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Abstract
Purpose: Our objective was to calculate the positive predictive value (PPV) of the
ICD-9 diagnosis code for angioedema when physicians adjudicate the events by electronic health record review. Our secondary objective was to evaluate the inter-rater
reliability of physician adjudication.
Methods: Patients from the Cardiovascular Research Network previously diagnosed
with heart failure who were started on angiotensin-converting enzyme inhibitors
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(ACEI) during the study period (July 1, 2006 through September 30, 2015) were
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using electronic health records for all patients coded for angioedema for a total of
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included. A team of two physicians per participating site adjudicated possible events
five sites. The PPV was calculated as the number of physician-adjudicated cases
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divided by all cases with the diagnosis code of angioedema (ICD-9-CM code 995.1)
meeting the inclusion criteria. The inter-rater reliability of physician teams, or kappa
statistic, was also calculated.
Results: There were 38 061 adults with heart failure initiating ACEI in the study
(21 489 patient-years). Of 114 coded events that were adjudicated by physicians,
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98 angioedema events were confirmed for a PPV of 86% (95% CI: 80%, 92%). The
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Conclusions: ICD-9 diagnosis code of 995.1 (angioneurotic edema, not elsewhere
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kappa statistic based on physician inter-rater reliability was 0.65 (95% CI: 0.47, 0.82).
classified) is highly predictive of angioedema in adults with heart failure exposed
to ACEI.
KEYWORDS

ACE inhibitor, adjudication, angioedema, angioneurotic edema, angiotensin-converting
enzyme inhibitor
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Key Points
• The ICD-9 diagnosis code for angioedema has very good positive predictive value (86%)
when adjudicated by physician review of electronic health records in patients with heart failure who initiate ACEI.
• Inter-rater reliability for physician adjudication of angioedema events is good (kappa = 0.65).
• Observational studies of [ICD-9 code for] angioedema in adults with heart failure taking ACEI
may not require physician review of electronic health records to confirm the diagnosis of
angioedema.

1

I N T RO DU CT I O N
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Henry Ford Health System (Detroit, MI, United States). All participating institutions are integrated healthcare delivery systems offering a

International Classification of Disease (ICD) diagnosis codes are subject

continuum of care to their patients. Each partner institution recruited

to misclassification bias or measurement error, and validation studies

two study physicians: one physician to serve as the primary adjudica-

should be performed to assess their use in observational studies. ICD-9

tor, and the second physician to serve as the secondary adjudicator.

code 995.1 designates “Angioneurotic edema, not elsewhere specified”

This allowed calculation of inter-rater reliability in addition to PPV.

and is used to code angioedema for any etiology other than hereditary

One physician team reviewed cases from two institutions.

(e.g., allergic, idiopathic, or adverse event to medication). Angioedema

We assembled a cohort of adults with heart failure based on modi-

itself is a potentially life-threatening condition characterized by sudden

fied diagnostic criteria developed by the CVRN. This included at least

localized swelling of deep tissues caused by the vascular extravasation

three outpatient visits or one or more hospitalization(s) with a primary/

of fluid into the interstitium.1 It can involve any part of the body,

principal discharge diagnosis code of heart failure. We identified new

2

although the larynx, tongue, lips, and face are most often involved.

users of ACEI as those who did not have ACEI prescription fills in the

Angiotensin-converting enzyme inhibitor (ACEI)-associated angioedema

preceding 12 months. The time frame for the analysis was between July

is a well-documented adverse reaction that affects 0.1%–0.7% of ACEI

1, 2006 and September 30, 2015. All ACEI and dosing regimens, includ-

users overall; with a twofold to fourfold higher risk of angioedema in

ing fixed-dose combinations, were considered based on prescription

2–6

Another risk factor for

fills. We followed patients until the first diagnosis of angioedema or

ACEI-associated angioedema is heart failure, with a nearly twofold

censoring. Censoring was defined by (1) discontinuation of ACEI ther-

higher incidence compared with those who do not have heart failure.2,6

apy; (2) initiation of a different class of renin-angiotensin-aldosterone

Approximately 35–40 million patients are prescribed ACEI worldwide4

system-blocking therapy; (3) 365 days of ACEI therapy; (4) disenrollment

for treatment of high blood pressure and heart failure, as well as for its

from the health plan; (5) death; or (6) end of data collection on

renal and cardioprotective effects.2

September 30, 2015. The study design is depicted in Figure 1.

Black patients compared to White patients.

The gold standard adjudication process employs trained clinicians
to confirm the accuracy of the codes based on the patient's paper or
electronic health record (EHR). To date, the authors have found no pre-
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Outcome

viously published epidemiologic studies based exclusively on adjudication performed by physicians of ICD-9 diagnosis codes for angioedema

We identified angioedema events using ICD-9 diagnosis code 995.1

in heart failure patients initiating ACEI. Our primary objective was to

(Angioneurotic edema, not elsewhere classified) documented in the

estimate the positive predictive value (PPV) of ACEI-associated

outpatient, emergency department, or inpatient setting (not limited to

angioedema in heart failure patients based on physician confirmation of

the primary coding field). Patients could only contribute the first

ICD-9 codes by EHR review. Secondarily, we calculated the inter-rater

coded angioedema event to the analysis. Primary and secondary phy-

reliability of concordance, with the kappa statistic.

sician adjudicators reviewed coded angioedema events against EHR
notes within 7 days of the event. To confirm diagnosis of angioedema,
we required documentation of signs or symptoms consistent with

2

METHODS

|

angioedema, such as “difficulty swallowing,” or “edema” and its site
(e.g., lips; see Supporting Information for details).

