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Angioedema is a rare, potentially life-threatening
condition that has been associated with angio-
tensin-converting enzyme inhibitors since their
introduction in the 1980s. The Antibypertensive
and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT), the largest antibyperten-
stve study conducted to date, randomized 42,418
participants to a diuretic (chlorthalidone), a cal-
cium channel blocker (amlodipine), an angioten-
sin-converting enzyme inhibitor (lisinopril), or an
a-blocker (doxazosin). Patients who developed
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angioedema were compared for baseline char-
acteristics and changes in antihypertensive drug
administration. Fifty-three participants developed
angioedema during active follow-up: 55% were
black, 60% men, and 70% were assigned to
lisinopril (including 62% of black participants
with angioedema), 15% to chlorthalidone, 9%

to doxazosin, and 6% to amlodipine. Six percent
occurred within a day of randomization and 23%
within the first week. Over half did not have an
increase in their assigned (blinded) antihyperten-
sive drug before angioedema onset; 3 (6%) had

a dose increase within a week before onset. One
patient died following an angioedema episode.
The occurrence of angioedema in the angioten-
sin-converting enzyme inhibitor arm corresponds
with previously reported angioedema—angioten-
sin-converting enzyme inhibitor associations. (]
Clin Hypertens. 2006;8:649-656) ©2006 Le Jacq

ngioedema, first described over a century ago,

manifests as a nonpruritic swelling that is of
sudden onset and is often restricted to the skin
and mucous membrane of the face. It can be seri-
ous and life-threatening when the upper airways,
especially the larynx, are involved.'"> Angioedema
has been associated with consumption of certain
foods, injury from insect bites, and use of cer-
tain medicines (including antihypertensive drugs,
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specifically angiotensin-converting enzyme [ACE]
inhibitors). Although rare, angioedema is a well-
known adverse reaction associated with the use of
ACE inhibitors, one of the antihypertensive drug
classes utilized in the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT),* a large, randomized, double-blind
clinical trial conducted in a diverse clinical care
community setting.

Drugs, specifically antihypertensive drugs, that
are known to be associated with angioedema are so
labeled; however, there is a paucity of data on the
incidence rates of this event, its magnitude among
chronically treated hypertensive individuals, and
the relationship of time of onset to initiation of
use. One reason for the scant data may be the lack
or limited availability of a sizable cohort of hyper-
tensive individuals with a known denominator
who are treated and followed for a long duration.

ALLHAT, a multicenter clinical trial of 42,418
adults, was designed to determine whether the
occurrence of cardiovascular events was lower in
older hypertensive patients treated with a calcium
channel blocker (amlodipine), an ACE inhibitor
(lisinopril), or an a-blocker (doxazosin) compared
with those treated with a diuretic (chlorthalidone).*
ALLHAT, with its large cumulative patient years of
follow-up, enables the observation of the occur-
rence of this potentially life-threatening adverse
drug event in hypertensive patients being treated
with commonly prescribed antihypertensive medi-
cines and under the care of a wide range of clinical
specialties and care providers.

In this paper, we report the incidence and predictors
of angioedema among elderly hypertensive patients
who are at high risk for cardiovascular disease.

METHODS
ALLHAT was sponsored by the National Heart,
Lung, and Blood Institute and enrolled its 42,418
participants in 623 clinical centers in the United
States, Canada, Puerto Rico, and the US Virgin
Islands.’ The doxazosin arm was stopped prema-
turely in March 2000.%7 Results of the antihyper-
tensive trial were published in December 2002.8
The design of ALLHAT has been described in
detail elsewhere.* Briefly, those eligible for ran-
domization were 55 years or older, had systolic
blood pressure of at least 140 mm Hg and/or dia-
stolic blood pressure of at least 90 mm Hg or took
medication for hypertension, and had at least one
other risk factor for coronary heart disease (CHD)
events. Risk factors included previous myocardial
infarction or stroke, left ventricular hypertrophy
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by electrocardiogram or echocardiogram, history
of type 2 diabetes, current cigarette smoking,
and low high-density lipoprotein cholesterol level.
Potential participants for whom there was a con-
traindication for one of the blinded drug classes,
or whose clinical status required one of the blinded
drugs, were not enrolled. The primary end point
for the antihypertensive trial was the composite of
nonfatal myocardial infarction and fatal CHD.

