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Background/Aims: Drug hypersensitivity reactions (DHRs) are unpredictable adverse drug reactions that can present with 
varied clinical manifestations, including anaphylaxis. However, data on DHRs initially diagnosed in the emergency department 
(ED) and subsequently confirmed by allergy specialists remain limited. This study investigated the clinical characteristics of 
ED-diagnosed DHRs and the outcomes of culprit-drug identification during outpatient allergy follow-ups.
Methods: We retrospectively analyzed adverse drug reaction reports from the ED of a university hospital in Korea between 
January 2021 and December 2023. Cases meeting the World Health Organization–Uppsala Monitoring Center criteria for 
DHRs were included. Clinical features, suspected culprit drugs, reaction phenotypes, severity, and outpatient follow-up out-
comes were evaluated.
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INTRODUCTION

Adverse drug reactions (ADRs) account for 3–6% of all 
hospital admissions and occur in 10–15% of hospitalized 
patients, contributing to increased morbidity, prolonged 
hospitalization, and mortality. Most ADRs are type A re-
actions, whichare predictable and dose-dependent, based 
on the drug’s pharmacological properties. In contrast, drug 
hypersensitivity reactions (DHRs) are type B reactions that 
are unpredictable, dose-independent, and comprise ap-
proximately 6–10% of all ADRs [1]. Although less common, 
DHRs are clinically important because they can occur with 
minimal drug exposure, are prone to recurrence upon reex-
posure, and may present with severe manifestations such as 
anaphylaxis or severe cutaneous adverse reactions (SCARs). 
Therefore, early recognition and accurate diagnosis of DHRs 
are crucial for the management of patients with ADRs.

Several studies have examined the epidemiology of ADRs; 
however, many did not differentiate subtypes, such as hy-
persensitivity reactions, and diagnoses were often made in 
the emergency department (ED) without subsequent con-
firmation by an allergist. Consequently, the true incidence 
and clinical features of DHRs in real-world settings remain 
unclear [2]. In particular, while most medications are pre-
scribed in outpatient settings, it is challenging to monitor 
adverse events that occur post-prescription, making the 
comprehensive evaluation of DHRs outside hospital settings 
challenging.

Although EDs are not dedicated outpatient settings, they 
can serve as important sites for the initial evaluation of 

drug-related adverse events that occur outside the hospi-
tal, particularly in acute presentations where temporal rela-
tionships are more apparent [3,4]. This is especially relevant 
when patients present soon after drug exposure, which al-
lows clinicians to assess causality with fewer confounding 
factors.

Although previous studies have examined drug-related 
adverse events in the ED, one study focused on ADRs in 
general [5], while others addressed DHRs without allergist 
confirmation, raising concerns about diagnostic accuracy  
[6-9]. Given the broad clinical spectrum of DHRs, specialized 
evaluation using skin tests, serum-specific immunoglobulin 
E (IgE) assays, or drug provocation tests are often required; 
otherwise, both over- and underdiagnosis may occur [10]. 
Referral to allergists is therefore recommended; however, 
no study has investigated post-ED evaluation to confirm or 
refine the initial diagnosis. 

To address this gap, this study aimed to investigate the 
clinical features of DHRs identified in the ED of a universi-
ty hospital in Korea. By incorporating follow-up evaluations 
performed by allergists, this study sought to improve the 
diagnostic accuracy and provide a more comprehensive un-
derstanding of drug hypersensitivity in real-world practice.

METHODS

Study design and case selection
This retrospective study used data from the Voluntary Ad-
verse Drug Reaction Reporting System at Hallym University 
Dongtan Sacred Heart Hospital in Hwaseong, South Korea. 

Results: Among 668 patients (mean age 43.3 yr), 63.9% had immediate-type and 36.1% had delayed-type reactions. Ra-
diocontrast media, nonsteroidal anti-inflammatory drugs (NSAIDs), and β-lactams were the most common suspected culprits. 
Cutaneous manifestations predominated in both immediate- and delayed-type reactions. Anaphylaxis occurred in 33.5% of 
the immediate-type reactions and was significantly associated with allergic comorbidities. Outpatient follow-up was complet-
ed in only 12.9% of patients, and a culprit drug was identified in 59.3% of those patients by history, specific IgE, skin test-
ing, or drug provocation. The most frequently confirmed causative agent was cefaclor, followed by amoxicillin/amoxicillin–
clavulanate, NSAIDs, and eperisone.
Conclusions: Immediate-type DHRs were the predominant presentation in the ED and were predominantly caused by ra-
diocontrast media and NSAIDs. Given the low rate of outpatient follow-up, early referral to allergists is essential to improve 
patient safety and prevent reexposure.
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This institutional system enables spontaneous reporting of 
suspected ADRs via an electronic case report form (e-CRF). 
Two allergy specialists (Choi and Chung) reviewed all re-
ports of ADRs submitted by the ED over three years (January 
2021 to December 2023).

Among these, only cases with a causal relationship cat-
egorized as possible, probable, or certain according to the 
World Health Organization–Uppsala Monitoring Centre cri-
teria were included in the analysis [11]. 

All drug hypersensitivity cases reported during the study 
period were included, and a priori sample size calculation 
was not applicable. Data on demographics, clinical manifes-
tations, causative drugs, reaction severity, ED management, 
and follow-up visits to allergy specialists were collected ret-
rospectively using the e-CRF and the hospital’s electronic 
medical records. Patients with missing or incomplete data 
were excluded from analyses requiring relevant information, 
and no data imputation was performed.

This study was approved by the Institutional Review Board 
of Hallym University Dongtan Sacred Heart Hospital (IRB no. 
HDT 2023-07-010-001). As this was a retrospective chart 
review study, informed consent was not required.

Definition and classification of variables
Hypersensitivity reactions were further categorized by tem-
poral onset. Reactions occurring within 1 hour after drug 
administration were defined as immediate, while those oc-
curring later than 1 hour were defined as delayed.

The severity of anaphylaxis was graded according to 
Brown’s classification in 2004 as follows: mild (skin and sub-
cutaneous involvement such as erythema, urticaria, perior-
bital edema, or angioedema), moderate (respiratory, cardio-
vascular, or gastrointestinal involvement such as dyspnea, 
stridor, wheeze, nausea, vomiting, dizziness, diaphoresis, 
chest or throat tightness, or abdominal pain), and severe 
(hypoxia, hypotension, or neurologic compromise, defined 
as cyanosis, SpO2 ≤ 92%, or systolic blood pressure < 90 
mmHg, confusion, collapse, loss of consciousness, inconti-
nence) [12]. 

Underlying comorbidities included myocardial infarction, 
congestive heart failure, peripheral vascular disease, cere-
brovascular accident or transient ischemic attack, dementia, 
chronic obstructive pulmonary disease, connective tissue 
disease, peptic ulcer disease, chronic liver disease, diabetes 
(uncomplicated or with chronic complications), hemiplegia, 
chronic kidney disease, and malignancy.

