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ABSTRACT

The poisoning due to pesticides is a worldwide problem. More so in the areas of developing

countries due to easy availability of these compounds for agriculture, which most of the
people in these countries depend upon for their livelihood. The patients with the history of
pesticide consumption are treated effectively in the hospitals after diagnosis by the use of
muscarinic antagonists (atropine) and the oximes (pralidoxime). Pralidoxime is often used
with atropine to help reduce the parasympathetic effects of organophosphate poisoning.

The use ofoxime is debatable due to its unclear fact about its effectiveness that the compound
prevents mortality and morbidity. Even the route of its administration and the dosage are
contentious while treating such patients.

In the present study, the effectiveness of continuous Pralidoxime (PAM) infusion was
compared with repeated bolus injection in Organophosphorus (OP) poisoning. It was found
that the continuous infusion of PAM has better clinical improvement and less mortality.
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INTRODUCTION

Pesticide poisoning is not only a major
clinical problem of rural areas of the
developing world, but also is a problem in
industrialized countries of the world. It
probably kills about 300,000 people every
year. The deaths due to self-poisoning
account for a significant proportion of the
deaths from pesticide poisoning [1].

The organophosphorus pesticides are used
widely for agriculture, vector control, and
domestic purposes [2]. These insecticides
act by inhibition of acetylcholinesterase.
The resulting build-up of acetylcholine
causes overstimulation of cholinergic
synapses in the autonomic nervous system,
central nervous system and neuromuscular
junction, producing the acute cholinergic
crisis. Patients die from respiratory failure
during this crisis, or from a delayed
respiratory failure called the intermediate
syndrome [3].

The initial management of acute exposures
to  organophosphorus is  immediate
assessment and management of disturbances
in airway, breathing, and circulation. The
three most widely used classes of antidotes
are  muscarinic  antagonists  (usually
atropine), oximes (usually pralidoxime or
obidoxime), and benzodiazepines.
Glycopyrrolate also help in decreasing

secretion without causing toxic delirium [4].

The current standard treatment for acute
Organophosphorus  compound  poisoning
comprises of the administration of
intravenous atropine and oximes to counter
acetylcholinesterase  inhibition at the
synapse. But the usefulness of oximes has
been confronted over the past many years
by clinicians around the world.

This study looks into the clinical profile of
OP  poisoning and compares the
effectiveness of continuous pralidoxime
(PAM)
injection in OP poisoning.
MATERIALS AND METHODS

cross-sectional

infusion with repeated bolus

This prospective open-

labeled observational study study was
conducted in the emergency wards,
Intensive care units and wards of Medicine
department of Kasturba Medical College
Hospital, Manipal, South India. During the
study period of two years from November
2007-November 2009, 94

organophosphorus  compound

cases of

poisoned
patients were studied.All patients with
history, symptoms & clinical signs of OP
poisoning who present within 48 hours of
consumption or din serum
pseudocholinesterase level were included in
the study. The patients with more than 8
hours

history ~of  consumption of

organophosphorus  poison, history  of

Carbamate poisoning, Double poisoning
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with opiods, barbiturates, known cases of
Systemic diseases like malignancies, COPD,
cardiac disease, neuromuscular diseases,

renal failure, Diabetes mellitus and
hypertension were excluded from the study.
Patients who present with OP poisoning
were selected based on the history of
consumption of OP compound and clinical
symptoms of OP poisoning. Patients were
observed for the laboratory investigation
and treatment aspect in terms of atropine
and oximes.

Patients were divided into 3 groups based
on the PAM they received. One group
(No PAM

regimen). The second group received 1 g

received no PAM at all

i.v.bolus dose followed by intermittent dose
of 1 g i.v. 8" hourly doses (Intermittent

regimen). The third group received PAM

infusion 1 g iv bolus dose followed by
250-500 mg/hour infusion  (Infusion
regimen).

The efficacy of two regimens of PAM
Infusion versus Intermittent regimen were
also assessed in terms of the total dose of
atropine  required, the incidence of
Intermediate syndrome, the number of days
of ventilator requirement, number of days
required to recover from poison in hospital.
PAM was given for a period of 4-5 days on
an average. However in some of the cases it
was shorter or slightly longer depending on

treating physicians’ choice.