Of the 4 classes of antihypertensive drugs used
in ALLHAT, the ACE inhibitor lisinopril was the
most well known to cause angioedema, albeit
infrequently. Consequently, the use of ACE inhibi-
tors in ALLHAT mandated careful observation of
the entire participant cohort for possible signs of
angioedema. Site physicians were required to report
all cases of angioedema among ALLHAT par-
ticipants. Both the ALLHAT Manual of Operations
and the ALLHAT Training Manual instructed that
the ALLHAT medication be immediately and per-
manently discontinued if angioedema developed.
Angioedema surveillance by the site physicians
was stressed throughout the trial, through specific
instructions (including reiteration of signs and symp-
toms that might suggest angioedema) via mailings
and discussions at the annual investigators meetings
and articles in the staff bulletin. Specifically, physi-
cians and coordinators were reminded to monitor
for swelling of the lips, tongue, skin, subcutaneous
tissue, and mucous membranes, as well as possible,
albeit less frequent, involvement of internal organs,
particularly the gastrointestinal tract. Warnings
of the possibility of airway obstruction and the
potential for death were repeatedly enumerated.
Doctors were admonished to immediately request
unmasking of the blinded drug and to immedi-
ately and permanently discontinue the use of any
ACE inhibitor,” and any other suspected causative
agent, in cases of possible angioedema. Finally,
the patients, their families, and other physicians
involved in the patients’ care were to be clearly
told of these instructions, and the patients’ charts
were to be so marked. When unmasking of blinded
drugs was requested due to suspected angioedema,
the ALLHAT Clinical Trials Center physician con-
tacted the site investigator to obtain further infor-
mation and to ensure immediate discontinuation of
the study drug and formal reporting of the episode.
These reports were reviewed on a case-by-case
basis by the ALLHAT Clinical Trials Center, Project
Office leadership, and the independent Data Safety
and Monitoring Board.

For this report, data were analyzed by blind-
ed antihypertensive treatment groups for all
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angioedema events occurring between randomiza-
tion and final study visits. Baseline data and timing
of onset of angioedema relative to randomization,
dose increases, and month and season of occur-
rence were examined. Descriptive statistics of the
aforementioned items were tabulated.

For each baseline characteristic, 2-proportion or 2-
sample mean difference tests were performed compar-
ing each of the 3 nondiuretic groups to chlorthalidone.

RESULTS

Angioedema was reported in 53 of 42,418 (0.12%)
ALLHAT participants: 37 of 9054 (0.41%) assigned
to lisinopril and 16 to the other 3 treatment groups
(8 of 15,255 [0.05%] to chlorthalidone; 3 of 9048
[0.03%] to amlodipine; and 5 of 9061 [0.06%] to
doxazosin). Events occurred throughout the year,
with a slight, although clinically insignificant, pre-
ponderance during the summer and fall. Baseline
characteristics over the total cohort with and
without angioedema are given in Table I. Baseline
characteristics of the angioedema cohort are as fol-
lows: over half (55%) were black and 40% were
women. Mean age at study entry was 66 years,
36% were current smokers, 11% had a history of
diabetes, and 30% had a history of CHD. Mean
baseline serum levels were as follows: potassium,
4.1 mEqg/dL; fasting glucose, 111.2 mg/dL; cre-
atinine, 1.03 mg/dL; and total cholesterol, 209.4
mg/dL. Aspirin use was reported in 36% (19 of 52)
of patients. Estrogen was used in 48% (10 of 21)
of women. Angioedema patients in the lisinopril
group were more likely to be black, male, without
a history of CHD, and have a lower fasting glu-
cose and total serum cholesterol compared with
the non-lisinopril-assigned participants. Overall,
comparisons of baseline characteristics between
those who did and did not develop angioedema
showed those without angioedema trended toward
being non-black (36% in those without vs 55% in
those with angioedema) and nonsmokers (22% in
those without vs 36% in those with angioedema)
and had more diabetes at baseline (36% in those
without vs 11% in those with angioedema).

