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The term angio-oedema was originally used by Quinke
in 1882 to describe swelling which we now know can
affect the face, lips, tongue, pharynx, larynx, extremi-
ties and genitalia. The swelling lasts 1-3 days (typically)
and is due to fluid leakage from small venules in the
deep dermis and/or subcutaneous tissue. It can occur
concomitantly with urticarial lesions or angio-oedema
can be present in the absence of any hives. When pre-
sent together, the cause (if known) is usually the same,
as is the pathogenic mechanism, and the difference
lies in the layer of the skin affected; urticaria is more
superficial and involves the venular plexus in the super-
ficial dermis. It is therefore useful to divide angio-oede-
ma into these two broad categories, i.e. occurring with
urticaria or in the absence of urticaria. In the latter
group are two disorders mediated by bradykinin; name-
ly, angio-oedema due to angiotension-converting
enzyme inhibitors (ACE inhibitors) and C1 inhibitor defi-
ciency (hereditary and acquired), while idiopathic angio-
oedema is defined as recurrent episodes of swelling in
the absence of urticaria when the cause is obscure. An
extensive review of the pathogenesis and therapy of
angio-oedema has been published recently.1

ANGIO-OEDEMA WITH URTICARIA

Acute urticaria is frequently accompanied by angio-
oedema. Some of the common causes are: food and
drug reactions, insect stings, infection (particularly in
children), anaphylaxis of any cause, and anaphylactiod
reactions (e.g. radio-contrast agents, reactions to
NSAIDs).
Angio-oedema is associated with chronic urticaria in
about 40% of cases although the severity of the
urticaria and prominence of angio-oedema is greater in
the autoimmune subgroup (40-45%) when compared
with the idiopathic subgroup (55-60%). The angio-
oedema affects the lips and peri-orbital area, most
commonly, but may also affect the tongue, pharynx,
hands, feet and genitalia. Angio-oedema rarely, if ever,
affects the larynx, and respiratory distress as a result of
the angio-oedema is not a realistic concern. With pha-
ryngeal oedema, one should expect indistinct speech,
difficulty swallowing, a lump-in-the-throat feeling, but
not stridor. Huge tongue swelling and/or pharyngeal
swelling with inability to handle secretions with a risk
of aspiration is more likely to occur with angio-oedema
that is not associated with urticaria, such as that seen
with ACE-inhibitor reactions or C1 inhibitor deficiency.
Angio-oedema can be due to ‘physical’ causes, some
of which are typically considered to be urticarial reac-
tions.2,3 Angio-oedema can accompany urticaria in enti-
ties such as cold urticaria, for example, submersion of
one hand in cold water can cause the entire hand to
swell in contrast to a hive that is seen when an ice-
cube test is done. If a patient with cholinergic urticaria
continues to exercise in spite of increasing urticaria,
hives can become confluent and facial swelling may be
seen. In vibratory angio-oedema, swelling is far more
commonly seen than urticaria and in this instance vibra-
tion (e.g. rubbing a towel back and forth across the
back) causes itch and swelling.
Contact urticaria, such as exposure to latex, can cause
swelling as well.

