Investigation of angioedema associated with the
use of angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers
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Background: Angiotensin-converting enzyme inhibitors (ACE-Is) and angiotensin receptor blockers (ARBs) are known to
cause angioedema.

Objective: To evaluate the time to onset of angioedema and the subsequent episodes of angioedema in patients initially
experiencing ACE-I- or ARB-induced angioedema.

Methods: A manual medical record review was conducted on 64 patients with a diagnosis of urticaria, angioedema, or
anaphylaxis as a result of taking an ACE-I or ARB. Data recorded included demographic characteristics; time to onset of
symptoms; concomitant medication use; laboratory test results; recurrent episodes of angioedema, urticaria, or anaphylaxis; and
morbidity and mortality.

Results: The mean age of patients with angioedema was 60.2 years (age range, 32-92 years). Women (60%) and African
Americans (69%) were affected more commonly. The primary location for angioedema was the lips and tongue. Sixty-one of 64
patients developed at least one episode of angioedema as the result of taking an ACE-I, and 3 patients had angioedema associated
with an ARB. The mean time to onset of angioedema after initiation of therapy in 51 patients was 1.8 years, with 13 patients
(25%) presenting within the first month and 6 patients (12%) developing angioedema in the first week. No patients required a
tracheostomy or died. Also, none of the 6 patients, whose angioedema was attributed to an ACE-I who then received an ARB,
developed recurrent angioedema in more than 8.1 patient-years of follow-up.

Conclusions: Angioedema attributable to an ACE-I or ARB resolves on discontinued use of the medication. It most commonly
affects women and African Americans and did so in the first month of treatment in 25% of patients. Physicians should be aware
but not deterred necessarily from recommending an ARB in patients with ACE-I-induced angioedema because of the benefits

of control of hypertension or reducing albuminuria in selected patients.

INTRODUCTION
Angioedema is a deep swelling of the tissues just below the
skin and mucous membranes. It is often characterized by
nonpitting asymmetric swelling that is usually nonpruritic.!
Most commonly, this swelling occurs in the perioral area,
periorbital area, tongue, genital area, and extremities.'
Angiotensin-converting enzyme inhibitors (ACE-Is) are
indicated in the treatment of hypertension, congestive heart
failure, coronary artery disease, and diabetic nephropathy?
and have been known to cause angioedema.® Various studies
suggest that the incidence of angioedema is between 0.1%
and 2.2%.*> With increasing indications for these medica-
tions and their use becoming more widespread, the purpose of
this study was to characterize the patients and their reactions
to ACE-I- and angiotensin receptor blocker (ARB)-related
angioedema at our institution during a 13-year period. We
sought to determine the time to onset of angioedema and the
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natural history of cases, including whether angioedema re-
curred or was associated with subsequent administration of an
ACE-I or ARB.

METHODS

Patients selected for the study were those with a diagnosis of
adverse reaction or allergy to ACE-Is or ARBs as identified
by an adverse reaction E-Code between January 1991 and
May 2004 using the pharmacy database at Northwestern
Memorial Hospital, a 1,106-bed academic tertiary care med-
ical center in Chicago, IL. It is the responsibility of the
Pharmacy and Therapeutics Committee at Northwestern Me-
morial Hospital to track adverse reactions for review and to
implement changes to prevent or reduce future adverse reac-
tions. The medical record coder reviews all hospital medical
records and assigns all adverse reactions an E-code. The
information suggestive of an adverse drug reaction (angio-
edema, urticaria, anaphylaxis, hyperkalemia, hypotension) is
identified either from a physician or nurse entry into the
medical record or, if not recorded as an adverse drug reaction,
still identified by the medical records coder. For this study,
the database of all adverse reactions (using E-codes) was
analyzed to search for adverse reactions to ACE-Is and
ARBs. This search identified 287 patients with adverse drug

VOLUME 98, JANUARY, 2007

57



reactions suspected to be caused by ACE-Is and/or ARBs.
These reactions consisted of decrease in renal function, hy-
potension, cough, near syncope, and hyperkalemia. The re-
sulting list was refined based on limiting the analysis to cases
labeled as angioedema, urticaria, or anaphylaxis. A manual
review of the paper, microfiche electronic record, or elec-
tronic record was performed for all cases.

