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Abstract
Background: In a prior report, no patient with rodenticidal hepatotoxicity who met Kochi criteria (MELD score
≥36 or baseline INR ≥6 with hepatic encephalopathy) (PMID: 26310868) for urgent liver transplantation
survived with medical management alone. Plasma exchange (PLEX) may improve survival in these patients.
Objectives: We describe our experience with low-volume PLEX (PLEX-LV) in treating rodenticide ingestion
induced hepatotoxicity in children.
Methods: From prospectively collected database of rodenticidal hepatotoxicity patients managed as in-patient
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with department of Hepatology from December 2017 to August 2021, we retrospectively studied outcomes in
children (≤18 years). Hepatotoxicity was categorized as acute liver injury (ALI, coagulopathy alone) or acute
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liver failure (ALF, coagulopathy and encephalopathy). Kochi criteria was used to assess need for urgent liver
transplantation. The primary study outcome was one-month survival.

Results: Of the 110 rodenticidal hepatotoxicity patients, 32 children (females: 56%; age: 16 [4.7 - 18] years;

lP

median, range) constituted the study patients. The study patients presented 4 (1-8) days after poison
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consumption (impulsive suicidal intent:31, accidental:1). Twenty children (62%) had ALI [MELD: 18 (8-36)]
and 12 (38%) had ALF [MELD: 37 (24-45)].

All children received standard medical care, including N-acetyl cysteine; ALF patients also received anti-
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cerebral edema measures. None of the patient families opted for liver transplantation. Seventeen children (ALI:
6, ALF: 11) were treated with PLEX-LV (3 [1-5] sessions, volume of plasma exchanged per session: 26 [13-38]
ml/kg body weight) and peri-procedure low dose prednisolone.
At 1 month, 28 of the 32 children (87.5%) were alive (4 ALF patients died). Of 10 children who met Kochi
listing criteria for urgent liver transplantation, two children were ineligible for PLEX-LV (due to hemodynamic
instability) and of the remaining 8 children treated by PLEX-LV, 6 (75%) survived.
Conclusions: PLEX-LV shows promise as an effective non-liver transplant treatment in children with
rodenticidal hepatotoxicity.

Key words: Acute liver failure, Kochi criteria, rat killer, yellow phosphorus

Abbreviations:
AKI: acute kidney injury; ALF: acute liver failure; ALI: acute liver injury; FFP: fresh frozen plasma; MELD:
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model for end-stage liver disease; PLEX-LV: low-volume plasma exchange

Introduction
Rodenticide ingestion (mostly with suicidal intent) has become an important cause of hepatotoxicity in Tamil
Nadu state in India.1 The acute hepatotoxicity in rodenticide poisoning is due to the yellow phosphorus or metal
phosphides contained in it.2 The clinical severity depends on the amount of yellow phosphorus consumed and
the delay in presentation to a medical facility.3 There is no antidote and urgent liver transplantation is
recommended for patients with rodenticide induced acute liver failure (ALF).4,5 There is dearth of published
literature guiding management of rodenticidal hepatotoxicity in children.6
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Therapeutic plasma exchange (PLEX) improves survival in ALF patients of different etiologies.7-9 PLEX is
postulated to benefit by removing inflammatory debris / macro-molecules in circulation in this clinical scenario.
Raised plasma levels of one such inflammatory macro-molecule, von Willebrand factor (VWF), an endothelial
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activation marker, predicts poor outcome in patients with rodenticide hepatotoxicity.10 In a previous study, we
described the potential of VWF reducing strategy in managing these patients.10 Our understanding of the role of
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PLEX in managing rodenticidal hepatotoxicity is evolving.

In this current study, we describe our experience with low volume PLEX (PLEX-LV) to treat children with
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rodenticidal hepatotoxicity.

Patients: A prospectively collected database of patients with rodenticidal hepatotoxicity managed as in-patient
with department of Hepatology, from December 2017 to July 2021 was retrospectively analysed. Demography,
laboratory parameters, treatment and one-month survival of all children ≤18 years old with rodenticidal
hepatotoxicity were noted.
Liver disease severity assessment: The patients were categorised based on severity of liver injury as – acute
liver injury (ALI, abnormal liver function tests (LFT) with coagulopathy) and ALF (abnormal LFT with
coagulopathy and encephalopathy). Model for end-stage liver disease (MELD) score11 and Sequential Organ
Failure Assessment (SOFA) score12 were calculated at baseline. The highest MELD score during hospital stay
was also recorded. Listing criteria (MELD score ≥36 or baseline INR ≥ 6 with hepatic encephalopathy)13 for
urgent liver transplantation (Kochi criteria) in patients with rodenticide induced hepatotoxicity, was used to
identify patients requiring urgent liver transplantation.

