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Abstract The most serious complication associated with acute organophosphorus (OP) poisoning is intermediate 

syndrome (IMS) due to the possibility of developing respiratory failure. Abnormalities observed in 

repetitive nerve stimulation (RNS) may help to assess severity of IMS and eventually help to predict the 

cases which are more liable to develop respiratory failure. Also, some researchers suggested that IMS is 

associated with rhabdomyolysis which is followed by a rise in creatine phosphokinase (CPK) and lactate 

dehydrogenase (LDH) serum levels.  The aim of this work was to study the role of RNS and serum levels 

of CPK and LDH in predicting respiratory failure in acute OP poisoning. The study was carried out on 55 

patients who were diagnosed as acute OP poisoning and admitted at Poison Control Center, Zagazig 

University Hospitals in the period from April 2013 to June 2014. The patients were subjected to estimation 

of serum pseudocholinesterase, CPK and LDH levels at time of admission and repeated at the 4th day of 

poisoning.  Also, RNS test at 3 hertz (HZ) frequency was done to all patients at 2nd, 3rd and 4 th day of 

poisoning (the period at which IMS is expected). At the end of the study, it was found that the patients 

who developed respiratory failure showed significant increase in decrement response recorded by RNS 

and in serum CPK level. On the other hand, there was non-significant difference between patient who 

developed respiratory failure and those who didn’t as regard serum LDH level. It was concluded from this 

study that, RNS test at 3 HZ and serum CPK level can be used as early predictors of respiratory failure in 

acute OP poisoning and it’s recommended to use them especially in patients who are clinically diagnosed 

as severe poisoning at time of admission. 
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Introduction     
n developing countries, there is a wide spread use of 

organophosphorus (OP) insecticide compounds  

which has been associated with a significant increase 

in incidence of poisoning with these agents. This is 

attributed mainly to their easy availability, indiscriminate 

handling, storage and lack of knowledge about the 

serious consequences of poisoning with such insecticides 

(Makwava et al., 2012). 

Organophosphorus insecticides are irreversible 

inhibitors of acetylcholinesterase (AchE) enzyme. They 

inhibit both true cholinesterase and pseudocholinesterase 

(PchE) activity, which result in accumulation of 

acetylcholine (Ach) at synapses. The clinical 

manifestations are due to excess Ach at muscarinic and 

nicotinic receptors with initial stimulation, and then 

exhaustion of cholinergic synapses. There are three 

phases in acute OP poisoning. Acute cholinergic crises 

(first 48 hours), intermediate syndrome (IMS) (24-96 

hours after poisoning) and delayed polyneuropathy. The 

acute cholinergic phase usually passes off within 48 

hours but complete clinical recovery may take up to one 

week (Abdollahi and Karami-Mohajeri, 2012). 

Some Deaths from acute OP poisoning occur at 

or soon after admission (within the first 24 hours of 

I 
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poisoning) during the acute cholinergic crisis.  Most of 

such deaths result from acute respiratory failure due to 

central respiratory depression or from bronchospasm and 

bronchorrhea. Early and rapid atropenization is a priority 

during this phase.  Complications of pre-hospital 

respiratory arrest and unconsciousness, such as aspiration 

and anoxic brain damage, cause further deaths during the 

in-patient stay (Eddleston et al., 2005). 

On the other hand, there are deaths which occur 

days after admission after the patients have been 

stabilized and treated with oximes and atropine. These 

deaths are attributed to sudden respiratory arrest in which 

IMS is implicated. Unfortunately, in the hospitals with 

poor resources, facilities do not exist for poisoned 

patients to be routinely admitted to an ICU for close 

observation (Basnyat, 2000 and Michael et al., 2006)). 

The role of oximes in the management of OP 

poisoning is controversial. Although Cherian et al. 

(1997) suggest that oximes don’t favorably affect the 

outcome based on several parameters including total 

atropine requirement and the duration of ventilation and 

hospitalization, Singh et al. (1998) noted that obidoxime 

administration produced dramatic neurophysiologic 

improvement on neuromuscular transmission when 

administered within the first 12 hours with no 

improvement or even worsening when it was 

administered after 24 hours of poisoning. 

Intermediate syndrome (IMS) is a syndrome of 

muscular paralysis occurring in conscious patients 24–96 

h following ingestion of an organophosphorus insecticide 

(De Bleecker, 1995; Karalliedde et al., 2006 and 

Jayawardane et al., 2008). Muscle weakness affects 

predominantly the proximal limb muscles and those 

supplied by the cranial nerves including facial muscles. 

Although IMS is a very serious complication of acute 

organophosphorus poisoning due to the possibility of 

developing respiratory failure, its pathophysiology is not 

clearly understood (Karalliedde et al., 2006).  

Many studies have been carried out to 

investigate the diagnostic and prognostic value of serum 

pseudocholinesterase level in organophosphorus (OP) 

poisoning and their relationship with intermediate 

syndrome. Most of these studies have shown that though 

serum pseudocholinesterase (PchE) level can be used as a 

diagnostic marker for OP poisoning, its role in predicting 

outcome is minimal (Yun et al., 2012). 

