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Antidotes for toxicological emergencies can be life-saving. However, there is no
nationwide estimation of the antidotes stocking amount in Korea. This study tried to
estimate the quantities of stocking antidotes at emergency department (ED). An expert
panel of clinical toxicologists made a list of 18 emergency antidotes. The quantity was
estimated by comparing the antidote utilization frequency in a multicenter epidemiological
study and the nation-wide EDs' data of National Emergency Department Information
System (NEDIS). In an epidemiological study of 11 nationwide EDs from January 2009 to
December 2010, only 92 (1.9%) patients had been administered emergency antidotes
except activated charcoal among 4,870 cases of acute adult poisoning patients. Comparing
with NEDIS data, about 1,400,000 patients visited the 124 EDs nationwide due to acute
poisoning and about 103,348 adult doses of the 18 emergency antidotes may be required
considering poisoning severity score. Of these, 13,224 (1.9%) adult doses of emergency
antidotes (575 of atropine, 144 of calcium gluconate or other calcium salts, 2,587 of
flumazenil, 3,450 of N-acetylcysteine, 5,893 of pralidoxime, 287 of hydroxocobalamin,
144 of sodium nitrite, and 144 of sodium thiosulfate) would be needed for maintaining
the present level of initial treatment with emergency antidotes at EDs in Korea.
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INTRODUCTION

Poisoning is the third leading cause of injury-related mortality
in Korea, with more than 3,000 deaths due to toxic exposures
being reported annually between 2005 and 2010 (1). More than
90% of these poisoning-related deaths were due to suicide at-
tempts with insecticides (1). In the United States (US), poison-
ing is the second leading cause of injury-related morbidity and
mortality and its incidence is rising (2). The National Poison Data
System of the American Association of Poison Control Centers
receives reports of more than 2.4 million human poison expo-
sures and approximately 1,300 poisoning-related deaths annu-
ally (3). However, actual poisoning-related mortality would be
much higher because it is known that only about 5% of US poi-
soning-associated mortality was reported to the poison control
centers (2).

Emergency antidotes are administered in ED, generally in
consultation with a poison information centre or toxicologist,
shortly after patient presentation and without the benefit of so-
phisticated toxicology testing. The stocking of emergency anti-
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dotes at emergency departments (EDs) or hospital pharmacies
can reduce the medical resources that would be needed to treat
poisoning patients. It also shortens the period of therapy and in
some cases save the patient from death, even in cases where
the patient is already receiving optimal supportive care. This
would ultimately reduce the burden on the social resources
that is imposed by cases of poisoning (4). Many countries rec-
ognize that a nationwide antidote stocking and delivery system
is an essential safety system that is maintained by cooperating
governmental agencies, pharmaceutical agents, and national
poison control centers (5-9). In 2009, the second US national
consensus guidelines regarding antidote stocking were pub-
lished. These guidelines indicate to hospitals which antidotes
should be stocked and its quantities are recommended (5). Many
countries also have their own antidote stocking guidelines (6-
9). However, in Korea, comprehensive guidelines regarding the
antidotes are lacking.

This study was conducted to develop a list of emergency an-
tidotes and estimate the quantities of these antidotes for the ini-
tial treatment of acute poisoning patients at EDs in Korea.
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MATERIALS AND METHODS

This study consisted of three phases (Fig. 1). First, a panel of clin-
ical toxicologists was established to make a recommendation
list of emergency antidotes. Second, a multicenter epidemio-
logical study was performed to identify the nationwide emer-
gency antidote usage for acute intoxicated patients. Finally, the
quantities of emergency antidotes were estimated on the basis
of data recorded at the national emergency department infor-
mation system (NEDIS) in Korea.

List of emergency antidotes

The panel of clinical toxicologists was made that comprised the
research society for emergency antidotes stock and delivery sys-
tem in Korea consisted of a diverse group of 13 professionals
who represented various perspectives (Table 1). The principal
investigator, who served as the chairperson, selected these ex-
perts on the basis of their clinical toxicology researches and pro-
fessional experiences. The experts were first assigned particular
antidotes to generate evidence-based summaries of the medi-
cal literature. They measured the usefulness of emergency anti-
dotes for Korean poisoning patients. Each antidote was classi-
fied on the basis of its efficacy and the urgency with which it
must be available when a case of acute poisoning presents at
ED. The efficacy of a particular antidote was graded on the ba-

sis of its strength of evidence into one of three classes from class
I, the strongest to class I, the weakest evidence. In terms of the
urgency of availability, the antidotes were classified into three
levels (A to C) on the basis of a WHO classification system (Ta-
ble 2) (10). These panel members participated three times of
Delphi survey for consensus of antidote classification among
experts between August and October, 2009. Subsequently, a pri-
mary reviewer was allocated to each antidote. Each primary re-
viewer independently reviewed and revised the original antidote
summary and created a standard summary to reassess each
antidote. The primary reviewer could add articles to the original
summary and provided a provisional antidote classification.
The revised literature summary and the recommended classifi-
cation were then presented to the entire panel. The panel delib-