Ventilator support was considered in
patients  with  apnoea or  obvious
hypoventilation, persistent Cyanosis,

persistent tachypnoea, deranged arterial

blood gases.
Patients were also graded on the scale of 0-3

based on the classification by Bardin, et al.,

[5].

Grade 0: Positive history
No signs of OP poisoning
Grade 1: Mild secretions Few fasciculation
Normal level of sensorium
Grade 2 : Copious secretions
Altered consciousness
Generalized fasciculations
Rhonchi, crepitations or
(systolic BP <90 mm Hg)
Grade 3: Stupor
Pa02 < 10 KPa (<75 mm of Hg)
Abnormal chest X ray

Two or more criteria were needed for a

hypotension

specific grade. According to [5] grade 3 also
included patients with attempted suicide.
Since most of our patients who were
admitted with OP poisoning had attempted
suicide; this was not taken into
consideration.
The cholinesterase estimation was done
with standard Kit manufactured by
Boehringer Mannheim. This method was
based on photometry. The normal values
suggested by the manufactures of the kit (at
37°C) are the following:
1) Children, men and women over 40
years: 5300-12900 U/L
2) Women (18-40 years)- pregnant or
taking oral contraceptive pills: 3700-

9300 U/L
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3) Women (18-40 years)- not pregnant,
not taking oral contraceptive pills:
4300-11500 U/L

Serum cholinesterase levels were divided
based on the degree of inhibition.

1) Latent poisoning: serum

cholinesterase activity > 50% of

lower limit of normal value (i.e. >

2650 U/L)

2) Mild

cholinesterase activity 20-50% of

poisoning: serum
lower limit of normal value (i.e.
1060 — 2650 U/L)

3) Moderate

cholinesterase activity 10-20% of

poisoning: serum
lower limit of normal value (i.e. 530
—1059 U/L)
4) Severe poisoning: serum
cholinesterase activity < 10% of
lower limit of normal value (i.e. <

530 U/L)
The outcome measures of this observational
study were assessed in terms of the
percentage of recovery, related morbidity
and mortality. The dose of atropine
required, type of pralidoxime dosing,
development of Intermediate syndrome,
need for ventilator support and duration of
recovery in hospital were also assessed. The
data analysis was carried out by using SPSS

11 and chi-square test.

RESULTS

Total of 94 patients who reached the
hospital within 48 hours of organo-
phosphorus (OP) poisoning were included
in the study as per the inclusion criteria, of
which 89% of cases reached the hospital in
24 hours and the rest 11% reached within
24-48 hours (Figure 1).

It was observed that 66 patients were males
(69.5%) and 28 were females (29.5%)
(Figure 2) with age ranging between 17-70
years. The majority are between the age
groups 21-40 years (n= 57, 60.6%) (Figure
3).

Severity Scale

As per the Glasgow Coma Scale (GCS)
there were 52 patients in the minor category
(GCS>13), 32 patients in moderate category
(GCS 9-12) and 10 patients in severe group
(GCS<B) (Table 1).

Cholinesterase levels were measured and
was classified as per levels mentioned in
[6]. Three values of cholinesterase were
them was

taken and the lowest of

considered for calculation.  For easier
tabulation we divided into three groups —
normal, low normal (which included levels
in latent poisoning) and very low (which
included levels in mild, moderate and severe
poisoning). There were 17 cases in normal
group, 18 cases in low normal group and 59
cases in very low group as shown in Figure

4.
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There were 5 patients with deranged LFT all
of them were attributed to the chronic
alcohol abuse. There was mild rise in
ALT/AST levels with low Albumin levels.
Only 1 patient developed severe renal
failure.

All patients were given gastric lavage
irrespective of gastric lavage given from
outside. All patients received bolus doses of
atropine till signs of atropinisation like
pupillary mydriasis, dry mucosa and heart
rate. more than 100/min followed by
atropine maintenance dose through infusion
(0.6mg/ml). This was supplemented by
giving additional doses of atropine to regain
quick control of secretions or severe
bradycardia when indicated. Patients with
severe poisoning received larger doses of
atropine. Glycopyrrolate are used alone or
in combination with atropine in reducing
secretions.

