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a b s t r a c t

Background: To determine a new pralidoxime (PAM) treatment guideline based on the

severity of acute organophosphate intoxication patients, APACHE II score, and dynamic

changes in serum butyrylcholinesterase (BuChE) activity.

Methods: This is a randomization trial. All patients received supportive care measurements

and atropinization. Each enrolled patient was treated with 2 gm PAM intravenously as the

loading dose. The control group was treated according to the WHO's recommended PAM

regimen, and the experimental group was treated according to their APACHE II scores and

dynamic changes in BuChE activity. If a patient's APACHE II score was S26 or there was no

elevation in BuChE activity at the 12th hour when compared to the 6th, doses of 1 g/h PAM

(i.e., doubled WHO's recommended PAM regimen) were given. The levels of the serum

BuChE and red blood cells acetylcholinesterase and the serum PAM levels were also

measured.

Results: Forty-six organophosphate poisoning patients were enrolled in this study. There

were 24 patients in the control group and 22 patients in the experimental group. The

hazard ratio of death in the control group to that of the experimental group was 111.51 (95%

CI: 1.17e1.613.45; p ¼ 0.04). The RBC acetylcholinesterase level was elevated in the exper-

imental group but was not in the control group. The experimental group did not exhibit a

higher PAM blood level than did the control group.

Conclusion: The use of PAM can be guided by patient severity. Thus, may help to improve

the outcomes of organophosphate poisoning patients.
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At a glance commentary

Scientific background on the subject

The use of pralidoxime in the treatment of organophos-

phate poisoning is still under investigations. Studies have

shown that a higher mortality was observed among se-

vere intoxicated patients with the convention treat-

ments. Therefore, it is required to treat the patients

according to their organophosphate intoxicated severity.

What this study adds to the field

This study found that the severity index, such as APACHE

score, can be a guide for designing pralidoxime dose.

Better patient outcomes were observed when treated

according to their organophosphate intoxicated severity.

The findings suggest an innovative tailored-made treat-

ment protocol to organophosphate intoxicated patients

in the future emergency medicine practice.
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Acute pesticide poisoning is a major global health problem

across the world [1,2]. In Taiwan, organophosphate intoxica-

tion accounted for 26.97% of all of the pesticide poisonings [3].

Acute respiratory failure and even death are quite common

outcomes of acute organophosphate (OP) poisoning [4]. PAM

has been used as an antidote for the treatment of acute OP

poisoning patients; however, its use remains controversial

[5e7]. The WHO's recommended PAM regimen (in adults,

30 mg/kg bolus, followed by a continuous infusion of 8 mg/kg/

h to rapidly achieve and maintain a concentration of PAM

above 4 mg/L) is based on animal studies [8]; moreover, the

type of OP pesticide and the poisoning dosage influence the

effects of treatment with PAM [9e14]. Thus, the clinical pre-

sentations and severity of OP poisoning may be complicated,

and the effectiveness of PAM treatment requires re-

examination.

According to the available literature, the acute physiology

and chronic health evaluation II (APACHE II) score and serial

cholinesterase changes are two OP poisoning severity

assessment tools [15e17]. Higher mortality rates were

observed among those with higher APACHE II scores in pre-

vious studies [15,16]. Increasing patient mortality rates was

associated with the absence of elevating butyrylcholinester-

ase (BuChE) activity within 48 h of poisoning although they

were treated with the similar PAM dosages. [17] Therefore, it

seems reasonable that these effects may be linked to PAM

dose prescriptions.

Based on the hypothesis that PAM dosages should be

determined according to the severity of acute OP poisoning,

this study aimed to examine the effectiveness of tailored

treatment for acute organophosphate poisoning patients.

Therefore, this study assessed a new PAM dosage regimen

that is based on the severity of acute OP poising (i.e., APACHE

II score) and dynamic changes in serumBuChE activity. Serum

PAM concentrations, the changes of serum BuChE and red
blood cell AChE (RBC AChE) activities were also measured to

investigate how these factors were related to the prognosis

and toxicokinetics of acute organophosphate poisoning

patients.
Methods

Study design and patient population

This study received the approval of our local ethics com-

mittee (97-2306A3), and written informed consent was ob-

tained from each patient or their closest relatives. This

study was a randomized open-label controlled study.

