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ABSTRACT

Angiotensin-converting enzyme inhibitor (ACE-I)–induced angioedema can be life-threatening without emergent interven-
tion. The putative mediator is believed to be bradykinin, similar to hereditary angioedema, so these patients respond poorly to
corticosteroids and antihistamines. This study was designed to determine characteristics and clinical outcomes of patients
presenting to an emergency department (ED) with ACE-I angioedema. This was a retrospective chart review of 100 patients
presenting to the ED from 2007 to 2008 with an ICD-9 code of 995.1 (angioedema) or 995.2 (drug-induced angioedema). Two
hundred fifty-two patients with these ICD-9 codes were identified and placed in random order, and the first 100 meeting
inclusion criteria were included. Statistical analysis was primarily descriptive. All 100 patients had an ICD-9 code of 995.1
(angioedema). Patients presented in every month, with spring months (April–June) having the most presentations (32%). The
median age was 59 years, 75% were African American, and 66% were admitted to the hospital. Two patients (2%) required
endotracheal intubation. Lisinopril was the most commonly prescribed ACE-I (84%). The most common symptom was
moderate lip and tongue swelling (89%) followed by mild difficulty breathing (12%). Tongue swelling was significantly
associated with admission. Time from symptom onset to ED presentation was not associated with need for admission.
Concomitant medications did not differ between admitted and discharged patients. ACE-I angioedema is associated with
significant morbidity and health care use because many patients require hospitalization, suggesting an unmet need for novel
therapies targeted to treat this condition.

(Allergy Asthma Proc 34:267–273, 2013; doi: 10.2500/aap.2013.34.3664)

Angioedema is a self-limiting, localized swelling of
the skin and/or mucosal membranes resulting

from extravasation of fluid into the interstitium. It can
be acute or chronic and is usually transient but often
recurrent. It usually involves surfaces that have loose
connective tissue such as the face, lips, mouth, throat,
larynx, and uvula.1 Occasionally, bowel mucosa and

visceral organs may be involved.1 Although most cases
of angioedema are self-limiting, reactions can be severe
and even life-threatening, especially if it involves the
swelling of the tongue, glottis, and/or larynx.2,3

Angioedema induced by angiotensin-converting en-
zyme inhibitors (ACE-I) is a potentially life-threatening
event. With the increased use of these agents for a
number of chronic medical conditions, the incidence of
ACE-I–induced angioedema is expected to increase.4 In
2001, 35–40 million prescriptions were written for
ACE-I worldwide.5 The mechanism for ACE-induced
angioedema is believed to involve the accumulation of
bradykinin similar to hereditary angioedema (HAE).6,7

It is estimated that angioedema occurs in �0.1–2.2% of
patients treated with ACE-I.8–11 A higher incidence of
ACE-I–induced angioedema has been observed in
women and African Americans and in patients with
heart failure for both ACE-I and angiotensin II receptor
blockers (ARBs).12–14

Because of extensive use of ACE-I in common
chronic diseases including hypertension, diabetes, and
heart failure, ACE-I has become the most common
cause of angioedema in patients presenting to the
emergency department (ED). There are several descrip-
tive retrospective studies of patients visiting the ED
with ACE-I–induced angioedema.15–19 Among these
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previous retrospective studies, only one study investi-
gated the presentation, management, and predictors
for hospitalization.15 The purpose of this study was to
further define the characteristics of patients presenting
to the ED with ACE-I–induced angioedema associated
with hospitalization. A description of characteristics
associated with hospital admission is important, be-
cause the wide usage and effectiveness of ACE-Is for a
spectrum of clinical disorders and their low cost makes
them a very important therapeutic class that will likely
be used by millions of people for many years to come.
Therefore, increasing our understanding of the presen-
tation and natural course of ACE-I angioedema in dif-
ferent institutions throughout the United States is war-
ranted.