Northwestern Memorial Hospital uses 2 electronic medical
records, Cerner PowerChart (Kansas City, MO) and Epic
(Madison, WI). Cerner PowerChart is used primarily to
record data on inpatients. Dictations were implemented to
interface with this system in April 1998 and daily medical
progress notes in July 2004. The general medicine clinic
began using Epic in 1996; this system was implemented in
the Division of Allergy-Immunology in February 2004.

For each case, data were recorded, including demographic
characteristics, time to onset of symptoms, concomitant med-
ication use, laboratory tests (with emphasis on complement),
indication for ACE-I or ARB use, and particular medication
causing the adverse drug reaction. The medical records from
the hospital and outpatient electronic records were reviewed
to search for subsequent episodes of angioedema, urticaria, or
anaphylaxis and future use of ACE-Is or ARBs. Mortality and
morbidity also were recorded. Approval for this study was
obtained from the Office for the Protection of Research
Subjects at Northwestern University.

RESULTS

Patient Characteristics

All 64 patients presented to the emergency department with
angioedema of whom 2 patients also had localized urticaria.
The mean age of patients was 60.2 years, with a range of 32
to 92 years (Table 1). Sixty percent of patients were women.
Patients of African American descent (69%) were more com-
monly affected with angioedema than whites (23%) and
Hispanics (2%). However, African Americans constituted
only approximately 20% of the patients admitted to our
hospital during this 13-year period. Sixty-one of 64 patients
experienced angioedema associated with an ACE-I, and 3
patients developed angioedema from an ARB. It was not
possible to determine if any of these 3 patients had previously
experienced angioedema from an ACE-I.

Concomitant use of a nonsteroidal anti-inflammatory med-
ication or aspirin was found in 24 (38%) of the 64 patients
who developed angioedema attributed to an ACE-I or ARB.
Two patients were identified as previously having had a
cough while taking an ACE-I (the first patient had a cough
the day before developing angioedema, and the second pa-
tient had experienced angioedema attributable to fosinopril
and then received ramipril, which induced cough). One pa-
tient had experienced angioedema in the absence of an ACE-I
or ARB and then developed it again from an ACE-L

A history of angioedema attributed to an ACE-I was iden-
tified in 4 patients. Two patients had 2 prior episodes, and 2
patients had 1 prior episode. Similar to a prior study, 22% of

Table 1. Characteristics of 64 Patients With ACE-I- or ARB-Induced
Angioedema

Characteristics No. .(%) 2f
patients
Age, y
Mean 60.2
Median 59
Range 32-92
Sex
Male 26 (40)
Female 38 (60)
Race
African American 44 (69)
White 15 (23)
Hispanic 23
Other and unknown 3(5)
Indication for use of ACE-I or ARB 38
Hypertension alone 19
Hypertension and diabetes 9
Coronary artery disease or congestive heart failure 10
Unspecified 26
Concomitant specific medication use 31
NSAID or aspirin 24 (38)
Cyclo-oxygenase 2 inhibitor 4 (6)
Opiate 3(5)
Other medication allergy 14t
Penicillin 9 (14)
Clindamycin 2(3)
Sulfonamide 23
Radiocontrast material 23
Rofecoxib 1(@2)
Azithromycin 1)
Cough with ACE-I 2
Previous episodes of angioedema while receiving ACE-I 4
Previous episode of angioedema before use of ACE-I 1

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; NSAID, nonsteroidal anti-inflammatory
drug.

* Data are presented as number (percentage) of patients unless oth-
erwise indicated.

T Some patients were labeled as allergic to more than one medica-
tion.

our patients reported an allergy to other medications, of
which penicillin was the most common® (Table 1).

Treatment

Nine patients (14%) received epinephrine administered as 0.3
mg subcutaneously in the emergency department. Two pa-
tients from this group received a second dose. All 9 patients
received methylprednisolone, 60 mg, and diphenhydramine,
50 mg, intravenously. Overall, 63 patients (98%) received
either intravenous or oral corticosteroids and diphenhydra-
mine.

