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ABSTRACT
Background: FAO specifications for liquid paraquat dichloride SL formulations require the use of an
emetic agent to stimulate vomiting within 30min of ingestion. To date, there is no high-quality evi-
dence of efficacy, despite use of the PP796 emetic since 1979. We first examined the validity of
patients’ self-reported dose of paraquat ingested by examining the relationship with blood paraquat
concentration and time to death for patients ingesting the standard paraquat SL formulation in a Sri
Lankan cohort. As a secondary outcome, we assessed whether ingestion resulted in vomiting within
30min and whether vomiting was associated with good outcome.
Methods: Patients presenting with paraquat SL self-poisoning were prospectively studied in ten Sri Lankan
hospitals in 2003–08. Data on reported dose ingested, incidence and timing of vomiting after ingestion,
treatment received, plasma paraquat concentration, and outcome were collected prospectively on presenta-
tion to hospital. Time between ingestion and blood sampling was incorporated by covariate adjustment.
Results: 441 patients were recruited to the case series, presenting a median (IQR) of 3.0 (1.5–8.1] h post
ingestion. Outcome was known for 435 patients of whom 322 (74.0%) died within 42days, a median of
1.3 (0.6–4.4) days post ingestion. Median reported dose ingested was 15 to <30mL. There was a highly
significant linear trend between log plasma paraquat and reported dose ingested (p< .001); adjustment
for the log of the time from ingestion to sampling further improved the model fit. Case fatality and
median time to death also showed good agreement with estimated ingestion amount. 347/438 patients
(79.2%) were stated to have vomited before reaching the study hospital with 300 (68.5%) vomiting within
30min of ingestion; time to vomiting was unknown for a further 12 (2.7%). The proportion vomiting was
strongly associated with reported dose ingested (p< .001); of note the proportion vomiting within 30min
only increased to 83.3% for the highest ingestion group. Patients vomiting within 30min had higher
plasma paraquat concentrations (p¼ .008), and higher hazard ratio in the adjusted Cox regression model
of 2.01 (95% CI 1.45–2.77) compared to those who did not. Vomiting within 30min was associated with
a higher case fatality (241/295 [81.7%] vs 68/125 [54.4%], p< .001). Forty-three (47.3%) of the 91 patients
who did not vomit before reaching hospital died (one had unknown outcome).
Conclusion: Importantly, we found good agreement between reported dose ingested and plasma
paraquat concentration, case fatality, and time to death, suggesting that the reported dose is a valid
marker for the dose ingested. Vomiting occurred within 30min for 68.5% of patients, exceeding the
characteristics for a purported effective emetic in the FAO specifications. However, vomiting within
30min was associated with approximately double the risk of death compared to those who did not
vomit, larger paraquat ingestions, and higher blood paraquat concentrations. In addition, death
occurred in many patients who did not vomit, and the proportion vomiting within 30min only
reached 82.1% for the highest ingested dose group. Overall, we found no evidence of benefit resulting
from incorporation of the emetic, suggesting that the current FAO specification is not effective at pre-
venting deaths after ingestion of the paraquat SL formulation.
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Introduction

In the mid-1970s, after a series of deaths following uninten-
tional poisonings in which paraquat had been decanted into
soft drinks bottles [1–3], the widely used agricultural

paraquat SL20 liquid formulation (200 g/L paraquat ion,
major brand GramoxoneVR ) was changed to include a sten-
ching agent, a colouring agent, and an emetic (PP796) with
the purpose of reducing unintentional ingestion and
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stimulating vomiting after ingestion [4,5]. The manufacturer
considered it effective at reducing unintentional deaths [6].
However, an emetic’s ability to reduce toxicity from liquid
paraquat formulations will be limited by a central location of
effect, countered by rapid stomach emptying after fasting,
and active uptake of paraquat, meaning that toxic amounts
of paraquat may well be absorbed before the emetic can
have its effect. Unpublished animal studies, by contrast, indi-
cate that high doses of PP796 (>2mg/kg) reduce toxicity if
stomach emptying is slowed with food [7].