METHODS

Study Design
This was a retrospective medical record review of

patients who presented to the ED of a busy, level 1
tertiary care referral center in the Midwest from 2007 to
2008 with an ICD-9 code of either 995.1 (angioedema)
or 995.2 (drug-induced angioedema). Trained chart re-
viewers, composed of a physician and nurse, screened
all charts to determine whether the angioedema was
ACE-I induced and met inclusion criteria for a com-
plete ED chart review. The main criteria for inclusion
were presentation to the ED with facial, tongue, lip, or
laryngeal angioedema, currently taking an agent that
included an ACE-I alone or in combination with an-
other blood pressure medication (i.e., hydrochlorothi-
azide [HCTZ]), and having a discharge diagnosis or
hospital admission diagnosis consistent with ACE-I–
induced angioedema. We identified 287 visits from 252
unique patients with ICD codes 995.1 or 995.2. Of these
patients 156 failed and 131 passed the initial screen for
ACE-I angioedema. These visits were placed in ran-
dom order and abstractors were instructed to review
the complete ED chart of eligible cases until 100 cases
were completed. Discordant charts (i.e., where one re-
viewer indicated the case should be included and the
other did not) were adjudicated by a third physician
investigator. Information extracted from each chart in-
cluded gender sex, age, race, ACE-I usage, time to onset
of symptom, presenting signs and symptom, concomi-
tant medication use, ED treatment, outcome of treatment,
and patient disposition. The two reviewers abstracted
data from each chart independently. Data were entered
into a detailed case report form that included prespeci-
fied data definitions. Approval for this study was ob-
tained from our Institutional Review Board.

Statistical Analysis
Values for all measurements are expressed as medi-

ans and ranges or as frequencies and percents. Present-

ing signs and symptoms and subsequent treatments
were compared between discharged and admitted pa-
tients by computing differences and 95% CIs for dif-
ferences. No patients were excluded from this analysis.
Data were analyzed using Statistical Package for the So-
cial Sciences, (SPSS Version 18.0; SPSS, Inc., Chicago, IL).

RESULTS
For the 100 ED patients with ACE-I–induced angio-

edema, the median age was 59 years (25–90 years).
About one-half (53%) were women, and most (75%)
were African American. Vital signs on presentation to
the ED showed a mean respiratory rate of 18 breaths/
min (SD, 3) heart rate of 86 beats/min (SD, 15), a
systolic blood pressure of 149 mmHg (SD, 26), diastolic
blood pressure of 87 mmHg (SD, 16), and oxygen sat-
uration of 98% (SD 2%). The most common symptom
exhibited by patients was moderate tongue swelling
(89%), followed by mild difficulty breathing (12%). In
the ED most patients were treated with corticosteroids
(87%), H1-antagonists (89%) and H2-antagonists (74%).
Only one patient was treated with epinephrine (1%).
Inhaled �2-agonists were used in 4% of patients. The
majority of patients required inpatient hospital admis-
sion (66%). Two of these patients (2%) required venti-
latory support in the ED. Patients presented through-
out the year, although seasonal variation was observed
with the greatest number of patients presenting during
the Spring months (April–June; 32%; Fig. 1).

Lisinopril was the most commonly prescribed ACE-I
in patients with angioedema (86%), followed by enal-
april (5%), benazepril/amlodipine (2%), benazepril
(2%), lisinopril/HCTZ (2%), ramipril (2%), and mo-
exipril/HCTZ (1%). Among the 37 patients for whom
duration of ACE-I use was available, approximately
one-half had been taking the ACE-I �3 months and
one-half were on it for �1 year (Table 1).

There were few statistically significant differences in
clinical features of patients with ACE-I angioedema
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Figure 1. Monthly frequency of angiotensin-converting enzyme
inhibitor (ACE-I)-induced angioedema presenting to the emergency
department (ED) over 1 year.
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admitted to the hospital or discharged home. Tongue
swelling was more common in admitted patients, com-
pared with discharged patients (47% versus 21%; dif-
ference in proportions 26%; 95% CI, 7–42%; p � 0.01).
In contrast, oral/lip swelling was somewhat more
common in discharged patients, although this did not
reach statistical significance (77% versus 62%; differ-
ence in proportions 14%; 95% CI, �5–31%). Symptom
onset time was poorly documented and could be de-
termined for only 32 patients. In these patients, the
time from symptom onset to ED presentation was not
associated with the need for hospitalization (median,
237 minutes in admitted patients versus 237 minutes in
discharged patients; 95% CI, �407.77–405.77; Table 2).
Concomitant medications that patients were taking did
not differ between admitted and discharged patients
(data not shown). Although angioedema can also be
induced by ARBs the focus of this study was on angio-
edema induced by ACE-I. Only three patients in this
analysis were documented to be taking an ACE-I
concomitantly with an ARB. However, a recent
meta-analysis comparing angioedema and cough in-
duced by ACE-I and ARBs versus placebo found that
these intolerances for ARBs were no greater than
placebo.20

DISCUSSION
The major findings of our study were as follows: (1)

patients with ACE-I–induced angioedema presented
every month during the year but a seasonal increase
during the spring months (April–June) was observed,
(2) lisinopril was the most common ACE-I associated
with angioedema, (3) the most common symptom as-
sociated with hospitalization was tongue/laryngeal
swelling, and (4) the time from symptom onset to ED
presentation was not associated with need for admis-
sion.