Information regarding demographic characteristics (age, 
sex), history of allergic diseases (asthma, allergic rhinitis, 
atopic dermatitis, food allergy, chronic urticaria, and drug 
allergy), and clinical features of the hypersensitivity event 
(organ-specific symptoms including cutaneous, respirato-
ry, cardiovascular, neurologic, and gastrointestinal systems) 
was retrospectively collected using electronic medical re-
cords and case report forms.

A history of drug allergy was defined as any previous al-
lergic reaction to a medication prior to the index ED visit. 
Recurrent reactions were defined as hypersensitivity events 
occurring after reexposure to the same drug or to a struc-
turally or functionally related drug, thereby encompassing 
potential cross-reactivity, and were separately classified as 
recurrent reactions due to known culprit drugs.

Finally, culprit drug identification was assessed by inte-
grating clinical history with the results of serum-specific IgE 
testing, skin testing, and drug provocation testing, as de-
tailed in the Results section.

Statistical analysis
Continuous variables were presented as mean ± standard 
deviation, while categorical variables were presented as fre-
quencies and percentages. Continuous variables were com-
pared using the Student’s t-test, and categorical variables 
were compared using the chi-squared test or the Fisher ex-
act test, as appropriate. Univariate logistic regression was 
conducted to identify factors associated with allergist visits 
or culprit drug identification, and results were reported as 
odds ratios (ORs) with 95% confidence intervals (CIs). Statis-
tical significance was set at p < 0.05. All statistical analyses 
were performed using the R software version 4.5.0 (R Foun-
dation for Statistical Computing, Vienna, Austria).

RESULTS

Clinical characteristics of the study patients 
with immediate- and delayed-type reactions
A total of 668 patients with suspected DHRs were includ-
ed in the analysis, of which 427 (63.9%) were classified 
as immediate-type and 241 (36.1%) as delayed-type re-
actions. Table 1 presents the clinical characteristics of the 
study patients and compares immediate- and delayed-type 
reactions. Demographic characteristics, including age, sex, 
and comorbidity prevalence, were comparable between 
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Table 1. Clinical characteristics of the study patients

Variable Total 
(n = 668)

Immediate type 
(n = 427)

Delayed type 
(n= 241) p value

Age (yr) 43.3 ± 17.1 43.3 ± 17.1 43.3 ± 17.2 0.959
Age, category (yr) 0.168

0–10 13 (1.9) 5 (1.2) 8 (3.3)
11–20 53 (7.9) 39 (9.1) 14 (5.8)
21–30 99 (14.8) 62 (14.5) 37 (15.4)
31–40 130 (19.5) 86 (20.1) 44 (18.3)
41–50 136 (20.4) 89 (20.8) 47 (19.5)
51–60 123 (18.4) 70 (16.4) 53 (22.0)
≥ 60 114 (17.1) 76 (17.8) 38 (15.8)

Male, sex 278 (41.6) 177 (41.5) 101 (41.9) 0.973
Patients with underlying comorbidities 300 (44.9) 189 (44.3) 111 (46.1) 0.714
Patients with allergic diseases 258 (38.6) 168 (39.3) 90 (37.3) 0.669

Asthma 14 (2.1) 9 (2.1) 5 (2.1) 0.876
Allergic rhinitis 40 (6.0) 25 (5.9) 15 (6.2) 0.737
Atopic dermatitis 7 (1.0) 3 (0.7) 4 (1.7) 0.461
Food allergy 48 (7.2) 28 (6.6) 20 (8.3) > 0.999
Chronic urticaria 8 (1.2) 4 (0.9) 4 (1.7) 0.725
Drug allergy 136 (20.4) 96 (22.5) 40 (16.6) 0.087

Recurrent cases due to known drugs 102 (15.5) 72 (17.1) 30 (12.6) 0.155
Organ-specific symptoms

Cutaneous 640 (95.8) 403 (94.4) 237 (98.3) 0.024
Erythema 457 (68.4) 272 (63.7) 185 (76.8) 0.001
Itching 365 (54.6) 214 (50.1) 151 (62.7) 0.002
Angioedema 211 (31.6) 129 (30.2) 82 (34.0) 0.351
Urticaria 152 (22.8) 100 (23.4) 52 (21.6) 0.653
Bullous eruption 3 (0.4) 1 (0.0) 2 (0.8) 0.296

Respiratory 198 (29.6) 147 (34.4) 51 (21.2) < 0.001
Dyspnea 164 (24.6) 122 (28.6) 42 (17.4) 0.002
Laryngeal edema 38 (5.7) 25 (5.9) 13 (5.4) 0.942
Wheezing 9 (1.3) 8 (1.9) 1 (0.4) 0.167
Cough 10 (1.5) 8 (1.9) 2 (0.8) 0.344

Cardiovascular 56 (8.4) 41 (9.6) 15 (6.2) 0.171
Hypotension 40 (6.0) 32 (7.5) 8 (3.3) 0.044
Palpitation 8 (1.2) 4 (0.9) 4 (1.7) 0.468
Chest pain 11 (1.6) 7 (1.6) 4 (1.7) > 0.999
Hypertension 10 (1.5) 9 (2.1) 1 (0.4) 0.104

Neurologic 49 (7.3) 41 (9.6) 8 (3.3) 0.005
Dizziness 32 (4.8) 30 (7.0) 2 (0.8) 0.001
Loss of consciousness 16 (2.4) 12 (2.8) 4 (1.7) 0.503
Seizure 2 (0.3) 0 (0.0) 2 (0.8) 0.130

Gastrointestinal 51 (7.6) 39 (9.1) 12 (5.0) 0.073
Abdominal pain 19 (2.8) 17 (4.0) 2 (0.8) 0.035
Nausea 18 (2.7) 10 (2.3) 8 (3.3) 0.617
Vomiting 16 (2.4) 13 (3.0) 3 (1.2) 0.231
Diarrhea 8 (1.2) 6 (1.4) 2 (0.8) 0.718
Dysphagia 3 (0.4) 2 (0.5) 1 (0.4) > 0.999

Values are presented as mean ± standard deviation for continuous variables and as number (%) for categorical variables. 
p values were calculated using Student’s t-test for continuous variables and chi-square or the Fisher exact test for categorical variables, 
comparing immediate- and delayed-type reactions.
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immediate- and delayed-type reactions. The prevalence of 
allergic diseases, history of food or drug allergies, and recur-
rent reactions due to known culprit drugs also showed no 
significant differences between the groups.

Cutaneous manifestations were the most common or-
gan-specific symptoms observed in 95.8% of patients. Com-
pared to the immediate-type group, the delayed-type group 
had a significantly higher frequency of cutaneous involve-
ment (98.3% vs. 94.4%, p = 0.024), particularly erythe-
ma (76.8% vs. 63.7%, p = 0.001) and itching (62.7% vs. 
50.1%, p = 0.002). Respiratory symptoms were more fre-
quent in the immediate-type group (34.4% vs. 21.2%, p < 
0.001), including dyspnea (28.6% vs. 17.4%, p = 0.002). 
Cardiovascular involvement, although not significantly dif-
ferent overall (9.6% vs. 6.2%, p = 0.171), was associated 
with a higher rate of hypotension in the immediate-type 
group (7.5% vs. 3.3%, p = 0.044). Neurological symptoms 
were more commonly reported in the immediate-type group 
(9.6% vs. 3.3%, p = 0.005), with dizziness being significant-
ly more frequent (7.0% vs. 0.8%, p = 0.001). Gastrointes-
tinal symptoms were more common in the immediate-type 
group (9.1% vs. 5.0%, p = 0.073), and abdominal pain was 
significantly more common (4.0% vs. 0.8%, p = 0.035).

