Managing hereditary angioedema patients undergoing
otolaryngeal procedures
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ABSTRACT

Background: Hereditary angioedema (HAE), a rare autosomal dominant disorder, is characterized by repeated attacks of swelling of the skin, gastroin-
testinal tract, face, larynx, and other organs. In most cases it is caused by low levels of functional C1 esterase inhibitor (C1-INH), a serine protease inhibitor
that plays important regulatory roles in the complement, contact, and fibrinolytic pathways.

Methods: Lack of functional C1-INH results in excessive release of bradykinin, which triggers vasodilation, vascular permeability, and edema. Most attacks
are mild and self-limiting, but untreated laryngeal attacks may cause rapid asphyxiation and death. Potential triggers of laryngeal attacks include trauma to
or manipulation of the face, mouth, or upper airway. Therefore, before performing such a procedure in a patient with HAE, the otolaryngologist should consult
with the patient, the physician managing the HAE, and the anesthesiologist and make appropriate preparations for prevention and/or treatment of an attack.

Results: Current World Allergy Organization and European guidelines recommend the use of i.v. plasma-derived C1-INH replacement for short-term
prophylaxis of angioedema attacks. Other effective options include danazol given for several days before and after the procedure and fresh-frozen plasma, but
these may not be as effective as CI-INH and may be associated with a high rate of adverse events.

Conclusion: Acute attacks, which may occur many hours after a procedure, may be treated with C1-INH; icatibant, a bradykinin B,-receptor antagonist;
or ecallantide, a kallikrein inhibitor, all of which have been shown to reduce the duration and severity of HAE attacks.

(Am J Rhinol Allergy 27, 522-527, 2013; doi: 10.2500/ajra.2013.27.3964)

Hereditary angioedema (HAE) is a rare autosomal dominant dis-

order that causes recurrent attacks of nonpruritic, nonpitting
swelling, without urticaria, affecting ~1 in 50,000 persons.'? It affects
~1/50,000 persons and accounts for ~2% of clinical angioedema.?
Most attacks occur in the skin of the extremities or in the gastroin-
testinal tract and are self-limiting, but attacks may occur in any organ
system and those affecting the larynx may cause life-threatening
asphyxiation.? Although attacks of HAE usually occur without rec-
ognized triggers, they may be precipitated by minor trauma; dental
procedures and manipulation of the face, mouth, or upper airway
have been known to trigger laryngeal attacks.* Therefore, despite the
rarity of the condition, otolaryngologists should be aware of HAE and
familiar with its management, including the use of appropriate pro-
phylactic measures before a procedure and the provision of adequate
measures to treat an acute laryngeal attack.5 This article provides a
brief summary of the pathophysiology and clinical features of HAE
and discusses the management of patients undergoing upper airway
manipulation or procedures.

PATHOPHYSIOLOGY OF HAE

The most common types of HAE result from lack of functional
Cl-esterase inhibitor (C1-INH), a serine protease inhibitor that plays
important regulatory roles in the contact, complement, and fibrino-
lytic pathways.! Type 1 HAE, which accounts for ~85% of cases,
results from genetic mutations that cause both mutated, dysfunctional
C1-INH proteins and abnormally low secretion of the defective pro-
teins. In type 2 HAE, genetic aberration results in normal secretory
levels of a dysfunctional C1-INH protein (Table 1).! The two types are
clinically indistinguishable. Reduced C1-INH concentration or func-
tion results in the release of vasoactive peptides, including brady-
kinin.#¢-% Bradykinin release activates endothelial cells, provoking
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vasodilation, vascular permeability, and production of inflammatory
mediators such as nitric oxide, prostaglandins, and leukotrienes,
which together cause edema.!®

A third type of HAE, first identified in 2000, is not associated with
deficiency of C1-INH and occurs primarily in women.!! In some
patients with this disorder, a mutation has been identified in the gene
coding for blood coagulation factor XII, which promotes the genera-
tion of kinins.!? A recent consensus statement recommends that this
form of HAE be termed HAE with normal complement with or
without a genetic defect.’

