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Organophosphate (OP) pesticides are the most common source of human toxicity globally, causing high mortality

and morbidity despite the availability of atropine as a specific antidote and oximes to reactivate acetyl-
cholinesterase. The primary toxicity mechanism is inhibition of acetylcholinesterase (AchE), resulting in accumula-
tion of the neurotransmitter, acetyicholine, and abnormal stimulation of acetylcholine receptors. Thus, the symptoms
(muscarinic, nicotinic, and central nervous system) result from cholinergic overactivity because of AchE inhibition.
OP can also cause rhabdomyolysis, pancreatitis, parotitis, and hepatitis. OP therapy includes decontamination, sup-
portive therapy, and the use of specific antidotes such as atropine and oximes. However, there has been a paucity
of controlled trials in humans. Here we evaluated the literature for advances in therapeutic strategies for acute OP

poisoning over the last 10 years.
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Fig. 1. Age distribution of patients with acute organophosphate poisoning in Korea.
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Fig. 2. Frequency of pure organophosphate compounds poison-
ing in Korea.

JOURNAL OF THE KOREAN SOCIETY OF CLINICAL TOXICOLOGY

=
=
(Pl
0
o
0x
10
)
e
x
o
e
O
Jn

32
e
IN
o
o
T
me)
flo
)
ol
P
A=)
k1
N
iy
o o

Abs 2 Efofol] njR| = FE
A= Bl HofolA
AT, b 471917
2 B2 ARk, eofel

7]_ %q}z,SS).

I e
R
M
o fu ol
[
dn
T4
) ¢, 0o

o
BT

N ox
i Jo

IH
0z
ol
Jn
f=)
2
o

72t Toxidrome

=&& YAlske AlAE
Z W8 49 SLUDGEZ Y EHE 5434
< o83l A 0 2 AdsA Hop,
2l wkzolvt A% WANZE v,
o8] 7R FFABA, T2t
TS RolE 3% oAE wettt I
Eg2d 1-4 mgg AHE3le $4 &
sl Ao] gkl Ego] HT},

o
SR
)

o

X

o)

A

Lo

™,

i

flo

N

fett

ol oX

s, 2 i@ A
Sy
E e
o
il
'y

o,
Mo &

Raf oX, oX o_?’_,
T

v

My
()
r al

o

olX

>,

o

=
1
by

[ VRN O /U ReA

£y
Jr
il
[uc)

,,,,,,,,

gverity: T
D50

PR,

Recovery il offin
TR Lipid affinity/Latency

Aging time T1/2

o Lo,

Fig. 3. Severity and onset time factors affected to pharmacokinet-
ics of organophosphate compounds poisoning.

85



ol

o

i

tJasdsEI XN\ M6 Hl 2 S 2008

2) Cholinesterase (AchE) AARS| &

AxARorw AHIT acetylcholmesteraseg} gz
cholinesterase A& A7} Aty 2 A H o] £20] 5
o] cholinesterase7} 7] A 2] 50% o]st& Holzl 734
4 53R F3Y. F5o Wl cholinesterase?]
FETt 60% A Afdde 75 § Fugili 28
288 YA, 60~90% A Alelle &%8, A ¥
ARF4E IME F55Y T4 RolA HL, 90%
a3 Aol A9, AAF ARS, SFRA L &5,
Aol dod 4 Urk*7® ¥ Z cholinesterases =&
F AF glo] 7IAH R 9] 3|1 EL2 4~6571 BElaL, 28
T cholinesterase® 90~12080} A8 ¥}, gdulzro g
AP acetylcholinesterase ALY} 3712 2 2Ad
APA=E Z g gste Aoz HolgAw, EF
cholinesterasegl 73-9- 37} A& Yre FHolu}o,

oA BF FHUNZH oA E 0|83 FTFE oS
A AREA 220 AdE olfr2e 84 AIY 74
Al e, ¥t A8 {5, 7% #d A%, 11335 ¢
G e 2 gET Ast Y, 2E, 94 Tl o 7
AEAY 3 g 5 glof, Z|2A Q1 82 7Y 7]
AA7}t 21, 7|Fo] e Sz gtob A 718 Zd
)¢ W7} 4,250004] 9,900 IU/L o2 wil-$- 34 93}
o Aot ®, AR AFAEL ol S&EslA Y
Al i?floﬂ*ﬂla}o}xﬂa olg3to] ML ¥ 35
5 o&d o] &3t £ NE3}7|% 3o, Aygun 5%
Ui g4 ia“’“*ﬂla}"}ﬂ] FAE o|g3t 7 Y
o] ME-EE o] g3l P AF L FFE dF F
&5to] AETH APTT A AAQL 2ol E A
ohal Harsk gk,

