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Abstract

Objectives. Identify factors associated with angiotensin-
converting enzyme inhibitor–induced angioedema (AIIA),
including (1) time of presentation, (2) clinical symptoms, and
(3) anatomical regions in the head and neck, that may indi-
cate need for airway intervention.

Study Design. Case series with chart review.

Setting. Three university tertiary care hospitals.

Subjects and Methods. Medical records of adult patients pre-
senting to the emergency department (ED) diagnosed with
AIIA within a 3-year period were reviewed. Time at presen-
tation, presenting symptoms, physical examination findings,
treatment, length of hospitalization, and outcomes were
examined. Univariate analysis was performed.

Results. 311 patients were diagnosed with AIIA and evaluated
with flexible laryngoscopy by an otolaryngologist. Patients
requiring airway intervention most often presented within 4
hours of onset. Dysphagia, dysphonia, drooling, respiratory
distress, and globus sensation were associated with airway
intervention (x2 range, 9.1-47.1). Patients with edema of the
face, lower lip, and upper lip were at low risk for airway
intervention (odds ratio = 0.4, 0.3, and 0.4, respectively; all P
values \.05), while those with involvement of the tongue,
soft palate, vallecula, aryepiglottic folds, and true vocal cords
were associated with highest risk (odds ratio = 11.1, 12.3,
9.9, 8.5, and 33.5, respectively; all P values \ .001).

Conclusion. This is the largest patient series to date of AIIA
patients evaluated with flexible laryngoscopy. Physicians
should be aware of certain risk factors that will require a
higher acuity level of care, including (1) presentation within
4 hours of symptom onset, (2) symptoms such as drooling
and respiratory distress, (3) and involvement of the tongue,
soft palate, and larynx.
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Introduction

Described in 1882 by Heinrich Quincke, angioedema is an

anatomically limited, subcutaneous nonpitting edema, typically

sudden in onset and short in duration. It most often involves

subsites of the head and neck and can become life-threatening

if the airway is affected. Although multiple causes have been

acknowledged, angiotensin-converting enzyme inhibitors

(ACEIs) are increasingly identified as culprits of angioedema

around the world, comprising about one-third of cases.1

Targeting the renin-angiotensin-aldosterone system, ACEIs are

widely used in patients with hypertension or ischemic heart

disease, especially those with other comorbidities such as con-

gestive heart failure, diabetes mellitus, or chronic kidney dis-

ease. The proposed mechanism of ACEI-induced angioedema

(AIIA) is the decreased degradation and subsequent increased

accumulation of bradykinin in plasma and tissues, which leads

to increased vascular permeability, activation of proinflamma-

tory peptides, and local release of histamine.2 Previous studies

have suggested a higher incidence of AIIA among women and

African Americans.3

ACEI-induced angioedema has a tendency to progress

rapidly; therefore, prompt identification and treatment of

this life-threatening condition are imperative. This can

sometimes prove to be challenging, as patients may present

to the emergency department (ED) with vague symptoms or

may be unable to give adequate history due to disease pro-

gression. In some cases, initial presentation is mild and
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symptoms resolve quickly enough that the patient can be

safely discharged home directly from the ED. With more

moderate severity, patients typically require admission to

either an observation unit or a general medical floor.

Patients who exhibit signs of respiratory distress or impend-

ing airway compromise may require emergent airway man-

agement and are generally transferred to the intensive care

unit (ICU) for close monitoring. Clinical findings can help

identify high-risk patients; one published study reported an

association between need for airway intervention and voice

change, hoarseness, stridor, and dyspnea.1 Inability to fully

visualize involvement of anatomic structures upon initial

evaluation (due to excessive swelling or an inaccessible ana-

tomic location) can prolong time to treatment or, worse,

underestimate the need for intubation or tracheostomy.

Therefore, flexible laryngoscopy performed by an otolaryn-

gologist is a useful tool to classify site and extent of airway

involvement.