The markers used to assess the reticulo-endothelial activation were plasma VWF, serum ferritin and CD25
levels. The normal values are plasma VWF 50 – 150%, serum ferritin 15–140 ng/ml and serum soluble CD25
levels 1555 – 10800 pg/ml.
Treatment given: All patients received standard supportive management14 including parenteral N-acetyl
cysteine. Anti-cerebral edema measures were given to patients with encephalopathy. Urgent liver transplantation
was advised as first line treatment option in patients who met listing criteria for the same. Decision to initiate
PLEX-LV was taken by the treating clinician on a case-to-case basis in patients with severe ALI or ALF.
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Hemodynamic instability and active sepsis were considered as contraindications for PLEX.15
Surveillance and management of infections: All patients were screened for sepsis (by clinical examination and
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baseline blood culture). Repeat blood cultures were taken if and when patient developed fever or had any
clinical deterioration. All patients were given prophylactic intravenous antibiotics (cefoperazone-sulbactum).
Presence of active sepsis was considered a contra-indication for PLEX-LV. If a patient developed bacteremia /
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clinical sepsis after starting PLEX-LV, further PLEX sessions were withheld and antibiotics were upgraded,
after obtaining repeat blood culture specimen.
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PLEX-LV protocol16: PLEX-LV was done by either membranous or centrifugal technique via a central venous
access. During each session of PLEX-LV, 50% of estimated plasma volume (calculated as per Kaplan
formula17) was exchanged with an equal volume of synchronously transfused fresh frozen plasma (FFP). An
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initial target of three PLEX sessions (performed daily or alternate daily) was made. The need for further PLEX
sessions was decided on a case-to-case basis by the treating clinician based on clinical progress. Most patients
treated with PLEX-LV also received a small dose of steroid (body weight >50 kg: Tablet Prednisolone 10 mg
once daily, 25-50 kg: 5 mg once daily and <25 kg: 2.5 mg once daily) peri-PLEX which was rapidly tapered
afterwards. Low dose prednisolone was given to ameliorate the cytokine storm seen in ALF patients, while
avoiding the risk of sepsis with higher doses of prednisolone.18 As increased gut permeability may contribute to
ALF pathogenesis, we give oral zinc acetate for 2 to 4 weeks with an aim to reduce gut permeability.16 The dose
of elemental zinc was 50 mg and 25 mg twice daily for body weight >25 kg and < 25 Kg respectively. Calcium
supplements were also given prior to and during each session of PLEX-LV.
Outcome: Primary outcome was survival at one month. This was documented from medical records and by
telephonic contact in patients who did not come for follow up visit.

Statistical analysis: The descriptive analysis of demography, laboratory data, treatment and outcome were
presented as median and range. Comparison of variables among the groups was done by non-parametric tests.
Statistical Package for the Social Sciences (SPSS) version 21.0, (IBM Bangalore, India) was used for the
statistical analysis. P-value less than 0.05 was considered significant.
Results
Figure 1 shows the flow diagram of patients with rodenticidal hepatotoxicity included in this study.
Demography and baseline characteristics:
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During the study period, 110 patients (78 adults; 32 children [29%]) with rodenticidal hepatotoxicity were
managed in our department. Among the study cases (32 children), there were 18 (56%) females and the age was

remaining 30 were aged ≥ 12 years.