The Food and Agricultural Organization (FAO)’s
Committee of Experts on Pesticides in Agriculture (predeces-
sor to the current FAO/WHO Joint Meeting on Pesticide
Specifications [JMPS]) subsequently adopted this formulation
for its international specifications (Box 1) [8]; it remains the
global quality specification for paraquat [9], with some revi-
sions in text [10]. The specifications note that an emetic that
causes more than 50% of patients to vomit within 30min
must be included in the formulation; early versions note that
only PP796 has been shown to do this (Box 1).
Unfortunately, no evidence was provided to support this
statement, which has been removed in the most recent ver-
sion of the specifications [10]. Furthermore, review of the
pre-clinical and clinical data suggest that the dose of emetic
might be too low to be effective [7].

The key aim of the change in formulation was to prevent
unintentional deaths [7]; however, fatal cases continue to
occur [11–17]. An effective emetic should also prevent many

of the deaths that occur from low-intent self-poisoning since
small doses are often ingested in spontaneous acts of self-
harm [18,19]. However, we have noted a case fatality of
>35% for self-reported ingestions of less than 10mL [19], a
dose not expected to be fatal in most cases [5]. It is unclear
whether these deaths occur because the ingested dose was
larger than reported or because the lethal dose is actually
lower than reported, even in the presence of the
PP796 emetic.

There are currently no high-quality data on whether the
emeticised paraquat SL20 formulation induces vomiting
within 30min or the effectiveness of such vomiting at
improving outcome [7]. A study was performed by the UK’s
National Poisons Information Service with the manufacturer
ICI during the 1980s [4,20,21]; however, the published data
[4] include both paraquat SL20 and granular low concentra-
tion formulations (major brand WeedolVR ), which has a lower
paraquat concentration, higher PP796 to paraquat ratio, and
substantially lower case fatality [4]. The two products were
not distinguished in the analysis, meaning that the effect of
PP796 in the SL formulation could not be identified. A small
Malaysian study of 30 cases with paraquat SL20 poisoning
noted that vomiting occurred within 15min for 24/30
(80.0%) cases [22]. Twenty-seven (90.0%) patients died;
whether any of the patients who vomited survived was not
stated. An unpublished study from Western Samoa did not
find any evidence that emeticised paraquat SL20 improved
outcome [23].

In 2002, we established a prospective cohort of pesticide
acute self-poisoning cases in Sri Lanka [24] that now includes
1,477 patients with paraquat self-poisoning [25], the great
majority after ingesting paraquat SL20 [19,26]. In 2003–2008,
the cohort was used to study the possible benefits of a new
SL20 formulation (called Inteon) that included an alginate, a
purgative, and a 3-fold increased concentration of PP796
[19,26,27]. At that time, we did not assess the rates of vomit-
ing amongst these patients.

We now use data from this prospective cohort to assess
the validity of the dose of paraquat ingested, as reported by
patient and/or relatives, through examining the relationship
with blood paraquat concentration and time to death for
patients ingesting the standard paraquat SL formulation. As
secondary analyses, we looked at the incidence of early vom-
iting and association of vomiting and of gastric decontamin-
ation with outcome. We particularly wished to determine
whether the formulation fulfils the FAO quality criteria for
>50% vomiting within 30min and whether such vomiting
affected the outcome.

Methods

Ethics approval was received for the original cohort from the
Faculty of Medicine Ethics Committee, Colombo, and ethics
committees of University of Ruhuna, Anuradhapura General
Hospital, Teaching Hospital Kandy, and National Hospital of
Sri Lanka. Methods for the prospective cohort in general and
for the paraquat patients in particular have been published
previously [19,24–26].

