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BACKGROUND: Acute organophosphorus pesticide poisoning (AOPP) is becoming a significant
problem and a potential cause of human mortality because of the abuse of organophosphate
compounds. This study aims to determine the independent prognostic factors of AOPP by using
multivariate logistic regression analysis. METHODS: The clinical data for 71 subjects with AOPP
admitted to our hospital were retrospectively analyzed. This information included the Acute Phys-
iology and Chronic Health Evaluation II (APACHE II) scores, 6-h post-admission blood lactate
levels, post-admission 6-h lactate clearance rates, admission blood cholinesterase levels, 6-h post-
admission blood cholinesterase levels, cholinesterase activity, blood pH, and other factors. Univar-
iate analysis and multivariate logistic regression analyses were conducted to identify all prognostic
factors and independent prognostic factors, respectively. A receiver operating characteristic curve
was plotted to analyze the testing power of independent prognostic factors. RESULTS: Twelve of
71 subjects died. Admission blood lactate levels, 6-h post-admission blood lactate levels, post-
admission 6-h lactate clearance rates, blood pH, and APACHE II scores were identified as prog-
nostic factors for AOPP according to the univariate analysis, whereas only 6-h post-admission blood
lactate levels, post-admission 6-h lactate clearance rates, and blood pH were independent prognostic
factors identified by multivariate logistic regression analysis. The receiver operating characteristic
analysis suggested that post-admission 6-h lactate clearance rates were of moderate diagnostic
value. CONCLUSIONS: High 6-h post-admission blood lactate levels, low blood pH, and low
post-admission 6-h lactate clearance rates were independent prognostic factors identified by mul-
tivariate logistic regression analysis. Key words: acute organophosphorus pesticide poisoning (AOPP);
multivariate logistic regression analysis; independent prognostic factors; receiver operating character-
istic curve. [Respir Care 2016;61(7):965–970. © 2016 Daedalus Enterprises]

Introduction

Since the 1980s, organophosphate compounds have con-
stituted the pesticides most widely used for controlling

agricultural pests throughout the world. However, such
compounds have a high potential for producing acute and
sub-acute toxicities in humans.1 Due to their lack of reg-
ulation and easy availability in the developing world, espe-
cially Asian countries, acute organophosphorus pesticide poi-
soning (AOPP) continues to be a significant problem and a
potential cause of human mortality.2 According to a report
from the World Health Organization, AOPP has become the
most common type of pesticide poisoning and is the cause of
�3 million human deaths worldwide each year.3 Presently,
primary hospitals bear the brunt of this problem and treat
hundreds of AOPP cases annually.

Prognostic factors are measurable characteristics asso-
ciated with the risk of a subsequent outcome in people
with a given disease or health condition, including simple
measures, such as body mass index, and complex mea-
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sures, such as biomarkers. They can contribute to design-
ing and analyzing trials4 and may even predict treatment
response.5 In AOPP, there are many factors that can be
applied to detect poisoning severity and death.

Although numerous strategies have been utilized for
detecting poisoning severity when exposed to organophos-
phate compounds, cholinesterase activity in plasma (or
acetylcholinesterase activity in whole blood) is considered
the preferred prognostic factor of acute organophosphorus
poisoning, because it facilitates decision making in the
duration of oxime therapy in cases of enzymes rapidly
aging.6 However, in developing countries, this clinical de-
cision is often delayed due to the lack of rapid laboratory
diagnostic tools needed to confirm an AOPP diagnosis.7-9

Additionally, scores of Acute Physiology and Chronic
Health Evaluation II (APACHE II), a disease severity clas-
sification system, are positively correlated with disease
severity and also are developing into a prognostic factor
for adult patients with AOPP admitted to ICUs.10,11 Re-
cently, the prognostic value of serum lactate levels has
been reported as being independent of the underlying crit-
ical illness or the presence of shock or organ failure.12-15

However, the most effective method for diagnosing AOPP
and the most important factor to consider when developing
a prognosis for patients with AOPP remain unknown. We
hypothesized that multivariable regression analysis would
reveal clinical risk factors suitable for prognostication in
organophosphate poisoning. Therefore, we conducted
this study to determine the independent prognostic factors of
AOPP by using multivariate logistic regression analysis.