Some researchers suggested that OP-labelled 

albumin, blood β-glucuronidase and paraxonase status 

can be used as very reliable markers for both diagnosis 

and prognosis of acute OP poisoning. The problem lies in 

that theses assays are costly and require specialized 

laboratories.  So, cheap, available and easily measurable 

biomarkers having prognostic and predicting values are 

needed (Agarwal et al., 2006). 

Experimental studies proved that 

rhabdomyonecrosis occur in animals after poisoning by 

OP compounds and some human studies revealed 

elevations in serum creatine phosphokinase (CPK) and 

lactate dehydrogenase (LDH) levels following acute OP 

poisoning and attributed that to muscle injury (John et 

al., 2003).  

Repetitive nerve stimulation (RNS) is a variant 

of the nerve conduction study where electrical 

stimulation is delivered to a motor nerve repeatedly 

several times per second. By observing the change in the 

muscle electrical response after several stimulations, a 

physician can assess for the presence of a neuromuscular 

junction disease.  A decrement response (a smaller and 

smaller muscle response with each repetitive stimulus) is 

abnormal and indicates NMJ dysfunction (Mills, 2005). 

Repetitive nerve stimulation (RNS) depends on 

applying a series of small electrical shocks to certain 

nerves and the responses in the muscles innervated by 

these nerves are recorded. The percentage of decrement 

response which is the decrease in amplitude of the fifth to 

the first electrical muscle response is directly correlated 

with the impairment in nerve transmission (Yang et al., 

2001). 

A review of some clinical and experimental 

electrophysiological studies in IMS shows that 

subclinical electrophysiological abnormalities are 

common and progressive. Repetitive nerve stimulation 

(RNS) has been validated as one of most useful 

electrophysiological tests in the evaluation of patients 

with suspected neuromuscular junction disorder 

including IMS which complicates OP poisoning (Paulo et 

al., 2010). 

Aim of the study 
This study was carried out to study the role of the 

neurophysiological technique repetitive nerve stimulation 

(RNS) and serum levels of CPK and LDH in predicting 

respiratory failure in patients with acute OP poisoning, so 

that precautions for appropriate management of those 

patients could be undertaken.  

Subjects and Methods 
Subjects 

This study is a prospective observational study conducted 

on 55 patients diagnosed as acute organophosphate 

poisoning and admitted to Poison Control Center, 

Zagazig University Hospitals in the period between April 

2013 and June 2014.    

Informed written consent was obtained from all 

the patients who participated in the study or from their 

accompanying relatives. This study was approved by 

Ethical Committee of Faculty of Medicine, Zagazig 

University. 

Methods  

Inclusion Criteria 

 History of exposure to an organophosphate 

insecticide either by oral ingestion, inhalation or 

by dermal exposure. 

 Admission within 24 hours of exposure to OP 

(Pradeepa et al., 2012 and Kavya et al., 2012).  

 Characteristic cholinergic and nicotinic 

manifestations of OP poisoning   

 Reduced level of serum pseudocholinesterase 

level.   

http://en.wikipedia.org/wiki/Nerve_conduction_study
http://en.wikipedia.org/wiki/Compound_muscle_action_potential
http://en.wikipedia.org/wiki/Neuromuscular_junction_disease
http://en.wikipedia.org/wiki/Neuromuscular_junction_disease
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Exclusion Criteria 

 Patients with respiratory failure who are on 

mechanical ventilation due to inability to 

transfer from the intensive care unit (ICU) to the 

neurology department.  

 Presence of factors that may reduce 

pseudocholinesterase level other than OP 

insecticides as  age <15 y, pregnancy, liver 

disease or cancer (Aaron and Howland, 2006) 

 Presence of factors that may increase serum 

CPK or LDH levels which include the 

following: 

 Patients who had history of any kind of 

illnesses like myopathy, chronic 

renal disease, epilepsy, myocardial 

infarction, myocarditis,malignancy 

or autoimmune diseases (Hsiao et 

al., 2008). 

 Patients who are on prior medications 

like statins, fibrates, aspirin, 

anticoagulants, frusemide, and 

dexamethasone (Magalhaes, 2005). 

Methods 

After carefully considering the inclusion and exclusion 

criteria, patients were subjected to:   

1. Clinical evaluation 
Complete history taking including mode of poisoning, 

the time elapsed between poisoning and hospitalization, 

amount taken (in case of ingestion) and type of the 

organophosphorus compound 

Clinical examination for symptoms and signs of 

cholinergic and nicotinic manifestations including 

miosis, excessive salivation, lacrimation, bronchial 

secretions, gastrointestinal manifestations, urinary 

incontinence, fasiculations and convulsions. A scale 

known as Peradeniya Organophosphorus Poisoning Scale 

(POP scale) proposed by Senanayake et al in 1993, was 

used to assess clinical severity of poisoning. This scale 

can grade severity without laboratory investigations. It 

also does not rely on patient cooperation and hence can 

be applied to all groups of patients without the need of 

their cooperation.  POP scale ranks the severity of 

poisoning using five clinical signs (pupil size, heart rate, 

respiratory rate, level of consciousness, and seizures).  

