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Abstract Background: organophosphate (OP) poisoning is a major health problem worldwide, especialy in
developing countries, with millions of cases and hundreds thousands of deaths occurring each year.
The aim of this study: was to evaluate the role of Glasgow Coma Sale (GCS), serum cholinesterase
(SChE) and S100B protein levels in evaluation and prediction of outcome of patients with acute
organophosphate poisoning.

Material and methods. the present study was conducted on admitted patients with acute
organophosphate poisoning in Tanta Toxicological Unit, Tanta University Hospital during the period
from the start of July 2014 to the end of June 2015. For all patients; personal and toxicological history,
complete clinical examination and measurement of SChE and S100B at admission and after 24hrs were
performed for every patient. Outcome assessment; the patients were divided into two groups; group (1)
included patients who survived and group (2) included patients who died.

Results: the present study was carried out on 24 patients with acute severe organophosphate toxicity,
their age ranged from 16-48 years. Sixteen patients (66.67%) were survived and eight (33.3%) were
died. About two third of the patients were female (66.67%), half of them were students (50%) and took
malathion (50%). All patients took organophosphates orally and in a suicidal attempt. The GCS was
higher in survived patients (6-11) than died ones (3-5). Additionally, serum S100B level at both
admission and after 24hrs, revealed significant increase in its level in died patients than survived.
While, SChE showed non-significant decrease in both survived and died patients. SChE and S100B at
both admission and after 24hrs cannot predict mortality. However, GCS can predict mortality with
100% sensitivity and 75% specificity at a cut off level of 9.

Conclusion: both GCS and S100B had significant correlation with the patients’ outcome. Inspite of
that, only GCS can predict mortality in 100% of the patients who has a GCS equal to or lower than 9.
Also, 75% of survivors had GCS above this cut off value.

Introduction

rganophosphates are the most widely used

pesticides for killing agricultural pests all over

the world as a result of its availability, low
coast, and rapid degradation. Despite al efforts to
improve management of them, accidental and suicidal
ingestion is still a major public health problem. They
are life-threatening condition associated with high
morbidity and mortality especially in developing
countries (Coskun et a., 2015).

Organophosphates compounds deposit a
phosphoryl group a acetylcholinesterase enzyme
resulting in its inhibition a the muscarinic and
nicotinic synapses. The net effect is accumulation of
acetylcholine and uncontrolled  activation  of
cholinergic synapses (Costa, 2006; Jokanovi¢, 2009).
Furthermore, glia and neurons apoptotic death may be

another mechanism of OP poisoning (Bozkurt et d.,
2010).

Glia are the most common cells in the brain,
providing critical nutritional,  structural, and
homeostatic support that is essential to the architectural
modeling of the brain and to the establishment and
maintenance of synaptic function (Garcia et al., 2001).
Astroglial cells are known to be as sensitive as heurons
to hypoxic stress. Therefore, a marker for astroglial cell
damage may indirectly reflect neuronal damage
(Bottiger et al., 2001).

The protein S100 is a calcium-binding protein
that has various effects on glia and neurons. There are
19 S-100 proteins, 4 subtypes present in human tissue:
S-100A1 (striated muscles, heart, and kidneys), S
100A1B (astroglia cells), S-100B (astroglia and
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Schwann cells), and S-100BB (astroglia cells)
(Bottiger et al., 2001). S100B is expressed mainly in
astrocytes of the central nervous system (CNS)
(Yardan et a., 2009; Bozkurt et al., 2010).

S100B is an established peripheral biomarker
of blood-brain-barrier permeability associated with
various CNSinjuries or degeneration such as traumatic
cortical injury and cerebrovascular insults as well asin
some psychiatric disorders (Rothermundt et al., 2003),
cardiac arrest or surgery (Qiao et a., 2001; Caughlan et
al., 2004). Normal levels reliably exclude major CNS
pathology (Guizzetti et al., 2005; Bozkurt et al., 2010).
S100B may be a potentia new marker in clinical
toxicology; it was associated with level of
consciousness in  carbon monoxide poisoning,
benzodiazepine, and aluminum phosphide toxicity
(Ambrozic et al., 2008; Yardan et al., 2009; Cakir et
al., 2010; Shahin et d., 2016).

Sun et a., 2015 reported that reliable
predictors of prognosis can instruct treatment and
clinical research on antidotes and therapies. So, theaim
of this study was to evaluate the role of Glasgow Coma
Sale, serum cholinesterase and S100B protein levelsin
evaluation and prediction of outcome in patients with
acute organophosphate poisoning.