The observed seasonal variation in presentations
by patients with ACE-I angioedema has been re-
ported by other investigators who have postulated a
possible role for atopy in triggering these attacks by
further stressing the complement system.13,21 Unfor-
tunately, in our study, information regarding the
patient’s atopic status was not available. However,
further study of involvement of seasonal allergy in
the pathogenesis of ACE-I–induced angioedema is
warranted.

Lisinopril has previously been shown to be the most
frequently prescribed ACE-I.15,22,23 Our data mirror
this, with 84% of patients taking lisinopril at presenta-
tion to the ED. This observation likely reflects the low

Table 1 Demographics by disposition

Total (n � 100) Discharged (n � 34) Admitted (n � 66)

Age (yr) 59 25–90 59 25–90 59 34–90
Sex

Female 53 53.0% 21 61.8% 32 48.5%
Male 47 47.0% 13 38.2% 34 51.5%

Race
African American 75 75.0% 24 70.6% 51 77.3%
White 24 24.0% 9 26.5% 15 22.7%
Hispanic 1 1.0% 1 2.9% 0 0.0%

Length of time on ACE-I
�3 mo 17 17.0% 5 14.7% 12 18.2%
4–6 mo 2 2.0% 0 0.0% 2 3.0%
7–12 mo 3 3.0% 1 2.9% 2 3.0%
�12 mo 15 15.0% 3 8.8% 12 18.2%
Unknown 63 63.0% 25 73.5% 38 57.6%

ACE-I
Lisinopril 84 85.7% 28 87.5% 56 84.8%
Enalapril 5 5.1% 1 3.1% 4 6.1%
Benazepril/amlodipine 2 2.0% 0 0.0% 2 3.0%
Lisinopril/HCTZ 2 2.0% 0 0.0% 2 3.0%
Benazepril 2 2.0% 1 3.1% 1 1.5%
Ramipril 2 2.0% 1 3.1% 1 1.5%
Moexipril/HCTZ 1 1.0% 1 3.1% 0 0.0%

Data are presented in median and range of frequency and percent.
ACE-I � angiotensin-converting enzyme inhibitor; HCTZ � hydrochlorothiazide.
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cost and high efficacy of this agent and is not caused by
its unique structural characteristics.

Most cases of ACE-I angioedema are thought to oc-
cur within hours to a week after starting the medica-
tion. Studies have reported that 50–60% of patients
experienced angioedema in the 1st week after initiating
the use of an ACE-I.2,16 However, in rare instances
ACE-I angioedema can occur as long as 5 years after
first starting this medication.21 The results of our study
are consistent with these previous reports, suggesting
that ACE-I angioedema can occur more than a year

after the patient starts taking the medication, although
the lack of documented information about duration of
medication use in this study limits our ability to esti-
mate the proportion of persons for whom there is a
significant delay to the first angioedema attack.

ACE-I–induced angioedema is thought to occur sec-
ondary to accumulation of bradykinin levels.24,25 In the
kinin pathway, high–molecular-weight kininogen
comes into contact with a negatively charged surface.
Activated Hageman factor then cleaves kininogen to
form kallikrein, which degrades high–molecular-

Table 2 Baseline symptoms and ED treatment by disposition

Total
(n � 100)

Discharged
(n � 34)

Admitted
(n � 66)

Difference 95% CI p
ValueLower Upper

Symptom onset to
presentation
(min)*

237 10–1.021 237 40–957 236 40–1.021 1 �407.77 405.77 0.965

Presenting vital signs
Respiratory rate 18 (3) 17 (2) 18 (3) 1 0.389 �2.190 0.294
Heart rate 86 (15) 84 (13) 87 (16) 3 �9.564 3.368 0.344
Systolic blood

pressure
149 (26) 145 (23) 150 (27) 6 �16.473 5.092 0.298

Diastolic blood
pressure

87 (16) 85 (15) 88 (17) 3 �10.253 3.519 0.334

Temperature 98.1 (0.8) 98.2 (0.6) 98.0 (0.8) �0.1 �0.205 0.443 0.468
O2 saturation 97.4 (2.0) 97.5 (2.1) 97.4 (2.0) �0.1 �0.764 0.951 0.829