Box 1. FAO specifications for paraquat dichloride soluble concentrate
(February 2008) [8]
“1 Description
The material shall consist of technical paraquat dichloride, complying with
the requirements of FAO specification 56.302/TK (2003), in the form of an
aqueous solution (Notes 1 and 3), together with any other necessary for-
mulants, and must contain an effective emetic (Note 2). The material may
also include colorants, olfactory alerting agents and thickeners. It shall
contain not more than a trace of suspended matter, immiscible solvents
and sediment.”
“Note 1. An effective emetic, having the following characteristics, must be
incorporated into the SL.

� It must be rapidly absorbed (more rapidly than paraquat) and be
quick acting. Emesis must occur in about half an hour in at least 50%
of cases.

� It must be an effective (strong) stimulant of the emetic centre of the
brain, to produce effective emesis. The emetic effect should have a
limited “action period”, of about two to three hours, to allow effective
treatment of poisoning.

� It must act centrally on the emetic centre in the brain.

� It must not be a gastric irritant because, as paraquat is itself an irri-
tant, this could potentiate the toxicity of paraquat.

� It must be toxicologically acceptable. It must have a short half-life in
the body (to comply with the need for a limited action period).

� It must be compatible with, and stable in, the paraquat formulation
and not affect the herbicidal efficacy or occupational use of
the product.

“To date, the only compound found to meet these requirements is 2-
amino-4,5-dihydro-6-methyl-4-propyl-s-triazole-(1,5a)pyrimidin-5-one
(PP796). PP796 must be present in the SL at not less than 0.23% of the
paraquat ion content.”
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Patients

The patients were recruited prospectively from Dec 2003 to
Sep 2008 in two studies [19,26] conducted in ten Sri Lankan
hospitals (Anuradhapura, Colombo, Embilipitiya, Galle,
Gampaha, Hambantota, Kandy, Peradeniya, Polonnaruwa,
Ratnapura). The original studies were conducted to compare
the outcome of paraquat self-poisoning with either the
standard formulation or new (Inteon) formulations using
alginate technology. The first alginate-containing formulation
became available in Sri Lanka in October 2004. Patients were
only included in the current analysis if they had ingested
standard formulation paraquat SL20 that did not use algin-
ate technology.

Patients were recruited by study clinicians if they reported
ingesting products containing paraquat or, if the pesticide
ingested was unknown, the patient had clinical signs typical
of paraquat poisoning (mouth lesions and/or blue colour-
ation around the mouth) or a positive urine dithionite test.
Oral informed consent to participate in the survey was
sought from patients or their relatives in their own language.
Two centres, Anuradhapura and Polonnaruwa, collected
information on paraquat poisoned patients from 2002 using
a slightly different proforma; patients recruited at these
centres before October 2004 were missing data on some key
variables and were excluded from the study.

Procedures

Data on the exposure, treatment, and outcome of patients
ingesting paraquat were collected by trained research assis-
tants using a standardised questionnaire. Upon admission,
demographic data (age, sex, and weight) were recorded
together with information relating to previous treatments
and transfer from a primary hospital. Details relating to the
ingestion were taken: time of exposure; circumstances (inten-
tional self-harm, accidental, homicide, or occupational); time
to emesis; and number and force of vomiting episodes. The
patient was asked to state the ingested volume using a var-
iety of measuring schemes (millilitres, fluid ounces, or vari-
ous-sized spoon/cup measures). These volumes were then
converted into mL and categorised as <5mL, 5 to <10mL,
10 to <15mL, 15 to <30mL, 30 to <50mL, 50 to <100mL,
100 to 150mL, and >150mL.

A plasma and/or urine sample was taken soon after
admission (where possible), stored frozen, and sent to
Syngenta CTL (Alderley Park, Macclesfield, Cheshire, UK) for
measurement of paraquat ion concentration and identifica-
tion of tracer compounds (diquat or diethyl paraquat ions) in
alginate technology poisoned patients (allowing cases to be
classified as confirmed standard formulation or confirmed
alginate cases). Analysis was conducted using HPLC, LC-MS-
MS, and LC fluorescence [28]. Standard paraquat 20SL cases
were confirmed on the basis of plasma or urine analysis. The
plasma and/or urine paraquat concentration had to be
>0.04mg/L for the co-formulated marker compounds
(diquat, diethyl paraquat) to be detected, if present. This
meant that patients who had ingested low doses (or vomited

out the pesticide) after October 2004 could not be accurately
assigned to the standard or alginate technology formula-
tions, since the paraquat concentration was too low for the
co-formulated markers to be measured (if present), and were
therefore excluded from the study.

