Original Article

Identification of Inpatient Allergic Drug Reactions ®
Using ICD-9-CM Codes

Rebecca R. Saff, MD, PhD?", Yu Li, MS®°, Nikita Santhanakrishnan, BS®, Carlos A. Camargo, Jr., MD, DrPH*",
Kimberly G. Blumenthal, MD, MSc®®°, Li Zhou, MD, PhD"®", and Aleena Banerji, MD®"®  Boston, Mass

What is already known about this topic? ldentifying cases of allergic drug reactions using billing codes provides
valuable information for studying drug allergy epidemiology, but the accuracy of the coding and the variation between sites
of health care delivery are not well established.

What does this article add to our knowledge? We used chart review to validate specific International Classification of
Diseases, Ninth Revision, Clinical Modification codes and E codes to identify patients with allergic drug reactions in the
inpatient setting at a large academic medical center and describe the most common causative agents.

How does this study impact current management guidelines? This study identifies the highest yield billing codes for
allergic drug reactions in the inpatient setting, providing a platform for assembling larger drug allergy cohorts for epide-

miological study.

BACKGROUND: The study of allergic drug reactions has been
limited because of challenges in identifying and confirming
cases.

OBJECTIVE: To determine the utility of International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes for identifying inpatient allergic drug
reactions and to compare findings with previous data in the
emergency department.

METHODS: By reviewing medical records of inpatients with
ICD-9-CM codes and E codes suggestive of allergic drug
reactions at a large urban academic medical center, we
determined codes that yielded the most drug allergy cases and
identified culprit drugs.
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RESULTS: In 2005 and 2010, 3337 and 5282 possible allergic
drug reactions during hospitalization were identified and 1367
were reviewed. Allergic drug reactions were found in 409
(30.1%) of the reviewed charts, with 172 (29.7%) in 2005 and
237 (30.5%) in 2010. The codes that identified the highest
percentage of true allergic drug reactions were dermatitis due to
drug (693.0), allergic urticaria (708), angioneurotic edema
(995.1), and anaphylaxis (995.0). Antibiotics were the most
common cause (44.4%); however, multiple drug classes were
often identified as likely culprit drugs.

CONCLUSION: Specific ICD-9-CM codes can identify patients
with allergic drug reactions, with antibiotics accounting for
almost half of true reactions. Most patients with codes 693.0,
995.1, 708, and 995.0 had allergic drug reactions, with 693.0 as
the highest yield code. An aggregate of multiple specific codes
consistently identifies a cohort of patients with confirmed
allergic drug reactions. © 2019 American Academy of Allergy,
Asthma & Immunology (J Allergy Clin Immunol Pract
2019;7:259-64)

Key words: International Classification of Diseases; Ninth
Revision, Clinical Modification (ICD-9-CM) codes; Adverse drug
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INTRODUCTION

Allergic drug reactions comprise less than 10% of adverse drug
reactions (ADRs), but have a substantial negative impact on
clinical outcomes and cost of care." Systematic study of the
epidemiology of drug allergy has been difficult because of the
challenge of identifying true cases in large data sets, and the chart
review that is required to confirm case identification is time- and
resource-intensive. Clinical epidemiology studies are increasingly
relying on electronic medical records, including claims data and
associated billing codes. International Classification of Diseases

259


mailto:rsaff@partners.org
https://doi.org/10.1016/j.jaip.2018.07.022
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaip.2018.07.022&domain=pdf

260 SAFF ET AL

Abbreviations used
ACE- angiotensin-converting enzyme
ADR- adverse drug reaction
DRESS- drug reaction with eosinophilia and systemic
symptoms
ED- emergency department
ICD- International Classification of Diseases
ICD-9-CM- International Classification of Diseases, Ninth
Revision, Clinical Modification
NLP- natural language processing
SJS/TEN- Stevens-Johnson syndrome/toxic epidermal necrolysis

(ICD) codes are used to record the diagnosis for all patient
encounters and may provide a valuable resource for identifying
patients, but these codes are used primarily for billing, and
individual physicians use a heterogeneous mixture of codes,
making information inaccurate or incomplete.” Researchers have
found that specific conditions are often distributed across mul-
tiple codes.”