Randomization was performed by flipping a coin by research

nurse at the admission of patients if included in the study.

The study period was from August 2010 to July 2013. We stop

the trial at the end of the study period. Patients who visited

the emergency department of the Linkou Chang-Gung Me-

morial Hospital or the China Medical University Hospital

were enrolled. The Linkou Chang Gung Memorial Hospital is

a 3000-bed medical center, and the China Medical University

Hospital is a medical center that is located in the central

area of Taiwan. Patients aged >16 years presenting with

evidence of OP poisoning were included in this study. The

identification of OP poisoning was based on exposure his-

tory, clinical features, and decreased plasma BuChE activi-

ty(less than 3000 U/L). The study excluded patients with any

of the following conditions: (1) an uncertain history of

exposure or an uncertain time of poisoning, (2) carbamate

poisoning, (3) coingestion with other fatal intoxicants or

fatal injuries, (4) intoxication time more than 24 h, and (5)

pregnancy.
Treatment protocol

The patients were randomly divided into a control group and

an experimental group. Each enrolled patientwas treatedwith

gastric lavage, activated charcoal administration when no

contraindications were present and airway protection when

needed. Other supportive treatments, such as endotracheal

intubation for acute respiratory patients, were also performed

when needed. Appropriate atropine doses were administered

according to patients' clinical presentations, i.e., 1mg atropine

intravenously every 10 min until “dry lung”. Each enrolled

patient was treated with 2 gm PAM intravenously as the

loading dose. The control group was treated according to the

WHO's recommended PAM regimen, i.e., 500 mg/h. The

experimental group was treated according to their APACHE II

scores (if that score was S26) and dynamic changes in BuChE

activity [Fig. 1]. If a patient's APACHE II score wasS26 or there

was no elevation in BuChE activity at the 12th hour when

compared to the 6th BuChE activity ([BuChE]12 � [BuChE]6/

[BuChE]12 <5%), doses of 1 g/h PAM (i.e., doubled WHO's rec-

ommended PAM regimen) were given [16,17]. PAM was dis-

continued when the patient was free of OP poisoning

symptoms and signs or the patient experienced treatment

failure.

http://dx.doi.org/10.1016/j.bj.2016.11.001
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n=66

Fig. 1 e Study synopsis.
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Outcome measurement

The pre-defined outcomes were in hospital mortality as the

main outcome, intubation rate and intermediate syndrome

were the secondary outcomes.
Data acquisition

This study examined the following data: demographic factors

(age, sex, and body weight), history of intoxication (specific

OP agents, times and routes of exposure, intentional or

accidental exposure), clinical manifestations, emergency

department (ED) triage vital signs, the total amount of PAM

used within 48 h of poisoning, the total amount of atropine

used, intermediate syndrome and the hospitalization day.

The laboratory data required for APACHE II scores (i.e., white

blood cell count, hematocrit, platelet count, serum blood urea

nitrogen, creatinine, sodium and potassium concentrations,

and arterial blood gas) were used to determine severity of

each patient's poisoning. Serum BuChE or RBC AChE activities

were measured at arrival and every 6 h until 24 h and at 48 h

after poisoning. Intubation and mortality were our mea-

surement end points. BuChE activities were measured with
Kodak Ektachem Clinical Chemistry Slides, which are dry,

multilayered, analytical elements. The normal range is

3000e9300 U/L. The coefficient of variation for this test was

lower than 3.5%, when the measured samples were greater

than 1160 U/L. Thus, an increase in BuChE activity was

defined as an elevation of the follow-up BuChE activity of 5%.