Despite the existence of some data, comprehensive infor-

mation to facilitate safe triage of patients is lacking. A

better understanding of factors that, in aggregate, can aid in

expectant management is needed. Accordingly, the goal of

the current study was to identify these factors, including (1)

time of presentation, (2) high-risk clinical signs and symp-

toms, and (3) anatomical regions in the head and neck, that

may indicate need for airway intervention.

Methods

Approval for this study was granted by Wayne State

University Institutional Review Board. A retrospective chart

review was performed using electronic medical records

(EMRs) from ED visits to 3 hospitals affiliated with the

Detroit Medical Center (DMC) from July 2010 to July

2013. To improve quality of records for documentation and

billing purposes, in 2010 the DMC otolaryngology service

developed and implemented a standardized template for

documenting history, physical, and laryngoscopy findings

for all patient encounters. This EMR template, currently

used by all otolaryngology residents and attendings, has

resulted in a significant reduction of missing data, particu-

larly for this retrospective chart review. Inclusion criteria

were (1) adults diagnosed with angioedema (ICD-9 995.1),

(2) patients confirmed to be receiving an ACEI as per medi-

cal records at the time of presentation, and (3) patients eval-

uated with flexible laryngoscopy by the otolaryngology

service in the ED. Patients taking an angiotensin-receptor

blocker (ARB), another antihypertensive that targets the

renin-angiotensin-aldosterone system, were also included.

For this study, electronic charts were reviewed and

abstracted by 4 physicians (2 otolaryngologists and 2 emer-

gency medicine physicians) under the supervision of the

principal investigator. Each reviewer was trained prior to

beginning data abstraction, and all reviewers were blinded

to reviews done by other investigators. For quality control,

25% of records were reviewed by 2 different raters who

evaluated all variables independently to identify interrater

reliability. To ensure intrarater reliability once all data were

collected, reviewers were asked to re-review 25% of their

previous charts without access to previous ratings. Results

were compared for significant discrepancies, and a third

reviewer resolved all discrepancies. Acceptable agreement

was considered if there was 90% or greater agreement

among the raters. In addition to general demographics,

information extracted included duration of ACEI or ARB

use, smoking status, previous episodes, subjective symptoms

(dysphagia, dysphonia, drooling, odynophagia, respiratory

complaints such as dyspnea or stridor, globus sensation,

pruritus), anatomic location of airway involvement as noted

on physical examination and laryngoscopy, disposition from

the ED (discharge, observation, general medical floor, ICU),

airway intervention (none, intubation, tracheostomy), and

time to resolution of symptoms. To enable group-wise com-

parisons, symptoms were coded as present or absent and

summated, yielding a total score ranging from 0 to 7.

All data were double entered into a standardized database

and analyzed using the Statistical Package for the Social

Sciences (SPSS v20.0, Chicago, Illinois) data entry.

Descriptive statistics (frequency, means, and standard devia-

tions) were calculated for all variables. Chi-square or Mann-

Whitney U analysis were used to examine differences in the

probability of airway intervention (either intubation or tra-

cheostomy) based on time of onset to treatment, patient-

reported symptoms, and anatomical findings on laryngo-

scopy. Univariable, unadjusted odds ratios (ORs) and corre-

sponding 95% confidence intervals (CIs) were calculated for

the outcome of airway intervention, using patient reported

symptoms and anatomical location of airway involvement as

distinct predictor variables. Time to achieve a dichotomized

measure of symptom resolution was also compared by airway

intervention group. Based on a projected sample size of 300,

our study had adequate power (0.95) to identify even a small

effect (effect size = 0.2, alpha = 0.05; critical t = 1.93).

Results

A total of 1390 patients were diagnosed with angioedema in

the ED during this time period, 311 (22.4%) of whom fit

the inclusion criteria. Table 1 summarizes patient demo-

graphics. The mean age was 59, 54.7% were female, and

95.1% were African American. The most common medica-

tion taken was lisinopril (84.2%), and 2.8% of patients were

taking an ARB. Duration of medication use was highly vari-

able, ranging from 1 day to more than 10 years, and no cor-

relation was found between duration of use and need for

airway intervention. The majority of patients were treated with

a corticosteroid, a histamine-1 (H1) blocker, and a histamine-2

(H2) blocker (93.2%); 1.6% received only steroids and an H1

blocker, and 1.3% received only steroids (Table 1). The

majority of the patients did not receive airway intervention

(83%), 16% were intubated, and 1% required tracheostomy

(Figure 1). Nearly all patients were admitted to the hospital

(96%), and the most frequent disposition location was the ICU

(47%). Of those not transferred to the ICU, 4% were dis-

charged, 36% were observed for 23 hours or less, and 13%

were sent to the general medical floor (Figure 2). Although
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this was the first diagnosis of AIIA for most patients, 29.6%