We previously demonstrated the utility of using a broad set of
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes and E codes in identifying cases
of allergic drug reactions in the emergency department (ED).’
We confirmed an allergic drug reaction in 27% of the ED
visits by studying these codes and determined the accuracy of the
codes used through chart review. The codes that identified the
highest percentage of true allergic drug reactions were dermatitis
due to drug (693.0; 87%), adverse reaction to drug (995.2;
52%), and anaphylaxis (995.0; 38%). Because coding in
different clinical settings may vary substantially, we evaluated the
utility and accuracy of JCD-9 codes in the inpatient setting and
compared findings with our previous ED data.’

METHODS

We reviewed random samples of medical records of inpatients
treated in an academic medical center in 2005 and 2010. The year
2005 overlaps with our previous ED study time period (2001-2006),
and the year 2010 provides a more recent time point.

Reaction identification

All selected medical records were reviewed by both a trained
research assistant and a board-certified allergist/immunologist. We
determined allergic drug reactions if identified by the primary or
consulting physician and by the presence of allergic symptoms
(including rash, angioedema, respiratory symptoms, or anaphylaxis)
that were temporally related to the initiation of drug therapy and
consistent with an immunologically mediated response to a drug.®”
If there was disagreement between the reviewers, the case was
reviewed by a second allergist. If described by a physician in the
reviewed notes, the specific drug responsible for the reaction as well
as symptoms documented in the note were recorded. Possible drug
reaction with eosinophilia and systemic symptoms (DRESS) was
identified if the specific term was used or rash, eosinophilia, and
laboratory abnormalities were identified together. Possible Stevens-
Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) was iden-
tified if the term was used or mucosal lesions, blistering, skin
detachment, or desquamating rash was identified.

After manual chart review, we determined the percentage of
allergic drug reactions within each code and constructed a hierarchy
of the codes on the basis of this frequency from the highest to the
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lowest. Duplicates were eliminated by allowing only 1 code per
medical record number for each hospitalization and included under
the highest place in the hierarchy they occurred.

Statistical analysis

Demographic characteristics among patients with and without
drug allergic reactions were presented as numbers with frequencies or
medians with interquartile ranges, and were compared using Wil-
coxon rank sum test or the chi-square test. Frequencies of allergic
drug reactions between years (2005 and 2010) and locations
(inpatient and ED) were compared using chi-square tests. Two-sided
P values less than .05 were considered significant. Statistical analyses
were performed using SAS 9.4 (SAS Institute, Cary, NC). This study

was approved by the Partners Human Research Committee.

RESULTS
ICD-9-CM codes to identify allergic drug reactions
We identified 3337 inpatient visits in 2005 and 5282 inpa-
tient visits in 2010 with a possible allergic drug reaction. For
2005, 580 of the 3337 possible allergic drug reactions during
hospitalization were reviewed and allergic drug reactions were
identified in 172 (29.7%). The codes that identified the highest
percentage of true allergic drug reactions were dermatitis due to
drug (693.0; 81.7%), angioneurotic edema (995.1; 73.9%), and
allergic urticaria (708; 60.0%) (Table I). For 2010, 777 of the
5282 possible allergic drug reactions during hospitalization were
reviewed and allergic drug reactions were found in 237 (30.5%).
The codes that identified the highest percentage of true allergic
drug reactions were dermatitis due to drug (693.0; 76.8%),
anaphylaxis (995.1; 65.4%), and allergic urticaria (708; 64.7%)
(Table I). E codes without 1 of the /[CD-9-CM codes for allergic
drug reactions were not commonly used, and of charts reviewed
with E codes, 6.7% in 2005 and 11.4% in 2010 were found to
be associated with allergic drug reactions.