Details of treatments and clinical observations throughout
the patients’ stay in hospital and clinical outcome were pro-
spectively recorded. In the first study [19], if the patient sur-
vived to discharge from hospital, study doctors visited their
home at least 3months after exposure to check survival.
However, for the second study [26], follow up was performed
at only 6weeks because all deaths in the first study had
occurred by 42 days.

Cases were initially recorded on paper and then trans-
ferred to a Microsoft Access database. For quality control, a
separate database was created from data collected from the
medical notes by an auditor (except for two hospitals where
access to medical records was refused). The two databases
were compared to assess completeness of case ascertain-
ment and to highlight differences in recording of details.

Statistical analysis

The relationship between estimated paraquat ingestion
amounts and absorption was assessed using mean plasma
paraquat concentrations and mortality outcome. Mortality
outcome for all patients was assessed at 42 days. Analysis of
variance was used to compare logged plasma paraquat con-
centrations (logPQ) between different ingestion amount cate-
gories. Plasma paraquat concentrations were also adjusted
for the log of the post ingestion time to sampling (logTIME)
using analysis of covariance and marginal means estimated.
Linear trend analysis was also performed. In addition, a sim-
pler adjustment for time from ingestion to sampling was
made using the log of the Severity Index for Paraquat
Poisoning (SIPP) score [29] i.e., logPQþ logTIME. Survival and
median time to death of patients ingesting different
amounts was compared using Kaplan Meier survival curves
and Mantel-Cox logrank test. Categorical comparisons includ-
ing those of the proportions of patients vomiting within
30min were performed using X2 and linear trend tests.

Analyses were also performed to examine the effect of
vomiting, treatment with charcoal and Fuller’s earth adsorb-
ents, and gastric lavage on plasma concentrations and out-
come. Analysis of covariance was used to compare logged
plasma concentrations adjusted for logTIME and ingestion
amounts. Cox proportional hazards [PH] regression models
were also used to estimate adjusted hazard ratios (HR) for
the factors of interest. In Cox PH models, the 10 hospitals
were included as strata and analyses always included terms
for the following covariates: (a) sex, age, and weight of par-
ticipant; (b) treatments received; (c) use of adsorbent; (d)
time from ingestion to presentation at a hospital; (e) stand-
ard group (pre-alginate, confirmed standard formulation
product in first and second alginate technology studies); (f)
vomit before admission (except when assessing the effect of
vomiting within 30min of ingestion) and (g) estimated inges-
tion amount.

CLINICAL TOXICOLOGY 3



Estimated self-reported ingestion amount was an important
factor influencing survival, but information was not available
for several cases. Consequently, adjusted hazard ratios (HR)
were only derived for the subset of patients who had inges-
tion information, and ingestion amount was included as a cat-
egorical variable with eight levels. Some of the confirmed
cases in the second alginate study [26] were included in a
randomised controlled trial of immunosuppression with cyclo-
phosphamide and corticosteroids [30]. Cyclophosphamide
showed no evidence of effect in confirmed cases in the 2nd
study who were allocated the treatment at random whereas
the case fatality rate was very high among the small number
of patients given the treatment in the first study [19]. Similar
results were seen for corticosteroids, and it was decided to
exclude these treatments from the Cox models. Evidence of
nonproportional hazard functions was assessed by visual
methods and by testing the significance of the interaction
with the logarithm of survival time. Stratification was used to
account for nonproportionality of the hazard functions.

All statistical analyses were performed using IBM SPSS
Statistics for Windows version 27.0 (IBM Corp, Armonk, NY).