ol Sz gtolAlol B AIZHE
(Time series analysis)E 0|43l &5 3 1Y oo
EZA43% U 27] Fddl2E oAl F=7F 90% o] 7
&% Ffolle T T BT FeAde] 9k, A
E A% 9 JA &7 AR 459 Bl WY 1-38
A e FAE Bole 5AE o8t o] 783 A
22 Bug AT Yo,

c& f'lO

4. 24 R7I12A S5 X2 SEXA|

1) ST A S24 AAl

27IAAE LGAA, A=A AAHTS B Fo
E AFFT 53], 5 TF 271NE TEFF A
U 352 29 o4, A= 7= RvE, dAFF T 9

3 FATERAT AiAZ Fl5Ao] oeng AkA

86

8, 718 IF5 87 52 o4 S FEZ QWS
Al&slar, o] B3 9ol diazepam 10 mgS

AHME GO AP YPshe AT Fo
WA = glo g 274 HFH AAE ZAE B

Ag,

2) M2 X =2t o =A|

2707 25 Mz ABH HEASE prali-
doxime® olEZ o] tF A lH], pralidoxime2 fY
8} cholinesterase A3 B2 QA3ld §47) =3}
7t AY 7] A 7 & 7] AHE a7t Aot
23lE 9 pH 452 47 dojuaz giad i
A A AFH o2 wAF Folof @t pralidoxime®] 4
9 27)9) A E 1 g, SolollAE 20~40 mgE 30%
dl 24 AN G 34 F A3 Tt 1AL
ol whe Eofdt & 9l3, B2 24~48A17F T Fo
s, Fabolu A3t A& EE Aol FE w7bA AL
43t} a8y, 8550t F AEHER FAEEEY 4
mg/mLE FA517] 3] 2 A& Fo A= d&F
4L AFPslh=d], 71EF o2 AIZFF 500 mg/hrg Fof
ahe, A7 2§32l 400 mg FE 1,000 mgo]’de]
£33 Fo37|= A A disiMe 5
s 2714%9 dF 34 F9 A 33A
F71% sta, @NHPHE FH8lA Rajnw 5%
A EAFEL 3B AR TP,

OlEZ WL TR AA A odF T F27HAA &
48 23sIA R, $F473 Yo F27184 F-g-ol o3
A &7} 53] AlgkAolrt, wdh, I 284 4

o

(-
o o

ol o N

g, 2d&, 2oph| o dsidE 2EstA X gt olER
F o] A= FEE ol EAFTAAE Hol= 74
= A= 2~4 mg, & /\0}°ﬂ AE 0.05 mg/kgS 3}

gFo e Tojaty, L7 G Aol T4 3

Aol 54 WA 10-308510} 8HE A F& 3

3o} TR o} F H Bel A7k 100 mg,
3150l 5 8 mgo] Folsl A7} ek, 271el F
B o ofE2 WL Folsh Ro] A8 HH Y F2
3 AT, ofER WL ol235o] go] o ghlM el oldo]
= H% Folo] % F2, $7, ZUHT, A e
e A FFUBA B BEOE dB=AY
AT I, 712 EE B2, $RRS, a2
/), W5y 77 A A% 58 71F0 ojEgd
solge 24U, oo B EZAY FRUBA ¥
218-¢ ske] tiAl HEE glycopyrrolated AI¢Ha7]
£ A4S, 458 EdE Q0. 9 olEzdD

JOURNAL OF THE KOREAN SOCIETY OF CLINICAL TOXICOLOGY



pralidoximeg A& AT % pralidoxime &
FARA A4S 29T ¢ Qlu, olEZH e T AvlE &
T AR, UzeA gL 283 5 ¢l 7g
x3t(aging)7} R pHolA € AL o] &3
sodium bicarbonate F-ojof 2]3 dzhz] 9L YAfoj
HEE o= Ju”, AAAFY 7 nde/A4 £
H(plasma pheresis/plasma transfusion)2 Al =3 oA}
RHIE QAP GAAF 5o 2ol <5 AA
Fol AAl Al HAFY 1% F=PL 7tetd o)zl
71834 271259} B8] pralidoximed} olER2 W X
27k 2R Aot

