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Introduction
Organophosphate (OP) chemicals such as nerve gases such as 
soman and pesticides including parathion can be considered 
main chemical threat agents. The cholinergic crisis is in 
relation to exposure to acute OP. Neurobehavioral deficits 
such as mood changes, memory impairment, acquired 
epilepsy, and depression have been reported by OP toxicity 
survivors. According to recent reports, about 3 million OP 
poisonings have been recorded every year, of which at least 
250,000 people have died.[1‑3] According to reports from the 
United States, among the young population, one of the most 
common methods of suicide is self‑poisoning. This is while 

the percentage of suicide using poison such as OP is reported 
to be higher in developing countries. According to the A2019 
World Health Organization (WHO) report, the age of suicide 
has decreased.[2,4,5]

The mentioned points highlight the necessity of offering 
beneficial countermeasures to reduce the overwhelming 
outcomes in this respect. Exposure to acute OP is related 
to the spread of immediate symptoms named “cholinergic 
crises,” which are normally recognized by increased secretions, 
followed by bradycardia, seizure and respiratory depression, 
and death.[6] The mentioned symptoms are the result of the 
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effect of OP on the enzyme acetylcholinesterase (AChE) that 
instantly rises the synaptic availability of the neurotransmitter 
acetylcholine (ACh) and leads to the symptom presentation 
of cholinergic crises. Diisopropyl fluorophosphate  (DFP), 
paraoxon  (POX), and other OP chemicals are powerful 
enzyme AChE inhibitors,[7] which can hinder the breakdown 
of the neurotransmitter ACh. The classical cholinergic crisis 
is caused by the overstimulation of ACh receptors. This crisis 
is recognized by lacrimation, salivation, defecation, and 
urination that are subsequently followed by bradycardia and 
respiratory depression. Moreover, tonic‑clonic seizures, status 
epilepticus (SE), muscle fasciculation, and prolonged seizure 
activity are caused by nicotinic receptor stimulation and can 
cause death in case of being left untreated.[8] Following the 
release of excitatory neurotransmitter glutamate downstream 
of acetyl hyperstimulation, SE activity appears to involve the 
recruitment of N‑methyl‑d‑aspartate (NMDA) receptors.[9‑11]

Carbamate and OP compounds hinder AChE and other 
esterases and result in increased ACh concentration and 
overstimulation in cholinergic synapses in the central nervous 
system, neuromuscular junction  (NMJ), and autonomic 
nervous system. The chief cause of death during an acute 
cholinergic crisis is acute respiratory failure that is caused 
by NMJ dysfunction, bronchorrhea, and reduced central 
respiratory drive.[12,13] Moreover, delayed NMJ dysfunction 
might take place following the acute cholinergic syndrome 
development in OP insecticide poisoning (moderate syndrome 
or type  II respiratory failure), which would prolong the 
necessity of ventilation and expose the patients to pneumonia 
and other ventilation complications. The development 
of delayed polyneuropathy and OP‑induced peripheral 
neuropathy (OPIDN) has been reported in a minor group of 
OP‑poisoned patients a few weeks after the exposure.[14,15]

Treatment of acute severe anticholinesterase insecticide 
poisoning is tough as a novel therapy has not been presented 
in routine clinical practice over the last 50 years. Although 
antimuscarinic drug atropine is used for treating bronchorrhea 
and other muscarinic features of poisoning,[11,12] no specific 
therapy has been employed for treating central respiratory 
failure or acute NMJ dysfunction that requires treatment 
with mechanical ventilation. Despite effective atropine 
therapy,[12] the mortality rate of 10% in patients who survive 
till hospital admission has been reported. A number of oximes 
such as pralidoxime are employed for reactivating AChE 
following OP insecticide poisoning and possibly reducing the 
concentration of ACh at all cholinergic synapses; however, 
clear‑cut evidence is not available at present.[16] Small‑scale 
clinical trials have tested some potential therapies such as 
clonidine,[14] MgSO4, and bicarbonate.[13] Magnesium that is 
identical to calcium channel blocking (CCB) drugs such as 
nimodipine works by blocking calcium channels and results 
in the reduction of ACh release. Atropine, pralidoxime, and 
benzodiazepine including diazepam or midazolam are used in 
contemporary remedy strategies to manipulate the cholinergic 
disaster, reactivate pain, and control seizures, respectively.[15,17] 

Moreover, contemporary antidotes are significant in restricting 
instantaneous mortality caused by OP exposure. OP poisoning 
survivors do not account for on‑time mortality over a 2‑week 
length following the initial survival and development of 
neurological morbidities comprising depression, cognitive 
deficits, and recurrent seizures.[18‑21] This study addressed the 
controversial issues with respect to OP poisoning management 
and presented current advances in its management and 
prognosis.