Abnormality noted on
physical exam

General appearance 16 16.0% 1 2.9% 15 22.7% 19.8% 5.1% 31.5% 0.010
HEENT 97 97.0% 33 97.1% 64 97.0% �0.1% �12.1% 7.8% 1.000
Respiratory 3 3.0% 0 0.0% 3 4.5% 4.5% �6.0% 12.5% 0.549
Cardiovascular 6 6.0% 0 0.0% 6 9.1% 9.1% �2.2% 18.5% 0.093
Abdomen 100 100.0% 34 100.0% 66 100.0% 0.0% — — —
Neurological 6 6.0% 3 8.8% 3 4.5% �4.3% �5.6% 18.7% 0.406
Extremities 2 2.0% 1 2.9% 1 1.5% �1.4% �5.6% 13.5% 1.000
Dermatologic 9 9.2% 4 11.8% 5 7.8% �4.0% �7.2% 19.7% 0.715
Lymphatic 100 100.0% 34 100.0% 66 100.0% 0.0% — — —

Presenting symptoms
Facial swelling 28 28.3% 6 18.2% 22 33.3% 15.2% �3.2% �3.2% 0.115
Tongue swelling 38 38.4% 7 21.2% 31 47.0% 25.8% 6.5% 42.1% 0.016
Lip swelling 67 67.0% 26 76.5% 41 62.1% �14.3% �5.3% 30.7% 0.181
Larynx swelling 19 19.2% 6 18.2% 13 19.7% 1.5% �15.6% 16.6% 1.000

ED treatments
O2 2 2.0% 0 0.0% 2 3.0% 3.0% �7.4% 10.4% 0.547
Epinephrine 1 1.0% 0 0.0% 1 1.5% 1.5% �8.7% 8.1% 1.000
H1 89 89.0% 29 85.3% 60 90.9% 5.6% �6.9% 21.8% 0.502
H2 74 74.0% 24 70.6% 50 75.8% 5.2% �11.9% 24.1% 0.634
Corticosteroids 87 87.0% 28 82.4% 59 89.4% 7.0% �6.4% 23.8% 0.356
�2-agonist 8 8.0% 1 2.9% 7 10.6% 7.7% �5.5% 17.7% 0.259
Ventilator support 2 2.0% 0 0.0% 2 3.0% 3.0% �7.4% 10.4% 0.547

*n � 32.
ED � emergency department; HEENT � head, eyes, ears, nose and throat.
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weight kininogen to form bradykinin, which activates
bradykinin 2 receptors to induce vessel dilation and
increase vascular permeability.22 ACE normally regu-
lates the production of bradykinin by inhibiting kal-
likrein. Inhibition of ACE in addition to the impaired
ability to degrade bradykinin has been postulated as
the reason why susceptible individuals taking these
medications swell. X-propeptidase, the enzyme impor-
tant for degrading bradykinin, has been reported to be
deficient in patients with ACE-I–induced angio-
edema.26 In addition, the enzyme dipeptidyl peptidase
IV, which is responsible for degradation of substance
P, has been found to be significantly decreased in
patients with ACE-I–induced angioedema and has
been speculated to predispose individuals taking an
ACE inhibitor to develop angioedema.27–29 Reduced
activity of this enzyme leads to an accumulation of
substance P resulting in increased vascular permeabil-
ity and edema.27

Our study cohort included a disproportionate num-
ber of African Americans and women. If this cohort
were truly reflective of underlying disease epidemiol-
ogy, this would be consistent with previous incidence
reports.5,15,22,28 African Americans have an increased
risk of ACE-I–induced angioedema, independent of
ACE-I dose, although the reason for their increased
risk has not been completely elucidated. Differences in
the kallikrein-kinin system have been reported, which
might contribute to their increased risk of ACE-I–in-
duced angioedema.30–32 It has also been postulated
that African Americans may have lower levels of bra-
dykinin than white populations, as evidenced by their
decreased urinary kallikrein levels but greater physio-
logical sensitivity to bradykinin.29–31 We note that our
study was not designed to assess incidence of ACE-I–
induced angioedema and so it would not be appropri-
ate to use our data in support of incident statements.

