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Abstract

Background: Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS) syndrome is a
rare but severe hypersensitivity reaction that remains poorly characterized in the US.

Objective: We aimed to identify and describe DRESS syndrome cases in an integrated healthcare
system using electronic health record (EHR) allergy module free text searches.

Methods: We identified DRESS syndrome cases with rash, absolute eosinophil count =500/L,
organ involvement, and RegiSCAR (European Registry of Severe Cutaneous Adverse Reactions
[SCAR]) to Drugs and Collection of Biological Samples) score =2 by reviewing patients from

Corresponding Author: Kimberly G. Blumenthal, MD, MSc, Division of Rheumatology, Allergy and Immunology, Massachusetts
General Hospital, Cox 201, 55 Fruit Street, Boston, MA 02114, USA, Phone: +1(617) 726-3850, kblumenthal@mgh.harvard.edu.
Author’s Contributions:

ARW, KGB and LZ designed the study.

ARW, OAC, NAP performed data abstraction.

ARW, KGB and YL performed data analysis.

ARW, KGB and YL analyzed and interpreted the results.

ARW drafted the first report.

ARW, KGB, YL, LZ, OAC, NAP assisted with interpretation and revision of the report.

KGB and LZ obtained funding.

KGB provided supervision and administrative support.

Conflict of Interest:
NAP discloses spousal employment by Chiesi Farmaceutici; this is unrelated to the submitted manuscript.
The other authors (ARW, LZ, YL, OAC, KGB) declare no conflict of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wolfson et al. Page 2

1980-2016 whose EHR allergic reaction matched DRESS-related keywords. Liver injury required
alanine aminotransferase =100U/L and renal injury required creatinine increase by =0.5mg/dL or
50%. Patient and DRESS characteristics were described, resource use was determined, and cost
was estimated.

Results: Among 3,162,562 patients with 3,319,387 million allergy entries, 538 reactions
matched keywords, and 69 were DRESS cases (prevalence 2.18 per 100,000). DRESS patients had
liver (42%) or renal (42%) injury; 11 (16%) had both liver and renal injury. Primary drug culprits
were antibiotics (74%) (vancomycin [39%], beta-lactams [23%], fluoroquinolones [4%)],
tetracyclines [4%], and sulfonamides [3%]) and anticonvulsants (20%). Of 65(94%) hospitalized
DRESS patients, 43 (66%) were hospitalized for DRESS syndrome management with median
length of stay 9 days [IQR, 6-17 days] and cost approximately $17,101 per patient.

Conclusions: Using free text search of the EHR allergy module identified a large US DRESS
syndrome cohort. DRESS prevalence was 2.18 per 100,000 patients. Both liver and kidney injury
were frequent, and vancomycin was the most common drug culprit. DRESS cases were morbid
and resource-intensive.

Keywords

Drug-induced hypersensitivity syndrome; Anticonvulsant hypersensitivity syndrome; Severe
cutaneous adverse reaction; Hypersensitivity; Resource; Cost

INTRODUCTION

Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS) syndrome was first
recognized as a cutaneous reaction to sulfanilamide in 19371 and as a pseudo-lymphoma
reaction to anticonvulsants in 1959.2 While still commonly referred to as Anticonvulsant
Hypersensitivity Syndrome (AHS),3 the hypersensitivity reaction (HSR) is now largely
recognized as DRESS syndrome, and many other causative drugs and drug classes,
including antibiatics, allopurinol, and non-steroidal anti-inflammatory drugs have since been
implicated.*7

The clinical presentation of DRESS syndrome includes rash, fever, eosinophilia (absolute
eosinophil count [AEC] =500/L), and organ injury (typically liver and/or kidney, but other
organs such as the lung, heart, gastrointestinal tract, or others can be involved).8® DRESS
syndrome may present days to weeks into a medication course, and can even present after
medication discontinuation.*>8-10 DRESS syndrome causes substantial patient morbidity
and carries a mortality of 5-10%.3-5.911 The cornerstone of DRESS syndrome treatment
involves the identification and withdrawal of the culprit drug. While corticosteroids are
commonly used for DRESS syndrome treatment, their efficacy has not been established.1?

