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Abstract

Angioedema is an uncommon but potentially life-threatening adverse event

associated with ACE inhibitor therapy which is believed to be due to potentiation
of the vascular effects of bradykinin. Angiotensin receptor antagonists were not
expected to produce angioedema, as they do not inhibit the catabolism of brady-
kinin. However, it is now apparent that angioedema is occasionally associated
with angiotensin receptor antagonist therapy and may be more likely to occur in
patients who have previously experienced angioedema while receiving ACE
inhibitors. Angiotensin receptor antagonists cannot be considered to be a safe
alternative therapy in patients who have previously experienced ACE inhibitor-

associated angioedema.

Angiotensin receptor antagonists are a rela-
tively new class of cardiovascular drug, which are
gaining widespread use for the treatment of hyper-
tension. They also have a potential although un-
proven role in the treatment of cardiac failure. Angio-
tensin receptor antagonists are at least as effective
as ACE inhibitors in lowering blood pressure while
having an adverse event profile similar to that of
placebo.[! In particular, angiotensin receptor an-
tagonist therapy is associated with a lower inci-
dence of cough than ACE inhibitors and, at least
theoretically, may be associated with a lower inci-
dence of angioedema.l'l The mode of action of

ACE inhibitors and angiotensin receptor antago-
nists is illustrated in figure 1. ACE inhibitors act by
inhibiting ACE, a nonspecific dipeptidase involved
in the conversion of angiotensin I to angiotensin II.
This enzyme is also involved in the inactivation of
other peptides such as bradykinin, substance P and
neurokinin A. The potentiation of these peptides
contributes to both the beneficial and the adverse
effects of ACE inhibitors.[?! It is widely believed
that potentiation of bradykinin is responsible for
angioedema associated with ACE inhibitor therapy.
Angiotensin receptor antagonists act by selectively
blocking the angiotensin type 1 (AT)) receptor
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Fig. 1. Sites of action of ACE inhibitors in the metabolism of
angiotensin Il and bradykinin and the site of action of angioten-
sin (AT4) receptor antagonists.

which is responsible for most of the deleterious
actions of angiotensin II, including blood pressure
elevation. Unopposed activation of angiotensin
type 2 (AT,) receptors during AT receptor block-
ade may produce beneficial effects by promoting
vasodilation, lowering blood pressure and reduc-
ing the trophic cardiovascular effects of angioten-
sin IL.IV

1. ACE Inhibitor-Associated
Angioedema

Angioedema is an uncommon but potentially
life-threatening adverse event associated with ACE
inhibitor therapy. Angioedema was first described
in 1882 by Quincke.B!Itis a vascular reaction char-
acterised by nonpitting oedema of the dermis and
subcutaneous fat. Any area of the body may be in-
volved but the most common sites are the tongue,
lips, throat, nose or other parts of the face, extrem-
ities, genitalia and viscera. Visceral involvement may
present as diarrhoea, nausea, abdominal pain and
acute intestinal obstruction. Angioedema of the up-
per respiratory tract can lead to acute respiratory
distress due to airways obstruction and result in
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death. Angioedema associated with ACE inhibi-
tor therapy was first reported in 1980 by Wilkin et
al.’1 Occasional deaths due to angioedema have
been associated with ACE inhibitor therapy.[¢-10]
While most (60%) episodes of angioedema occur
during the first week of ACE inhibitor therapy, a
significant proportion occur following prolonged
therapy of months or even years. The often unpre-
dictable nature of recurrent angioedema is another
factor that may make the association with ACE in-
hibitor therapy less apparent and delay the diag-
nosis. The reported incidence of ACE inhibitor-
associated angioedema varies between <0.1 and
1.0%, although most of the large studies indicate
an incidence of about 0.1 to 0.2%.41 The true inci-
dence may be higher, as spontaneous reporting of
adverse events may be more likely during the ear-
lier stages of drug therapy, when the relationship
with therapy would be more apparent. The risk of
ACE inhibitor-associated angioedema appears to
be 4.5-fold higher in African Americans than Cau-
casians.[11-17]

2. Potential Mechanism Involved in
ACE Inhibitor-Associated Angioedema

The precise mechanism responsible for ACE in-
hibitor-associated angioedema is not known. How-
ever, the most widely held theory is that it results
from the reduced inactivation of bradykinin by
ACE inhibitors. Bradykinin increases vascular per-
meability and causes vasodilation. This occurs as a
result of arteriolar vasodilation (mediated by the
B.-adrenoceptor) and venule constriction (mediated
by the Bi-adrenoceptor), leading to an increase in
capillary pressure. The release of other factors that
increase capillary permeability, including nitric
oxide, interleukin-1 and tumour necrosis factor, are
also probably involved.['3] Plasma bradykinin lev-
els have been reported to be elevated during epi-
sodes of angioedema (due to any cause) and to be
markedly elevated during an attack of angioedema
in a patient receiving an ACE inhibitor.'"4l How-
ever, only a very small proportion of patients who
receive ACE inhibitor therapy develop angio-
edema, suggesting that other factors such as inher-
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ited abnormalities of bradykinin metabolism must
play a role. An enzyme defect resulting in the de-
layed catabolism of the synthetic bradykinin ana-
logue N-Arg9-bradykinin has been described in
50% of 21 patients who developed angioedema while
receiving ACE inhibitors.['3] African Americans
with hypertension have been reported to have alow-
er urinary excretion rate of the enzyme kallikrein,
which converts kininogen to bradykinin.[*! It is
been hypothesised that African Americans with hy-
pertension may therefore have lower endogenous
bradykinin levels and may be more sensitive to ACE
inhibitor-induced increases in bradykinin than
Caucasians.[16]

