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Abstract

Objective: This study aimed to investigate the clinical features and risk factors of acute kidney
injury (AKI) in children with acute paraquat intoxication.

Methods: A retrospective study of | 10 hospitalized children with acute paraquat intoxication in
West China Second University Hospital, Sichuan University was conducted from January 2010 to
May 2017. The Kaplan—Meier method was used to compare the survival rates of children with
different AKI stages. Multivariate logistic regression was applied to analyse the risk factors for
paraquat-induced AKI.

Results: AKl occurred in 42 of |10 (38.2%) children. We observed AKl stage | in two (4.8%) children,
AKl stage 2 in || (26.2%), and AKI stage 3 in 29 (69.0%). The survival rate of children in AKI stage 3
(34.5%) was significantly lower than that in children in AKI stage 2 (63.6%) and AKI stage | (100%).
Multivariate analysis showed that oral ulcers and elevated blood glucose levels were significant inde-
pendent risk factors for paraquat-induced AKl in children (odds ratio = 4.223 and 5.545, respectively).
Conclusions: The incidence and mortality rates of paraquat-induced AKI in children are high.
Oral ulcers and elevated blood glucose levels are independent risk factors affecting the occur-
rence of paraquat-induced AKI in children.
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Introduction

Paraquat is a non-selective cationic herbi-
cide. By blocking photosynthesis-related
reduction of oxidized coenzyme I
(NADP") into reduced coenzyme II
(NADPH) in plant cells, paraquat leads to
accumulation of reactive oxygen species
and cell death, thus achieving rapid
weeding.'Paraquat has a highly toxic
effect on humans, and its minimum lethal
dose is 30 mg/kg. There is no specific anti-
dote for acute paraquat intoxication and its
mortality rate is high.’

Paraquat affects multiple organ systems
throughout the body and can lead to mul-
tiple organ dysfunction syndrome in severe
cases. According to the toxicokinetic pro-
cess of paraquat,' the kidney is also a
main target organ after poisoning. A total
of 90% of paraquat is excreted from the
kidney in its original form within 12 to 24
hours.®> The mechanisms of paraquat-
induced acute kidney injury (AKI) include
oxidative stress, inflammatory response,
apoptosis, and renal haemodynamic
changes.*® Some clinical studies have also
indicated that paraquat-induced AKI pre-
cedes acute lung injury,'® peaks within the
next 3 to 5 days, and then returns to normal
renal function in some patients within 3
weeks.!! Ecker et al.'? also found that para-
quat removal from the kidney is biphasic,
including rapid and slow clearance stages.
AKI further reduces the clearance rate of
paraquat, increases accumulation of para-
quat in lung tissue, and promotes pulmo-
nary interstitial fibrosis. Therefore, early
prevention and treatment of AKI is impor-
tant for reducing the mortality of acute
paraquat intoxication. However, current
research on paraquat-induced AKI has
mainly focussed on adult patients and has
paid less attention to children.!" Therefore,
the current study aimed to retrospectively
analyse clinical features and risk factors of
paraquat-induced AKI in children.

Methods

Patients

This research was approved by the Ethics
Committee of West China Second
University Hospital, Sichuan University.
Informed consent was obtained from the
children’s guardians. Children with acute
paraquat intoxication who were hospital-
ized in West China Second University
Hospital,  Sichuan  University  from
January 2010 to May 2017 were enrolled.

Acute paraquat intoxication was diag-
nosed if one of the following conditions
was met: (1) the patient or his/her family
members provided a history of taking para-
quat; (2) for those who did not admit to
taking paraquat, but additional evidence
was found, including an empty paraquat
bottle, black-green residue on the skin,
vomiting of unknown causes, oral mucosal
erosion, or ulcers; and (3) paraquat was
positive in blood or urine. Exclusion criteria
were as follows: (1) a history of serious
chronic diseases, such as heart, liver,
kidney, and lung diseases; and (2) paraquat
intoxication combined with other drug poi-
soning. The AKI diagnostic and staging cri-
teria proposed by the Kidney Disease
Improving Global Outcomes (KDIGO)
2012 guidelines were adopted.'?