Table 1. Disciplines of the panel members

Discipline or specialty No. of members

Clinical toxicology 13
Critical care medicine 4
Disaster preparedness/response 3
Emergency medicine 12
Internal medicine 1
General surgery 2
Nephrology 1

The categories were self-selected by the panel participants. Some individuals had
multiple designations.
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Fig. 1. Process of estimating the quantities of emergency antidotes for the initial treatment.
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Table 2. Classification of antidotes according to their documented efficacy and their
urgency of availability

Classification
aspect
Efficacy in . Antidote efficacy is well-documented (e.g. animal experiments
practice show the antidote reduces lethality, and treatment of humans with
the antidote reduces lethality or severe complications)

II. The antidote is widely used but not yet universally accepted as
effective due to lack of research data; further research is needed
to confirm effectiveness and/or the indications for use.

IIl. The antidote is of questionable usefulness. More data regarding
its effectiveness is needed.
Urgency of  A. The antidote must be available immediately (within 30 min)

B. The antidote must be available within 2 hr
C. The antidote must be available within 6 hr

availability

Our expert panel graded the efficacy of an antidote into one of three classes from
class 1, the strongest to class lll, the weakest evidence on the basis of its strength of
evidence and classified the antidotes into three levels (A to C) in terms of the urgency
of availability on the basis of a WHO classification system.

erated in October, 2009. An iterative process was used to reach
consensus regarding the efficacy and urgency of availability each
antidote. Thus, after presentation of an antidote by the primary
reviewer and discussion by the entire panel, a vote was taken to
determine consensus. An antidote was recommended to be
stocked if the panel consensus was affirmative for all questions.
A consensus was defined as the full agreement of the eligible
panel members. Each member could vote in one of three ways:
agreement, disagreement, or strong disagreement. If one or more
panel members expressed strong disagreement, the discussion
was continued and final consensus was reached through the
panel discussion.

Multicenter survey of antidote utilization

In the absence of a Korean epidemiological data about nation-
wide acute poisoning, estimates of antidote utilization frequen-
cy were based primarily on a multicenter epidemiological study.
We performed a multicenter epidemiological study to find the
antidote utilization for acute intoxication patients in EDs be-
tween June, 2010 and May, 2011. A clinical toxicologist in each
hospital was responsible for the data collection at each ED. To
identify cases of acute poisoning, 228 ICD-10 codes that define
acute intoxication or poisoning were used. Inclusion criteria of
the patient was over 16 yr of age, had been admitted to the ED
during the study period, the diagnosis was acute poisoning. The
following cases were excluded: adverse reactions and secondary
drug effects; chronic poisoning; insect bites; and inert foreign
body ingestions. A specific report form was designed to record
the following data: personal data (age and sex); time and day of
poisoning; type of intoxication (suicide, intentional, illicit drug
abuse, and other); type of toxic compound(s); type of medical
assistance before admittance to the ED; severity of symptoms
on admittance; treatment; and patient’s outcome and condi-
tion on discharge. Clinical severity was measured by using the
Poisoning Severity Score, which allows the simple stratification
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of patients on the basis of the clinical effects of poisoning (11).
This score grades severity as follows: none (score 0), no symp-
toms or signs related to poisoning; minor (score 1), mild, tran-
sient, and spontaneously resolving symptoms; moderate (score
2), pronounced or prolonged symptoms; severe (score 3), se-
vere or life-threatening symptoms; and fatal (score 4), causing
death. The needed case of emergency antidotes were defined
the patients who showed moderate-to-severe symptoms after
acute poisoning at ED.

Estimation of emergency antidotes stocking amount

The quantities of antidotes that should be stocked at the EDs in
Korea were estimated on the basis of the number of poisoned
patients whose data were entered into NEDIS. It was assumed
that the poisoned patients identified in the nationwide multi-
center epidemiological study were an appropriate sample of
the population. NEDIS is a nationwide information and stan-
dardization system that records emergency treatment data from
EDs in Korea. The NEDIS gathered the clinical data of emergen-
cy patients at the most of moderate-to-large sized hospitals in
Korea. The data of these patients are collected from the EDs via
the web and entered into the central server of the national emer-
gency medical center. The minimum quantities of the emer-
gency antidotes that would meet the immediate needs of acute
intoxication patients and that should be stocked at ED were
calculated on the basis of frequency of use, as indicated by the
epidemiological study. The minimum stocking amounts was
estimated on the basis of the initial antidote amount that is need-
ed for the dose of treating an adult patient.