Pam Dose and Outcome

Continuous infusion pralidoxime regimen
Vs Intermittent pralidoxime regimen was
studied. There were 26 patients who
received the infusion regimen and 54 cases
received intermittent regimen.

There were 14 cases who did not receive
PAM (No PAM regimen).

atropine as well as glycopyrrolate. All

They received

groups received atropine.
The outcome measures like total atropine

requirement in each group, duration of

ventilation, duration of recovery from
poison effect and incidence of intermediate
syndrome were studied. Duration of
recovery from poison effect and duration of
ventilation excluding pneumonia cases were
also analysed.

Seventy four patients (78.7%) recovered
completely from the poison effect. Nine of
them (9.6%) had sequela in the form of non-
resolving pneumonia with respiratory failure
at time of discharge, there was 1 patient
who developed blindness probably due to
prolonged hypoxic ischemic
encephalopathy, 3 others had features of
hypoxic encephalopathy, 1 patient who had
decubitus ulcer at time of discharge due to
prolonged recumbency.

Eleven of them (11.7%) expired. The most
common cause of death was severe
pneumonia and sepsis. Three of them had
sepsis and other 3 had severe pneumonia.
One patient had ARDS. Refractory shock
was seen in 1 person. Renal failure seen in 1
patient, rhabdomyolysis in 1 patient.
Severity of Poisoning

Similarly in GCS severity scale the patients
of No PAM, intermittent and infusion
groups were divided as per severity as
mentioned in Table 2.

Primary Outcome

As shown in Table 3, in No PAM group 13
(92.9%)

expired (7.1%). In intermittent group 41

patients recovered, 1 patient
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patients (75.9%) recovered, 6 patients had
sequela (11.1%) and 7 expired (13%). In
infusion group 20 of them
(76.9%), 3 had sequel (11.5%), 3 expired
(11.5%). P value=0.07

According to severity as per [5], patients

recovered

were divided under each severity and
outcome in each of these groups with PAM
dosing was analysed.

In Grade O severity, patients in all the 3
groups had recovered. In grade 1, in No
PAM group 5 out of 5 improved (100%), in
intermittent group 13 out of 16 improved
(81.3%) and 6 out of 6 (100%) improved in
infusion group. As severity increase in
grade 3, under No PAM group, 1 out of 1
recovered, 8 out of 15 (53.3%) recovered in
intermittent group and in infusion 5 out of 8
(62.5%)recovered

expired in intermittent group whereas 1 out

. 4 out of 15 patients

of 8 only expired in infusion group (Table
4).

Secondary Outcome

Secondary outcome in terms of median dose
of atropine requirement, mean days required
for ventilation, mean days for recovery from
effect of poison and percentage of
intermediate syndrome was evaluated.
Secondary outcome was assessed in only
those who recovered completely in all the
groups.

Median Total Atropine Requirement

In the No PAM group the median

requirement for atropine was 84 mg
(Interquartile range from 9- 215 mg). In the
intermittent group the median requirement
for atropine was 333 mg (Interquartile range
from 83- 1619 mg). In the infusion group
the median requirement for atropine was
171 mg (Interquartile range from 71-484
mg). There was statistical significance with
p value of 0.016 as shown in Table 5. It was
observed that the median dosage for
atropine was less in infusion group
compared to the intermittent group. The No
PAM group also required less, this was
attributed to the fact that many of them
received glycopyrrolate along with atropine,
which reduced the requirement of atropine.
Mean Ventilatory Period

In infusion group out of 26 patients, 12
patients did not require ventilator. Similarly
in Intermittent group out of 54 patients, 30
patients did not require ventilator.

The number of days required for ventilation,
in all the grades of severity (as per [5]) in
the infusion and intermittent groups, among
those who recovered (without any sequela)
were analysed.

In Infusion group in Grade 1, mean days
required for ventilation was 4.5 days (range
from 2-7 days).In grade 2 it was 9.5 days
(range from 7-12 days) and in grade 3 it was

6.25 days (range from 2-9 days).
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In Intermittent group in Grade 1, mean days
required for ventilation was 8.3 days (range
from 4-13 days). In grade 2, mean days
required was 7.5 days (range 5-10 days) and
in grade 3 it was 6.3 days (range from 1-10
days).