reported at least 1 prior episode. Patients presenting with AIIA

for the first time were noted to have more symptoms and phys-

ical findings than patients who had experienced AIIA before.

A total of 52 patients (16.7%) required airway interven-

tion. As shown in Table 2, patients with a longer duration

between symptom onset and presentation had a lower prob-

ability of receiving airway intervention (P = .007). Those

who presented within 4 hours of onset were at greatest risk,

with a 2-fold increase in the likelihood of requiring intuba-

tion or tracheostomy. While the mean number of patient-

reported subjective symptoms in the overall cohort was 1.2

(SD = 1.4), 43.4% had no reported subjective complaints

(Table 3). Of those patients with no symptoms, only 4

(0.01% of the entire sample) required airway intervention.

Airway intervention was notably related to total symptom

score, with a significantly lower mean number of symptoms

for those who did not receive airway intervention (0.9 vs

2.5; P \ .001). Patients who reported dysphagia, dysphonia,

globus sensation, drooling, and respiratory distress were

more likely to require airway intervention, with the highest

risk for the latter 2 symptoms. Patients who reported at least

1 symptom were 9.2 times more likely to need airway inter-

vention than those with no reported complaints (P \ .001).

In addition to symptoms, anatomic location of airway invol-

vement was strongly associated with need for airway interven-

tion (Table 4). The average number of physical examination

findings was significantly different between intervention

groups (P \ .001). While there was not an increased risk for

airway intervention with involvement of only 1 anatomic site

(P = 0.53), patients with 2 or more sites involved were 15.1

times more likely to have invasive airway management per-

formed (P \ .001). Specific anatomical sites associated with

high risk (unadjusted OR . 5) in this sample include the

tongue, soft palate, vallecula, aryepiglottic folds, and true

vocal cords. In contrast, patients with edema that was isolated

Table 1. Patient Demographics.

Characteristic Na %

Gender (% male) 310 45.3

Race (% African American) 308 95.1

Smoking status (% smoker) 309 47.3

AIIA prior episode 307

None 72.5

1 prior episode 21.5

2 prior episodes 3.0

3 prior episodes 2.0

4 prior episodes 1.0

Treatment 310

None 0.6

Steroids only 1.3

Steroids and H1 blocker 1.6

Steroids, H1 blocker, and H2 blocker 93.2

Time to treatment 307

\4 hours 30.3

4-hours 29.3

8-12 hours 18.2

12-24 hours 13.4

.24 hours 8.8

aThese values indicate the number of subjects with information available.

83% %

16% %

1% 

None Intuba�on Tracheostomy

Figure 1. Distribution of airway intervention.

Figure 2. Distribution of patients after treatment in the emer-
gency department.
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to the face or lips were at very low risk for airway intervention

(unadjusted OR 0.3-0.4).

As shown in Table 5, symptoms resolved within 24 hours

for 62.5% of patients who did not require airway intervention.

Patients who received airway intervention took longer to

resolve (P \ .001), with 42.3% experiencing symptoms

beyond 48 hours. Of note, there were no in-hospital deaths in

either group.

