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Purpose: Organophosphates, commonly used in agricultural pesticides, pose high risks and incidences of poisoning. In the pres-
ent study, we investigated the relative risk and clinical severity, including laboratory results, of non-oral route poisoning (NORP)
patients, compared to oral route poisoning (ORP) patients.

Materials and Methods: A single institutional toxicology database registry was utilized to gain information on clinical laboratory
results on organophosphate poisoning patients who visited the emergency department (ED) between January 2000 and October
2016. Clinical outcomes, such as mortality and complication rates, were compared using 1:2 propensity score matching in the total
cohort.

Results: Among a total of 273 patients in our study, 34 experienced NORP. After 1:2 propensity score matching, rates of respiratory
complications and mortality were higher in the ORP group than in the NORP group. However, there was no difference in hospital-
ization time and time spent in the intensive care unit between the two groups. Compared with ORP patients after matching, the
relative risk of mortality in NORP patients was 0.34, and the risk of respiratory distress was 0.47. The mean level of pseudocholines-
terase was significantly higher in the NORP group than in the ORP group, while recovery rates were similar between the two
groups.

Conclusion: Although the majority of NORP patients were admitted to the ED with unintentional poisoning and the relative risk
of NORP was lower than that for ORP, we concluded that NORP is as critical as ORP. Considerable medical observation and inten-
sive therapeutic approaches are also needed for NORP patients.
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INTRODUCTION

Approximately 200000 to 250000 mortalities occur annually
worldwide due to poisoning by organophosphate pesticides."?
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The use of organophosphates is regulated by law in many na-
tions. Although there are regulatory laws for the use of pesticides
in Korea, the toxicity of organophosphate pesticides are over-
looked or incorrectly classified.®* According to the pesticide
database from the Korean Rural Development Administra-
tion, many products with organophosphate components are
not classified as deadly toxic agents, but as general toxic agents.’
These pesticides are strong anti-cholinergic agents, causing
severe combination toxidromes, such as DUMBELS (defeca-
tion, urination, muscle weakness, bradycardia, bronchorrhea,
bronchospasm, emesis, lacrimation, salivation). Thus, there is
a high risk and incidence of poisoning-related mortality.

Due to high diagnostic sensitivity, serum pseudocholinester-
ase levels rather than serum acetylcholinesterase levels have
been used as a diagnostic and prognostic marker for organo-
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phosphate poisoning.? However, a low pseudocholinesterase
level does not appear to have an accurate prognostic value in
acute organophosphate poisoning.* Organophosphate pesticide
poisoning may occur by not only intentional oral ingestion, but
also unintentional exposure associated with contact and inha-
lation. In Korea, local workers, at times, work with pesticides in
forested areas for pest or insect control. The authors of this
study have encountered numerous cases of poisoning via non-
oral routes. While previous studies have reported adverse ef-
fects of exposure to organophosphate pesticides via the skin
or inhalation, reports of fatality are rare.> However, we have
come across cases of fatal non-oral route poisoning (NORP), as
well as oral route poisoning (ORP). This study was performed
to investigate the relative risk and clinical severity of NORP in
comparison to ORP.

MATERIALS AND METHODS

Study design and data

This study analyzed data from organophosphate poisoning pa-
tients visiting the emergency department (ED) of Wonju Sever-
ance Christian Hospital in the Republic of Korea between Jan-
uary 2000 and October 2016. The emergency medical center of
this tertiary hospital serves approximately 43000 ED patients
annually. The inclusion criteria were patients with 1) organo-
phosphate poisoning by self-harm history or unintentional ex-
posure to organophosphate pesticides, 2) cholinergic symptoms
and signs like DUMBELS, and 3) a serum pseudocholinesterase
level lower than 3500 U/L (normal reference range: 7000-19000
U/L). Patients who did not satisfy any one of the inclusion crite-
ria were excluded from the study. Other exclusion criteria were
age younger than 18 years and co-exposure to other toxic sub-
stances, except alcohol ingestion. We confirmed information
regarding the route of poisoning from the patients or their rel-
atives. All ORP patients received gastric irrigation and char-
coal administration. Atropine (Atropine inj, JEIL Pharmaceutical,
Daegu, Korea) dosage was adjusted according to cholinergic
symptoms. Patients also received pralidoxime (PAM-A inj, JW
Pharmaceutical, Seoul, Korea) injections for 72 hours (2-PAM
loading IV dose: 1 g mixed with normal saline 100 cc for 30
minutes, 2-PAM maintain IV dose: 10 g mixed with normal sa-
line 1000 cc for 24 hours, 3 days). The indications for mechan-
ical ventilation with endotracheal intubation were as follows:
excessive bronchial secretions, poor oxygenation, decreased
mentality, and severe irritability. The follow-up routine until
the end of the treatment included daily blood sample tests,
including serum pseudocholinesterase levels.

