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Abstract Organophosphate (OP) intoxication remains a

serious worldwide health concern, and many patients with

acute OP intoxication have also consumed alcohol.

Therefore, we evaluated the association of blood alcohol

concentration (BAC) with mortality among patients with

OP intoxication. We retrospectively reviewed records from

135 patients who were admitted to an emergency depart-

ment (ED) for OP intoxication between January 2000 and

December 2012. Factors that were associated with patient

survival were identified via receiver operating character-

istic curve, multiple logistic regression, and Kaplan–Meier

survival analyses. Among 135 patients with acute OP

poisoning, 112 patients survived (overall mortality rate:

17 %). The non-survivors also exhibited a significantly

higher BAC, compared to the survivors [non-survivors:

192 mg/dL, interquartile range (IQR) 97–263 mg/dL vs.

survivors: 80 mg/dL, IQR 0–166.75 mg/dL; p\ 0.001].

A BAC cut-off value of 173 mg/dL provided an area under

the curve of 0.744 [95 % confidence interval (CI)

0.661–0.815], a sensitivity of 65.2 %, and a specificity of

81.2 %. A BAC of[173 mg/dL was associated with a

significantly increased risk of 6-month mortality in the

multiple logistic regression model (odds ratio 4.92, 95 %

CI 1.45–16.67, p = 0.001). The Cox proportional hazard

model revealed that a BAC of[173 mg/dL provided a

hazard ratio of 3.07 (95 % CI 1.19–7.96, p = 0.021).

A BAC of[173 mg/dL is a risk factor for mortality among

patients with OP intoxication.

Keywords Organophosphate � Poisoning � Alcohol �
Mortality � Pseudocholinesterase

Introduction

Organophosphates (OPs) are found in pesticides, garden

sheds, surface and room sprays, baits for cockroaches and

other insects, and shampoos that target head lice [1].

Unfortunately,[873,000 people die every year due to OP

poisoning, with a worldwide overall mortality rate of

15–30 % [2, 3], Therefore, it is important to identify the

factors that are related to the deaths of these individuals.

OPs exert their acute toxicity by inhibiting cholines-

terases, which include acetylcholinesterase (AChE) and
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butyrylcholinesterase, and cause symptoms that include

anxiety, miosis, increased bronchial and tear secretion, and

bradycardia [4]. In serious cases, OP poisoning may cause

death via respiratory failure and shock, and requires rapid

intervention and admission to an intensive care unit [3].

Respiratory failure occurs in 43 % of patients with OP

poisoning [5], and Grmec et al. report that respiratory

failure often occurs in patients with a reduced level of

consciousness [6]. Furthermore, the prognosis of patients

with OP intoxication is predicted by their Acute Physiol-

ogy and Chronic Health Evaluation II (APACHE II) score,

vital signs, white blood cell count, pH, serum creatinine

levels, and Glasgow coma scale (GCS) score [7].

Interestingly, many poisoning deaths among Asian

patients involve the co-ingestion of alcohol [8]. Our clinical

experience also suggests that alcohol intoxication compli-

cates the management of patients with OP intoxication,

which may occur via exacerbation of the OP’s suppressive

effects on the patient’s level of consciousness and respiratory

drive. Eddleston et al. report a significant association

between blood alcohol concentration (BAC) and serum

levels of dimethoate, which is a type of OP [9]. However, to

the best of our knowledge, no studies have examined the

influence of BAC on the mortality rate after OP poisoning.

Therefore, we designed the present study to examine the

association of BAC with survival among patients who were

admitted to an ED forOP poisoning. BecauseOP insecticide,

being lipophilic, may accumulate in various tissues and

organs after poisoning, and subsequently, be released into

the bloodstream, chronic tissue damage due to oxidation and

inflammation and neurologic sequelae can occur, which can

increase the long-term mortality risk. The study by Huang

et al. also shows an increase in mortality for up to 6 months

[10]. Therefore, 6-month mortality was used as the primary

outcome in this study.

Methods

Study design

This retrospective cohort study examined patients with OP

poisoning who were admitted to 5 EDs in the Republic of

Korea between January 2000 and December 2012. We

identified cases of OP poisoning via a poisoning registry,

and only included registered patients who were poisoned

with a single OP agent. This study’s design was approved

by the institutional ethics committees of our hospitals.