In the delayed-type group (n = 241), skin eruptions were 
overwhelmingly consistent with maculopapular eruption 
(MPE). SCARs were rare, with only one case clinically sus-
pected as Stevens–Johnson syndrome (SJS, 1/241, 0.4% of 
delayed; 1/668, 0.1% overall).

Causative drugs of the DHRs in this study
The distribution of culprit drugs by reaction type is summa-
rized in Supplementary Table 1. The most frequently impli-
cated drug classes are radiocontrast media, nonsteroidal 
anti-inflammatory drugs (NSAIDs), and β-lactam antibiotics. 
Radiocontrast media, almost exclusively iodinated contrast 
media (ICM) with a single case of gadolinium-based con-
trast agent (GBCA), were significantly more common in 
immediate-type reactions than in delayed-type reactions 
(22.5% vs. 12.4%, p < 0.001). β-lactam antibiotics also 
showed a significant difference, with a higher frequency in 
immediate-type reactions (6.3% vs. 5.8%, p = 0.004). Fluo-
roquinolones, within the “other antibiotics” category, were 
observed more often in immediate-type reactions (64.3% 
vs. 9.1%, p = 0.012), suggesting a notable pattern despite 
their lower overall frequency. Reactions involving multi-
ple suspected drugs accounted for nearly half of all cases 

(50.5%), with higher proportions observed in delayed-type 
reactions (60.2% vs. 45.0%), without statistical significance.

Clinical characteristics of immediate-type 
reactions: anaphylaxis vs. non-anaphylaxis
Among the 427 patients with immediate-type reactions, 143 
(33.5%) met the criteria for anaphylaxis. Table 2 compares 
the clinical characteristics of anaphylactic and non-anaphy-
lactic reactions.

Patients with anaphylaxis were significantly older than 
those without anaphylaxis (45.6 ± 16.5 yr vs. 42.1 ± 17.2 
yr, p = 0.041). Although the distribution across age cate-
gories showed only a borderline difference (p = 0.054), the 
proportion of anaphylactic cases was higher among patients 
aged ≥ 60 years. Sex distribution and presence of under-
lying comorbidities were comparable between the two 
groups. Patients with anaphylaxis had a higher prevalence 
of allergic diseases (47.6% vs. 35.2%, p = 0.018), including 
asthma (4.9% vs. 0.7%, p < 0.001), allergic rhinitis (11.2% 
vs. 3.2%, p < 0.001), and food allergies (8.4% vs. 5.6%, 
p = 0.021). The proportion of recurrent reactions due to 
known drugs did not differ significantly between the groups 
(18.9% vs. 16.0%, p = 0.482).

According to the Brown severity classification, none of the 
cases were categorized as mild. Most cases were classified as 
moderate (84 cases, 58.7%), while 59 cases (41.3%) were 
classified as severe anaphylaxis. Among the 143 patients 
with anaphylaxis, serum tryptase was measured in 43 cases, 
with a mean level of 17.0 ± 16.1 ng/mL. Elevated tryptase 
levels (> 11.4 ng/mL) were found in 22 patients (51.2%). 
The treatment patterns in the ED differed markedly. Patients 
with anaphylaxis were more likely to receive corticosteroids 
(88.1% vs. 60.9%, p < 0.001), inhaled β-agonists (11.9% 
vs. 1.1%, p < 0.001), and epinephrine (45.5% vs. 2.8%, p < 
0.001). The use of H1- and H2-antihistamines did not differ 
significantly between the groups. 

Radiocontrast media and NSAIDs have been frequently 
reported in patients with immediate-type reactions. Among 
these, in patients with anaphylaxis, the most common single 
drug culprit was NSAIDs in 21 patients (14.7%), with ke-
torolac accounting for four cases (2.8%), followed by cime-
tropium bromide in seven patients (4.9%), and cefaclor in 
six patients (4.2%). Reactions involving multiple suspected 
drugs were observed in 97 patients (67.8%), most of whom 
were involved in regimens containing NSAIDs (Supplemen-
tary Table 1).
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Comparison of drug hypersensitivity patients 
with and without outpatient follow-up after 
an ED visit
Table 3 provides a comparison of patients with drug hyper-
sensitivity with and without outpatient follow-up after an 
ED visit. Among 668 patients with DHRs, 86 (12.9%) under-
went outpatient follow-up after their ED visit. Patients who 

returned for follow-up were more likely to have experienced 
anaphylaxis (45.3% vs. 17.9%; OR 3.81, 95% CI 2.37–
6.13, p < 0.001), and to have allergic comorbidities such as 
asthma (OR 5.41, 95% CI 1.69–17.34, p = 0.005), allergic 
rhinitis (OR 9.52, 95% CI 4.45–20.36, p < 0.001), food al-
lergy (OR 3.97, 95% CI 1.80–8.75, p < 0.001), and chronic 
urticaria (OR 29.65, 95% CI 5.69-154.45, p < 0.001).

Table 2. Clinical characteristics of the study patients with immediate-type reactions: anaphylaxis vs. non-anaphylaxis patients

Variable
Anaphylaxis 

(n = 143)
Non-anaphylaxis 

(n = 284)
p value

Age (yr) 45.6 ± 16.5 42.1 ± 17.2 0.041

Age, category (yr) 0.054

0–10 1 (0.7) 4 (1.4)

11–20 11 (7.7) 28 (9.9)

21–30 20 (14.0) 42 (14.8)

31–40 21 (14.7) 65 (22.9)

41–50 26 (18.2) 63 (22.2)

51–60 33 (23.1) 37 (13.0)

≥ 60 31 (21.7) 45 (15.8)

Male, sex 52 (36.4) 125 (44.0) 0.158

Patients with underlying comorbidities 67 (46.9) 122 (43.0) 0.508

Patients with allergic diseases 68 (47.6) 100 (35.2) 0.018

Asthma 7 (4.9) 2 (0.7) < 0.001

Allergic rhinitis 16 (11.2) 9 (3.2) < 0.001

Atopic dermatitis 1 (0.7) 2 (0.7) 0.509

Food allergy 12 (8.4) 16 (5.6) 0.021

Chronic urticaria 2 (1.4) 2 (0.7) 0.201

Drug allergy 40 (28.0) 56 (19.7) 0.071

Recurrent cases due to known drugs 27 (18.9) 45 (16.0) 0.482

Brown severity (%)

Mild 0 (0.0)

Moderate 84 (58.7)

Severe 59 (41.3)

Tryptase (> 11.4 ng/mL) 22 (51.2)a)