Our current understanding of DRESS syndrome is largely based on international data from
Asian and European registries.4-8:8-11 US based data have come from case reports and
series.11 While International Classification of Diseases ninth/tenth edition (ICD-9/10) billing
codes can be used to study severe cutaneous adverse reactions (SCARs) and general HSRs,
13 ho specific codes exist for DRESS syndrome. Given the recent expansion of EHRs in US
healthcare systems 1415 and Meaningful Use standards requiring EHRs to maintain active
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allergy lists,16:17 we aimed to identify and describe DRESS syndrome cases using free-text
search of the EHR allergy module in a large integrated US healthcare system.

METHODS

Study Design and Population Identification

This retrospective study identified potential DRESS syndrome cases at Partners HealthCare
System (PHS), Boston, MA, using allergy records in the EHR allergy module from 1980
through October 2016. Of note, in the 1980s and 1990s, not all PHS providers used the
EHR. Since DRESS syndrome does not exist as a coded reaction field in the EHR, to
identify cases, we searched free text within the allergen name, allergy reactions, and
comments fields,8 using an allergist-defined list of DRESS-related keywords: Eosinophilia,
hypersensitivity syndrome, DRESS, drug-induced hypersensitivity syndrome,
Anticonvulsant Hypersensitivity Syndrome (AHS), and drug hypersensitivity syndrome.

The EHR was reviewed for all possible DRESS cases by medical doctors trained in
diagnosing and managing drug HSRs (authors ARW, OAC, NAP). Patient data included
demographic details (e.g., age, sex), specific patient comorbidities at the time of the DRESS
diagnosis (e.g., hypertension, seizures), and reaction details (e.g., culprit drug, rash
morphology, laboratory results, treatment administered). All data were collected and
maintained using Research Electronic Data Capture (REDCap) tools hosted at PHS.19

DRESS Syndrome Criteria

DRESS syndrome patients had to have a rash, eosinophilia (AEC >500/L),2° and organ
injury. We adapted organ injury criteria from prior studies, including RegiSCAR, and
defined liver injury as alanine aminotransferase (ALT) =100U/L and kidney injury as at least
0.5mg/dL or 50% increase above baseline creatinine.21:22.23 Because patients did not have a
RegiSCARZ3 score calculated at the time of the HSR, and retrospective EHR data contained
unknown RegiSCAR fields, we used a modified RegiSCAR score that excluded “resolution
in greater than 15 days.” A modified RegiSCAR score =2, and a clinical presentation
diagnosed as DRESS syndrome by the patients’ clinicians, was also required to meet the
DRESS syndrome case definition in this study.

To determine causative drug, we used clinical assessments in notes and the allergy module at
the time of the HSR. For patients who had multiple drugs considered possible HSR culprits,
we included only the primary drug thought responsible by the treating clinicians. When no
opinion was given regarding the primary culprit drug, the most likely culprit drug was
determined retrospectively from available data.

For DRESS patients who were hospitalized, we used patients’ primary discharge diagnosis
to determine if the admission was for DRESS syndrome (i.e., chief complaint of “DRESS
syndrome” or similar [e.g., “drug reaction”]) 2% or whether DRESS was a complication of an
existing hospitalization.
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Healthcare Resource Utilization and Cost

We recorded hospital length of stay, including any intensive care unit (ICU) time and type,
and the number of specialty consultant physician teams involved in the care of DRESS
patients. To estimate the cost of DRESS syndrome for hospitalized patients, we first
determined the total direct cost of an average stay on an inpatient floor and ICU for hospitals
within PHS. This cost included: Relative value units; fixed costs, such as salaries of
operational staff and costs of non-capital equipment; and variable expenses, such as gloves,
dressings, equipment; and nursing costs. We used the median total direct costs per day per
unit and length of stay per unit, along with the professional costs associated with
consultations using relative value unit costing methodology and assuming one new
consultation (billing code 99223) and three subsequent hospital care visits (billing code
99233). The cost for patients hospitalized specifically for DRESS syndrome, therefore,
approximates the cost of US DRESS syndrome cases that require hospitalization in 2016 US
dollars.

Statistical Analyses

We divided DRESS syndrome patients into three groups for clinical comparisons: Those
with liver injury alone, those with kidney injury alone, and those with both liver and kidney
injury. Descriptive data were displayed as numbers, frequencies, and medians with inter-
quartile ranges (IQR). Categorical variables were compared using Fisher’s exact test. For
continuous variables, we used the Wilcoxon Rank Sum test for comparisons of 2 groups and
Kruskal-Wallis Test for multi-group comparisons. Statistical analyses were performed in
SAS version 9.4 (Cary, NC, USA). This study was approved by the Partners Institutional
Review Board.