Side effects of PAM, such as arrhythmias, hypertension, and

blurred vision, were also recorded [18e20]. RBC AChE activ-

ities were measured according to the method described by

Padilla et al. [21].
Statistical methods

Continuous variables are expressed as the median (Q1, Q2),

and categorical variables are displayed as frequencies and

percentages (%). For univariate analysis between groups, we

used Wilcoxon rank sum test for continuous variables, and

the c2 test for categorical variables. Variables found to be

statistically significant in the univariate analysis were

selected as candidates for the subsequent multivariable Cox

regression analysis. Multi-variable adjusted hazard ratios

were used to express the strength of the influence of each

factor on mortality. A p value less than 0.05 was considered

http://dx.doi.org/10.1016/j.bj.2016.11.001
http://dx.doi.org/10.1016/j.bj.2016.11.001
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statistically significant. All statistical analyses were per-

formed using SAS statistical software version 9.3 (SAS Insti-

tute, Cary, NC).
Results

Participant characteristics, poisoning severities, drug doses
and outcomes

A total of 66 patients were assessed on ED admission, and 46

patients met our criteria for eligibility, provided consent, and

were randomized into the trial. Twenty patients were

excluded due to the following reasons: carbamate poisoning

(n ¼ 6), pregnancy (n ¼ 1), co-ingestion of other intoxicants

(n ¼ 5), normal cholinesterase level (n ¼ 2), and no inform

consent (n ¼ 6).Twenty-four patients were eligible in the

control group, and 22 patients were included in the experi-

mental group [Fig. 1]. The demographic characteristics of the

patients are presented in Table 1. Therewere no differences in

basic characteristics between the two study groups. The me-

dian (Q1, Q3) age was 56.0 (46.0, 71.0) and 62.0 (50.0, 75.5) years

old (p ¼ 0.34) in the experimental group and control group,

respectively. Both groups were male predominantly (n ¼ 32,

71.7%). The types of causative organophosphates were diethyl
Table 1 e Demographic characteristics of the enrolled patients

Experiment grou

Median (Q1, Q3)

Age 56.0 (46.0, 71.

Gender Male 16 (72.72)

Female 6 (27.27)

Body weight 66.0 (55.8, 75.

Types of OP Diethyl 11 (50.00)

Dimethyl 8 (36.36)

Unknown 3 (13.63)

Manner of poisoning Intentional 18 (85.71)

Accidental 1 (4.76)

Unknown 2 (9.52)

Route of exposure Oral 20 (90.91)

Inhalation 0 (0.00)

Dermal 2 (9.09)

ED vital signs

BT (�C) 36.1 (35.9, 36.

HR (/min) 95.0 (88.0, 112

RR (/min) 20.0 (18.0, 20.

SBP (mmHg) 151.0 (131.0, 1

DBP (mmHg) 87.0 (84.0, 94.

Laboratory variables

WBC (1000/ml) 9.6 (7.0, 15.9)

Hct (%) 42.0 (36.2, 45.

Plt (1000/ml) 233.0 (162.0, 2

BUN (mg/dL) 16.8 (15.0, 19.

Cr (mg/dL) 0.9 (0.84, 1.21

Na (mEq/L) 139.0 (138.0, 1

K (mEq/L) 3.4 (3.1, 3.7)

PH 7.4 (7.3, 7.4)

HCO3 (mm/L) 21.1 (18.8, 23.

PO2 (mmHg) 81.1 (65.0, 157

PCO2 (mmHg) 38.1 (31.8, 42.

a Wilcoxon rank sum test was used for continuous variables, and c2 test
(n ¼ 28, 60.9%), dimethyl (n ¼ 12, 26.1%) and unknown (n ¼ 6,