We conducted an observational cohort study with a retro-
spective analysis of patient medical records and our toxicology
database registry. First, we divided the enrolled patients accord-
ing to the route of organophosphate poisoning. The following
data were assessed from each group: age; gender; initial vital
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signs (systolic blood pressure, diastolic blood pressure, pulse
rate, respiratory rate, and body temperature); route of poison-
ing; estimated ingestion amount (if ORP); time interval from
poisoning to ED arrival; initial Glasgow Coma Scale (GCS) score;
and treatments, including gastric lavage, charcoal injection, atro-
pine injection, and pralidoxime infusion. The estimated amounts
of ingestion were defined as “a little” or “a spoonful” (5 cc), “a
mouthful” (25 cc), “a small cup” (100 cc), and “a bottle” (300 cc).®

To compare the severity of poisoning in the enrolled pa-
tients, we assessed clinical data on rates of aspiration pneumo-
nia, pulmonary edema, respiratory distress, hypotension (sys-
tolic blood pressure <90 mm Hg or diastolic blood pressure
<60 mm Hg), central nervous system (CNS) deficits (conscious-
ness below stupor or seizure activity), mortality, and hospital-
ization, as well as hospitalization time, intensive care unit
(ICU) stay, and serial changes in serum pseudocholinesterase
levels between the NORP and ORP groups. Acute Physiology
and Chronic Health Evaluation II (APACHE II) scores were
calculated using initial ED laboratory values. The overall de-
mographics, clinical complications, and laboratory values
were compared using 1:2 (NORP:ORP) propensity score
matching. Our research plan was approved by the Institutional
Review Board committee of Wonju College of Medicine, Yonsei
University (Approval number: YWMR-13-5-031).

Statistical analysis

Statistical analysis was performed by independent sample t-
tests and chi-square tests. Results were expressed as mean+
standard deviation. To adjust for confounding results, propen-
sity score matching was performed. A propensity score for the
predicted probability of an NORP group was estimated with the
use of a multivariable logistic regression model fit. The C-statis-
tic of the logistic regression model for propensity score match-
ing was 0.78. The adjusted covariates in propensity score
matching included organophosphate type, age, sex, systolic
blood pressure, and respiratory rate. By using a nearest neigh-
bor matching algorithm with a “greedy” heuristic, each pa-
tient in the NORP group (n=34) was matched to a maximum
of two subjects in the ORP group. For this matching, SAS mac-
ro “PSMatching” was used. After propensity score matching,
the groups showed no differences in organophosphate type,
age, sex, systolic blood pressure, and respiratory rate. Relative
risk estimation and linear mixed model were used in the anal-
ysis. Relative risk was estimated by the Genmod procedure. A
linear mixed model was analyzed by SPSS (IBM Statistics for
Windows, Version 23.0, IBM Corp., Armonk, NY, USA). A level
of p<0.05 was considered significant. Data were analyzed on
SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). All statistical
processing and contents were analyzed by a biostatistician.
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Table 1. Major Organophosphate Components to Which Patients Were Exposed Before and After 1:2 Propensity Score Matching

Before matching (n=273)

After matching (n=102)