Incriminated ACE-Is or ARBs

As indicated in Table 2, we found that lisinopril (50%),
enalapril (20%), and quinapril (6%) were incriminated as
causes of angioedema in 76% of the patients with ACE-I
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Table 2. ACE-Is and ARBs Considered to Cause Angioedema From
1991 to 2004*

Table 3. Clinical Features of Acute Angioedema Attributed to an
ACE-I or ARB

Drug No. (%) of patients with angioedema Features No. (%) of patients*
Lisinopril 32 (50) Time to angioedema presentation after
Enalapril 12 (20) starting ACE-| or ARB therapy
Quinapril 4 (6) Range 1dayto>10y
Ramipril 4 (6) Mean for 51 patients, y 1.8
Fosinopril 4 (6) =1 month 13 (25)
Benazepril 2(3) First week 6(12)
Captopril 23 1motoly 18 (35)
Enalapril 2@ >1y 14 (28)
Irbesartan 1) Locations of isolated angioedema (n = 64)
Candesartan 12 Lips 21
Losartan 1) Tongue 13
Abbreviations: ACE-Is, angiotensin-converting enzyme inhibitors; Face 3
. . Throat 4
ARBs, angiotensin receptor blockers. Foet 0
* At Northwestern Memorial Hospital, lisinopril has been the most Hands 0
commonly prescribed ACE-I for inpatients (29%) followed by ramipril
(15%) and enalapril (13%) during 2001 to 2003. Unknown 1742
Other locations of angioedema (n = 64)
Lips 18
angioedema at Northwestern Memorial Hospital. Lisinopril Tongue 8
was the ACE-I most commonly prescribed to inpatients. This Face 12
observation may account for the increased prevalence of Throat 8
angioedema from this medication at this hospital. Eeait ds ;
Clinical Features of Reactions Attributed to an ACE-I or Unknown 0/49
ARB Urticaria and angioedema 2
Our analysis shows that from the time an ACE-I or ARB is Pruritus and angioedema _ _ 5
initiated to the time of presentation for angioedema to a hospital f\?ngsts%ns to the medical intensive care unit 12
varied from 1 day to more than 10 years. The mean time for 51 1[]r : chaecE:st omy 0
patients, in whom data were available, was 1.8 years. Angio- Deaths 0
edema presented within the first month in 25% of cases, of Follow-up after the presenting episode o8
which 12% of cases occurred within the first week. Not receiving ACE-I or ARB 20
As presented in Table 3, 41 (64%) of the 64 patients had Using an ARB 6
isolated angioedema at presentation. The most commonly Episodes of subsequent angioedema 0 (8.1 patient-years)
affected area of angioedema was above the neck. In our Using another ACE-| 2
patient population, 61% of cases had angioedema of the lips Episodes of subsequent angioedema 0 (0.6 patient-years)
and 33% had angioedema of the tongue. One person had C%rgfrférem assessed and found to be 1

swelling of the feet in association with facial and hand
swelling. This 45-year-old African American man had been
using enalapril and received ibuprofen 15 minutes before the
onset of acute swelling of the feet, face, and hands. Pruritus
and urticaria were extremely uncommon, being present in 2
patients who also had angioedema.

Thirteen patients (20%) were admitted to the medical in-
tensive care unit. Of these patients, 2 were intubated, and no
patients required a tracheostomy to maintain their airway.
There were no fatalities from the episode of acute angio-
edema attributable to an ACE-I or ARB.

Follow-up of Patients Who Received an ACE-I or ARB

Follow-up information from electronic and paper records was
available for 28 patients whose initial reaction was consid-
ered attributable to an ACE-I or ARB. Seventeen patients,
whose initial reaction was associated with an ACE-I, never
received another ACE-I or an ARB for more than 2.8 patient-
years. None of these patients developed angioedema accord-

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker.