Role of the funding source

The funders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision
to submit for publication.

Results

The first study of alginate formulation effectiveness [19]
included 297 standard formulation cases recruited before 1
October 2004 (when the first alginate formulation was intro-
duced) and 85 confirmed cases recruited after that date
(Table 1). The second study [24] included a further 126 con-
firmed standard formulation cases recruited after the intro-
duction of a second alginate formulation in October 2006.
After excluding the 67 patients recruited at Anuradhapura
and Polonnaruwa hospitals before 01 October 2004 with
incomplete data, the study group included 441 patients who
had ingested the standard paraquat SL20 formulation, pre-
senting a median (IQR) of 3.0 (1.5 to 8.1) h post ingestion
(Table 2). Males (n¼ 349, 79.1%) outnumbered females,
median age was 27 (21.0 to 38.8) years, and ingestion was
reported as intentional for 416 (94.3%) cases.

Outcome was known for 435/441 (98.6%) patients, of
whom 322 (74.0%, 95% CI 69.6% to 78.0%) died within
42 days, a median of 1.3 (0.6–4.4) days post ingestion. The
case fatality was higher for the earliest patients recruited,

before the introduction of the first alginate (Inteon) formula-
tion (175/227, 77.1%, 95% CI 71.1% to 82.4% [lost to follow
up, n¼ 3]), than for both the first series of confirmed
patients (60/82, 73.2%, 95% CI 62.2% to 82.4% [lost to follow
up, n¼ 3]) and later series (87/126, 69.0%, 95% CI
60.2%–77.0%) despite the likely higher paraquat plasma lev-
els of confirmed patients (as required to exclude co-presence
of the markers).

Accuracy of reported dose ingested

An estimated dose ingested (in eight range categories) was
available for 388 (88.0%) patients with a median dose

Table 1. Patients in the analysis.

Standard formulation cases Incomplete data Used in analysis

Before 01 Oct 2004 Only formulation in use 297 67 230
01 Oct 2004–01 Oct 2006 Analytically confirmed (study 1) 85 0 85
After 01 Oct 2006 Analytically confirmed (study 2) 126 0 126
Total 508 67 441

Table 2. Demographic and clinical characteristics.

Demographic details

Male – n (%) 349 (79.1)
Age years – median (IQR) 27.0 (21.0–38.8)
Weight kg – median (IQR) 55.0 (50.0–60.0)
Time to admission h - median (IQR) 3.0 (1.5–8.1)

Ingestion Details
Deliberate ingestion – n (%) 416 (94.3)

Estimated ingestion amount – n (%)
< 5mL 59 (13.4)
5 to <10mL 39 (8.8)
10 to <15mL 44 (10.0)
15 to <30mL 55 (12.5)
30 to <50mL 44 (10.0)
50 to <100mL 48 (10.9)
100–150mL 32 (7.3)
>150mL 67 (15.2)
Unknown 53 (12.0)

Vomiting details (N¼ 438)
Vomited before hospital admission – n (%) 347 (79.2)
Vomited within 15min 223 (50.9)
Vomited 15–30min 77 (17.6)
Vomited 31–60min 25 (5.7)
Vomited > 60min 10 (2.3)
Vomited at unknown time 12 (2.7)

Severity of vomiting – n (%)
Once 23 (6.8)
Multiple 316 (72.1)
Vomited but not known whether multiple times 8 (1.8)

Clinical details
Treated at primary hospital – n (%) 220 (49.9)
Treated at secondary hospital within 4 h – n (%) 258 (58.5)
Lavage – n (%) 296 (67.1)
Primary hospital only 47
Secondary hospital only 183
Both hospitals 66

Adsorbent – n (%) 365 (82.8)
Fullers Earth only 332
Activated charcoal only 17
Both 61
Primary hospital only 36
Secondary hospital only 268
Both hospitals 61

