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Abstract

To analyze the outcomes of severe acute kidney injury in patients with paraquat ingestion. This retrospective analysis of case records was done
in our institute, a tertiary care government teaching hospital, over a period of 4 years. Of the total 1310 acute paraquat poisonings during this
period, severe acute kidney injury (AKI), referred for nephrology management was observed in 60 patients. Common symptoms at presentation
include vomiting, oral ulcers, and abdominal pain. Oliguric AKI was present in 26%. Need for renal replacement therapy was observed in 95%
of the cases. Mortality was observed in 38 of the 60 patients (68%). Factors associated with mortality on Cox regression analysis include amount
of consumption. Estimated duration of survival on analysis curves was 8 days in 50% after admission and 15 days after consumption in 50%.
Paraquat poisoning is associated with grave outcomes of morbidity and mortality. Severity of AKI is significant in this poisoning. Amount of
consumption, latency of referral play a major role in outcomes.
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Background

India. Almost all Indian states have reported dangerous out-

Paraquat is a herbicide commonly used in agriculture prac-
tice in the Indian subcontinent. Paraquat use in India was
approved for nine crops, but because of the ease and effec-
tiveness of its use, it is currently being used for 25 crops
grown. Paraquat is a powerful desiccant, and chemically its
falls in the group of bipyridilium herbicides, which are also
called “quaternary ammonium salts” or “quats.” The WHO,
PAN, IRIS, US EPA, and ToxNet have recognized paraquat
as a dangerous herbicide. Despite global efforts, it is being
widely used in agricultural and nonagricultural practices in

comes due to paraquat poisoning, and states such as Kerala
have banned paraquat along with endosulfan.

Paraquat poisoning can have a myriad of manifestations
including airway and respiratory complications to acute kid-
ney injury (AKI).

Aim
To determine the outcomes of patients presenting with severe
acute kidney injury due to paraquat poisoning.
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Patients and Methods
Design

It is a retrospective study of case records of all patients
admitted with paraquat poisoning and Nephrology referral.

Setting

This study was done at a tertiary care Government Teaching
hospital over a period of 4 years. All those patients with AKT
who were referred to Nephrology services were included in
the study.

Demographic data, amount of paraquat consumption,
nature of poisoning, clinical features, severity of renal insuf-
ficiency, and the need for renal replacement therapy (RRT)
were analyzed.

Results

Of the total 1310 paraquat poisoning cases admitted to our
center over a period of 4 years, 60 patients were referred to
the nephrology department for management of severe renal
failure. Nature of poisoning was suicidal in majority (86%),
and very few were accidental or homicidal in nature. Para-
quat is an easily available and commonly used pesticide, the
side effects of which are known to agricultural community
and hence an easily available suicidal chemical. Mean age of
the group was 27 years. The majority were men, 42:18. The
time duration of referral from local hospital to our center
varied between 24 h and >6 days; the initial management was
given at local hospital. Most common symptoms at presen-
tation involved the presence of oral ulcers in the gastroin-
testinal system, vomiting, and pain in the abdomen. Among
renal symptoms, oliguria was the most common, and anu-
ria was infrequent. Hypotension was infrequent at admis-
sion, and during hospitalization, majority of the patients
developed multiorgan involvement with liver dysfunction
and respiratory failure. Of the 60 patients, 57 needed kidney
replacement therapy. The baseline characteristics and statis-
tics are presented in Table 1 and Table 2.

Mortality in our group was 63% (38/60). On univari-
ate analysis, nature of poisoning, amount consumed, and
latency period of referral time showed a significant associ-
ation with mortality. Mortality was observed in those with
suicidal nature and who consumed larger amounts, >100 mL
(which predominantly was mixed with soft drinks or locally
made toddy), and delayed presentation or referral to a ter-
tiary care center. Other parameters that showed a significant
association with mortality were elevated WBC, hypoxemia,
liver dysfunction, multiorgan involvement, and persisting
oliguria. On further analysis using Cox regression multivar-
iate analysis, the factors found significant were amount of
consumption, presence of vomiting, and liver dysfunction.

Paraquat-associated severe acute kidney injury

Table 1: Baseline characteristics for hospital admission.
Number (n = 60)

Characteristics

(continues)
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Table 1: Continued

acteristics Number (n = 60)

AKI, acute kidney injury; HD, hemodialysis; MODS, multiple
organ dysfunction syndrome; PD, peritoneal dialysis; RRT, renal
replacement therapy; SOB, shortness of breath.

ity on multivariate analysis. Factors associated with mortal-
ity are listed in Table 3.