Subject and data collection

We retrospectively examined data in handwritten charts

and electronic medical records from cases of acute OP

poisoning, which was defined based on the history of

exposure to a single OP agent. The exclusion criteria were

age of\18 years, an unclear history of exposure, multiple

drug exposures, the presence of terminal malignancy, and

missing data. Data regarding the patients’ general charac-

teristics included age, gender, vital signs, volume of poi-

son, reason for poisoning, APACHE II score, intubation in

the ED, and GCS score. The GCS score evaluates coma

severity based on ocular, verbal, and motor criteria (mild:

GCS of 14–15; moderate: GCS of 9–13; severe: GCS of

3–8) [11], and is used by clinicians to rapidly identify cases

of severe OP poisoning in the ED [12]. The ingested

amount of liquid OP was calculated via the number of

mouthfuls that were ingested (1 mouthful = 20 mL), as

recalled by the patient or as calculated from the remaining

amount in the chemical bottle [13].

Laboratory results regarding pH, arterial gases (PaCO2,

PaO2, HCO3, and O2 saturation) and the levels of aspartate

aminotransferase (AST), alanine aminotransferase (ALT),

blood urea nitrogen (BUN), creatinine, amylase, and arte-

rial lactate were evaluated using blood samples that were

obtained at the time of admission. The same blood samples

were also used to measure BAC and serum cholinesterase

concentrations.

Blood alcohol measurement via gas chromatography

BAC was measured via chromatography using a Dimen-

sion Vista� 1500 System (Siemens, Munich, Germany).

Pseudocholinesterase levels and poisoning severity

OP poisoning is generally confirmed via a reduction in

pseudocholinesterase (serum cholinesterase, SChE)

activity, which is an enzyme that is present in the

bloodstream and hydrolyzes acetylcholine less rapidly

than AChE [14]. Blood cholinesterase concentration was

measured via pseudocholinesterase activity using a col-

orimetric assay, and the Dimension Vista� 1500 System

was used for the absorption measurements. Each hospital

independently conducted the assay. Based on the mea-

sured serum levels, the severity of poisoning was defined

using the Namba classification: poisoning (Namba I: no

clinical manifestation, SChE reduced to 90–50 % of

normal), mild poisoning (Namba II: fatigue, headache,

nausea and vomiting, abdominal pain, diarrhea, excessive

sweating and salivation, and SChE reduced to 50–20 %

of normal), moderate poisoning (Namba III: generalized

weakness, difficulty in speech, muscular fasciculations,

miosis, and SChE reduced to 20–10 % of normal), and

severe poisoning (Namba IV: unconsciousness, pinpoint

pupils and loss of light reflex, muscular fasciculations,

secretions from the mouth and nose, rales in the lungs,
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respiratory difficulty, and SChE reduced to\10 % of

normal) [15–21].

Data analysis

Two emergency medical technicians (EMTs) blindly

reviewed the charts. Patients were divided into two groups:

survivors and non-survivors at 6 months. Continuous

variables were expressed as mean ± standard deviation or

median with interquartile range (IQR). Categorical data

were reported as percentage. Differences between the

survivor and non-survivor groups were evaluated using the

independent two sample t test, the Mann–Whitney U test,

the Chi-square test, or Fisher’s exact test. Differences with

a p value of\0.05 were considered statistically significant,

and variables with a p value of\0.05 in the univariate

analyses were evaluated for potential multicollinearity.

Next, the continuous variables were dichotomized

according to cut-off points that were determined via

receiver operating characteristic (ROC) curve analyses, and

then incorporated into the logistic model. For the multiple

logistic regression analysis, we included arterial pH, lac-

tate, HCO3, BAC, APACHE II score, GCS score, intuba-

tion in the ED, and ingested amount of OP. Survival curves

were generated using the Kaplan–Meier method and

compared using the log-rank test. A Cox proportional

hazards model was used to estimate the adjusted hazard

ratio (HR), and the adjusted odds ratios (OR) and hazard

ratios (HR) with 95 % confidence intervals (95 % CI) were

calculated to evaluate the relationship between the

covariates and outcomes. Analyses were performed using

SPSS software (version 18.0; SPSS Inc., Chicago, Ill,

USA), MedCalc software (version 11.6; MedCalc Ltd.,

Mariakerke, Belgium), or SAS software (version 9.1; SAS

Inc., Cary, NC, USA).

Results

Between January 2000 and December 2012, 171 patients

were admitted to the five participating EDs with OP poi-

soning. Hospital A is an urban hospital, which admits

80,000 patients to the ED annually. Out of 85 patients, only

71 patients were included in the study, after the exclusion

of 14 patients. Hospital B, as an urban hospital, admits

35,000 patients to the ED annually. Out of 46 patients, 8

were excluded, and only 38 patients were included in the

study. Hospital C, as an urban hospital, admits 75,000

patients to the ED annually. Out of 19 patients, only 11

patients were included, after the exclusion of 8 patients.