Treatment in ED 

Corticosteroids 126 (88.1) 173 (60.9) < 0.001

H1-antihistamine 137 (95.8) 256 (90.1) 0.169

H2-antihistamine 3 (2.1) 5 (1.8) 0.368

Inhaled β-agonists 17 (11.9) 3 (1.1) < 0.001

Epinephrine 65 (45.5) 8 (2.8) < 0.001

Values are presented as mean ± standard deviation for continuous variables and as number (%) for categorical variables.
ED, emergency department.
a)Serum tryptase was measured in 43/143 anaphylaxis patients; percentages are based on those tested.
p values were calculated using Student’s t-test for continuous variables and chi-square or the Fisher exact test for categorical variables, 
comparing the anaphylaxis and non-anaphylaxis groups. The severity was classified according to the Brown criteria.
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Table 3. Comparison of drug hypersensitivity patients with and without outpatient follow-up after an ED visit

Variable
OPD f/u 
(n = 86)

No OPD f/u 
(n = 582)

p valuea) OR 
(95% CI)

p valueb)

Reaction type

Immediate 59 (68.6) 368 (63.2) 0.396 1.27 (0.78–2.08) 0.333

Anaphylaxis 39 (45.3) 104 (17.9) < 0.001 3.81 (2.37–6.13) < 0.001

Delayed 27 (31.4) 214 (36.8) 0.79 (0.48–1.28) 0.333

Age (yr) 44.74 ± 15.32 43.08 ± 17.34 0.358

Male, sex 35 (40.7) 243 (41.8) 0.946 0.96 (0.60–1.52) 0.853

Patients with underlying comorbidities 41 (47.7) 259 (44.5) 0.663 1.14 (0.72–1.79) 0.581

Patients with allergic diseases 51 (59.3) 207 (35.6) < 0.001 2.64 (1.66–4.19) < 0.001

Asthma 5 (5.8) 9 (1.5) 0.010 5.41 (1.69–17.34) 0.005

Allergic rhinitis 18 (20.9) 22 (3.8) < 0.001 9.52 (4.45–20.36) < 0.001

Atopic dermatitis 2 (2.3) 5 (0.9) 0.140 3.94 (0.73–21.32) 0.112

Food allergy 12 (14.0) 36 (6.2) 0.001 3.97 (1.80–8.75) < 0.001

Chronic urticaria 6 (7.0) 2 (0.3) < 0.001 29.65 (5.69–154.45) < 0.001

Drug allergy 24 (27.9) 112 (19.2) 0.086 1.62 (0.97–2.72) 0.064

Recurrent cases due to known drugs 17 (20.2) 85 (14.8) 0.259 1.46 (0.82–2.61) 0.199

Organ-specific symptoms

Cutaneous 79 (91.9) 561 (96.4) 0.075 0.42 (0.17–1.03) 0.057

Erythema 48 (55.8) 409 (70.3) 0.010 0.53 (0.34–0.85) 0.008

Itching 36 (41.9) 329 (56.5) 0.015 0.55 (0.35–0.88) 0.012

Angioedema 35 (40.7) 176 (30.2) 0.068 1.58 (0.99–2.52) 0.053

Urticaria 24 (27.9) 128 (22.0) 0.279 1.37 (0.82–2.29) 0.223

Bullous eruption 0 (0.0) 3 (0.5) > 0.999 0.00 (0.00–Inf) 0.994

Respiratory 38 (44.2) 160 (27.5) 0.002 2.09 (1.31–3.32) 0.002

Dyspnea 38 (44.2) 126 (21.6) < 0.001 2.87 (1.79–4.58) < 0.001

Laryngeal edema 3 (3.5) 35 (6.0) 0.459 0.56 (0.17–1.88) 0.352

Wheezing 2 (2.3) 7 (1.2) 0.326 1.96 (0.40–9.57) 0.408

Cough 0 (0.0) 10 (1.7) 0.376 0.00 (0.00–Inf) 0.989

Cardiovascular 19 (22.1) 37 (6.4) < 0.001 4.18 (2.27–7.68) < 0.001

Hypotension 17 (19.8) 23 (4.0) < 0.001 5.99 (3.05–11.76) < 0.001

Palpitation 2 (2.3) 6 (1.0) 0.275 2.29 (0.45–11.51) 0.316

Chest pain 2 (2.3) 9 (1.5) 0.641 1.52 (0.32–7.14) 0.599

Hypertension 2 (2.3) 8 (1.4) 0.626 1.71 (0.36–8.18) 0.503

Neurologic 14 (16.3) 35 (6.0) 0.001 3.04 (1.56–5.92) 0.001

Dizziness 11 (12.8) 21 (3.6) 0.001 3.92 (1.82–8.45) < 0.001

Loss of consciousness 5 (5.8) 11 (1.9) 0.043 3.20 (1.09–9.46) 0.035

Gastrointestinal 13 (15.1) 38 (6.5) 0.010 2.55 (1.30–5.01) 0.007

Abdominal pain 6 (7.0) 13 (2.2) 0.026 3.28 (1.21–8.88) 0.019

Nausea 4 (4.7) 14 (2.4) 0.272 1.98 (0.64–6.16) 0.238

Vomiting 3 (3.5) 13 (2.2) 0.447 1.58 (0.44–5.67) 0.481

Diarrhea 1 (1.2) 7 (1.2) > 0.999 0.97 (0.12–7.95) 0.975

Dysphagia 0 (0.0) 3 (0.5) > 0.999 0.00 (0–Inf) 0.994
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Patients with follow-up visits also showed a higher prev-
alence of respiratory (44.2% vs. 27.5%; OR 2.09, 95% CI 
1.31–3.32, p = 0.002), cardiovascular (22.1% vs. 6.4%; OR 
4.18, 95% CI 2.27–7.68, p < 0.001), neurologic (16.3% vs. 
6.0%; OR 3.04, 95% CI 1.56–5.92, p = 0.001), and gas-
trointestinal symptoms (15.1% vs. 6.5%; OR 2.55, 95% CI 
1.30–5.01, p = 0.007), particularly dyspnea, hypotension, 
dizziness, and abdominal pain. Cutaneous symptoms, such 
as erythema and itching, were more common among pa-
tients without follow-up.

Among those with outpatient visits, 54.7% underwent 
drug provocation testing with a test positivity rate of 19.1%. 
Specific IgE measurements and skin tests were performed in 
43.0% and 41.9% of patients, respectively, with positivity 
rates of 62.1% and 66.7%, respectively. Patch testing to the 
suspected drug was performed in 3 patients (3.5%), with a 
positivity rate of 33.3%. A drug safety card was issued to 
72.1% of patients who received outpatient evaluation. 

Comparison of outpatient follow-up patients 
with and without identified culprit drugs
Among the 86 patients who returned for outpatient fol-
low-up, the culprit drug was successfully identified in 51 cases 
(59.3%). Patients taking identified culprit drugs were more 
likely to have experienced immediate-type reactions (82.4% 
vs. 48.6%, p = 0.002) and anaphylaxis (56.9% vs. 28.6%, 

p = 0.018) than those who did not. Although not statistical-
ly significant, a higher proportion of patients with identified 
culprits had a history of drug allergy (33.3% vs. 20.0%) and 
recurrent reactions to known drugs (26.5% vs. 11.4%).