Statistical analyses

The chi-square test was used to compare proportions. Standard
descriptive statistics were reported as means and standard de-
viations. Means were compared by using the 2-tailed Student’s
t-test and the Mann-Whitney U-test. All calculations were per-
formed by using the statistical software package SPSS 20.0 (Sta-
tistical Package for the Social Sciences, Chicago, IL, USA). Dif-
ferences were considered to be statistically significant if the P
value was less than 0.05.

Ethics statement

The study protocol was reviewed by the institutional review board
of Asan Medical Center (IRB No. 2011-0372). Due to the retro-
spective nature of the study, informed consent was waived.

RESULTS

List of 18 emergency antidotes

The panel summarized the effectiveness of each antidote in clin-
ical practice and its urgency of availability with the reviews of
many articles and provisional recommendations (12, 13). Anti-
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Table 3. List and recommended classification of 36 recommended antidotes

Urgency of availability

Recommended
No. Antidotes Poisoning indication(s) Must be Must be Must be avail-  cjaggification of
available available able immediate-  gptigote*
within 6 hr within 2 hr— Iy™ (with 30 min)
1 Activated charcoal Most therapeutic drugs (for absorbable poisons) No No Yes IIA
2 Amyl nitrite Cyanide poisoning No No Yes IA
3 Antivenin Venomous snake bite No Yes No 1B
4 Anti-rabies immunoglobulin Non-vaccinated dog bite Yes No No IC
5  Atropine Organophosphate, carbamate etc. No No Yes IA
6  Benzylpenicillin Amatoxin No Yes No 1B
7 Beta-blockers Beta-adrenergic agonists No No Yes IA
8  Calcium gluconate gel Hydrofluoric acid No No Yes IA
9  Calcium gluconate or other Hydrofluoric acid, fluorides, oxalates No No Yes IA
calcium salts
10 Dantrolene Drug-induced hyperthermia No Yes No IIB
11 Deferoxamine Iron No Yes No 3]
12  Diazepam Organophosphorus compounds No No Yes IIA
13 Digoxin-specific Fab antibody Digoxin, digitoxin, natural cardioactive steroids No No Yes IA
fragments
14 Dimercaprol Arsenic No Yes No 1115}
15 Ethanol Toxic alcohols (methanol, ethylene glycol etc.) No No Yes IA
16 Flumazenil Benzodiazepine No No Yes IIA
17 Folinic acid Methotrexate No No Yes IA
18  Fomepizole Toxic alcohols (methanol, ethylene glycol etc.) No No Yes IA
19 Glucagon Beta-blocker No No Yes IA
20  Glucose (hypertonic) Insulin No No Yes IA
21 Hydroxocobalamin Cyanide No No Yes IA
22 Methylene blue (methylthioninium  Methemoglobinemia inducer No Yes No [3]
chloride)
23 N-acetylcysteine Acetaminophen No No Yes IA
24 Naloxone Opioid No Yes No B
25 Neostigmine Nondepolarizing neuromuscular blocking agents No No Yes IIA
26  Phentolamine MAOI interaction, cocaine, epinephrine and ergot alkaloid No Yes No 1B
27  Physostigmine Anticholinergic syndrome (amanita muscaria mushroom etc.) No Yes No 1B
28  Phytomenadione (Vitamin K1) Warfarin, brodifacum No Yes No IIB
29  Pralidoxime Organophosphorus compounds No No Yes IA
30 Protamine sulphate Heparin Yes No No IC
31 Pyridoxine Isoniazid, cycloserine NC NC NC NC
32 Rabies vaccine Non-vaccinated dog bite Yes No No IC
33 Sodium bicarbonate Tricyclic antidepressant No No Yes IA
34 Sodium nitrite Cyanide No No Yes IA
35 Sodium thiosulfate Cyanide, nitroprusside No No Yes IA
36 Succimer (DMSA) Lead, arsenic, inorganic methyl mercury Yes No No IC

*The antidotes were classified according to the degree of proven effectiveness (I, Il, or lll) and the urgency of availability (A, B, or C) (Table 2); ln most hospitals, immediate avail-
ability means that the antidote should be stocked in the emergency department. DMSA, dimercaptosuccinic acid; MAOI, monoamine oxidase inhibitors; NC, panel could not reach

consensus.

dote effectiveness in practice was classified according to the so-
lidity of the evidence showing effectiveness (Table 2). Thus, Class
I evidence of effectiveness means that the effectiveness of the
antidote is well documented; typically, it is clear that the anti-
dote reduces the lethality of the poison. Class II evidence means
that while the antidote is widely used, its effectiveness is not yet
universally accepted because of a lack of research data. Class I1I
evidence means its efficacy is questionable. The antidotes were
also classified according to urgency of availability: the Class A
antidotes should be immediately available (within 30 min); the

http://dx.doi.org/10.3346/jkms.2014.29.11.1562

Class B antidotes are required within 2 hr; and the Class C anti-
dotes are required within 6 hr (Table 2). Using this classification
system, the panel made recommendations regarding 36 anti-
dotes could be effective at hospitals in Korea (Table 3).