CLINICAL FEATURES OF HAE

Individuals with HAE experience recurrent episodes of soft tissue
swelling affecting various parts of the body.?* Attacks may be pre-
cipitated by events such as dental procedures, infection, daily activ-
ities such as household work or typing, emotional stress, or other
minor trauma or physical manipulation.!*!> Many HAE attacks are
mild to moderate in severity and self-limiting; without treatment,
symptoms typically escalate during the first 24 hours and then recede
over the following 48-72 hours.! Laryngeal attacks are less common
than peripheral or abdominal attacks, but up to 50% of patients with
HAE report having experienced a laryngeal attack during their life-
time and some experience multiple laryngeal attacks.? Attacks affect-
ing the face and neck may spread to the larynx, and up to one-third
of untreated laryngeal attacks may result in death from asphyxia-
tion.'017 Although laryngeal attacks usually progress slowly enough
for emergency treatment to be obtained, death from laryngeal edema
has been reported to occur in <20 minutes.'8'® Diligent prophylaxis
and preparation for the possibility of laryngeal edema are thus a
priority for the otolaryngologist treating a patient with HAE.

THERAPEUTIC OPTIONS FOR HAE

Several new treatments for HAE have been introduced in the
United States in recent years (Table 2). These agents have various sites
of action in the complement, contact, and fibrinolytic systems, but all
ultimately prevent edema by reducing the production of or blocking
the effects of bradykinin, the final mediator (Fig. 1).

Human plasma-derived CI1-INH concentrate (pdC1-INH) has
been available in Europe and Canada for several decades, and two
i.v. preparations are now available in the United States (Berinert;
CSL Behring, Kankakee, IL; Cinryze; ViroPharma, Inc., Exton,

November-December 2013, Vol. 27, No. 6



Table 1 Characteristics of type 1 and type 2 HAE and HAE with normal C1-INH

Type Proportion of Cases C4 Antigenic C1-INH Functional C1-INH Clq
Type 1 85% Decreased Decreased Decreased Normal
Type 2 15% Decreased Normal or elevated Decreased Normal
HAE with normal C1-INH Rare; occurs primarily in women Normal Normal Normal Normal
Source: Ref. 1.
HAE = hereditary angioedema; C1-INH = C1 esterase inhibitor.
Table 2 Therapeutic options for management of HAE

pdC1-INH Recombinant Human C1-INH Ecallantide Icatibant

Route Intravenous Intravenous Subcutaneous Subcutaneous
Primary safety issue Infectious (?) Allergic (?) Allergic Local pain
Acute use ++++ ++++ ++++ ++++
Short-term prophylaxis ++++ ? ? ?
Long-term prophylaxis ++++ — — —
Home use ++ ++ - ++++

Source: Ref. 17.

pdC1-INH = plasma-derived C1 esterase inhibitor; HAE = hereditary angioedema.
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Further activation of
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Figure 1. Physiological pathways involved in hereditary an-
gioedema (C1 esterase inhibitor [C1-INH] deficiency) pathol-
ogy and sites of action for available treatments (CI-INH,
ecallantide, and icatibant). (Source: Adapted from Banerji A,
and Sheffer AL. Allergy Asthma Proc 30:11-16, 2009.)6?

PA).2021 To reduce viral transmission risk, both pdC1-INH prod-
ucts undergo pasteurization and nanofiltration.20?! In the International
multicenter prospective angioedema C1-INH trial-1 (LM.P.A.C.T.1) and
LM.P.A.C.T2. trials, pdC1-INH given to treat HAE attacks was found
to significantly reduce the duration and severity of attacks with few
adverse events.?>?3 Prophylactic use of pdC1-INH was found in two
randomized trials to reduce the frequency of HAE attacks and was
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Adapted from Banerji A, Sheffer AL, Allergy Asthma Proc 2009;30:11-16.

well tolerated.?4#25 Recombinant human CI1-INH, derived from the
milk of transgenic rabbits, has been studied in randomized, double-
blind trials for treatment of acute attacks of HAE and found to be safe
and effective, but although approved in Europe is not currently
approved in the United States.?6 Patients can be trained to self-
administer C1-INH concentrate at home, thereby reducing the time
from symptom onset to start of therapy.?.28
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Major Procedures or Intubation