The cumulative incidence of angioedema events
by follow-up month and baseline characteristics is
shown in Table II, and the time from randomization
to onset of angioedema in Table III. Two thirds of
angioedema events, including the majority from all
treatment groups except chlorthalidone, occurred
during the first year. The overall 0.12% cumulative
incidence largely followed the lisinopril group, whose
annual cumulative incidence ranged from 0.29% at
Year 1 to 0.39% at Year 4 and 0.41% at Year 6.

Three (6% ) angioedema cases occurred within 1
day of randomization and initiation of the blinded
ALLHAT medication; 12 (23%) occurred within
the first week and 18 (34%) within the first month
following randomization. Two thirds (36 of 53)
of participants with angioedema first developed
it in the year following randomization; 8 (15%)
cases occurred within the next 2 years and 1 case
developed after 6 years. As expected, the lisinopril
group, which constituted the majority of cases,
reflected a similar time to onset; numbers in the
other treatment groups were too small to individu-
ally characterize.

Half (27 of 53) of the total (20 of 37 in the
lisinopril group) of participants did not have a
dose escalation before onset of angioedema (Table
IV). In the remainder, the time from increase in
dosage to onset ranged from 3 days to 3—4 years.
Approximately 6% of participants with angio-
edema had a dose increase within the week before
onset, 17% within the month before onset, and
36% within the previous year. Further, 7% (4 of
53) of the total and 5% (2 of 37) of the lisinopril
participants had previously discontinued, and sub-
sequently restarted, the blinded medication before
the onset of angioedema (data not shown).

At the time of the report of the angioedema,
full recovery was reported in 46 (87%) patients,
and 6 (11%) were alive with or being treated
for sequelae (data not shown). One death associ-
ated with angioedema occurred in a white man in
the lisinopril group in whom the study drug had
been discontinued more than 3 years earlier; this
was also the only case in which intubation was
reported. The patient’s death occurred 5 months
following reinstitution of the drug.

COMMENTS
The 0.12% of the ALLHAT population experienc-
ing angioedema was largely driven by the 0.41%
of participants assigned to the ACE inhibitor
lisinopril who developed it. Angioedema has previ-
ously been attributed to such drugs as aspirin, non-
steroidal anti-inflammatory agents, penicillin,!0-12
and angiotensin II receptor antagonists,'31 as
well as foods (peanut products) and radiocontrast
media.'? The largest group of angioedema cases is
thought to be idiopathic.'® However, ACE inhibi-
tors are believed to be responsible for 25%-38%
of all cases of angioedema.'? The reaction appears
to be specific to this class rather than to individual
drug members of the class.!?

It is not surprising to have had such an inci-
dence among ALLHAT patients receiving an ACE
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Table I. Selected Baseline Characteristics of Angioedema Participants Assigned to Lisinopril vs Those Assigned to the Non-
Lisinopril Treatment Groups

ParTticIPANTS WITH ANGIOEDEMA™® ParticIPANTS WITHOUT

Visit 1 blood pressure, mean (SD)

Treated >2 mo

AsSIGNED TREATMENT GROUP ANGIOEDEMAT

BASELINE CHARACTERISTICS LisiNOPRIL NON-LISINOPRIL} ToraL ToraL
Number 37 16 53 42,365

Angioedema cohort, % 69.81 30.19 100.00 —

ALLHAT cohort, % 0.087 0.038 0.12 99.88
Age, mean (SD), y 66.6 (8.35) 65.1 (6.81) 66.2 (7.88) 66.9 (7.72)
Age group, n (%), y

55-65 19 (51.35) 9 (56.25) 28 (52.83) 20,099 (47.44)