ABSTRACT
Angio-oedema can occur in association with urticaria
(acute or chronic) or can occur as swelling in the
absence of hives. Causes that it shares with urticaria
include food and drug allergies, anaphylaxis of any
cause, insect stings, and reactions to radiocontrast
agents or NSAIDs. Allergic causes of angio-oedema
are IgE-mediated with mast-cell degranulation in the
deep dermis and subcutaneous tissues so that
swelling is the major manifestation. Chronic
urticaria, whether autoimmune or idiopathic, is
accompanied by angio-oedema in 40% of patients,
with IgG anti FceRI� or IgG anti-IgE being pathogen-
ic in the autoimmune subgroup. 
Angio-oedema in the absence of urticaria can be
caused by ACE inhibitors or C1 inhibitor deficiency
with bradykinin as the key permeability factor. ACE
inhibitors cause bradykinin accumulation because
degradation is impaired, while bradykinin production
is markedly enhanced by C1 inhibitor deficiency. C1
INH deficiency can be hereditary (autosomal domi-
nant); type I is associated with decreased plasma
protein levels while type II has normal plasma levels
but protein function is markedly decreased. An
acquired form of C1 INH deficiency can be due to
lymphoma or connective tissue disease with C1 INH
consumption (type I), or acquired C1 INH deficiency
can be an autoimmune disorder with IgG anti-C1
INH (type II). A depressed C1Q level is seen with
both. Idiopathic angio-oedema is defined as recur-
rent swelling in the absence of urticaria, with no
apparent cause, and can be divided into a histamin-
ergic group (i.e. responsive to antihistamines) and a
relatively refractory, non-histaminergic group. Anti-
histaminics can effectively treat most forms of
angio-oedema and 1-3 days of high-dose corticos-
teroid can be used for acute episodes. An Epipen
can avert respiratory compromise; however intuba-
tion may be required particularly when stridor is pre-
sent. Drugs used as prophylaxis for C1 INH
deficiency are androgens (danazol, stanazolol,
oxymethalone) or antifibrinolytic agents (tranexamic
acid, e-amino caproic acid); acute episodes can be
treated with fresh frozen plasma. Non-sedating anti-
histamines at double or triple the usual dose can be
effective prophylaxis for frequent angio-oedema that
is relatively mild. Treatment of idiopathic angio-oede-
ma, when frequent and severe, requires high doses
of first-generation antihistamines such as diphenhy-
dramine at 50 mg q.i.d. and an H2 receptor antago-
nist. Approaches to try in the non-histaminergic
group include leukotriene synthesis inhibitors,
tranexamic acid, low-dose corticosteroid and
cyclosporine.
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Chronic autoimmune urticaria and angio-

oedema

Urticaria and/or angio-oedema caused by allergen
exposure is associated with degranulation of cuta-
neous mast cells and development of a cutaneous late-
phase reaction. Nevertheless, when the process is
chronic (defined as hives daily or close to daily for at
least 6 weeks), the incidence of finding an exogenous
allergen as cause is not greater than 1%. Our current
understanding of this disorder includes the following
observations:
1. There is a 25% incidence of antithyroid antibodies,

either antimicrosomal antibody or antithyroglobulin
antibody, or both.4,5

2. 35-40% of patients demonstrate the presence of
IgG anti-IgE receptor (high affinity) which is directed
to the � subunit (IgE anti-FceRI�),6,7 while an addi-
tional 5-10% have functional IgG anti-IgE.8,9 This
may be detected by the autologous skin test,6,10,11

by histamine release upon incubation of patient’s
serum with basophils7,12,13 or by basophil expression
of activation markers such as CD63 assessed by
flow cytometry.14

3. Augmentation of basophil (and presumably cuta-
neous mast cell) histamine release by activation of
the classic complement pathway and release of
C5a, an anaphylatoxin and chemotactic factor for
neutrophils, eosinophils, and monocytes.15-17

4. Development of a non-necrotising perivascular infil-
trate18-20 consisting of neutrophils, eosinophils,
monocytes, lymphocytes (exclusively T-lympho-
cytes most of which are CD4+ consisting of both T-
helper 1 (Th1) and Th2 subtypes)21 and small
numbers of basophils. This resembles the allergic
late-phase response;22 however there is a greater
percentage of neutrophils and monocytes,19,20 and
the predominance of Th2 lymphocytes is not seen.
Eosinophil presence can vary from relatively small
numbers with clear mononuclear cell predominance
to prominent eosinophilic infiltration. Yet major basic
protein (MBP) may be seen even when eosinophils
are not clearly identifiable, indicating eosinophil
degranulation.23

One recent publication presented evidence for the
presence of antibody to the low-affinity IgE receptor
and the authors propose a mechanism of direct
eosinophil degranulation with mast-cell activation as a
consequence of the release of eosinophil granular pro-
teins (MBP, ECP, etc.).24 This has not yet been con-
firmed nor has its presence been examined in patients
with or without antibody to the high-affinity IgE recep-
tor.