Prophylaxis with pdC1-INH:

e Give 1-6 hours before
procedure (dose yet to be fully
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1000 1U)

e Second dose should be
immediately available

If pdC1-INH not available, prophylaxis
with oral androgens, 5 days before
and 2-5 days post-procedure:
e Danazol 2.5-10 mg/kg/day,
maximum 600 mg daily; avoid

pregnancy

HAE = hereditary angioedema; pdC1-INH =
plasma-derived C1 esterase inhibitor

* Depending on patient’s history of swelling
following procedures, likely risk of the

during first 2 trimesters of

¢ Stanozolol 4-6 mg/day

Figure 2. Considerations before an ear, nose, and throat

procedure

Ecallantide (Kalbitor; Dyax, Burlington, MA), a recombinant pro-
tein, is a potent, specific inhibitor of plasma kallikrein administered
via subcutaneous injection.?” In the randomized, controlled Evalua-
tion of DX-88’s Effects in Mitigating Angioedema 3 (EDEMAB3) trial,
ecallantide was shown to be significantly superior to placebo for relief
of acute attacks of HAE.>” Hypersensitivity reactions to ecallantide,
including anaphylaxis, have been reported; therefore, ecallantide is
not recommended for self-administration but can be safely adminis-
tered in the patient’s home under the supervision of a trained health
care professional.303!

Icatibant (Firazyr; Shire, Lexington, MA) is a selective antagonist of
the bradykinin B,-receptor given by subcutaneous injection for the
treatment of acute HAE attacks.?? In a series of controlled trials it was
shown to be superior to placebo or tranexamic acid in reduction of
symptom severity, time to initial relief of symptoms, and time to
almost complete symptom relief.3233 Localized, painful injection site
reactions occur in a majority of patients treated with icatibant.3233
Icatibant has been used successfully for at-home treatment of acute
HAE attacks.?*

PATIENT MANAGEMENT

Identifying Patients at Risk

Surgical and manipulative procedures on the airways pose a signifi-
cant risk to patients with HAE.# Laryngeal attacks, some of which were
fatal, have been reported after tooth extraction.?>3¢ In one case series, the
mean time between tooth extraction and onset of facial and/or laryngeal
swelling was 14.3 hours, with a range of 1-72 hours reported.’®
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(ENT) procedure in a patient with a history of angioedema
(Source: Bowen 2010, WHO guidelines.)>”

Before a procedure or surgery, patients should be asked about a
history of skin swelling and, if it is present, whether they have ever
been diagnosed with HAE. Patients who have received a diagnosis
generally become quite knowledgeable about their disease, and many
have affected family members as well. Patients and their family
members or caregivers should be viewed as credible sources of infor-
mation and treated as partners in deciding on a management strategy.
If patients report a personal or family history of skin swelling but
have not received a diagnosis, an allergist or other specialist with
expertise in the evaluation, diagnosis, and management of HAE
should be consulted for further evaluation before the procedure is
performed.

Developing an HAE-Specific Strategy before Ear,
Nose, and Throat Procedures

When a diagnosis of HAE has been confirmed, a periprocedural
management plan should be designed using a multidisciplinary ap-
proach that includes the patient or caregiver, the otolaryngologist, the
patient’s primary HAE physician, and the anesthesiologist (Fig. 2).
Patients known to have HAE should be informed that the procedure
might trigger an episode of edema, possibly a laryngeal episode.
Short-term preoperative prophylaxis reduces the risk of HAE attacks
associated with surgery, dental work, and other procedures and
should be offered to patients undergoing ear, nose, and throat (ENT)
procedures.'®” However, no double-blind, placebo-controlled study
has been conducted to determine if empiric short-term prophylaxis is
more clinically effective or cost-effective than having “on-demand”
therapy readily available during a procedure. This would be espe-
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cially important to know in a patient without a history of angioedema
during or after invasive procedures. Furthermore, taking long-term
prophylaxis (i.e., pdC1-INH replacement therapy or androgens) does
not completely eliminate the risk of HAE attacks secondary to surgi-
cal procedures; therefore, two doses of an agent indicated for acute
treatment of attacks should be immediately available during the
procedure because it is potentially life-saving and the ENT staff
should be familiar with its use.436,3839

The patient and family members should be counseled regarding the
possibility of laryngeal edema during or after the procedure. Al-
though causation is not always definitive, HAE attacks after dental
procedures have been reported to occur as much as a day or two after
the procedure, and presumably the same would hold true for ENT
procedures.® A plan should be developed for the patient to treat a
laryngeal attack that occurs after discharge from the care of the ENT.
This will in all likelihood be the same treatment strategy that the
patient has been using routinely. Patients who are not already using
on-demand therapy at home might be encouraged to obtain training
for self-administration of an agent for the treatment of HAE; this
strategy can greatly shorten the time from attack onset to treatment,
a factor that has been shown to significantly reduce the duration and
severity of attacks.?40 Many patients are already trained to treat acute
HAE attacks by self-administration of pdC1-INH or icatibant; with
input and assistance from the HAE physician and nursing staff,
patients not already trained might be given the option.