The distribution of organ-specific symptoms, including 
cutaneous, respiratory, cardiovascular, neurological, and 
gastrointestinal manifestations, did not differ significantly 
between the groups.

Among the 86 patients who underwent outpatient fol-
low-up, most were exposed to multiple suspected drugs 
rather than a single agent (70.6% vs. 29.4% in the identified 
group; 77.1% vs. 22.9% in the unidentified group). Among 
patients with multiple suspected drugs, the most common 
combination was NSAIDs and β-lactams, which were more 
frequently observed in the culprit-identified group (61.1% 
vs. 29.6%, p = 0.054). Among 36 patients with multiple 
suspected drugs, the NSAID + β-lactam combination (n = 
22) yielded 11 cases with cefaclor, four with amoxicillin, and 
two with NSAIDs as confirmed culprits; the remaining cases 
were attributed to other drugs. In the NSAID + muscle relax-
ant group (n = 7), two cases were confirmed as NSAIDs and 
one as eperisone, with the others due to different drugs. 
Overall, 20 patients (55.6%) received a confirmed culprit 
drug included in the initially suspected combination.

Diagnostic evaluation differed between the groups: pa-
tients with identified culprit drugs were more likely to have 

Variable
OPD f/u 
(n = 86)

No OPD f/u 
(n = 582)

p valuea) OR 
(95% CI)

p valueb)

Work-up at the clinic 

Drug Provocation tests 47 (54.7)

Test positivity rate (%) 19.1

Serum specific IgE measurements to drug 37 (43.0)

Test positivity rate (%) 62.1

Skin tests to drug 36 (41.9)

Test positivity rate (%) 66.7

Patch tests to drug 3 (3.5)

Test positivity rate (%) 33.3

Drug safety card issued 62 (72.1)

Values are presented as mean ± standard deviation for continuous variables and as number (%) for categorical variables.
ED, emergency department; OPD, outpatient department; f/u, follow-up; OR, odds ratio; CI, confidence interval; Test positivity rate, 
number of positive results/number of patients tested.
a)p values were calculated using Student’s t-test for continuous variables and chi-square or the Fisher exact test for categorical variables, 
comparing patients with and without OPD f/u.
b)OR and 95% CI were estimated using univariable logistic regression (p).

Table 3. Continued
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undergone drug provocation tests (66.7% vs. 37.1%, p = 
0.013), and their serum-specific IgE testing showed a signifi-
cantly higher positivity rate (76.9% vs. 27.3%, p = 0.004). 
Drug safety cards were issued more frequently in this group 
(90.2% vs. 45.7%, p = 0.001). Detailed comparisons be-
tween the groups are provided in Supplementary Table 2. 
Notably, most patients without an identified culprit drug 
either declined provocation testing or did not return for out-
patient evaluation. 

Among the 86 patients who returned for outpatient fol-
low-up, 51 (59.3%) ultimately had the culprit drug iden-
tified. Culprit identification was most commonly achieved 
with cefaclor (n = 17), amoxicillin/amoxicillin-clavulanate  
(n = 9), NSAIDs (n = 9), and eperisone (n = 6). Among the 
nine NSAID-related cases, two were classified as single 
NSAID-induced urticaria/angioedema/anaphylaxis (SNIUAA): 
one case was attributed to acetaminophen alone, and one 
case to acetylsalicylic acid alone. The remaining seven cas-
es were classified as NSAID-induced urticaria/angioedema/
anaphylaxis (NIUAA); five patients showed cross-reactive hy-
persensitivity to multiple NSAIDs, and two patients addition-
ally reacted to celecoxib, indicating broad cross-intolerance. 
The diagnostic methods varied, including combinations of 
clinical history, ImmunoCAP testing, skin testing, and drug 
provocation testing. Detailed information regarding the di-
agnostic strategies is presented in Table 4.

DISCUSSION

This single-center retrospective study characterized DHRs 
presenting to the ED and evaluated culprit drug identifica-
tion through allergy outpatient follow-ups. Among the 668 
patients, 63.9% had immediate-type reactions and 36.1% 
had delayed-type reactions. Cutaneous manifestations 
were common in both immediate- and delayed-type reac-
tions; however, respiratory, cardiovascular, and neurologi-
cal symptoms were more frequently observed in immedi-
ate-type reactions. Of the 427 patients with immediate-type 
reactions, 33.5% met the criteria for anaphylaxis, which was 
associated with a higher prevalence of underlying allergic 
diseases and an epinephrine administration rate of 45.5%. 
Radiocontrast media, NSAIDs, and β-lactams are the most 
common culprit drug classes, with reactions involving mul-
tiple suspected drugs occurring frequently. Only 12.9% of 
patients had outpatient follow-up, but among those who 

did, 59.3% had a confirmed culprit drug, most common-
ly cefaclor, amoxicillin/amoxicillin-clavulanate, NSAIDs, or 
eperisone. In patients with multiple suspected drugs, the 
NSAID plus β-lactam combination was the most common, 
with more than half having the culprit drug within this com-
bination. Building on these methodological strengths, sever-
al notable findings emerged in our cohort.

Previous large-scale studies in Spain and Croatia identified 
β-lactam antibiotics as the most common culprits of ED visits 
in DHRs [6,8]. However, these studies relied mainly on ED 
records or diagnoses without allergist confirmation, limiting 
the diagnostic accuracy. Follow-up rates were also low, with 
< 10% in one Lebanese study [7] and as low as 2.3% in 
a pediatric ED series from Australia [13], and confirmatory 
testing was rarely performed.

In contrast, our study directly linked ED cases to allergist 
evaluation, enabling a definitive diagnosis through a multi-
modal approach that included medical history, ImmunoCAP, 
skin testing, and drug provocation testing. By analyzing both 
immediate- and delayed-type reactions, we also compared 
phenotypes, including anaphylaxis and non-anaphylaxis, and 
assessed diagnostic yield across multiple drug exposures. 
Taken together, these features allow us to identify several 
notable findings. First, radiocontrast media were the leading 
culprit in our cohort, likely reflecting their high utilization in 
Korea’s diagnostic and therapeutic settings, with national 
surveillance data showing more than a tenfold rise in relat-
ed ADR reports between 2009 and 2019 [14]. Second, the 
unexpectedly high proportion of delayed reactions suggests 
that such events can be sufficiently severe or distressing to 
prompt ED visits, underscoring the underrecognized clini-
cal burden [15]. We further delineated delayed phenotypes, 
showing that most delayed ED presentations manifested as 
MPE, whereas SCAR was uncommon and limited to a single 
case clinically suspected of SJS. This distribution is consistent 
with the expectation that benign exanthems predominate in 
ED-identified delayed reactions, while true SCARs are infre-
quent but high-stakes and warrant targeted evaluation and 
early referral. Third, among anaphylactic patients, comorbid 
asthma and allergic rhinitis were more prevalent, consistent 
with known risk factors [16,17], and elevated serum trypt-
ase (≥ 11.4 ng/mL) was significantly more frequent, sup-
porting its diagnostic value [18,19]. Fourth, although the 
epinephrine administration rate of 45.5% in anaphylaxis 
exceeded that reported in some previous studies [13,20], 
this rate primarily reflects administration in Brown grade 
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3 cases and may therefore not indicate underuse. Never-
theless, this underscores the ongoing need for education 
on timely recognition and administration in clinical practice 
[21]. Finally, the high confirmation rate of culprit diagno-
ses among follow-up patients, an observation not reported 
in prior ED studies, demonstrates the clinical value of post-
ED allergy evaluation for securing accurate diagnoses and 
preventing reexposure. This study underscores the need to 
strengthen the continuum of care for patients presenting to 
the ED with DHRs. First, establishing a direct pathway for 
allergy specialist assessment, either during the ED visit or 