RESULTS
DRESS Syndrome Epidemiology and Case Identification

Between 1980 and 2016, there were 3.2 million patients with 3.3 million allergy entries
stored in our EHR data repository. From the keyword search, we identified 538 HSRs; 69
patients (2.18 in 100,000 patients) had DRESS syndrome. DRESS syndrome involved liver
injury (58%) and renal injury (58%). Twenty-nine (42%) had liver injury alone, 29 (42%)
had kidney injury alone, and 11 (16%) had both liver and kidney injury (Figure 1).

DRESS Syndrome Patient Characteristics

Patients with DRESS had median age 60 years and were 55% female (Table 1). Common
comorbid conditions included hypertension (55%), seizures (19%), diabetes mellitus (17%),
and coronary artery disease (13%). There were 31 (45%) patients with less than or equal to 1
specified comorbidity, 29 (42%) with 2-3 specified comorbidities, and 9 (13%) with >4
specified comorbidities.

DRESS Syndrome Clinical Presentation

For 38 (55%) of the patients, their HSR was attributed to 1 drug (Table 2). DRESS
syndrome was similarly attributed to only one drug across subgroups of DRESS patients,
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including those with liver injury only (59%), kidney injury only (52%), and both liver and
kidney injury (55%, p>0.5). Thirty-one patients (45%) had 2 or more implicated drugs.

Vancomycin (n=27, 39%) was the most common culprit causing DRESS syndrome. A
greater percentage of patients in the subgroup of DRESS with kidney injury only had
vancomycin as the drug culprit as compared with patients in liver injury only subgroup or
both liver and kidney injury subgroup (55% vs 24% and 36%, p=0.06). Fourteen patients
(20%) experienced DRESS syndrome attributed to an anticonvulsant: 6 (21%) of the patients
with liver injury, 4 (36%) of the patients with liver and kidney injury, and 4 (14%) with
kidney injury. However, the frequency of DRESS attributable to anticonvulsants was not
different between these subgroups (p = 0.31). Sixteen (23%) patients had DRESS syndrome
due to beta-lactams. Six (21%) patients in the cohort of DRESS patients with kidney injury
had their DRESS attributed to a beta-lactam, whereas 8 (29%) patients in the liver injury
cohort and 2 (18%) in the kidney and liver injury cohort had DRESS attributed to beta-
lactams (p>0.5).

Using the RegiSCAR criteria, 40 (58%) patients were categorized as “possible DRESS,” 27
(39%) patients had “probable DRESS,” and 2 (3%) pat ients had “definite DRESS.”

The most common rashes were described as maculopapular (n= 55, 80%). Maculopapular
rash was observed in DRESS with liver injury 86% of the time compared to DRESS with
kidney injury 72% of the time, and was seen in 82% of the cases of DRESS with both
kidney and liver injury (p=0.48). Erythema was also common with 40 (58%) of DRESS
patients experiencing erythema, without a differential pattern between DRESS cohort
subgroups (p=0.23).

DRESS patients had median AEC 1,850/L [IQR, 890/L-3,390/L], with AEC levels
comparable between subgroups.

In the liver injury only subgroup, the median maximum ALT was 226U/L [IQR, 178U/
L-457U/L] and median change in ALT was 196U/L [IQR, 159U/L-391U/L]. In the subgroup
with both liver and kidney injury, the median maximum ALT was similar: 234U/L [IQR,
142U/L-458U/L] and a median change in ALT of 185U/L [IQR, 114U/L-423U/L].

In the kidney injury subgroup, the median maximum creatinine was 2.63mg/dL [IQR,
1.87mg/dL-4.72mg/dL], and the median change in creatinine was 1.44mg/dL [IQR, 0.91mg/
dL-3.68mg/dL]. In the subgroup with both liver and kidney injury, the median maximum
creatinine was similar: 2.29mg/dL [IQR, 1.74mg/d-4.89mg/dL], and the median change in
creatinine was 1.08mg/dL [IQR, 0.90mg/dL-1.20mg/dL].