13%). Most of the enrolled patients were suicidal (n ¼ 41,

91.1%), and oral ingestion (n ¼ 43, 93.5%) was the major route

of poisoning. Table 2 illustrates the comparisons of the initial

and serial changes in BuChE, RBC AChE activities, poisoning

severities, and outcomes. There was no different poisoning

severity existed between these two groups because of there

were no differences in the initial and follow up BuChE, RBC

AChE activities (differences between the 6th hour BuChE or

RBC AChE the 12th hour) and different poisoning severities

scores (APACHE II, amylase and QTc interval). Also, there were

no difference in atropine doses, total amount of PAM doses

and duration of PAM usage between these two groups, how-

ever, the experiment group had higher PAM doses before 48 h

after treatment (31.55 ± 10.20 gm vs. 22.27 ± 5.87 gm,

p ¼ 0.001). In assessment of the outcomes, as shown in Fig. 2

and Table 2, the rate of intubations and intermediate syn-

drome had no difference between the two study groups. The

overall mortality in this trial was 8/46 (17.39%). The mortality

was higher among the patients who received the WHO's rec-

ommended PAM regimen (control group: 7/24 [29.17%]) than in

the experimental group (1/22 [4.55%]; p ¼ 0.048 and Fig. 3). The

multivariate-adjusted hazard ratio of death of the control

group was 111.15 (95% CI ¼ 1.71e10613.45; p ¼ 0.04) that of the

experimental group. Moreover, we found two other indicators,
.

p (n ¼ 22) Control group (n ¼ 24) p valuea

or n (%) Median (Q1, Q3) or n (%)

0) 62.0 (50.0, 75.5) 0.34

17 (70.83) 0.89

7 (29.17)

0) 60.0 (54.0, 65.0) 0.21

17 (70.83) 0.28

4 (16.67)

3 (12.50)

23 (95.83) 0.30

1 (4.17)

0 (0.00)

23 (95.83) 0.21

1 (4.17)

0 (0.00)

5) 36.0 (35.5, 36.5) 0.74

.0) 86.5 (74.0, 107.5) 0.25

0) 19.0 (17.5, 20.0) 0.52

64.0) 138.0 (124.0, 170.0) 0.55

0) 86.0 (75.0, 98.0) 0.76

17.5 (12.1, 19.7) 0.03

7) 42.3 (38.8, 45.8) 0.49

77.0) 228.5 (175.5, 269.5) 0.74

0) 15.7 (12.4, 28.4) 0.94

) 1.1 (0.9, 1.5) 0.06

41.0) 141.0 (136.5, 142.5) 0.37

3.4 (3.0, 3.8) 0.81

7.4 (7.3, 7.4) 0.46

6) 19.7 (16.9, 23.6) 0.46

.5) 87.0 (60.5, 153.9) 0.80

0) 36.2 (27.4, 40.0) 0.45

was used for categorical variables.

http://dx.doi.org/10.1016/j.bj.2016.11.001
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Table 2 e Serum BuChE, RBC AChE activities, poisoning severities, and outcomes.

Experimental group (n ¼ 22) Control group (n ¼ 24) p valuea

Median (Q1, Q3) or n (%) Median (Q1, Q3) or n (%)

AChE activity

BuChE (0 h) 2087.5 (1167, 3723) 1504 (1033, 2253) 0.15

RBC AChE (0 h) 3569 (1576, 6594) 2611 (1424, 4246.5) 0.27

△BuChE12e6
b 148 (�194, 960) 32.5 (-831, 397) 0.11

△BuChE12e6 S5% 9 (47.40) 10 (52.60) 0.56

△RBC AChE12e6
b 144 (�721, 616) �193.5 (-1069, 332) 0.32

Poisoning severity

APACHE II S26 2 (9.09) 4 (16.67) 0.67

<26 20 (90.91) 20 (83.33)

Amylase (U/L) 93 (47.5, 162) 107 (45, 193) 0.73

EKG_QTc (ms) 458 (442, 473) 473 (435, 516) 0.34

Drugs dosage

Total amount of Atropine (mg) 5.5 (0, 33) 2 (1, 15) 0.92

Total amount of PAM before 48 h (gm) 24 (24, 42) 24 (24, 24) <0.001
Total amount of PAM after 48 h (gm) 20 (5, 77) 12 (0, 32) 0.28

Total amount of PAM (gm) 52 (36, 101) 36 (24, 56) 0.09

Duration of PAM (h) 72 (48, 240) 55 (48, 120) 0.45

Outcomes

Intubationc No 11 (50.00) 7 (29.17)