Mechanism of Action of OP Poisoning
OP compounds include phosphorous acid and carbon 
derivatives, which can be absorbed through the lungs, 
gastrointestinal tract, and skin. These compounds can bind to 
AChE and red blood cell (RBC) and exchange the mentioned 
nonfunctional enzyme, leading to ACh overabundance at the 
NMJ and the neuronal synapses.[22,23] In addition, although 
pseudocholinesterase  (PsCE) or plasma cholinesterase 
butyrylcholinesterase (BuChE), as well as neuropathy target 
esterase, are inhibited, there is no clear evidence regarding the 
clinical significance of the mentioned interactions.[24,25]

The use of OP compounds has reduced due to the improvement 
of carbamate insecticides over the last 10–20 years. Carbamate 
insecticides are associated with comparable toxicities; 
however, they have a strange mechanism of action. Contrary 
to OPs, carbamate compounds can be considered temporary 
cholinesterase inhibitors that are spontaneously hydrolyzed 
from the cholinesterase enzymatic site in 48 h and result in the 
same mortality rate and a shorter time of toxicity.[26]

Clinical Features
Clinical features are associated with the enzymatic conversion 
to active metabolites, agent lipophilicity, AChE inhibition 
rate, and absorption route of OP agents. Signs or symptoms 
can be normally observed within 3 h after oral or respiratory 
exposures, while the symptoms of dermal absorption toxicity 
might be delayed till 12  h. Lipophilic agents including 
fenthion, malathion, and dichlofenthion are linked with 
prolonged infection  (>30  days) and behind schedule onset 
of symptoms  (up to 5  days) that might be associated with 
the delayed redistribution from fat stores and fast adipose fat 
uptake.[26‑28]

The manifestations consist of a) the expression of muscarinic 
overstimulation such as diarrhea, bronchospasm, urination, 
hypotension, bronchorrhea, salivation, lacrimation, miosis, 
vomiting, and hypotension; b) the expression of nicotinic 
overstimulation taking place in the sympathetic system 
such as mydriasis, sweating, hypertension, and tachycardia; 
c) the expression of nicotinic overstimulation within the 
central nervous system such as confusion, coma, respiratory 
failure, and agitation; and d) the expression of nicotinic 
overstimulation occurring in the NMJ such as fasciculation, 
paralysis, and muscle weakness.[29]
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Defecation, Urination, Miosis, Bronchorrhea/Bronchospasm/
Bradycardia, Emesis, Lacrimation, Salivation (DUMBELS) or 
Salivation, Lacrimation, Urination, Defecation, Gastric Emesis, 
Bronchorrhea, Bronchospasm, Bradycardia (SLUDGE/BBB) 
can be used to identify the muscarinic signs.[30]

Intermediate syndrome  (IMS) as a particular neurological 
disorder occurs in 10–40% of poisonings 24–96 h following 
exposure. IMS is characterized using neurological findings 
such as cranial nerve abnormalities, decreased deep tendon 
reflexes, neck flexion weakness, respiratory insufficiency, and 
proximal muscle weakness.[31,32]

The proposed mechanism for IMS consists of numerous 
susceptibilities of various cholinergic receptors, desensitization 
or downregulation of postsynaptic ACh receptors, prolonged 
ache inhibition, oxidative strain‑associated myopathy, failure 
of postsynaptic ACh release, inadequate oxime therapy, and 
muscle necrosis.[33] IMS has been diagnosed as a disease 
associated with NMJ, and its actual prevalence, etiology, and 
threat factors have not been defined certainly as the available 
studies are small scale and have not presented any rigorous 
and regular IMS definition.