Use of any corticosteroid was part of treatment for 51 (74%) DRESS syndrome patients,
with no observed differential use between organ injury subgroups (p>0.5). Thirty-five (51%)
DRESS patients received topical steroids, 36 (52%) received oral steroids, and 26 (38%)
received intravenous steroids. Parenteral steroids were used more frequently in DRESS
patients with both liver and kidney injury (45%), and in patients with kidney injury alone
(48%) compared to liver injury alone (24%, p=0.17).
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DRESS Morbidity, Mortality, and Resource Use

Sixty-five (94%) DRESS syndrome patients were hospitalized (Table 3). Of these, 43 (66%)
were hospitalized for DRESS syndrome diagnosis and treatment while 22 (34%) were
hospitalized for other reasons when they developed DRESS syndrome.

Patients hospitalized had median length of stay of 15 days [IQR, 7 days-30 days]. Median
length of stay for patients hospitalized for DRESS syndrome alone was shorter than for
patients with DRESS who were hospitalized for other reasons (9 days [IQR, 6 days-17 days]
vs 36 days [IQR, 19 days-43 days], p<0.001). Twenty-three (35%) DRESS patients required
ICU level care (8 [19%] of those hospitalized for DRESS treatment and 15 [68%]
hospitalized for other reasons).

A median of 3 specialty consultant teams were involved in DRESS patients’ care; median
number of specialty consultants for patients hospitalized for DRESS syndrome (3
consultants [IQR, 2-5]) was lower than number of specialty consultants involved in care for
patients hospitalized for other reasons (5.5 consultants [IQR, 2—7], p=0.01). There were 12
DRESS cases that were managed without Allergy/Immunology or Dermatology: 8 cases
managed by Infectious Diseases, 2 managed by internal medicine hospitalists, 1 managed by
a neurologist, and 1 managed by the primary care physician.

Two patients (3%) suffered an in-hospital death from sepsis; both patients had DRESS with
kidney injury.

The estimated cost associated with DRESS syndrome that resulted in hospitalization was
$17,101 2016 USD per patient.

DISCUSSION

By using a free text search of the EHR allergy module, we identified 69 DRESS cases
among 3.2 million people, corresponding to a PHS population prevalence of 2.18 per
100,000 patients. Organ injury included liver injury alone (42%) and renal injury alone
(42%); 11 (16%) had both liver and renal injury. Drug culprits were most commonly
antibiotics, with vancomycin responsible for approximately 40% of DRESS cases, and beta-
lactams and anticonvulsants also frequently implicated. Almost half of the patients had two
or more drugs as potential culprits. DRESS cases were morbid and resource-intensive; the
patients hospitalized specifically for DRESS syndrome had a median length of stay of 9 days
[IQR, 6 days-17 days], and cost of care exceeded $17,000 per patient.

Although few studies have reported prevalence or incidence of DRESS syndrome, a West
Indian population identified an annual DRESS incidence of 0.9 in 100,000 people,24 and a
single center US study of inpatients discharged on over 14 days of parenteral antibiotics
identified an incidence of 0.8%.21 A retrospective study in Thailand over 11 years reported
an incidence 9.63 cases per 100,000 inpatients.2®> The RegiSCAR study, which included
multiple European countries over 6 years, found just 117 DRESS cases.26 Using EHR free-
text searching enabled DRESS case-finding in the EHR, with capture of 69 cases; 13% of
retrieved HSRs were validated DRESS syndrome cases. Although more cases may have
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been identified with broader search terms (e.g., review of a greater number of free text
keywords or coded reactions), this increased sensitivity would result in reduced feasibility.
Reviewing free text “drug reaction” and “drug rash” would have required review of over
1,20 0 HSRs and reviewing coded “rash” reactions would have required review of over
350,000 HSRs.?’

In this study, we found that informatics methodologies were comparable, if not superior, to
prior studies that used 1ICD-9/10 billing data to find cases of other SCARs. Validated
Stevens-Johnson syndrome (SJS) or toxic epidermal necrolysis (TEN) cases comprised a
minority (less than 1.5%) of patients billed for the corresponding ICD-9/10 codes after EHR
review.28 Informatics methods, therefore, appear useful and practical for DRESS syndrome
case identification; such methods may be broadly implemented on US EHRs to facilitate
identification of national DRESS and SCAR cohorts.