Agents
NORP (n=34) ORP (n=239) pvalue NORP (n=34) ORP (n=68) pvalue
Chlorpyrifos 0(0.0) 34(14.2) 0(0.0) 3(4.4)
Phosphamidon 12(35.3) 18(7.5) 12(35.3) 17 (25.0)
Dichlorvos 0(0.0) 22(9.2) 0(0.0) 3(4.4)
Fenitrothion 1(2.9) 19(8.0) 1(2.9) 4(5.9)
Diazinon 3(8.8) 9(3.8) 3(8.8) 2(2.9)
Monocrotophos 0(0.0) 9(3.8) 0(0.0) 4(5.9)
Methidathion 0(0.0) 6(2.5) 0(0.0) 1(1.5)
Edipenphos 0(0.0) 4(17) - -
Iprobenfos 4(11.9) 0(0.0) <0.001 4(11.8) 0(0.0) 0.097
Parathion 1(2.9) 3(1.3) 1(2.9) 1(1.5)
Malathion 0(0.0) 2(0.8)
Phenathoate 0(0.0) 3(1.3) -
Phorate 0(0.0) 2(0.8) 0(0.0) 1(1.5)
Fenthion 0(0.0) 2(0.8) 0(0.0) 2(2.9)
Fonofos 0(0.0) 1(0.4)
Propenfos 0(0.0) 1(0.4) - -
Others 1(2.9) 16(6.7) 1(2.9) 1(1.5)
Unknown 12(35.3) 88(36.8) 12(35.4) 29 (42.6)
NORP. non-oral route poisoning; ORP. oral route poisoning.
Data are expressed as number (%).
Table 2. Demographics of All Organophosphate Poisoning Patients Before and After 1:2 Propensity Score Matching
. Before matching (n=273) After matching (n=102)
Characteristics
NORP (n=34) ORP (n=239) pvalue NORP (n=34) ORP (n=68) pvalue
Age (yr) 62+11 59+17 0.103 62+11 63+16 0.887
Male gender 30(88.2) 155 (64.9) 0.006 30(88.2) 56 (82.4) 0.441
GCS 13+4 1045 <0.001 134 944 <0.001
Vital sign
Systolic blood pressure (mm Hg) 146+26 135+41 0.037 146+26 152448 0.437
Diastolic blood pressure (mm Hg) 83+14 79+24 0.130 83+14 85+27 0.628
Heart rate (rate/min) 89424 96+23 0.135 89+24 94427 0.423
Respiratory rate (rate/min) 1843 19+4 0.041 18+3 2018 0.016
Body temperature (°C) 35.146.5 35.7£11 0.604 351465 35.5+1.0 0.757
Estimated amount of ingestion (mL) - 182+157 - - 1474137 -
Time interval from poisoning to ED (min) 5105+8310 2631469 0.002 5105+8310 234+457 0.002
Gastric lavage 190 (81.2) 51(77.3)
Activated charcoal - 143 (61.4) - 39(59.1) -
Atropine use 24.(70.6) 211(88.7) 0.006* 24.(70.6) 61(91.0) 0.008
Total dosage of atropine (mg) 410.3+£1084.5 585.2+1231.4 0.519 410+1084 550+956 0.597
Pralidoxime use 26(78.8) 184 (96.8) <0.001* 26 (78.8) 54.(96.4) 0.008
Cause of exposure
Intentional poisoning 1(2.9) 204 (85.4) 1(3.0) 59(86.8) -
Accidental poisoning 30(88.3) 28(11.7) <0.001 30(88.2) 8(11.8) <0.001
Unknown origin poisoning 3(8.8) 7(2.9) 3(8.8) 1(1.4) -
Alcohol co-ingestion 0(0.0) 62(51.7) 0.002* 0(0.0) 21(38.9) 0.005

NORP, non-oral route poisoning; ORP, oral route poisoning; GCS, Glasgow Coma Scale; ED, emergency department.

Data are expressed as number (%) or mean=SD.

*Fisher's exact test.

984

https://doi.org/10.3349/ymj.2018.59.8.982



Woo Jin Jung, et al.

RESULTS

A total of 273 patients were included in this study. Table 1 sum-
marizes various types of agents that were implicated in the
poisoning incidents; the ingredients were undetermined in
100 cases of poisoning. Among the enrolled patients, 34 were
exposed to organophosphates via inhalation or dermal con-
tact, and 239 were exposed thereto via the oral route. Thirty
NORP and 28 ORP patients had been accidentally exposed. A
total of 205 (75.1%) were intentionally exposed to organophos-
phates, and 204 of these patients were exposed by the oral
route. The mean ED arrival time was 5105 minutes for the
NORP and 263 minutes for the ORP groups, respectively. The
mean estimated amount of organophosphate ingestion was
182 cc in ORP patients. Only 62 ORP patients reported alcohol
intake, although most patients could not confirm a history of
co-ingestion. There were no significant differences in diastolic
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blood pressure, heart rate, and body temperature between the
poisoned groups. Systolic pressure was higher in the NORP
group, and respiratory rate was higher in the ORP group. The
initial mean GCS of the NORP group was significantly higher
than that in the ORP group (13 vs. 10, p<0.001) (Table 2). Atro-
pine and pralidoxime were administered to a total of 235 and
210 patients, respectively. The mean total dosages of atropine
were 410 mg and 585 mg in the NORP and ORP groups, respec-
tively. Among ORP patients, 190 received gastric lavage, and
143 were administered activated charcoal.