Patient characteristics

The patient population, with and without allergic drug re-
actions, identified using these codes was similar between 2005
and 2010 (see Table E1 in this article’s Online Repository at

www.jaci-inpractice.org).

Drugs causing hypersensitivity reactions

In total, 408 patients with allergic drug reactions were iden-
tified. The most common cause of allergic drug reactions was
antibiotics (44.4% [n = 181]) (Figure 1). Of these patients,
17.1% (n = 31) were on multiple antibiotics, and the specific
culprit drug could not be determined. Of the antibiotic re-
actions, vancomycin was the most common individual culprit
drug, identified alone in 22.1% of antibiotic reactions and pre-
sent in 33.7% of all antibiotic reactions. B-Lactams alone were
identified in 13.8% of reactions and in 18.8% of all antibiotic
reactions. Antibiotic reactions were primarily coded as dermatitis
due to drug (693.0), unspecified effect due to drug (995.2), and
rash (782.1), with these codes accounting for 70.2% of the
antibiotic reactions.

The second most common cause of allergic drug reactions
(10.5%) occurred in patients receiving multiple drugs where no
clear culprit drug was identified (Figure 1). Sixty-eight percent of
these reactions (in 28 of 41 patients) included an antibiotic.
Other classes included anticonvulsants (17%), angiotensin-
converting enzyme (ACE) inhibitors (12%), nonsteroidal anti-
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TABLE I. Inpatient visits with allergic drug reactions by /CD-9-CM code in 2005 and 2010

No. of No. with drug % Drug
Hierarchy /CD-9-CM code Code description patients* No. reviewed % Reviewed allergy allergy
2005
1 693.0 Dermatitis due to drug 269 60 22.3 49 81.7
2 995.1 Angioneurotic edema 57 23 40.4 17 73.9
3 708.0 Allergic urticaria 34 20 58.8 12 60.0
4 995.0 Anaphylaxis 45 21 46.7 11 524
5 698.8 Specified pruritus 18 17 94.4 8 47.1
6 995.3 Allergy unspecified 72 18 25.0 7 38.9
7 995.2 Unspecified adverse effect due to unspecified drug 268 54 20.1 17 31.5
8 708.9 Urticaria unspecified 52 25 48.1 8 32.0
9 698.9 Unspecified pruritus 113 28 24.8 6 214
10 782.1 Rash 444 87 19.6 19 21.8
11 288.3 Eosinophilia 51 18 353 4 222
E930-949 E codet 1914 209 10.9 14 6.7
Total 3337 580 17.4 172 29.7
2010
1 693.0 Dermatitis due to drug 453 99 21.9 76 76.8
2 708.0 Allergic urticaria 67 24 35.8 15 62.5
3 995.0 Anaphylaxis 46 17 37.0 11 64.7
4 995.1 Angioneurotic edema 102 61 59.8 24 39.3
5 995.2 Unspecified adverse effect due to unspecified drug 807 98 12.1 38 38.8
6 995.3 Allergy unspecified 71 25 35.2 9 36.0
7 782.1 Rash 1079 110 10.2 23 20.9
8 698.8 Specified pruritus 37 26 70.3 5 19.2
9 698.9 Unspecified pruritus 151 38 25.2 5 13.2
10 288.3 Eosinophilia 213 51 239 6 11.8
11 708.9 Urticaria unspecified 37 26 70.3 2 7.7
E930-949 E codet 2219 202 9.1 23 11.4
Total 5282 771 14.7 237 30.5

*Duplicated /ICD-9-CM codes for the same patients during the same inpatient visit were deleted according to assigned hierarchy. Patients with both /CD-9-CM and E codes in

the same inpatient visit were included under their /CD-9 codes.

fExternal causes of injury and supplemental classification: drugs, medicinal, and biological substances causing adverse effects in therapeutic use.