Hospital D, as an urban hospital, admits 95,000 patients to

the ED annually. Out of 12 patients, only 9 patients were

included, after the exclusion of 3 patients. Hospital E is an

urban hospital and admits 45,000 patients to the ED

annually. Out of 9 patients, only 6 patients were included,

after the exclusion of 3 patients. There were no statistically

significant differences in demographic characteristics

among the hospitals. We excluded 6 patients for

being\18 years old, 12 patients due to an unclear history

of exposure, 10 patients due to multiple drug exposures, 2

patients due to a history of terminal malignancy, and 6

patients due to missing data. Therefore, the medical records

from 135 patients were included in the final analyses

(Fig. 1).

Table 1 shows the general characteristics of the sur-

vivors and non-survivors of acute OP poisoning. Among

the 135 included patients, 112 patients survived (an overall

survival rate of 83 %). The patients were generally middle-

aged (range 42–71 years) with a normal body temperature

and slightly elevated MAP, heart rate, and respiratory rate.

Most patients had ingested the pesticide during a suicide

attempt, and treatment using gastric emptying or activated

Fig. 1 Patient flow
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charcoal did not affect their chances of survival. Compared

to the survivor group, the non-survivor group had ingested

a threefold greater volume of OP (100 vs. 300 mL,

p\ 0.001). In the non-survivor group, 65.2 % of the

patients were diagnosed with decreased levels of con-

sciousness (a GCS of\8), compared to only 17 % in the

survivor group (p\0.001). The APACHE II scores were

modestly but significantly associated with survival

(p = 0.019). Intubation in the ED was observed for 60.7 %

of the patients in the survivor group and 82.6 % of the

patients in the non-survivor group (p = 0.046).

Laboratory analyses revealed that the patients who died

due to OP poisoning had a twofold greater BAC, compared

to the survivors (median 192 mg/dL, IQR 97–263 mg/dL

vs. median 80 mg/dL, IQR 0–166.75 mg/dL; p\ 0.001

(Table 2). Survival was also associated with higher blood

pH and HCO3 levels, and with lower levels of lactate.

However, survival was not associated with the enzyme

markers of liver (AST, ALT), pancreas (amylase), or kid-

ney (BUN and creatinine) function. In addition, the

absence of an association between survival and the blood

gases was consistent with the near normal cardiac and

respiratory functions of the patients in both groups.

Multiple regression analysis was performed using a

model that included all factors that were significant in the

univariate analyses (Tables 1, 2). The only factors that

were associated with a significantly higher risk of death

were a BAC of[173 mg/dL (OR 4.92, 95 % CI

1.45–16.67, p = 0.01) and ingested amount of OP (OR

10.23, 95 % CI 1.16–90.01, p = 0.04) (Table 3). Further-

more, the ingested amount of OP was significantly corre-

lated with BAC (Spearman’s q = 0.548; p\ 0.001)

(Fig. 2). The ROC curve analysis for BAC indicated that a

cut-off value of 173 mg/dL provided an area under the

ROC curve of 0.744 (95 % CI 0.661–0.815), a sensitivity

of 65.2 %, and a specificity of 81.2 % (Fig. 3). We also

constructed Kaplan–Meier curves for the survivor and non-

survivor groups at 6 months after their admission (Fig. 4).

Cox regression analyses revealed that the hazard ratio for a

BAC of[173 mg/dL was 3.07 (95 % CI 1.19–7.96,

p = 0.021).

Discussion

In the present study, we find that a BAC of[173 mg/dL is

a significant risk factor for OP poisoning related mortality.