Overall, the incidence rates of respiratory complications were
significantly lower in the NORP group. Moreover, the incidence
of hypotension and CNS deficits during treatment were lower in
the NORP group than in the ORP group. The final mortality rates
were 8.8% and 24.3% in the NORP and ORP groups, respectively
(Table 3). In the NORP group, two deaths occurred between 15
and 20 days, and one death occurred after 20 days. In the ORP

Table 3. Complications and Laboratory Values of All Organophosphate Poisoning Patients Before and After 1:2 Propensity Score Matching

Before matching (n=273)

After matching (n=102)

Variables NORP (n=34) ORP(n=239)  pvalue  NORP(n=34) ORP (n=68) pvalue

Aspiration pneumonia 6(17.7) 112 (52.1) <0.001 6(17.7) 36 (56.3) <0.001
Pulmonary edema 2(5.9) 63(29.3) 0.004 2(5.9) 15(23.4) 0.029
Respiratory distress 12 (35.3) 168 (71.5) <0.001 12 (35.3) 51(76.1) <0.001
Endotracheal intubation 14(41.2) 191 (80.6) <0.001 14(41.2) 59(88.1) <0.001
Hypotension 5(14.7) 90(38.1) 0.008 5(14.7) 25(37.3) 0.019
CNS deficits 14 (41.2) 146 (62.4) 0.018 14 (41.2) 50 (74.6) 0.001
Hospitalization time (days) 11+14 17+18 0.030 11+14 17+16 0.083
Admission <0.001* <0.001*

ICU 19(55.9) 209 (87.5) 19(55.9) 61(89.7)

General ward 13(38.2) 12(5.0) 13(38.2) 3(4.4)

Others (Transfer or ED mortality) 2(5.9) 18(7.5) 2(5.9) 4(5.9)
ICU stay time (days) 7£15 1M£11 0.108 7£15 1M£11 0.190
Mortality 3(8.8) 58 (24.3) 0.043 3(8.9) 22(32.4) 0.009
APACHE Il score 10£7 1710 <0.001 10£7 20+11 <0.001
Initial ABGA pH 7.37£0.10 7.28£0.16 <0.001 7.37£0.10 7.24+0.18 <0.001
Initial lactate (mmol/L) 2324185 5.30£3.41 <0.001 232185 6.24+3.82 <0.001
PO, (mm Hg) 90.9+24.8 107.74£53.9 0.003 90.9+24.8 106.6£57.6 0.058
PCO, (mm Hg) 36.919.4 39.4£185 0.220 36.9£9.4 44.0£26.9 0.054
HCO3 (mmol/L) 21.4+3.6 18.3+8.7 <0.001 214%36 16.9+4.6 <0.001
WBC (cells/mL) 13259+4879 16129+9910 0.008 13259+4879 1588546736 0.028
Hemoglobin (g/dL) 142416 14.8+79 0.346 14.2+1.63 147422 0.191
Hematocrit (%) 424+44 42.6+6.3 0.809 424144 441462 0.155
Na (mmol/L) 142.2+4.2 141.345.2 0.318 142.2+4.2 142.2459 0.977
K (mmol/L) 38104 3.6+0.6 0.179 38104 3.8+0.8 0.716
Creatinine (mg/dL) 0.74£0.19 1.01+0.84 <0.001 0.74+0.19 1.06+0.66 <0.001
AST (U/L) 39+22 79+267 0.027 39+22 63+66 0.009
ALT (U/L) 25+10 37+ 7N 0.014 25+10 41+4 0.004

NORP, non-oral route poisoning; ORP, oral route poisoning; CNS, central nervous system; ICU, intensive care unit; ED, emergency department; APACHE I, Acute
Physiology and Chronic Health Evaluation II; ABGA, arterial blood gas analysis; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine amino-

transferase.
Data are expressed as number (%) or mean£SD.
*Fisher's exact test.
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group, 10 patients died within the first day, seven died between
days 1 and 3 and another seven after 20 days (Fig. 1). The total
lengths of hospitalization or ICU stay were shorter in the NORP
group than in the ORP group. The APACHE II score was signifi-
cantly lower in the NORP group than in the ORP group (Table 3).

Following 1:2 matching depending on the type of organo-
phosphate, age, sex, systolic blood pressure, diastolic blood
pressure, and pulse rate, there were no significant differences
in demographics between the NORP and ORP groups (Tables
1-3). After matched analysis, all of the clinical complications,
mortality rate and APACHE II score, were also significantly
lower in the NORP group than in the ORP group.