re
-p
r

16 (4.7 - 18; median, range) years. Two children were less than 10 years old (aged 4.7 and 7.4 years). The
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Table 1 shows the baseline characteristics of children with rodenticide hepatotoxicity classified into 2 groups
(ALI and ALF) based on the highest disease severity during the hospital stay. The highest MELD score in those
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with ALI and ALF were 26 (12-36) and 37 (25–50) respectively. The rodenticide consumption was with
impulsive suicidal intent in 30 (93.8%), got poisoned in 1 (3.1%) and accidental in 1 (3.1%). Majority of the
patients had an impulsive consumption. Yellow phosphorus (3%) paste (Ratol®) was consumed by 28 children
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and the exact chemical was not known in the remaining 4 children. The parents of these 4 children were able to
re-collect it as rat poison, these patients had elevated liver enzymes and prolonged INR after 4 days, typically
seen in phosphorus poisoning. The interval from poison consumption to presentation to our institution was 4 (18) days.
The median length of hospital stay was 7.5 (5-16) days for children with ALI and 9 (3-26) days for those with
ALF.
Treatment details:
All patient families opted against urgent liver transplantation. All children received standard management,
including N-acetyl cysteine; ALF patients also received anti-cerebral edema measures. Ten patients with ALF
and two with ALI were treated in intensive care unit (ICU) and the remaining 20 patients were treated in high
dependency unit (HDU). Nine children (ALI: 7, ALF: 2) received FFP transfusions apart from FFPs transfused

during PLEX-LV. Twenty-two children (ALI: 14, ALF: 8) were given oral zinc acetate. Fourteen children (ALI:
5, ALF: 9) received prednisolone.
PLEX-LV details:
Seventeen patients (ALI: 6, ALF: 11) had PLEX-LV (membranous 14, centrifugal 3). The median number of
PLEX sessions was 3 (1-5) sessions. The volume of plasma exchanged at each session was 26 (13-38) ml/kg
body weight. PLEX-LV was initiated within 2 (1-4) days of admission to our hospital.
Two children aged 4.7 and 7.4 years had transient hypotension within 10 minutes of starting PLEX and were
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managed with intravenous fluids and inotropes for 4 hours. No other PLEX related complications were noted.
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Extra-hepatic complications:

Of the 32 study children, 13 developed extrahepatic complications / needed mechanical ventilation (Table 2).
Hepatic encephalopathy:
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Twelve children had hepatic encephalopathy of ≥ grade 2 (grade 2 [n = 5], grade 3 [n = 5] and grade 4 [n = 2]).
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Two of them had focal seizures and computerised tomography brain showed cerebral edema. Eleven of them
underwent PLEX-LV and 8 children survived. The two children with grade 4 encephalopathy, two with grade 3
and none with grade 2 encephalopathy died.
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Mechanical ventilation:

Five children required mechanical ventilation. The indication for mechanical ventilation was low sensorium in 3
children and severe metabolic acidosis with hypotension in two. Four among the five ventilated children died.
Three children had ventilator associated pneumonia and two of them died.
Acute kidney injury (AKI):
Nine children had AKI according to the Kidney Disease Improving Global Outcomes (KDIGO)19 criteria. Six
children had stage 1 AKI, one had stage 2 AKI and two had stage 3 AKI. The 2 children with stage 3 AKI got
Continuous Renal Replacement Therapy (CRRT) and both of them died (one of them also had PLEX). The
remaining 7 children (stage 1 AKI [n=6]; stage 2 AKI [n=1] were treated with PLEX and survived.
Bacteremia and other infections:

Four children developed bacteremia (E coli [n=1], Stenotrophomonas [n=1], Acinetobacter [n=2]). Three of
them developed bacteremia after PLEX-LV was started, which was detected in the subsequent culture. All three
had completed the target PLEX-LV sessions (3, 3 and 5 sessions respectively) and were on steroids when
bacteremia developed. One child (with Acinetobacter) was not treated with PLEX-LV. The antibiotics were
upgraded to intravenous meropenem in three children and polymyxin in one child based on antibiotic
susceptibility. Further PLEX sessions were not done and central venous access for PLEX was removed. All the
4 children survived.
One child had urinary tract infection (Pseudomonas) in addition to Acinetobacter bacteremia. He was treated

oo
f

with appropriate antibiotics and underwent PLEX-LV (along with steroids) and survived.
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Another child in whom PLEX-LV was initiated, the baseline blood culture sample grew Candida tropicalis after
his death.

Overall survival at 1 month in children with rodenticidal hepatotoxicity:
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At one month, all 20 children with ALI (100%) and 8 children with ALF (66.6%) survived. The overall 1-month
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survival of children with rodenticidal hepatotoxicity (n=32) was 87.5%. Survival was worse in those who
needed mechanical ventilation (20%).