Serum Albumin in OP Poisoning
Hypoalbuminemia is recognized as a negative consequence 
indicator and comprises morbidity, total medical institution 
and prolonged intensive care unit  (ICU) remains, mortality 
in trauma, and extensive types of diseases.[34] Although 
the concentration of serum albumin can be regarded as the 
predictor of mortality in all age‑range healthy individuals,[35] 
the potential role of the mentioned agent in predicting the 
mortality rate among OP‑poisoned patients has not been 
investigated although serum albumin concentration is 
extensively available and is currently and routinely collected 
at medical institutes.

A number of studies have proposed that the binding of OP to 
albumin can result in destroying OP molecules and decreasing 
the amount of OP that is available for reacting with AChE.[36,37] 
Hydrolysis of OP by esterases can be considered a chief 
detoxification pathway for yielding a leaving group and a 
dialkyl phosphate that do not cause inhibition of AChE.[38] An 
in vitro study has indicated the esterase‑like action of albumin 
with respect to the hydrolysis of metabolites of parathion and 
chlorpyrifos. This study demonstrated that albumin function 
is a degradation promoter of OP metabolites.[39]

The findings of preceding studies showed the significance 
of conducting more studies addressing the clinical role and 
the protective effects of serum albumin on OP poisoning as 
a probable treatment approach in this regard. Apparently, a 
relationship between mortality and serum albumin exists in OP 
poisoning. In addition, a good number of studies have reported 
hypoalbuminemia as a dose‑based, reproducible, powerful, and 
impartial chance issue for undesired outcomes in individuals 
with various kinds of trauma and medical diseases.[40]

A study conducted by Lee JH et al.[41] revealed that there is a 
remarkably lower concentration of albumin after OP poisoning 
in non‑surviving as compared with surviving patients. The 
monitoring of its concentration is recommended due to the 
cost‑effectiveness of serum albumin tests and the observed 
strong association in this respect. This monitoring can be 
performed as a prognostic approach to recognize higher‑risk 
patients following OP poisoning.

The pathophysiology explaining the mentioned association 
in patients suffering from OP poisoning cannot be specified. 
In addition, an inverse association has been reported between 
serum albumin and C‑reactive protein (CRP) level that has 
already been proposed as a prognostic factor regarding OP 
poisoning.[42] However, it is still significant to devote due 
attention to the role of serum albumin concentration in the 
mortality rate following the adjustment of the CRP level. 
In other words, although inflammation might contribute to 
decreased concentrations of serum albumin, it cannot explain 
the relationship between mortality and serum albumin 
concentration. The mentioned finding might elucidate the 
involvement of albumin in a protection mechanism against 
OP toxicity. This involvement can also contribute to the 
serum albumin‑related mortality rate. Estimations have 
shown the binding of about 1–2% of rat plasma albumin 
to biotin‑labeled OP albumin that enjoys further bound 
to biotin‑labeled OP than BuChE up to 1000  times. The 
mentioned binding level can be attributed to the remarkable 
abundance of albumin relative to BuChE within plasma. 
The findings revealed that there was no association between 
delta BuChE and delta albumin in patients with dichlorvos 
poisoning or chlorpyrifos. This finding may explain the 
potential protective effect of albumin by considering the OP 
type. This hypothesis suggests the competition between some 
OPs and biotinylated OP retailers for binding to albumin. 
A first rate function is performed by the structure of OP in 
specifying its affinity for albumin within the hydrolysis of 
OP metabolites.[39,43]

Diagnosis
Diagnosis of OP is chiefly based on clinical evidence. However, 
clinical features of cholinergic crisis may propose the potential 
for OP poisoning in case of no exposure or known ingestion. 
A  decrease in the albumin concentration in the serum of 
poisoned patients alone or together with an increase in the 
serum level of CRP has a negative prognostic significance. 
Despite this, the determination of serum albumin levels in 
intoxicated patients during hospitalization has not yet been 
added to the measurement of butyrylcholinesterase (BChE) 
and AChE activity as a diagnostic tool.[22] Negative prognostic 
factors on admission were blood lactate, blood pH, alkalinity, 
Acute Physiology and Chronic Health Evaluation (APACHE) 
II score, blood lactate, 6 hours after admission, and length of 
hospital stay. BChE levels in blood plasma and AChE in whole 
blood were not among the negative prognostic markers and 
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seemed to be of diagnostic value only, as neither corresponded 
to the quantitative involvement of cholinergic synapses.[9]