Each sign is graded on a scale from 0 to 2, with an 

additional point given for those that seize.  According to 

POP scale, clinical severity was classified into mild 

poisoning (score 0-3), moderate poisoning (score 4-7), 

severe poisoning (score 8-11) [Table 1]. The score was 

obtained at initial presentation before doing any medical 

intervention.  

2-Laboratory investigations:  
A venous blood sample (5ml) was collected in plain tube 

under aseptic precautions. Blood was allowed to clot, 

serum was separated by centrifugation and used for the 

analysis of following parameters: 

Estimation of serum pseudocholinesterase 

(PchE) level by the calorimetric method described by  

Waber (1966) (normal level 1900-3800 U/L).  The initial 

measurement and that at 4th day after poisoning were 

reported in this study. 

Estimation of serum creatine phosphokinase 

(CPK) and serum LDH levels by the spectrophotometric 

method described by Rosalki (1967) and Morgenstern et 

al.(1965) respectively (The normal value of serum CPK 

is 50-176 IU/L, LDH is 105-333 IU/L ). Serum levels of 

CPK and LDH were measured at admission time and 

repeated at the 4th day of poisoning. The decision of 

estimating  serum pseudocholinesterase, CPK and LDH 

levels at 4th day following acute OP poisoning  was 

because at this time, IMS (24-96 hours) is expected to 

either resolve with clinical improvement of the patient or 

there will be deterioration of IMS with possible 

development of respiratory failure (Lee  and Tai, 2001).   

3- Neuroelectrophysiological study using RNS:  

24 hours after OP poisoning, the patients were submitted  

to a neurophysiological study in the form of repetive 

nerve stimulation for three successive days (i.e at the 

2nd, 3rd and 4th day after poisoning) to evaluate 

intermediate syndrome  which occur 24-96 hours after 

acute OP poisoning (De Bleecker, 1995; Karalliedde et 

al., 2006 and Jayawardane et al., 2008). RNS was carried 

out in the present study using Nicolet electromyography 

machine (non portable) ((Fig. 1) according to the 

guidelines for repetitive nerve stimulation recording 

mentioned by Stilberg and Sanders (1981) which 

included the following:  

-A peripheral nerve is electrically stimulated 

and the amplitude of the compound muscle action 

potential (CAMP) is recorded at rest and after a short 

voluntary activation.  

-The stimulation frequency is 3 HZ and the 

number of stimuli is 9-10.  

-The result is reported as the difference in 

amplitude of the CAMP between stimulation one and 

five (in %).  

Spinal accessory nerve as a proximal motor 

nerve (supplying trapezius muscle) and facial nerve 

(supplying nasalis muscle) were chosen for performing 

repetitive nerve stimulation test. These two nerves were 

chosen for performing RNS as proximal limb muscles 

and muscles supplied by cranial nerves including facial 

muscles (innervated by facial nerve which is cranial 

nerve VІІ) are the most affected muscles in IMS. The 

technique was done by using surface disk electrodes to 

record the CAMP amplitude.  RNS testing of spinal 

accessory nerve was carried out by placing the active 

electrode over the proximal part of the trapezius muscle 

and the stimulator over the spinal accessory nerve, just 

behind the sternocleidomastoid muscle. On studying the 

facial nerve by RNS, the active electrode was placed on 

the nasalis muscle and the stimulator over the facial 

nerve. A train of nine to ten supramaximal stimuli were 

delivered at 3 Hz frequency. The ratios of the amplitude 

of the fifth CAMP response to the first response were 

noted. This ratio effectively measure the percentage of 

decrement response (%).  A CMAP decrement of 10% or 
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more is considered  a significant one.  Manual 

immobilization of patient had been considered to 

minimize the artifacts. 

4- Follow up of all patients with clinical 

observation until the patient is either cured and 

discharged or deteriorate and develop respiratory failure 

with the need to be mechanically ventillated . 

Data analysis 
The Statistical Package for the Social Sciences (SPSS) 

program, version 11.01 was used for data analysis. One-

way ANOVA test was used when more than two groups 

with parametric data were to be compared, while 

Kruskal-Wallis test was used when nonparametric data 

were compared. Correlation between variables was done 

using correlation coefficient "r".Values were considered 

statistically significant if P ≤0.05 and highly significant if 

≤0.001 (Norusis, 1997). 

Results 
The age of the patients participated in the study ranged 

from 17-52 years (mean age=26.5 years).  Most patients 

(83.6%) gave history of living in rural areas,  while only 

16.4% were living in urban areas. The socioeconomic 

status of the patients was assessed using modified El- 

Sherbini and Fahmy (1983) classification according to 

four parameters; education, occupation, income and 

crowding and it was found that most patients participated 

in the study were of low socioeconomic status (81.8%) 

while 14.6% and 3.6% were of moderate and high 

socioeconomic status respectively.  This study showed 

that the commonest organophosphorus compound 

encountered in poisoning was chlorpyrifos (41.8%). 