The emergency antidotes that should be available immedi-
ately were determined by the consensus for the statue of rec-
ommendation. There were sixteen IA antidotes, namely, anti-
dotes with well-documented effectiveness that are needed im-
mediately. These were fomepizole (methylpyrazole), N-acetyl-
cysteine, amyl nitrite, atropine, beta-blockers, calcium gluco-
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Table 4. List and recommended classification of 18 emergency antidotes

No. Antidotes Intoxicated agents Recommended classification*
1 Activated charcoal Most therapeutic drugs (for absorbable poisons) IIA
2 Atropine Organophosphate, carbamate etc. IA
3 Beta-blockers Beta-adrenergic agonists IA
4 Calcium gluconate or other calcium salts Hydrofluoric acid, fluorides, oxalates IA
5 Diazepam Organophosphorus compounds IIA
6 Digoxin-specific fab antibody fragments Digoxin, digitoxin, Natural cardioactive steroids 1A
7 Ethanol Toxic alcohols (methanol, ethylene glycol etc.) IA
8 Flumazenil Benzodiazepine 1A
9 Folinic acid Methotrexate IA

10 Fomepizole Toxic alcohols (methanol, ethylene glycol etc.) IA

11 Glucagon Beta-blocker IA

12 Glucose (hypertonic) Insulin IA

13 N-acetylcysteine Acetaminophen 1A

14 Neostigmine Nondepolarizing neuromuscular blocking agents IIA

15 Pralidoxime Organophosphorus compounds IA

16 Sodium bicarbonate Tricyclic antidepressant IA

177 Hydroxocobalamin Cyanide IA

18t Amyl nitrite Cyanide poisoning IA

18t Sodium nitrite Cyanide 1A
18f Sodium thiosulfate Cyanide, nitroprusside IA

*The antidotes were classified according to the degree of proven effectiveness (, II, or lll) and urgency of availability (A, B, or C) (Table 2); "Four antidotes were considered as a

single antidote (No. 18) because they are used either in combination (@myl nitrite, sodium

nate gel, digoxin-specific Fab antibody fragments, ethanol, fo-
linic acid, glucagon, glucose (hypertonic), hydroxocobalamin,
pralidoxime, sodium bicarbonate, sodium nitrite, and sodium
thiosulfate. Four of the IA antidotes are used either in combina-
tion as a kit system (amyl nitrite, sodium nitrite, and sodium
thiosulfate) or alone (hydroxocobalamin) to treat cyanide in-
toxication. Therefore, these three antidotes in a kit were consid-
ered as one antidote. There were four ITA antidotes, namely, an-
tidotes that are immediately required but whose research data
are insufficient or involve controversies regarding the universal
usage of the drug. These were activated charcoal, diazepam, flu-
mazenil, and neostigmine. Thus, the panel generated a list of 18
emergency antidotes that should be available immediately and
should be stocked at EDs in Korea (Table 4).

Multicenter study data analysis

The eleven EDs participated which were belonged to regional
emergency medical centers or university hospitals in different
regions of Korea (Fig. 2). There were three hospitals in Seoul and
the Gyeonggi region, two in Gangwon, two in Daejeon and Chung-
cheong, two in Gyeongsang, one in Jeolla, and one in Jeju. To-
tally 4,870 cases were identified and these cases represented
0.6%-1.3% of the each hospital admitting patients at the 11 EDs
during the study period. The mean age was 42 yr (range 16-95,
standard deviation + 21) and the most prevalent age was the
forties (18.0%). Females accounted for 57.5% of the cases. Mul-
tiple toxic substances were involved in 21.9%. Regarding the
type of intoxication, 66.8% were intentional self-intoxications,
28.4% were unintentional cases, 1.0% was suspected to be due
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nitrite, and sodium thiosulfate) or alone (hydroxocobalamin) to treat cyanide intoxication.
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Fig. 2. Regional distribution of 11 hospitals that were participated epidemiological
survey.
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to adverse drug events, and 3.8% were unknown.