Discussion

In this retrospective cohort study of AIIA, 16.7% of patients

required airway intervention. Need for airway intervention

was strongly associated with the time from symptom onset

to presentation and clinical features such as drooling and

respiratory distress. In addition, airway intervention was

associated with sites of anatomical involvement including

the tongue, soft palate, and larynx. While some of these

associations have been previously reported, our study is

unique in that all patients underwent laryngoscopy, enabling

more clear delineation of the risk conferred by specific ana-

tomical locations involved.4-6

Angioedema can be acquired or hereditary and is mediated

by different vasoactive substances, including histamine and

bradykinin, and clinical presentation is often similar despite

diverse causes. Like AIIA, hereditary angioedema involves

bradykinin, but instead of decreased degradation, it is caused

by a quantitative or qualitative deficiency of C1 esterase inhi-

bitor, which leads to overproduction of bradykinin.1,7,8

Angioedema as an adverse event has been estimated to occur

in 0.20% to 0.68% of patients treated with an ACEI.7-9

Studies have demonstrated that African Americans represent

the vast majority of AIIA patients who suffer from angioe-

dema reactions.3-5,10 The increased risk of this population to

AIIA has been hypothesized to be due to increased sensitivity

to bradykinin.11 In the current study, 95.1% of included

patients were African American. While the large proportion

likely reflects the geographic location of our medical center

(Detroit, Michigan, which is 82% African American), it may

also be attributable to a specific predisposition to develop

Table 3. Association of Patient-Reported Symptoms by Intervention Status.a

Airway Intervention

Symptoms

Total, %

(N = 311)

No, %

(n = 259)

Yes, %

(n = 52) OR 95% CI x2

Dysphagia 25.4 19.7 53.8 4.8 2.5-8.9 26.7b

Dysphonia 29.3 22.8 61.5 5.4 2.9-10.2 31.4b

Drooling 9.6 5.0 32.7 9.2 4.1-20.5 38.0b

Odynophagia 6.4 5.4 11.5 2.3 0.8-6.2 2.7

Respiratory distress 18.3 11.6 51.9 8.2 4.2-16.0 47.1b

Globus sensation 20.9 17.8 36.5 2.7 1.4-5.1 9.1c

Pruritus 6.8 7.0 5.8 0.8 0.2-2.9 0.1

Abbreviation: OR, odds ratio.
aThe values in the rows do not total 100%, as the proportions are presented only for patients who were positive for each symptom. For example, column

information for ‘‘no’’ airway intervention is solely based on patients with the corresponding symptom who did not receive airway intervention. Likewise,

values in the ‘‘yes’’ column represent the proportion of the sample who did have the symptom and did receive airway intervention. The columns also do not

total 100% because some patients were positive for more than 1 symptom.
bP \.001.
cP \.01.

Table 2. Onset of Symptoms by Intervention Status.a

Airway Intervention

Symptom Onset

Total, %

(N = 307)

No, %

(n = 255)

Yes, %

(n = 52) x2 P

\4 hours 30.3 27.1 46.2 10.8b .029

4-8 hours 29.3 30.6 23.1

8-12 hours 18.2 17.6 21.2

12-24 hours 13.4 14.9 5.8

.24 hours 8.8 9.8 3.8

aBolded proportion significantly different (z \ 0.05).
bP = .007.
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this complication. Of note, the type of ACEI medication and

duration of use were found to have no bearing on severity of

symptoms or need for airway intervention. In addition to

patients using ACEIs, patients who were using ARBs were

included in our study, as this class of drugs is also known to

cause angioedema, although to a lesser extent than ACEI1,9;

however, only 9 patients were in this group, precluding sub-

group analysis by medication class. That almost one-third of

the patients in this study reported 1 or more prior episodes of

AIIA is important and highlights both the recurrent nature

of this complication and the need for vigilance on the part

of patients and providers to avoid repeat exposure to poten-

tially harmful medications.

Treating AIIA can be a challenge due to its variable symp-

toms and potential for rapid progression. Chiu et al10 noted

that a shorter time lag prior to presentation was associated

with a greater need for airway intervention. Our data indi-

cated a similar temporal relationship; 90.5% of patients who

required airway intervention presented within 12 hours of

symptoms onset, and there was a 2-fold greater risk of

airway intervention for those who presented within 4 hours.

