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Introduction 

Organophosphorus (OP) compounds are a common 
source of pesticide poisoning and an important cause of 

morbidity and mortality in the developing world.1,2 Based 

on the World Health Organization (WHO) estimates, 

there are almost three million OP poisoning per year, with 

a death rate of roughly 10%.3 Environmentally, OPs are 

less harmful than other existing pesticides such as 

organochlorines,4 as well as they are very effective 

insecticides.5 Thus, they are used preferentially and 

widely for insects control in several fields such as 

horticulture, agriculture, and homes, particularly in South 

America, Asia, and Africa.6 Additionally, they are used 
domestically and in public sanitization to control diseases 

vectors. Some OPs are used to cure human infestation 

with head lice, scabies, and crab lice. Also OPs have been 

used as nerve agents in warfare and terrorist attacks.7 This 

widespread usage has made exposure to these highly toxic 

compounds common and inevitable.5,8 Due to extensive 

use as well as poor surveillance for human exposure to 

pesticides, health consequences including intentional 

poisoning are reported more frequently in developing 
countries.6,9 However, in the developed countries and 

United States, the risk of poisoning with OPs is much 

lower. 

All cases of poisoning with OPs should be considered as 

an emergency cases and any patient with more than minor 

symptoms should quickly be admitted to a critical care 

unit. Antidotes including atropine, oximes, and diazepam 

are used widely in OPs poisoning. Combination therapy 

with atropine and oxime is a common practice in the 

management of OPs pesticide poisoning. The principal 

role of the pyridinium oximes is reactivation of enzyme 
acetylcholinesterase (AChE) inhibited by OPs, 

consequently permitting ACh to be hydrolyzed in the 

routine manner and continuation of normal cholinergic 

neurotransmission. Since atropine is unable to bind to 

nicotinic receptors, it is not effective in treatment of 

neuromuscular dysfunction. Therefore, useful effects of 

oximes are primarily on neuromuscular transmission, and 
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thus there is little impact on CNS effects as well as 

parasympathetic effects such as bronchoconstriction, 

bronchorrhea, and rhinorrhea.7 Pralidoxime should be 

administered concurrently with atropine to avoid 

worsening of symptoms due to temporary oxime-induced 

AChE inhibition.10 Oxime therapy should be considered 
in all patients with evidence of moderate to severe 

cholinergic features, neuromuscular dysfunction, or 

exposure to OPs known to result in delayed 

neurotoxicity.7 Pralidoxime is an available, relatively 

expensive, and widely used oxime in the treatment of 

patients with OPs poisoning. Unfortunately, this agent is 

not appropriately used in human OPs poisoning. 

According to a comprehensive literature review, no study 

has yet investigated rational use of praldoxime and the 

cost of its inappropriate utilization in OPs poisoning. 

Thus, we aimed to evaluate rational utilization of 

pralidoxime for OP poisoning in a teaching referral 
hospital affiliated to Tabriz University of Medical 

Sciences, Tabriz, Iran.  

 

Materials and Methods 

Current study was conducted as a retrospective, 

descriptive, exploratory study at Sina Hospital, a referral 

poisoning hospital, affiliated to Tabriz University of 

Medical Sciences, Tabriz, Iran. Medical files of patients 

with pesticide poisoning who had been admitted to the 

poisoning ward of Sina Hospital between September 2013 

and September 2014 were reviewed. All patients with 
definite diagnosis of OPs poisoning were selected to 

evaluate rational and indication based use of pralidoxime 

in their treatment protocol. Also patients with non-OPs 

pesticide poisoning who had erroneously received 

pralidoxime before transferring to poisoning ward at Sina 

Hospital were included to evaluate overuse and misuse of 

pralidoxime. Data collection was performed using an 

already designed checklist containing demographic, 

clinical, and para clinical characteristics, as well as the 

type of pesticide caused poisoning. Based on clinical 

studies, pralidoxime is indicated for the treatment of 

nicotinic symptoms and moderate to severe muscarinic 
features following OPs poisoning.11 Thus, indication for 

pralidoxime administration was remarked in the checklist 

as "Yes" or "No". Lastly, decision on the appropriateness 

of the pralidoxime administration was checked and 

endorsed by an attending medical toxicologist, and then 

frequency or percentage of appropriate or inappropriate 

use of pralidoxime was summarized as proper in tables or 

figures. 