Treatment

Immediately after admission, a blood
count, liver function, renal function, blood
glucose levels, electrolytes, and coagulation
function were measured, and a chest com-
puted tomography (CT) examination was
performed. Routine treatment before and
after admission included vomiting induc-
tion, gastric lavage, oral activated carbon,
catharsis to prevent absorption of
toxic substances, and diuresis to promote
excretion of toxic substances. The
patients were administered 15mg/kg/day
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methylprednisolone. Within 1 to 3 days
after poisoning, haemoperfusion was
administered for 2 hours, once a day,
three to five times, until paraquat could
not be detected in the blood. For patients
with multiple organ dysfunction, haemo-
dialysis or continuous renal replacement
therapy was used. Patients with respiratory
failure were provided continuous low-flow
oxygen inhalation or  mechanical
ventilation.

Data collection

Data of age, sex, cause of intoxication, time
from intoxication to treatment, time from
intoxication to blood purification, main
clinical manifestations and laboratory
results, paediatric critical illness score
(PCIS), clinical type of acute paraquat
intoxication, and prognosis were collected.
All children were followed up by telephone
for at least 3 months.

The PCIS includes 11 items as follows:'*
heart rate, blood pressure, respiration rate,
arterial partial pressure of oxygen, pH
value, serum sodium, serum potassium,
urea nitrogen, serum creatinine, haemoglo-
bin, and gastrointestinal symptoms (stress
ulcer bleeding or intestinal paralysis). The
lower the score is, the more serious the con-
dition is. A score of >80 is non-critical, 71—
80 is critical, and <70 is extremely critical.

The clinical type of acute paraquat
intoxication can be categorized as follows.
(1) The mild type is defined as minimal
intake. Except for skin and oral mucosa
damage, there are no digestive tract symp-
toms, such as nausea, vomiting, and diar-
rhoea, and no liver, kidney, heart, pancreas,
lung, and other organ function damage,
and the progress is slow. (2) The moderate
type is defined as moderate intake with
moderate organ dysfunction, such as gas-
trointestinal bleeding, abnormal liver func-
tion, AKI, acute lung injury, and acute
pancreatitis. (3) The severe type is defined

as high intake, with obvious organ dysfunc-
tion or more than three organs involved,
rapid progress, and most children die
within hours to days.

Statistical analysis

All the data were analysed using IBM SPSS
Statistics Version 20 (IBM Corp., Armonk,
NY, USA). Normally distributed data are
presented as the mean =+ standard deviation.
Data with a skewed distribution are
expressed as the median (quartile).
Continuous variables were analysed using
the Student’s 7-test. The Mann—Whitney U
test was used for non-normally distributed
data. Kaplan—Meier survival analysis was
used to analyse the survival rate of children
with AKI. Logistic regression analysis was
used for correlation analysis. The results
were considered significant when P < 0.05.

Results

Demographic characteristics

A total of 110 children suffered from acute
paraquat intoxication. Among these chil-
dren, 38 were younger than 6 years
(34.6%) and 72 were older than 6 years
(65.4%). The majority of children younger
than 6 years were boys (60.5%). All of the
poisoning causes were accidental. Girls
were the majority (61.1%) among children
older than 6 years. The causes of poisoning
were accidental ingestion (63.9%) and sui-
cide (36.11%) (Table 2).

Clinical features of AKI induced by
acute paraquat intoxication

AKI was found in 42 of 110 (38.2%) chil-
dren. Among these children, we observed
AKI stage 1 in two (4.8%) children, AKI
stage 2in 11 (26.2%), and AKI stage 3 in 29
(69.0%). Of the 110 children analysed, 26
(23.6%) died. Among the deceased
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Table |I. Demographic characteristics of |10 children with acute paraquat intoxication.