through structured referral and appointment systems at dis-
charge, could improve diagnostic accuracy and patient safe-
ty. Second, preventive strategies should focus on high-risk 
drugs, such as radiocontrast media, NSAIDs, and β-lactam 
antibiotics, with particular attention to patients exposed to 
multiple agents, where standardized diagnostic algorithms 
could facilitate culprit identification. Third, greater aware-
ness of delayed-type reactions is warranted, as these ac-
count for a substantial proportion of ED presentations and 
can significantly affect patient well-being. Finally, improving 
adherence to guideline-recommended epinephrine use for 

Table 4. Diagnostic methods for identified culprit drugs in 51 cases

Culprit drug Diagnostic method n

Cefaclor (n = 17) History + ImmunoCAP positive + Other drug provocation negative 9

History + ImmunoCAP positive 4

History + ImmunoCAP negative + Other drug provocation negative 3

History + ImmunoCAP positive + Skin test positive 1

Amoxicillin/Amoxicillin-clavulanate (n = 9) History + ImmunoCAP positive 2

History + ImmunoCAP positive + Other drug provocation negative 2

History + Skin test positive 2

History + ImmunoCAP positive + Skin test positive 1

History + Other drug provocation negative 1

History only 1

NSAIDs (n = 9) History only 5

History + Provocation positive 4

Eperisone (n = 6) History + Skin test positive + Other drug provocation negative 4

History + Skin test positive + Provocation positive 1

History + Skin test positive 1

Radiocontrast media (n = 3) History only 2

History + Skin test positive 1

Other antibiotics (n = 3) 3

Minocycline, tetracycline (n = 1) History only 1

Ciprofloxacin (n = 1) History + Skin test positive 1

Antituberculosis drug (Isoniazide, ethambutol) (n = 1) History + Provocation positivea) 1

Other drugs (n = 4) 4

Trimebutine (n = 1) History + Skin test positive + Other drug provocation negative 1

Trimebutine, eperisone, itopride (n = 1) History + Skin test positiveb) 1

Codeine (n = 1) History + Skin test positive 1

Hyoscine butylbromide (n = 1) History + Skin test positive + Other drug provocation negative 1

History, diagnosis based on clinical history without confirmatory testing; ImmunoCAP, in vitro allergen-specific IgE assay; skin test, skin 
prick or intradermal test; provocation, drug provocation test; NSAIDs, nonsteroidal anti-inflammatory drugs.
a)In this case, both suspected drugs yielded positive provocation test results, and the reaction was concluded to be caused by multiple 
culprit drugs. 
b)In this case, skin testing with all three suspected drugs reproduced the patient’s symptoms; therefore, drug provocation testing declined, 
and no further workup was performed.
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anaphylaxis will require targeted clinician education and 
streamlined protocols to ensure its timely administration.

This study has several limitations. First, as this was a sin-
gle-center and single-nationality retrospective study, the 
generalizability of the findings is limited, and there is poten-
tial for selection and information bias. Second, the propor-
tion of patients who underwent outpatient follow-up after 
their ED visit was low, potentially leading to an underestima-
tion of the actual confirmation rate. Some patients who did 
not attend follow-up might have still had their culprit drug 
identified if evaluated. Third, specific clinical outcomes and 
severity assessments relied on medical records, which may 
have been subject to inaccuracies or incomplete documen-
tation. Fourth, we classified reaction timing as immediate  
(≤ 1 h) and delayed (> 1 h), a simplified scheme compared 
with the commonly used classifications of immediate, accel-
erated (1–72 h), and delayed (> 72 h). This difference should 
be considered when compared to other studies. Fifth, ow-
ing to limited clinical information and incomplete outpatient 
follow-up, all NSAID hypersensitivity reactions could not be 
accurately classified into established subtypes. Nevertheless, 
among the nine patients who were fully evaluated in the 
outpatient clinic, seven were classified as NIUAA and two 
as SNIUAA. These findings underscore the importance of 
structured outpatient follow-up and comprehensive evalu-
ation to identify the exact causative drug, which not only 
ensures the safe and appropriate use of medications in af-
fected patients but also prevents unnecessary avoidance of 
the entire NSAID class, as illustrated by the two cases of 
NIUAA. Although cross-reactivity is primarily attributed to 
nonselective cyclooxygenase-1 inhibition, cross-intolerance 
has also been reported in a minority of patients exposed to 
selective cyclooxygenase-2 inhibitors, such as celecoxib. In a 
Korean cohort, the overall celecoxib cross-reaction rate was 
10.3%, with particularly high rates of aspirin-exacerbated 
chronic urticaria (17.4%) and aspirin-exacerbated chronic 
urticaria (8.7%) [22]. The two celecoxib-reactive cases in our 
study likely fell within this small but clinically relevant ex-
ception category. Sixth, because the radiocontrast media in 
this study were predominantly ICM, with only one GBCA 
case, the distribution largely reflects the specific agents used 
at our center and may not be generalizable to other insti-
tutions or populations. Finally, owing to the retrospective 
observational design, causal relationships cannot be firmly 
established, and potential confounding factors cannot be 
ruled out.

In conclusion, this study is the first to provide a compre-
hensive analysis of patients presenting to the ED with DHRs, 
including the outcomes of culprit drug identification during 
outpatient follow-up. Both immediate- and delayed-type re-
actions were frequent, and radiocontrast media emerged 
as the most common culprit. The high confirmation rate 
among patients who attended follow-up emphasizes the 
importance of early referral to allergy specialists in the ED. 
Our findings highlight several priorities: preemptive risk as-
sessment for high-risk drugs, standardized diagnostic pro-
cedures for patients with multiple drug exposures, greater 
recognition of delayed reactions, and improved adherence 
to epinephrine use for anaphylaxis. Future multicenter pro-
spective studies are needed to validate these strategies and 
to establish a structured ED-based drug allergy manage-
ment system.

KEY MESSAGE
1.	 Emergency department–diagnosed drug hyper-

sensitivity reactions were predominantly immedi-
ate-type reactions, most commonly triggered by 
radiocontrast media, NSAIDs, and β-lactams.

2.	Anaphylaxis occurred in one-third of immedi-
ate-type reactions and was significantly associated 
with allergic comorbidities.