66-75 11 (29.73) 7 (43.75) 18 (33.96) 16,182 (38.20)
Women, n (%) 13 (35.14) 8 (50.00) 21 (39.62) 19,820 (46.78)
Race, n (%)

Black 23 (62.16) 6 (37.50) 29 (54.72) 15,055 (35.54)

Nonblack 14 (37.84) 10 (62.50) 24 (45.28) 27,309 (64.46)
On blood pressure treatment 22 mo 31 (83.78) 14 (87.50) 45 (84.91) 36,791 (86.84)
On blood pressure treatment <2 mo 3 (8.11) 0 (0.00) 3 (5.66) 1425 (3.36)
Untreated at baseline 3 (8.11) 2 (12.50) 5(9.43) 4148 (9.79)
Current smoker 14 (37.84) 5(31.25) 19 (35.85) 9250 (21.84)
History of diabetes 4(10.81) 2 (12.50) 6(11.32) 15,277 (36.06)
History of CHD 10 (27.03) 6 (37.50) 16 (30.19) 10,750 (25.37)
Aspirin use§ 14 (37.84) 5(31.25) 19 (35.85) 15,204 (35.89)
Estrogen use (women) 9 (69.23) 1(12.5) 10 (47.62) 3491 (17.59)

SBP, mm Hg 139.3 (15.71) 1420 (10.65)  140.2 (14.26) 142.7 (12.96)
DBP, mm Hg 82.1 (8.10) 84.9 (5.32) 82.9 (7.41) 82.3 (9.52)
Treated <2 mo

SBP, mm Hg 167.3 (7.09) — 167.3 (7.09) 158.1 (13.32)

DBP, mm Hg 92.7 (11.24) — 92.7 (11.24) 89.4 (9.76)
BML, mean (SD) (kg/m?) 29.4 (7.61) 29.5 (6.66) 29.4 (7.27) 29.7 (6.15)
Serum potassium, mean (SD) (mEq/dL)§ 4.1 (0.50) 4.1 (0.44) 4.1 (0.47) 4.3 (0.51)
Fasting glucose, mean (SD) (mg/dL) 106.7 (28.72) 121.0 (60.90) 111.2 (41.41) 123.0 (57.06)
Creatinine, mean (SD) (mg/dL)§ 1.08 (0.33) 0.92 (0.13) 1.03 (0.29) 1.02 (0.30)
Total cholesterol, mean (SD) (mg/dL)§ 204.4 (33.27) 220.7 (36.50) 209.4 (34.74) 215.9 (43.2)

For each characteristic, 2-proportion or 2-sample mean difference tests were performed comparing each of the 3 nondiuretic groups
with chlorthalidone, respectively. ALLHAT indicates Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial; CHD, coronary heart disease; SBT, systolic blood pressure; DBE, diastolic blood pressure; and BMI, body mass index. *Two
participants with angioedema reported open-label (nonassigned study drug) angiotensin-converting enzyme inhibitor use: one was
assigned to step 1 chlorthalidone and one to step 1 lisinopril. TComparisons between treatment groups of baseline characteristics
among those without angioedema showed no significant differences. fNon-lisinopril treatment groups included chlorthalidone,
amlodipine, and doxazosin. §Aspirin use was available for 52 participants; serum potassium, creatinine, and total cholesterol were
available for 50 participants; and fasting glucose was available for 41 participants; there were no statistically significant differences
(type 1 error probability of .05) between lisinopril and non-lisinopril groups.

inhibitor. Approximately 0.1%-0.7% of patients
receiving ACE inhibitors experience angioede-
ma.! 12141617 The rate of this adverse effect among
users of ACE inhibitors has been reported to be 3
times that of users of calcium channel blockers.!?
Among African Americans taking ACE inhibitors,
the rate may be 5 times that of whites.!®

One ALLHAT participant of Asian/Pacific
Islander descent and assigned to lisinopril experi-
enced angioedema. It is commonly held that ACE
inhibitor intolerance occurs more frequently among
Asians, particularly Chinese patients. While several
small studies have documented an increase in the
frequency of cough among Chinese patients and

652 THE JOURNAL OF CLINICAL HYPERTENSION VOL. 8 NO. 9 SEPTEMBER 2006

The Journal of Clinical Hypertension® (ISSN 1524-6175) is published monthly by Le Jacq, Three Parklands Drive, Darien, CT 06820-3652. Copyright ©2006 by Le Jacq, All rights reserved. No part of this publication may be
reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publishers. The opinions
and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Sarah Howell at
=l showell@lejacg.com or 203.656.1711 x106.