Other OP compounds implicated in poisoning were 

malathion (29%), parathion (23.7%), propenophos and 

triazophos (5.5%). Mode of poisoning was mainly 

suicidal (85.5%) followed by accidental (10.9%), while 

only 3.6% was homicidal. The patients included in the 

study were subdivided into mild (n=20), moderate(23) 

and severe(12) groups according to the criteria 

determined by POP scale (Fig.2). 

          There was a significant difference among patients 

with different clinical severities (as determined by POP 

scale) as regard initial pseudocholinesterase level 

(p<0.05). On the other hand, there was non-significant 

difference between them 4 days after poisoning (p>0.05)  

(Table 3). As regard mean values of serum CPK 

measured both at time of admission and 4 days after 

poisoning, there was a significant difference among 

patients with mild, moderate and severe poisoning 

(p<0.001) (Table 3). 

          Comparing the mean values of serum LDH levels 

among patients with mild, moderate and severe OP 

poisoning revealed non-significant difference neither at 

admission time nor at the 4th day following poisoning 

(p>0.05) (Table 3). 

           At the end of the study, comparing the mean 

values of serum pseudocholinesterase measured at 4th day 

of poisoning between patients who developed respiratory 

failure  and those who showed complete recovery and 

discharged revealed non-significant difference (p>0.05) 

(Table 4).  

          On the other hand, there was a significant 

difference between patients who developed respiratory 

failure and those who didn’t regarding serum CPK 

measured 4 days after poisoning (p<0.001) (Table 4). 

           Comparing mean values of serum LDH measured 

at 4th day of poisoning revealed non-significant 

difference between patients complicated with respiratory 

failure and patients who escaped this complication 

(p>0.05) (Table 4). 

          There was a significant difference between patients 

with  mild, moderate and  severe OP poisoning as regard  

mean values of decrement response recorded by RNS of 

spinal accessory and facial nerves at 2nd , 3rd and 4th day 

of poisoning (p<0.001) (Table 5, 6, 7).  

          In mild cases (n=20),  there was a progressive 

decrease in decrement response of spinal accessory nerve 

and facial nerve as recorded by RNS at 2nd, 3rd and 4th 

day of poisoning. This was associated with clinical 

improvement and all mild cases were discharged (Table 

5, 6, 7).  

           Regarding patients with moderate OP poisoning 

(n=23), 21 patients showed progressive decrease in 

decrement response of both spinal accessory and facial 

nerve recorded by RNS at 2nd, 3rd and 4th day of 

poisoning together with clinical improvement and 

discharged one week after admission. Only 2 cases 

developed progressive increase in the percentage of 

decrement response (the decrement response was 25, 

27% (spinal accessory ) and 22, 26% (facial nerve) at 2nd 

day increased to 30, 32 % (spinal accessory) and 34, 37 

% (facial nerve) at 3rd day then to 35, 38 % (spinal 

accessory) and 38, 40% (facial nerve) at 4th day (Table 

5, 6, 7). The increase in percentage of decrement 

response was associated with clinical deterioration and 

the 2 cases developed respiratory failure and needed 

mechanical ventillation (one case  2 days and the other 

case 4 days after the last RNS test)  

          Out of the 12 severe cases,  6 patients showed 

progressive increase in the severity of decrement 

response (range was 37-44%  (spinal accessory) and  32-

41% (facial nerve) at 2nd day increased to 39-50% (spinal 

accessory) and 33-43% (facial nerve) at 3rd day then to 

41-55% (spinal accessory) and 39-52% (facial nerve) at 

4th day). All these patients developed respiratory failure 

1-3 days later and needed mechanical ventilation. The 

remaining 6 cases showed progressive decrease in 

decrement severity (range was 15-33% (spinal accessory) 

and 16-27% (facial nerve) at 2nd day decreased to 10-

25% (spinal accessory) and 10-13% (facial nerve) at 3rd 

day and reached 8-17% (spinal accessory) and 5-9% 

(facial nerve) at 4th  day) (Table 5, 6, 7). This decrease in 

decrement severity was associated with clinical 

improvement. 

         When the mean values of decrement response 

severity of both spinal accessory and facial nerve were 

compared between patients who developed respiratory 

failure and those who didn’t at the 4th day of poisoning, a 
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significant difference was found with the patients who 

developed respiratory failure showed the higher 

decrement response (p<0.001) (Table 8).  

          By studying the correlation between the 

biochemical parameters measured at the 4th day of 

poisoning and severity of decrement response measured 

at 4th day, it was found that there was a strong positive 

correlation between serum CPK level and severity of 

decrement response (of both spinal accessory and facial 

nerve)  (p<0.001) (Table 9) (Fig. 3, 4).  