3.	Despite ED diagnosis, outpatient allergy follow-up 
rates were low; however, more than half of the 
evaluated patients had a confirmed culprit drug, 
underscoring the importance of early referral to al-
lergists to prevent reexposure and improve patient 
safety. 
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Supplementary Table 1. Causative drugs of the drug hypersensitivity reactions in this study

Causative drugs 
Total 

(n = 668)
Immediate 
(n = 427)

Anaphylaxis
 (n = 143)

Delayed 
(n = 241)

p value

Single drug-induced 331 (49.6) 235 (55.0) 46 (32.2) 95 (39.4) < 0.001

Radiocontrast media 126 (18.9) 96 (22.5) 4 (2.8) 30 (12.4) < 0.001

Iopamidol 54 (42.9) 48 (50.0) 2 (50.0) 6 (20.0)

Iohexol 32 (25.4) 23 (24.0) 2 (50.0) 9 (30.0)

Iomeprol 15 (11.9) 12 (12.5) 0 (0.0) 3 (10.0)

Iobitridol 12 (9.5) 11 (11.5) 0 (0.0) 1 (3.3)

Ioversol 7 (5.6) 2 (2.1) 0 (0.0) 5 (16.7)

Iodixanol 5 (4.0) 0 (0.0) 0 (0.0) 5 (16.7)

Gadobutrol 1 (0.8) 0 (0.0) 0 (0.0) 1 (3.3)

NSAIDs 96 (14.4) 72 (16.9) 21 (14.7) 24 (10.0) 0.114

Ketorolac 16 (16.7) 15 (20.8) 4 (19.0) 1 (4.2)

Dexibuprofen 13 (13.5) 10 (13.9) 3 (14.3) 3 (12.5)

Acetaminophen 11 (11.5) 7 (9.7) 3 (14.3) 4 (16.7)

Propacetamol 10 (10.4) 10 (13.9) 3 (14.3) 0 (0.0)

Naproxen 10 (10.4) 6 (8.3) 2 (9.5) 4 (16.7)

Loxoprofen 8 (8.3) 6 (8.3) 2 (9.5) 2 (8.3)

Ibuprofen 8 (8.3) 5 (6.9) 0 (0.0) 3 (12.5)

Celecoxib 6 (6.2) 3 (4.2) 0 (0.0) 3 (12.5)

Aceclofenac 3 (3.1) 3 (4.2) 2 (9.5) 0 (0.0)

Aspirin 3 (3.1) 1 (1.4) 0 (0.0) 2 (8.3)

Cloxinin 3 (3.1) 2 (2.8) 1 (4.8) 1 (4.2)

Diclofenac 2 (2.1) 2 (2.8) 0 (0.0) 0 (0.0)

Meloxicam 2 (2.1) 1 (1.4) 1 (4.8) 1 (4.2)

Flubiprofen 1 (1.0) 1 (1.4) 0 (0.0) 0 (0.0)

Beta lactams 41 (6.1) 27 (6.3) 8 (5.6) 14 (5.8) 0.004

Penicillin class Amoxicillin/clavulanate 7 (17.1) 2 (7.4) 1 (12.5) 5 (35.7)

Amoxicillin 3 (7.3) 1 (3.7) 0 (0.0) 2 (14.3)

Piperacillin/tazobactam 1 (2.4) 1 (3.7) 0 (0.0) 0 (0.0)

Penicillin 1 (2.4) 1 (3.7) 1 (12.5) 0 (0.0)

Cephalosporin class 

1st generation Cefalexin 1 (2.4) 0 (0.0) 0 (0.0) 1 (7.1)

Cephradine 1 (2.4) 0 (0.0) 0 (0.0) 1 (7.1)

2nd generation Cefaclor 16 (39.0) 14 (51.9) 6 (75.0) 2 (14.3)

3rd generation Ceftriaxone 8 (19.5) 7 (25.9) 0 (0.0) 1 (7.1)

Cefpodoxime 1 (2.4) 1 (3.7) 0 (0.0) 0 (0.0)

Ceftamet 1 (2.4) 0 (0.0) 0 (0.0) 1 (7.1)

Cefixime 1 (2.4) 0 (0.0) 0 (0.0) 1 (7.1)

Other antibiotics 25 (3.7) 14 (3.3) 3 (2.1) 11 (4.6) 0.096

Fluoroquinolone 10 (40.0) 9 (64.3) 1 (33.3) 1 (9.1)

Ciprofloxacin 6 (24.0) 5 (35.7) 0 (0.0) 1 (9.1)

Levofloxacin 3 (12.0) 3 (21.4) 0 (0.0) 0 (0.0)

Ofloxacin 1 (4.0) 1 (7.1) 1 (33.3) 0 (0.0)
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Causative drugs 
Total 

(n = 668)
Immediate 
(n = 427)

Anaphylaxis
 (n = 143)

Delayed 
(n = 241)

p value

Antituberculosis drugs 3 (12.0) 2 (14.2) 0 (0.0) 1 (9.1)

Rifampin 2 (8.0) 1 (7.1) 0 (0.0) 1 (9.1)

Ethambutol 1 (4.0) 1 (7.1) 0 (0.0) 0 (0.0)

Tetracycline 3 (12.0) 0 (0.0) 0 (0.0) 3 (27.3)

Itraconazole 2 (8.0) 1 (7.1) 1 (33.3) 1 (9.1)

Minocycline 2 (8.0) 1 (7.1) 1 (33.3) 1 (9.1)

Lincosamide 1 (4.0) 0 (0.0) 0 (0.0) 1 (9.1)

Macrolide 1 (4.0) 0 (0.0) 0 (0.0) 1 (9.1)

Metronidazole 1 (4.0) 0 (0.0) 0 (0.0) 1 (9.1)

Clindamycin 1 (4.0) 1 (7.1) 0 (0.0) 0 (0.0)

Oseltamivir 1 (4.0) 0 (0.0) 0 (0.0) 1 (9.1)

Gastrointestinal drugs 16 (2.4) 15 (3.5) 8 (5.6) 1 (0.4) 0.187

Cimetropium bromide 10 (62.5) 10 (66.7) 7 (87.5) 0 (0.0)

Metoclopramide 3 (18.8) 3 (20.0) 1 (12.5) 0 (0.0)

Buscopan 1 (6.2) 1 (6.7) 0 (0.0) 0 (0.0)

Famotidine 1 (6.2) 1 (6.7) 0 (0.0) 0 (0.0)

Tegoprazan 1 (6.2) 0 (0.0) 0 (0.0) 1 (100.0)

Other analgesics 3 (0.4) 2 (0.5) 0 (0.0) 1 (0.4) > 0.999

Nefopam 1 (33.3) 1 (50.0) 0 (0.0) 0 (0.0)

Tramadol 1 (33.3) 1 (50.0) 0 (0.0) 0 (0.0)

Acetaminophen/chlorzoxazone 1 (33.3) 0 (0.0) 0 (0.0) 1 (100.0)

Anesthetics 2 (0.3) 1 (0.2) 0 (0.0) 1 (0.4) > 0.999

Ketamine 1 (50.0) 1 (100.0) 0 (0.0) 0 (0.0)

Lidocaine 1 (50.0) 0 (0.0) 0 (0.0) 1 (100.0)