Yes 11 (50.00) 17 (70.83) 0.25

Mortalityc Survive 21 (95.45) 17 (70.83)

Death 1 (4.55) 7 (29.17) 0.05

Intermediate syndrome No 14 (63.64) 19 (79.17)

Yes 8 (36.36) 5 (20.83) 0.40

a Wilcoxon rank sum test was used for continuous variables, and c2 test was used for categorical variables.
b △BuChE12e6 and △RBC AChE12e6: the difference between the 6th hour BuChE and RBC AChE at the 12th hour.
c Hazard ratio (95% CI) of intubation occurrence and mortality was 7.23 (0.89, 58.88) and 1.97 (0.85, 4.59), respectively, performed by Cox

regression model.
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respiratory rate and APACHE II score, that were significantly

associated with mortality. The multivariate-adjusted hazard

ratios for respiratory rate and APACHE II scoresS26 were 0.42

(95% CI ¼ 0.23e0.76; p ¼ 0.004) and 7.82 (95% CI ¼ 1.01e60.33;

p ¼ 0.05), respectively [Table 3].
Acetylcholinesterase activity within 48 h

The changes in BuChEwere not associatedwith time andwere

not significantly different between the two study groups

within the first 48 h after PAM treatment [Fig. 4A]. However,

the patterns of changes in the RBC AChE activities were

significantly different between the two study groups [Fig. 4B].

An increase in RBC AChE was observed in the experimental

group (slope ¼ 0.207), and a decrease was observed in the

control group (slope ¼ �0.34).
Fig. 2 e KaplaneMeier overall intubation by minutes of

organophosphate poisoning patients, p ¼ 0.0998.
Serum PAM concentration and its adverse effect

All patients had serum PAM concentrations exceeding 4 mg/

L. There was no statistically significant difference in serum

PAM concentrations between the groups at any time points

[Table 4]. There was no liver injury found in both study

groups. Patients in the experiment group had higher systolic

blood pressure in 24 h (142.77 ± 40.71/82.27 ± 23.10 vs.

148.45 ± 28.83/87.14 ± 17.68, p ¼ 0.59) but return to normal

blood pressure within 48 h (128.73 ± 23.82/71.73 ± 15.99 vs.

126.90 ± 23.34/74.70 ± 16.36, p ¼ 0.80).
Discussion

Gunnell and Eddleston estimated that approximately 300,000

deaths/year occur due to intentional pesticide poisoning in

developing countries [2]. The mortality of the experimental

group of this study was found to be 4.5% that was much lower

than that of the control group. Consequently, the results of

http://dx.doi.org/10.1016/j.bj.2016.11.001
http://dx.doi.org/10.1016/j.bj.2016.11.001


Fig. 3 e KaplaneMeier overall survival by days of

organophosphate poisoning patients, p ¼ 0.0271.

Fig. 4 e A. BuChE activities over 48 h between the two study

groups. B. Changes in RBC cholinesterase observed between

the two study groups. 0e6 ¼ [AChE]12 � [AChE]6/[AChE]12, etc.

Table 4 e Serum PAM concentrations at the different time
points.

PAM (mg/L) Experimental group Control group p value

Median (Q1, Q3) Median (Q1, Q3)

0 h (loading) 2.78 (0.28, 17.78) 0.35 (0.00, 11.91) 0.49

6th hour 17.5 (5.51, 29.93) 23.59 (11.63, 56.48) 0.20

12th hour 25.58 (15.18, 32.19) 24.32 (14.59, 39.75) 0.97

18th hour 50.14 (21.43, 72.61) 26.93 (16.20, 37.66) 0.49

48th hour 22.42 (11.90, 67.15) 27.68 (20.41, 74.7) 0.53
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this study challenge the value of PAM in the treatment of