          On the other hand, there was no correlation 

between serum LDH level and severity of decrement 

response (of spinal accessory and facial nerve) assessed 

at 4th day of poisoning  (p>0.001) (Table 10) (Fig. 5, 6). 

 

Table (1): The Peradeniya organophosphorus poisoning scale (Senanayake et al., 1993) 

 
 

Table(2): Demographic profile of patients participated in the study (n=55) 

Parameter Frequency (%) 

Sex  

Female 33(60%) 

Male 22(40% 

Residence  

Rural 46(83.6%) 

Urban  9 (16.4%) 

Socioeconomic status  

Low 45 (81.8%) 

Moderate 8 (14.6%) 

High 2 (3.6%) 

OP compound included  

Chlorpyrifos 23(41.8%) 

Malathion 16(29%) 

Parathione 13 (23.7%) 

Others(Propenophos, triazophos) 3(5.5%) 

Mode of poisoning  

Suicidal 47(85.5%) 

Accidental 6(10.9%) 

Homicidal 2(3.6%) 

Severity of poisoning (POP scale)  

Mild 20(36%) 

Moderate 23(42%) 

Severe 12(22%) 
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Table(3): Comparison between serum levels of pseudocholinesterase (PchE) (U/L), Creatine phosphokinase (CPK) 

(IU/L) and lactate dehydrogenase (LDH) (IU/L) measured at time of admission and at 4th day of poisoning according 

to clinical severity of the studied patients 

 Classification of patients according to clinical severity (as 

determined by POP scale) 

ANOVA test 

F P 

Mild Moderate Severe 

PchE(U/L) Initial 

M
ea

n
±

S
D

 

905.5±67.4 698.3±53.9 371.8±75.8 260.3 <0.001** 

4th day 2020.7±408.4 1956.5±395.1 1681.7±353.2 3.57 0.06 

CPK   

(IU/L) 

Initial 164.9±53.1 369.7±72.5 647.7±132.4 136.2 <0.001** 

4thday 120.5±47.7 192.9±139.6 452.2±214.7 16.5 <0.001** 

LDH(IU/L) Initial 322.7±121.7 467.9±298.6 498.6±314.5 2.9 0.06 

4th day 310.7±110.6 397.9±150.6 416.6±213.5 2.6 0.08 

U//L: Unit per liter, IU/L: International unit per liter, P>0.05: Non-significant, P<0.001: Significant **: Significant 

 

Table(4):Comparison between patients who developed respiratory failure and those who didn’t regarding serum 

levels of pseudocholinesterase (PchE) (U/L), Creatine phosphokinase (CPK) (IU/L) and lactate dehydrogenase 

(LDH) (IU/L) measured at 4th day of poisoning 

 Patients who developed respiratory 

failure 

(n=8) 

Patients who didn’t develop respiratory 

failure 

(n=47) 

T test 

 

t P 

PchE 

(U/L) 

M
ea

n
±

S
D

 

1692.8± 357.5 2050.4±506.7 1.9 0.06 

CPK 

(IU/L) 

136.6± 57.4 689.2± 137.3 18.8 <0.001** 

LDH 

(IU/L) 

436.3 ± 187.6 365.4 ± 121.7 1.4 0.16 

U//L: Unit per liter, IU/L: International unit per liter, P>0.05: Non-significant, P<0.001: Significant **: Significant 

 

Table (5): Percentage of decrement response (%) as measured by repetitive nerve stimulation of spinal accessory 

nerve and facial nerve in patients with OP poisoning at 2nd day of poisoning 
Percentage 

of 

decrement 

response 

(%) at 4th 

day after 

admission  

Groups of the patients according to clinical severity as 

determined by POP scale 

Kruskall-Wallis test 

KW P value 

Mild group Moderate group Severe group   

Mean±SD SpinalA Facial Spinal A Facial Spinal A Facial SpinalA Facial Spinal A Facial 

6.7±2.7 6.4±2.5 16.9±5.8 14.3±5.5 31.2±11.7 29.1±10.5     

Median 

(range) 

6 

(2-11) 

7 

(3-10) 

16 

(8-25 

12 

(9-27) 

36 

(15-45) 

29.5 

(17-44) 

37.67 41.42 <0.001** <0.001** 

P <0.001: Significant,**: Significant 

 

Table (6): Percentage of decrement response (%) as measured by repetitive nerve stimulation of spinal accessory 

nerve and facial nerve in patients with OP poisoning at 3rd day of poisoning 
Percentage 

of decrement 

response (%) 

at 4th day 

after 

admission  

Groups of the patients according to clinical severity as 

determined by POP scale 

Kruskall-Wallis test 

KW P value 

Mild group Moderate group Severe group   

Mean±SD Spinal 

A 

Facial Spinal A Facial Spinal A Facial SpinalA Facial Spinal A Facial 

5.1±1.2 5.4±1.7 15.9±6.6 15.6±7.6 29.3±15.7 25.9±14.8     

Median 

(range) 