1) d&Zaet Alyg
717 Fokell o3 52 A AAH 2 T 300
T ol2e Aog A ok 4704 FhRE
BAELE 54 Aol 7 5F2 vh g B /)@ 2
HIE 371 AXAsht g A e F94 HE Sow
B8 ZFFH AT 2ol /1A BUd dF 5FR
27t 4a% 397 Bk §4 47104 59 Al
< R 718A %, 713RuE g} 2], 352 1)
¥ Sl AdF sFFAoI, o] Agsh= Ao A &
ZI0A F5 A AVEES Ha3) = Mg Fee @
Holgt & & A, #A 1047 F4 R71A0A F5 o

].

3

r

=

[}

A
A% Alg-L 714 718 TEEls A=H =84 A=
= E78ta 10~20%°] 23ich. $-2luzte] 34 f7]
A 5 84 T AFEL 73% AEE BuE D o,

do > i

2) B3 FIILL AL 0% o=}
e F4 47190 FEol Ui olF A A

B} FTE 7 AAE 3] g% A=r) g2,
1 A9 Lee 9} Tai"= APACHE 11 A4=7} 264
o3l Aot FA4 TEIY T 7L Tuksi: Ao}
Abg dEAAR FASH 0w o] 9t B walgda,
Chuang 29 AT E QTc Ao T AVYES F
7 IRFAY HPNEI} LS &5, 9B AF
X cholinesterase 27} $2}o] 2219} Agto] ¢
il BRE QA Aygun $9& 82 cholinesterase
F7F 559 27 FE2 BA) Aok 34890}
A& TE7] olg A7 AZURAZE Leed} Taie] o
TollA BF cholinesterase ¥ =& 32 7A}sto] 2,900
IU/LA =7t =9 AF 3F7) o2 A1HoZ Aol g

JourNAL oF THE KOREAN SOCIETY OF CLINICAL TOXICOLOGY

Ol10IF of: 2

0x

SII01H 5% B
71E 02 AAH oY, ol 27 dZo0] Brlsla A&
Al A HAAF Hasle] AAFog JAHo T Ay
sl Aeko] ik, ] Aol A= Shin 52 Q-6
A QF 557 o]gr1AH e = cholinesterase FAE
7b B 441 TU/LE Bastgleh. 2 3 AFdxs
7] Q1T 8] olgwe EAHo7 27| olgZd HlE ¢
¥ BA] APACHE II score7} 174 ol}o 2 &3 ¥=
cholinesterase ¥ =7} 244 1U/L o]slo] Av} 919 717+
Y5 cholinesterase F=7) 3 U7A 4 2L F43)
3 EHA 3, WY 2700 FNE ArPG olatsler s B
ol F7tE o] Jom, T+ vin] F3Fo| #lst= ¢
A EAJE Aol 2k,

6. 24 772 S=2 ARE X LE 0L MY

M X

=
L |

1) MZEEAM D} CIZER Ol AP Q]

—_

rl

A R E2 QAR olE €W pralidoxime ¥ &
e FEAR, IF A A VA 319 AF5HA 3
A Ag o A8 AHFEL 10~20%2 A3 E1 )
o a2y H2 olH@ A X8 Ao B
AL, F710Al F5ol Q3 ALGEL B} GBS HF
A3 E& Aelolet, o]2 s o]E Al thE A

HA710A S50 A% F AR dde e 2N 28
o ez A gt shA R, dA 2
2H 7AZE A% T84 =7 A4 F5 84
9 3% 71%¢ A " PEE A e 9
Ak, A 2719 B2 FF 47104 5 BAE] ¢
gR-dolu AEAA HLEE Ak olE oge
o] gom, AT A Aol s AlgEte A= g
oRAAL girt. ool w2t A AHAQ fIUA 35 @
o) Ao wapo] Expe] st Ql Msle} X gl &

Alo] _E'_o].x] 2 YPsE ,q] o]]-;]_(ﬂi-s()).