Methods

Ethics Statement

The protocol for data collection of subjects with AOPP
was approved by the Ethics Committee of the First Peo-
ple’s Hospital of Fuyang, Zhejiang Province, China, and
the project number was 09A19.

Study Population

This retrospective study analyzed 71 subjects admitted
to the emergency department and subsequently the ICU of
Fuyang hospital, Zhejiang Province, for AOPP between
March 2009 and March 2013. Diagnoses of AOPP were
made in accordance with national emergency schemes for
the treatment of AOPP (GB7794-87) revised in 1987. The
subjects were selected according to the following condi-
tions. Patients with severe heart disease, heart failure, se-
vere liver disease, kidney disease, diabetes with metformin-
induced lactic acidosis, or cancer were excluded from the
study. Also excluded were patients who had received an
intravenous injection of sodium acetate, sodium acetate

Ringer solution, or sodium lactate Ringer solution prior to
or within 6 h after admission to the hospital, considering
that the lactate in Ringer solution may interfere with the
serum lactate levels and lactate clearance rate and worsen
liver and kidney failure. We included subjects who either
unintentionally or intentionally had consumed an organo-
phosphorus pesticide or who had been previously exposed
to an unknown dose of organophosphorus pesticide or pro-
vided incomplete data.

Clinical Evaluation

Each subject received a score based on their disease
severity as determined by the APACHE II system. Anal-
yses of blood lactate and cholinesterase levels, blood gases,
blood pH, base excess, and HCO3

� levels were performed
in the clinical laboratory unit of our hospital. After admis-
sion, each subject’s 6-h lactate clearance rate was calcu-
lated using the following equation: post-admission 6-h lac-
tate clearance � (admission blood lactate level � 6-h
post-admission blood lactate level)/admission blood lac-
tate � 100%. Cholinesterase activity was calculated as:
cholinesterase activity � admission blood cholinesterase
level/4,500. Data including each subject’s sex, age, time
from poisoning to treatment, duration of hospitalization,
duration of ICU stay, mechanical ventilation time, and
survival status. Hospitalization expenses were also
recorded.

QUICK LOOK

Current knowledge

Due to the widespread use of organophosphate com-
pounds, acute organophosphorus pesticide poisoning is
becoming a significant problem and a potential cause of
human mortality. To detect poisoning severity, numer-
ous strategies have been devised. The recommended
cholinesterase activity in plasma analysis has not been
widely used because of the lack of rapid laboratory
diagnostic tools. Recently, the prognostic value of se-
rum lactate levels has been reported as being indepen-
dent of the underlying critical illness.

What this paper contributes to our knowledge

With multivariate logistic regression analysis, high 6-h
post-admission blood lactate levels, low blood pH, and
low post-admission 6-h lactate clearance rates were
found to be independent prognosis factors for AOPP
subjects. The post-admission 6-h blood lactate clear-
ance rate with moderate diagnostic value was suitable
for assessing the severity of AOPP and subject prognosis.
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Statistical Analysis

The enrolled subjects were assigned into 2 groups based
on their clinical status. All study data were analyzed using
SPSS 16.0 for Windows (SPSS, Chicago, Illinois). Values
for continuous variables are expressed as the mean � SD.
Values for categorical variables are expressed as percent-
ages of the group from which they were derived. Indepen-
dent variables included sex, age, time from poisoning to
treatment, APACHE II scores, admission blood lactate lev-
els, 6-h post-admission blood lactate levels, post-admis-
sion 6-h lactate clearance rates, admission blood cholin-
esterase levels, 6-h post-admission blood cholinesterase
levels, cholinesterase activities, blood pH, base excess lev-
els, blood bicarbonate ion concentrations (HCO3

� levels),
duration of hospitalization, duration of ICU stay, mechan-
ical ventilation times, and hospitalization expenses. The
Kolmogorov-Smirnov method was used to test the normal
distribution of each data set. Univariate analyses (the inde-
pendent sample t test and one-way analysis of variance) were
used to assess relationships between the surveyed factors and
AOPP. A stepwise multiple regression linear analysis was
then used to identify significant prognostic factors for AOPP.
Variables that were significantly associated with AOPP in the
univariate analyses were selected as independent variables in
the multivariate logistic regression analysis. Multivariate lo-
gistic regression analysis was used to provide a quantitative
comparison of the relevance of putative prognostic factors,
with the predictive ability of each factor indicated by an odds
ratio (OR) and 95% CI. P values �.05 were considered sta-
tistically significant. A receiver operating characteristic curve

was plotted to analyze the independent prognostic factors and
evaluate their usefulness.