The patient’s clinical signs at presentation can also give clues

as to the extent of angioedema and the anatomical site of

involvement. While dyspnea is perhaps the most transparent

risk factor for airway compromise, dysphagia and odynopha-

gia are high-risk features that indicate likely oropharyngeal

involvement. Similarly, dysphonia is important to consider

and points to potential laryngeal edema. As noted by us and

as reported in a previous study, patients who are unable to

tolerate their secretions are at particular risk; although this

finding is not specific to an anatomic site, it likely indicates

severe edema.6 Therefore, physicians should monitor patients

for these findings and maintain a low threshold for airway

intervention should any of these symptoms manifest.

As shown by our data, laryngoscopy is a critical compo-

nent of the evaluation of patients with AIIA, and numerous

studies have examined the correlation between anatomic site

of involvement and need for airway intervention in patients

with angioedema.4,5 In an attempt to guide treatment, some

authors have devised staging systems based on anatomic

site; however, at this time there is no widely accepted sta-

ging system in use.1,6,10 We found that while upper lip,

lower lip, and facial swelling was a common physical find-

ing, it was associated with a very low risk for requiring

airway intervention. Al-Khudari et al4 had similar findings

in their small prospective study, concluding that patients

Table 4. Association between Anatomic Sites Involved by Intervention Status.a

Airway Intervention

Site

Total, %

(N = 311)

No, %

(n = 259)

Yes, %

(n = 52) OR 95% CI x2

Face 27.7 30.2 15.4 0.4 0.2-0.9 4.8b

Upper lip 54.5 59.7 28.8 0.3 0.1-0.5 16.6c

Lower lip 44.5 47.7 28.8 0.4 0.2-0.9 6.2d

Tongue 32.2 23.2 76.9 11.1 5.5-22.4 57.4c

Uvula 14.1 11.6 26.9 2.8 1.4-5.8 8.4d

Floor of mouth 14.5 11.6 28.8 3.1 1.5-6.3 10.4c

Hard palate 1.0 0.0 5.8 — 4.9-8.1 15.1c

Soft palate 8.0 3.5 30.8 12.3 5.1-30.0 43.6c

Neck 4.8 3.5 11.5 3.6 1.2-10.7 6.1d

Vallecula 5.8 2.7 21.6 9.9 3.6-26.9 27.6c

Base of tongue 27.1 20.9 57.7 5.2 2.8-9.6 29.6c

Lingual epiglottis 15.8 10.5 42.3 6.3 3.2-12.4 33.0c

Laryngeal epiglottis 13.2 8.5 36.5 6.2 3.0-12.6 29.6c

Aryepiglottic folds 10.0 5.4 32.7 8.5 3.8-18.7 35.7c

Arytenoids 13.5 10.5 28.8 3.5 1.7-7.1 12.5c

False vocal cords 7.1 5.0 17.3 4.0 1.6-9.8 9.9d

True vocal cords 2.3 0.4 11.5 33.5 3.9-285.0 24.4c

Pharyngeal walls 7.4 4.7 21.2 5.5 2.3-13.3 17.2c

Abbreviation: OR, odds ratio.
aThe values in the rows do not total 100%, as the proportions are presented only for patients who were positive for each symptom. For example, column

information for ‘‘no’’ airway intervention is solely based on patients with the corresponding symptom who did not receive airway intervention. Likewise,

values in the ‘‘yes’’ column represent the proportion of the sample who did have the symptom and did receive airway intervention. The columns also do not

total 100% because some patients were positive for more than 1 symptom.
bP \.05.
cP \.001.
dP \.01.
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with edema limited to the face, upper lip, and lower lip

were unlikely to have airway involvement on flexible laryn-

goscopy. Considering these data, we suggest that patients

with edema isolated to one of these sites and no other sub-

jective complaints can be observed and treated in the ED

and safely discharged if there is no disease progression.

A study published from our institution in 2011 found that

patients with angioedema involving the anterior tongue,

larynx, or base of tongue were more likely to require airway

intervention.5 Although the results were statistically signifi-

cant, the authors did not distinguish between AIIA and

other types of angioedema. Our current study extends these

findings by focusing specifically on AIIA and further subdi-

viding laryngeal involvement. Although all laryngeal sub-

sites were associated with increased risk, involvement of the

true vocal cords was the strongest predictor of need for

airway intubation. The anterior tongue was also found to be

a high-risk site. Although a published study reported that

one-fourth of the patients with lingual edema were treated

as outpatients,1 the results from the current study support

inpatient monitoring for patients with tongue involvement.