2) Pralidoxime (oxime therapy): Benefit or dangerous?
FH HeghEA 78& 0] 88 pralidoximed]] thdt #
84 =do] thA] A= JIEH], ol F71A] o]ol et A
FEL W2 Holt}, Peter 5779 el B4 A4
116719 oxime AT E EUE X3 A3} 571804 &
oA oxime®] ALg-o] AlgE oL Q¥ 8] 2 7% F

87



LISt =d3alXIN M6 2 Xl 2 S 2008

3 r] FFT A 5 FAATA R, 23]
A8, B, 55, Aok Boll, dEH 22 FAEH
WE AF Srof o3 A 22 AL AR,
84 g 7T UM 2eE BRIy,
A gt o9} 22 -84 =R P3| pralidoxime AH-
< 7t Astatr) o= 727t A, st 54 A
£ 8ol ois) o= stoAF ofoll thE HAF AR
W% BFE Az AVI7E HdGE FelA 27t 9
o0, olo] tfall & A FE4 784 P AL &
23 R oz Azre,

=1
2 E

—

F4 7194 % 52 AAAFeE g4 F5 1
=7} &3, HF3ZF olE2H oY pralidoximed} &
A=A e AL 714 B7], T8HA 59 A= EF
3lal ol A7A = AbgE-o] 10% ATl o]211 glo] ALF
A FAFLR AR T}, AFAHLE FA F5 Al
e} SLUDGE 9 22 533 333 d3ol
1 A¥TF cholinesterased ©]8-3 AAME 278 vl
o2 g et uhst olE 2 A pralidoxime S| EA] 5
o] 4] dzt AHe3ted gt AT, HE G o F o
Z 55 279 AR Aol dig g T A W3 A
Aol i 31 FA F71UA 55 FAE AR 54

o

EHIEM

1. Kim MH, Park MJ, Kim SK, Park IS, Oh DY, Pio SJ, et
al. Clinical observation of acute drug intoxication in a
rural area. Korean J Med 1988;35(6):821-27.

2. Hwang JH, Yang DH, Hong SY. Clinical observation of
anticholinesterase inhibitor insecticides poisoning. Korean
J Med 1998;56(2):149-57.

3. Shin KC, Lee KH, Park HJ, Shin CJ, Lee CK, Chung JH,
et al. Respiratory failure of acute organophosphate insecti-
cide intoxication. Tuberc Respir Dis 1999;46:363-71.

4. Sheu JJ, Wang JD, Wu YK. Determinants of lethality from
suicidal pesticide poisoning in metropolitan HsinChu. Vet
Hum Toxicol 1998;40(6):332-6.

5. Sahin HA, Sahin I, Arabaci F. Sociodemographic factors
in organophosphate poisoning: a prospective study. Hum
Exp Toxicol 2003;22:349-53.

6. Bhattarai N, Rauniyar A, Chaudhary D, Jaiswal S, Banthia
P, Rana BB. Patterns of organophosphorous poisoning

88

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

attending a teaching hospital. JINMA J Nepal Med Assoc
2006;45(162):228-32.

Weissmann-Brenner A, Friedman LM, David A, Vidan A,
Hourvitz A. Organophosphate poisoning: a multihospital
survey. Isr Med Assoc J 2002;4(7):573-6.

Lee MJ, Kwon WY, Park JS, Eo EK, Oh BJ, Lee SW, et
al. Clinical characteristics of acute pure organophosphate
compounds poisoning-38 multicenters survey in South
Korea. J Korean Soc Clin Toxicol 2007;5:27-35.

Yurumez Y, Durukan P, Yavuz Y, Ikizceli I, Avsarogullari
L, Ozkan S, et al. Acute organophosphate poisoning in uni-
versity hospital emergency room patients. Intern Med
2007;46(13):965-9.

Tarbah FA, Shaheen AM, Benomran FA, Hassan Al,
Daldrup T. Distribution of dimethoate in the body after a
fatal organophosphate intoxication. Forensic Sci Int 2007
6;170(2-3):129-32.

Nhachi CF. Organophosphate poisoning and management,
an update. Cent Afr J Med 2001;47(5):134-6.

Sungur M, Giiven M. Intensive care management of
organophosphate insecticide poisoning. Crit Care
2001;5(4):211-5.