Chronic idiopathic urticaria and angio-

oedema

By definition, this group has no autoimmune mecha-
nism that we know of, and there are few studies that
shed any light as to the cause of cutaneous mast-cell
degranulation. Years ago the basophils of chronic
urticaria patients were shown to be hyporesponsive to
anti-IgE.25 Although assumed to be in vivo desensitisa-
tion by circulating antireceptor antibody,26 and to be
associated with basopenia,27 basophils of patients with
chronic idiopathic urticaria were shown to share this
abnormality.28 Furthermore basophils derived from all
chronic urticaria patients (both autoimmune and idio-
pathic) were found to be hyperresponsive to factors in
serum.28 An abnormality of signal transduction is sug-
gested and at least one study described a defect in
Ras-dependent signalling in chronic urticaria.29 Most
recently, a 95% incidence of a positive autologous skin

test has been found if autologous citrated plasma is
employed30 rather than serum, suggesting the pres-
ence of a permeability factor or mast-cell-activating fac-
tor even in ‘idiopathic’ patients, unless these
observations reflect enhanced mast-cell responsive-
ness.31

ANGIO-OEDEMA IN THE ABSENCE OF

URTICARIA

These disorders account for most patients: namely,
angio-oedema due to ACE inhibitors, C1 inhibitor defi-
ciency, and idiopathic angio-oedema.

ACE-inhibitor-induced angio-oedema

This is now the most common cause of angio-oedema
seen in an emergency room setting, although cough is
the more common side-effect. Angio-oedema can
occur at any time, long after drug therapy was initiated;
however it typically occurs within the first few weeks
of treatment. The overall incidence is between 0.1%
and 0.7%. Like C1 inhibitor deficiency, swelling can be
very severe and has a predilection for the face.
Swelling of lips, eyes, and tongue may be seen, and
tongue swelling can be so extreme that secretions can-
not be handled and the airway is obstructed.
Pharyngeal oedema and/or laryngeal oedema can occur
as well; the latter can cause stridor and asphyxiation
(Fig. 1). Treatment is supportive therapy at whatever
level indicated and stopping the drug immediately.
Inhibitors of angiotension II can be a good alternative
since they share with ACE inhibitors some of the pro-
phylactic effects on cardiovascular disease and dia-
betes.

The cause of swelling is an accumulation of
bradykinin.32 As shown in Fig. 2, bradykinin is cleaved
in the circulation by kininase I (carboxypeptidase N) to
des-Arg9-bradykinin by removal of the C-terminal Arg
residue. Kininase II, which is synonymous with ACE, is
also present in the circulation but in lower amounts.
However most bradykinin is degraded with one or two
circulations through the lungs and here ACE is the main
inhibitor and is expressed at the surface of pulmonary
vascular endothelial cells. ACE removes the dipeptide
Phe-Arg and converts bradykinin to an inactive hep-
tapeptide and a second cleavage removes Ser Pro so
that a pentapeptide is the final product. When an ACE
inhibitor is consumed, degradation of bradykinin is lim-
ited and blood and tissue levels will rise. It is not clear
why only some patients manifest in this fashion;

Fig. 1. Obstructing angio-oedema of the face, tongue,
and pharynx in a patient taking an ACE inhibitor. This
patient required intubation in the emergency room.
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among the considerations are polymorphisms that
might predispose to swelling involving ACE or other
enzymes involved in bradykinin degradation (car-
boxypeptidase N, aminopeptidase M, neutral endopep-
tidase) or genetic variation in responsiveness to
bradykinin via B2 receptors (constitutively present) or
even B1 receptors (induced by inflammation and
responsive primarily to des-Arg9-bradykinin). It is of
interest that des- Arg9-bradykinin, the product of car-
boxypeptidase N digestion is not completely inactive
but that removal of C-terminal Arg switches from bind-
ing to B2 receptors to interaction with B1 receptors,
and that ACE can then act as a tripeptidase to degrade
des-Arg9-bradykinin (8 amino acids) to the inactive
pentpeptide.