However when those patients who had
pneumonia were excluded and the mean
ventilator days were reassessed, In the
infusion group ,in grade 1 mean days
required was 2 days and in grade 3 it was
4.5 days. In the intermittent group in grade 1
it was 4 days and in grade 3 it was 6 days.
Mean Days of Recovery from Poison
Effect

The number of days required for recovery
from poison, in all the grades of severity (as
per [5]) in the infusion and intermittent
groups, among those who recovered
(without any sequela) were analysed.

In intermittent group 41 out of 54 recovered
and in infusion group 20 out of 26 recovered
completely without any sequela.

In intermittent group in grade O the mean
days required for recovery from poison was
8 days (range from 2-20 days). In grade 1 it
was 8.14 days (range from 2-22 days), in
grade 2 it was 11 days (range from 5-22
days). In grade 3 it was 11.1 days (range
from 5-18 days).

In the infusion group in grade 0 mean days
required for recovery from poison was 6

days (range from 3-8 days). In grade 1 it

was 5.6 days (range from 4-10 days), in
grade 2 it was 9.4 days (range from 7-13
days), in grade 3 it was 9.6 days (range from
8-11 days).

Percentage of Intermediate Syndrome
The percentage of Intermediate syndrome in
No PAM group was 7.1%, in intermittent
group it was 22.2% and in infusion group it
was 3.8% which was statistically significant
with p value of 0.04 as shown in Table 6.
Cost of Treatment

(1 vial of PAM = Rs 180)

Continuous infusion regimen the cost was
12000-14000
Intermittent group the cost was around
5000-6000 rupees.

So in terms of cost, intermittent will be

around rupees and in

better as most of our patients are of low
socioeconomic group, but in terms of
recovery and mortality, infusion is better in
moderately to severe cases and that is the
primary outcome in this study on OP
poisoning.

DISCUSSION

The acetylcholinesterase inhibited by
oganophosphorus is reactivated by Oximes
[7]. Some of these oximes are pralidoxime,
obidoxime and trimedoxime. Among these
pralidoxime remains the most widely used
for the treatment of Organophosphorus
poisoning. Despite of its vast use, the
effectiveness of pralidoxime, has been much
debated,

with many Asian clinicians
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considering it ineffective [8-10]. The
randomised controlled clinical trial done in
Vellore, India in the early 1990s showed the
ineffectiveness of pralidoxime in the
patients seen at this hospital and also
showed the possibility of harmful effects
caused by low-dose infusions of
pralidoxime [11-14]. The Cochrane review
based on two randomised controlled trials
[12-13]

benefit or harm. The other meta-analyses

reported no clear evidence of

combined non-randomised or historically
controlled observational studies [8, 15-19]
with randomised controlled trials [11, 12,
20] reducing confidence [21, 22] in their
conclusion that oximes are harmful.

A randomised controlled trial in Baramati,
India [23] studied the effect of very-high-
dose pralidoxime iodide (2 g loading dose,
then 1 g either every hour or every 4 h for
48 h, then 1 g every 4 h until recovery) in
200 patients with moderate
organophosphorus poisoning. The high-dose
regimen was associated with reduced case
fatality, fewer cases of pneumonia, and
reduced time on mechanical ventilation.
However, this study suggests that large
doses of pralidoxime could have benefit if
patients are treated early and have good
supportive care. But the study did not find a
difference in  benefit of high-dose
pralidoxime in moderate dimethyl or diethyl

organophosphorus poisoning.

Observational studies of pralidoxime and
obidoxime suggest that the ability to reverse
acetylcholinesterase inhibition with oximes
varies with the pesticide ingested [13, 24-
inhibited by
diethyl pesticides, such as parathion and

26]. Acetylcholinesterase

quinalphos, seems to be effectively

reactivated by oximes, but
acetylcholinesterase inhibited by dimethyl
organophosphorus, such as monocrotophos
or oxydemeton-methyl, seems to respond
poorly. Further studies are needed to
establish whether this benefit remains for
severe poisoning.

WHO recommends that oximes be given to
all symptomatic patients who need atropine
[27-28]. To

concentration, a loading dose of oxime is

ensure a therapeutic
given, followed by a continuous infusion.
The loading dose of oxime should not be
given rapidly as a bolus as it causes
vomiting (risking aspiration), tachycardia,
and diastolic hypertension [7].