Dong X, Simon MA. The epidemiology of organophos-
phate poisoning in urban Zimbabwe from 1995 to 2000.
Int J Occup Environ Health 2001;7(4):333-8.
Shellenberger TE. Organophosphate pesticide inhibition of
cholinesterase in laboratory animals and man and effects
of oxime reactivators. J Environ Sci Health B 1980;15(6):
795-822.

Brady UE, Sternburg J. Recovery of cholinesterase activi-
ty in organophosphate treated insects. J Insect Physiol
1966;12(9):1171-85.

Noshad H, Ansarin K, Ardalan MR, Ghaffari AR, Safa J,
Nezami N. Respiratory failure in organophosphate insecti-
cide poisoning. Saudi Med J 2007;28(3):405-7.
Karalliedde L, Baker D, Marrs TC. Organophosphate-
induced intermediate syndrome: aetiology and relation-
ships with myopathy. Toxicol Rev 2006;25(1):1-14.
Harputluoglu MM, Kantarceken B, Karincaoglu M,
Aladag M, Yildiz R, Ates M, et al. Acute pancreatitis: an
obscure complication of organophosphate intoxication.
Hum Exp Toxicol 2003;22(6):341-3.

Singh S, Bhardwaj U, Verma SK, Bhalla A, Gill K.
Hyperamylasemia and acute pancreatitis following anti-
cholinesterase poisoning. Hum Exp Toxicol 2007;26(6):
467-71.

Delgadillo Duarte J, Videla Ces S, Navas Ramirez J, Oltra
Juste J. [Fosfosal-induced hepatitis] Rev Clin Esp
1994;194(3):203-4.

Gokel Y, Gulalp B, Acikalin A. Parotitis due to organo-

JOURNAL OF THE KOREAN SOCIETY OF CLINICAL TOXICOLOGY



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

phosphate intoxication. J Toxicol Clin Toxicol 2002;
40(5):563-5.

Woo SH, Lee WJ, Kyong YY, Choi SP, Park KN, Lee MJ.
Ipsilateral parotitis due to organophosphate intoxication: a
case report. J Korean Soc Emerg Med 2008;19(1):139-41.
Yeh TS, Wang CR, Wen CL, Chuang CY, Chen CY.
Organophosphate poisoning complicated by rhabdomyoly-
sis. J Toxicol Clin Toxicol 1993;31(3):497-8.

Baydin A, Aygun D, Yazici M, Karatas A, Deniz T,
Yardan T. Is there a relationship between the blood
cholinesterase and QTc interval in the patients with acute
organophosphate poisoning? Int J Clin Pract 2007;61(6):
927-30.

Chuang FR, Jang SW, Lin JL, Chern MS, Chen IB, Hsu
KT. QTc prolongation indicates a poor prognosis in
patients with organophosphate poisoning. Am J Emerg
Med 1996;14(5):451-3.

Dreiher J, Kordysh E. Non-Hodgkin lymphoma and pesti-
cide exposure: 25 years of research. Acta Haematol
2006;116(3):153-64.

Bonner MR, Coble J, Blair A, Beane Freeman LE, Hoppin
JA, Sandler DP, et al. Malathion exposure and the inci-
dence of cancer in the agricultural health study. Am J
Epidemiol 2007;166(9):1023-34.

Fizadi-Mood N, Saghaei M, Jabalameli M. Predicting out-
comes in organophosphate poisoning based on APACHE
IT and modified APACHE II scores. Hum Exp Toxicol
2007;26(7):573-8.

Lee WIJ, Alavanja MC, Hoppin JA, Rusiecki JA, Kamel F,
Blair A, et al. Mortality among pesticide applicators
exposed to chlorpyrifos in the Agricultural Health Study.
Environ Health Perspect 2007;115(4):528-34.

Robey WC, Meggs W1J. Insecticides, herbicides, rodenti-
cides. In: Tintinalli JE, Kelen GD, Stapczynski JS.
Emergency Medicine. A comprehensive study guide. 6th
ed. New York:McGraw-Hill;2004.p.1134-7.

Whyatt RM, Rauh V, Barr DB, Camann DE, Andrews HF,
Garfinkel R, et al. Prenatal insecticide exposures and birth
weight and length among an urban minority cohort.
Environ Health Perspect 2004;112(10):1125-32.
Sancewicz-Pach K, Groszek B, Pach D, K + ys M. Acute
pesticides poisonings in pregnant women. Przegl Lek
1997;54(10):741-4.