C1 inhibitor deficiency (hereditary angio-

oedema and ‘acquired’ syndromes)

C1 inhibitor deficiency presents as a genetic disorder
with either decreased synthesis or production of an
inactive protein or as an acquired deficiency syndrome
caused by consumption of the protein. When function-
al blood levels are less than 25-30% of normal, angio-
oedema is likely to occur. Hives are not present
although episodes of swelling can be preceded  by a
subtle rash that resembles erythema marginatum.
Swelling can affect virtually any part of the body includ-
ing the larynx or gastrointestinal tract.  Vocal cord oede-
ma and swelling of the surrounding laryngeal tissues
can cause asphyxiation and oedema of the bowel wall
can cause severe cramps, nausea, vomiting, or diar-
rhoea. Attacks typically last 3 days.
Hereditary angio-oedema (HAE) has been reported in
all races and there is no sex bias. The C1 INH gene has
been mapped to chromosome 11 (11q12-q13-1). The
disorder has been divided into types I and II, based on
the particular mutation involved. Type I is present in
85% of patients and is associated with marked reduc-
tion in C1 inhibitor protein and a proportional decrease
in function. Gene defects often seen include large dele-
tions, insertions, stop codons, or frame-shift muta-
tions.33 Type II disease is more likely to have a point
mutation (single amino acid substitution) with synthe-
sis of a normal amount of C1 INH but with little or no
function associated with the mutant gene protein.
Since both types I and II disease have autosomal dom-
inant inheritance, and the mutated gene product is
either absent (type I) or functionless (type II), one
would expect a C1 INH level of 50% which is usually
sufficient to prevent episodes of angio-oedema.
However there is also repression of synthesis of the
normal gene product34,35 as well as accelerated con-
sumption of the synthesised C1 INH (as a result of

binding to enzymes); thus the levels drop to between
5% and 40%. The C1 INH is the primary inhibitor of
activated factor XII (factor XIIa), factor XII fragment
(factor XIIf), kallikrein, as well as activated C1 (CÍ).
Thus, with low C1 INH there is absence of the normal
inhibition of the plasma bradykinin-forming cascade
and markedly increased levels can result once activa-
tion is initiated. Although episodes of swelling occur
seemingly spontaneously, they are certainly induced by
trauma or infection; in women administration of oestro-
gen (which augments factor XII levels) is also detri-
mental. Additional precipitating factors can include
vigorous exercise, alcohol consumption, and possibly
emotional stress. The diagnosis is suspect if the C4
level is low (accurate about 90-95% of the time but in
5-10% it can be normal) because C4 is consumed even
in the absence of swelling (implying continual activa-
tion of C1) and synthesis usually does not replenish it
sufficiently.36 During attacks of swelling C4 approaches
zero, and C2 levels will decrease. Although C1 may
autoactivate in the absence of C1 INH, there is a
marked increase in enzymatic activation of C1r and, to
a lesser degree C1s by factor XIIf (Fig. 3) with con-
sumption of C4 and then C2.37,38 The possibility of a C2-
derived kinin-like activity as mediator of the disease
has been disproven,39 and the major mediator of
swelling is bradykinin.40-42 As shown in Fig. 2, traces of
any factor XIIa present leads to factor XII autoactiva-
tion, factor XIIa converts prekallikrein to kallikrein, and
killikrein digests high-molecular-weight kininogen to
generate bradykinin.43 There is also feedback activation
of factor XII by kallikrein which is 50-fold faster than the
factor XII autoactivation rate.44 Kallikrein can initiate the
fibrinolytic cascade by converting plasma prourokinase
to urokinase (which is a potent plasminogen activator)
and kallikrein can slowly digest plasminogen to directly
convert it to plasmin. Fibrinolysis may be operative in
this process because it can also convert factor XIIa to
factor XIIf45 and plasmin can also cleave C1 INH to inac-
tivate it. Virtually all of these steps are inhibitable by C1
INH (Fig. 2).