Compared to the unintentionally poisoned patients, the in-
tentionally poisoned patients were more likely to be older (45
vs. 37 yr, P = 0.01) and female (58.7% vs. 54.5%, P = 0.01). Many
(58.9%) of the patients were poisoned at home and 28.0% were
directly transported to the ED by the national 119 rescue servic-
es. The intentionally poisoned patients were transported to the
ED more frequently by the national 119 rescue services after in-
toxication (31.2% vs. 21.3%, P < 0.001). In 92.6% of cases, the
route of poison administration was through oral ingestion. Oral
route was more frequent in intentional patients (96.7% vs. 82.0%,
P <0.001). There were two main categories of poisoning sub-
stances, namely, pharmaceutical products (53.8%) and agricul-
tural products (22.7%). Chemicals, household products, plant
poisons, and animal bites accounted for 9.9%, 7.5%, 5.6%, and
0.1% of the cases respectively. In 0.1% of the cases, the causative
substance was unknown. The drugs that were most frequently
involved were benzodiazepines (42.1%), acetaminophen (13.6%),
anticholinergic sleep inducers (2.2%), tricyclic antidepressants
(3.1%), beta-adrenergic blockers (1.7%), opioids (1.6%), methe-
moglobinemia-inducing agents (1.3%), and calcium channel blo-
ckers (0.5%). In the agricultural products, the most frequently
involved substances were organophosphate insecticides (19.4%),
dipyridylium herbicide (13.9%), glyphosate herbicide (6.8%),
and carbamate insecticides (5.6%). In the household products,
the most frequently involved substance was sodium hydroxide
(28.8%) in cleaning products. In the chemical agents including
gases, the most frequently involved agents were carbon mon-
oxide (49.8%), cyanide (6.9%), hydrofluoric acid (3.7%), and tox-
ic alcohols (3.5%). In the plant poisons and animal bites, the most
frequently involved agents were mushrooms (28.5%) and snake
bite (20.2%). Compared to the unintentionally poisoned patients,
the intentionally poisoned patients were more likely to be poi-
soned by pharmaceuticals (57.2% vs. 45.8%, P < 0.001) and ag-
ricultural products (26.8% vs. 13.1%, P < 0.001).

In treatment, 55.2% of the patients were initially treated at the
ED and the remaining 44.8% were managed previously by pre-
hospital emergency medical services or primary care hospitals.
On arrival at the ED, 8.7% of the patients were asymptomatic.
Less asymptomatic patients were in the intentionally poisoned
patients (6.4% vs. 14.8%, P < 0.001). More than half of cases (53.1%)
exhibited minimal toxicity but there was no significant differ-
ence (54.1% vs. 60.7%). In 22.3% of cases, the toxicity was mod-
erate; this was more common in intentionally poisoned cases
(25.7% vs. 16.9%, P < 0.001). In 11.3% of cases, the toxicity was
more severe in intentionally poisoned patients (13.3% vs. 7.3%,
P <0.001). In total, 0.4% of the cases died. There was no signifi-
cant difference between intentionally and unintentionally poi-
soned patients in terms of fatality rates (0.5% vs. 0.2%).

In 71.6% of the cases, the poisoning was managed by general
supportive therapies. Another 32.0% was treated by gut decon-
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tamination, 23.6% received activated charcoal, and 2.1% under-
went forced renal elimination. Only 4.7% of the patients actual-
ly received antidotes. These were N-acetylcysteine (n = 49), pral-
idoxime and atropine (n = 47), flumazenil (n = 29), antivenin (n
= 25), methylene blue (n = 14), atropine (n = 4), naloxone (n =

3), vitamin K1 (n = 3), high fractional oxygen inhalation (n = 3),
and others. Of the patients who received an antidote, 64.5% ar-
rived with moderate to severe toxicity at the hospital and 3.1%
died of moribund state at hospital discharge.

Of the all patients, 48.0% were discharged without toxicity sym-
ptoms from the EDs. 18.9% were admitted to the intensive care
unit, while 48.2% were hospitalized. 3.2% (157 patients) died.
Compared to the unintentionally poisoned group, the intention-
ally poisoned cases were significantly more likely to have death
as outcomes (4.0% vs. 0.8%, P < 0.001).

The 4,870 acute poisoning patients were then stratified accord-
ing to clinical severity by using the poisoning severity score. The
1,951 (40.1%) patients with moderate, severe, or fatal poisoning
were deemed to have been potentially eligible for antidote treat-
ment. Of these, 855 (17.6% of the total patients) would have been
eligible for treatment with antidotes that matched the poisons.
Of these, 719 (14.8%) would have been eligible for emergency
antidotes. However, only 92 (1.9%) actually received emergency
antidotes other than activated charcoal (Fig. 1).