5 

(2-8) 

5 

(2-8) 

15 

(8-32) 

14 

(7.-37) 

 

32.0 

(12-50) 

24 

(10-46) 

 

37.15 37.8 <0.001** <0.001** 

P <0.001: Significant, **: Significant 
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Table (7): Percentage of decrement response (%) as measured by repetitive nerve stimulation of spinal accessory 

nerve and facial nerve in patients with OP poisoning at 4th day of poisoning 
Percentage 

of 

decrement 

response 

(%) at 4th 

day after 

admission  

Groups of the patients according to clinical severity as 

determined by POP scale 

Kruskall-Wallis test 

KW P value 

Mild group Moderate group Severe group   

Mean±SD Spinal 

A 

Facial Spinal A Facial Spinal A Facial Spinal A Facial Spinal A Facial 

3.9±1.3 3.5±1.2 12.2±8.3 11.5±9.3 30.2±19.7 25.5±19.6     

Median 

(range) 

4 

(2-6) 

3.5 

(2-5) 

10 

(5-38) 

9 

(4-40) 

28 

(9-55) 

23 

(5-52) 

40.14 34.3 <0.001** <0.001** 

P <0.001: Significant, **: Significant 

 

 

Table (8): Comparison between patients who developed respiratory failure and those who didn’t according to 

severity of decrement response (%) of both spinal accessory (spinal A) and facial nerve as assessed by repetitive 

nerve stimulation (RNS) at 4th day of admission 

 Groups 

Mean ± SD t P-value 

           Spinal A   Facial 
Spinal 

A 
Facial Spinal A Facial 

Severity of decrement 

response (%) 

Patients who developed 

respiratory failure(n=8) 
43.1 ± 5.8 42.6±5.4 

21.5 24.3 <0.001** <0.001** 
Patients who didn’t develop 

respiratory failure(n=47) 
6.8± 3.9 6.4±3.6 

P <0.001: Significant, **: Significant 

 

Table (9): correlation between serum creatine phosphokinase(CPK)(IU/L) level and severity of decrement response 

(%)of both spinal accessory (spinal A) and facial nerve in patients with organophosphorus poisoning (OP)at 4th day 

of poisoning by Spearman correlation test. 

 

Serum creatine phosphokinase(CPK)(IU/L)  

r P-value 

Spinal A Facial Spinal A Facial 

Severity of decrement response (%) 0.98 0.93 <0.001** <0.001** 

 IU/L: International unit per liter. r : Correlation coefficient P<0.001: Significant, .**: Significant 

 

Table (10): correlation between serum Lactate dehydrogenase level (IU/L) and severity of decrement response (%) of 

both spinal accessory (spinal A) and facial nerve in patients with organophosphorus poisoning (OP) at 4th day of 

poisoning by Spearman correlation test. 

 

serum lactate dehydrogenase level(IU/L) a 

r P-value 

Spinal A Facial Spinal A Facial 

severity of decrement response (%) 0.39 0.42 0.09 0.06 

 IU/L: International unit per liter, r : Correlation coefficient, P>0.05: non-significant. 
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Fig. 1: Nicolet electromyography machine Fig 2: Distribution of patients according to clinical sevirity 

 

 

 

 
Fig.3: Correlation between serum creatine phosphokinase level and severity of decrement response 

(%) of spinal accessory nerve assessed at 4th day of poisoning. 
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Fig.4: Correlation between serum creatine phosphokinase level and severity of decrement response (%) of  

facial nerve assessed at 4th day of poisoning 

 

 

 

 

 
Fig. 5: Correlation between serum lactate dehydrogenase level and severity of decrement response (%) of spinal 

accessory nerve assessed at 4th day of poisoning. 
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Fig. 6: Correlation between serum lactate dehydrogenase level and severity of decrement response (%) of facial 

nerve assessed at 4th day of poisoning. 

 

 
Fig. 7:  Decrement response (facial nerve) in a mild case recorded by RNS (3 HZ) at 2nd day of poisoning (no 

decrement is detected)  

 
Fig. 8: Decrement response (spinal accessory nerve) in a moderate case recorded by RNS (3 HZ) at 2nd day of 

poisoning (11% decrement). 
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Fig.9: Decrement response (facial nerve) in a severe case recorded by RNS (3 HZ) at 2nd day of poisoning (12% 

decrement) 

 

 
Fig. 10: Decrement response (facial nerve) in a moderate case recorded by RNS (3 HZ) at 3rd day of poisoning (18% 

decrement) . 

 

 

 
Fig. 11: Decrement response (spinal accessory nerve) in a severe case recorded by RNS(3 HZ) at 3rd day of poisoning 

(20% decrement). 
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Fig. 12: Decrement response (spinal accessory nerve) in a severe case recorded by RNS (3 HZ) at 3rd day of poisoning 

(22% decrement). 

 

 
Fig. 13: Decrement response (facial nerve) in a moderate case recorded by RNS (3 HZ) at 4th day of poisoning (34% 

decrement). 

