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Abstract N\
Anaphylaxis can cause death and requires immediate management. For prevention and education programs for anaphylaxis, it is |
important to be aware of the common triggering factors. We investigated the triggers of anaphylaxis in the emergency departments
(EDs) of community hospitals in Korea.

Patients who visited the EDs of 7 community hospitals for anaphylaxis from January 1, 2012 to December 31, 2016 were enrolled.
Anaphylaxis was defined according to the World Allergy Organization criteria and identified via a thorough review of the medical
records of patients who were diagnosed with anaphylaxis (ICD-10 codes: T780, T782, T805, and T886) at the ED or administered
epinephrine in the ED. Triggers of anaphylaxis were also evaluated by a review of the medical records.

We identified 1021 ED visits for anaphylaxis. The incidence of anaphylaxis ED visits was 0.08%. The triggers of ED visits for
anaphylaxis were bee venom (55.0%), foods (21.3%), and drugs (13.2%); 9.6% of cases were idiopathic. However, food was the
most common trigger among the patients aged <20 years old. The frequency of ED visits for anaphylaxis was highest in summer
(47.9%), followed by autumn (28.2%), spring (12.3%), and winter (11.6%). The incidence of anaphylaxis ED visits was highest in
August, during which bee venom was the trigger for 80% of anaphylaxis cases. For the 55 patients with repeat ED visits for
anaphylaxis, Bee venom was also the most common trigger.

The number of ED visits for anaphylaxis showed marked seasonal variation, peaking in summer. Bee venom was the most
common trigger for adults and the main reason for seasonal variations of anaphylaxis ED visits in Korean community hospitals.

Abbreviation: ED = emergency department.

Keywords: anaphylaxis, community, epidemiology, incidence, republic of Korea, trigger

1. Introduction

Anaphylaxis is a life-threatening generalized hypersensitivity
reaction,'! with an incidence of 0.01% to 0.03%,?! and this rate
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is increasing.!>* Anaphylaxis must be recognized early and
treated immediately. Awareness of the common triggers is also
important to prevent anaphylaxis.

Anaphylaxis can be triggered by diverse factors.>=® There
have been several studies about the triggers for anaphylaxis in
Korea and all of those studies were conducted in tertiary
university hospitals.[®”! Since the patients of tertiary university
hospitals are usually highly selected and referred patients from
community hospitals, it is doubtful whether those studies could
reflect the truth for general population in the Korean community.
Furthermore, no study has assessed the triggers of anaphylaxis
and their seasonal changes in Korea,!'”! although Korea has 4
distinct seasons with marked seasonal changes in weather, food
for the season, and lifestyle. And thus studies about epidemiology
and common triggers for anaphylaxis based on community
hospitals are needed in Korea.

We investigated the common triggers of anaphylaxis in 7
Korean community hospitals by retrospective review of the
medical records for the patients who visited the emergency
departments (EDs) for anaphylaxis from 2012 to 2016.

2. Materials and methods

2.1. Study design and data collection

Patients who visited the EDs of 7 hospitals from January 2012 to
December 2016 were enrolled. The medical records of ED
patients diagnosed with anaphylaxis by the ICD-10 codes (1780,
T782, T80S, and T886) or of patients who were administered
epinephrine at EDs were reviewed by a well-trained ED doctor of
each hospital. And a pediatrician reviewed again to validate the
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among ED visits (n=1,056)
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| -Epinephrine was used but
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Figure 1. Eligible case enrolled in study.

collected data. Cases in which the anaphylaxis could not be
clearly identified were excluded (Fig. 1). Anaphylaxis was defined
according to the European Academy of Allergy and Clinical
Immunology.""

Among government-operated hospitals which were asked to
participate in this study, the 7 government-operated hospitals
voluntarily participated in this study. Five hospitals were located in
rural area and 2 hospitals were located in the urban area
(Supplement Figure, http:/links.lww.com/MD/C760). EDs of
government-operated hospitals cover the large part of the Korean
community with a similar system in electronic medical record,
order communication system, and patient management program.
Six of these hospitals are the only institution with an ED in their
administrative district. The annual incidence of anaphylaxis ED
visits was estimated for these 6 areas by dividing the number of
anaphylaxis ED visits by the number of residents reported by the
National Statistical Office in that year. The incidence by age group
was also calculated using the total number of persons in that age
group registered by the National Statistical Office and the number
of individuals in these areas who visited an ED for anaphylaxis.