Antiepileptic drugs 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.4) NA

Lamotrigine 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0)

Miscellaneous 21 (3.1) 8 (1.9) 2 (1.4) 13 (5.4) 0.447

Hormonal agent 6 (28.7) 1 (12.5) 0 (0.0) 5 (38.5)

Drospirenone/estradiol 3 (14.3) 0 (0.0) 0 (0.0) 3 (23.1)

Ganirelix 1 (4.8) 0 (0.0) 0 (0.0) 1 (7.7)

hCG 1 (4.8) 1 (12.5) 0 (0.0) 0 (0.0)

Progesterone 1 (4.8) 0 (0.0) 0 (0.0) 1 (7.7)

Vaccine 4 (19.1) 1 (12.5) 0 (0.0) 3 (23.1)

Influenza vaccine 2 (9.5) 1 (12.5) 0 (0.0) 1 (7.7)

Covid-19 vaccine 1 (4.8) 0 (0.0) 0 (0.0) 1 (7.7)

Pneumococcal conjugate vaccine 1 (4.8) 0 (0.0) 0 (0.0) 1 (7.7)

Antihistamine 2 (9.6) 2 (25.0) 0 (0.0) 0 (0.0)

Cetirizine 1 (4.8) 1 (12.5) 0 (0.0) 0 (0.0)

Olopatadine 1 (4.8) 1 (12.5) 0 (0.0) 0 (0.0)

Anticancer drug 2 (9.6) 0 (0.0) 0 (0.0) 2 (15.4)

Docetaxel 1 (4.8) 0 (0.0) 0 (0.0) 1 (7.7)
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Causative drugs 
Total 

(n = 668)
Immediate 
(n = 427)

Anaphylaxis
 (n = 143)

Delayed 
(n = 241)

p value

Pembrolizumab 1 (4.8) 0 (0.0) 0 (0.0) 1 (7.7)

Dexamethasone 2 (9.5) 1 (12.5) 1 (50.0) 1 (7.7)

Amiodarone 1 (4.8) 1 (12.5) 0 (0.0) 0 (0.0)

Botulinum toxin type A 1 (4.8) 1 (12.5) 1 (50.0) 0 (0.0)

Erdosteine 1 (4.8) 1 (12.5) 0 (0.0) 0 (0.0)

Levocloperastine 1 (4.8) 0 (0.0) 0 (0.0) 1 (7.7)

Liraglutide 1 (4.8) 0 (0.0) 0 (0.0) 1 (7.7)

Multiple suspected drug reactions 337 (50.5) 192 (45.0) 97 (67.8) 145 (60.2) NA

NSAIDs + β-lactams 119 (35.3) 82 (42.7) 51 (52.6) 37 (25.5)

NSAIDs + Muscle relaxants 45 (13.4) 28 (14.6) 13 (13.4) 17 (11.7)

NSAIDs + Gastrointestinal drugs 33 (9.8) 18 (9.4) 6 (6.2) 15 (10.3)

Gastrointestinal drugs combination 9 (2.7) 6 (3.1) 0 (0.0) 3 (2.1)

Gastrointestinal drugs + Muscle relaxants 4 (1.2) 1 (0.5) 0 (0.0) 3 (2.1)

Other combination 127 (37.7) 57 (29.7) 27 (27.8) 69 (47.6)

Values are presented as number (%). Percentages in parentheses for each major drug category (e.g., NSAIDs, beta lactams) indicate 
the proportion among all 668 single or multiple drug–induced cases. Percentages in parentheses within each drug class indicate the 
proportion of each specific drug among cases in that class. 
NSAIDs, nonsteroidal anti-inflammatory drugs; hCG, human chorionic gonadotropin; NA, not applicable.
p values indicate comparisons between immediate and delayed reactions.
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Supplementary Table 2. Clinical characteristics of the outpatient follow-up patients: with vs. without identified culprit drugs

Variable Culprit identified (n = 51) Culprit not identified (n = 35) p value
Reaction type

Immediate 42 (82.4) 17 (48.6) 0.002
Anaphylaxis 29 (56.9) 10 (28.6) 0.018

Delayed 9 (17.6) 18 (51.4) 0.002
Age (yr) 45.9 ± 15.9 43.1 ± 14.6 0.394
Male, sex 22 (43.1) 13 (37.1) 0.740
Patients with underlying comorbidities 26 (51.0) 15 (42.9) 0.602
Patients with allergic diseases 30 (58.8) 21 (60.0) > 0.999

Asthma 3 (5.9) 2 (5.7) > 0.999
Allergic rhinitis 12 (23.5) 6 (17.1) 0.650
Atopic dermatitis 1 (2.0) 1 (2.9) > 0.999
Food allergy 4 (7.8) 8 (22.9) 0.488
Chronic urticaria 5 (27.8) 1 (2.9) 0.196
Drug allergy 17 (33.3) 7 (20.0) 0.267

Recurrent cases due to known drugs 13 (26.5) 4 (11.4) 0.155
Organ specific symptoms

Cutaneous 45 (88.2) 34 (97.1) 0.233
Respiratory 24 (47.1) 14 (40.0) 0.670
Cardiovascular 15 (29.4) 4 (11.4) 0.087
Neurologic 12 (23.5) 2 (5.7) 0.057
Gastrointestinal 10 (19.6) 3 (8.6) 0.273

Patients with a single suspected drug 15 (29.4) 8 (22.9) 0.756
NSAIDs 6 (40.0) 4 (50.0)
Radiocontrast media 3 (20.0) 0 (0.0)
Beta-lactams 4 (26.7) 3 (37.5)
Other antibiotics 1 (6.7) 1 (12.5)
Gastrointestinal drugs 1 (6.7) 0 (0.0)

Patients with multiple suspected drugs 36 (70.6) 27 (77.1) 0.054
NSAIDs + β-lactams 22 (61.1) 8 (29.6)
NSAIDs + Muscle relaxants 7 (19.4) 5 (18.5)
NSAID + Gastrointestinal drug 1 (2.8) 3 (11.1)
Gastrointestinal drugs + Muscle relaxants 0 (0.0) 1 (3.7)
Other combinations 6 (16.7) 10 (37.0)

Work up at clinic
Drug Provocation tests 34 (66.7) 13 (37.1) 0.013

Test positivity rate (%) 17.6 23.1 0.733
Serum specific IgE measurements to drug 26 (51.0) 11 (31.4) 0.115

Test positivity rate (%) 76.9 27.3 0.004
Skin tests to drug 26 (51.0) 10 (28.6) 0.065

Test positivity rate (%) 69.2 60.0 0.110
Patch tests to drug 1 (2.0) 2 (5.7) 0.564

Test positivity rate (%) 0.0 50.0 0.407
Drug safety card issued 46 (90.2) 16 (45.7) 0.001

Values are presented as mean ± standard deviation for continuous variables and as number (%) for categorical variables.
NSAIDs, nonsteroidal anti-inflammatory drugs; IgE, immunoglobulin E; Test positivity rate, number of positive results/number of patients 
tested.
p values indicate comparisons between patients with and without identified culprit drugs.
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