Data were summarized as frequency (%) or mean ± SD 

and analyzed descriptively by SPSS statistical software, 

version 17 (SPSS Inc., Chicago). Our study obtained 
approval of Hospital authority before reviewing medical 

files, and identity and clinical data of patients remained 

anonymous all over the study.  

 

Results 

During the predefined review period, we found 96 

subjects with pesticide poisoning. Mean age of the study 

patients was 36.71 ± 18.5 years old (range: 15- 92 years) 

and 56/96 (58.3%) were males. Considering the type of 

pesticide poisoning, 68.8% of patients had been poisoned 

with insecticides, 27.1% with aluminum phosphide, 2.1% 

with herbicides, and 2% with rodenticides, respectively 

(Table 1). Among all pesticide poisoning, OPs were 
exclusively responsible for 43.8% of poisoning. Systemic 

features of OPs poisoning including muscarinic and 

nicotinic symptoms have been summarized in Table 2. 

Almost all patients had fairly experienced a combination 

of muscarinic and nicotinic features. All cases of OPs 

poisoning (42 patients) received pralidoxime after they 

had been admitted to emergency department, while 

regarding the clinical indications, only 55% (23 subjects) 

of patients were eligible to receive pralidoxime.  

 
Table 1. Patients’ demographics and type of pesticide poisoning. 

Characteristics  Value*  

Age (years) (min - max) 36.71 ± 18.5 (15-92) 

Gender, n (%)  

  Females  40 (41.7%) 
  Males  56 (58.3%) 

Type of poisoning, n (%)  

  Insecticides 
    Organophosphates 
    Non- Organophosphates  

 
42 (43.8%) 
24 (25%) 

  Herbicides  2 (2.1%) 
  Rodenticides  2 (2%) 
  Aluminum phosphide 26 (27.1%) 

*Mean ± SD (range) for age; Frequency (%) for other 

nominal variables. 

 

Table 2. Muscarinic and nicotinic symptoms in patients with OPs 
poisoning. 

Symptoms  Value  

Nicotinic (%)  
  Muscle weakness and Paralysis 55% 

  Seizure 25% 
  Fasciculations 20% 

Muscarinic (%)  

  Diarrhea  32.1% 
  Diaphoresis and Salivation  28.3% 
  Miosis  17% 

  Lacrimation  15.1% 
  Urination 7.5% 

 

Table 3. Appropriateness of pralidoxime administration in 
pesticide poisoning. 

Indication  Value  

Organophosphate Poisoning (n=42)  
  Appropriate use, n (%) 23 (55%) 
  Inappropriate use, n (%) 19 (45%) 

Other Pesticide Poisoning (n=54)  
  Inappropriate use, n (%)  32 (59%) 

In addition, pralidoxime had been administered for 59% 

(32) of patients with non-OPs poisoning (54 subjects) 

which all of them were clinically inappropriate (Table 3). 

 

Discussion 

Self-inflicted and accidental poisoning with OPs 

pesticides have yet remained a major global clinical 

problem, particularly in developing countries, 

approximating to 3 million cases in each year.12 OPs 

compounds act by irreversible inhibition of the enzyme 
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AChE, resulting in the accumulation of the 

neurotransmitter ACh and therefore unrestrained 

stimulation of cholinergic nerves. The ensuing impacts 

include slower heart rate, dilation of blood vessels, 

bronchoconstriction and in severe poisoning, death 

caused by respiratory failure.13 Pralidoxime and atropine 
have been used as antidotes for the treatment of patients 

with acute OPs poisoning.7 Pralidoxime regenerates 

functional enzyme AChE following inactivation by OPs, 

while atropine blocks exaggerated effects of excessively 

accumulated Ach at cholinergic synaptic sites.14 

However, the additive benefit of using pralidoxime in 

addition to atropine remains controversial in some clinical 

trials.11 The WHO-recommended regimen for 

pralidoxime in adults (30 mg/kg bolus intravenous over 

30 min followed by 8 mg/kg/hr continuous infusion to 

quickly achieve and maintain a serum concentration of > 

4mg/L) has been simply determined based on animal 
studies;15 while the type and dosage of OP pesticide 

