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Editorial JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
Rodenticide (Yellow Phosphorus Poison)-Induced
Hepatotoxicity in India: Constraints

During Management
Acute hepatic dysfunction is categorized as acute liver
injury (ALI) i.e. presence of coagulopathy, with no enceph-
alopathy and acute liver failure (ALF) i.e., presence of en-
cephalopathy and coagulopathy.1 Higher degree of
coagulopathy is loosely termed as severe ALI; however,
this is not well defined. Patients with severe ALI or ALF
need early recognition as seriously ill patients, requiring ur-
gent specialized care.

The causes of ALF are strikingly different across the
world, with major differences in the East and the West.
Although viral hepatitis (mainly hepatitis E) is a common
cause of ALF in northern India, paracetamol overdose is
the commonest cause in the Western world.2 More
recently, hepatotoxicity due to yellow phosphorus poison
(YPP) is being increasingly recognized as a cause of ALF
in some parts of the Indian subcontinent largely from
southern3–6 and western parts7,8 of the country.

A recent statewide multicenter survey across 6 districts
in Tamil Nadu (TN), between January and June 2019, on
causes of toxic hepatitis (under the aegis of the Tamil
Nadu Chapter of Indian Society of Gastroenterology),
found the ratio of rodenticide (yellow phosphorus) inges-
tion to paracetamol overdose to be 75: 1.4 Of the 450
YPP-induced hepatotoxicity, 131 patients (31%) died and
28 patients (6%) were discharged in a moribund state. Ma-
jority of the patients were managed in hospitals where high
end modalities such as plasma exchange (PLEX) or liver
transplantation (LT) options were not available. Extrapo-
lating the study results to all 35 districts of TN state, the
study investigators estimated that during the six-month
study period the state had a case burden of 1584 rodenti-
cide induced hepatotoxicity patients (95% CI: 265–6119)
and among these, it was projected that 554 patients were
likely to have a poor outcome. Clearly, in the statewide
study, YPP-induced hepatotoxicity can be considered the
equivalent to paracetamol overdose causing toxic liver ne-
crosis and death in the West.

Factors that determine YPP-induced hepatotoxicity and mor-
tality include
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a. Concentrations of metal phosphides such as aluminum
phosphide, zinc phosphide, and warfarin-like deriva-
tives that compound the multisystem injury, mortality
being highest in those pastes containing high concen-
trations of aluminum phosphide.9,10

b. High levels of plasma von Willebrand factor (vWF)11:
There is impaired VWF clearance in hepatic sinusoids.12

The high levels are shown to correlate with disease
severity and also serve as predictors for poor outcomes.
In 24 consecutive patients with YPP-induced hepatotox-
icity (ALI: 20 patients, ALF: 3 patients, uncomplicated
acute hepatitis: 1 patient), the area under the receiver
operating curve of plasma vWF level to predict survival
was 0.92 and of Model for End-Stage Liver Disease
(MELD) score was 0.66 indicating vWF levels to be a bet-
ter indicator than MELD score in predicting survival.
Similar observations on vWF levels have now been repli-
cated in other causes of ALF.13

In the aforementioned context, an article in this issue by
Mohanka et al7 discussing their experience on managing
patients with YPP is timely. LT Society of India has also
recently published guidelines on management of patients
with YPP including indications for LT.14 Mohanka et al7

analyzed outcome in 19 YPP – patients with ALF managed
in a center with a dedicated liver intensive care unit (ICU)
and facilities for LT. Extrapolating this information to cen-
ters with massive case load as those reported from south-
ern states of India, very few patients have an access for an
urgent LT. For example, only one patient of 450 YPP-
induced hepatotoxicity patients i.e. 0.2% underwent urgent
LT in the multicenter study.4 There are other similar re-
ports from India wherein very few patients underwent su-
pra urgent LT for YPP, even in those centers which had a
provision for LT.3,7,11

Management options for YPP induced hepatotoxicity
can therefore be considered under 2 broad headings:
Non-LT and LT options

I. Non-LT options
Patients with YPP should be recognized as seriously ill

with a need for admission to High Dependency Unit
(HDU)/ICU, with focused care on reducing cerebral
edema,15 and use of PLEX to circumvent the critical period
i.e., intervention before the onset of severe ALI or ALF.
PLEX can be provided to all patients in any hospital that
has facilities for dialysis and blood banking. The American
Society of Apheresis, 2019 guidelines, consider high
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Rodenticide ingestion

Standard management of poisoning patient

Admit the patient 

Patient develops acute liver injury or acute liver failure

1. Shift to HDU or ICU
2. Avoid sedative drugs, if possible
3. N-acetyl cysteine and plasma exchange 
4. In patients with encephalopathy, start treatment to 

reduce cerebral edema

Urgent liver transplantation, if feasible, in patients 
meeting criteria for listing

Figure 1 Algorithmic approach to management of patients with YPP.
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volume PLEX as first line and as a sole treatment or as a
supplement to other treatment modalities (category 1 indi-
cation) to treat ALF.16 Emerging evidence also suggests
that standard volume PLEX17 and low volume PLEX18

are effective modality to treat ALF.
In a recent study, Varghese et al3 categorized their pa-

tients with YPP as those fulfilling Kings College Hospital
(KCH) Criteria19 and those who did not and managed all
their 43 patients with PLEX. Although all the patients in
the latter group recovered, 4 of 20 in the former group
had a LT, and 7 of 20 survived (without a LT) with
PLEX; 9 patients died. In a study by Sharma et al,20 50
per cent of patients who opted out of LT, survived with
PLEX and this served as a stand-alone treatment in these
patients. In Mohanka's series,7 of the 19 patients, PLEX
was included as a standard of care and served as a bridge
to LT and not considered as a curative modality of treat-
ment. The number of cases reported in their study is too
few to reach any conclusion on efficacy of PLEX.