Patients who met Kochi criteria and were PLEX-ineligible:
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Two children with ALF fulfilling Kochi criteria were ineligible for PLEX-LV: one child was treated with PLEX
and the other was not. The child who was treated with PLEX, aged 15.7 years, had shock requiring 3 inotropes,
and candidemia. He was treated with CRRT in addition to PLEX-LV. His baseline blood culture sample grew
Candida tropicalis after death. The other child aged 15 years with ALF also had shock requiring 3 inotropes and
succumbed at 40 hours after admission and PLEX could not be performed.
Survival in PLEX-eligible children who met Kochi criteria for urgent liver transplantation:
Among the 10 children who met Kochi criteria for liver transplant, 8 (ALI 1, ALF 7) were PLEX-eligible. Nine
children (ALI 1, ALF 8) underwent PLEX-LV. One of the 9 patients was treated with PLEX despite having
contra-indication (hemodynamic instability and candidemia [detected later]).

Of 8 PLEX-eligible patients who met Kochi criteria and underwent PLEX-LV [aged 16.3 (7.4-18) years,
females (75%), MELD 37 (36-41), INR 9.5 (5.5-10), hepatic encephalopathy grade 2: 4, grade 3: 2], 6 patients
(75%) survived (Figure 1).
Cause of death:
Four children died. Three were treated with PLEX-LV. Two (boys, aged 15.5 and 17 years) who had normal
sensorium at admission, developed cerebral edema and died despite anti-cerebral edema treatment and 4
sessions of PLEX. One child (boy, aged 15.5 years) had candidemia, multiorgan failure and shock and died after
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one session of PLEX. Another child (girl, aged 15 years) had multiorgan failure and shock and died at 40 hours
after admission, she did not have PLEX-LV.
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Rodenticidal hepatotoxicity in adults:

During the same study period, 78 adult patients (> 18 years) with rodenticidal hepatotoxicity were managed in
our department. Thirty of them met Kochi criteria and 18 underwent PLEX-LV. The one-month survival in

Discussion
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those who underwent PLEX-LV was 56% (n = 10).
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In this study, we present our experience with use of PLEX-LV to treat rodenticidal hepatotoxicity in children.
Of 32 children with rodenticidal hepatotoxicity, one-month survival was 87.5%. We also demonstrate efficacy
of PLEX-LV in children with ALI and ALF caused by phosphorus poisoning. 75% of children (6/8) who
fulfilled Kochi criteria13 for urgent liver transplantation and were PLEX-eligible were rescued by PLEX-LV. In
contrast, in rodenticidal hepatotoxicity patients who met Kochi criteria, Saraf et al reported no survivors in
patients treated medically and 85% survival in patients treated by urgent liver transplantation (none of the
patients were treated with PLEX).13
This, to our knowledge, is the first report of PLEX-LV in children with rodenticidal hepatotoxicity. Large
volume7 and standard volume8 PLEX improve liver-transplant free survival in adult patients with ALF of other
etiologies.
Rodenticidal hepatoxicity is common in southern India, with most patients not having access to urgent liver
transplantation.20 In a recent study from Tamil Nadu spanning a period of six months, most of the toxin induced

liver injury was secondary to rodenticidal intake (685/ 702 patients). 159 (35%) of these patients succumbed to
acute hepatotoxicity, and only one patient underwent liver transplantation.1 PLEX-LV provides a non-transplant
therapeutic option in these patients.
The innate immune response (including reticuloendothelial activation) is more rapid than adaptive immune
response and may be the dominant mode of immune mediated liver injury in ALF.21 Plasma VWF levels, serum
ferritin and CD25 levels are clinical tools to assess innate immune activation (reticuloendothelial activation) in
patients with liver diseases.22 In patients with rodenticidal hepatotoxicity, innate immune activation is seen23, 24
and levels of reticuloendothelial activation markers in circulation correlate with the severity of liver disease.23
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PLEX may improve survival in ALF patients by attenuating innate immune activation and ameliorating multiorgan dysfunction.7 We have proposed that VWF reduction may be one of the mechanisms underlying the
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efficacy of PLEX-LV in liver failure syndromes.9,10,25