Intravenous fluids – n (%) 415 (94.1)
Diuretics – n (%) 49 (11.1)
Antiemetic – n (%) 61 (13.8)
Magnesium – n (%) 2 (0.5)
Prednisolone – n (%) 84 (19.0)
Cyclophosphamide – n (%) 43 (9.8)
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category of 15 to <30mL of paraquat SL20 (Table 2).
Figure 1 shows logPQ plotted against the reported dose
ingested with outcome at 42 days. Unsurprisingly, there was
considerable overlap between ingestion categories; however,
there was a highly significant linear trend between logPQ
and reported dose ingested (p< .001), with no evidence of
deviation from linearity (p¼ .61). Mean logPQ increased from
�1.4 (95%CI � 1.8 to �1.0) to 0.8 (0.4–1.1) with increasing
ingestion amounts. Adjusting for logTIME improved the
model fit significantly (p< .001). Log SIPP also demonstrated a
strong linear relationship with ingestion amount (p< .001)
with no evidence of deviation from linearity (p¼ .84), but the
model fit was significantly improved (p< .05) by further adjust-
ment for logTIME. The case fatality at 42days increased with
ingestion amount from 32.2% of the 59 patients ingesting
<5mL of paraquat to 98.2% of 67 patients ingesting >150mL.

The Kaplan-Meier survival analysis (Figure 2) includes the
six patients with unknown outcome at 42 days and indicated
a significant difference in survival between the reported
dose ranges (log rank test, p< .001). However, there was lit-
tle difference in survival among patients who reported
ingesting 5–10mL and 10–15mL, and among those who
reported ingesting 30–50mL, 50–100mL and 100–150mL.
Median (IQR) time to death showed a similar relation with
estimated ingestion amount, decreasing from 6.9 (4.7 to 9.7)

days for patients ingesting <5mL to 0.8 (0.4–1.9) days for
those ingesting >150mL.

Vomiting post ingestion

Data on vomiting before hospital presentation was available
for 438/441 (99.3%) patients. A total of 347 patients (79.2%)
vomited before reaching the study hospital; 300 (68.5%)
vomited within 30min of ingestion, indicating that the for-
mulation fulfilled the FAO criterion (Box 1). A further 12
patients (2.7%) vomited before admission, but timing was
not reported.

The proportions vomiting pre-hospital and within 30min
of ingestion were both significantly related to estimated
ingestion amount (p trend <0.001). Excluding the 12 patients
above, the proportion vomiting within 30min increased from
58.6% for patients ingesting <5mL to 83.3% for patients
ingesting >150mL; the corresponding figure for those with
unknown ingestion amount was 50.0% (Figure 3). However,
among patients who vomited within 30min and had known
ingestion amount, 202 (73.2%) vomited within 15min of
ingestion. There was no significant difference (no dose
response) in this proportion between patients in different
ingestion dose categories (p¼ .58).

Figure 1. Log plasma paraquat concentration categorised by reported dose ingested.
Key survivors: green squares; fatalities: red circles; unknown outcome: blue diamonds. LogPQ: log plasma paraquat concentration.

CLINICAL TOXICOLOGY 5



Early emesis is not associated with improved outcome

Vomiting within 30min of ingestion was not associated with
improved outcome. In the univariate analysis of covariance,
estimated marginal mean plasma paraquat concentrations
were significantly higher (p¼ .008) for patients who vomited
within 30min. The estimated marginal mean logPQ eval-
uated at 3.1 h post ingestion was �0.64 (85% CI �0.90 to
�0.37) for not vomiting within 30min vs �0.21 (85% CI
�0.38 to �0.05) for vomiting within 30min. The largest dif-
ferences were seen for ingestions between 5 and 15mL but
the interaction between vomiting and ingestion amount was
not statistically significant (p¼ .55) (Figure 4).

Among patients with known vomiting status and time
and outcome (n¼ 420), vomiting within 30min was associ-
ated with a higher case fatality (241/295 [81.7%] vs 68/125
[54.4%], p< .001). However, those who vomited within
30min had much higher ingestion amounts (median inges-
tion amount 30–50mL versus just above 10mL). The KM sur-
vival curves show that survival was worse among patients
who vomited for each ingestion amount (Figure 5).