Sex Cause of intoxication

Death, Male, Female, Accidental, Suicide,
Age (years) n (%) AKL n (%) n (%) n (%) n (%) n (%) n (%)
Approximately 3 23 (20.9) 1 (2.4) 0 12 (52.2) 11 (47.8) 23 (100) 0
Approximately 6 15 (13.6) 3(7.1) 3(11.5) 11(73.3) 4 (26.7) 15 (100) 0
Approximately 12 32 (29.1) 14 (33.3) 9 (346) 14(438) 18(56.2) 23 (71.9) 9 (28.1)
>12 years 40 (36.4) 24 (57.2) 14 (53.9) 14 (35.0) 26 (65.0) 23 (57.5) 17 (42.5)
Total 110 42 26 51 59 84 26

AKI: acute kidney injury.

children, significantly more children died in
the AKI group (n=23, 54.8%) than in the
non-AKI group (n=3, 4.4%) (P <0.001).
Among the children who died, all children
died within 2 weeks, 10 (37.0%) died within
3 days, and two (7.4%) died on the day of
admission. Among AKI cases, all children
in AKI stage 1 survived, four (36.4%) in
AKI stage 2 died, and 19 (65.5%) in AKI
stage 3 died. Figure 1 shows that the sur-
vival rate of children in AKI stage 3 was
significantly lower than that of children in
AKI stages 2 and 1 (P <0.05).

Children in the AKI group were mainly
older than 6 years, with a significant differ-
ence in age distribution compared with the
non-AKI group (P <0.001). There was no
significant difference in sex distribution or
poisoning causes between the AKI and
non-AKI groups. Among the 110 children,
the time from intoxication to consultation
was within 6 hours in 12 (10.9%), 6-24
hours in 53 (48.2%), and over 24 hours in
45 (49.9%) children. Blood purification was
performed in 84 children. Of these 84 chil-
dren, 51 (69.7%) received haemoperfusion,
six (7.14%) received haemoperfusion and
haemodialysis, 25 (29.8%) received haemo-
perfusion and plasma exchange, and two
(2.4%) received continuous venovenous
haemofiltration. The time from intoxication
to blood purification was within 6 hours in

five (6.0%) children, 6 to 24 hours in 37
(44.0%), and more than 24 hours in 42
(50.0%). However, there were no significant
differences in the time from intoxication to
consultation and the time from intoxication
to blood purification between the AKI and
non-AKI groups. The rates of vomiting,
abdominal pain, and oral ulcers were
higher, and the blood count, percentage of
neutrophils, and levels of alanine amino-
transferase, aspartate aminotransferase,
total bilirubin, serum sodium, serum potas-
sium, and lactate dehydrogenase were
higher in the AKI group compared with
the non-AKI group (all P<0.01).
The clinical type of acute paraquat intoxi-
cation in the AKI group was significantly
more severe than that in the non-AKI
group (P<0.001). The PCIS was signifi-
cantly lower in the AKI group than in the
non-AKI group (P <0.001). There was no
significant difference in gastrointestinal
bleeding, platelet count, or albumin levels
between the AKI and non-AKI groups
(Table 2).

Risk factors for AKI induced by acute
paraquat intoxication
First, all possible risk factors that affected

AKI induced by acute paraquat intoxica-
tion were included in a logistic regression
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Table 2. Clinical characteristics of |10 children with acute paraquat intoxication.