2.1
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Setting and population

Our source population included patients from five US-based
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Statistical analysis

healthcare delivery systems that contribute to the Cardiovascular
Research Network (CVRN): Kaiser Permanente (KP) Northern Califor-

We calculated the PPV as the number of cases adjudicated by the pri-

nia, KP Southern California, KP Northwest, KP mid-Atlantic and the

mary physician divided by all cases with a diagnosis code of 995.1

3
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F I G U R E 1 Study design. Censoring was
defined by (1) discontinuation of angiotensinconverting enzyme inhibitor (ACEI) therapy;
(2) initiation of a different class of reninangiotensin-aldosterone system-blocking
therapy; (3) 365 days of ACEI therapy;
(4) disenrollment from the health plan; (5) death;
or (6) end of data collection on September
30, 2015. CVRN, Cardiovascular Research
Network [Colour figure can be viewed at
wileyonlinelibrary.com]

meeting the inclusion criteria. When an event could not be confirmed

subgroup. In all 114 coded events, the PPV based on the primary adju-

because of incomplete documentation, the physician classified the

dicator was 86% (95% CI: 80%, 92%). The PPV for Black and White

event as “unconfirmed.” To meet our secondary aim, we calculated

patients appeared similar with a PPV of 90% for Black patients (95%

the kappa statistic to evaluate inter-rater reliability of the two physi-

CI: 82%, 97%) and 84% for White patients (95% CI: 74%, 94%). The

cians. All analyses were performed using SAS 9.4 (SAS Institute, Cary,

settings of care for the 114 coded events were: 27 outpatient care

NC, United States).

(23.7%), 68 emergency/urgent care (59.6%), and 19 inpatient/ICU
(16.7%). The PPV for each care setting was as follows: 85% for outpatient care (95% CI: 71%, 98%), 90% for emergency/urgent care (95%

3
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RESULTS

CI: 82%, 97%), and 83% for inpatient/ICU (95% CI: 66%, 100%).
All 98 confirmed events had documentation of the site of edema

We observed 116 coded angioedema events among 38 061 new ACEI

(neck or head) and 97 confirmed cases also had documentation of a

users (21 489 patient-years). Two patients had no EHR notes related

symptom associated with angioedema (e.g., difficulty swallowing or

to the event and were excluded from analysis. Of the remaining

speaking). To calculate the inter-rater reliability, the second physician

114 events, the first physician adjudicator confirmed 98 events and

adjudicator reviewed the EHR. This resulted in a kappa statistic of

could not confirm 16 events: seven events had clear documentation

0.65 (95% CI: 0.47, 0.82). We did not attempt to reconcile the adjudi-

that the patient did not experience angioedema and nine events had

cation between physicians. Two of the 114 events were not adjudi-

unclear documentation of the occurrence of angioedema. Among the

cated by a second physician (an oversight), so the kappa was based on

38 061 new ACEI users, prescriptions were: lisinopril (94.24%),

112 events.
Of the 98 patients with a confirmed angioedema event, there was

lisinopril/hydrochlorothiazide combination (3.57%), captopril (1.16%),
enalapril

(0.4%),

benazepril

(0.37%),

ramipril

(0.21%),

and

documentation of a permanent or temporary discontinuation of the
ACEI in 81 patients (82.7%). The ACEI was not discontinued in

fosinopril (0.03%).
Table 1 shows patient characteristics according to whether the

15 patients (15.3%) and discontinuation of the ACEI could not be

event was confirmed by the primary physician adjudicator and

determined in two patients (2.0%). Most confirmed events (n = 61,

includes the incidence of confirmed cases of angioedema by racial

62.2%) were managed in urgent care or the emergency department.

TABLE 1

Patient characteristics and positive predictive value overall and by racial subgroup
Total new users n (%)

Confirmed angioedemaa

Coded angioedema

PPV (95% confidence interval)

All patients

38 061 (100%)

98

114

86% (80%, 92%)

White

28 615 (75.18%)

43

51

84% (74%, 94%)

Black

6002 (15.77%)

52

58

90% (82%, 97%)

Asian

2798 (7.35%)

3

4

75% (32%, 100%)

646 (1.70%)

0

1

Other race

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; PPV, positive predictive value.
a
Confirmed first angioedema event by physician adjudication in new ACEI users.

0

4
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Eight events (8.2%) resulted in hospital admission and six patients
required care in the intensive care unit (6.1%). No deaths occurred.