(o)) (@




WLE JACQ

Table II. Cumulative Incidence of Angioedema by Follow-Up Month
CUMULATIVE INCIDENCE, N (%)
Forrow-Ur, mo

BASELINE CHARACTERISTICS SAaMPLE S1ze* 12 24 36 48
Number (% of ALLHAT cohort) 42,418 35 (0.08) 39 (0.09) 43 (0.10) 49 (0.12)
Step 1 (assigned) treatment group

Chlorthalidone 15,255 2 (0.01) 2 (0.01) 3 (0.02) 6 (0.04)

Amlodipine 9048 3 (0.03) 3 (0.03) 3 (0.03) 3 (0.03)

Lisinopril 9054 26 (0.29) 29 (0.32) 32 (0.35) 35 (0.39)

Doxazosin 9061 4 (0.04) 5 (0.06) 5 (0.06) 5 (0.06)
Age group, y

55-65 20,127 18 (0.09) 21 (0.10) 22 (0.11) 26 (0.13)

66-75 16,200 12 (0.07) 12 (0.07) 14 (0.09) 16 (0.10)

575 6091 5 (0.08) 6 (0.10) 7 (0.11) 7 (0.11)
Gender

Male 22,577 19 (0.08) 22 (0.10) 26 (0.12) 29 (0.13)

Female 19,841 16 (0.08) 17 (0.09) 17 (0.09) 20 (0.10)
Race

Black 15,084 23 (0.15) 25 (0.17) 26 (0.17) 27 (0.18)

Nonblack 27,333 12 (0.04) 14 (0.05) 17 (0.06) 22 (0.08)
On BP treatment >2 mo 36,836 32 (0.09) 36 (0.10) 38 (0.10) 42 (0.11)
On BP treatment <2 mo 1428 1 (0.07) 1 (0.07) 3(0.21) 3(0.21)
Untreated at baseline 4153 2 (0.05) 2 (0.05) 2 (0.05) 4(0.10)
Current smoker 9269 14 (0.15) 16 (0.17) 16 (0.17) 18 (0.19)
History of diabetes 15,283 5(0.03) 5(0.03) 5(0.03) 6 (0.04)
History of coronary heart disease 10,766 8 (0.07) 10 (0.09) 11 (0.10) 15 (0.14)
Aspirin use 15,223 10 (0.07) 12 (0.08) 15 (0.10) 17 (0.11)
Participants randomized late did not have follow-up beyond 48 months. ALLHAT indicates Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial. *Sample size drops off with time.

have demonstrated somewhat different pharmaco-
kinetics and pharmacodynamics,'?? a true increase
in the level of ACE inhibitor intolerance among
Asians has not been documented. Data from the
Perindopril Protection Against Recurrent Stroke
Study (PROGRESS) documents the increase in
cough but not a true increase in intolerance by any
other measure (S. MacMahon, DSc, PhD, personal
oral and e-mail communication, March 2006).
Most cases of angioedema are thought to occur
within hours to a week following the initiation of
the medication, but there have been rare instances
of drug-related angioedema years after first tak-
ing the drug.'>'2! In ALLHAT, relatively few
cases of angioedema occurred within the first
day of using the blinded medication (including
lisinopril), although one fifth of all cases occurred
within the first week. Cases continued to occur
sporadically throughout the 6 years of the trial.
Late-onset angioedema has been reported in users
of ACE inhibitors, although it frequently is not
recognized as such.?? The vast majority of cases in
ALLHAT did not involve a prior discontinuation
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and subsequent restarting of the drug and, of
those, only one patient had restarted the drug
within 15-30 days of the onset of the angioedema.
Half of the patients had a prior dose increase of
their study medication, but only 3 events in the
total group, including 2 in the lisinopril group,
had occurred within the week following the dose
increase. In the other cases, the events occurred
up to 3—4 years following the dose increase. Two
of the affected participants reported nonstudy
(open-label) ACE inhibitor use: one, assigned to
step 1 chlorthalidone, had a single report of ACE
inhibitor use nearly 3 years before the angioedema;
the other, assigned to step 1 lisinopril, reported
open-label ACE inhibitor use for approximately 16
months before onset.