In this context, OPs inhibit AChE, which converts acetyl-

choline into choline and acetic acid in the cholinergic

synapses. Furthermore, AChE is present in the central

nervous system, peripheral nervous system, neuromuscular

junction, and erythrocytes. Therefore, poisoning with

AChE inhibitors (e.g. OPs) leads to overstimulation of both

the nicotinic and muscarinic receptors [22]. Muscarinic

stimulation causes defecation, urination, miosis, bradycar-

dia, bronchorrhea, bronchospasm, emesis, lacrimation, and

salivation. Moreover, stimulation of the nicotinic receptors

in the sympathetic ganglia and neuromuscular junction

Table 1 Demographic

characteristics
Survivors (N = 112) Non-survivors (N = 23) P value

Age (years) 56 (42–67) 66 (49–71) 0.106

Male, n (%) 76 (67.9) 17 (73.9) 0.568

MAP (mmHg) 101 (90–116) 97 (81–114) 0.252

Heart rate (bpm) 93.5 (80.0–109.8) 93 (78–102) 0.47

Respiration rate (breaths/min) 20 (18–22) 20 (18–20) 0.762

BT (�C) 36.1 (36.0–36.6) 36.0 (36.0–36.1) 0.107

Cause of ingestion (suicide), n (%) 74 (66.1) 17 (73.9) 0.465

Gastric evacuation, n (%) 84 (75) 18 (78.3) 0.74

Activated charcoal, n (%) 57 (50.9) 7 (30.4) 0.073

GCS of\8, n (%) 19 (17) 15 (65.2) \0.0001

Namba clinical classification

Mild poisoning, n (%) 28 (25) 1 (4.3) 0.064

Moderate poisoning, n (%) 21 (18.8) 5 (21.7)

Severe poisoning, n (%) 63 (56.2) 17 (74)

APACHE II score 15.91 ± 5.37 20.00 ± 4.84 0.019

Amount of OP ingested (mL) 100 (50–250) 300 (200–350) \0.001

Intubation at emergency room 68 (60.7) 19 (82.6) 0.046

Values are expressed as mean ± standard deviation, median (interquartile range), or number (frequency)

MAP mean arterial blood pressure, BT body temperature, GCS Glasgow coma scale, APACHE acute

physiology and chronic health evaluation, OP organophosphate
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causes mydriasis, tachycardia, weakness, hypertension, and

fasciculations [23]. The effects on the central nervous

system (CNS) include headache, dizziness, restless, anxi-

ety, insomnia, confusion, tremor, dysarthria, ataxia, sei-

zures, coma, and central respiratory depression [24].

Eddleston et al. report that a high BAC at admission is

associated with high OP concentrations, which is probably

due to larger ingestion volumes [9]. Furthermore, after

adjusting for gender and age, they report that the alcohol

ingestion group exhibits a fourfold higher mortality rate,

although the increased risk of death is not significant after

controlling for dimethoate use (OR 0.3, 95 % CI 0.0–8.8).

In contrast, our findings reveal that the survivors exhibit a

significantly lower median BAC, compared to that among

the non-survivors (80 vs. 192 mg/dL; p\ 0.001), and BAC

is significantly correlated with the ingested amount of OP

(Spearman’s q = 0.548). Interestingly, our non-survivor

group exhibits a twofold greater BAC, compared to the

non-survivors in Eddleston et al.’s study, although the two

survivor groups exhibit similar BACs. These findings

indicate that the overall BAC is relatively high in the

present study, which motivated us to identify the optimal

cut-off value for BAC in predicting mortality risk (173 mg/

dL).

Respiratory depression is one of the leading causes of

death due to acute intoxication [25, 26], and alcohol is one

of the most commonly abused drugs that can induce res-

piratory failure. Among adults, respiratory failure can

occur in a dose-dependent fashion, as ethanol affects the

respiratory center in the medulla oblongata [27]. Further-

more, Adinoff et al. report that a BAC as low as 100 mg/dL

can significantly affect adolescents and alcohol-naive

adults, and can induce severe toxicities [28]. Moreover, our

optimal cut-off for BAC (173 mg/dL) is sufficient to neg-

atively affect an individual’s consciousness. In Eddleston

et al.’s study, the effect of alcohol was abolished by con-

trolling for the use of dimethoate. Nevertheless, by con-

trolling for other factors (including amount), our findings

Table 2 Laboratory findings
Survivors (N = 112) Non-survivors (N = 23) p value

AST (IU/L) 35 (28–55) 37 (29–94) 0.156

ALT (IU/L) 23 (17–33) 22 (15–79) 0.619

Amylase (IU/L) 97 (57–202) 110 (74–173) 0.6

BUN (mg/dL) 13 (11–22) 15 (10–18) 0.463

Creatinine (mg/dL) 0.8 (0.7–1.0) 0.9 (0.7–1.2) 0.065

pH 7.37 (7.26–7.42) 7.33 (7.23–7.34) 0.016

PaO2 (mmHg) 93.3 (72.7–126.3) 101.7 (84.0–140.5) 0.374

PaCO2 (mmHg) 36.2 (31.7–51.5) 34.9 (29.8–39.7) 0.189

HCO3 (mmol/L) 20.1 (16.6–22.6) 15.7 (11.0–19.7) \0.001

O2 saturation (%) 97.0 (92.4–98.5) 97.2 (95.3–98.4) 0.81

Arterial lactate (mmol/L) 3.85 (2.09–5.84) 5.15 (4.68–9.30) 0.014

BAC (mg/dL) 80 (0–167) 192 (97–263) \0.001

Pseudocholinesterase level (U/L) 177 (120–667) 226 (126–663) 0.763

Values are expressed as mean ± standard deviation, median (interquartile range), or number (frequency)