inflammatory drugs (10%), and intravenous contrast (7%). The
third most common cause of allergic drug reactions was che-
motherapeutics (9.1%), and these reactions were associated with
the codes dermatitis due to drug (693.0) and unspecified adverse
effect due to drug (995.2). These 2 codes accounted for 59.4%
of reactions. ACE inhibitors made up a small percentage of
reactions (3.4%), but were associated only with the code for
angioedema (995.1). Blood products were primarily coded with
urticaria, with 7 of the 10 reactions coded by 708 and 708.9.
Reactions to opiates were primarily coded with pruritus, with 7
of the 11 reactions coded by 698.8 and 698.9.

Symptoms of allergic drug reactions

Rash was the most common symptom, occurring in 222 of the
408 reactions (54.4%), with urticaria accounting for 10.1% of
patients with rash. Pruritus occurred in 20.6%, either with rash
or with erythema. Angioedema was present in 65 of the 408 cases
(15.9%). Respiratory symptoms occurred in 6.9% and anaphy-
laxis in 8.3%. Possible DRESS was suspected in 2.0%, and
possible SJS/TEN was suspected in 2.5%.

Comparison between years and service location
In both 2005 and 2010, dermatitis due to drug (693.0) had
the highest specificity, with allergic drug reactions found in

81.7% in 2005 and 76.8% in 2010 (Table II). This was also the
most specific code in the ED study.” There was no statistical
difference between 2005 and 2010 in allergic urticaria (708.0),
anaphylaxis (995.0), allergy unspecified (995.3), unspecified
effect due to unspecified drug (995.2), and rash (782.1). There
was a significant difference between 2005 and 2010 for
angioedema (995.1), specified pruritus (698.8), and urticaria
unspecified (708.9). In comparison with our previous ED data,
significant differences were found between a few codes (Table II).
Although the specific codes varied, 29.7% of patients reviewed in
2005 were found to have allergic drug reactions compared with
30.5% of patients in 2010 and 27.2% of patients from the ED
study (Table ).

DISCUSSION

We studied a broad set of /CD-9-CM codes and E codes to
identify allergic drug reactions in the inpatient setting, validated
and described cases, and compared findings over time and between
locations. We found that despite variation in the specific coding,
approximately 30% of reactions identified by the set of codes used
were true allergic drug reactions, and this was consistent in both
the 2005 and 2010 inpatient setting and our previous ED data.
The most specific code was dermatitis due to drug (693.0), where
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FIGURE 1. Patients (N = 408) identified with allergic drug reactions and their causative agents (cardiovascular drugs included
antiarrhythmics, antihypertensives, B-blockers, and calcium channel blockers). /V, Intravenous; NSAID, nonsteroidal anti-inflammatory
drug; SSRI, selective serotonin reuptake inhibitor.

TABLE Il. Comparison between ED visits with drug reaction and inpatient visits in 2005 and 2010

Drug allergy (%)

Hierarchy /CD-9-CM code Code description Inpatient 2005 Inpatient 2010 P value Inpatient (2005, 2010) ED (2000-2006)° P value
1 693 Dermatitis due to drug 81.7 76.8 47 78.6 86.7 .051
2 995.2 Unspecified adverse effect due to 31.5 38.8 37 36.2 52.1 .009
unspecified drug
3 995 Anaphylaxis 52.4 64.7 44 57.9 38 .047
4 708 Allergic urticaria 60 62.5 .87 61.4 24.6 <.001
5 995.1 Angioneurotic edema 73.9 39.3 .005 48.8 23.2 .001
6 995.3 Allergy unspecified 38.9 36 .85 37.2 11.2 <.001
7 698.8 Specified pruritus 47.1 19.2 .05 30.2 27.1 74
8 698.9 Unspecified pruritus 214 13.2 .37 16.7 21.2 49
9 782.1 Rash 21.8 20.9 .87 21.3 15.6 A1
10 708.9 Urticaria unspecified 32 7.7 .03 19.6 17.6 75
11 288.3 Eosinophilia 222 11.8 .28 14.5 4.9 12
E930-949  E code* 6.7 11.4 .10 8.7 124 11
Total 29.7 30.5 .36 30.1 27.2 .08