If there is uncertainty in this respect, 0.01–0.02  mg/kg of 
atropine in children and 1  mg in adults can be used. The 
diagnosis of intoxication with an AChE inhibitor can be 
strongly supported following no symptoms or signs of the 
effect of anticholinergic after the atropine challenge.[20] At 
stages where oxime remedy is conjectured to be powerful, the 
therapeutic channel and the length of toxicity are noticeably 
various for diethyl and dimethyl compounds and accentuate 
the early start of oxime remedy, while diethyl compounds may 
indicate behind schedule toxicity and might need a prolonged 
treatment approach. Direct evaluation of RBC and AChE 
functions not only provides a toxicity level measure but is 
useful for comparing occupational or continual exposure. 
Moreover, despite their unavailability in most laboratories, 
the effectiveness of therapy can be evaluated using sequential 
assays.[44]

Prognosis
Numerous laboratory and clinical prognostic parameters have 
been employed for predicting a poor prognosis in adulthood 
age groups and a serious clinical course. In comparison with the 
poisoning severity scale, ICU‑based clinical scoring systems 
such as the Simplified Acute Physiology Score  (SAPS) II, 
the Mortality Prediction Model II, and the APACHE II have 
been reported to better predict the mortality in this respect.[45] 
The literature presents a single prospective study addressing 
the prognostic factors for patients poisoned with carbamate 
or acute OP and revealed an association between a poor 
prognosis and a Glasgow coma score  (GCS) of less than 
13. Moreover, they reported that GCS was as useful as the 
International Program on Chemical Safety Poison Severity 
Score.[46] However, due attention should be paid to the type 
of OP agent involved.

The results of the study by Minz et  al.[47] indicated that 
by observing the decrease in AChE, OP poisoning and its 
severity can be confirmed. On the first day of admission, the 
average lipase, creatine kinase  (CK), and amylase in mild 
poisoning were significantly lower than in moderate and severe 
poisoning. In addition, 24 and 26 patients with severe scores 
developed IMS and died, respectively. A positive correlation 
was observed between the severity of OP poisoning indicated 
by the Paediatric Observation Priority  (POP) score and 
increased enzyme levels.

There are numerous laboratory and clinical indicators such as 
prolonged QT on electrocardiogram  (ECG), amylase level, 
the GCS, body mass index, APACHE II score, CRP, red cell 
distribution width  (RDW), blood pH, serum cholinesterase 
level, creatine phosphokinase, total leukocyte count, and 
systolic blood pressure that have been focused on in adult 
patients with acute OP intoxication to predict the clinical 
courses in this regard.[48,49]

Available evidence has revealed the effective role of GCSs in 
predicting the probable outcomes in OP.[50] For instance, Bilgin 
et al.[51] conducted a comparative study on the effectiveness 
of APACHE II score, SAPS II, and GCS to predict the risk of 
mortality in OP‑poisoned patients. This study indicated that 
although all the mentioned scoring systems yielded identical 
results, implementation of the GCS was easier and superior 
as there was no need for complicated laboratory physiological 
parameters.[52] Similarly, Grmec et  al.[53] proposed GCS 
as a predictive indicator for estimating mortality rate and 
respiratory failure.

The association between plasma AChE levels and the severity 
of intoxication has been a controversial issue stated in 
many studies.[53] Various studies have reported a lack of any 
correlation between the level of cholinesterase enzyme and the 
baseline clinical conditions of patients in OP.[54,55]

Chen et al.’s[56] study showed that there was an association 
between a high mortality rate and an increase in AChE levels 
within 48 hours following the treatment of OP intoxication. 
Serial measurements of serum AChE levels have been found 
useful in predicting the duration of mechanical ventilation, 
the duration of stay in ICUs, and the prognosis after OP 
intoxication.[57] Moreover, another study indicated the serum 
PsCE level at baseline as a predictor of treatment needs in ICU 
and serious intoxications in pediatric patients.[58]

Lactate as a byproduct of anaerobic metabolism has been 
recognized as a tissue hypoxia indicator.[59] Moreover, serum 
lactate levels have been highlighted as a predictive indicator.

Trzeciak et  al.[60] focused on 100 patients and revealed the 
high specificity of lactate levels over 4 mmol/L in predicting 
mortality. Shapiro et al.[61] showed that the increase in lactate 
levels in high and moderate grades has resulted in 7.1‑ and 
2.2‑fold increases in mortality risk, respectively.