Moreover, the laboratory findings did not significantly differ
before and after matching analysis. Mean pH levels on initial
arterial blood gas analysis were higher in the NORP group
than in the ORP group. The initial laboratory values, including
mean white blood cell count, mean serum lactate level, and
levels of serum creatinine, alanine aminotransferase, and as-
partate aminotransferase, were lower in the NORP group than
in the ORP group (Table 3). The mean serum pseudocholines-
terase level was maintained at a higher level in the NORP group

Route
40 | —e— Oralroute
—m— Non-oral route

Motality number

01 3 5 10 15 20 >20

Fig. 1. Cumulative mortality of non-oral route poisoning vs. oral route poi-
soning patients.

Route
5000 4 —e— Non-oral route
—a— Qral route

Mean (U/L)

ED 1 3 5 10 15
arrival

Day

Fig. 2. Repeated measured mean values of serum pseudocholinesterase
in non-oral route poisoning vs. oral route poisoning.
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than in the ORP group (Fig. 2).

After matching analysis, the relative risk ratio for mortality
was 0.34-fold in the NORP group, compared to the ORP group.
Relative risk analysis of NORP patients compared to ORP pa-
tients after matching yielded ratios for additional parameters
as follows: ICU admission (0.61), applying endotracheal intu-
bation (0.45), pulmonary edema (0.21), aspiration pneumonia
(0.32), respiratory distress (0.47), hypotension (0.36), and CNS
deficits (0.60) (Table 4). However, neither the total length of hos-
pitalization nor the ICU stay was significantly shorter in the
NORP group than in the ORP group (Table 3).

For subgroup analysis, 34 NORP patients were divided ac-
cording to the need for endotracheal intubation. As one may
predict, the intubated patients had more complications and
worse laboratory results (Table 5).

DISCUSSION

In general, organophosphate poisoning is common in cases with
suicidal intention.®® Past reports have discussed intentional
organophosphate poisoning as an important clinical and pub-
lic health problem in Asia."*"" This problem appears to be the
same not only in developing countries, but also in rural areas in
the Republic of Korea. Most of the intentional poisoning cases
reviewed in this study occurred by ingestion through the oral
route, while most of the unintentional poisoning cases occurred
via the non-oral route. Therefore, clinicians could fail to notice
the toxicity of organophosphate poisoning in NORP patients.
However, we observed mortality in the cases of NORP, with
many complications. Thus, our findings suggest that NORP is
as critical as ORP. Moreover, although our results showed that
the relative risk ratios for many of the clinical complications in
the NORP group were smaller than those in the ORP group, the
times spent on treatment were similar.

Recently, it was recognized that exposure to organophos-
phates is related with careless work management, including
the lack of self-protection.'" In this study, the majority of pa-
tients with NORP were not professional workers, but part-time

Table 4. Relative Risk Analysis of Non-Oral Route Poisoning Patients Com-
pared to Those of Oral Route Poisoning Patients after Matching

Type of clinical course and Relative

complications risk C pvalue
Admission to intensive care unit 0.6 0.45-0.83  <0.001
Applying endotracheal intubation 0.45 029-069  <0.001
Pulmonary edema 0.21 0.05-0.81 0.01
Aspiration pneumonia 0.32 0.15-067  <0.001
Respiratory distress 0.47 0.29-0.74  <0.001
Hypotension 0.36 0.16-0.82 0.007
Central nervous system deficits 0.60 0.39-0.90 0.004
Death 0.34 0.11-1.02 0.050

Cl, confidence interval.
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Table 5. Demographics and Clinical Characteristics of 34 Non-Oral Route
Poisoning Patients according to Endotracheal Intubation

Intubated Not-intubated

Variables patients patients  pvalue
(n=14) (n=20)

Age (yr) 62+12 63+11 0.688
Male gender 11(78.6) 19(95.0) 0.283
GCS 10+5 15+1 0.003
Vital sign