Acquired C1 inhibitor deficiency

The acquired form of C1 INH deficiency disease has
been described in patients with lymphoma who have
circulating low-molecular-weight IgM and depressed
C1 inhibitor levels. This entity has an unusual comple-
ment utilisation profile because C1q levels are low,
which differentiates this condition from the hereditary
disorder.46-48 The depressed C1 inhibitor level may be
caused by depletion secondary to C1 activation by cir-
culating immune complexes or C1 interaction with a
tumour-cell surface antigen. For B-cell lymphoma, the

Fig. 2. Degradation of bradykinin by kininase I (plasma carboxypeptidase N) and kininase II (angiotensin-converting
enzyme). Bradykinin can be generated either by the tissue kallikrein pathway (left) or the plasma/intrinsic coagula-
tion pathway (right). Reproduced with permission from Kaplan and Greaves.1
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most common associated malignancy, C1 fixation and
C1 inhibitor depletion are caused by an anti-idiotypic
antibody bound to immunoglobulin on the surface of
the B-cell.49

Patients with connective tissue disorders such as sys-
temic lupus erythematosus or carcinoma50,51 can pre-
sent with acquired C1 inhibitor deficiency, and like
patients with the hereditary form, will respond to
androgen therapy, which enhances C1 inhibitor synthe-
sis. A second form of C1 inhibitor deficiency results
from the synthesis of an autoantibody directed to C1
inhibitor itself.52-54 These patients also have low levels
of C4, C1q, and C1 inhibitor protein and function, and
no family history. This form of acquired C1 inhibitor
deficiency appears to be increasingly recognised.
Under normal circumstances, C1 inhibitor is a sub-
strate for the enzymes it inactivates: the active enzyme
cleaves C1 inhibitor, which exposes the active site in
the inhibitor. The cleaved C1 inhibitor then binds stoi-
chiometrically to the enzyme and inactivates it.  When
antibody to C1 inhibitor is present, the C1 inhibitor is
cleaved and it is unable to inactivate the enzyme.55-57

Thus cleaved, functionless C1 inhibitor circulates and
unopposed activation of the complement and kinin-
forming cascade takes place. One circumstance in
which the two forms of acquired C1 inhibitor deficien-
cy merge is in an occasional patient with monoclonal
gammopathy, in which the monoclonal immunoglobu-
lin is in fact an antibody to C1 in-
hibitor.58,59

The immune-complex-mediated
depletion of C1 inhibitor and the
autoantibody directed to C1
inhibitor represent types I and II
acquired C1 inhibitor deficiency,
respectively. The type II variety
can be most readily determined
by immunoblot with antibody to
C1 inhibitor. The presence of a

C1 inhibitor cleavage
product at 95 Kd differ-
entiates the two forms
of the acquired disorder,
and it is not present in
the hereditary disorder. 
Table I is a summary of
the laboratory tests that
may be used to identify
the different forms of
C1 inhibitor deficiency.
If there is a family histo-
ry, one needs to differ-
entiate the two types of
HAE. Because the C4
level will be diminished
in both, the distinction
is usually made by com-
paring C1 inhibitor pro-
tein level and C1
inhibitor function. Both
protein and function will
be low in parallel in type
I HAE, whereas the pro-
tein level will be normal
or elevated in the type II
form of this disorder
with functional C1
inhibitor diminished. A
low C1q level is seen in
acquired C1 INH defi-
ciency and a 95 Kd
cleaved C1 inhibitor pro-
tein is seen in type II

disease. The absence of an acquired C1 INH abnormal-
ity or of any family history of swelling in patients with
low C4 and abnormally low functional C1 inhibitor
would define a patient with a probable new mutation.
Such patients need to be evaluated carefully over time
because there have been reports of angio-oedema of
this sort preceding the diagnosis of the underlying dis-
order. 