One in five patients in this DRESS syndrome cohort had multiple organ injury, whereas
prior data reported 50-60% of patients had two or more involved organs.’” This observed
difference may be due to increased recognition of DRESS syndrome by inpatient providers
who monitor laboratory tests regularly, and specifically may monitor liver and kidney
function in patients with rash and eosinophilia because of awareness of progression to
DRESS syndrome. Similar to prior data, and despite using a more stringent definition of
liver injury than RegiSCAR’s, 26 liver injury was the most common organ involved in
DRESS.10.11 However, other organ (e.g., lung, heart, etc.) injuries associated with DRESS
syndrome were not identified in this study.1%11 It is possible that alternative keywords (e.g.,
myocarditis) might have identified such cases. However, although our initial EHR search
identified patients with lung injury, none of these patients ultimately met the specified
DRESS syndrome criteria.

Antibiotics were the most common DRESS syndrome culprits. While one of the largest US
case series similarly found that antibiotics were the most common cause of DRESS
syndrome, that study identified sulfonamide antibiotics as the most common culprits, with
over one third of patients having DRESS syndrome attributed to sulfamethoxazole.32
Vancomycin, which has been previously described to cause DRESS syndrome,33 was
identified as the most common single drug culprit in this series. Similar to prior reports that
identified a predisposition of allopurinol-induced DRESS syndrome to include renal injury,
4.8 we uniquely found that vancomycin-induced DRESS syndrome was more strongly
associated with renal injury. While it is unclear why anticonvulsants were less commonly
observed DRESS culprits in this study, possible explanations include improved screening for
genetic associations (e.g., HLA-A*31:01 screening prior to carbamazepine) and/or provider
awareness of anticonvulsants’ ability to cause DRESS and other SCARs, which may lead to
immediate drug discontinuation with early HSR signs (e.g., rash only).

Although it is often challenging to identify the culprit drug for inpatients with non-
immediate hypersensitivity reactions, the majority of DRESS patients in this study had only
one drug identified as the culprit. This may be because these data come from hospitals that
largely have immediate access to Dermatology and Allergy/Immunology consultants, who
can (and did in all but 12 cases) assist in causality assessments. Still, despite this access,
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one-third of patients had two or more drugs implicated and six patients had four or more
drugs implicated. One prior study found that 10-20% of DRESS syndrome cases did not
have an identified causative drug.” Having multiple drugs attributed to one HSR not only
complicates future medical treatments, but also adds complexity to the EHR allergy module.
These data emphasize the importance of using standardized causality assessments in the
future, and highlights the need for improved confirmatory testing for DRESS syndrome.29

To our knowledge, this is the first study to estimate the resource utilization related to
DRESS syndrome in a large US cohort. Almost all (95%) of DRESS patients were
hospitalized, and in- hospital mortality was 3%. Among patients hospitalized specifically for
DRESS syndrome treatment, median length of stay was 9 days and approximately 1 in 5
patients required ICU level care. While studies have described greater resources required for
SJS and TEN, including a longer length of stay for SJS (4-25 days) and TEN (17-26 days),
and more patients (>50%) requiring ICU level care,39-33 DRESS syndrome is still clearly
morbid and resource-intensive. The cost for DRESS syndrome that required hospitalization
was at least $17,000 per patient, which is greater than the cost for hospitalizations associated
with asthma admissions.34:35 Additionally, our cost estimate relied only on the largest
determinants of inpatient cost. If we had included other costs (e.g. pharmacy costs,
outpatient costs), the estimate would have been even greater.

While we used defined keywords to identify DRESS cases, we may have missed true cases
that were not found with our pre-specified informatics methods. Our DRESS case definition
was stringent, and thus, we may have excluded true DRESS cases that did not meet our
criteria. Although we specified DRESS syndrome criteria in advance of the study, consensus
definitions do not exist for defining the liver and kidney injury in DRESS.26:27 Because PHS
is comprised of two academic tertiary care referral centers as well as several smaller,
community-based hospitals, patients seen for their HSR at PHS were not always followed
longitudinally by PHS. This meant that we were unable to use a complete RegiSCAR score
or identify overall DRESS mortality (only in-hospital mortality). While we describe a large
US DRESS syndrome cohort, 69 cases were often too few to draw conclusions between
DRESS subgroups with different patterns of organ involvement. Finally, the analysis was
performed with retrospective chart reviews, which can result in misclassification due to
information bias.