Patients were grouped into 10 years old. The trigger of
anaphylaxis was specified only when clearly described in the
medical records. To exclude errors caused by a delayed response,
the trigger was defined within 8hours of symptom onset.!”’
Triggers of anaphylaxis were classified as bee venom, foods
(seafood, meat, vegetable, fruit, wheat, buckwheat, alcohol, nut
products, other, unknown), drugs (non-steroidal anti-inflamma-
tory drugs [NSAIDs], antibiotics, antibiotics and NSAIDs,
acetaminophen, radiocontrast media, other), other insects, and
idiopathic triggers. Anaphylaxis in patients simultaneously
exposed to various triggers, or that for which the trigger could
not be identified, was considered idiopathic. Regarding drugs,
“cold medicine” in the medical records was classified as other
drugs. We investigated anaphylaxis ED visits according to sex,
age, trigger, and season. The triggers of anaphylaxis were
analyzed monthly and by season: spring (March to May),
summer (June to August), autumn (September to November), and
winter (December to February).'®! The number of epinephrine
auto-injector (EAI) prescriptions in the ED was also evaluated.

2.2. Statistical analysis

The mean age of the patients was evaluated by one-way analysis
of variance. The frequencies of anaphylaxis triggers by season
were analyzed by chi-squared test. Multiple logistic regression
analysis of 4 common triggers was performed with adjustments
for age, sex, and season. A P-value of <.05 was considered
indicative of statistical significance. Statistical analyses were
performed using SPSS for Windows ver. 20.0 (SPSS, Chicago, IL).

2.3. Ethical consideration

The study was approved by the Kangwon University Hospital
Institutional Review Board and the ethics board of each
participating institution. No patient informed consent was
obtained, as it was a secondary analysis from medical records.

3. Results

A total of 325,857 ED visits occurred during the study period, of
which 1021 were for anaphylaxis (65% males, mean age 51.5 +
16 years) (Table 1). Bee venom (55.0%) was the most common
trigger, followed by foods (21.3%) and drugs (13.2%). Among
the trigger foods, seafood was the most common (79/217, 36.4%;
Fig. 2). A few cases in which grasshopper, pupae, frogs, and
mushrooms were suspected of trigger food were classified as
“other” in Figure 2. For the trigger medications, NSAIDs and
antibiotics were the most common triggers of drug-induced
anaphylaxis, whereas the causative drug was unknown in 46.7 %
(63/135) of cases according to ED medical records.

The number of ED visits for anaphylaxis increased during the
study period, with an increase in the annual incidence from
0.045% in 2012 to 0.11% in 2016 (P<.001; Fig. 3). The
frequency of ED visits for anaphylaxis showed marked seasonal
variation (Fig. 4) and was highest in summer (n=489, 47.9%;
Table 1). The major cause of this seasonal variation was bee
venom-induced anaphylaxis, which occurred from April to
November with a peak in August, accounting for 80% of ED
visits for anaphylaxis during that month. The frequency of ED
visits for food-induced anaphylaxis seemed to be higher in
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Characteristics of the cases.

Characteristic No. of cases (n=1021)
Sex
Male 667 (65.3)
Female 354 (34.7)
Age, years, mean+SD 51.5+16.0
0-9 14 (1.4)
10-19 30 (2.9
20-29 52 (6.1)
30-39 109 (10.7)
40-49 196 (19.2)
50-59 305 (29.9)
60-69 194 (19.0)
70-79 94 9.2
>80 27 (2.6)
Triggers
Bee venom 562 (55.0)
Food 217 (21.3)
Drug 135 (13.2)
Idiopathic 98 (9.6)
Other insects 9.9
Season
Spring 126 (12.3)
Summer 489 (47.9)
Autumn 288 (28.2)
Winter 118 (11.6)

SD =standard deviation.