Many studies have investigated the serum glucose levels in 
OP‑poisoned patients and have proposed the development of 
hyperglycemia due to catecholamines that are secreted from 
the adrenal medulla.[1] Moreover, the association between 
serum glucose levels and the severity of intoxication has been 
indicated. In addition, glucose levels were higher in the exitus 
cases as compared to the survivors.[62] Levy‑Khademi et al.[63] 
conducted a retrospective study on children and reported 
a median glucose level of 130.5  mg/dL. Lifshitz et  al.’s[64] 
study showed that there was an increased serum glucose 
level (155–280 mg/dL) in the majority of the studied cases.

Various sizes of erythrocyte distributions can be indicated 
by RDW as a hematological index.[65] The association of 
poor prognoses in different pathological conditions such as 
pancreatitis, pulmonary embolism, acute coronary syndrome, 
and heart failure with high RDW levels has been reported 
recently.[66,67] The mechanisms of action for increased levels of 
RDW are not well recognized; however, erythrocyte membrane 
deformation has been reported to be caused by chronic or 
acute inflammation.[68] Likewise, structure and size changes in 
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circulating erythrocytes might be due to oxidative stress and 
acute inflammation seen in OP intoxication.[69] The results of 
a clinical study showed that the RDW levels in OP‑poisoned 
patients did not change with the ingestion of low doses of OPs. 
Another study suggested that RDW levels can be used as a 
valuable and available parameter to predict the prognosis in 
these patients. Moreover, the patients requiring ICU treatment, 
as compared with those not requiring similar treatment, had 
significantly higher mean RDW levels.[70]

Management
•	 Atropine
	 Atropine as a competitive antagonist of the muscarinic 

ACh receptors in the peripheral and central nervous 
systems should be intravenously administered to rapidly 
maintain acceptable cardiorespiratory function, increase 
systolic blood pressure to more than 80  mmHg, and 
reverse bradycardia during the atropinization process. 
Concurrently, it improves oxygenation, reverses 
bronchospasm, and reduces bronchorrhea. The lack 
of crepitations and wheezing can be confirmed using 
auscultation. The outcomes of excessive atropine in 
antimuscarinic toxicity are absent bowel sounds, urinary 
retention, hyperthermia, ileus, tachycardia, and delirium. 
Toxicity and excess atropine management are not very 
significant during resuscitation; however, patients’ 
condition should be improved considering the risk of 
cardiovascular collapse and accelerated agitation. There 
is a dearth of dose‑response studies discovering the exact 
dosage routine for atropine. Recommendations varying 
noticeably between a dose of 23.4 mg over 8–1380 min 
and 75 mg over 25–4440 min have been provided in the 
literature review regarding atropine dose regimens.[71] 
Suitable resuscitation might be delayed for several hours 
using the majority of these regimens.[72] The findings 
revealed that the mean time of atropinization was reduced 
from 152  min to 24  min following this new regimen, 
which had a relationship with mortality rate, reduced 
from 22.5% to 8%.[72]

	 A routine of sequentially doubling bolus doses is used 
to attain atropinization that would be titrated to effect. 
Following stabilization, the patients received the infusion 
starting at approximately 20–30% of the initial dose and 
titrated against impact. Then, bolus doses were used to be 
combined with it in case of being inadequate. Moreover, 
it was stopped or readministered with a lower dose in 
case of toxicity.[73]

	 In some other studies, intravenous injection of atropine in 
a dose of 4–6 mg and repeating it in a dose of 2 mg until 
the bronchial secretions and saliva secretion decrease 
and the seizures stop are recommended, and its amount 
up to 24–48  mg on the first day has been considered 
probable.[74,75] In addition, the data of a retrospective 
study aimed at analyzing the maintenance dosage that 
was necessary to treat the muscarinic features of severe 

OP poisoning showed that a plasma concentration of 
S‑hyoscyamine of about 5 nmol L‑1 was sufficient when 
RBC‑AChE was between 10% and 30% normal. The 
dose of atropine required to maintain this concentration 
was about 0.35  mg/h. Higher doses  (above 2  mg/h) 
were required only when RBC‑AChE was completely 
inhibited, whereas atropine was generally ineffective 
when RBC‑AChE activity exceeded 30% of normal. 
Therefore, RBC‑AChE seems to be a suitable surrogate 
parameter that allows an approximate estimation of the 
maintenance dose of atropine.[76,77]