CLINICAL OPTIONS

Acute angioedema in patients with HAE differs in pathophysiology
from more typical IgE-mediated allergic angioedema and does not
respond to interventions such as antihistamines, corticosteroids, or
adrenaline.#! Over the past several years, new treatments have be-
come available in the United States that specifically target the phys-
iological pathways involved in HAE attacks (Table 2; Fig. 1).

Prophylactic Therapy

Periprocedural prophylaxis regimens can help prevent acute HAE
attacks by temporarily increasing plasma C1-INH levels. Before the
availability of pdC1-INH concentrate, danazol, antifibrinolytic agents,
and fresh frozen plasma were relied on for prophylaxis against HAE
attacks.

Given several days before and after a procedure, danazol is effec-
tive for prevention of HAE attacks.3537.4243 However, in one published
case series, almost one-half of HAE patients receiving long-term
prophylactic therapy with danazol and tranexamic acid continued to
experience frequent attacks of angioedema.? Another case series
reported six patients who developed laryngeal edema (not associated
with a medical or surgical procedure) despite being on long-term
prophylaxis with danazol.

Use of danazol, antifibrinolytics, and fresh frozen plasma may be
complicated by their pharmacologic properties and propensity to
cause adverse events. Several days of danazol treatment are required
before it becomes effective, which may cause the procedure to be
delayed, and unlike C1-INH, danazol is contraindicated during preg-
nancy and lactation.#* No studies support the use of antifibrinolytic
agents for periprocedural prophylaxis of HAE attacks; moreover, they
may cause muscle cramps and increases in creatine kinase and aldo-
lase.*> Fresh frozen plasma may be required for short-term prophy-
laxis if other options are unavailable, but its use carries a risk of
transmitting infection.!

The long half-life (3148 hours) of pdC1-INH concentrate makes it
suitable for prophylaxis against HAE attacks.*® pdC1-INH has a long
and established record of successfully preventing HAE attacks during
surgeries and procedures including oral and dental surgery, tonsil-
lectomy, endotracheal intubation, gastroscopy, induced abortion, and
cardiac surgery.3¢47-51 pdC1-INH also has been shown to reduce the
frequency and severity of attacks when given as long-term prophy-
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laxis.?552%3 Current international and European guidelines for the
management of HAE recommend the use of pdC1-INH for short-term
prophylaxis during high-risk events such as medical and dental pro-
cedures as well as for long-term prophylaxis in patients with frequent
or severe attacks.?737.384254 [t is important that an adequate dose of
pdC1-INH is used. A retrospective analysis of patients who under-
went tooth extractions found that HAE attacks occurred in 21.5% of
cases in which no prophylaxis was provided, 16% of cases in which
patients were given 500 U of pdC1-INH, and 7.5% of cases in which
patients were given 1000 U of pdC1-INH.36 Weight-based dosing may
be a preferable approach for short-term prophylaxis.

Icatibant, ecallantide, and recombinant human C1-INH have short
half-lives and are therefore not recommended for short- or long-term
prophylactic management of HAE. 2755

Treatment of an Acute Laryngeal Attack

Acute HAE attacks have been treated with pdC1-INH concentrate
for >30 years, and a number of studies have documented rapid and
effective relief of HAE symptoms with its use, as well as improved
quality of life.2223285 In the prospective, open-label IM.P.A.C.T.2
trial, pdC1-INH was used for the treatment of 1085 HAE attacks,
primarily abdominal or peripheral, in 57 patients.?> The median time
to the onset of symptom relief was 0.46 hours and the individual
average time to symptom relief was <1 hour in 90% of patients. The
median time to complete resolution of HAE symptoms was 15.5
hours. An analysis of 39 laryngeal attacks that occurred among 16
patients enrolled in LM.P.A.C.T.2. found that the median time from
the beginning of the attack to the start of treatment was 2.8 hours.5”
The median time to the onset of symptom relief was 0.25 hours and
was <1 hour in 95% of attacks. The median time to complete resolu-
tion of symptoms was 8.25 hours and was <16 hours in 75% of
patients. All laryngeal attacks were treated successfully and no seri-
ous drug-related adverse events occurred.

In a survey of 123 patients with HAE who were followed for a mean
of 7.1 years, 61 reported having experienced at least 1 laryngeal attack
and, overall, 596 laryngeal attacks occurred.# A total of 208 laryngeal
episodes in 25 patients were treated with C1-INH.# In 207 of these
episodes, resolution of symptoms began within 30-60 minutes after
the injection. The mean duration of laryngeal edema attacks was 15.0
hours in patients treated with pdC1-INH and 103 hours in patients
not treated with pdC1-INH. No deaths occurred and neither intuba-
tion nor tracheostomy was required for any patient whose laryngeal
attack was treated with pdC1-INH.