Estimation of the stocking amount at EDs

The numbers of adult doses of the 18 emergency antidotes that
should be stocked by EDs were estimated extrapolating the data
from the multicenter epidemiological study to the NEDIS data
(Table 5). The NEDIS is the largest and representative data sys-
tem about the patients who admitted at Korean EDs. The injury
surveillance report, which is generated by the Korea Centers for
Disease Control and Prevention, is a comprehensive nationwide
epidemiological surveillance analysis including poisoning pa-
tients. The NEDIS data showed that every year between 2,400,000
and 2,900,000 patients visit about the 124 EDs throughout Ko-
rea that participate in NEDIS. The overall frequency of poison-
ing cases exceeds 1.7% and more than 700,000 patients present-
ed with acute poisoning each year. It was assumed that the co-
hort of poisoning patients in the epidemiological study was a
good sample of the poisoning cases recorded in NEDIS. Extrap-
olation of these two frequencies to the 700,000 poisoning pati-
ents recorded in NEDIS data.

The ideal and minimum quantities of the 18 emergency anti-
dotes that should be stocked by the 124 NEDIS-participating
EDs to treat acute intoxication patients were calculated on the
basis of the epidemiological data. It was estimated that 103,348
(14.8%) adult doses of the 18 emergency antidotes should be
available for possible emergency treatment. Of these, 13,224
(1.9%) adult doses (575 of atropine, 144 of calcium gluconate or
other calcium salts, 2,587 of flumazenil, 3,450 of N-acetylcyste-
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Table 5. Estimation of the initial stocking adult doses of the 18 emergency antidotes at EDs in Korea

Epidemiological survey (n = 4,870)

Estimation from NEDIS (n = 700,000)

No. Antidotes Possibly be needed Actual administration Requirement of emergency  Initial emergency
antidotes of antidotes antidotes stocking antidotes’

1 Activated charcoal NA NA NA NA

2 Atropine 36 4 5,175 575

3 Beta-blockers NA 0 NA NA

4 Calcium gluconate or other calcium salts 11 1 1,581 144

5 Diazepam NA 0 NA NA

6 Digoxin-specific Fab antibody Fragments 2 0 287 NA

7 Ethanol 11 0 1,581 NA

8 Flumazenil 305 18 43,840 2,587

9 Folinic acid NA 0 NA NA
10 Fomepizole 11 0 1,581 NA
11 Glucagon 18 0 2,587 NA
12 Glucose (hypertonic) 7 0 1,006 NA
13 N-acetylcysteine 96 24 13,799 3,450
14 Neostigmine NA 0 NA NA
15 Pralidoxime 168 41 24,148 5,893
16 Sodium bicarbonate 28 0 4,025 NA
17 Hydroxocobalamin 11 2 1,581 287
18 Amyl nitrite 5 0 719 0
18 Sodium nitrite 5 1 719 144
18 Sodium thiosulfate 5 1 719 144
Total 719 92 103,348 13,224

The proportions of patients who actually received antidotes in the epidemiological study were extrapolated to the 700,000 patients recorded in NEDIS to yield estimates of the
minimum numbers of adult doses of emergency antidotes that should be stocked by the 116 emergency medical centers.

ine, 5,893 of pralidoxime, 287 of hydroxocobalamin, 144 of so-
dium nitrite, and 144 of sodium thiosulfate) would be needed
and should be stocked at EDs in Korea for maintaining the pres-
ent level of initial treatment with emergency antidotes.

DISCUSSION

In this study, we made the list of 18 emergency antidotes that
should be stocked at EDs in Korea and estimated that about
13,224 adult doses of emergency antidotes (575 of atropine, 144
of calcium gluconate or other calcium salts, 2,587 of flumazenil,
3,450 of N-acetylcysteine, 5,893 of pralidoxime, 287 of hydroxo-
cobalamin, 144 of sodium nitrite, and 144 of sodium thiosul-
fate) would be needed for maintaining the present level of ini-
tial treatment with emergency antidotes at EDs in Korea. To the
best of our knowledge, this is the first study to make the list of
emergency antidotes stocked at EDs and estimate the stocking
amount of antidotes at EDs in Korea.

Our expert panel initially reviewed more than 40 antidotes
that were derived from the list of antidotes that were recommen-
ded by the World Health Organization International Programme
on Chemical Safety, US expert consensus guidelines, and other
sources (4, 6-9, 13-18). The panel members reviewed these rec-
ommendations in the unique aspects of the poisoning epide-
miology in Korea and classified the effectiveness and urgency
of availability of each antidote. Urgency of antidote availability
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was determined on the basis of several time-based classifica-
tion systems (8, 12). The classifications were based on the stock-
ing model where only the antidotes that are immediately requir-
ed (within 30 min) are stocked at the ED.