•	 Oxime AChE reactivators
	 The use of pralidoxime for treating OP insecticides refers 

back to the late 1950s and was first employed for treating 
highly toxic WHO class  I insecticides. As a marked 
clinical improvement was observed, its administration 
has been highly suggested.[78] The chloride salt is 
presently the most widely employed oxime across the 
world.[79] Germany developed obidoxime as the second 
oxime in the 1960s. The use of human red cell AChE, as 
compared with pralidoxime, within in vitro reactivation 
experiments indicated its significant effect.[44] Although 
formal comparative RCTs of obidoxime are not available, 
reactivation of red cell AChE and its administration are 
found to be associated with poisoned patients.[80] In the 
Iranian context, obidoxime (8 mg/kg loading then 2 mg/
kg/h infusion) was used for 22 patients poisoned with 
OP insecticide. Three patients had liver toxicity, and two 
patients died. Three and two patients pronounced liver 
toxicity and died, respectively.[23]

	 It should be noted that obidoxime loading doses of 250 mg 
by the administration of 750  mg/24  h did not lead to 
hepatotoxicity.[81] Although some other oximes such as 
HLö‑7, HI‑6, and trimedoxime have been developed, 
they are not recommended for extensive clinical use. 
The mentioned point can be attributed to the fact that 
their development has concentrated on OP nerve agent 
poisoning rather than the common OP insecticide 
poisoning within developed countries.[82]

•	 Sodium Bicarbonate (NaHCO3)
	 NaHCO3 has been recommended for blood alkalinization 

for a long time; however, the precise mechanism of the 
potential benefit is still indefinite and might consist of a 
direct effect on the neuromuscular function, the clearance of 
OP using pH‑mediated hydrolysis, or the increased efficacy 
of oximes.[26] Although a few small‑scale randomized 
controlled trials (RCTs) have been found to be beneficial, 
large‑scale RCTs have not been performed. Moreover, no 
benefits were reported by a Cochrane review.[38,83]

	 According to the results of Roberts et  al.’s[84] study, 
intravenous administration of NaHCO3 at a dose of 5 
mEq/kg for 1 hour, followed by 5–6 mEq/kg daily until 
recovery or death, maintains arterial pH between 7.45 
and 7.55. There was no effect on OP pesticide poisoning, 
but the injection of higher doses of NaHCO3 seems to be 
beneficial for the treatment of OP‑poisoned patients.[24]
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•	 CCB drugs
	 The administration of CCB has been reported in three 

small‑scale studies focusing on patients with cardiac 
dysrhythmias such as cardiac arrests. MgSO4 and CCB 
have been used in the first study without providing 
details of patients.[85] In the second study, diltiazem 
(1–3 mg/kg intravenous  (IV) over  30–150 min) for a 
sinus tachycardia of about 165/min was used for nine 
OP‑poisoned patients.[86] The heart rate decreased in eight 
patients, and two died. The third study used an unnamed 
CCB for treating seven OP‑poisoned patients with cardiac 
arrests 3–5 days after their poisoning and two of them 
died.[87] CCB can reduce synaptic ACh release and may 
reduce the risk of ventricular tachycardia in patients with 
nicotine‑induced tachycardia. In addition, some studies 
have mentioned its role in improving neuromuscular 
function and reducing mortality.[88]

	 Moreover, two observational studies focused on CCB 
as an OP antidote in OP‑poisoned patients and neither 
examined the potential role of CCB nor presented any 
information regarding the mortality rate and ventilation/
intubation after the treatment. However, the standard 
clinical use for injury and cardiac dysrhythmias was 
addressed in these studies.[89,90] Lower serum CK, 
lactate dehydrogenase  (LDH) activity, and aspartate 
transaminase as well as fewer pathological ECG changes 
including atrioventricular block, QT prolongation, and 
ST depression were associated with verapamil treatment. 
Verapamil administration  (5 mg IV every 6 h for 3 d 
and then 40 mg orally three times daily for 1 week) in 
45 patients with OP insecticide poisoning, as compared 
with conventional treatment provided for 44  patients, 
resulted in identical effects on creatine kinase‑myocardial 
band (CK‑MB), CK, and lactate dehydrogenase (LDH) 
activity.[85]