*External causes of injury and supplemental classification: drugs, medicinal, and biological substances causing adverse effects in therapeutic use.

approximately 80% of reactions were consistently found to be  demonstrates thata combination of billing codes for identification
allergic drug reactions (ie, good specificity), but this code was  of allergic drug reactions better represents the rate of allergic drug
used only in approximately 30% of patients identified as having ~ reactions and the importance of detailed patient-level data to

an allergic drug reaction (ie, poor sensitivity). Our study  validate cases in various health care settings.
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Interestingly, the coding of patients with allergic drug
reactions differed for many of the codes between 2005 and 2010
as well as between the ED and inpatient settings. Given the
nonspecific nature of many of the codes and the inconsistency in
coding by providers, variation in coding would be expected in
codes such as specified and unspecified pruritus and urticaria.”*
Surprisingly, angioedema (995.1) had a significantly higher
percentage of allergic drug reactions on review in 2005 than in
2010. The rate of angioedema associated with ACE inhibitors is
largely stable at approximately 0.7%, and allergic drug reactions
identified by the code for angioedema continue to be largely
associated with ACE inhibitor use.” Given that twice as many
patients were identified in 2010 than in 2005 with the angioe-
dema code, increased identification of patients with other causes
of angioedema such as infection, autoimmune disease, and
malignancy may account for the variance.'”""

Although antibiotics were the primary cause of allergic drug
reactions as is well known, the second most common cause
occurred in patients receiving multiple classes of drugs at the
time of their reaction, which made identification of a single
culprit drug difficult. Of these, 68% included an antibiotic, but
other classes of drugs causing reactions were also observed,
including anticonvulsants, ACE inhibitors, nonsteroidal anti-
inflammatory drugs, and intravenous contrast. This finding
was not observed in the previous ED study and was unique to
the inpatient setting. The number of drugs given during a hos-
pitalization has increased over time, and the risk of ADRs is
known to increase with the number of medications given during
a hospitalization. In a study of unplanned hospitalizations in
older veterans, patients taking more than 5 medications were 4
times more likely to be hospitalized from ADR than patients
taking less."” In a retrospective study in an ED population, pa-
tients taking 2 concurrent medications had a 13% risk of an
adverse drug interaction, rising to 38% for 4 medications and
82% for 7 or more medications prescribed simultaneously.'’
When patients are receiving multiple medications, determining
the culprit drug is difficult, which leads to more medications
listed as allergies, which has an impact on future care.

SJS/TEN and DRESS are rare severe cutaneous adverse
reactions with clear specific diagnosis codes.'*'® Given our focus
on immediate reactions, we had not intended to capture SJS/
TEN and DRESS in our data set because these reactions often
take time to evolve before a clear diagnosis can be made. Our
identification was solely on symptoms, and additional criteria
would be needed to confirm the diagnosis, including progression
and the use of billing codes specific for these diagnoses. In a
study of billing codes for SJS/TEN, nonspecific codes were
shown to identify a small percentage of patients with SJS/TEN,
and additional criteria such as prolonged hospitalization
improved the likelihood of true cases.'” Given the potentially
high mortality rate of these reactions, early involvement of
physicians specialized in allergy or dermatology in cases of sus-
pected severe cutaneous adverse reactions may result in more
timely diagnosis and improved patient outcomes.