Finally, the panel recommended 18 emergency antidotes
that should be stocked at the EDs. The two treatment options
for cyanide intoxication, a combination of amyl nitrite, sodium
nitrite, and sodium thiosulfate, were counted as one antidote.
Ethanol and fomepizole, which are both used for toxic alcohol
exposure, were counted separately because while ethanol can
be stocked in all hospitals, fomepizole can only be available in
limited numbers of principal deposits due to high cost. Fewer
and different emergency antidotes were identified relative to
the routine stock of 24 antidotes that are stocked by EDs in the
US (19). This reflects the clinical experiences of the panel mem-
bers and factors that characterize the poisoning epidemiology
in Korea. The panel also recommended four antidotes that have
Class II effectiveness because they are universally accepted as
being effective despite the supporting research being limited.

As indicated above, more than two different antidotes can be
used to effectively treat toxic alcohol exposure (ethanol and fom-
epziole) and cyanide toxicity (hydroxycobalamin and an amyl
nitrite/sodium nitrite/sodium thiosulfate-based kit). In both
cases, the panel designated a preferred agent, although both
agents were recognized as being equally acceptable. The pref-
erence was determined in the same manner as the decision to
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recommend stocking an antidote, namely, by group debate un-
til a consensus without any votes of strong disagreement was
reached. Fomepizole was preferred over ethanol because a com-
mercially available 10% solution is not available in Korea, which
means that a 10% solution must be compounded from a 95%
solution of ethanol. Fomepizole thus has the advantages of sim-
plicity of use, the lack of need to compound in the pharmacy,
reduction in medication errors, the potential to avoid hemodi-
alysis, and the greater anticipated safety in children. However,
fomepizole is too expensive to be stocked by every hospital. Hy-
droxocobalamin was preferred over the conventional cyanide
antidote kit because of its wider indications, ease of use, and
anticipated safety in widespread use. However, hydroxocobala-
min is also quite expensive at present.

The decision to stock certain antidotes is, by its nature, some-
what arbitrary. Although the list generated by the present study
was based on published recommendations (13, 20), it is not in-
tended to be a definitive list of antidotes and doses that must be
carried by every ED. Rather, the analysis in the present study is
intended to provide emergency physicians with some of the
tools needed to help make these stocking decisions. Antidotes
vary with regard to efficacy and redundancy. Several antidotes,
including chelating agents, and exotic agents, were excluded
because they were either unlikely to be administered annually
anywhere in Korea or they were unlikely to be given empirically
in smaller centers within 4 hr of presentation. Thus, some EDs
may elect not to carry some of the antidotes that were included
on the list. The frequency was adjusted with the data of the US
national database which collects information reported to ap-
proximately 65 poison centers, and is estimated to reflect 95%
of the US population (21). Cases that involved the use of an an-
tidote and a call to a poison centre were collected and divided
by the population base serviced during that interval. The US
national database collects the information that is involved the
use of an antidote within the initial 1-4 hr window and in this
database, commonly administered antidotes as more than once/
year/100,000 population included N-acetylcysteine, activated
charcoal, naloxone, flumazenil and NaHCO:; (22). In this study,
we estimated commonly administered antidotes as more than
once/year/100,000 population in Korea with a population of
about 49 million which included pralidoxime, N-acetylcysteine,
flumazenil, and atropine. Activated charcoal and NaHCOs were
precluded from this survey. This result could be originated from
that pesticides were the most prevalent cause of severe poison-
ing in Korea (1).

The survey data of the present study showed that about 45%
of the patients who visited the 11 surveyed hospitals were trans-
ferred from other hospitals. The present study is based on the
assumption that moderate-to-severely poisoned patients will
be admitted to EDs that can provide specialized treatment for
poisoning. In Korea at present, there is a shortage of clinical tox-
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icologists and hospitals that can treat poisoned patients appro-
priately. As a result, the most severe cases of poisoning are trans-
ferred to higher levels of hospitals that have a clinical toxicolo-
gist. Korean EDs are categorized into three levels: regional emer-
gency medical centers, local emergency centers, and local emer-
gency facilities. Their numbers slightly vary every year: at the
end of 2011, there were 452 EDs (142 regional and local emer-
gency medical centers, 313 local emergency medical facilities).
Local emergency facilities are designed to treat no serious pa-
tients. Local emergency medical centers are always on standby
with equipped staff on duty to care for emergency patients with
more than one specialist in charge. Each metropolitan city or
province is appointed one regional emergency medical center
that is designed to treat critically ill patients from each region.
Thus, moderate-to-severely poisoned patients are usually trans-
ferred to local and regional emergency medical centers. Includ-
ing all regional emergency medical centers, 140 regional and
local emergency medical centers participated in NEDIS in 2010;
by the end 0f 2011, 142 emergency medical centers were partic-
ipating. In 2010, more than 10,000,000 patients were admitted
to more than 590 EDs in a year. Of these, about 4,000,000 patients
visited the 140 NEDIS-participating EDs. It is usual situation that
most of the moderate-to-severely poisoned patients visited or
were transferred to NEDIS-participating EDs. The poisoned pa-
tients who are recorded in NEDIS are thus likely to be the most
of moderate-to-severely poisoned patients who need emergen-
cy antidotes for acute treatment at EDs.

