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Acute Kidney Injury Following Paraquat Poisoning in India
Malleshappa Pavan

Paraquat is highly toxic to human and is widely used in agriculture 
as a contact herbicide. Paraquat poisoning is associated with high 
mortality varying from 35% to 50%. Six cases of paraquat poisoning 
were treated in our center. Acute kidney injury developed in all the 
cases and mortality was 66%. Respiratory and multiorgan failure 
are the main causes for mortality.
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Paraquat (1,1’-dimethyl-4,4’-bipyridylium 
dichloride) is widely used as a herbicide. Toxicity 
is usually seen following ingestion, and may range 
from mild (ingestion of less than 20 mg of paraquat 
ion per kilogram of body weight) to fulminant 
(> 40 mg),1 with the latter commonly proving 
fatal. In addition to intense local irritation of the 
mouth, oropharynx, and oesophagus, multiple 
organ (cardiac, respiratory, hepatic, and renal) 
failure may occur, although pulmonary features 
predominate and are the usual cause of death. We 
report our experience of acute paraquat poisoning 
with acute kidney injury.

All patients with paraquat poisoning admitted to 
the intensive care units in Hassan (Karnataka State, 
India) between 2011 and 2012 were studied. The 
diagnosis was based on the history, verification of 
the ingested herbicide and urine examination for the 
presence of paraquat. To examine the urine sample, 
10 mL of patient’s urine was mixed with 2 mL of 
a 1% solution of sodium dithionite in 1 N sodium 
hydroxide; a blue color indicates the presence of 
paraquat. Acute kidney injury was defined by a 
serum creatinine level greater than 1.5 mg/dL. 

Six patients who had exposure to paraquat 
were included in this study. Their characteristics 
are summarized in the Table. Most of the patients 
were young men around the age 30 years. Five of 
the patients had paraquat solution ingested for 
suicidal attempt. The degree of poisoning was 
assessed by the quantity of paraquat concentrate 
ingested, ie, less than 20 mL as mild, 20 mL to 100 
mL as moderate, and greater than 100 mL as severe. 
Three patients had severe exposure to paraquat 

(100 mL to 500 mL). Pulse methylprednisolone 
of 1 g/d for 3 consecutive days followed by oral 
dexamethasone, 8 mg thrice a day, was given 
in an attempt to suppress the inflammation, 
and to prevent absorption of paraquat from the 
gastrointestinal tract, 60 mg in 200 mL of 20% 
mannitol, was given in a selected patient who was 
referred very early to our hospital. 

All the 6 patients developed acute kidney injury. 
The mean serum creatinine level was 5.3 mg/dL. 
Five of 6 patients required hemodialysis. Recovery 
of kidney function occurred in 2 patients; 1 patient 
had complete recovery, while the other patient had 
partial recovery of his kidney function. The other 
organ systems involvement included respiratory 
(100%), hepatic (50%), gastrointestinal tract (33.3%), 
and multiorgan (66.7%) involvement. Four patients 
died during hospitalization. Respiratory failure 
and multiorgan failure were the main causes for 
mortality. 

Paraquat is highly toxic to human. The chemical 
structure of paraquat is 1,1’-dimethyl-4,4’- 
bipyridinium. It belongs to the group of dipyridyl 
herbicides. In plants, it disrupts photosynthesis by 
inhibiting the electron transport chain. It has low 
environmental toxicity due to rapid deactivation 
upon soil contact.2 Exposure to paraquat can be due 
to intentional ingestion or occupational exposure, 
eg, dermal and eye contact. A dose of 3 g to 6 g 
is considered to be fatal for adults.2 Paraquat is a 
water soluble quaternary ammonium derivative. 
It is poorly absorbed by the oral route in humans. 
Around 1% to 5% of an oral dose is absorbed in the 
intestines. The volume of distribution is 1 L/kg to 
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2 L/kg.3 It is unbound to plasma proteins. Plasma 
paraquat concentration exhibits a mean distribution 
half-life of 5 hours and a mean elimination half-life 
of 84 hours.3 The toxicity of paraquat is through 
redox cycling, leading to generation of superoxide 
anions. These may react to form hydrogen peroxide 
and subsequently the highly reactive hydroxyl 
radical, which is thought to be responsible for 
lipid peroxidation and cell death.4 