Patients and methods

Ethical consideration:

This is a cohort study that was conducted on admitted
patients with acute organophosphate poisoning in
Tanta Toxicological Unit, Tanta University Hospital
during the period from the start of July 2014 to the end
of June 2015. The study was approved by Research
Ethics Committee of Tanta Faculty of Medicine and
the head of Tanta Toxicologica Unit. A written
informed consent was obtained from each participant
or his guardians. Confidentiality of the patients’ data
was maintained by giving a code number for each
patient.

Patients aged 18 years old or more with acute
severe OP poisoning were included in the study.
Patients with co-ingestion of other drugs, carbamate
poisoning, co-morbid diseases, malignancies and
inflammatory disease were excluded from the study. At
first, diagnosis of organophosphate poisoning in our
unit is usually based on history of exposure and the
presence of muscarinic and or nicotinic manifestations.
Then, confirmation occurs after estimation of SChE
activity.

According to Kumar et a., (2010), severe OP
poisoning was based on the presence of the following
manifestations; unconsciousness, marked miosis with
loss of pupillary reflex to light, muscle fasciculations,
flaccid paralysis, pulmonary rales, and respiratory
distress.

Patients received standard medical care in the
form of emergency and supportive measures,
decontamination and antidotes (atropine and
toxogonin) as indicated according to the protocol of
Tanta Toxicological Unit.

All the patients were subjected to the followings:
- Complete personal history: name, age, sex,
occupation, and residence.

- Toxicologica history: type of
organophosphate compound, delay time,
mode and rout of exposure, number of
atropine and toxogonine ampoules, and
hospitalization period.

- Complete physical examination (it included
pupil size, vita signs, level of consciousness,
and systems examination (centra nervous,
respiratory, cardiovascular, gastrointestina
and urinary systems) to select the severe cases
of organophosphate toxicity.

- Outcome assessment: the patients were
divided into two groups; group (1) included
patients who survived and group (2) included
patients who died.

- Laboratory investigations. six ml of blood
were withdrawn from each patient at
admission before receiving any treatment and
another 6 ml were withdrawn 24 hours after
admission. Three ml was used for estimation
of cholinesterase level and the other 3 ml for
quantitation of S100p.

& Quantitation of S100B was performed by
a double-antibody sandwich enzyme-
linked immunosorbent assay (ELISA)
using Human (S1008) ELISA Kit
(Shanghai Sunred Biological Technology
Co., Ltd, shanghai, China) according to
the manufacturers instructions. The
reference cut-off level for diagnostic
purpose is >0.10 pg/L (Undén and
Romner, 2009).

b- Serum cholinesterase level was done
using CHOLINESTERASE BTC/DTNB
commercial kit (It is a cholinesterase
quantitative colorimetric kinetic assay;
butyrilthiocholine (BTC) and
dithiobisnitrobenzoic  acid (DTNB)
method done on serum and plasma,
supplied by Science and Technology
Center, www.Biostc.com, Egypt)
according to the  manufacturers
instructions. Normal vaue is 4900 —
11900 U/L (Burtis and Ashwood, 1999).

Statistical analysis:

The data were statigtically analyzed using SPSS
software statistical computer package version 18. For
quantitative data, the median and range were
caculated. For comparison between groups in
quantitative data, Mann-Whitney U was used. For
gualitative data, comparison between two or more
groups was done using Chi-square. The strength of the
linear association between two variables was quantified
by Spearman correlation coefficient test. Receiver
operating characteristics (ROC) curve was performed
to determine cut off value, sensitivity, and specificity
for prediction of outcome. Significance was adopted at
p < 0.05.

Results

The present study was carried out on 24 patients with
severe organophosphate toxicity, their age ranged from
16-48 years. 16 patients were survived and 8 were
died. About two third of the patients were female
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(66.67%), half of them were students (50%) and took
malathion (50%). All patients took organophosphates
orally and in a suicidal attempt (data not shown in the
table). The time from organophosphates intake to the
hospital arrival was longer in died patients (3-4 hrs.)
than survived patients (0.5-2 hrs.). The GCS of al
patients ranged from 3-11 with the score was higher in
survived patients (6-11) than died (3-5). All patients
received atropine in a dosage ranged from 7-42
ampoules and 5-52 ampoules of toxogonine. The
hospital stay was ranged from 1.5-18 days in addition,
the hospital stay was prolonged in died patients (12-18
days) than survived (1.5-18 days). There was
significant correlation between occupation, delay time
and GCS with patients’ outcome (table 1).