HAE with normal C1 INH activity in

females (HAE type III) 

In 2000 Bork et al.60 reported 36 women from 10 fami-
lies with HAE but with normal quantitative and func-
tional C1 INH and C4 levels. The clinical picture
including mucocutaneous swellings, respiratory
obstruction and abdominal symptoms did not differ sig-
nificantly from types I and II HAE. There was no
urticaria and C1 inhibitor concentrate therapy was in-
effective. Provoking factors included oestrogens and
pregnancy. These and other authors propose an X-
linked inheritance for this new entity.61

Idiopathic angio-oedema

This relatively common disorder is characterised by
recurrent episodes of swelling in the absence of
urticaria, without exogenous precipitant, and a normal
C4 level and C1 INH protein and function. Episodes typ-

Table I. Assays for Ci inhibitor deficiency

C1 INH protein C1 function C4 C1Q 95kD C1 INH

Hereditary type I N No

Hereditary type II N or N No

Acquired type I No

Acquired type II Yes

➞
➞

➞

➞ ➞

➞ ➞

➞ ➞

➞ ➞

➞
➞

➞
Fig. 3. Pathway for activation of the plasma bradykinin-forming pathway indicating the
steps inhibitable by C1 inhibitor. HF (Hageman factor) is identical to coagulation factor
XII.  HFa = factor XIIa = activated Hageman factor HFf – factor XIIf = Hageman factor
fragment.  HFf is a major link of the kinin-forming pathway with complement.
Reproduced with permission from Kaplan and Greaves.1

Bradykinin

Plasma
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ically affect lips, cheeks, eyes, tongue, pharynx,
extremities and genitalia but laryngeal oedema is not
seen. The presence of documented laryngeal oedema
in the absence of HAE, acquired C1 INH deficiency, or
an ACE inhibitor would suggest a diagnosis of idio-
pathic anaphylaxis. Although assumed to have the
same pathogenesis of mechanisms as has been
described for ‘chronic urticaria and angio-oedema’;
namely, division into idiopathic and autoimmune sub-
groups, there are three reasons why this may not be
so. Firstly, some series (reported anecdotally, including
these authors) have a male to female ratio of 60:40
whereas two-thirds of patients with chronic urticaria
are female. Secondly, the incidence of antithyroid anti-
bodies is less, and thirdly, the incidence of antibody to
the IgE receptor is considerably less.
Idiopathic angio-oedema has also been divided into
subtypes based on response to therapy:62 namely, a
subgroup responsive to antihistaminics and a subgroup
resistant to antihistaminics; a role for leukotrienes or
bradykinin in these subgroups has been considered but
not proven. However response of some of them to
tranexamic acid (used to treat C1 INH deficiency in
Europe) suggests a possible role for fibrinolysis and/or
bradykinin.

THERAPY

Treatment of acute angio-oedema1

If the respiratory tract is involved the first priority must
be to secure the airway, which may require intubation
or rarely a tracheostomy, and to administer oxygen. An
intravenous line should be established. For these and
other patients subcutaneous or intramuscular adrena-
line may help reduce the oedema and should be given
in dosage 0.3 mg repeated every 10 minutes (0.3 ml of
1:1 000 dilution). Diphenhydramine 50 mg adminis-
tered intramuscularly or intravenously is helpful and
hydrocortisone 200 mg or methylprednisolone 40 mg
given intravenously may reduce the possibility of
relapse. Patients with severe angio-oedema should be
admitted for at least 24 hours’ observation particularly
where laryngeal oedema has occurred. Patients in
whom a cause for the angio-oedema is proven or
strongly suspected should be advised to wear a Medic
Alert bracelet inscribed with this information. 

Treatment of NSAID-induced angio-

oedema

Emergency measures are as for acute allergic angio-
oedema. Patients should be warned to avoid these
drugs as a class. Intradermal injection of cysteinyl
leukotrienes causes increased inflammatory responses
in patients with chronic urticaria and leukotriene an-
tagonists or lipoxygenase inhibitors might be assumed
on theoretical grounds to be helpful in patients with
NSAID-induced angio-oedema. Use of leukotriene
antagonists to prevent exacerbations due to NSAIDS
has been advocated but recent work sheds doubt on
their efficacy. Furthermore, administration of
leukotriene antagonists concurrently with aspirin has
been reported to provoke anaphylaxis with urticaria and
angio-oedema.63 Patients with NSAID-induced angio-
oedema can safely be given COX-2 inhbitors,64,65 but
further data from controlled studies are required before
unreservedly advising this measure.