A spectrum of symptoms associated with angio-
edema includes well-demarcated swelling of the
tongue, lips, or face as well as edema of the
mucous membranes of the mouth, throat, and
nose. Involvement of the upper respiratory tract
can lead to acute respiratory distress and airway
obstruction, from which death may occur.!®?3 ACE
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Table III. Time From Randomization to Onset of Angioedema in ALLHAT Participants*
NUMBER (%) OF PARTICIPANTS WITH ANGIOEDEMA
TiME FROM RANDOMIZATION TO ONSET OF ANGIOEDEMA C A L D ToraL
<1d 1 0 2 0 3
1-7d 1 0 6 2 9
Total within first wkT 2 (25) 0 8 (22) 2 (40) 12 (23)
8-14d 0 0 1 0 1
15-30d 0 0 4 1 5
Total within first moT 2 (25) 0 13 (35) 3 (60) 18 (34)
31-60 d 0 0 3 1 4
61-90 d 0 1 2 0 3
Total within first 3 mot 2 (25) 1 (33) 18 (49) 4 (80) 25 (47)
91-182d 0 1 3 0 4
6 mo-1y 0 1 6 1 7
Total within first yearf 2 (25) 3 (100) 27 (73) 5 (100) 36 (68)
12y 0 0 3 0 4
>23y 1 0 3 0 4
>3-4y 3 0 2 0 5
>4-5y 0 0 1 0 1
>5-6y 1 0 1 0 2
>6y 0 1 0 0 1
ALLHAT indicates Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; C, chlorthalidone; A, amlo-
dipine; L, lisinopril; and D, doxazosin. *For participants who experienced more than one episode of angioedema, only the first is
considered. TValues are cumulative.

inhibitor-induced angioedema may occur more fre-
quently than is reported due to lack of recognition
of relatively mild symptoms by the patient or physi-
cian?* or lack of documentation on the part of the
physician.'>'* An unrecognized case of angioedema
may result in continued use of the ACE inhibitor
and a subsequent, more severe event; it is thus
imperative that patients with even mild angioedema
not be restarted on ACE inhibitors.'53

Due to the nature of this “large and simple”
trial,* additional clinical information including
allergies, diet, and use of non-ALLHAT medica-
tions was not available. Physicians were urged to
report all suspected cases of angioedema in their
ALLHAT participants, regardless of other possible
etiologies. It is thus likely that some of the reported
cases were associated with other causes. In an effort
not to underestimate this potentially life-threaten-
ing illness, all cases were considered, for purposes
of analyses and safety, to be associated with the
blinded medication. It is also likely that, as in the
general community, some mild cases of angioedema
were not recognized and thus not reported.?2**2
With each report of angioedema, physicians were
unblinded to the identity of the study medication
and instructed to permanently discontinue that
drug class and ACE inhibitor (whether or not
implicated) in the affected patient.
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The physiologic mechanism of ACE inhibitor-
induced angioedema is thought to be predominantly
nonimmunologic and related to increased levels of
bradykinin secondary to inhibition of ACE-induced
bradykinin degradation.'®26-28 Bradykinins are
potent vasodilators that produce hypotension when
given to humans.'! Thus, the result of bradykinin
accumulation due to ACE inhibition is vasodilation,
capillary leakage, and edema.!*?! Substance P, a
neuropeptide whose degradation is also inhibited by
ACE inhibitors, may be involved.'! Histamine and
C1 esterase have further been suggested as possible
targets of investigation.!2