•	 Magnesium Sulfate
	 MgSO4 can be regarded as an ACh release inhibitor in 

peripheral parasympathetic and sympathetic synapses 
and the central nervous system. The mentioned drug 
can lead to the inhibition of calcium channels within 
presynaptic nerve terminals, which results in the ACh 
release and the hydrolysis increase in some pesticides. In 
addition, it decreases arrhythmias that have an association 
with atropine and OP compound poisoning  (OPCP), 
acts upon the NMDA receptor, leads to the weakness 
of neuromuscles in the peripheral nervous system, and 
decreases overstimulation by OPCP within the central 
nervous system.[19,91]

The review of the literature indicated that only a few 
studies have assessed the role of MgSO4 in OPCP patients’ 
outcomes and ICU stays. The results of a study examining 
the effect of administering 4 g of MgSO4 to OPCP patients 
within 24 h of ICU admission showed that the length of ICU 
stay, the intubation requirement, and the need for atropine 
decreased, while the duration of the mechanical ventilation 

and the mortality rate did not differ significantly between the 
groups.[92]

The majority of OPCP symptoms and signs originated from 
the overstimulation of the muscarinic receptor. Reduced 
bronchial and neuromuscular dysfunction as well as central 
movement are caused by severe acute poisoning and result 
in respiratory arrest and patient mortality over 30 minutes of 
ingestion.[93] Neuromuscular weakness among non‑survivors 
with acute toxicity in three types of paralysis including 
type 1 paralysis with weakness within 24 h, type 2 paralysis 
with weakness after 24  h to 2  weeks  (IMS), and type  3 
paralysis after 2  weeks  (OP‑induced polyneuropathy) is 
classified.[94,95] The therapeutic value of oximes can be 
observed in neuromuscular recovery; however, there are 
still controversies regarding their effects on the reactivation 
of the AChE enzyme. Its timing, dosage, harmfulness, 
and effectiveness have been addressed in some recent 
studies.[96,97] Moreover, some ongoing studies evaluate the 
effectiveness of lipid emulsions, OP hydrolases nicotinic 
receptor antagonists, beta‑adrenergic agonists, magnesium, 
and fresh frozen plasma  (FFP) on OPCP management.[98] 
Moreover, magnesium was successfully used for managing 
cardiac arrhythmias caused by OPCP.[99] One clinical study 
revealed the reversal of neuroelectrophysiological deficits 
caused by OPCP. The length of stay and mortality reduced 
following the administration of 4  g of MgSO4 within the 
first 24 hours of hospitalization due to OPCP.[100‑102] The 
possible effect of magnesium on patients’ need for atropine 
is a controversial issue.[103] However, patients receiving 
magnesium required a significantly lower dose of atropine. 
Furthermore, the need for mechanical ventilation and 
intubation fluctuates between 50 and 88%, which was 
determined by the poisoning severity.[96] Reversal of NMJ 
effects of OP exposure was reported regarding four patients in 
a small‑scale neurophysiological study focusing on MgSO4; 
however, patient’s clinical status was not improved.[104] The 
mentioned patients were studied 2–9 days after exposure and 
did not receive treatment instantly after their hospitalization. 
The administration of MgSO4 for managing hypertonic 
uterine contractions and cardiac dysrhythmias was described 
in three case reports, none of which examined the MgSO4 
effect on OP poisoning generally.[15,88,105]

MgSO4 at a dose of 4  g/day IV for the first 24 hours 
after admission is the most widely investigated dose of 
MgSO4 and does not require intensive monitoring of 
Mg2+ concentration considering its routine administration 
and efficacy for preventing cardiac dysrhythmias. However, 
despite recommendations suggesting the higher benefit of 4 g 
MgSO4 doses every 4 h, a bolus dose of 4 g over 1 h followed 
by an infusion of 1 g/h for 24 h was tested subsequently 
by another RCT.[106,107] Although its effectiveness was not 
examined in the study due to the small size of its sample, 
no toxic concentrations of Mg2+ (>2.5 mmol/L with severe 
effects occurring at concentrations  >7 mmol/L) were 
noticed.[108]
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Other Agents
A number of animal models have used numerous other agents 
for managing OP poisoning. ACh synthesis can be decreased by 
alpha‑2 adrenergic receptor agonists such as clonidine, which 
can be released in presynaptic junctions. However, its efficacy 
has not been confirmed in human studies. Antioxidants (such 
as vitamins C and E) have been proposed to have a therapeutic 
effect in OP poisoning by increasing lipid peroxidation 
and thiobarbituric reactive substances following chronic, 
sub‑chronic, and acute exposure.[106,109]