AKI Non-AKI
Variable (n=42) (n=68) P value
Age (years) <0.001
Approximately 3 1 (2.4) 22 (324)
Approximately 6 3(7.1) 12 (17.6)
Approximately 12 14 (33.3) 14 (20.6)
> 12 24 (57.2) 20 (29.4)
Sex (n) 0.172
Male 16 (38.1) 35 (51.5)
Female 26 (61.9) 33 (48.5)
Cause of intoxication (n) 0.172
Accidental 29 (69.0) 55 (80.9)
Suicide 13 (31.0) 13 (19.1)
Time from intoxication to consultation (hours) 0.207
Approximately 6 7 (16.7) 5(7.4)
Approximately 24 20 (47.6) 33 (48.5)
>24 15 (35.7) 30 (44.1)
Time from intoxication to blood purification (hours) 0.363
Approximately 6 4 (10.0) 1 (2.3)
Approximately 24 20 (50.0) 17 (38.6)
>24 16 (40.0) 26 (59.1)
PCIS (points) 82.70£9.03 96.09 £ 3.96 <0.001
Clinical type <0.001
Mild 2 (4.8) 44 (64.7)
Moderate 14 (33.3) 22 (32.4)
Severe 26 (61.9) 2 (2.9)
Main manifestation (n)
Vomiting 27 (64.3) 21 (30.9) 0.001
Abdominal pain 16 (38.1) 7 (10.3) 0.002
Oral ulcer 26 (61.9) 22 (32.4) <0.001
Gastrointestinal bleeding 6 (14.3) 2(29) 0.052
Main laboratory test
Peripheral white blood cells (x 10%/L) 14.66 + 6.89 10.83 +4.01 <0.001
Platelet count (x 10%/L) 270.03 £+ 102.42 242.20+87.70 0.192
Neutrophil ratio (%) 8343+ 11.97 65.03 £ 19.46 <0.001
Alanine aminotransferase(M [P,s, P7s], U/L) 49 (30, 314.5) 35 (26, 42.5) 0.001
Aspartate aminotransferase (M [Pys, P7s], U/L) 57 (27, 178.5) 30 (20, 41) 0.001
Total bilirubin (M [P,s, Ps], U/L) 15.8 (7.35,48.1) 8.2 (6.0, 12.6) <0.001
Direct bilirubin (M [P,s, Ps], U/L) 0 (0, 284) 0(0,0) <0.001
Albumin (M [P,s, P7s], g/L) 41.4 (35.6,45.8)  44.5 (42.3, 47.6) 0.137
Lactate dehydrogenase (U/L) 865.52 + 652.62 597.10 + 165.55 0.002
Serum sodium (mmol/L) 137.98 +3.65 133.49 £ 6.61 <0.001
Serum potassium (mmol/L) 3.85+048 349+0.71 0.002
Blood sugar (mmol/L) 7.03+1.85 6.221+3.23 0.029
Haematuria (n) 5(11.9) 4 (5.9) 0.298
Proteinuria (n) 20 (47.6) 12 (17.6) <0.001

Values are mean = standard deviation, n (%), or M (P,s, P7s). AKI: acute kidney injury; PCIS: paediatric critical illness score;

M (P;s, P75): median (25th percentile, 75th percentile).
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Figure |. Survival curve of acute kidney injury in children with acute paraquat intoxication

model. Second, the variables with P < 0.05
in univariate analysis, as well as the time
from intoxication to medical treatment
and the time from intoxication to blood
purification, were included in the multivar-
iate regression model for regression analy-
sis. Finally, multivariate stepwise regression
analysis was conducted to examine the risk
factors for AKI induced by acute paraquat
intoxication.

Table 3 shows that age>6 years old,
vomiting, abdominal pain, gastrointestinal
bleeding, oral ulcers, hypoproteinaemia,
increased total white blood cells, increased
percentage of neutrophils, hyponatraemia,
hypokalaemia, and elevated glutamic-
pyruvic aminotransferase levels were risk
factors for AKI in children with acute para-
quat intoxication (all P <0.05). Further
multivariate regression analysis showed
that oral ulcers and elevated blood glucose
levels were independent risk factors for
AKI in children with acute paraquat intox-
ication (both P <0.05).

Discussion

The degree of renal damage caused by acute
paraquat intoxication greatly varies. The
main pathological manifestations of acute
paraquat intoxication are acute tubular
necrosis and ischaemic glomerulopathy.
Mild cases may manifest as simple urinary
abnormalities, such as proteinuria and/or
haematuria. However, severe cases may
manifest as acute renal failure and even
require renal replacement therapy.!'! The
prognosis of AKI with acute paraquat
intoxication is poor. In previous studies
from adult patients, the incidence and
mortality of paraquat-induced AKI were
46.4% to 85.4% and 35.4% to 78.3%,
respectively.'"'>23 In the present study,
the incidence and mortality rates of AKI
were 38.2% and 23.6%, respectively,
which are lower than those reported previ-
ously in adults. The causes for this differ-
ence may be as follows: (1) the present
group of patients were children, among
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Table 3. Risk factors for acute kidney injury in 110 children with acute paraquat intoxication.