organophosphate intoxication, which remains a matter of

controversy. In a meta-analysis conducted by Buckley et al.,

the authors stated that the current evidence is insufficient to

indicate whether oximes are harmful or beneficial. These

authors also concluded that their findings did not support the

WHO-recommended regimen. Nevertheless, these authors

suggested that flexible dosing strategies based on patient

subgroup analyses might be required [7]. In this study, we

demonstrated that the treatment of organophosphate

poisoning should be based on the severity of the each patient

poisoning. We also found that the WHO's recommended PAM

blood level is not ideal for the management of organophos-

phate poisoning. As proposed by Eyer and other authors, the

guideline for the administration of 4 mg/L PAM should be

further revised and discussed [22,23]. Pawar et al. suggested

that a high-dose regimen of PAM that consists of a constant

infusion of 1 g/h for 48 h following a 2 g loading dose reduces

the morbidity and mortality of moderately severe cases of

acute organophosphorus pesticide poisoning [24]. The results

of our study corroborate this finding and suggest that higher

PAM doses should be used for patients with more severe

poisoning. In contrast to Pawar's suggestion, a dynamic

treatment protocol based on the severity of the patient's
organophosphate intoxication would be more flexible.

One of the main factors limiting the success of PAM ther-

apy is the continuing presence of high concentrations of or-

ganophosphates in the plasma [25]. Previous studies have
Table 3 e Cox regression model for mortality among acute org

Variables Hazard r

Group (control vs. experiment) 111.51

Age (each increment in 1 year) 1.02

Gender (male vs. female) 3.48

Body temperature (each increment in 1 �C) 0.52

Respiratory rate (each increment in 1/min) 0.42

APACHE II S26 (vs. <26) 7.82
shown that the rapid re-inhibition of reactivated AChE during

the first day following organophosphate intoxication is often

observed, particularly for those organophosphate with bio-

logical half-lives longer than one day [11,26]. Therefore, we

suggest that PAM should be administered by continuous

infusion following an initial bolus dose to counteract the ef-

fects of the continuing presence of organophosphates.

Furthermore, in an in vitro model, Rios et al. demonstrated
anophosphate poisoning patients.

atio 95% CI p value

(1.171, 10,613.45) 0.04

(0.95, 1.10) 0.58

(0.50, 24.24) 0.21

(0.15, 1.84) 0.31

(0.23, 0.76) 0.004

(1.01, 60.33) 0.05

http://dx.doi.org/10.1016/j.bj.2016.11.001
http://dx.doi.org/10.1016/j.bj.2016.11.001
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that the recovery of AChE activity is PAM dose-dependent.

These authors therefore suggested that the maintenance of

higher plasma concentrations is the primary goal of organo-

phosphate intoxication treatment [26]. In their study, the

reactivation capacity of PAM clearly decreased after the

administration of PAM. A 23% reduction in efficacy occurred

after 6 h, and no protection was observed 24 h after PAM

administration. This in vivo observation provides a founda-

tion for our study findings. The increase in BuChE activity

between the 6th and 12th hours that was observed in our

study revealed the adequate protective effects of PAM treat-

ment. Additionally, BuChE ismainly synthesized in the liver at

a rate of approximately 5% per day [27]. Thus; an increase of

more than 5% in the early stage of treatment can be regarded

as a reasonable treatment target. Although many organo-

phosphates have half-lives that are longer than one day in

humans, the dose of PAM that we administered can last for at

least 48 h, and the supplementary treatment doses can suffi-

ciently cover the toxicokinetics of the organophosphates. This

reasoning may help to explain the observation that, at com-

parable intubation rates, the experimental group had a much

lower mortality rate than did the control group. In the early

phase of OP poisoning, the reactivation of AChE is slow; thus,

the toxic effects remain strong and cause respiratory failure

that results in the requirement of intubation even when PAM

is administered. However, this toxic effect may be abolished

with adequate and sustainable PAM administration just as our

study showed. The challenge for PAM therapy is to maintain

AChE levels. Our treatment regimen (which resulted in an

increase in BuChE activity between the 6th and 12th hours)

can maintain a sufficient level of AChE in the active state and

thereby retard the AChE aging rate.

There was no difference in the plasma PAM concentra-

tions between the experimental and control groups. A

mechanism that may potentially explain this finding is that

the PAM was consumed by the organophosphates and thus

reached an equilibrium in the circulation pool. However,

small group size in our study may be the other possible

explanation.