Cox regression analysis adjusted for several factors includ-
ing estimated ingestion amount confirmed that survival was
significantly worse for patients that vomited within 30min of
ingestion (HR ¼ 2.01; 95% CI 1.45–2.77). A further analysis
compared those that vomited within 15min, and those who
vomited later than 15min after ingestion, with those who
didn’t vomit. The HR for vomiting within 15min was 2.16
(85% CI 1.43 to 3.26) but the HR for vomiting later than
15min after ingestion was not significantly elevated (HR ¼
1.55; 95% CI 0.99–2.44).

Mortality among patients who did not vomit

Forty-three (47.3%) of the 91 patients who did not vomit
before hospital presentation died (one had unknown out-
come). Many patients who did not vomit had taken relatively
large doses of paraquat - as indicated by the reported dose
ingested, blood paraquat concentration, and time to death.
Thirty-six patients with known outcome at 42 days ingested
>10mL of paraquat SL20 but did not vomit; 21 (58.3%) died
with a median time to death (IQR) of 1.5 (0.5–5.0) days). The
case fatality was much higher (84.0%) among 25 patients
who ingested >10mL of paraquat and vomited after 30min,
but surprisingly they survived longer; median time to death
(IQR) of 4.1 (1.7–8.0) days. Seven of 20 (35.0%) who did not
vomit after ingesting �30mL survived, compared to 6 of 169
(3.6%) who ingested the same amount but vomited.

Effects of medical decontamination

Many of the patients received an adsorbent such as activated
charcoal or Fuller’s earth, and/or received gastric lavage
(Table 1). Adsorbent treatment did not significantly affect
plasma paraquat levels (p¼ .343) and there was no evidence
of increased survival (HR ¼ 0.99: 95% CI 0.68–1.45).

Gastric lavage treatment was associated with reported
dose ingested: patients reporting higher dose ingestions
were more likely to get lavage, but the difference was not
statistically significant (p¼ .29) and only 69.6% of those
ingesting �30mL received lavage compared to 64.5% ingest-
ing lower ingestions. The patients receiving lavage had

Figure 2. Time to death categorised by reported dose ingested.
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slightly lower paraquat plasma concentrations, especially
among those ingesting 30 to 150mL, but the difference was
not significant (p¼ .082). There was no evidence of increased
survival in the Cox regression analysis (HR ¼ 0.97: 95% CI
0.70–1.33) among patients who received lavage in primary
and/or secondary hospitals.

Discussion

We found good correlations between reported dose ingested
and plasma paraquat concentration, case fatality, and time to
death, suggesting that the reported dose is a valid marker
for the amount ingested. We also found that vomiting

occurred within 30min for almost 70% of patients, exceeding
the FAO specification of 50% within 30min. However, some
patients who drank large volumes did not vomit. We also
found no evidence of a benefit from this vomiting within
30min, despite patients often vomiting on multiple occa-
sions. Early vomiting was associated with approximately dou-
ble the risk of death and with higher plasma concentrations
of paraquat, suggesting that early vomiting is simply a
marker of high exposure.

The formulation was designed to provide a dose of
emetic that would cause the majority of people ingesting a
likely lethal dose (�10mL of paraquat SL20) to vomit [5] and
to reduce their risk of death [31,32]. Excluding the 12
patients who vomited but for whom timing was not

Figure 3. Time to first vomit categorised by reported dose ingested, showing absolute numbers (top) and proportion (bottom).
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reported, the proportion that vomited within 30min of
ingestion ranged from 58.6% for patients ingesting <5mL to
83.3% for patients ingesting >150mL. These data indicate
that the dose of PP796 in a lethal dose of paraquat SL20
does not always cause vomiting within 30min of ingestion.
We found no evidence to indicate that PP796 5mg/L in para-
quat SL20 causes vomiting that improves outcome.