In summary, the ICD-9 diagnosis code of 995.1 (Angioneurotic
edema, not elsewhere classified) is highly predictive of confirmed
angioedema in adults with heart failure exposed to ACEI. However, it
is noteworthy that studies using unadjudicated angioedema diagnosis

4
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DISCUSSION

codes may result in at most, a moderate overestimate of the actual
incidence of angioedema based on ICD-9 coded findings.

To our knowledge, our study is the first to use physician adjudication
exclusively to calculate PPV for coded angioedema events in heart
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The inter-rater reliability scale for kappa interpretation is 0–1,
with “0” signifying agreement consistent with chance, and “1” signifying total agreement. Kappa is dependent on the frequency of the outcome and is constrained toward lower values for high probabilities
(such as 0.86). We interpreted kappa according to Altman's definitions: moderate agreement (0.41–0.60); good agreement (0.61–0.80);
and very good agreement (0.81–1.0).10 As such, physician inter-rater
reliability, measured in our study with a kappa statistic of 0.65, shows
good agreement.
The main limitation of our study was the retrospective design and
use of secondary data collected during routine clinical practice. As
such, healthcare providers were not required to document their diagnosis of angioedema according to a study protocol with uniform diagnostic criteria. Consequently, ~14% of the events coded for
angioedema lacked sufficient documentation of signs and symptoms
to determine whether the diagnosis code was correct. An additional
limitation is our generalizability. Because our population was
restricted to US adults with heart failure initiating ACEI and managed
in an integrated healthcare delivery system, the estimated PPV may
be higher compared to the PPV in a population with a lower incidence
of angioedema.8 Accordingly, our estimated PPV may not fully generalize to other populations or other medications associated with
angioedema. We plan to continue this study of physician adjudication
of angioedema-coded events using ICD-10 codes in the future.

RE FE RE NCE S
1. Brown T, Gonzalez J, Monteleone C. Angiotensin-converting enzyme
inhibitor-induced angioedema: a review of the literature. J Clin Hypertens. 2017;19(12):1377-1382. https://doi.org/10.1111/jch.13097
2. Miller DR, Oliveria SA, Berlowitz DR, Fincke BG, Stang P, Lillienfeld DE.
Angioedema incidence in US veterans initiating angiotensin-converting
enzyme inhibitors. Hypertension. 2008;51(6):1624-1630. https://doi.
org/10.1161/HYPERTENSIONAHA.108.110270
3. Brown NJ, Ray WA, Snowden M, Griffin MR. Black Americans have
an increased rate of angiotensin converting enzyme inhibitorassociated angioedema. Clin Pharmacol Ther. 1996;60(1):8-13.
https://doi.org/10.1016/S0009-9236(96)90161-7
4. Brown NJ, Byiers S, Carr D, Maldonado M, Warner BA. Dipeptidyl
peptidase-IV inhibitor use associated with increased risk of ACE
inhibitor-associated angioedema. Hypertension. 2009;54(3):516-523.
https://doi.org/10.1161/HYPERTENSIONAHA.109.134197
5. Carucci L, Bova M, Petraroli A, et al. Angiotensin-converting enzyme
inhibitor–associated angioedema: from bed to bench. J Investig
Allergol Clin Immunol. 2020;30(4):272-280. https://doi.org/10.18176/
jiaci.0458
6. Makani H, Messerli FH, Romero J, et al. Meta-analysis of randomized
trials of angioedema as an adverse event of renin–angiotensin system
inhibitors. Am J Cardiol. 2012;110(3):383-391. https://doi.org/10.
1016/j.amjcard.2012.03.034
7. Newcomer SR, Xu S, Kulldorff M, Daley MF, Fireman B, Glanz JM. A
primer on quantitative bias analysis with positive predictive values in
research using electronic health data. J Am Med Inform Assoc. 2019;
26(12):1664-1674. https://doi.org/10.1093/jamia/ocz094

5

MANSI ET AL.

8. Schneider G, Kachroo S, Jones N, et al. A systematic review of validated methods for identifying anaphylaxis, including anaphylactic
shock and angioneurotic edema, using administrative and claims data.
Pharmacoepidemiol Drug Saf. 2012;21:240-247. https://doi.org/10.
1002/pds.2327
9. Carnahan RM. Mini-Sentinel's systematic reviews of validated
methods for identifying health outcomes using administrative data:
summary of findings and suggestions for future research.
Pharmacoepidemiol Drug Saf. 2012;21:90-99. https://doi.org/10.
1002/pds.2318
10. Altman DG. Practical Statistics for Medical Research. 1st. ed. New
York: Chapman and Hall/CRC; 1990. https://doi.org/10.1201/
9780429258589

SUPPORTING INF ORMATION
Additional supporting information may be found in the online version
of the article at the publisher's website.

How to cite this article: Mansi ET, Johnson ES, Thorp ML,
et al. Physician adjudication of angioedema diagnosis codes in
a population of patients with heart failure prescribed
angiotensin-converting enzyme inhibitor therapy.
Pharmacoepidemiol Drug Saf. 2021;1-5. doi:10.1002/pds.5361