Variable B SE OR (95% ClI) P value
Univariate analysis

Age (>6 years) 2.134 0.579 8.444 (2.714-26.272) <0.001
Female 0.544 0.400 1.723 (0.787-3.773) 0.173
Suicide 0.064 0.454 1.897 (0.778-4.621) 0.159
Vomiting 1.393 0415 4.029 (1.785-9.095) 0.001
Abdominal pain 1.679 0.510 5.363 (1.973-14.574) 0.001
Oral ulcer 1.223 0410 3.398 (1.521-7.590) 0.003
Gastrointestinal bleeding 1.705 0.842 5.500 (1.055-28.668) 0.043
Increased white blood cell count 0.928 0.403 2.259 (1.149-5.568) 0.021
Increased proportion of neutrophils 2.130 0.639 8.412 (2.402-29.456) 0.001
Hyponatraemia 3.169 1.067 23.774 (2.938-192.389) 0.003
Hypokalaemia 1.567 0.462 4.971 (1.938-11.847) 0.001
Elevated blood sugar 1.705 0.441 5.504 (2.319-13.064) <0.001
Elevated direct bilirubin 2.048 0.529 7.750 (2.747-21.864) <0.001
Hypoproteinaemia 1.478 0.431 4.385 (1.884-10.203) 0.001
Elevated alanine aminotransferase 3.209 0.783 24.750 (5.339-114.730) <0.001
Elevated aspartate transaminase 2.167 0.547 13.696 (4.687—40.022) <0.001
Elevated lactate dehydrogenase 0.548 0.396 1.729 (0.796-3.758) 0.167
Elevated total bilirubin 2.690 0.669 14.733 (3.971-54.669) <0.001
Time from intoxication to blood —0.826 0.449 0.438 (0.182-1.057) 0.066

purification (>24 hours)
Time from intoxication to —0.351 0.404 0.704 (0.319-1.554) 0.385
consultation (>24 hours)

PCIS (>80 points) —2.246 0.560 0.106 (0.035-0.317) <0.001
Clinical type (moderate to severe) 2.857 0.584 17.417 (5.548-56.678) <0.001
Multifactor analysis

Oral ulcer 1.441 0.713 4.223 (1.045-17.068) 0.043
Elevated blood glucose 1.713 0.731 5.545 (1.323-23.241) 0.019
Elevated total bilirubin 1.757 0.907 5.793 (0.979-32.271) 0.053

Increased white blood cell count (>1.2 x 10/L); increased neutrophils (< | year: 5.85%—48.57%; |6 years: 21.9%—68.5%;
7—12 years: 23.6%—75%; >13 years: 50%—70%); elevated alanine aminotransferase levels (>72U/L); elevated aspartate
aminotransferase levels (>59 U/L); elevated total bilirubin levels (>22 umol/L); hypoproteinaemia (<35 g/L); elevated
lactate dehydrogenase levels (>618 U/L); hyponatraemia (< 130 mmol/L); hypokalaemia (<3.5 mmol/L); elevated blood
glucose levels (>6.0 mmol/L); and elevated direct bilirubin levels (>0 pmol/L). SE: standard error; OR: odds ratio;

Cl: confidence interval; PCIS: paediatric critical illness score.