should be considered in dosing strategy and treatment 

effects of pralidoxime in OP poisoning.16 Therefore, it 

seems reasonable to consider severity and clinical 

presentations of OP poisoning to decide whether 

pralidoxime administration is indicated. Due to the low 

lipid solubility and consequent limited entry into the CNS, 

majority of the pralidoxime effects are mounted on the 

peripheral nervous system.11 

Although relative advantage of add-on therapy with 

pralidoxime over atropine has yet remained to be clarified 
in the management of OP poisoning, it is predicted that 

pralidoxime might be effective in the recovery of the 

nicotinic neuromuscular transmission (such as resolution 

of muscle fasciculations, weakness, paralysis, etc.) and 

reversing moderate to severe muscarinic symptoms.11 Our 

study retrospectively evaluated rational use of 

pralidoxime under a direct consult and observation of an 

attending medical toxicologist in a teaching hospital. As 

demonstrated in the Table 1, and evident in the previous 

studies,14,17 majority of pesticide poisoning occurs in 

young and economically active age group of patients in 

developing countries. This may be explained by 
availability of highly toxic OP poisons, widespread usage 

of OP pesticides in the developing countries' agricultural 

activities, lower socioeconomic status, and poor 

education. Almost all of the patients studied in our 

investigation exhibited both muscarinic and nicotinic 

symptoms. A range of clinical features, termed as acute 

cholinergic crises, manifests in acute OP toxicity. 

Depending on the type and location of cholinergic 

receptors, clinical picture may comprise muscarinic 

(bronchorrhea, bronchospasm, lacrimation, miosis, 

diarrhea, urination, bradycardia, hypotension, salivation, 
and vomiting), nicotinic (muscle weakness, fasciculation, 

paralysis, mydriasis, hypertension, tachycardia, and 

sweating) and CNS presentations (agitation, confusion, 

seizure, coma, and respiratory failure).12 

In the present study, the percentage of OP poisoned 

patients who received pralidoxime inappropriately was 

45% (19 out of the 43 patients). In addition, fifty nine 

percent of patients with other pesticide poisoning also 

received pralidoxime which was not appropriate or 

indicated at all. Despite wasting resources due to 

irrational use, such medical errors expose patients to life-

threatening side effects of pralidoxime including 

hypertension, arrhythmias, and respiratory arrest.18-20 In a 
meta-analysis performed by Buckley et al,11 it was 

mentioned that there is insufficient evidence to illustrate 

whether oximes are beneficial or harmful. Also the 

findings of this meta-analysis did not support the 

pralidoxime regimen recommended by the WHO. 

However, patient tailored dosing strategies were 

suggested by the authors for pralidoxime therapy. In a 

study by Lin et al,21 it was shown that the treatment of OP 

poisoning should be directed toward the severity of the 

each patient intoxication. Their results suggested that 

more severe OP poisoning should be treated with higher 

doses of pralidoxime. Moreover, Pawar et al proposed that 
high-dose pralidoxime therapy consisting of a 2 g loading 

dose followed by a constant drip of 1 g/h for 48 hours 

decreases the morbidity and mortality of patients with 

acute moderately severe OP poisoning.22 Taken together, 

it seems essential to at least implement patient tailored 

treatment guideline for pralidoxime therapy in OPs 

intoxication treatment. 

Alongside of imposing life-threatening side effects of 

pralidoxime upon patients with OPs or non-OPs 

poisoning, special attention should be paid to wasted cost 

in irrational use of pralidoxime. According to the dosage 
regimen recommended by WHO and the length of 

emergency ward stay, the number of pralidoxime vials 

(average price of each 200mg vial equal to 5.85 $) 

inappropriately used for OPs poisoning was 608 and for 

non-OPs poisoning 1024. Altogether, the losses 

attributable to irrational use of pralidoxime in this survey 

had been 9547.2 $. 