In the present study, two categories of poisoning materials
were frequently involved in the poisoning cases identified by
the epidemiological study. One was pharmaceuticals which were
more frequently involved poisoning agents in urban area. The
other was agricultural products which were more commonly
involved in rural area poisoning cases. This finding was similar
to other report (23). Benzodiazepine group drugs were the most
prevalent poisoning drugs, like in Europe, where the benzodi-
azepines are frequently detected (24). Organophosphate insec-
ticides followed by dipyridylium herbicides were the most com-
monly involved agricultural products.

Antidotes seemed to be infrequently used to treat acute poi-
soning in the EDs: less than 5% of the poisoned patients were
administered 36 antidotes. This actual administration rate is
quite low and there was a lack of concrete evidence for appro-
priateness in antidote usage in this study. Given this limitation,
the poisoned patients identified by the epidemiological study
were stratified on the basis of the clinical severity of poisoning
by using the poisoning severity score (11). This is used to classi-
fy acute poisoning cases regardless of the type and number of
agents involved. It takes into account the overall clinical course
and should be based on the most severe symptoms only includ-
ing both subjective symptoms and objective signs. Therefore, it
is normally a retrospective process that requires follow-up of
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cases. If the grading is undertaken at any other time such as on
admission, the time point of the data on which the grading is
based must be stated clearly. In the present study, the data were
from a data warehouse that prospectively gathered the poison-
ing severity data and from a retrospective chart review. These
data showed that 33.6% of the patients had moderate or severe
toxicity and that 0.4% of patients died. Present study included
only poisoned patients without other exposed cases to toxic sub-
stance.

In deciding the type and number of antidotes which should
be stocked, the incidence of poisonings that require special an-
tidotes should be taken into consideration. Antidotes needed
immediately (within 30 min) must be stocked at all hospitals
and antidotes needed within 2 hr can be stocked at certain main
hospitals; patients can be taken to these hospitals for treatment
or the antidotes can be transported within the time limit to the
health facilities at which treatment is provided (25). Antidotes
needed within 6 hr may be stocked at central regional depots,
provided that there are adequate facilities for transporting them
within the time limit (25).

This study had several limitations. First, the efficacy of some
of the antidotes that were deemed essential in this study is sup-
ported by only limited epidemiological evidence in Korea. Sec-
ond, the results are based on a survey of acute poisoning. It is
conceivable that those completing the survey may have under-
estimated the minimum amount of antidote that should be ad-
ministered. Third, the recommended stocking quantities of the
antidotes were based on the clinical severity of the poisoned
patients. The data precluded correcting the occasional inappro-
priate or unnecessary use of certain antidotes, and for antidote
not being administered due to lack of availability. Fourth, the
recommended stocking amount was based on the incorpora-
tion of the depot model for expensive and infrequently used
antidotes. However, we could express the model in this study.
Lastly, it was designed to only estimate how much of each anti-
dote should be stocked for the initial adult doses when treating
acutely poisoned patients. These estimations do not consider
the antidote needs in the case of a mass casualty event.

Conclusively, the list of 18 emergency antidotes that should
be stocked at EDs in Korea was recommended by a panel of clin-
ical toxicologists with multiple specialties. It was estimated that
about 13,000 adult doses (575 of atropine, 144 of calcium gluco-
nate or other calcium salts, 2,587 of flumazenil, 3,450 of N-acet-
ylcysteine, 5,893 of pralidoxime, 287 of hydroxocobalamin, 144
of sodium nitrite, and 144 of sodium thiosulfate) would be need-
ed for the initial antidote treatment of poisoned patients at EDs
every year in Korea. Future research should focus on determin-
ing the entire treatment quantities that are needed, the different
kinds of antidotes that are required in rural and urban areas,
and the future development and implementation of evidence-
based guidelines.
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