January, June, and September, and that of drug-induced
anaphylaxis seemed to be higher in February, July, and
September. However, the distribution of causative foods and
drugs did not differ by month.

Food was the most common trigger among patients aged <20
years old (Fig. 5). The profiles of the trigger food seemed different
between the patients aged <20 years old and those aged >20
years old (Fig. 6). The frequency of ED visits for bee venom- and
food-induced anaphylaxis was highest in the 50 to 59-year age

www.md-journal.com

group. The frequency of ED visits for drug-induced anaphylaxis
was highest in the 60 to 69-year age group (Fig. 5). Multiple
logistic regression analysis revealed that the probability of ED
visits for bee venom-induced anaphylaxis was associated with
older age, male sex, and summer (Table 2). The frequency of ED
visits for food anaphylaxis decreased with age and was higher in
winter. The frequency of ED visits for drug-induced anaphylaxis
was higher in females and lower in summer and autumn.

Fifty-five patients had more than 1 episode of anaphylaxis,
accounting for a total of 131 ED visits (12.8%). The average
number of ED visits per person was 2.4. Repeat ED visits for
anaphylaxis involved the same trigger in 30 patients (54.5%), a
different trigger in 13 patients (23.6%), and was idiopathic in 12
patients (21.8%). Among the triggers of repeat ED visits for
anaphylaxis, bee venom accounted for 58 cases (44.3%), food for
30 cases (22.9%), and drugs for 19 cases (14.5%; Fig. 7). The
frequency of repeat ED visits for anaphylaxis was highest in the
60 to 69-year age group.

There were no deaths associated with anaphylaxis among the
all enrolled patients who visited ED for anaphylaxis during study
periods. Otherwise, EAI was not prescribed in any case.

4. Discussion

The number of ED visits for anaphylaxis showed marked
seasonal variation in this study. Bee sting was not only the most
common trigger but also the main reason for the seasonal
variation in the frequency of ED visits for anaphylaxis. The
incidence of bee venom-induced anaphylaxis is highest in August
and among middle-aged males. Foods and drugs were the next
most frequent triggers of anaphylaxis. However, for young
patients aged <20 years old, food was the most common trigger
for anaphylaxis resulting in ED visits.

Bee sting was the most common trigger of ED visits for
anaphylaxis and food was the most common trigger among
young patients who visited ED for anaphylaxis in Korean
community hospitals in this study. In contrast, previous
epidemiological studies based on tertiary university hospitals

Food 217 Idiopathic,
Seafood 79 (36.4%) 9.6%
Meat 33 (15.2%)

Vegetable 16 (7.4%)
Fruit 12 (5.5%)
Wheat 7 (3.2%)
Buckwheat 9 (4.2%)
Alcohol 11 (5.1%)
Nut products 10 (4.6%)
Other 17 (7.8%)
Unknown 23 (10.6%)

Other insects,
0.9%

Drug 135
NSAIDs 38 (28.1%)
21 (15.6%)

Antibiotics

Antibiotics
5(3.7%)
+ NSAIDs
Bee venom, : "
55.0% Acetaminophen 5(3.7%)
Radio contrast
) 3 (2.2%)
media
Other 63 (46.7%)

Figure 2. Triggers of anaphylaxis resulting in an ED visit.
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Figure 3. Annual change in the number of anaphylaxis ED visits and annual incidence of anaphylaxis ED visits.