Sebe A, Satar S, Alpay R, Kozaci N, Hilal A. Organophosphate
poisoning associated with fetal death: a case study. Mt Sinai J
Med 2005;72(5):354-6.

Tripathi M, Pandey R, Ambesh SP, Pandey M. A mixture
of organophosphate and pyrethroid intoxication requiring
intensive care unit admission: a diagnostic dilemma and
therapeutic approach. Anesth Analg 2006;103(2):410-2.

Journat oF THe KOREAN SociETY oF CLiNicAL TOXICOLOGY

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

01018 2 =4 |IIUH 8% &=

Eddleston M, Buckley NA, Eyer P, Dawson AH.
Management of acute organophosphorus pesticide poison-
ing. Lancet 2008;371(9612):597-607.

Eddleston M, Eyer P, Worek F, Mohamed F, Senarathna
L, von Meyer L, et al. Differences between organophos-
phorus insecticides in human self-poisoning: a prospective
cohort study. Lancet 2005;366(9495):1452-9.

Eddleston M, Dawson A, Karalliedde L, Dissanayake W,
Hittarage A, Azher S, et al. arly management after self-
poisoning with an organophosphorus or carbamate pesti-
cide - a treatment protocol for junior doctors. Crit Care
2004;8(6):R391-7.

Aygun D. Diagnosis in an acute organophosphate poison-
ing: report of three interesting cases and review of the lit-
erature. Eur J Emerg Med 2004;11(1):55-8.

Worek F, Koller M, Thiermann H, Szinicz L. Diagnostic
aspects of organophosphate poisoning. Toxicology 2005;
214(3):182-9.

Brahmi N, Mokline A, Kouraichi N, Ghorbel H, Blel Y,
Thabet H, et al. Prognostic value of human erythrocyte
acetyl cholinesterase in acute organophosphate poisoning.
Am J Emerg Med 2006;24(7):822-7.

Quistad GB, Klintenberg R, Casida JE. Blood acylpeptide
hydrolase activity is a sensitive marker for exposure to
some organophosphate toxicants. Toxicol Sci 2005;86(2):
291-9.

Clark RF. Insecticides. In: Flomenbaum NE, Goldfrank
LR, Hoffman RS, Howland MA, Lewin NA, Nelson LS,
editors. Goldfrank’s toxicologic emergencies. 8th ed. New
York:McGraw-Hill;2006. p.1497-512.

Erdman AR. Insecticides. In: Dart RC, Caravati EM,
McGuigan MA, White IM, Dawson AH, Seifert SA, edi-
tors. Medical Toxicology. 3rd ed. Philadelphia:Lippincott
Williams & Wilkins;2004. p.1475-96.

Aygun D, Doganay Z, Altintop L, Guven H, Onar M,
Deniz T, et al. Serum acetylcholinesterase and prognosis
of acute organophosphate poisoning. J Toxicol Clin
Toxicol 2002;40:903-10.

Kim HJ, Lee MJ, Park KN. Time-variable analysis of
cholinesterase levels in patients with severe organophos-
phate poisoning. J Korean Soc Clin Toxicol 2006;4:113-
21.

Rusyniak DE, Nanagas KA. Organophosphate poisoning.
Semin Neurol 2004;24(2):197-204.

Peter JV, Moran JL, Graham PL.. Advances in the management
of organophosphate poisoning. Expert Opin Pharmacother
2007;8(10):1451-64.

Pawar KS, Bhoite RR, Pillay CP, Chavan SC, Malshikare
DS, Garad SG. Continuous pralidoxime infusion versus
repeated bolus injection to treat organophosphorus pesti-

89



£
@

50.

51.

52.

53.

54.

55.

56.

57.

58.

LUSLEBIXN\ K63 M 2352008

cide poisoning: a randomised controlled trial. Lancet
2006;368(9553):2136-41.

. Eddleston M, Szinicz L, Eyer P, Buckley N. Oximes in

acute organophosphorus pesticide poisoning: a systematic
review of clinical trials. QIM 2002;95(5):275-83.