Results

A total of 71 AOPP cases (subjects age 19–91 y, 44
males and 23 females) were retrospectively analyzed in
this study. This total included 70 subjects who had inten-
tionally consumed an organophosphorus pesticide and 1
subject with unintentional consumption. There were 31
cases of dichlorvos poisoning, 22 cases of methamidophos
poisoning, 10 cases of rogor poisoning, 5 cases of triazo-
phos poisoning, and 3 cases of unknown organophospho-
rus pesticide poisoning. The time periods from poisoning
to treatment ranged from 0.5 to 16 h. Although the ma-
jority of subjects either provided inaccurate information or
failed to record information about the amount of pesticide
consumed, all subjects underwent gastric lavage, catharsis,
and diuretic treatment and were given atropine and cho-
linesterase agents. The comprehensive treatment also in-
cluded monitoring and maintenance of life-sustaining or-
gan functions, correction of acid/base imbalances, and
provision of general clinical support. The overall subject
mortality rate at the 21st day after hospital admission was
16.9% (12 of 71). Subjects’ clinical characteristics and
survival rates are shown in Table 1. Our univariate anal-
ysis showed that prognostic factors for AOPP included
subjects’ admission blood lactate level, 6-h post-admission
blood lactate level, post-admission 6-h lactate clearance rate,
blood pH, base excess, duration of hospitalization, and
APACHE II score (all P values �.05) (shown in Table 1).

Table 1. Subject Clinical Characteristics and Survival Rates

Survival (n � 59) Death (n � 12) P

Male, n (%) 38 (40) 6 (50)
Age, mean � SD y 50.2 � 19.1 54.7 � 17.6 .45
Time from poisoning to treatment, mean � SD (median) h 4.48 � 3.65 (3) 3.62 � 3.01 (2.5) .45
APACHE II score, mean � SD 22.64 � 7.19 29.50 � 6.78 .008
Admission lactate level, mean � SD mmol/L 2.78 � 2.30 5.43 � 2.41 .005
6-h lactate level, mean � SD mmol/L 2.03 � 1.98 5.94 � 2.20 �.001
6-h lactate clearance, mean � SD % 2.78 � 2.30 �18.07 � 31.37 .003
Admission cholinesterase level, mean � SD units/L 1205.66 � 1581.37 556.75 � 539.42 .18
6-h cholinesterase level, mean � SD units/L 1127.58 � 1373.45 399.83 � 454.61 .09
Cholinesterase activity, mean � SD % 26.79 � 35.14 12.37 � 11.99 .18
pH, mean � SD 7.32 � 0.13 7.14 � 0.06 .001
Base excess, mean � SD mmol/L �6.50 � 8.21 �12.16 � 6.81 .02
HCO3

� level, mean � SD mmol/L 18.07 � 5.24 16.33 � 8.61 .35
Duration of hospitalization, mean � SD h 12.73 � 7.50 6.75 � 8.92 .02
Duration of ICU, mean � SD h 6.80 � 3.69 6.75 � 8.92 .97
Mechanical ventilation time, mean � SD h 4.89 � 3.22 6.67 � 8.98 .26
Hospitalization expenses, mean � SD U.S. dollar 4,344.60 � 3,294.16 6,006.07 � 8,299.61 .25

N � 71. Data were analyzed by independent-sample t tests and one-way analysis of variance.
APACHE II � Acute Physiology and Chronic Health Evaluation II
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Our multivariate logistic regression analysis showed that
subjects’ 6-h post-admission blood lactate level (OR � 1.99,
P � .001, 95% CI 1.36–2.91), post-admission 6-h lactate
clearance rate (OR � 0.065, P � .003, 95% CI 0.01�0.40),
and blood pH level (OR � 0.00, P � .001, 95% CI
0.00�0.01) were independent prognostic factors for AOPP
(shown in Table 2). The receiver operating characteristic
analysis showed a 5.99% cutoff point for post-admission
6-h lactate clearance rates in subjects with AOPP (area
under the curve � 0.85, 95% CI 0.76–0.94) (P � .001),
suggesting their moderate diagnostic value (Fig. 1).