RBC AChE and serum BuChE are used as biomarkers of

organophosphates [28]. Thiermann et al. reported that RBC

AChE activity appears to be a suitable surrogate parameter

for synaptic AChE during the first few days of intoxication. A

strongly correlation exists between decreases in RBC AChE

activity and impairment of neuromuscular transmission.

However, increasing BuChE activity is observed during the

later stages of organophosphate poisoning [29]. We observed

in increase in RBC AChE activity in the experimental group

during the early phase of the patients’ intoxication, but

BuChE activity did not exhibit such a change. Our findings

are similar to those of a report by Thiermann et al. The RBC

AChE is suitable for therapeutic monitoring of oxime treat-

ment in cases of organophosphate poisoning because this

measure is an easily accessible proxy for synaptic AChE.

However, the measurement of RBC AChE is not currently a

routine practice; rather the determination of BuChE activity

is routinely performed. Additionally, organophosphate-

inhibited BuChE reactivating potency was found to be

remarkably lower than organophosphate-inhibited RBC

AChE [30]. Therefore, better outcomes can be anticipated if
the PAM treatment regimen can reactivate BuChE in the

early phase of treatment. Thus, our treatment guidelines

that increase BuChE activity between the 6th and 12th hours

after PAM administration seem to be suitable for the treat-

ment of OP poisoning patients.

Limitations

We demonstrated that the RBC AChE activities tended to in-

crease in the experimental group; nevertheless, this result

should be applied cautiously in the future due to the small

sample size of this study and the fact that observations were

made in only two medical centers. However, we have calcu-

lated the post hoc power based on ln(111.51), alpha ¼ 0.05, r [2]

of group with other covariates¼ 0.122, and SD of group ¼ 3.388

and found the statistical power of this study was 0.96. The

sample size is sufficiently to draw conclusion of this study. In

addition, the samples collected from two different medical

settings may cause variability derived from different sources

but the effect is nondifferential. We have compared the major

characteristics of study samples from the twomedical settings.

Although there were differences in age (median 65 vs. 52,

p ¼ 0.01) and gender (male, 21 vs. 12, p ¼ 0.04) between the two

hospitals, however, the APACHE II, the major characteristics

(severity index), of the study samples (median 9 vs. 11, p¼ 0.24)

and mortality rate (4/21 vs. 4/17, p ¼ 0.54) from the two hospi-

tals were not statistically different [Appendix Table A]. The

exposure doses were not accurately measured in the emer-

gency departments. A measurement bias due to the use of

recall questionnaires is likely existed in this study. The pa-

tients' outcomes may have been affected by pre-existing un-

derlying diseases. In this study, we adjusted for major

confounders in the regression model; however, uncontrollable

factors may contribute to the wide confidence interval of the

outcomes.
Conclusions

The use of PAM could be guided by APACHE II scores and the

reactivation rates of BuChE. We suggest a patient-tailored

treatment protocol with PAM doses based on the patient's
severity instead of WHO recommendation.
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Appendix
Table A e The comparison of basic characteristics and clinical features of poisoning patients from different hospital
sources.

Linkou Chang-Gung Memorial
Hospital (n ¼ 25)

China Medical University Hospital
(n ¼ 21)

p valuea

Median
(Q1, Q3) or n (%)

Median (Q1, Q3) or n (%)

Age 65 (57, 77) 52 (45, 68) 0.0115

Gender Male 21 (84) 12 (57.14) 0.0426

Female 4 (16) 9 (42.86)

Body weight 62 (57, 66) 61 (53, 70) 0.4187

APACHE II 9 (6, 17) 11 (8, 23) 0.2415

APACHE II S26 3 (12) 3 (14.29) 0.5784

<26 22 (88) 18 (85.71)

Mortality Survive 21 (84) 17 (80.95) 0.5438

Death 4 (16) 4 (19.05)

a Wilcoxon rank sum test was used for continuous variables, and c2 test/Fisher exact test was used for categorical variables.
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