Rahimi R, Nikfar S, Abdollahi M. Increased morbidity
and mortality in acute human organophosphate-poisoned
patients treated by oximes: a meta-analysis of clinical tri-
als. Hum Exp Toxicol 2006;25(3):157-62.

Rios JC, Repetto G, Galleguillos I, Jos A, Peso AD,
Repetto M. High concentrations of pralidoxime are needed
for the adequate reactivation of human erythrocyte acetyl-
cholinesterase inhibited by dimethoate in vitro. Toxicol In
Vitro 2005;19(7):893-7.

Geller RJ, Lopez GP, Cutler S, Lin D, Bachman GF,
Gorman SE. Atropine availability as an antidote for nerve
agent casualties: validated rapid reformulation of high-
concentration atropine from bulk powder. Ann Emerg
Med 2003;41(4):453-6.

LeBlanc FN, Benson BE, Gilg AD. A severe organophos-
phate poisoning requiring the use of an atropine drip. J
Toxicol Clin Toxicol 1986;24(1):69-76.

Robenshtok E, Luria S, Tashma Z, Hourvitz A. Adverse
reaction to atropine and the treatment of organophosphate
intoxication. Isr Med Assoc J 2002;4(7):535-9.

Choi PT, Quinonez LG, Cook DJ, Baxter F, Whitehead L.
The use of glycopyrrolate in a case of intermediate syn-
drome following acute organophosphate poisoning. Can J
Anaesth 1998;45(4):337-40.

Sivilotti ML, Bird SB, Lo JC, Dickson EW. Multiple cen-
trally acting antidotes protect against severe organophos-
phate toxicity. Acad Emerg Med 2006;13(4):359-64.

Peter IV, Moran JL, Pichamuthu K, Chacko B. Adjuncts
and alternatives to oxime therapy in organophosphate poi-
soning-is there evidence of benefit in human poisoning?
Anaesth Intensive Care 2008;36(3):339-50.

Altintop L, Aygun D, Sahin H, Doganay Z, Guven H, Bek
Y, et al. In acute organophosphate poisoning, the efficacy
of hemoperfusion on clinical status and mortality. J

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Intensive Care Med 2005;20(6):346-50.

Giiven M, Sungur M, Eser B. The effect of plasmapheresis
on plasma cholinesterase levels in a patient with
organophosphate poisoning. Hum Exp Toxicol 2004,
23(7):365-8.

Lee P, Tai DY. Clinical features of patients with acute
organophosphate poisoning requiring intensive care.
Intensive Care Med 2001;27:694-9.

Chun BJ, Mun JM, Yoon HD, Heo T, Min Y1. Clinical sig-
nificance of immediate determination of plasma
cholinesterase level in patients presenting with organophos-
phate ingestion at the time of hospitalization. J Korean Soc
Emerg Med 2002;13(1):61-6.

Shin HJ, Lee MJ, Park KN, Park JS, Park SS. Clinical
characteristics of patients with acute organophosphate poi-
soning requiring prolonged mechanical ventilation. J
Korean Soc Clin Toxicol 2008;6:32-6.

Asari Y, Kamijyo Y, Soma K. Changes in the hemody-
namic state of patients with acute lethal organophosphate
poisoning. Vet Hum Toxicol 2004;46(1):5-9.

Dawson A, Buckley N. Comment on “Survival pattern in
patients with acute organophosphate poisoning receiving
intensive care”. Clin Toxicol 2005;43(4):317.

Buckley NA, Dawson AH, Whyte IM. Organophosphate
poisoning: peripheral vascular resistance-a measure of
adequate atropinization. J Toxicol Clin Toxicol 1994;
32(1):61-8.

Lee MJ, Park KN, Lee WJ. Survival curve analysis in
patients with severe organophosphate poisoning. J Korean
Soc Clin Toxicol 2005;3:86-92.

Cherian MA, Roshini C, Visalakshi J, Jeyaseelan L,
Cherian AM. Biochemical and clinical profile after
organophosphorus poisoning-a placebo-controlled trial
using pralidoxime. J Assoc Physicians India 2005;53:427-
31.

Peter JV, Moran JL, Graham P. Oxime therapy and out-
comes in human organophosphate poisoning: an evalua-
tion using meta-analytic techniques. Crit Care Med
2006;34(2):502-10.

JOURNAL OF THE KOREAN SOCIETY OF CLINICAL TOXICOLOGY