After ingestion, the greatest paraquat concentration 
is found in the lungs and the concentration peaks in 
5 to 7 hours.5 Paraquat poisoning causes multiple 
organ damage. Paraquat selectively accumulates in 
the lung where free radicals are formed and lipid 
peroxidation is induced. The capillary endothelial 
and epithelial cells of the lungs are the main targets 
of damage. These results in the development of 
diffuse alveolitis followed by extensive pulmonary 
fibrosis.6 The development of pulmonary fibrosis 
is usually delayed up to 3 to 14 days, but it is 
progressive. 

Paraquat is eliminated mainly by the kidney and 
acute kidney failure is a recognized complication 
of paraquat poisoning, with reports of both 
oliguric7,8 and nonoliguric9,10 cases. Beebeejaun 
and coworkers found proximal renal tubular 
necrosis by histopathological examination of a 
fatal case of paraquat poisoning,11 consistent with 
the observations of Ecker and colleagues,12 who 
observed that functional paraquat renal toxicity was 
restricted to the proximal nephron in mice. Paraquat 
poisoning may lead to a Fanconi syndrome with a 
variety of proximal tubular abnormalities, including 
glycosuria, phosphaturia and aminoaciduria, as 
shown in the series of 3 cases reported by Vaziri 
and colleagues.13 In our study, all 6 patients had 
developed acute kidney injury. Four of these patients 
were given hemodialysis for acute kidney injury. 
The precipitation of acute kidney injury was mostly 
multifactorial, ie, hypovolemia, septicaemia, and 
multiorgan failure. 

Two of our patients had partial to complete 
recovery of their kidney function. Early referrals, 
absence of multiorgan dysfunction and less amount 
of paraquat consumption seems to be the key 
factors for recovery of kidney function. There 
is no proven antidote for paraquat poisoning.14 
Gastric lavage with 1% bentonite solution has been 
found to prevent gastrointestinal contamination for 
patients who present within 1 hour of ingestion Pa
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of paraquat. Activated charcoal was found to be 
effective in lowering serum paraquat concentration 
when given more than 1 hour after the ingestion 
of paraquat.15 Emesis is contraindicated due to 
the corrosive nature of paraquat. Administration 
of Fuller’s Earth and activated charcoal should 
be repeated every 4 hourly if tolerated. Human 
studies have shown hemoperfusion significantly 
eliminates paraquat from the body.16 Hemoperfusion 
is effective if initiated within 4 hours of ingestion. 
However, these techniques probably do not increase 
the survival rate in the real situation, because the 
potentially lethal concentration of paraquat may 
have already been attained in the highly vascular 
tissue of vital organs and in the pneumocytes when 
these techniques are initiated.17 

Paraquat is not removed by dialysis, and 
hemodialysis is used only as a supportive treatment 
for patients who develop kidney failure.18 The 
evidence for the effectiveness of immunosuppressive 
therapies in paraquat poisoning is not yet well 
established.18 Chen and colleagues successfully 
treated a case of severe paraquat poisoning using 
repeated pulse therapy of methylprednisolone.19 
In our study, pulse methylprednisolone was given 
in an attempt to suppress the inflammation. The 
survival rate in our study was 66.7%. Late referral 
to the hospital, the severity of poisoning and 
respiratory, kidney and multiorgan failure are the 
main cause of increased mortality in our study.

Paraquat consumption is a common agent of 
suicidal poisoning in this part of India, resulting 
in very high morbidity and mortality. There is no 
specific antidote for paraquat poisoning and the 
mainstay of treatment is supportive. Acute kidney 
injury is the common complication of paraquat 
poisoning and needs to be recognised and treated 
promptly.
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