AST aspartate aminotransferase, ALT alanine aminotransferase, BUN blood urea nitrogen, BAC blood

alcohol concentration

Table 3 Multiple logistic

regression analysis of clinical

parameters related to mortality

after organophosphate ingestion

Odds ratio 95 % CI p value

pH\7.39 7.29 0.000 0.99

Arterial lactate[4.67 mmol/L 3.37 0.78–14.61 0.11

HCO3[15.7 mmol/L 1.95 0.49–7.81 0.35

APACHE II score[21 1.21 0.15–9.83 0.86

GCS\8 3.90 0.90–16.86 0.07

Amount of organophosphate ingested[100 mL 10.23 1.16–90.01 0.04

BACa[173 mg/dL 4.92 1.45–16.67 0.01

pH, arterial lactate, HCO3, BAC, and the APACHE II score were included in the logistic regression analysis

using a backward elimination method, after the variables were dichotomized according to the cut-off points

from the receiver operating characteristic curve analyses

BAC blood alcohol concentration
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reveal that a higher BAC ([173 mg/dL) is associated with

a three- to fourfold higher risk of 6-month mortality (OR

4.92, 95 % CI 1.45–16.67; HR 3.07, 95 % CI 1.19–7.96).

There are two possible explanations for this discrepancy.

First, the overall BAC is higher in the present study,

compared to the findings of Eddleston et al., and this higher

BAC may have aggravated the effects of OP on the CNS,

which might increase CNS depression and lead to respi-

ratory failure [6, 29]. Interestingly, we found that the non-

survivor group has a greater decrease in their level of

consciousness, and requires more frequent intubation,

compared to the survivor group. Second, Eddleston et al.

included all patients who had consumed alcohol in the

alcohol ingestion group, regardless of the absolute amount

that was consumed. Thus, it is possible that their results

were underestimated due to the inclusion of patients with a

very low BAC, which might limit the adverse effects of

alcohol ingestion. In contrast, we categorized patients into

low and high levels of alcohol ingestion, to examine the

association of ingesting a large amount of alcohol with the

patient’s survival.

In this study, 8 patients died[15 days after exposure to

OP; OPs cause vomiting, increased secretions, loss of

consciousness, and loss of airway protection. Patients can

also aspirate after gastric lavage or forced emesis [30].

Fig. 2 Relationship between

blood alcohol concentration and

the amount of ingested

organophosphates (Spearman’s

q = 0.548; p\ 0.001)

Fig. 3 Predicting the mortality rate after acute organophosphate

poisoning. A cut-off level of 173 mg/dL provides a sensitivity of

65.2 %, a specificity of 81.2 %, and an area under the curve of 0.744

(95 % confidence interval 0.661–0.815)
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Aspiration increases length of hospital stay, morbidity.

Aspiration pneumonia was reported in 82 % (27/33) of OP

insecticide–poisoned patients admitted to a German ICU

[31]. Our eight patients were treated with a ventilator and

had severe aspiration pneumonia. All of these patients

failed to wean from the ventilator and all deceased patients

had severe respiratory muscle weakness. OP-induced

delayed polyneuropathy can cause respiratory failure

through phrenic nerve involvement [32]. This may explain

why our patients failed to wean from the ventilator and

died after 15 days.

This study has several limitations that warrant consid-

eration when interpreting our findings. First, the ingested

amount of OP may not be entirely accurate, as the amount

for each case was calculated based on the patient’s recall or

the volume that remained in the container. Second, the

sample size was relatively small, despite the fact that we

included patients from five separate EDs. Nevertheless, this

study provides useful data, as our findings reveal that a

BAC of[173 mg/dL can negatively affect the long-term

survival rate among patients with OP intoxication. Third,

this study was a retrospective study, and instruments that

can measure the OP concentration were not available at the

five institutions participating in this study.

Conclusion

In conclusion, our results reveal that a BAC of[173 mg/

dL during OP poisoning is a major risk factor for mortality

among patients with OP intoxication.
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