Among the 17 children who were treated with PLEX-LV in the present study, 15 were PLEX-eligible. Two
children were PLEX-ineligible as per the TN-ISG (Tamil Nadu chapter of Indian Society of Gastroenterology)
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guidelines to manage rodenticide poisoning.15
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In our study, patients who needed mechanical ventilation had poorer survival. Sedative overdose may occur
inadvertently in patients with acute liver dysfunction, as most sedatives are metabolised in the liver. It is
advisable to avoid sedative drugs in patients with rodenticidal hepatotoxicity, if possible. This may prevent
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drowsiness and need for mechanical ventilation and may improve survival.15,26
With an aggressive policy of surveillance for and management of infections, none of the 4 patients who
developed bacteremia while on PLEX-LV died.
Preliminary observations in the current study suggest improving survival in children with rodenticidal
hepatotoxicity who were treated with PLEX-LV. Children fare better than adults in paracetamol overdose
induced liver damage.27 The exact mechanisms why children with toxic hepatitis fare better than adults needs to
be studied.
The study is limited by retrospective nature. We have not documented long term follow up in these children.
In conclusion, PLEX-LV is a life-saving therapeutic option in children with rodenticide induced acute liver
injury and failure.
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Figure legends:
Figure 1. Flow diagram of the patients with rodenticidal hepatotoxicity. ALI acute liver injury, ALF acute liver
failure, PLEX-LV low-volume plasma exchange. *Two children were PLEX-ineligible, one of these children
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had PLEX-LV.

Tables and figures

Table 1. Baseline characteristics of children with rodenticidal hepatotoxicity in ALI and ALF groups.
Parameters

ALI (n) = 20

ALF (n) = 12

P value

Age (years)

16 (4.7-18)

16.3 (7.4-18)

0.741

Females (%)

10 (50%)

8 (67%)

0.355

5 (1-8)

0.207
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Interval from poison ingestion to 3 (1-7)

Quantity of poison consumed
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hospital admission (days)
225 (112-450, n=13)

338 (112-450, n=6)

0.406

Total bilirubin (mg/dl)

2.7 (0.4-11.6)

8.6 (2.4-19.9)

< 0.001

INR

2.5 (1.1-10.0)

8 (2.6-10.0)

< 0.001
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(mg) (n = 19)

0.59 (0.43-1.25)

0.66 (0.42-3.07)

0.509

VWF antigen (%)

334 (109-649, n=19)

538 (271-685, n=10)

0.015

Serum ferritin (ng/ml)

1625 (161-21180, n=15)

1378 (12-34807, n=11)

0.872

Serum soluble CD25 levels

2800 (1000-4750, n=8)

1800 (1300-6200, n =5)

0.944

MELD score at admission

18 (8-36)

37 (24-45)

< 0.001

SOFA score at admission

2 (0-4)

6 (3-13)

< 0.001

Fulfilled Kochi criteria

1

9

< 0.001

Jo

Serum creatinine (mg/dL)

(pg/ml)

ALI acute liver injury, ALF acute liver failure, VWF von Willebrand factor, MELD model for end-stage liver
disease, SOFA sequential organ failure assessment. All values are in number (percentage) and median (range).

Table 2. Extrahepatic complications / mechanical ventilation in 32 children with rodenticide induced
hepatotoxicity.
No. of patients who

1-month survival in

were PLEX-eligible

PLEX-eligible patients

and had PLEX-LV

who had PLEX-LV

12 (37.5%)

9

8 (88.8%)

Acute kidney injury

9 (28.1%)

7

7 (100%)

Infection (bacteremia,

5 (15.6%)

3

Type of complication

Grade ≥2 hepatic

Incidence

5 (15.6%)

Patients with > 1 of above

10 (31.2%)

complications/ mechanical

ur
na

ventilation

lP

Mechanical ventilation

re
-p
r

fungemia)

Jo

PLEX-LV low-volume plasma exchange

oo
f

encephalopathy

3 (100%)

3

1 (33.3%)

9

7 (77.7%)

oo
f
re
-p
r
lP

ur
na

Figure 1. Flow diagram of the patients with rodenticidal hepatotoxicity. ALI acute liver injury, ALF acute liver
failure, PLEX-LV low-volume plasma exchange. *Two children were PLEX-ineligible, one of these children

Jo

had PLEX-LV.