Retrospective analysis of data from 95 patients with HAE found
that over a 30-year period, 42 had at least one laryngeal episode.>® Of
the 517 laryngeal episodes that occurred, 193 were treated with pdC1-
INH. Treatment was successful in all cases and no emergency proce-
dures were required. Onset of symptom relief began within 30-60
minutes of injection of pdC1-INH in most cases and within 4 hours of
injection in all cases. Prophylactic pdC1-INH was administered to
two patients before dental surgery and to one patient on three occa-
sions before abdominal surgeries. No attacks of angioedema occurred
during any of these procedures, and no adverse drug reactions were
reported among any of the patients who were administered pdC1-
INH.

The dose of Berinert, a pdC1-INH approved in the United States for
acute “on-demand” treatment of HAE attacks, is individualized ac-
cording to weight, with a recommended dosage of 20 IU/kg. An
analysis of patient data from the LM.P.A.C.T.2 study that categorized
patients by body mass index found no significant differences among
normal weight, overweight, and obese patients in time to onset of
symptom relief or complete resolution of symptoms or in the fre-
quency of adverse events.> Weight-based dosing may be expected to
reduce the need for redosing compared with products given at a fixed
dose.

In the For Angioedema Subcutaneous Treatment - 3 (FAST-3) trial
of icatibant for the treatment of acute HAE attacks, five patients had
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mild-to-moderate laryngeal attacks, three treated with icatibant and
two treated with placebo, and five patients had severe laryngeal
attacks, all treated with icatibant.3® The median times to onset of
symptom relief were 2.5 hours in mild-to-moderate attacks and 2.3
hours in severe attacks.?* Both subjects randomized to placebo treat-
ment eventually required icatibant for relief of laryngeal symptoms.33
One icatibant-treated patient was treated with CI1-INH as rescue
medication for recurrence/worsening of symptoms. No serious drug-
related adverse events occurred in icatibant-treated subjects. In the
earlier FAST-1 and FAST-2 trials, 11 patients with laryngeal attacks
were treated with icatibant; the median time to first improvement was
0.6 hours in FAST-1 and 1.0 hours in FAST-2, and 9 of the 11 patients
had complete relief of symptoms by 4 hours.3?> Three of the 8 patients
with laryngeal symptoms treated with icatibant in FAST-1 required
rescue medication within 24 hours for new or recurrent symptoms.
Icatibant is administered subcutaneously and can be self-adminis-
tered for acute attacks.3*

There are limited data regarding the efficacy of ecallantide for the
treatment of laryngeal HAE attacks. In the randomized, double-blind,
placebo-controlled EDEMA4 trial, ecallantide was found to relieve
symptoms more rapidly than placebo in both laryngeal and nonla-
ryngeal attacks; three placebo-treated and no ecallantide-treated pa-
tients experienced emerging laryngeal symptoms.®® One of eight ecal-
lantide-treated patients experiencing a laryngeal attack required a
second dose to control symptoms. A pooled analysis of the EDEMA4
and EDEMAB3 trials found that, in patients with laryngeal attacks,
symptom relief at 4 hours was significantly greater in ecallantide-
treated patients than in placebo-treated patients.®! Ecallantide use has
rarely been associated with the occurrence of anaphylaxis; therefore,
it is inappropriate for self-administration.?! It can, however, be given
at home under medical supervision.

CONCLUSIONS

Otolaryngologists should be aware of HAE and its potential to
cause life-threatening laryngeal angioedema attacks during or after
ENT procedures. Questioning patients with a history of angioedema
may reveal a diagnosis of HAE. Before the procedure, the otolaryn-
gologist should consult with the patient and his/her primary HAE
physician to develop a plan for short-term prophylaxis of HAE at-
tacks and, should this occur, treatment of an acute attack. During the
procedure, it is essential that “on-demand” treatment be immediately
available. Current international and European guidelines recommend
the use of pdC1-INH for short-term prophylaxis of HAE attacks.
Acute attacks may be treated with pdC1-INH, ecallantide, or icati-
bant. Patients should be made aware that an HAE attack may occur 24
hours or more after a procedure, and that they should be alert for
symptoms of an attack and have access to effective treatment.
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