In the present study, 80 patients received
PAM but dose varied as some patients
received infusion regimen and others the
intermittent regimen. 14 patients did not
receive PAM.

Baseline severity was assessed by using the
clinical severity indices based on [5] and
GCS severity scale. Primary outcome in
terms of percentage of recovery, percentage

of sequel or percentage of those expired
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were compared with dosage regimen. In the
No PAM group there were 92.9% recovery,
0% sequel and 7.1% expired. In the
group 75.9%
recovery with 11.1% sequel and 13%
In the

intermittent there were

expired. infusion group 76.9%
recovery, 11.5 % sequel and 11.5% expired.

group
recovery was better with infusion group

Compared to the intermittent
although sequela was more or less the same
in the two groups. The percentage of
patients expired was more in intermittent
group (13%) compared to infusion group
(11.5%). It was observed that in terms of
primary outcome infusion regime was better
than intermittent regimen. There was no
=0.07

(probably due to lesser number of cases).

statistical ~significance p value
Assessment of secondary outcome like
median total atropine dose required in mg,
mean days required for ventilation, mean
days of recovery from poison and
percentage of intermediate syndrome was
done. Atropine was given to all patients.
The dosages of atropine requirement were
significantly different in various grades of
severity of poisoning. Atropine requirement
increased with the severity of poisoning.
These findings were similar to those of [29].
The median atropine requirement in
infusion group was reduced significantly (p
value=0.016). The incidence of intermediate

syndrome was less in infusion group

compared to intermittent group (p
value=0.04). The mean days required for
ventilation in the infusion group in grade 1
was 4.5 days(range from 2-7 days) and as
severity increased to grade 3 it was 6.25
days (range from 2-9 days). In Intermittent
group in Grade 1, mean days required for
ventilation was 8.3 days (range from 4-13
days) and in grade 3 it was 6.3 days (range
from 1-10 days). However when those
patients who had pneumonia were excluded
and the mean ventilator days were
reassessed, In the infusion group ,in grade 1
mean days required was 2 days and in grade
3 it was 4.5 days. In the intermittent group
in grade 1 it was 4 days and in grade 3 it
was 6 days. Hence it was observed that in
infusion group the mean days for ventilatory
requirement was less compared to
intermittent group, when the pneumonia
cases were excluded, as the development of
pneumonia also interfered with the
ventilatory period.

The mean days required for recovering from
poison effect was assessed. In intermittent
group in grade O the mean days required for
recovery from poison was 8 days (range
from 2-20 days) whereas in grade 3 it was
11.1 days (range from 5-18 days). In the
infusion group in grade 0, mean days
required for recovery from poison was 6
days (range from 3-8 days) whereas in grade

3 it was 9.6 days (range from 8-11 days).
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Hence mean days required to recover from
poison was less in infusion group compared
to intermittent group.

So here in infusion group median atropine
requirement was reduced, percentage of
intermediate syndrome was less, percentage
of recovery was better and had less
percentage of mortality. The mean days for
ventilatory period excluding pneumonia
cases showed that infusion group required
lesser days and mean days to recover from
poison was also lesser in infusion group.
There are few studies which support the
benefit and risks of continuous infusion. A
study carried out on OP poisoned patients

by Pawar et al®

compared 1 gm/hour
infusion regimen with 1g/4"™ hourly bolus
administration. A case series by Singh et al
201 showed that there was a decrease in
mortality rate when continuous infusion of
7.5 mg/kg/h PAM was administered in
moderate and severe OP poisoned patients.
According to [30], the four randomized
clinical trials carried out on total 277 OP
patients did not prove efficacy of PAM in
OP poisoning. The major problem
associated with these studies were that dose
of PAM used was not sufficient to reactivate
enzymes inhibited by OP compound. In
other study by [31] showed that the
treatment with PAM did not make any
difference in moderate and severe OP

poisoned patients.