Further, survival analysis curves were predicted based on
the data available. The probability of surviving 8 days was
50% in this group, and the probability of surviving 15 days
in total period (latent period of referral + hospital stay)
was 50%.

Discussion

Paraquat, or N, N’-dimethyl-4,4'-bipyridinium dichloride,
also known as methyl viologen, is an organic compound
with the chemical formula [(C-H-N)-]Cl-. It is an effective
herbicide and weedicide and also an easily available suicide
strategy. Failure of effective enforcement of various pesticide
laws and regulations in the Indian subcontinent is the main
cause of increasing suicides by pesticide consumption. Lax-
ity in approach toward the use of paraquat for crops other
than permitted crops is one of the main reasons for its easy
availability in many Indian states. CIBRIC has approved the
use of paraquat with a defined interval period for crops such

Table 2: Statistical results for patients.

Characteristics Mean

RRT, renal replacement therapy; SGOT, glutamic-oxaloacetic
transaminase; SGPT, serum glutamate pyruvate transaminase.

as apple, tea, rice, cotton, maize, potato, and rubber (1). The
main reasons for the increased use of paraquat in all crops
are its easy availability, cost effectiveness compared to man-
ual weeding, and efficacy as a weedicide (1). Paraquat is
applied in fields by dispersion and spraying. Spraying is the
most recommended and adapted method of application com-
pared to dispersion, but the states such as Andhra Pradesh
and Telangana use the dispersing method due to its conve-
nience and other logistic issues (1). According to the WHO,
paraquat belongs to the Class IT hazard, which is highly toxic
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Table 3: Factors associated with mortality.

Characteristics Death (n = 38) Recovery (n = 22)

(continues)
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Table 3: Continued

Death (n = 38)

AKI, acute kidney injury; HD, hemodialysis; PD, peritoneal dialysis; RRT, renal replacement therapy; SOB, shortness of breath.

after ingestion. The minimum lethal dose of paraquat was
reported to be 35 mg/kg (2). It was also reported by WHO
that the factors influencing survival would include route and
amount of ingestion (those who consumed <6 g of para-
quat would survive), time of hospitalization, gastrointestinal
absorption, intention of consumption, and concentration of
paraquat in blood and urine (2).

Paraquat is commercially available as Gramoxon or
Gramo, Kataar, or Milquat. Though it is cautioned as

an occupational hazard that requires the use of personal
protection equipments (PPE) during handling, the practi-
cal utility of PPE by farmers has been reported to be far
less (1).

Routes of accidental or intentional exposure to paraquat
are multitude, such as oral consumption, inhalational spray,
eye splash, and direct skin contact. Irrespective of the routes
of exposure, systemic toxicity is high as paraquat gets dis-
tributed in the tissues easily.
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Paraquat is excreted through urine predominantly and
small amounts through exhalation and in bile. Toxicity effects
of paraquat may be systemic or local depending on the site
of exposure, including skin burns, dermatitis, corneal ulcer-
ations, and scarring of cornea. A myriad of clinical manifes-
tations, such as vomiting, altered sensorium, oral ulceration,
dysphagia, and dyspnea, have been reported in the study
by Sandhu et al. (3). Other clinical manifestations included
abdominal pain, diarrhea, and melena. In some patients,
paraquat tongue (mucosal lesions in oral cavity) may be
caused due to toxicity. In our group, oral ulcers (38.3%), vom-
iting (41.6%), abdominal pain (21.6%), and oliguria (26.6%)
were the common symptoms due to consumption. Melena,
breathlessness, and dysphagia were present in few patients.

The damage to the kidneys and lungs, the key target
organs, usually occurred within 2-5 days of consumption.
Ingestion of large amounts of concentrate of paraquat
(>50 mL of 20% ion w/v) would lead to severe multiorgan
failure causing pulmonary edema, AKI, acute hepatitis, and
failure of the cardiac and nervous systems. Lung involvement
occurs through various phases and can be in the form of
alveolitis, alveolar collapse, pulmonary edema, and pulmo-
nary fibrosis (4,5). It causes severe acute tubular necrosis in
the kidneys, and in liver leads to mitochondrial damage and
degranulation of smooth and rough endoplasmic reticula (6).

The severity of toxicity depends on the bioavailability of
paraquat, as it gets distributed in a compartmental fash-
ion. Due to this distribution pattern, the initial elimination
half-life is around 6 h in initial phases but extends to 4 days
after the first day of consumption. Hence, the methods such
as hemadsorption would be effective in removal during the
initial phases of bioavailability (within 2-4 h). In addition,
paraquat is taken up against a marked concentration gradi-
ent into the pneumocytes, and the elimination from this com-
partment is slower than from others (7).

