I could wait to secure the airway.”

 The airway is of paramount importance in any 
patient presenting with swelling that involves 
the head or neck. It is better to err on the side of 
caution and secure the airway before the edema 
prevents the use of normal airway devices. At 
times, the progression of swelling can be rapid. 
A case of death from asphyxiation within 20 
minutes of onset of laryngeal edema has been 
reported. Once there is significant swelling, the 
airway may only be secured with either fiber-
optic means or by using a surgical technique. 

8. “I had given steroids, diphenhydramine, ci-
metidine, and epinephrine. The patient didn’t 
get better, so I didn’t think that there was any 
other therapeutic option.”

 The FDA has approved many new therapeutic 
options over the past few years. It is important 
for the emergency clinician to stay current on 
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available medications and their indications and 
to establish a protocol on the use of these new 
agents, proactively, with other services.

9. “This patient with hereditary angioedema was 
complaining of shortness of breath. I didn’t 
see any sign of swelling after observing her for 
4 hours, so I thought she was OK to be dis-
charged.”

 Some patients with hereditary angioedema 
are placed on antifibrinolytic agents such as 
sigma-aminocaproic acid and tranexamic acid as 
prophylaxis against angioedema episodes. There 
is an increased risk of thromboembolic events 
with the use of these medications. Alternative 
diagnoses unrelated to angioedema should be 
considered in these patients.

10. “I didn’t think that the patient needed any fur-
ther medications because her angioedema and 
urticaria resolved in the ED.”

 Patients with allergic/immunologic angioedema 
who respond to initial therapy and are able 
to be discharged should be sent home with a 
prescription for at least 3 days of steroids and 
instructions to continue antihistamines. Despite 
initial improvement, there is always a concern 
for a second episode. This is due to a biphasic 
nature of up to 20% of allergic reactions. The 
second phase may be delayed as much as 72 
hours after the initial presentation.
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3. Signs and symptoms associated with need for 
definitive airway include all of the following 
EXCEPT:

 a. Stridor
 b. Voice change
 c. Hoarseness
 d. Lip swelling

4. The most common cause of mortality in pa-
tients with angioedema is:

 a. Shock due to fluid shifts
 b. Infection
 d. Asphyxiation due to laryngeal edema
 c. There is no mortality associated with   

 angioedema

5. The best laboratory screen for hereditary an-
gioedema is:

 a. Quantitative C4 level
 b. Quantitative C1-INH level
 c. Functional C1-INH level
 d. Quantitative bradykinin levels

6. Which type of hereditary angioedema is cor-
rectly matched with its genetic abnormality?

 a. Hereditary angioedema type I: normal   
 quantitative level of C1-INH but increased  
 function

 b. Hereditary angioedema type II: normal   
 quantitative level of C1-INH but decreased  
 function

 c. Hereditary angioedema type III: decreased  
 quantitative level of C1-INH and decreased  
 function

 d. Hereditary angioedema type IV: increased  
 level of factor XII (Hageman Factor)

7. Which of the following airway techniques 
is inappropriate for securing the airway of a 
patient with angioedema?

 a. Nasotracheal intubation
 b. Endotracheal intubation
 c. Placement of a laryngeal mask airway 
 d. Cricothyrotomy

8. Therapeutic options for acute management 
of ACE inhibitor-induced angioedema may 
include all of the following except:

 a. Steroids
 b. Tranexamic acid
 c. Diphenhydramine
 d. Epinephrine

9. Patients with mild angioedema associated 
with an allergic reaction without anaphylaxis 
should be observed in the ED for how long?

 a. 1 to 2 hours
 b. 2 to 4 hours
 c. 4 to 6 hours
 d. 24 hours

10. According to Ishoo et al, patients with angio-
edema affecting what structure required ICU 
admission 100% of the time?

 a. Larynx
 b. Tongue
 c. Lips
 d. Gastrointestinal tract
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