In summary, we used a novel method to identify patients with DRESS syndrome listed in the
allergy module of the EHR, which enabled identification of the largest US cohort of DRESS
syndrome cases to date, with 69 patients. We described the clinical presentation of DRESS
patients that will add to our knowledge base of this SCAR, including its common drug
culprits, morbidity, and resource use. Future application of EHR search methods to other
large US healthcare systems may help identify a nationally representative DRESS syndrome
cohort for further study.
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ABBREVIATIONS
DRESS Drug reaction with eosinophilia systemic symptoms
EHR Electronic health record
RegiSCAR European Registry of Severe Cutaneous Adverse Reactions [SCAR]
to Drugs and Collection of Biological Samples
IQOR Interquartile range
AHS Anticonvulsant Hypersensitivity Syndrome
HSR Hypersensitivity reaction
AEC Absolute eosinophil count
ICD-9/10 International Classification of Diseases, ninth/tenth edition
SCAR Severe cutaneous adverse reaction
PHS Partners HealthCare System
REDCap Research Electronic Data Capture
ICU Intensive care unit
ALT Alanine aminotransferase
usb United States Dollar
Cr Creatinine
SJS Stevens-Johnson syndrome
TEN Toxic epidermal necrolysis
REFERENCES

1.

Myers GB, Heide EV, Balcerski M. Exfoliative dermatitis following sulfanilamide. JAMA
1937;109:1983-1984.

. Saltzstein SL, Ackerman LV. Lymphadenopathy induced by anticonvulsant drugs and mimicking

clinically and pathologically malignant lymphomas. Cancer 1959;12:164-182. [PubMed:
13618867]

. Shear NH, Spielberg SP. Anticonvulsant hypersensitivity syndrome. In vitro assessment of risk. J

Clin Invest 1988;82:1826-1832. [PubMed: 3198757]

. Chen YC, Chiu HC, Chu CY. Drug reaction with eosinophilia and systemic symptoms: a

retrospective study of 60 cases. Arch Dermatol 2010;146:1373-1379. [PubMed: 20713773]

.Um SJ, Lee SK, Kim YH, Kim KH, Son CH, Roh MS, et al. Clinical features of drug-induced

hypersensitivity syndrome in 38 patients. J Investig Allergol Clin Immunol 2010;20:556-562.

. Ding WY, Lee CK, Choon SE. Cutaneous adverse drug reactions seen in a tertiary hospital in Johor,

Malaysia. Int J Dermatol 2010;49:834-841. [PubMed: 20618508]

. Rouleau J Drug reaction with eosinophilia and systemic symptoms (DRESS) Accessible at: https://

www.uptodate.com/contents/drug-reaction-with-eosinophilia-and-systemic-symptoms-dress.
Accessed April 19, 2018.

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2020 February 01.


https://www.uptodate.com/contents/drug-reaction-with-eosinophilia-and-systemic-symptoms-dress
https://www.uptodate.com/contents/drug-reaction-with-eosinophilia-and-systemic-symptoms-dress

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wolfson et al.

10

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Page 10

. Kardaun SH, Sidoroff A, Valeyrie-Allanore L, Halevy S, Davidovici BB, Mockenhaupt M, et al.

Variability in the clinical pattern of cutaneous side-effects of drugs with systemic symptoms: Does a
DRESS syndrome really exist? Br J Dermatol 2006;155:422-428. [PubMed: 16882184]

. Bocquet H, Bagot M, Roujeau JC. Drug-induced pseudolymphoma and drug hypersensitivity

syndrome (Drug Rash with Eosinophilia and Systemic Symptoms: DRESS). Semin Cutan Med Surg

1996;15:250-257. [PubMed: 9069593]

. Wang L, Mei XL. Drug Reaction with Eosinophilia and Systemic Symptoms: Retrospective
Analysis of 104 Cases over One Decade. Chin Med J (Engl) 2017;130:943-949. [PubMed:
28397724]

Cacoub P, Musette P, Descamps V, Meyer O, Speirs C, Finzi L, et al. The DRESS Syndrome: A
Literature Review. Am J Med 2011;124:588-597. [PubMed: 21592453]

Solensky R, Khan DA, Bernstein IL, Bloomberg GR, Castells MC, Mendelson LM, et al. Drug
allergy: An updated practice parameter. Ann Allergy Asthma. Immunol 2010;105:259-273.
[PubMed: 20934625]

Yang CY, Chen CH, Deng ST, Huang CS, Lin YJ, Chen Y/, et al. Allopurinol Use and Risk of
Fatal Hypersensitivity Reactions: A Nationwide Population-Based Study in Taiwan. JAMA Intern
Med 2015;175:1550-1557. [PubMed: 26193384]

. Hsiao CJ, Hing E, Ashman J, et al. Trends in electronic health record system use among office-
based physicians: United States, 2007-2012. Natl Health Stat Rep 2014;75:1-18.