In our study, all patients with severe AKI were analyzed,
and also the prevalence of severe AKI among the total para-
quat poisoning cases. Mild elevations in creatinine were not
referred to nephrology services by the internal medicine
team. Hence, all patients included in our study were those
with severe renal insufficiency. Those with prerenal failure
and AKI Stages I and II were managed by the critical care
and internal medicine teams. Oliguric AKI was present in
about 26%. Mean serum creatinine in our group was 6.37
+ 2.4 mg/dL. Of the 60 patients, 57 (0.95%) received an
RRT, of whom 52 (86.6%) were supported with hemodial-
ysis (HD) and 3 patients (5%) were given peritoneal dialysis
(PD). Two more patients received hybrid treatment of HD
and PD. Three patients did not receive RRT at all. Though
hemoperfusion was suggested in those patients with duration
of consumption <2 h, all our patients were referred late to
our hospital. The primary decontamination and resuscita-
tive measures were given at the local hospital before referral

Paraquat-associated severe acute kidney injury

to us. A study by Hsu et al. in 207 patients with paraquat
poisoning found that early hemoperfusion may reduce mor-
tality, especially in those who received a pulse of methylpred-
nisolone and cyclophosphamide (8).

This is the largest series of paraquat poisoning with severe
AKI. Few case reports in the literature (9-12) reported of
paraquat poisoning with AKI. A series of 103 patients with
AKI due to paraquat poisoning was reported by Weng
et al. (13), where patients with AKI were compared with
those without AKI and number of patients who required
HD. In this study, 24 patients with AKI required HD, while
the remaining AKI patients (198) did not require one. In our
study, 57 patients needed an RRT. The study by Kim et al.
reported oliguric AKI in 10 out of 278 patients with para-
quat poisoning (14), and in another report by Pavan et al.,
6 patients had paraquat AKI with 50% mortality (15).

Mortality rates are reported to be high in paraquat poi-
soning with AKI due to the underlying severe inflammation,
release of cytokines, and reactive oxygen species (16). In our
study, mortality was noted in 38 patients (63.3%), and the
factors which showed significant association on univariate
analysis were amount of consumption, latency of referral,
leukocytosis, liver dysfunction, hypoxemia, and need for ven-
tilation. On Cox regression analysis, the factors found to be
significant were the amount of consumption, vomiting, and
presence of jaundice. The amount of consumption was high
because paraquat was mixed with soft drinks or locally made
toddy and consumed, hence the amount of consumption was
about 100 mL in many patients although the actual amount
of mix was only about 10-20 mL.

Survival analysis curves suggested a probability of 8-day
survival after admission in 50%, and the probability of sur-
vival after the onset of consumption to be 15 days in 50%. This
implies a high mortality rate in those with paraquat poisoning
with severe AKI (Figures 1 and 2). Few studies have assessed
the prevalence of severe AKI and the mortality among patients
with paraquat ingestion as tabulated in Table 4.

In conclusion, we observed that the prevalence of severe
AKI among paraquat poisoning is 4.5%, and the prevalence
of severe AKI due to paraquat poisoning among all AKI
cases admitted to nephrology services was 0.8% (60/6800
admissions). It was common in agricultural people, and the
intention was suicidal in majority of the cases. The common
symptoms of paraquat poisoning include oral ulcers, vom-
iting, and pain in the abdomen. The factors associated with
mortality are amount of ingestion and latency of referral.
The average expected survival in severe AKI due to paraquat
was 8 days in 50% of the group.

Limitations

This is a retrospective study, and the dynamic evaluation of
patients is not available.
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Figure 1: The probability of surviving 8 days in hospital stay is 50%.
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Figure 2: The probability of surviving 7 days in latent referral period is 50%.
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Table 4: Cox-proportional hazard regression analysis.

Characteristics Univariate Multivariate

Hazard ratio Hazard ratio
(95% CI) 95% CI)

(continues)
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Table 4: Continued

Characteristics Univariate Multivariate

Hazard ratio Hazard ratio
(95% CI) 95% CI)

*P-value significant.
RRT, renal replacement therapy; SGOT, glutamic-oxaloacetic transaminase; SGPT, serum glutamate pyruvate transaminase.
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Figure 3: The probability of surviving 15 days in total period (latent period + hospital stay) is 50%.
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