Molinaro and colleagues?® have suggested a
multifactorial mechanism of ACE inhibitor-associ-
ated angioedema involving pharmacologic, meta-
bolic, and other triggering factors. Genetic factors,
including deficiencies of carboxypeptidase N (kini-
nase) and C1 esterase inhibitor, have been sug-
gested as having possible etiologic roles. Genetic
studies are currently underway for ALLHAT par-
ticipants?’; separate analyses of multiple genes in
the subset of participants with angioedema have
thus far failed to identify specific genetic associa-
tions (E. Boerwinkle, PhD, oral and e-mail com-
munication, November 2004).

The largest series of angioedema cases associ-
ated with ACE inhibitors was reported in the
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NOTICE

Angioedema in ALLHAT Participants®

Table IV. Time From Most Recent Increase in Dose of Step 1 (Blinded) Antihypertensive Medication Prior to Onset of

TimMe FrROM MosT RECENT STEP 1 DOSE INCREASE

NUMBER (%) OF PARTICIPANTS WITH ANGIOEDEMA

TO ONSET OF ANGIOEDEMA C A L D TotaL
No dose increasef 4 (50) 0 20 (54) 3 (60) 27 (51)
1-2d 0 0 0 0 0
3-7d 0 1 2 0 3
Total with dose increase within first weekt 0 1(33) 2 (5) 0 3 (6)
8-14d 0 0 2 0 2
15-30d 0 1 2 1 4
Total with dose increase within first montht 0 2 (66) 6 (16) 1 (20) 9 (17)
31-60 d 0 0 0 0 0
61-90 d 0 0 1 0 1
Total with dose increase within first 3 monthst 0 2 (66) 7 (19) 1 (20) 10 (19)
91-182d 1 1 1 0 3
6 mo—1 yr 1 0 4 1 6

ered. TValues are cumulative.

ALLHAT indicates Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; C, chlorthalidone; A, amlodip-
ine; L, lisinopril; D, doxazosin. *For participants who experienced more than one episode of angioedema, only the first is consid-

Omapatrilat Cardiovascular Treatment vs Enalapril
(OCTAVE) trial,3%3! a 24-week, randomized, dou-
ble-blind trial in which 12,634 of 25,302 hyperten-
sive participants were assigned to the ACE inhibi-
tor enalapril. Angioedema was a study end point,
actively sought out for reporting and adjudication,
and occurred in 0.68% (86 of 12,634) of those
treated with the ACE inhibitor. It also occurred in
2.17% of those treated with the neutral endopep-
tidase/ACE inhibitor omapatrilat; these cases were
more likely to occur early following administration
of the first dose and were more likely to be severe.
The increased incidence of angioedema with this
newer agent contributed to its Food and Drug
Administration denial.?> The increased incidence
in the enalapril arm compared with the ALLHAT
ACE inhibitor arm (0.68% vs 0.41%) may reflect
underreporting in ALLHAT and reinforces the
need for physicians to more aggressively look for
angioedema in patients with even minimal symp-
toms during ACE inhibitor use.

ALLHAT provided the second largest series of
cases of angioedema associated with ACE inhibitor
use and confirms that this adverse effect more fre-
quently occurs in blacks and, further, is a measur-
able risk of treatment. Physicians must be sensitive
to even the mildest symptoms of angioedema in all
patients taking ACE inhibitors. These symptoms,
frequently missed or attributed to other causes,
may foretell a more severe episode with the con-
tinuation of ACE inhibitors in these patients.

Disclosure: This study was supported by a contract with the
National Heart, Lung, and Blood Institute. The ALLHAT
investigators acknowledge contributions of study medications

supplied by Pfizer, Inc (amlodipine and doxazosin), AstraZeneca
(atenolol and lisinopril), and Bristol-Myers Squibb (pravastatin),
and financial support provided by Pfizer, Inc. Dr. Nwachuku is
an employee of AstraZeneca LP, Wilmington, DE.
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