Treatment of angio-oedema as a result of

ACE-inhibitor therapy

Emergency treatment should take into account the risk
of relapse after apparent recovery from the initial

episode, despite withdrawal of the offending drug.66,67

Therefore patients should be admitted for observation
at least overnight. The severity of angio-oedema has
occasionally necessitated admission to an intensive
care department.67 Other emergency procedures and
drug administration are essentially as for treatment of
acute allergic angio-oedema. Another ACE inhibitor
should not subsequently be prescribed as the reaction
is class- and not drug-specific, and the patient should
be advised to wear a Medic Alert bracelet. It is also
advisable to check the complement C4 level as
patients with pre-existing angio-oedema, including
HAE due to C1 esterase inhibitor deficiency, are pre-
disposed to develop angio-oedema in response to ACE
inhibitors.68 In general, angiotensin II receptor antago-
nists are tolerated by patients who have reacted to
ACE inhibitors.69

Treatment of angio-oedema associated

with chronic urticaria

Routine treatment for autoimmune and non-autoim-
mune chronic angio-oedema with or without urticaria is
the same. Patients should be advised to avoid provok-
ing factors (aspirin, overtiredness, overexcitement,
over-vigorous exercise, excessive alcohol consump-
tion).
Low-sedation antihistamines (loratadine 10 mg, ceti-
rizine 10 mg, fexofenadine 180 mg, desloratadine
5 mg) are best prescribed for relief during the daytime
and any of these can be employed in double or triple
the usual dosage for treatment of resistant disease in
severely affected patients. These newer compounds
do not cause impairment of cognitive function, even in
double or triple the dosage employed for allergic
rhinits. However sedative antihistamines such as
hydroxyzine 10-50 mg can be added at night and
patients refractory to non-sedating agents may
respond to hydroxyzine, dephenlydramine, or doxepin
in high dosage.70 Diphenhydramine at 50 mg q.i.d. can
be employed effectively to prevent frequent and/or
severe episodes7 for patients with idiopathic angio-
oedema (no urticaria) or for chronic urticaria (idiopathic
or autoimmune) in association with angio-oedema.
Patients with autoimmune urticaria and angio-oedema
are frequently treatment-resistant. After trying off-label
dosage of fexofenadine or unsatisfactory control with
sedating antihistaminics, patients can be offered
cyclosporin71 or methotrexate72 to be taken concurrent-
ly with antihistamines. Cyclosporin, in dosage 2.5-4
mg/kg/day is given for up to 3 months in the first
instance. Renal function (BUN, creatinine, urinalysis),
lipid and cholesterol profile, and blood pressure need to
be carefully monitored. Data71 from a controlled ran-
domised study show that 80% of patients respond
either completely or almost completely, and after with-
drawing the treatment about two-thirds of cases either
remain in remission or can be successfully controlled
by routine antihistamines. The remainder may require a
further course of cyclosporin or a trial of methotrex-
ate.72 Additional immunomodulatory treatments that
can be used include intravenous immunoglobulin infu-
sions73 and plasmapheresis.74 Cyclosporin can also be
effective for patients with chronic urticaria and angio-
oedema who are in the idiopathic group without evi-
dence of autoimmunity. Corticosteroid use on a daily
basis is to be deplored for patients with any type or
combination of urticaria/angio-oedema unless the dose
is 10 mg/day or less. Every-other-day corticosteroid
(20-25 mg q.o.d.) with a gradual tapering of 2.5-5.0 mg
over 2-3 weeks is an effective alternative to use of
cyclosporin, and one option can be employed when the
other is ineffective or relatively contraindicated.
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Addition of an H2 antagonist adds protection of gastric
hyperactivity with perhaps some minimal effect on any
concomitant urticaria. Acute treatment for idiopathic
angio-oedema or severe angio-oedema associated with
chronic urticaria can employ 40-60 mg prednisone with
a repeat for 1-2 days more if needed, and then discon-
tinue without any taper.