Finally, there were some limitations in our retrospective 

study including unknown identity of OPs caused 

poisoning, morbidity and mortality of patients with OP 

poisoning, effectiveness of pralidoxime when indicated, 

side effects of pralidoxime. 

 

Conclusion  

Based on our survey, the use of pralidoxime in the 

northwest of Iran is not appropriate and thus, it is highly 

recommended that a patient-tailored treatment guideline 

for pralidoxime indication, doses, and length of therapy 

based on patient's OPs poisoning severity be provided and 

implemented regionally until sufficient evidence 

supporting additional benefit of oxime therapy in addition 

to atropine monotherapy would be available. 

 

Conflict of interests  

The authors claim that there is no conflict of interest. 

 

References 

1. Bird SB, Krajacic P, Sawamoto K, Bunya N, Loro E, 

Khurana TS. Pharmacotherapy to protect the 

neuromuscular junction after acute organophosphorus 



 

82 | Pharmaceutical Sciences, March 2018, 24, 79-82 

 Banagozar Mohammadi A, et al.  
 
  

 
 

pesticide poisoning. Ann N Y Acad Sci. 

2016;1374(1):86-93. doi:10.1111/nyas.13111 

2. Kwong TC. Organophosphate pesticides: 

biochemistry and clinical toxicology. Ther Drug 

Monit. 2002;24(1):144-9. doi:10.1097/00007691-

200202000-00022 
3. Bird SB, Dawson A, Ollis D. Enzymes and 

bioscavengers for prophylaxis and treatment of 

organophosphate poisoning. Front Biosci (Schol Ed). 

2010;S2(1):209-20. doi:10.2741/s58 

4. Sullivan JB Jr, Blose J. Organophosphate and 

carbamate insecticides. In: Sullivan JB, Krieger GR, 

editors. Hazardous materials toxicology: clinical 

principles of environmental health. Baltimore, 

Maryland: Williams and Wilkins; 1992. p. 1015–26. 

5. Lotti M. Clinical toxicology of anticholinesterase 

agents in humans. In: Krieger RI, Krieger WC, editors. 

Handbook of pesticide toxicology. 2nd ed. 
Cambridge, Academic Press; 2001. 

6. Jaga K, Dharmani C. Sources of exposure to and 

public health implications of organophosphate 

pesticides. Rev Panam Salud Publica. 2003;14(3):171-

85. doi:10.1590/s1020-49892003000800004 

7. Vale A, Lotti M. Organophosphorus and carbamate 

insecticide poisoning. Handb Clin Neurol. 

2015;131:149-68. doi:10.1016/B978-0-444-62627-

1.00010-X 

8. Casida JE, Quistad GB. Organophosphate toxicology: 

safety aspects of nonacetylcholinesterase secondary 
targets. Chem Res Toxicol. 2004;17(8):983-98. 

doi:10.1021/tx0499259 

9. London L, Bailie R. Challenges for improving 

surveillance for pesticide poisoning: policy 

implications for developing countries. Int J Epidemiol. 

2001;30(3):564-70. doi:10.1093/ije/30.3.564 

10. Johnson MK, Jacobsen D, Meredith TJ, Eyer P, Heath 

AJ, Ligtenstein DA, et al. Evaluation of antidotes for 

poisoning by organophosphorus pesticides. Emerg 

Med Australas. 2000;12(1):22–37. doi:10.1046/j.14 

42-2026.2000.00087.x 

11. Buckley NA, Eddleston M, Li Y, Bevan M, Robertson 
J. Oximes for acute organophosphate pesticide 

poisoning. Cochrane Database Syst Rev. 