Discussion

Acute organophosphorus pesticide poisoning is an im-
portant public health problem in developing countries. So
an effective method for diagnosing AOPP and developing

a prognosis for AOPP patients is a pressing need. Al-
though a timely and accurate estimation of poisoning se-
verity could reduce the number of deaths due to AOPP, no
accurate criteria for determining this parameter have been
identified. The aim of this study was to explore an effec-
tive method to detect poisoning severity. We introduced
multivariate logistic regression to analyze the independent
prognostic factors of AOPP.

In the study, diagnoses of AOPP were made in accor-
dance with national emergency schemes for treatment of
AOPP (GB7794-87) revised in 1987. Our multivariate lo-
gistic regression analysis identified 6-h post-admission
blood lactate levels (OR � 1.99, P � .001, 95% CI 1.36–
2.91), post-admission 6-h lactate clearance rates
(OR � 0.065, P � .003, 95% CI 0.01–0.40), and blood pH
(OR � 0.00, P � .001, 95% CI 0.00–0.01) as independent
prognostic factors for subjects with AOPP.

However, the butyrylcholinesterase activity in blood
plasma (or acetylcholinesterase in whole blood) was not
identified as an independent prognostic factor, Previously,
it was recommended that an initial diagnosis of AOPP be
confirmed by results of an assay that measures butyryl-
cholinesterase activity in blood plasma (or acetylcholines-
terase in whole blood),8,9,16 since organophosphorus pes-
ticides can inhibit cholinesterase activity and thus cause
large amounts of acetylcholine to accumulate within the
body. These accumulations result in cholinergic system
dysfunction, hypoxia, inadequate tissue perfusion, micro-
circulation dysfunction, and disseminated intravascular co-
agulation, ultimately resulting in multiple organ dysfunc-
tion syndromes.8,9,17 However, the severity of early stage
AOPP does not always correlate with changes in cholin-
esterase activity.18 A previous retrospective analysis of
AOPP cases showed that changes in blood cholinesterase
levels did not reflect the extent of clinical intoxication in
22 cases and should not be used as the sole reference when
diagnosing and estimating AOPP severity.19 This finding
was consistent with our current results, which showed no
significant differences in admission cholinesterase levels,
6-h post-admission cholinesterase levels, and cholinest-
erase activity in the survival and non-survival groups
(P � .05).

Although recent advances in treating organophosphate
compound-poisoned patients in the ICU have resulted in
increased survival rates, such measures prolong a patient’s
ICU stay and increase hospital expenses. Providing pa-
tients with information regarding the severity of their ill-
ness upon ICU admission helps in determining the need
for continuing expensive treatment and avoids unneces-
sary procedures. The prognostic APACHE II scoring sys-
tem was developed to quantify a patient’s severity of ill-
ness and likelihood of survival in an ICU population. This
scoring system used a point score based on the initial
values of 12 routine physiological measurements, includ-

Table 2. Multivariate Logistic Regression Analysis of Acute
Organophosphorus Pesticide Poisoning Prognostic Factors

� P
Odds
ratio

95% CI

APACHE II score 0.13 .008 1.14 1.04–1.26
Admission lactate level, mmol/L 0.37 .005 1.45 1.12–1.87
6-h lactate level, mmol/L 0.69 �.001 1.99 1.36–2.91
6-h lactate clearance, % �2.74 .003 0.065 0.01–0.40
pH �10.70 .001 0.00 0.00–0.01