Lip and tongue swelling and shortness of breath
were the most common symptoms manifested by pa-
tients in our study. Other studies have also reported
that ACE-I–induced angioedema has a predilection for
the head and neck.2,5 Banerji reported that shortness of
breath was one of the most commonly documented
presenting symptoms of ACE-I–induced angioedema,
which is consistent with our findings.15 Although the
duration of lip, tongue, and pharyngeal swelling was
not available in this study, previous reports indicate
that it typically resolves within 24–48 hours.33

Two-thirds (66%) of the patients in our cohort were
admitted to hospital, likely because of tongue and la-
ryngeal swelling. This admission rate is slightly higher
than previously reported for a tertiary care center
study.15 Tongue and laryngeal swelling reflects the
severity of angioedema. Patients with these symptoms
tend to be observed more cautiously and receive more
aggressive treatment. Therefore, these patients are usu-

ally admitted to the hospital. We also noted that time
from symptom onset to presentation was not associ-
ated with subsequent hospital admission in either
study. Although two patients in the current cohort
required intubation, there were no reported deaths
secondary to asphyxia.

ACE-I–induced angioedema has been reported to
account for one-third of angioedema-related admis-
sions from the ED.15,16,18,34 Consistent with our find-
ings, many of these patients require inpatient hospital-
ization for management of upper airway angioedema
and airway compromise.35 Effective treatment of ACE-
I–induced angioedema is essential for reducing mor-
bidity and potential mortality as well as to reduce
health care use. First and foremost, the ACE-I should
be discontinued. Patients with ACE-I angioedema
should be monitored for recurrent angioedema for sev-
eral weeks because they appear to be at increased risk
for angioedema episodes irrespective of the non–ACE-I
replacement therapy initiated.36 Conventional thera-
pies such as H1- and H2-antagonists, oral corticoste-
roids, and epinephrine have not been effective in pre-
venting the progression of these attacks in the majority
of patients, supporting a key role for bradykinin as the
putative mediator.37 There are a handful of cases re-
porting successful treatment of ACE-induced angio-
edema with fresh frozen plasma, which was used be-
cause there were no other options.38–41 Plasma-derived
C1-inhibitor has also been reported to be effective for
ACE-I angioedema.42,43 Newer therapies that either
target kallikrein (ecallantide) or block the bradykinin 2
receptor (icatibant) are now approved in the United
States for the treatment of HAE, a rare orphan disor-
der, also mediated by bradykinin.44,45 Recent cases
have been reported that the bradykinin receptor 2 an-
tagonist (icatibant) was effective for the treatment of
ACE-I angioedema.37,46–48 Randomized clinical trials
are currently underway to determine the effectiveness
of these medications in ACE-I–induced angioedema
(ClinTrials.gov ID-NCT01036659).

This report adds to the existing and still emerging
literature, because it confirms as well as contradicts
data reported by other investigators. With the advent
of new therapies being investigated to treat ACE-I
angioedema, it is important to create further awareness
of this problem among the medical community so re-
search and development continues to progress. Using
an alternative antihypertensive agent is certainly an
option. However, ACE inhibitors are excellent thera-
peutic agents that are well tolerated for the vast ma-
jority of patients and have many long-term benefits.

Limitations
Our findings should be interpreted with respect to

the limitations inherent in our design. First, because
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this was a retrospective study, information that would
have been useful to help further explain some of our
observations such as atopic status of the patients and
duration of their attacks was not available. Second, we
are not able to discern whether some of these patients
could have had undiagnosed HAE or acquired angio-
edema because C4 or C1 esterase inhibitor levels were
not measured; the definition of ACE-I–induced angio-
edema was based simply on the concurrence of angio-
edema and taking an ACE-I. Third, the true incidence
of laryngeal involvement would not be found unless all
of the patients underwent direct examination of the
laryngeal structures, and so our data are subject to
workup bias. Perhaps our increased rate of admission
was caused by patient-reported symptoms associated
with airway involvement, even if the airway structures
were not directly visualized. Fourth, this study was
small, with only 100 patients. Our analytic approach,
therefore, has focused on describing the patient cohort
and management of the cohort. When comparisons
have been made, we have provided estimates of effect
size rather than statistical tests in part to avoid empha-
sizing differences that might be the result of a type I
error due to multiple testing. Finally, recording bias is
always a potential problem in retrospective studies.
For example, the poor reporting in time from symptom
onset was not inconsistent between discharged and
admitted patients and there is potential for nonrandom
missing data. We attempted to overcome these biases
by using prespecified methods for handling missing
data, rigorous chart review methodology, cross-check-
ing of charts, and adjudication by a third investigator.

CONCLUSIONS
In summary, our results suggest ACE-I–induced an-

gioedema is associated with significant morbidity and
health care use because many patients require hospi-
talization. This suggests an unmet need for novel ther-
apies targeted to treat this condition.
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