From a practical standpoint, patients with involvement of

any of the high-risk anatomical sites should be closely mon-

itored via continuous pulse oximetry, either in the ICU or

on the general medical floor, with anticipation of the poten-

tial need for airway intervention.

Our study did not specifically address medical treatment

for AIIA, and no standardized treatment protocol exists for

this disease. Most patients in our study were treated using H1

blockers, H2 blockers, and corticosteroids, and all patients

had eventual resolution of symptoms with no in-hospital

deaths. Based on our experience, the following approach is a

reasonable consideration: (1) immediate discontinuation of

the inciting medication (with initiation of an alternative anti-

hypertensive medication class) and documentation of ACEI

intolerance in the medical record; (2) administration of intra-

venous (IV) dexamethasone or methylprednisolone every 6 to

8 hours; (3) administration of IV diphenhydramine (an H1

blocker) every 8 hours; and (4) administration of IV raniti-

dine (an H2 blocker) every 8 hours. This regimen should be

started in the ED and continued until there is a satisfactory

resolution of symptoms. Although this regimen does not

affect bradykinin activity, steroids and antihistamines theore-

tically reduce associated inflammation and edema. Although

time has generally been demonstrated to be the factor most

associated with swelling resolution, one study noted that

patients treated with H1 blockers were extubated an average

of 28 hours earlier than those who did not receive H1 blocker

therapy.6 Icatibant, a novel therapeutic agent that directly

inhibits bradykinin, has recently been introduced and has

shown promise in early studies of AIIA.12,13 However, inves-

tigation with this drug is ongoing for this indication

(NCT01919801), and at present it is only approved for use in

hereditary angioedema.

Our study has certain limitations, including the retrospec-

tive nature of data collection. However, much of the data

collected were clearly documented in the electronic medical

record and, by design, symptoms and physical examination

findings that were not documented were coded as absent rather

than unknown. While this may bias against certain associa-

tions, the otolaryngology service involved in the care of study

patients uses a standardized template for documenting history,

physical, and laryngoscopy findings, which reduces the likeli-

hood of relevant missing data substantially. All patients in this

study were seen by the otolaryngology service, introducing

possible selection bias toward patients with moderate to severe

disease, since patients with mild symptoms or quick resolution

may have been discharged or treated without consultation.

Conversely, patients with severe respiratory distress upon pre-

sentation in the ED may have received airway intervention

without otolaryngological evaluation. Beyond this, our cohort

was almost uniformly African American, limiting generaliz-

ability of our findings to the broader population of patients

with AIIA. Notwithstanding, this was a large, comprehensive

study that used time as well as clinical, physical, and anatomi-

cal laryngoscopy findings to examine identifiers for increased

risk of airway involvement, and it is unlikely that specific

associations, particularly for the latter, would differ by race or

ethnicity.

Conclusion

In this study of predominantly African American patients

with AIIA, all of whom were evaluated by otolaryngology

staff and underwent flexible laryngoscopy, we found strong

Table 5. Resolution of Symptoms by Intervention Status.a

Airway Intervention

Resolution

Total, %

(N = 311)

No, %

(n = 259)

Yes, %

(n = 52) x2 P

\12 hours 11.6 13.9 0.0 68.4 \.001

12-24 hours 41.8 48.6 7.7

24-36 hours 18.6 18.1 21.2

36-48 hours 13.2 10.0 28.8

.48 hours 14.8 9.3 42.3

aBolded proportion significantly different (z \ 0.05).
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associations between the need for airway intervention and

several factors, including time from onset to presentation,

symptoms suggestive of oropharyngeal and laryngeal invol-

vement, and visualized edema in the tongue, soft palate, and

larynx. Importantly, patients who did not require airway

intervention were likely to experience symptom resolution

within 24 hours. Such information helps to define features

of this disorder that can assist physicians in developing a

much-needed, more comprehensive approach to risk assess-

ment and treatment.
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