* Data are presented as number (percentage) of patients unless oth-
erwise indicated.

ing to the records. Six patients who developed angioedema to
an ACE-I received an ARB, and none developed angioedema
after 8.1 patient-years. Two additional patients received a
different ACE-I, and neither patient developed angioedema
after 7 months. None of the 3 patients who had an episode of
angioedema believed to be attributable to an ARB received
another ARB or an ACE-I for more than 1.3 patient-years.
These patients did not have additional angioedema according
to the medical record review.

DISCUSSION

The major findings in our study were as follows: (1) female
and African American patients had an increased predomi-
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nance of angioedema from an ACE-I or ARB, (2) the location
of angioedema was above the neck and predominantly the
tongue and lips, (3) urticaria and pruritus were rare clinical
findings in patients with ACE-I- and ARB-induced angio-
edema and did not occur without angioedema, (4) only 25%
of patients presented with angioedema within the first month
of initiating an ACE-I or ARB, (5) just one patient had a
history of angioedema before initiation of an ACE-I or ARB,
(6) none of the 6 patients who had developed ACE-I-asso-
ciated angioedema experienced angioedema from an ARB,
and (7) there were no fatalities or tracheostomies performed
at our institution in the 13 years that were reviewed in this
study.

The mechanism of angioedema from an ACE-I or ARB has
been elucidated in part. Substrates for ACE include angio-
tensin I, bradykinin, and substance P. It has been thought that
the angioedema is attributable to an increase in bradykinin
and its reactive metabolite, des-Arg bradykinin.” In the kinin
pathway, high-molecular-weight kininogen comes into con-
tact with a negatively charged surface. Activated Hageman
factor then cleaves kininogen to form kallikrein, which de-
grades high-molecular-weight kininogen to form bradykinin,
which activates bradykinin 2 receptors to induce vessel dila-
tion and increase vascular permeability.® Bradykinin is de-
graded via its major pathway to inactive byproducts by both
angiotensin-converting enzyme (ACE) and x-pro aminopep-
tidase (APP). If ACE is not present, then a minor pathway
uses carboxypeptidase N to degrade bradykinin to des-Arg
bradykinin.” The des-Arg bradykinin acts on inducible bra-
dykinin 1 receptors to cause vasodilation and is degraded to
its inactive byproducts using ACE and APP° (Fig 1). In
ACE-I-induced angioedema, Molinaro et al’ reported that the
half-life of des-Arg bradykinin is increased and may contrib-
ute to angioedema. The half-life in patients who had experi-
enced ACE-I angioedema was 60 minutes compared with 37
minutes in patients who had not developed angioedema.” In
addition, Adam et al®° demonstrated that APP activity was
reduced in patients with ACE-I-associated angioedema. Both
of these mechanisms could lead to accumulation of des-Arg
bradykinin, which can cause the angioedema that occurs in
patients with ACE-I-induced angioedema.”

Anderson and de Shazo!® reported the importance of bra-
dykinin as a key mediator of ACE-I angioedema using in vivo
studies. Healthy subjects were skin tested with histamine,
codeine, and bradykinin before and 1 hour after administra-
tion of captopril, 25 mg. There was no change in the wheal or
erythema for histamine, but the wheal size was increased with
codeine and bradykinin.!® Five of 10 subjects developed
transient facial flushing that began 2 to 3 minutes after the
bradykinin injections.'®

Lefebvre et al!! suggested that bradykinin may not be the
only mediator responsible for ACE-I angioedema. Levels for
dipeptidyl peptidase IV were significantly decreased in pa-
tients with ACE-I-induced angioedema.!! This enzyme de-
grades substance P, and its reduced activity may lead to an

accumulation of substance P, causing increased vascular per-
meability and leakage of plasma proteins.!!

Our study showed that females and African Americans
were more commonly affected by angioedema from an
ACE-I or ARB. Similar results have been reported by Sondhi
et al,!> who found that 64% of patients with ACE-I angio-
edema were female and 91% were African American. The
higher incidence of angioedema in African Americans might
be due to having lower levels of bradykinin than whites as
shown by decreased urinary kallikrein'® but greater sensitivity
to bradykinin.'*

A number of studies have reported that angioedema from
an ACE-I or ARB predominantly affects the head and
neck.*1215:16 We found similar findings. In our study, the lips
and tongue were affected most commonly. Pruritus and urti-
caria rarely occurred with angioedema secondary to an ACE-I
or ARB,'? and our data concurred. In addition, Chiu et al®
reported that no patients demonstrated symptom progression
after treatment was initiated, and within 48 hours, most
patients’ angioedema will resolve. Only cases with signifi-
cant tongue and oropharyngeal edema take more than 48
hours to resolve.'?