2011;(2):CD005085. doi:10.1002/14651858.CD0050 

85.pub2 

12. Eddleston M, Buckley NA, Eyer P, Dawson AH. 

Management of acute organophosphorus pesticide 

poisoning. Lancet. 2008;371(9612):597-607. 

doi:10.1016/s0140-6736(07)61202-1 

13. Lin CL, Yang CT, Pan KY, Huang CC. Most common 

intoxication in nephrology ward organophosphate 

poisoning. Ren Fail. 2004;26(4):349-54. 

doi:10.1081/jdi-120039816 

14. Wani TM, Gurcoo SA, Farooqui AK, Nisa W, Sofi K, 

Syed S. Is the World Health Organization-
recommended dose of pralidoxime effective in the 

treatment of organophosphorus poisoning? A 

randomized, double-blinded and placebo controlled 

trial. Suadi J Anaesth. 2015;9(1):49-54. doi:10.4 

103/1658-354X.146306 

15. Sundwall A. Minimum concentrations of N-

methylpyridinium-2-aldoxime methane sulphonate 

(P2S) which reverse neuromuscular block. Biochem 

Pharmacol. 1961;8(4):413-7. doi:10.1016/0006-

2952(61)90059-4 

16. Rahimi R, Nikfar S, Abdollahi M. Increased morbidity 

and mortality in acute human organophosphate-
poisoned patients treated by oximes: a meta-analysis 

of clinical trials. Hum Exp Toxicol. 2006;25(3):157-

62. doi:10.1191/0960327106ht602oa 

17. Eddleston M  , Eyer P, Worek F, Juszczak E, Alder N 

,Mohamed F, et al. Pralidoxime in Acute 

Organophosphorus Insecticide Poisoning—A 

Randomised Controlled Trial. PLoS Med. 

2009;6(6):e1000104. doi:10.1371/journal.pmed.1000 

104 

18. Xue SZ, Ding XJ, Ding Y. Clinical observation and 

comparison of the effectiveness of several oxime 
cholinesterase reactivators. Scand J Work Environ 

Health. 1985;11(Suppl 4):46-8. 

19. Scott RJ. Repeated asystole following PAM in 

organophosphate self-poisoning. Anaesth Intensive 

Care. 1986;14(4):458-60. 

20. Finkelstein Y, Kushnir A, Raikhlin Eisenkraft B, 

Taitelman U. Antidotal therapy of severe acute 

organophosphate poisoning: a multihospital study. 

Neurotoxicol Teratol. 1989;11(6):593-6. doi:10.101 

6/0892-0362(89)90044-5 

21. Lin CC, Hung DZ, Chen HY, Hsu KH. The 

effectiveness of patient-tailored treatment for acute 
organophosphate poisoning. Biomedical Journal. 

2016;39(6):391-9. doi:10.1016/j.bj.2016.11.001 

22. Pawar KS, Bhoite RR, Pillay CP, Chavan SC, 

Malshikare DS, Garad SG. Continuous pralidoxime 

infusion versus repeated bolus injection to treat 

organophosphorus pesticide poisoning: a randomised 

controlled trial. Lancet. 2006;368(9553):2136-41. 

doi:10.1016/s0140-6736(06)69862-0

 

https://doi.org/10.1111/nyas.13111
https://doi.org/10.1097/00007691-200202000-00022
https://doi.org/10.1097/00007691-200202000-00022
https://doi.org/10.2741/s58
https://doi.org/10.1590/s1020-49892003000800004
https://doi.org/10.1016/b978-0-444-62627-1.00010-x
https://doi.org/10.1016/b978-0-444-62627-1.00010-x
https://doi.org/10.1021/tx0499259
https://doi.org/10.1093/ije/30.3.564
https://doi.org/10.1046/j.1442-2026.2000.00087.x
https://doi.org/10.1046/j.1442-2026.2000.00087.x
https://doi.org/10.1002/14651858.cd005085.pub2
https://doi.org/10.1002/14651858.cd005085.pub2
https://doi.org/10.1016/s0140-6736(07)61202-1
https://doi.org/10.1081/jdi-120039816
https://doi.org/10.4103/1658-354x.146306
https://doi.org/10.4103/1658-354x.146306
https://doi.org/10.1016/0006-2952(61)90059-4
https://doi.org/10.1016/0006-2952(61)90059-4
https://doi.org/10.1191/0960327106ht602oa
https://doi.org/10.1371/journal.pmed.1000104
https://doi.org/10.1371/journal.pmed.1000104
https://doi.org/10.1016/0892-0362(89)90044-5
https://doi.org/10.1016/0892-0362(89)90044-5
https://doi.org/10.1016/j.bj.2016.11.001
https://doi.org/10.1016/s0140-6736(06)69862-0