The efficacy of PLEX in improving survival, serving as a
curative treatment and as a bridge to LT in patients who
meet listing criteria for urgent LT (KCH criteria for
ALF,19 Kochi criteria21 for YPP ALF) needs to be studied
in large number of patients.

Other nontransplant options that deserve special
consideration are treatment modalities to lower the raised
vWF levels in liver diseases.11,12,22 Of the three easily avail-
able vWF lowering interventions, N-acetyl cysteine,
ADAMTS13 supplementation by fresh frozen plasma infu-
Journal of Clinical and Experimental Hepatology | July–August 2021 | Vol. 1
sions and PLEX, latter appears to be the most efficacious in
patients with severe ALI/ALF.11

Preliminary reports suggest N-acetyl cysteine may also
be beneficial in patients with YPP.6,23,24

Can avoiding/minimizing sedation in YPP-induced
hepatotoxicity improve patient survival, while awaiting
an urgent LT?1,7,25,26 This has been a subject of debate.
With reference to this, one must recall that most of the
sedative/hypnotic drugs are metabolized in the liver, and
this function is affected in ALF, thereby enhancing the
risk of respiratory depression. Caution therefore must be
exerted in the use of sedatives in patients with compro-
mised liver function.27 Ideal would be to use sedatives
when absolutely indicated, in the smallest dose and for
the shortest period.

Few highlights of the publication by Mohanka et al7 in
this issue on nontransplant options deserve special
mention. The authors had a protocol-driven management
for specific complications in YPP-induced patients with
ALF. These included mechanical ventilation for patients
with high grades of hepatic encephalopathy, continuous
veno-venous hemodiafiltration for those with renal failure,
severe lactic acidosis (despite adequate resuscitation) and
hyperammonemia; PLEX being reserved for systemic in-
flammatory response syndrome.

All this proactive non-LT lifesaving procedures hitherto
mentioned are likely to help a significant proportion of pa-
tients without the need for a LT. This is possible and prac-
tical if HDU and ICU facilities are increased in hospitals
managing patients with YPP-induced hepatotoxicity.

II. Liver transplant as an option
Liver transplant is an obvious option in ALF, but one

question remains unanswered. In which patient and
when, in the course of YPP-induced hepatotoxicity, is an
urgent listing for LT warranted? Although currently
KCH criteria19 for patients with ALF are used for listing
for LT, no patient in the original dataset from whom the
KCH listing criteria was derived, had YPP-induced hepato-
toxicity. Investigators from Kochi, India proposed listing
criteria for urgent LT in patients with YPP-induced hepato-
toxicity i.e. MELD $36 or a combination of international
normalized ratio >6 and hepatic encephalopathy.21 In their
series, all eight patients who fulfilled these listing criteria
but did not undergo LT died. Sharma et al20 observed 50
per cent survival after PLEX, amongst a select group of pa-
tients who fulfilled the Kochi listing criteria for LT but
opted out of LT due to economic constraints. In Mohan-
ka's series, 5 of 15 patients underwent LT; however the
criteria for listing for LT are not clear. PLEX in their series
served as a bridge while listing for LT. Currently, there are
no definite set guidelines for YPP-induced ALF especially in
centers which have facilities for both non-LT and LT op-
tions.
1 | No. 4 | 414–417 415
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In summary, we construe that in resource-constrained
settings, patients with YPP-induced hepatotoxicity
encounter markedly reduced access to urgent appropriate
treatment owing to the double whammy effects of greatly
increased need and scarce resources. Urgent multipronged
steps are needed to tackle this. Primary prevention steps
include enacting legislation to make rodenticide less easily
accessible to public (this can be purchased over the counter
at present) and setting up round-the-clock counseling ser-
vices to help persons in mental distress.

The general principles of managing any poison
should be applied immediately for YPP with an easily
accessible dedicated facility within the same locality
for monitored HDU/ICU care and for specialized treat-
ment such as PLEX. There is a need for a dedicated
trained team comprising of internal medicine, pediat-
rics, emergency medicine, and intensive care specialists
for such cases.

Figure 1 summarizes the approach to management of
YPP-induced hepatotoxicity. Briefly, patients with YPP-
induced ALI need close monitoring in HDU and those
with ALF require ICU care. In patients with no realistic
option of urgent LT, it appears prudent to try and avoid
use of sedative/hypnotic drugs. Patients with worsening
coagulopathy need to be started on nontransplant op-
tions that includes N-acetyl cysteine and PLEX. In
patients with ALF i.e., with onset of encephalopathy
and deteriorating clinical parameters, urgent LT is
indicated.

One can hope that in coming years, ALF from all causes
will be a ‘medically treatable disease, without the need for
LT’.28
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