Unlike Vleeming et al* and Agah et al,'” who reported that
60% and 53% of patients experienced angioedema in the first
week of initiating use of an ACE-I, we found that to be the
case in just 9% of cases. However, 25% of patients presented
within 1 month of starting therapy with an ACE-I or ARB.
This observation is similar to the findings of Brown et al,'8
who found 22% of patients developed angioedema within the
first month of starting use of an ACE inhibitor.

In 1990, Orfan et al'® reported 4 cases of ACE-I-induced
severe angioedema in patients with a prior history of idio-
pathic angioedema. We found one similar case. Four patients
had angioedema attributable to an ACE-I before the episode
that brought them to the hospital. In one patient, other factors
were thought to cause the angioedema, for example, fruit
ingestion. In others, the reaction may have been mild and the
patients did not seek medical attention. It is possible that in 2
cases, the lack of temporal relation between initiating use of
an ACE-I and developing angioedema may have led to its use
not being discontinued. This finding is similar to the obser-
vations of Brown et al.'®

Some authors advocate not prescribing an ARB in patients
with a history of angioedema attributable to an ACE-1.20-2
The most convincing data come from patients who have
experienced angioedema from both an ARB and ACE-L
Warner et al?! reported that 32% of patients with angioedema
attributable to an ARB had a previous reaction to an ACE-I.
Their group therefore recommended extreme caution when
prescribing an ARB to a patient with ACE-I-related angio-
edema. However, Cicardi et al*® reported that only 2 patients
(8%) developed angioedema from an ARB from a group of
26 patients with ACE-I-associated angioedema.?® In a study
of 2,028 patients with congestive heart failure, the ARB
candesartan or placebo was administered to patients who had
been intolerant of ACE-Is.?* Thirty-nine (3.8%) of 1,013
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Factor XI Hageman factor prekallikrein

(Negaﬁvely Charged Surface (eg LipopolysaccharD

\ 4

Activated Hageman factor

HMW Kininogen
Factor XI a Kallikrein
Bradykinin .| B2 receptor 1. Vessel dilation
> (constitutive) »| 2. Increase vascular
permeability
Major Pathway Minor Pathway
1. ACE (Angiotensin
converting enzyme) Carboxypeptidase N
2. ATP
(aminopeptidase P)
B1 Receptor Vasodilation
Des-Arg Bradykinin o (inducible)
Degradation Pathway
1. ACE
2. APP