Rozenblum R, Jang Y, Zimlichman E, Salzberg C, Tamblyn M, Buckeridge D, et al. A qualitative
study of Canada’s experience with the implementation of electronic health information technology.
CMAJ 2011;183:E281-288. [PubMed: 21343262]

Slight SP, Berner ES, Galanter W, Huff S, Lambert BL, Lannon C, et al. Meaningful use of
electronic health records: Experiences from the field and future opportunities. JIMIR 2015;3:e30.

Blumenthal D, Tavenner M. The ‘Meaningful Use’ Regulation for Electronic Health Records. N
Engl J Med 2010;363:501-504. [PubMed: 20647183]

Kuperman G, Marston E, Paterno M, Rogala J, Plaks N, Hanson C, et al. Creating an enterprise-
wide allergy repository at Partners HealthCare System. AMIA Annu Symp Proc 2003;376-380.
[PubMed: 14728198]

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap) - A metadata-driven methodology and workflow process for providing translational
research informatics support. J Biomed Inf 2009;42:377-38.

Roufosse R, Weller P. Practical approach to the patient with hypereosinophilia. J Allergy Clin
Immunol 2010;126:39-44. [PubMed: 20538328]

Blumenthal KG, Youngster |, Rabideau DJ, Parker RA, Manning KS, Walensky RP, et al.
Peripheral blood eosinophilia and hypersensitivity reactions among patients receiving outpatient
parenteral antibiotics. J Allergy Clin Immunol 2015;135:1288-1294.

Blumenthal KG, Youngster I, Shenoy ES, Banerji A, Nelson SB. Tolerability of cefazolin after
immune-mediated hypersensitivity reactions to nafcillin in the outpatient setting. Antimicrob
Agents Chemother 2014;58:3137-3143. [PubMed: 24637693]

Kardaun SH, Sidoroff A, Valeyrie-Allanore L, Halevy S, Davidovici BB, Mockenhaupt M, et al.
Variability in the clinical pattern of cutaneous side-effects of drugs with systemic symptoms: Does
a DRESS syndrome really exist? Br J Dermatol 2007;156:609-611. [PubMed: 17300272]

Muller P, Dubreil P, Antoine MA, Lamaury |, Salzer B, Deloumeaux J, et al. Drug Hypersensitivity
Syndrome in a West-Indian population. Eur J Dermatol 2013;13:478.

Hiransuthikul A, Rattananupong T, Klaewsongkram J, Rerknimitr P, Pongprutthipan M,
Ruxrungtham K. Drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and
systemic symptoms (DIHS/DRESS): 11 years retrospective study in Thailand. Allergol Int
2016;65:432-38. [PubMed: 27134114]

Kardaun SH, Sekula P, Valeyrie-Allanore L, Liss Y, Chu CY, Creamer D, et al. Drug reaction with
eosinophilia and systemic symptoms (DRESS): An original multisystem adverse drug reaction.
Results from the prospective RegiSCAR study. Br J Dermatol 2013;169:1071-1080. [PubMed:
23855313]

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2020 February 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wolfson et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 11

Goss FR, Lai KH, Topaz M, Acker WW, Kowalski L, Plasek JM, et al. A value set for
documenting adverse reactions in electronic health records. J Am Med Inform Assoc 2017; In
press.