in Korea reported that drugs (47%) were the most common
triggers of anaphylaxis, with bee venom accounting for only
about 16% of cases.[®”1%12] The differences in the results
between our and previous studies in Korea may be due to
differences in the enrolled hospitals, community hospitals versus
tertiary referral hospitals, which could reflect different patient
communities. Similar tendency in difference of the common
triggers for anaphylaxis seemed to be observed in previous
studies: Treudler et al reported that drugs (46%), bee venom
(33%), and foods (11%) were the most common triggers at
university hospitals in Germany."! In contrast, bee venom (32%)

was the most common cause of anaphylaxis in the United
Kingdom based on the medical records of general physicians,
followed by drugs (30%) and foods (22%).”1 And a Swiss study
based on the medical records of 17 regional hospitals reported
that bee venom (59%), drugs (18%), and foods (10%) were the
most common triggers.!®! Furthermore, this study showed
marked seasonal variations in anaphylaxis mainly due to bee
venom-induced anaphylaxis. Although several previous studies
also reported seasonal variations in the incidence of anaphylax-
is,1>1%) seasonal variations in this study is most pronounced and
this may be because Korea has 4 distinct seasons. Therefore, this

250

Trigger of anaphylaxis

200
M Bee venom MW Drug * Food ™

Idiopathic

150

100

No of anaphylaxis cases (n)

Feb = Mar

Dec | Jan Apr

Winter Spring

May

Figure 4. Number of anaphylaxis ED visits by month during 2012-2016 (n=1,021). The number of ED visits for anaphylaxis caused by bee venom varied by month

(P<0.001).
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Figure 5. Age distribution according to the trigger of anaphylaxis (2012-2016). ‘Other insects’ is not shown because of the small number of cases.

: Others, 4.7%
Food Children ( <20) Adults ( = 20)
Seafood 3(14.3%) 76 (38.8%)
Meat 3(14.3%) 30 (15.3%) Bee venom,
Vegetable 1 (4.8%) 15 (7.7%) e
Fruit 3(14.3%) 9 (4.6%)
Wheat I (4.8%) 6(6.1%) Drug, 14.0%
Buckwheat 3(14.3%) 6(6.1%)
Alcohol 0 11 (5.6%) Food, 48.8%
Nut Products 4 (19.1%) 6(3.1%)
Other* 2(9.5%) 15 (7.7%)
Unknown 1 (4.8%) 22 (11.2%)

Figure 6. Triggers of anaphylaxis ED visits in patients <20 years old. (right). Comparison of triggers with <20 years old and >20 years old, in food anaphylaxis
cases (left).

Food 30 : . Drug 19
Idiopathic,

Meat 9 (30.0%) 18.3% NSAIDs 6(31.6%)
Other 7 (23.3%) Antibiotics 2(10.5%)
Unknown 6(20.0%) i Other 11 (57.9%)
Seafood 5(16.7%)

Wheat 2 (6.7%)

Buckwheat 1(3.3%)

Figure 7. Triggers of anaphylaxis resulting in repeat ED visits (center). Detailed triggers of drug anaphylaxis (right), food anaphylaxis (left), in repeat ED visit cases.
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Table 2
Multiple logistic regression analyses of the triggers of anaphylaxis.
Variable Bee venom Drug Food Idiopathic
Age 1.03 (1.02-1.04)" 1.01 (0.99-1.02) 0.97 (0.96-0.98)" 0.98 (0.97—1.00)’f
Male 2.86 (2.08-3.92)" 0.37 (0.25-0.55)" 0.78 (0.56-1.11) 0.59 (0.38-0.91)
Season
Spring 1 1 1 1
Summer 8.74 (5.41-14.10)" 0.24 (0.14-0.41)" 0.24 (0.15-0.39)" 0.71 (0.38-1.31)
Autumn 5.02 (3.05-8.26)" 0.40 (0.22-0.70)" 0.46 (0.29—0.75)* 0.58 (0.29-1.16)
Winter 0.06 (0.01-0.25)" 1.50 (0.84-2.68) 1.87 (1.10-3.15) 1.2 (0.58-2.51)
Multiple logistic regression analyses were performed with adjustment for age, sex, and season. The reference categories were female (sex) and spring (season).
P<.01.
T P<.001.

study suggests that epidemiological studies of anaphylaxis should
be performed over at least 1 year to cover possible seasonal
variations, and prevention and educational programs for
anaphylaxis should be tailored to the particular community.