Table 2 revealed that the serum level of
S100B either a admission or after 24hrs had
significant association with the patients outcome as the
level of it was high in died patients compared to
survived patients. On the other hand, serum
cholinesterase level at admission or after 24hrs had no
association with the patients’ outcomes.

Both serums S100B at admission and after
24hrs showed significant negative correlation with
GCS and cholinesterase level at admission and after
24hrs. However, they reveadled significant positive
correlation with occupation and numbers of atropine
ampoules as shown in table 3.

Table 4 illustrated significant negative
correlation between numbers of atropine ampoules and
occupation with cholineesterase level at admission and
after 24hrs.

In the present study, at a cut off 9 for GCS;
the sensitivity was 100% and specificity was 75% with
the area under the ROC curve was 1. This means that
we can predict mortality or poor prognosis in 100% of
the patients who has a GCS equal to or lower than 9.
Also, 75% of survivors had GCS levels above the cut
off value. On contrary, serum cholinesterase and
S100B levels at admission or after 24hr showed non-
significant prediction of mortality (table 5 and figure
1&2).

Table (1): Association between patients’ outcome and toxicological data at admission

Patients’ Outcome
Variables Survived Died Total Test P-
(n=16) (n=8) (n=24) statistic value
Median 19 32 8
Age (years) Minimum- 18-43 16-48 | 16-48 Zuw =1.055 1 0.29
maximum
Male 4(25%) 4(50%) | 8(33.33%) ,
Sex Femae 12(75%) 4(50%) | 16(66.67%6) | . s~ 147 | 036
Student 8(50%) 4(50%) | 12(50%)
. Employed 4(25%) 0 4(16.67%) , .
Oceupation Housawife 4(25%) 0 A(16.67%) | L s=12 | 0007
Unemployed 0 4(50%) | 4(16.67%)
Malathion 8(50%) 4(50%) | 12(50%)
Type Chlorpyrifos 4(25%) 0 4(16.67%) | X2chs=3 0.22
Others 4(25%) 4(50%) | 8(33.33%)
Median 1 35 15
. . _ — o
Delay time (hours) M|n!mum 052 34 054 Zmw=4.03 0.000
maximum
Median 6.5 4 6
T . - — *
GCS Mlnl_mum 6-11 3.5 311 Zmw=4.029 0.000
maximum
Number of atropine Median 245 355 33
ampoules Minimum- 7-42 33-38 | 7-42 Zuw=1.51 0.13
maximum
Number of toxogonine Median 19 265 19
ampoules Minimum- 5-52 845 | 552 Zuw=0504 | 0614
maximum
Median 9.5 15 14
Hospital stay (days) Minimum- 15-18 1218 | 1.5-18 Zuw =1.51 0.13
maximum
Zmw = Mann-Whitney test, X2 chs = Chi-square test for association, * Significant at P < 0.05 n=number.
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Table (2): Mann-Whitney test of association between patients’ outcome and cholinesterase & S100B at admission
and after 24h

Outcome .
Variables Survived | Died ooy | M| e
(n=16) (n=8)
Cholinesterase Median 661 612 661
(L) Minimum- 622-1180 | 476-748 | 476-1180 48 032
(at admission) maximum
Cholinesterase Median 5665 592 5665
(UIL) Minimurm- 512-707 387-797 | 387-797 64 !
(after 24hrs) maximum
Median 10075 12065 | 1091
(Saltogfnfi”g '(;g) Minimum- o07 514508 | 871 | 2075 199 0.04*
maximum ' | 1542 1542
Median 926.9 1154 | 946
S(;E)tf Yot "S)) Minimum- 198.6- 7100 | 1986 198 0.04*
maximum 1363.9- 1508 | 1598

* 9gnificantat P < 0.05 n=number

Table (3): Spearman's correlation between serum S100B at admission and after 24 hourswith some clinical and
laboratory data

Serum S100B
Variables Serum S100B (Mg/L) after 24 hours
(ug/L) at admission

I's 0.174 0.087

Delay time (hour s) P 0.416 0.686

I's -0.580 -0.580

GCS P 0.003* 0.003*

No of atropine ampoules fs 0.522 0.754

P 0.009* 0.000*

No of Toxogonine ampoules fs 0116 -0.029

P 0.590 0.893

Cholinesterase (at admission) I's -0.943 -0.943

P 0.000* 0.000*

. rs -0.600 -0.714

Cholinester ase (after 24hrs) P 0,002 0.000*
Serum S100B (after 24hrs) I's 0.943 -
P 0.000 * -

Occupation rs 0.698 0.516

P 0.000* 0.010*

. rs -0.058 0.058

Hospital stay (days) P 0.788 0.788

GCS: Galscow coma scale, rs: correlation coefficient of Spearman's correlation, * significant at P<0.05.