Newer Therapies in Management of OP 
Poisoning
•	 K‑oxime
	 The development of effective broad‑spectrum AChE 

activators has been addressed over recent years. 
Numerous compounds have been developed in this 
respect, and K‑oximes appear to be the most beneficial 
ones. In vitro and in vivo studies have examined naloxone, 
diisopropyl fluorophosphate, and paraoxon, which, in 
comparison with pralidoxime, revealed the potential to 
significantly reactivate K‑75, K‑48, and K‑27. Considering 
the present controversies with regard to the therapeutic 
efficacy of pralidoxime, more novel oximes can be a 
promising treatment method for OP poisoning.[110]

•	 Hemoperfusion
	 OP pesticides, which are lipid‑soluble macromolecular 

substances, have the ability to bind to proteins effortlessly. 
Repeated hemoperfusion has been recommended to 
swiftly alleviate the intoxication symptoms and reduce 
pertinent complications as it results in high efficacy for 
clearing plasma or lipid‑soluble protein‑bound toxins. 
Bo conducted a recent study comparing single versus 
repeated hemoperfusion for treating OP and showed the 
higher efficacy of repeated hemoperfusion.[111]

•	 FFP
	 Biological scavengers including albumin or FFP through 

scavenging of free OPs have been recommended as a 
beneficial treatment. The results of some studies indicated 
that the level of 2‑BuChE would increase as a result of 
FFP treatment in OP‑poisoned patients. This finding 
suggests that this treatment may moderate mortality 
and syndrome development.[112] However, the results of 
another study did not indicate the significant effectiveness 
of treatment with albumin or FFP despite significantly 
increased BuChE concentrations with FFP.[113]

Conclusions and Recommendations
The fundamental principles of OP treatment and novel 
medications have been presented in recent studies. However, 
a number of factors including the employed treatment 
strategies, the hospitalization times, and the type of insecticides 
ingested might affect the effectiveness of medications among 

all or some subgroups of patients. The present review study 
figured out that serum glucose, serum lactate, and serum 
AChE levels at baseline, as well as the GCS, are helpful 
in prognosis and are good predictors of the presence of a 
serious intoxication. Despite the lack of definite evidence 
regarding the mechanism of an effect for CCB and MgSO4, 
the benefits of CCB can be considered to be preservative 
to atropine. However, it seems that the CCB‑inhibited 
voltage‑dependent Ca2+  channels are not taking part in 
increasing cytosolic calcium level following exposure to 
OP. In addition, concentrations of intracellular Ca2+ and the 
release of AChE might be increased by its compounds by 
inhibiting Ca2+  adenosine triphosphatase  (ATPase), which 
is an enzyme responsible for removing cytosolic Ca2+  by 
pumping it into an extracellular medium or sequestrating it into 
intracellular stores such as mitochondria. The increase in the 
concentration of serum MgSO4 from 1 to 4 mM is anticipated 
to decrease the release of the evoked neurotransmitter at NMJs 
by 10–20%; however, the decrease in muscle contraction 
and functional neuromuscular transmission should not be 
significantly affected because of its effects on the end‑plate 
depolarization of NMJs and the high safety factor for 
the transmitter release. The dual effect of Mg2+  ions on 
L‑type (and possibly N‑type) Ca channels can be explained as 
follows: a) blocking the L‑type Ca2+ channels at a millimolar 
concentration and b) facilitating the L‑type Ca2+ channels at 
lower (sub‑micromolar) concentrations of MgSO4. However, 
the subtypes of Ca2+ channels are not believed to significantly 
participate in the fast nerve‑evoked transmitter release. 
MgSO4 might act extracellularly to decrease the effectiveness 
of the potentials of intracellular calcium release within the 
presynaptic active zones or might have competition with 
Ca2+  for intracellular binding sites on the calcium‑sensing 
synaptotagmin. More effective treatments can be proposed 
for severe OP poisonings by performing further studies in this 
regard. The most beneficial management modality seems to 
be prevention. Pesticide control and appropriate legislation 
are suggested for preventing intentional, accidental, and 
occupational poisonings in developing countries.
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