In 2015, ICD-10-CM coding became the standard billing
codes used in the United States. /CD-10 contains 4 times as
many codes, increasing the specificity of coding.'®'” For many
codes, particularly the codes used in this study, there is simple
mapping of codes from /CD-9-CM to ICD-10-CM. For
example, unspecified adverse effect due to unspecified drug
(995.2) and angioedema (995.1) map to unspecified adverse

SAFF ET AL 263

effect of a drug (1T88.7) and angioedema (T78.3). Similarly,
dermatitis due to drugs and medicines taken internally (693.0)
maps to generalized skin eruption due to drugs and medicaments
taken internally (L27.0). Anaphylaxis (995.0) can now be more
specifically mapped to its causative agent, which would be
anaphylactic shock due to the adverse effect of a drug (T88.6) for
allergic drug reactions. In a meta-analysis of studies of ADRs
using /CD-10 billing codes, anaphylactic shock due to the
adverse effect of a drug (T88.6) and unspecified adverse effect of
a drug (T'88.7) were among the top disease manifestation codes
used to identify adverse drug events in all studies, indicating the
importance of these codes.'”

Although algorithms using billing codes can be an important
way to estimate allergic drug reactions, the limitation is the
reliance on the provider coding the event, because even the most
accurate code has a sensitivity of 80%. To compile large cohorts
using billing codes, therefore, chart review continues to be
necessary. Alternative methods to identify drug allergy cohorts
with less chart review, such as natural language processing
(NLP), may prove useful, particularly if used with billing codes
to improve accuracy. Studies using NLP have begun to
demonstrate its power in identifying events and patient pop-
ulations.”””" For example, an algorithm using /CD-9-CM codes
and key terms was developed using NLP that could accurately
identify patients with intracranial aneurysms with a positive
predictive value of 86%.”” NLP showed comparable perfor-
mance with clinician manual chart review for identification of
ED patients with high suspicion of Kawasaki disease.”> NLP has
been used to identify patient cohorts with gastrointestinal
pathologies such as hepatocellular carcinoma and cirrhosis.”**’
For ADRs, NLP models were recently shown to accurately
categorize medication-related events to help improve the effi-
ciency of patient safety event review.”® We are currently studying
using billing codes with NLP to improve drug allergy case-
finding. With these methods, it may be possible to identify an
allergic drug reaction while the patient is still hospitalized,
allowing for review of the case by an allergist to help clarify the
reaction and identify the culprit medication. This could help to
prevent medications from being unnecessarily listed as allergies
when there is another explanation for the symptoms.

CONCLUSIONS

The use of validated billing codes can identify allergic drug
reactions in the inpatient setting and provide a valuable resource
for the study of drug allergy epidemiology, allowing for a more
accurate estimate of reaction rates. The accuracy of this estimate
may be further enhanced by using multiple criteria for case
identification including NLP. Understanding the clinical epide-
miology of drug allergy is a crucial step in the prevention and
management of these reactions.
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TABLE E1. Characteristics of inpatients in 2005 and 2010
2005 2010
Visits with allergic Visits without allergic Visits with allergic Visits without allergic
drug reactions drug reactions drug reactions drug reactions

Characteristic (n = 158) (n = 388) P value (n = 222) (n = 507) P value
Age (y), median (IQR) 56.4 (40.6-68.0) 60.1 (42.3-73.1) .06 61.9 (43.3-72.1) 60.2 (45.3-72.6) 94
Sex: female, n (%) 83 (53) 95 (47) .61 121 (55) 267 (53) .65
Language, n (%) .39

English 148 (94) 357 (92) .79 200 (90) 466 (92)

Non-English 7 (4) 21 (5) 20 (9) 33 (7)

Unknown 3(2) 10 (3) 2(1) 8 (2)
Race/ethnicity, n (%) .82 77

White 133 (84) 318 (82) 178 (80) 404 (80)

Black 8 (5) 16 (4) 10 (5) 31 (6)

Hispanic 6 (4) 25 (6) 14 (6) 28 (6)

Asian 4 (3) 912 4 (2) 11 2)

Other 3(2) 6 (2) 4(2) 14 (3)

Unknown 4 (3) 14 (4) 12 (5) 18 (4)

IQR, Interquartile range.
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