 

 

 
Fig.14: Decrement response (facial nerve) in a severe case recorded by RNS (3 HZ) at 4th day of poisoning (54% 

decrement). 
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Discussion 

Intermediate syndrome (IMS) is a major complication 

associated with acute organophosphorus poisoning after 

recovery from cholinergic crisis. The cardinal features of 

this syndrome are limb weakness (proximal more than 

distal), facial weakness, cranial nerve palsies and 

respiratory muscle weakness which usually develop 24-

96 hours of exposure to OP insecticides (Vikram et al., 

2005) . The problem is in that, some of the cases which 

develop IMS can rapidly deteriorate and develop 

respiratory failure and death. Early prediction of 

respiratory failure will allow make correct decisions 

regarding such cases as to be admitted at ICU where 

equipment is available for emergency management of 

respiratory failure (Darren and Cynthia, 2007).  

Some clinical studies reported 

electrophysiological changes by RNS in patients with OP 

poisoning and attributed these changes to IMS (Avasthi 

and Singh, 2000). Findings of other experimental and 

clinical studies documented that IMS is associated with 

rhabdomyolysis which is followed by a proportionate rise 

in CPK and  LDH levels (Bhattacharya et al., 2011).  

Taking the above mentioned studies in 

consideration, this study was carried out to assess the role 

of  changes recorded by RNS and serum CPK and LDH 

levels in predicting respiratory failure which is the main 

cause of death in acute poisoning with OP insecticides. 

Fifty five (55) patients  diagnosed as acute 

organophosphorus poisoning and admitted at Poison 

Control Center, Zagazig University Hospitals in the 

period from April 2013 to June 2014 were enrolled in 

this study. Serum pseudocholinesterase which is 

measured routinely in acute OP poisoning was assessed 

both at time of admission and at 4th day of poisoning.  

Neuromusclar transmission failure in IMS due to OP 

poisoning was assessed by the neurophysiological 

technique repetitive nerve stimulation (RNS). The 

decrement response was recorded and correlation with 

clinical severity and development of respiratory failure 

was studied..  Also serum CPK and LDH levels were 

measured for studying the probability of their use as a 

biochemical markers for OP poisoning severity and 

prediction of developing respiratory failure. 

This study revealed that there was non-

significant difference between patients who developed 

respiratory failure and those who didn’t as regard serum 

pseudocholinesterase level measured at 4th day of 

poisoning.  These results were in parallel with that of Sen 

et al. (2014) who mentioned that Serum 

pseudocholinesterase serves as a diagnostic parameter for 

OP poisoning but it cannot be used as a prognostic 

biomarker.  

The results of this study showed that there was a 

statistically significant increase in the mean values of 

serum CPK levels in patients diagnosed as severe 

poisoning when compared with cases of mild and 

moderate poisoning. This increase was both at time of 

admission and at the 4th day of poisoning.  In addition, 

there was a significant increase in serum levels of CPK 

among patients who developed respiratory failure when 

compared with those who didn’t develop this serious 

complication. 

The previous results coincided with that of 

Hassan and Madboliy (2013) and Sumathi et al. (2014) 

who stated that seum CPK is a promising prognostic 

indicator in OP poisoning and mentioned that, there is a 

strong correlation between CPK levels and severity of 

OP poisoning. They attributed the elevation in its level to 

intermediate syndrome and rhabdomyolysis associated 

with OP poisoning. 

In a harmony with the previous results, a study 

carried out by Sen et al. (2014) showed  that there was a 

statistically significant difference between survivors and 

non survivors from OP poisoning regarding CPK level 

and suggested that it can be used as a measure of 

prognostic significance.  

On the other hand, there was non-significant 

difference in LDH level among patients with different 

clinical severities either at time of admission or 4 days 

following poisoning with OP. Also, comparing mean 

values of LDH between patients who developed 

respiratory failure and those who didn’t, showed that 

there was non-significant difference between the two 

groups. 

These results supported by Sen et al. (2014) who 

found that serum levels of LDH showed non significant 

difference between patients with acute OP poisoning who 

developed serious complications which end in death and 

those who showed complete clinical recovery. According 

to these results, they concluded that LDH is not a reliable 

indicator for prognosis and prediction of severe 

complications including respiratory failure. 

The increase in CPK but not in LDH serum 

levels in acute OP poisoning can be explained by 

Efstratiadis et al. (2007) who stated that CPK is more 

reliable and sensitive indicator of muscle injury than 

LDH and this support the experimental studies which 

proved that rhabdomyonecrosis occur in animals after 

poisoning by OP poisoning (Vanneste and Lison, 1993). 