Systolic blood pressure (mm Hg) 150428 142424 0.377

Diastolic blood pressure (mm Hg) ~ 85+17 82+11 0.470

Heart rate (rate/min) 107+27 78+12 0.002

Respiratory rate (rate/min) 18+4 1842 0.809

Body temperature (°C) 3334199 36.4+05 0.254
Time int.erval from poisoning to 181748732 530648227 0.870
ED (min)
Atropine use 14.(100) 11(55.0) 0.004
Total dosage of atropine (mg) 8901555 42455 0.119
Pralidoxime use 14.(100) 12 (60.0) 0.013
Complications
Aspiration pneumonia 6(42.9) 0(0) 0.002
Pulmonary edema 2(14.3) 0(0) 0.162
Respiratory distress 11(78.6) 1(5.0) <0.001
Hypotension 5(35.7) 0(0) 0.007
CNS deficits 10(71.4) 4(20.0) 0.005
Hospitalization time (days) 21+18 4+3 0.004
ICU stay time (days) 17£20 0.3+0.8 0.006
ICU admission 14 (100) 5(25.0)  <0.001
Mortality 3(21.4) 0(0) 0.061
APACHE Il score 15+8 7%3 0.001
Initial ABGA pH 7324013  7.40+0.05 0.046
Initial lactate (mmol/L) 3.50+2.36 1.55%0.87 0.012

GCS, Glasgow Coma Scale; ED, emergency department; CNS, central nervous
system; ICU, intensive care unit; APACHE Il, Acute Physiology and Chronic
Health Evaluation II; ABGA, arterial blood gas analysis.

Data are expressed as number (%) or mean£SD.

workers, foreigners, or farmers. The majority of patients who
visited the ED said that pesticide in a can sometimes leaked re-
sulting in skin contact and that they did not use basic personal
protective equipment, such as masks and glasses. Therefore, we
suggest that workers must maintain and use thoroughly pro-
tective equipment.

The most serious complications due to organophosphate
poisoning are respiratory complications.' In the present
study, 14 NORP patients required endotracheal intubation for
the treatment of respiratory complications, indicating that
emergency physicians should be aware of treatments for or-
ganophosphate poisoning regardless of the route of poison-
ing. NORP patients exhibited cholinergic symptoms such as
dyspnea and vomiting after a significant delay, while unaware
of their exposure to organophosphates. As a result, the mean
time to ED visit in the NORP group was 5105 minutes, which
was about 19 times longer than that for the patients who had

https://doi.org/10.3349/ym;.2018.59.8.982
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attempted suicide.

The NORP group had a mean APACHE II score of 10 (pre-
dicted death rate: 15%), much lower than that of 20 (predicted
death rate: 40%) in the ORP group.” The actual mortality rates
of 8.8% for the NORP group and 24.3% for the ORP group were
not highly consistent with the predicted mortality rate on the
APACHE II score. Three NORP patients arrived at the ED
within 5 hours after exposure presenting with severe dizzi-
ness, vomiting, and dyspnea. All 3 patients were intubated
and admitted to ICU. One of the patients, a 65-year old male,
suffered acute respiratory failure after temporary cardiac arrest
on the second day of hospitalization. He expired two weeks af-
ter the cardiac arrest. The other two patients, both males aged
67 and 75 years, suffered from septic shock with pneumonia
during ICU care and expired within 3 weeks.

Serum cholinesterase levels have little prognostic value in
patients with acute organophosphate poisoning, and these
levels do not correlate with the amount of atropine required or
the need for mechanical ventilation.'*'” Therefore, clinicians
should not rely only on pseudocholinesterase levels of pa-
tients suspected of organophosphate poisoning. In our study,
the mean pseudocholinesterase level was significantly lower
in the ORP group than that in the NORP group, and the recov-
ery velocities of the mean pseudocholinesterase level were
similar between the two groups. However, the time required
for pseudocholinesterase level to return to near the normal
range was shorter in the NORP group. In addition, despite the
similar recovery velocity of pseudocholinesterase levels in
both groups, it was difficult to judge patient prognosis or mor-
tality only using an elevated pseudocholinesterase level.

The present study has several limitations. First, it is difficult
to generalize the results of our study as it is a retrospective, sin-
gle institutional study, and future studies involving multiple
institutions are required to add to our findings. Second, there
were differences in the treatment start time of the various or-
ganophosphate poisoned patients, making it difficult to gen-
eralize the final treatment results. Third, it was not possible to
determine the identity of some of the pesticides that were the
cause of the organophosphate poisoning. Fourth, it was not
possible to measure the exact organophosphate exposure level
causing NORP. Therefore, we could not confirm the differenc-
es in clinical results of poisoned patients according to the type
of organophosphate pesticide.

In our study, the relative risk ratios for complications, in-
cluding mortality, were lower in the NORP group than they
were in the ORP group. However, the length of hospitalization
or ICU stay did not differ significantly between the two groups.
Therefore, medical observation and intensive therapeutic ap-
proaches are also needed for NORP regardless of the clinical
severity thereof.
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