Inactive degradation products

Figure 1. The bradykinin pathway. In the bradykinin pathway, Hageman factor is activated by interacting with a negatively charged surface, such as
lipopolysaccharides from gram-negative organisms. The activated Hageman factor then converts factor XI to activated factor XI, thereby initiating the
intrinsic pathway of the clotting cascade. Simultaneously, Hageman factor also converts prekallikrein to kallikrein, thereby initiating the bradykinin
pathway. Kallikrein converts high-molecular-weight (HMW) kininogen to bradykinin.® Bradykinin acts on the bradykinin 2 receptors to cause vessel
dilation and increased vascular permeability. Two pathways are present to degrade bradykinin to prevent uncontrolled swelling in the extravascular space.
The major pathway uses angiotensin-converting enzyme (ACE) and aminopeptidase P (APP) to degrade bradykinin into inactive degradation products.
In the minor pathway, carboxypeptidase N degrades bradykinin to des-Arg bradykinin, which acts on the inducible bradykinin receptors, causing
vasodilation. The des-Arg bradykinin also uses ACE inhibitor and APP to convert des-Arg bradykinin to inactive degradation products.” Currently, there
are at least 2 hypotheses regarding the mechanism whereby ACE inhibitors cause angioedema. One hypothesis is that the ACE inhibitors block the major
pathway and shunt the degradation of bradykinin to the minor pathway, thereby increasing the formation of des-Arg bradykinin, which interacts with the
inducible B1 receptor.” Another study also showed that patients susceptible to angioedema from an ACE inhibitor had lower levels of APP and thereby
may accumulate des-Arg bradykinin.® Regardless, both hypotheses implicate the increased presence of des-Arg bradykinin as the protein responsible for
causing angioedema from ACE inhibitors.
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patients in the candesartan group experienced angioedema or
anaphylaxis from an ACE-I; from this group; 3 (7.6%) de-
veloped angioedema from candesartan.”* Use of the cande-
sartan was discontinued in 1 patient and continued in the
other 2 patients without additional angioedema or other un-
toward reaction. None of the 3 patients was hospitalized.
Forty-four (4.3%) of 1,015 placebo-treated patients experi-
enced angioedema or anaphylaxis from ACE-Is, but none of
the 44 patients developed angioedema or anaphylaxis during
the placebo treatment.>* The authors concluded that “history
of angioedema or anaphylaxis on an ACE inhibitor should
prompt caution but does not seem to be a contraindication to
use of an angiotensin-receptor blocker.””* In our study, the 6
patients receiving an ARB had no subsequent angioedema
after 97 patient-months. These data suggest that the use of an
ARB in this population may not be as worrisome as previ-
ously described.

In our study, no patients required a tracheostomy or died.
This observation may be due to early intervention and treat-
ment. Using the grading system for generalized hypersensi-
tivity reactions proposed by Brown,? 13 (20%) of 64 patients
had grade 2 (moderate) reactions because of angioedema
using acute dyspnea and stridor. In addition, some of our
patients experienced drooling, garbled speech, and dyspha-
gia, suggesting that these features should be added to the
proposed grading system for grade 3 (severe). All patients
received methylprednisolone and diphenhydramine in the
emergency department on arrival. Most patients also received
famotidine. At the earliest sign of throat tightness, the pa-
tients received subcutaneous or intramuscular epinephrine.
Significant oropharyngeal swelling often led to an intubation
unless refused by the patient. None of the patients in our
study had refractory or progressive angioedema that required
prolonged intubation and respiratory support. Karim and Ma-
sood? and Warrier et al*’ described the administration of
fresh frozen plasma in these situations. The rationale is that
the fresh frozen plasma may contain kininase II that can
degrade the high levels of bradykinin thought to be respon-
sible for ACE-I-induced angioedema.?®?’ Further data are
needed regarding the administration of fresh frozen plasma.

One additional finding was the apparent reluctance to
prescribe an ARB after angioedema from an ACE-I. Numer-
ous studies have shown the efficacy of using an ARB to help
manage hypertension, and if the data from ACE-I can be
extrapolated to ARBs, then this medication class may be
helpful in treating patients with concomitant hypertension
and diabetes mellitus, congestive heart failure, and diabetic
and nondiabetic nephropathy. Garg and Bakris® even con-
cluded that ARBs may be used as first-line treatment in
diabetic nephropathy. In our study, we identified 7 of 64
patients who may have benefited from a trial of an ARB. It is
important to understand that the primary goal is blood pres-
sure control with whatever agent necessary. However, there
may be some added benefit of adding an ARB, because, like
an ACE-], it may improve endothelial dysfunction, cause
regression of left ventricular hypertrophy, promote collateral

vessel development, and improve coronary revascularization
as has been observed with the use of ACE-Is.?

ACE-I- and ARB-induced angioedema occurs predomi-
nately in women and African Americans. Only 28% of pa-
tients present within the first month of therapy; therefore,
physicians must be aware that late reactions may occur. The
data show that even severe angioedema appears to be an
isolated event that resolves on discontinued use of an ACE-I
or ARB. Physicians should be cautious, but not necessarily
deterred, in prescribing an ARB to a patient with a history of
ACE-I-induced angioedema, especially if the benefits of
control of hypertension and decreased albuminuria may be
helpful to the patient.
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