whom mistaking paraquat was the main
cause of intoxication, which means less
ingestion; and (2) active blood purification,
such as haemoperfusion, was conducted to
remove paraquat from the blood.
Additionally, the present study showed
that the AKI group had more severe clinical
manifestations, a lower PCIS, and higher
mortality rate compared with the non-
AKI group. Therefore, AKI staging is an

important index to evaluate the severity of
children with acute paraquat intoxication.
The outcomes are directly related to the
severity of AKI.** A slight increase in
serum creatinine levels can lead to an
increase in complications and mortality.
A 26.5-umol/L increase in serum creatinine
levels can increase the mortality 4.1 times.”’
The present study showed that the survival
rate of AKI stage 3 was significantly lower
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than that of AKI stages 2 and 1. This find-
ing suggests that AKI staging can be used
as a simple and practical tool to assess the
severity and prognosis of acute paraquat
intoxication in children. The prognosis of
paraquat-induced AKI is closely related to
the severity of AKI. AKI staging is a risk
factor for a poor prognosis of acute para-
quat intoxication.

The occurrence of AKI in acute para-
quat intoxication is affected by many fac-
tors. The present study showed that oral
ulcers and hyperglycaemia were indepen-
dent risk factors for paraquat-induced
AKI. Oral paraquat poisoning has a burn-
ing sensation, resulting in oral and oeso-
phageal mucosal erosion ulcers.”> Oral
ulcers can be used as prognostic factors
for early evaluation of oral paraquat poi-
soning.”® The more serious the oral ulcer
i1s, the more serious the disease is. Once
oral ulcers occur, paraquat poisoning is
more serious. For children with acute para-
quat intoxication with oral ulcers, physi-
cians need to be aware of the occurrence
of AKI. Paraquat can also activate the
locus coeruleus—sympathetic—adrenal med-
ullary system, inhibit insulin secretion,
stimulate glucagon secretion, cause insulin
resistance, accelerate glycogen decomposi-
tion, strengthen gluconeogenesis, and lead
to acute elevation of blood glucose levels.
Previous studies have suggested that hyper-
glycaemia is a risk factor for pulmonary
fibrosis in acute paraquat intoxication.?’
Furthermore, blood glucose levels can pre-
dict the prognosis of paraquat intoxica-
tion.?’* As mentioned above, the present
study suggested that increased blood glu-
cose levels were an independent risk factor
for AKI in acute paraquat intoxication.
Therefore, for children with acute paraquat
intoxication, blood glucose should be mon-
itored and hyperglycaemia should be
controlled. Previous adult studies have sug-
gested that the time from intoXication to
medical treatment and the time from

intoxication to blood purification are risk
factors for AKI in acute paraquat intoxica-
tion.'"* However, the present study
showed that there were no significant differ-
ences in the time from intoxication to treat-
ment and the time from intoxication to
blood purification between the AKI and
non-AKI groups. This finding is consistent
with the finding of Liu et al.>” and Fengjun
et al.?” We believe that the time from intox-
ication to consultation and the time from
intoxication to blood purification are usu-
ally inaccurate and may be affected by
many factors in clinical practice, especially
for children. Additionally, the dosage of
paraquat is an important factor affecting
the prognosis of patients. However, most
of the children suffered from accidental
ingestion or suicide. Clinicians have diffi-
culty accurately estimating the dose
of paraquat.

This was a retrospective study and there
are some limitations as follows. (1) Blood
or urine paraquat detection cannot be
widely carried out in most hospitals in
China. Therefore, the relationship between
paraquat concentrations in blood and AKI
was not analysed. (2) The present study
only detected serum urea nitrogen and cre-
atinine levels, but neutrophil gelatinase-
related apolipoprotein and other early
damage biomarkers of AKI were not
tested.'®* (3) Clinicians had difficulty in
accurately estimating the dose of paraquat
because most of the children suffered from
accidental ingestion or suicide. Therefore,
the dose of paraquat was not included in
prognostic factor analysis.

In conclusion, the incidence of paraquat-
induced AKI and its mortality are high, and
the outcomes are directly related to the
severity of paraquat-induced AKI in chil-
dren. Physicians should be aware of AKI
in children with acute paraquat intoxica-
tion. Oral ulcers and elevated blood glucose
levels are independent risk factors for
AKI in children with acute paraquat
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intoxication. For high-risk patients with
AKI, close monitoring and timely interven-
tion are required.
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