In terms of cost, intermittent will be better
as most of our patients of low
socioeconomic group but in terms of
recovery and mortality infusion is better in
moderately to severe cases and that is the
primary outcome in this study on OP
poisoning.
CONCLUSION
It is evident from our study that PAM when
administered as 500 mg/hour infusion there
was better clinical improvement and less
mortality. The incidence of intermediate
syndrome was found to be less in infusion
group and the median dose of atropine
requirement was also less in this group. The
mean  ventilatory period (excluding
pneumonia cases) was lesser for infusion
group and the mean days to recover from
poison was also less in infusion group.
Furthermore multicenter studies are required
to prove the benefits of pralidoxime
continuous infusion.
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Table 1: Severity of Poisoning as Per Glasgow Coma Scale

Glasgow Coma Scale Frequency Valid Percent
Minor (> 13) 52 55.3
Moderate (9-12) 32 34.0
Severe (£8) 10 10.6
Total 94 100.0
Table 2: Glasgow Coma Severity Scale
GCS Severity PAM DOSING Total
Scale No PAM Intermittent Infusion
Minor Count 8 29 15 52
>13 % within PAM dosing 57.1% 53.7% 57.7% 55.3%
Moderate Count 6 16 10 32
9-12 % within PAM dosing 42.9% 29.6% 38.5% 34.0%
Severe Count 0 9 1 10
<8 % within PAM dosing 0% 16.7% 3.8% 10.6%
Total Count 14 54 26 94
% within PAM dosing 100.0% 100.0% 100.0% 100.0%
Table 3: Primary Outcome and PAM Dosing
Primary PAM Dosing Total
Outcome No PAM Intermittent Infusion
Recovered Count 13 41 20 74
% within PAM dosing 92.9% 75.9% 76.9% 78.7%
Sequela Count 0 6 3 9
% within PAM dosing 0% 11.1% 11.5% 9.6%
Expired Count 1 7 3 11
% within PAM dosing 7.1% 13.0% 11.5% 11.7%
Total Count 14 54 26 94
% within PAM dosing 100.0% 100.0% 100.0% 100.0%
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Table 4: Outcome, PAM Dosing, Severity (Bardin et al) Cross Tabulation

Severity-Bardin PAM Dosing
etal Outcome No PAM Intermittent Infusion Total
Grade 0 Recovered Count 3 13 4 20
YR
% Wéth'.“ PAM 1 100.0% 100.0% 100.0% 100.0%
osing
Total Count 3 13 4 20
YR
% Wéth'.” PAM | 100.0% 100.0% 100.0% 100.0%
osing
Grade 1 Recovered Count 5 13 6 24
YR
% Wéth'.” PAM 1 100.0% 81.3% 100.0% 88.9%
osing
Sequela Count 0 1 0 1
% within PAM 0% 6.3% 0% 3.7%
dosing
Expired Count 0 2 0 2
% within PAM 0% 12.5% 0% 7.4%
dosing
Total Count 5 16 6 27
YR
% Wéth'.” PAM | 100.0% 100.0% 100.0% 100.0%
osing
Grade 2 Recovered Count 4 7 5 16
YR
o Wét(:‘s'i’:]g AM 1 80.0% 70.0% 62.5% 69.6%
Sequela Count 0 2 1 3
YR
% Wéth'.” PAM 0% 20.0% 12.5% 13.0%
osing
Expired Count 1 1 2 4
YR
o Wét(:‘s'i’:]g AM 1 20.0% 10.0% 25.0% 17.3%
Total Count 5 10 8 23
YR
% Wéth'.” PAM 1 100.0% 100.0% 100.0% 100.0%
osing
Grade 3 Recovered Count 1 8 5 14
YR
%o Wét(:‘s'lr:] gP AM 1 100.0% 53.3% 62.5% 58.3%
Sequela Count 0 3 2 5
YR
% Wéth'.” PAM 0% 20.0% 25.0% 20.8%
osing
Expired Count 0 4 1 5
YR
o Wét(:‘s'i’:]g AM 0% 26.7% 12.5% 20.8%
Total Count 1 15 8 24
YR
% Wéth'.” PAM 1 100.0% 100.0% 100.0% 100.0%
osing
Table 5: Atropine Requirement in Different Groups
Dosage Regimen Median Total Atropine Required (MG)
Intermittent 333 (83-1619)
Infusion 171 (71-484)
*P Value 0.016
* chi square test
Table 6: Intermediate Syndrome in Different Groups
Dosage Regimen Percentage of Intermediate Syndrome
No PAM 7.1%
Intermittent 22.2%
Infusion 3.8%
*p Value 0.04
* Chi Square Test
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