Table (4): Spearman's correlation between serum cholinesterase at admission and after 24 hours with some
clinical and laboratory data

Serum Cholinester ase

Variables Serum Cholinesterase (at (after 24hrs)
admission)
Delay time (hours) rs -0.029 0.116
P 0.893 0.590
GCS s 0.290 -0.087
P 0.169 0.686
No of atropine ampoules fs -0.522 -0.696
P 0.005* 0.000*
No of toxogonine ampoules fs 0.058 000
P 0.788 1
Occupation Is -0.820 0577
P 0.000* 0.003*
i Is 0.058 000
Hospital stay (days) b 0788 :

GCS: Galscow comascale, rs: correlation coefficient of Spearman's correlation, * significant at P<0.05.
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Table (5): Analysisof receiver operating characteristic (ROC) curve

Test Variables Areaunder the | Standard. P- Asymptotic 95% Confidence
curve Error value Interval
GCS 1.000 0.000 0.000* | 1.000 1.000
Serum Cholinesterase(U/L) 0.625 0.144 0.327 | 0.342 0.908
(at admission)
Serum Cholinesterase(U/L) (after | 0.500 0.177 1 0.154 0.846
24hrs)
Serum S100B 0.750 0.110 0.05 0.533 0.967
(ug/L) at admission
Serum S100B 0.750 0.110 0.05 0.533 0.967
(ug/L) after 24 hours

GCS: Galscow comascale, * significant at P<0.05
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Figure (1): Receiver operating characteristic (ROC) curve analysis
(Glasgow coma scale (GCS) and Serum Cholinesterase at admission
(chel) and after 24hrs(che2) as predictor of outcome)
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Figure (2): Receiver operating characteristic (ROC) curve analysis (Serum
S100B at admission (s1) and after 24hrs (s2) as predictors of outcome)
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Discussion

All over the world, especially in developing countries,
organophosphorus compounds toxicity is a major
health problem with millions of patients’ morbidity and
mortality every year (Brahmi et a., 2006).

The present study was carried out on 24
patients with severe organophosphate toxicity, their
age ranged from 16-48 years. About two thirds of the
patients were females (66.67%), and half of them were
students (50%). All patients were from rural areas and
took organophosphates orally and in a suicidal attempt.
This is in partial accordance with Chaudhary et a.,
(2013) who revealed in their study on OP in north India
that the majority of the patients were males (70%),
farmers between 20-30 years from rura areas
(71.43%), and ingesting OP in suicida intent.
Moreover, Hiremath et a., (2016) found that most OP
patients were young males from rural areas with
suicidal intent and ingestion was the main rout of
exposure.

In the present study, the most common OP
compound detected was malathion (50%) followed by
chlorpyrifos. In a study of Sun et a., (2015), the most
common compounds were dichlorvos then
phosphamidon, and the least one was methidathion and
fenitrthion.

Mortality rate in the present study was 33.3%.
Lee et al., (2013) reported that mortality was 22.9%.
However, a 12% death rate was recorded by Sun et al.,
(2015), he reflected this low mortality to proper
atropine administration and close monitoring of
intoxicated patients in intensive care unit. The high
mortality rate in the current study could be attributed to
the inclusion criteria which select only severey
intoxicated patients.

In this study, the time from organophosphates
intake to the hospital arrival was longer in died patients
(3-4hrs) than survived patients (0.5-2hrs). In agreement
with this, Abedin et a., (2012) reported an increase in
mortality rate in case of organophosphate with delayed
transport to the hospital after exposure. As the time
interval between exposures to appearance of symptoms
depends on the route and magnitude of exposure;
symptoms usually appear within minutes after severe
ingestion (Karanth et a., 2006).

Glasgow coma score is an efficient and rapid
tool for the determination of the severity and prognosis
in patients with OP poisoning (Sam et al., 2009; Akdur
et a., 2010). The GCS was higher in survived patient
(6-11) than died ones (3-5). Likewise, GCS showed a
significant negative correlation with serum S100B at
both admission and after 24hrs. Yardan et al., (2013)
revealed also similar results. This could be attributed to
the fact that the presence of S-100B in patients’ serum
indicates damage to the brain and blood-brain barrier
(Bottiger et al., 2001). Additionaly, GCS is an
accepted standard for evaluation of mental state in the
acutely ill patient and assists in predictions of patients’
neurological outcomes and mortality (Tien et a.,
2006).