Davis RL, Gallagher MA, Asgari MM, Eide MJ, Margolis DJ, Macy E, et al. Identification of
Stevens-Johnson syndrome and toxic epidermal necrolysis in electronic health record databases.
Pharmacoepidemiol Drug Saf 2015;24:684-692. [PubMed: 25914229]

Sassolas B, Haddad C, Mockenhaupt M, Dunant A, Liss Y, Bork K, et al. ALDEN, an algorithm
for assessment of drug causality in Stevens-Johnson Syndrome and toxic epidermal necrolysis:
comparison with case-control analysis. Clin Pharmacol Ther 2010;88:60-68. [PubMed: 20375998]
Sekula P, Dunant A, Mockenhaupt M, Naldi L, Bavinck JN, Halevy S, et al. Comprehensive
survival analysis of a cohort of patients with Stevens-Johnson syndrome and toxic epidermal
necrolysis. J Invest Dermatol 2013;133:1197-1204. [PubMed: 23389396]

Chan H, Stern RS, Arndt KA, Langlois J, Jick SS, Jick H, et al. The incidence of erythema
multiforme, Stevens-Johnson syndrome, and toxic epidermal necrolysis. A population-based study
with particular reference to reactions caused by drugs among outpatients. Arch Dermatol
1990;126:43-47. [PubMed: 2404462]

Morici MV, Galen WK, Shetty AK, Lebouef RP, Gouri TP, Cowan GS, et al. Intravenous
immunoglobulin therapy for children with Stevens-Johnson syndrome. J Rheumatol
2000;27:2494-2497. [PubMed: 11036849]

Harr T, French L. Toxic epidermal necrolysis and Stevens-Johnson syndrome. Orphanet J Rare Dis
2010;16:39.

Stanford R, McLaughlin T, Okamoto LJ. The cost of asthma in the emergency department and
hospital. Am J Respir Crit Care Med 1999;160:211-215. [PubMed: 10390402]

Kilgore M, Patel HK, Kielhorn A, Maya JF, Sharma P. Economic burden of hospitalizations of
Medicare beneficiaries with heart failure. Risk Manag Healthc Policy 2017;10:63. [PubMed:
28546776]

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2020 February 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wolfson et al.

Page 12

HIGHLIGHTS BOX
1. What is already known about this topic?

DRESS syndrome is a rare but serious hypersensitivity reaction whose epidemiology in
the US has been limited by case identification challenges. Electronic health records
(EHRs) contain allergy lists, and informatics techniques could facilitate retrieval of
relatively rare drug reactions.

2. What does this article add to our knowledge?

We identified 69 DRESS syndrome cases using informatics searching of the allergy list.
Antibiotics were the most common culprits. Most DRESS patients were hospitalized
(94%); hospitalizations for DRESS had median length of stay 9 days and cost over
$17,000.

3. How does this study impact current management guidelines?

We used a new, reproducible methodology for DRESS case identification in EHRs that
may facilitate identification of a large national cohort. Antibiotics may be the most
common cause of DRESS syndrome in the United States (US). Management of DRESS
syndrome for hospitalized patients costs at least $17,000 per patient.
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538 Hypersensitivity Reactions Identified

427 Excluded

149, Isolated drug-induced eosinophilia

174, AEC < 500/L

88, Rash and AEC >500/L without organ injury

9, Underlying eosinophilic disorder

3, Allergy entry "Not Eosinophilia”

3, Patient’s clinician excluded diagnosis prior to
chart review

1, Hypersensitivity pneumonitis

111 Hypersensitivity Reactions
Rash, AEC > 500/L, and Organ Injury

l

61 Hypersensitivity Reactions
Rash, AEC > 500/L, Liver Injury

50 Hypersensitivity Reactions
Rash, AEC > 500/L, Kidney Injury

21 Excluded
17, ALT Max <100U/L
4, RegiSCAR<2

29 DRESS Syndrome
with liver injury

Figure 1.

10 Excluded

4, Crincr by <50% or
<0.5mg/dL

6, RegiSCAR <2

v

11 DRESS Syndrome with 25 DRESS Syndrome
kidney and liver injury with kidney injury

Identification of 69 DRESS patients using the allergy module of the electronic health record.
Keyword search identified 538 HSRs, of which 111 included rash, AEC of 500/L, and organ
injury of any severity. Twenty-one patients with liver injury were excluded for not meeting
established liver injury criteria: 17 did not meet our established liver injury criteria and 4 did
not meet established RegiSCAR criteria. Ten patients with kidney injury were subsequently
excluded: 4 did not meet our established kidney injury criteria and 6 did not meet
established RegiSCAR criteria. The final cohort of DRESS syndrome included 69 patients

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2020 February 01.
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with DRESS syndrome: 29 involved liver injury, 29 involved kidney injury, and 11 involved
both kidney and liver injury.
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