APACHE II � Acute Physiology and Chronic Health Evaluation II

Fig. 1. Receiver operating characteristic analysis and curve for 6-h
lactate clearance after admission in predicting acute organophos-
phorus pesticide poisoning. Area under the curve � 0.85 (95% CI
0.76–0.94), P � .001).
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ing a patient’s age and medical history, to provide a gen-
eral measure of disease severity quantified within a range
of 0–71.11 Furthermore, due to the strong and consistent
relationship between acute physiological dysfunction and
the risk of death caused by acute illness,11,20-22 this system
can stratify a wide variety of patients according to their
prognosis, and it was verified to be a useful prognostic
indicator according to Kang et al.23 Although the differ-
ence in APACHE II scores in the survival group and non-
survival group was significant in our study (P � .05), the
multivariate logistic regression analysis did not identify
APACHE II score as an independent prognostic factor.
This result suggested that it might be better to use a more
useful method to assess the severity of organophosphate
poisoning in ICU subjects. According to Hwang and co-
workers,10 the Sequential Organ Failure Assessment was
more useful, easier, and simpler than the APACHE II, so
we suggest using the Sequential Organ Failure Assessment
for related study in the future.

Global tissue hypoxia, accompanied by a myriad of
pathogenic mechanisms that contribute to multi-system or-
gan dysfunction syndrome, increases mortality, which re-
sults from the elevated blood lactate levels directly.24,25

Recently, blood lactate levels and lactate clearance rates
have been recommended for use as biomarkers for mor-
tality risk in subjects in the ICU.13-15,26-28 Interestingly, the
prognostic value of lactate levels appears to be indepen-
dent of the underlying critical illness and the presence of
shock or organ failure.12-15 Although a high admission
lactate level was previously identified as a significant in-
dependent predictor of mortality in adult subjects in the
ICU,12,14 this finding was not replicated in other stud-
ies13,15 and still requires more research to examine this
factor. Lactate clearance refers to the rate of decline in
blood lactate levels after the initiation of intensive medical
care and has shown promise as a predictive indicator of
patient death.13,15,27 Two studies of adult subjects with
shock showed that a lactate clearance rate of �10% was
related to an increased risk of mortality.13,28 Additionally,
post admission 6-h lactate clearance was found to posi-
tively correlate with mortality in the pediatric ICU of our
hospital, with a sensitivity of 75% and specificity of 97%.27

Although the difference in admission lactate levels be-
tween the survival group and death group in our study was
statistically significant (P � .05), our multivariate logistic
regression analysis showed that admission lactate levels
were not an independent prognostic factor for survival.
The receiver operating characteristic analysis showed a
5.99% cutoff point for post-admission 6-h lactate clear-
ance rates (area under the curve � 0.85, 95% CI 0.76–
0.94) (P � .001), suggesting their moderate diagnostic
value (see Fig. 1). The cutoff value for the receiver oper-
ating characteristic curve of post-admission 6-h lactate
clearance rates seemed to be small, but the average of 6-h

lactate clearance rates was negative; thus, a 6-h lactate clear-
ance rate of �5.99% might be a favorable factor for survival.

Still, there are many limitations in this study. The sam-
ple size is small, so the results cannot be generalized to all
populations. Residual confounding is found in the statis-
tical data, which may result in a misunderstanding of the
data. Also, we are unable to control for the dose of or-
ganophosphate compound, which was different among sub-
jects. Also, duration for treatment of organophosphate com-
pound poisoning, which may be a key factor for death, was
variable, with large SD values in both the survival and
death groups, but the mean time and median time in the
death group were less than that in the survival group;
therefore, perhaps time alone is of little use in predicting
survival. In this view, it is better to combine time and dose
of organophosphate compound, although it would be bet-
ter to control for time in further studies.

Conclusions

Subjects with AOPP with a high 6-h blood post-admis-
sion lactate level, low blood pH value, and low post-ad-
mission 6-h lactate clearance rate were found to be at an
increased risk of death, and these were independent prog-
nostic factors identified by multivariate logistic regression
analysis. Furthermore, a patient’s post-admission 6-h blood
lactate clearance rate may be of great importance for as-
sessing the severity of AOPP as well as the prognosis and
possibly can be used as a screening tool to predict adverse
outcomes.
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