Regarding neurophysiological assessment by 

RNS, patients who were diagnosed as severe poisoning at 

time of admission showed significant increase in the 

severity of decrement response throughout the period of 

assessment (i.e at 2nd, 3rd and 4th day following 

poisoning) when compared with patients who were 

diagnosed as mild and moderate poisoning. When the 

values of decrement response were compared between 

patients who developed respiratory failure and those who 

didn’t at the end of the study, it was found that cases who 

developed respiratory failure showed a significant 

increase in the mean of decrement response severity. 
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Consistent with the previously mentioned 

findings, a study conducted by     Pradeepa et al. (2008) 

revealed a series of electrophysiological changes in the 

form of decrement response recorded by RNS in patients 

with acute OP poisoning. They stated that these changes 

resolved over time in most cases but in the most severe 

cases, the severity of decrement response was increasing 

and finally ended in respiratory failure. 

The mechanism of electrophysiological changes 

(decrement response) recorded by RNS was explained by 

Poojara et al. (2003) who mentioned that IMS could be 

due to a conformational change in the acetylcholine 

receptor altering the depolarization neuromuscular block 

to a non-depolarization block. Consistent with this 

mechanism, Javawardane et al. (2009) stated that, 

neuromuscular transmission failure observed in IMS is 

caused by presynaptic feedback which may reduce 

acetylcholine release and postsynaptic receptor 

desensitization. 

Conclusion 

It is concluded from this study that severity of decrement 

response recorded by RNS and serum CPK level can help 

in identifying the patients with acute OP poisoning who 

are at a high risk of developing respiratory failure, hence, 

they can be used as early predictors of this serious 

complication. So, it’s recommended to use them 

especially in patients who are clinically diagnosed as 

severe OP poisoning at time of admission to decrease 

morbidity and mortality. On the other hand, this study 

revealed that serum LDH  had no correlation with  

development of respiratory failure in OP poisoning and 

can not be used as a predictor of this complication .  
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 الملخص العربى
 

فى التنبؤ المبكر  دور التحفيز المتكرر للعصب, الكرياتين فسفوكيناز و نازعة هيدروجين الالكتات بمصل الدم
 ورية العضويةللفشل التنفسى فى التسمم الحاد بالمبيدات الفسف

 

 د.ناهد شحتهود.سماح عادل النجدى 
 

ان من اخطر املضاعفات املرتبطة بالتسمم احلاد باملبيدات الفوسفورية العضوية هو متالزمة املتوسطة  وذلك           
 تنفس.نتيجة الحتمال حدوث فشل ىف ال

تساعد ىف تقييم شدة متالزمة املتوسطة التشوهات الىت يتم مالحظتها ىف التحفيز املتكرر للعصب من املمكن ان  
وبالتاىل ىف التنبؤ باحلاالت االكثر عرضة حلدوث فشل ىف التنفس. ايضا فقد اقرتح بعض الباحثني ارتباط متالزمة املتوسطة 

 . ة هيدروجني الالكتات مبصل الدمونازع باحنالل الربيدات الذى يتبعه ارتفاع ىف مستوى الكرياتني فسفوكيناز
هيدروجني د  من هذا العمل هو دراسة دور التحفيز املتكرر للعصب ومستوى الكرياتني فسفوكيناز ونازعة كان اهل

هذه الدراسة على  بيدات الفسفورية العضوية .اجريتكتات ىف مصل الدم ىف التنبؤ بالفشل التنفسى ىف التسمم احلاد باملالال 
العضوية ودخوهلم مركز عالج التسمم  مبستشفيات جامعة  مريض مت تشخيصهم كتسمم حاد باملبيدات الفسفورية 55

 .  3102وحىت يونيو  3102الزقازيق ىف الفرتة من ابريل 
كتات ىف مصل الدم ىف وقت هيدروجني الال مت قياس نسبة السودوكولني اسرتاز و الكرياتني فسفوكيناز ونازعة 

هرتز جلميع املرضى  2تكرر للعصب عند تردد املتحفيز ل اختبار الالدخول مث مت اعادهتم ىف اليوم الرابع للتسمم. ايضا مت عم
 ىف اليوم الثاىن والثالث والرابع للتسمم )الفرتة املتوقعة ملتالزمة املتوسطة(. 

ىف هناية الدراسة وجد ارتفاع ذو داللة احصائية ىف نقص االستجابة الذى مت تسجيله بالتحفيز املتكرر للعصب  وىف 
 مستوى الكرياتني فسفوكيناز ىف مصل الدم ىف املرضى الذين حدث هلم فشل تنفسى. 
كتات مبصل الدم بني الال هيدروجني  على اجلانب االخر مل يكن هناك اختال  ذو داللة احصائية ىف مستوى نازعة

انه دث هلم هذه املضاعفات اخلطرية. نستخلص من هذه الدراسة املرضى الذين اصاهبم فشل تنفسى واولئك الذين مل حي
هرتز ومستوى الكرياتني فسفوكيناز ىف مصل الدم  ىف التنبؤ املبكر  2التحفيز املتكرر للعصب عند تردد ميكن استخدام اختبار 
ويوصى باسخدامهم خصوصا ىف املرضى الذين يتم تشخيصهم اكلينيكيا كحاالت تسمم شديدة ىف وقت للفشل التنفسى  

    الدخول.
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