Several rare abnormalities of enzymes involved
in the metabolism of bradykinin or components of
the complement system have been described in pa-
tients with angioedema, including C, esterase de-
ficiency,!!”! familial deficiencies of carboxyalkyl-
dipeptide N,'81 deficiency of o-antitrypsin and a
partial deficiency of complement C4.1'91 While it
is theoretically possible that persons with these dis-
orders may be at greater risk of developing angio-
edema during ACE inhibitor therapy, it is unlikely
that the occurrence of these rare deficiencies ac-
counts for the majority of cases of ACE inhibitor-
associated angioedema. Other possible mechanisms
for ACE inhibitor-associated angioedema include
alterations in immune responses, enhancement of
substance P formation and bradykinin-induced his-
tamine release.[!

3. Angioedema Associated
with Angiotensin Receptor
Antagonist Therapy

While it was initially hoped that angiotensin re-
ceptor antagonist therapy would not be associated
with angioedema, this is now known not to be the
case. The true incidence of angioedema associated
with angiotensin receptor antagonist therapy re-
mains uncertain and it is unclear whether the inci-
dence of angioedema varies between the individual
drugs in this therapeutic class. The angiotensin re-
ceptor antagonists that have been used clinically in
Australia are presented in table I, along with a num-
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ber of reports of angioedema associated with their
use in Australia up to April 2001. Most reports of
angioedema have occurred during therapy with
losartan or irbesartan. However, this may merely
reflect the fact that these agents have been used
more widely than other members of the class.
There is evidence that angioedema associated
with angiotensin receptor antagonist therapy may
be more likely to occur in patients who have expe-
rienced angioedema while taking ACE inhibitors.
A review of 19 patients who developed angio-
edema while receiving either losartan or valsartan
found that 32% had a prior history of ACE inhibitor-
associated angioedema.l?%) Another review of 13
patients who experienced angioedema during lo-
sartan therapy found that three patients had pre-
viously experienced angioedema while receiving
ACE inhibitors, and in a further three patients a
history of potential adverse events during ACE in-
hibitor therapy had not been obtained.[?!]
Angioedema has been described as early as 30
minutes after the administration of a single dose of
losartan, suggesting a causal relationship indepen-
dent of immune mechanisms which would require
prior exposure.[?2! If angiotensin receptor antago-
nists produce angioedema in susceptible individ-
uals, particularly in individuals who have pre-
viously experienced angioedema while receiving

Table I. Angiotensin receptor antagonists licensed for marketing in
Australia and the number of reports of angioedema? associated
with their use up to April 2001 (data obtained from ADRAC,
Therapeutic Goods Administration, Canberra, Australia)

Angiotensin receptor antagonist Reported cases of angioedema

Losartan® 28
Irbesartan 63
Telmisartan 5
Eprosartan 2
Candesartan 0
Valsartan® 0

a Angioedema was considered to be all reports described as ei-
ther angioedema, face oedema, larynx oedema, periorbital
oedema or tongue oedema.

b Losartan and valsartan have marketing approval in Australia
but are not currently marketed. Losartan was marketed
briefly but subsequently withdrawn; valsartan has been used
in clinical trials.
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ACE inhibitors, possible mechanisms are not
readily apparent. Angiotensin receptor antagonists
do not appear to increase the levels of bradykinin
or other peptides that may be involved in the pro-
duction of angioedema.?3] However, there is in-
creasing evidence that unopposed activation of AT,
receptors by angiotensin II during angiotensin re-
ceptor antagonist therapy may produce vasodila-
tion and increases in vascular permeability through
mechanisms which involve nitric oxide release and
potentiation of the effects of bradykinin.[?4]

4. Conclusions

The incidence of angioedema in patients receiv-
ing angiotensin receptor antagonists is uncertain
but appears to be lower than in patients receiving
ACE inhibitor therapy. However, there is evidence
to suggest that a significant number of patients who
develop angioedema while receiving angiotensin
receptor antagonists have previously experienced
angioedema during ACE inhibitor therapy. As an-
gioedema is potentially life threatening, angioten-
sin receptor antagonists should be used with ex-
treme caution in patients who have previously
experienced angioedema while receiving ACE in-
hibitors. Angiotensin receptor antagonist therapy
should be contemplated in these patients only if
there is no other alternative.
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