The early emesis was probably caused by the PP796. Pre-
clinical studies in vomiting species showed vomiting

occurring after 1–2 h in paraquat SL20 formulations lacking
emetic; addition of PP796 at concentrations >2mg/kg
resulted in much more rapid vomiting occurring within
10–20min [7]. Clinical studies suggested more rapid vomiting
after ingestion of low concentration granular paraquat prod-
ucts with high concentrations of PP796 [4,7]. It seems likely
that the early vomiting seen here was due to the PP796,
although the concentration was lower than found to be ideal
in pre-clinical studies [7].

Figure 4. Estimated marginal means of log plasma paraquat concentration categorised by reported dose ingested and by occurrence or not of vomiting within
30min of ingestion. Error bars show standard error. Covariates appearing in the model are evaluated at 3.1 h post ingestion.

Figure 5. Time to death categorised by reported dose ingested and by vomiting within 30min of ingestion (Left: vomited <30min; Right: did not vomit <30min).
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The study was done both before and during the introduc-
tion of a new formulation in Sri Lanka with an increased
emetic concentration [27] that was initially associated with
greater vomiting and increased survival, especially for
patients taking modest doses [19]. The new formulation also
contained an alginate designed to gel in the stomach as well
as magnesium sulfate [19,26,27], which may have contrib-
uted to the overall effect. It is not possible to conclude that
higher doses of PP796 alone would be more effective at
inducing vomiting that lowers plasma paraquat concentra-
tion and improves outcome, although this is suggested by
animal studies [7]. It is unclear whether increasing the PP796
concentration would be an effective strategy. Clinical trials
would be required to prove the value of such higher
concentrations.

An analysis of 586 standard formulation cases and con-
firmed alginate formulation cases suggested that gastric lav-
age may have contributed to a poorer outcome for patients
who ingested <30mL, whereas it may have had a small
beneficial effect in patients who ingested higher volumes, in
particular in those admitted to hospital within one hour of
ingestion [33]. However, this was not confirmed in the cur-
rent study looking only at standard paraquat SL20 products.

Data collection in this study was prospective, occurring
on admission a median of 3.25 h post ingestion. It was also
collected directly from the patient and/or relative by a
researcher. After introduction of the alginate formulations,
the identity of the formulation ingested was confirmed by
blood analysis where possible (however, see below for limita-
tions). This contrasts with the UK NPIS study performed in
the 1980s when data was collected retrospectively by phone
from the doctor who had cared for the patient, typically sev-
eral days after the admission [34]. The specific formulation
was not reported in the published abstracts [4], meaning
that data for paraquat SL20 formulations has not previously
been published (although available in internal company
reports [7]).

Limitations

Many of the cases collected before the introduction of
Inteon in 2004 had no urine or plasma samples collected;
these represent the majority of confirmed standard formula-
tion cases in the 1st study [19]. Therefore, the plasma analy-
ses included only 60% of subjects. The paraquat
concentration in plasma and/or urine also had to be
>0.04mg/L for the co-formulated marker compounds
(diquat, diethyl paraquat) to be detected, if present. This
meant that patients who had ingested low doses (or vomited
out the pesticide) were excluded from this analysis. Of note,
the case fatality was lower for the patients recruited after
the introduction of Inteon, suggesting that excluding low
dose ingestions that would have been below the level of
detection for the markers did not have a major effect on
the analysis.

The relatively low proportion of patients with unknown
ingestion amounts known to have vomited within 30min
(46.2%) suggests some inaccuracy in the vomiting

information. Many patients claimed to have spat out some
or all the concentrated paraquat formulation, making it diffi-
cult to estimate how much had been ingested.

Conclusion

Our data indicate that the current paraquat SL20 formulation
containing 5mg/L PP796 fulfils the FAO specification for
vomiting with 30min in its current form; however, we found
no evidence that this strategy is effective at preventing
deaths after ingestion.
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