Common triggers for anaphylaxis ED visits were different
between young patients (<20 years old) and adult patients (>20
years old). Food was the most common trigger for young patients
and the profiles of causative foods were also different between 2
groups, although the number of young patients was small: nut
products seemed more common triggering food in the young
population. These results are consistent with findings of the
previous study about anaphylaxis-related hospitalizations in UK
that common triggers were different according to the age group
and food was most common trigger of anaphylaxis in children
with nut product accounting for 48% of causes of fatal food-
induced anaphylaxis cases.!™!

There have been several studies reported much higher rates of
repeat ED visits for anaphylaxis (27.0%!'% and 42.8%!""). Both
of these studies involved a questionnaire survey of patients with a
history of anaphylaxis, and foods were the most common triggers
in these previous reports.'®!” On the other hand, repeat ED
visits accounted for 12.8% of the total ED visits for anaphylaxis
in the present study and more than 50% of cases of them had the
same trigger for each ED visit for anaphylaxis, most commonly
bee-sting. However, no EAls were prescribed in the EDs during
the study period even though bee venom was the most common
trigger of anaphylaxis resulting in single and repeat ED visits. In
addition, the causative drug remained unidentified in the medical
records of 46.7% of the patients with drug-induced anaphylaxis.
Considering that EAT prescription in ED or primary care settings
is reccommended after acute anaphylaxis and identification of the
causative medication and provision of an alternative are
important for patients with anaphylaxis,''® these findings
suggest that EAI prescription in ED should be emphasized more
for ED doctors and that an education program to reduce the
recurrence of anaphylaxis and to evaluate its causes should be
emphasized in the EDs of community hospitals in Korea.

There were some relationships among age, gender, and the
triggers for anaphylaxis in this study. Bee venom-induced
anaphylaxis was common in middle-aged males in this study,
which is in agreement with a previous multicenter study of ED
visits for insect venom allergies in North America."”! Drug-
induced anaphylaxis occurred predominantly in females for
unknown reasons in this study. Liew et al'**! reported that more
female than male subjects >15 years old were admitted for drug-
induced anaphylaxis in Australia. Regarding drugs, NSAIDs and
antibiotics were also common triggers of anaphylaxis in other

studies." %! Although the foods that trigger anaphylaxis vary
regionally, seafood has been consistently reported as a frequent
trigger of anaphylaxis.'">*°! And nut products were the most
common triggering of food anaphylaxis in children.*! Present
study also showed the increase of ED visits for anaphylaxis in
Korea, which is consistent with previous reports that prevalence
rates of anaphylaxis have increased in recent years world-
wide,®?*2% and in Korea.?®?”! Although it may need more
studies to understand the reason why incidence of anaphylaxis
increase, changes in environments and lifestyle, and increase of
awareness about anaphylaxis might be one of the reasons for
increase ED visits for anaphylaxis.

This study has limitations that should be discussed. First,
because this was a retrospective study, it may have been
influenced by selection bias. Large prospective epidemiologic
studies are thus needed to assess the incidence and causes of
anaphylaxis. Second, the proposed disease codes of anaphylaxis
alone are likely to result in missing patients. Choi et al*®!
reported, in the case of anaphylaxis, a lot of patients were
registered inaccurate disease codes and epinephrine treatment
was a factor associated with accurate registration with
anaphylaxis disease codes in patients with anaphylaxis. So we
reviewed all patients who were administered epinephrine in the
EDs. Third, it is possible that all necessary data was not obtained
from all patients due to differences in the fidelity of the medical
records among the hospitals, which may affect the reliability of
the results. However, all ED medical records provided the
necessary information. One experienced pediatrician reviewed all
medical records of patients diagnosed with anaphylaxis or who
were administered epinephrine in the ED.

In conclusion, this is the first study of anaphylaxis in the EDs of
Korean community hospitals. The triggers of anaphylaxis could
be different according to the level of hospitals, targeted
communities, and age. Bee venom was the most common trigger
for adults and the main reason for seasonal variations of
anaphylaxis ED visits in Korean community hospitals. Preven-
tion and education programs for anaphylaxis should be tailored
to the community in question and should take into account
seasonal variations in the triggering factors.
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