In the current work, a& a GCS of 9; the
sensitivity was 100% and specificity was 75% with the
area under the curve was 1. This means that we can

predict mortality or poor prognosis in 100% of the
patients who has a GCS equa to or lower than 9.
Davies et a., (2008) showed that patients with GCS <
13 had 79% sensitivity and 79% specificity so, they
require intense management. Furthermore, Muley et
a., (2014) reveded that GCS can identify
organophosphorus intoxicated patients who require
special care. Similarly, Hosseini and Ramazani, (2015)
recorded that cut off score 8.5 of GCS had 82.8% and
82.6% sensitivity and specificity respectively with the
area under the curve equal 0.861.

Regarding serum cholinesterase level, this
study revealed non- significant decrease in the level of
serum cholinesterase at admission and after 24hrs in
both survived and died patients. As well, the present
study demonstrated that in acute OP poisoning, the
serum cholinesterase level at admission or after 24hrs
had no association with the patients’ outcomes and
cannot predict mortality. This finding is supported by
Aygun et al., (2002) who found that low levels of
SChE help in the diagnosis of OP poisoning with no
correlation with clinical severity. Rehiman et 4.,
(2008) reveded that serum cholinesterase levels at
admission did not correlate with mortality, and
attributed that to various factors; co-morbidities and
inappropriate treatment such as frequent stoppage of
atropine infusion. Furthermore, Yardan et al., (2013)
clarified absence of significant difference in SChE
activity between survivors and non survivors. On the
contrary, Chaudhary et al., (2013); Hiremath et a.,
(2016) observed that low SChE level at admission were
associated with bad outcome (prolonged ventilation,
ICU and hospital stay) and is a good predictor of
organophosphate  poisoning mortality. These
differences could be attributed to the fact that SChE
level exhibit relative variation by several factors,
malnutrition, hereditary deficiency, liver diseases, and
drugs (as cocaine, codeine, and succinyl choline). So, if
the baseline of SChE is not known, it is difficult to
relay on it as a biomarker for OP toxicity (Brahmi et
al., 2006).

In the present study, significant negative
correlation was found between numbers of atropine
ampoules and cholinesterase level at admission and
after 24hrs. In accordance with that, Avasthi and
Singh, (2000); Sungurtekin et al., (2006) revealed that
atropine requirement had a negative relation with
SChE. Otherwise, Chaudhary et a., (2013); Yardan et
al., (2013) showed no correlation between dose of
atropine and the serum SChE levels. They asserted that
atropine is only a muscarinic receptor antagonigt,
whereas cholinergic symptoms are associated with
overstimulation, to varying degree, of both muscarinic
and nicotinic receptors.

As regard, serum S100B level at both
admission and after 24hrs, this study revealed
significant increase in its level in died patients than
survived patients although, it cannot predict mortality.
Bozkurt et a., (2010) reported that S100B level was
elevated 2 h after exposure to chlorpyrifos in adult rats
revealing usefulness of it in assessment of OP toxicity.
Additionally, Yardan et al., (2013) detected that S100B
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level was significantly elevated in nonsurvivors. They

found that S100B level over 236.5pg/mL was 71.4%

sensitive and 89.7% specific in predicting mortality

and they suggest that S100B may be helpful in
predicting the mortality of patients with OP poisoning.

The significant high S100B level after 24hrs
of admission in died patients of this study means that
there is ongoing brain damage. S-100B has a half life
of 2 hours, and itslevel return to baseline within 12-24
hours. Persistent elevated level after injury reflects
continuing secondary brain damage (Raabe et d.,
1998).

In the present study, serum S100B level at
either admission or after 24hrs revealed significant
negative correlation with, numbers of atropine
ampoules and SChE level at admission and after 24hrs.
Yardan et a., (2013) revealed that S100B correlate
negatively with SChE levels and GCS scores but, not
with the total dose of atropine administered.
Conclusion
Both GCS and S100B had significant correlation with
the patient's outcome. Inspite of that, only GCS can
predict mortality or poor prognosis in 100% of the
patients who has a GCS equal to or lower than 9. Also,
75% of survivors had GCS above the cut off value.
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