Treatment of HAE

For acute emergency episodes antihistamines and cor-
ticosteroids are ineffective although subcutaneous
adrenaline 0.3 mg every 10 minutes may be helpful. If
the patient has serious respiratory obstruction intuba-
tion or tracheostomy should be carried out and may be
life-saving. However most acute episodes are non-life-
threatening and the mainstay of emergency medical
treatment is intravenous fresh frozen plasma or C1
inhibitor concentrate.75 The recent availability of
lyophilised vapour-heated C1 inhibitor concentrate76

has largely removed concerns about transmission of
HIV, viral hepatitis and other infections. In this study
the product used (Immuno; Aventis Behring, Vienna,
Austria) after reconstitution with saline contained 550
plasma units in a 10 ml vial and was administered at a
dose of 25 plasma units per kg body weight to a total
of 1 000 plasma units repeated once if necessary. It is
usually effective in diminishing swelling within 3-4
hours, and often within minutes.
Androgens were first demonstrated to be effective for
prevention of episodes of HAE by Spaulding in 196077

and antifibrinolytic agents78,79 have also been used.
These are now superseded by oral attenuated 17�-al-
kylated androgens including danazol and stanazolol.80-82

These anabolic steroids increase the circulating levels
of normal functional C1 INH in both type I and type II
HAE. Since they are known rarely to cause hepatotoxi-
city and liver tumours,83 danazol and stanazolol should
be prescribed in the lowest effective dosage84 (stana-
zolol 2-4 mg/day; danazol 50-300 mg/day). There is no
need to bring about complete normalisation of C4 and
C1 INH levels.85 Other reversible side-effects in
women include deepening of voice, menstrual irregu-
larities, acne and hirsutism. For patients in whom
attacks are infrequent and not life-threatening, it may
be sufficient to restrict treatment to avoidance of
known provoking factors including oestrogens and
ACE inhibitors together with administration of C1
inhibitor concentrate or fresh frozen plasma prophylac-
tically before dental treatment or other minor surgical
procedures.

Treatment of acquired C1 inhibitor defi-

ciency

Treatment of the underlying disease, if one has been
identified, is essential plus treatment with the afore-
mentioned drugs, essentially the same treatment as
for the hereditary disorder. Treatment of type II
acquired C1 inhibitor deficiency with an autoantibody
directed to C1 inhibitor is indeed more difficult because
the ability to replenish C1 inhibitor is significantly com-
promised. Plasmapheresis and use of a cytotoxic agent
in addition to the use of prophylactic androgenic com-
pounds or �-aminocaproic acid may be necessary for
chronic treatment, and infusion of plasma or C1
inhibitor concentrate employed for acute emergency
treatment. The latter is clearly preferable to prevent
volume overload and to be able to give enough C1
inhibitor to bind the autoantibody so as to raise the C1
inhibitor level significantly. In a practical sense, this is
often not feasible. Tranexamic acid has also been suc-
cessfully employed in the treatment of type II acquired
C1 inhibitor deficiency in which activation of the

bradykinin-forming cascade and fibrinolysis (the latter
determined by elevated levels of plasmin-�2 antiplas-
min complexes) was observed.86

Treatment of idiopathic angio-oedema70

If episodes are infrequent, diphenhydramine 50 mg
b.i.d. to q.i.d. can be used with or without corticos-
teroid. Steroids should be used for more severe
episodes, particularly facial, tongue, and pharyngeal
angio-oedema, and can consist of prednisone 60 mg in
a single dose followed by 40-60 mg the following day.
This is usually sufficient and steroids can be stopped
without any taper. Epinephrine can be employed for
rapidly accelerating angio-oedema. If episodes are fre-
quent but mild, a double-dose of a non-sedating anti-
histamine given daily may suffice. For severe frequent
episodes, these authors recommend a regular admin-
istration of diphenhydramine at 50 mg q.i.d. If suc-
cessful, taper to lowest effective dose. This would
define the ‘antihistamine-responsive’ subgroup. For
the refractory group, one might consider alternate-day
corticosteroid 15-20 mg predisone q.o.d., tranexaminic
acid (not available in the USA), or zileutron as a
leukotriene synthesis inhibitor.
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