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Background: Acute liver failure caused by the ingestion of yellow phosphorus–containing rodenticide has been
increasing in incidence over the last decade and is a common indication for emergency liver transplantation
in Southern and Western India and other countries. Clear guidelines for its management are necessary, given
its unpredictable course, potential for rapid deterioration and variation in clinical practice.Methods: A modified
Delphi approach was used for developing consensus guidelines under the aegis of the Liver Transplantation So-
ciety of India. A detailed review of the published literature was performed. Recommendations for three areas of
clinical practice, assessment and initial management, intensive care unit (ICU) management and liver transplan-
tation, were developed. Results: The expert panel consisted of 16 clinicians, 3 nonclinical specialists and 5 senior
advisory members from 11 centres. Thirty-one recommendations with regard to criteria for hospital admission
and discharge, role of medical therapies, ICU management, evidence for extracorporeal therapies such as renal
replacement therapy and therapeutic plasma exchange, early predictors of need for liver transplantation and
perioperative care were developed based on published evidence and combined clinical experience. Conclusion:
Development of these guidelines should help standardise care for patients with yellow phosphorus poisoning
and identify areas for collaborative research. ( J CLIN EXP HEPATOL 2021;11:475–483)
Yellow phosphorus (YP) is the main constituent of
commonly available rodenticides in India. The nat-
ural history of acute liver failure (ALF) after YP
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being reported as a cause of ALF.3 The ingestion is
commonly suicidal and predominantly reported in indi-
viduals between the 2nd and 4th decades of life, although
accidental ingestion by children has also been reported.
Over the last 5 years, it has become a common indication
for emergency liver transplantation (LT) in South India.
Reports of YP poisoning through its use in fireworks
have also been reported from several other countries4–6

(Figure 1).
YP affects multiple intracellular components. It dam-

ages the rough and smooth endoplasmic reticulum, dis-
rupting protein synthesis and lipid transport, and its
action as a mitochondrial toxin leads to inhibition of
oxidative phosphorylation and ATP depletion.7 In addi-
tion to liver injury, it also causes gastrointestinal distur-
bances, bone marrow suppression, cardiotoxicity,
pancreatitis and rhabdomyolysis.1,9 Commercially avail-
able rodenticides may also contain other phosphorus com-
pounds such as zinc and aluminium phosphides along
with warfarin-like derivatives that compound the multi-
system injury after poisoning. Mortality has ranged from
20% to 30% in various reports, with ALF being the most
common cause of death.3,5

This epidemic of YP poisoning due to rodenticide inges-
tion is a relatively new phenomenon, and there are no clear
guidelines with regard to its management. Most patients
are initially treated in smaller peripheral hospitals, not all
of which will have the facilities for monitoring or organ
support to manage such sick patients. Patients with YP
poisoning also have an unpredictable clinical course, can
deteriorate rapidly and need urgent LT.10 Clear guidelines
with regard to risk stratification, criteria for escalation of
care or transfer to higher centres and indications for liver
Figure 1 World map showing regions from where y

476 © 2020 Indian National Associa
transplant are essential to achieve consistency in managing
these patients.
METHODS

There is limited high-quality data with regard to the natu-
ral course, management and outcomes of YP poisoning.
The published literature of reports of YP poisoning is sum-
marised in Table 1. Most published reports are single-
centre series and have looked at the clinical-epidemiolog-
ical profile and the indications and outcomes of liver trans-
plant, respectively.3,10,11 There has however been a gradual
accumulation of expertise in many centres in South India
and Western India to deal with this emerging problem,
and local protocols have been developed to manage these
patients. The aim of this collaborative exercise was to bring
together a multidisciplinary and multicentre expert panel
under the auspices of the Liver Transplantation Society
of India (LTSI) to develop guidelines to manage patients
with YP poisoning, specifically patients who develop acute
liver injury (ALI).

A modified Delphi approach was used for this purpose
(Figure 2). The Delphi method of enquiry has been
frequently used to develop guidelines and protocols in
healthcare when high-quality evidence is lacking, especially
in the case of rare or emerging clinical conditions.12–14 The
process involves a series of iterative questionnaires
administered to a selected group of experts who may be
geographically separated. The feedback from each round
helps in modifying the statements and provides
opportunities for experts to reassess and if necessary
modify their own responses. The iterative process helps
in serially reducing the range of expert responses as the
ellow phosphorus poisoning has been reported.

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 1 Review of the Published Literature of Yellow Phosphorus Poisoning Over the last 25 Years.

Author, year, journal Number
of cases

Mode of
management

Mortality Conclusions

Fernandez, 1995,
Journal of Clinical
Gastroenterology5

15 (9
developed ALI/ALF)

Medical mgmt 27% ALF, metabolic acidosis and
hypoglycaemia
associated with mortality.
No benefit of NAC.

Santos et al, 2009,
Annals of
Hepatology6

3 1 medical mgmt,
1 transplant, 1 died

33%

Ates et al, 2011,
Liver
Transplantation34

10 1 spontaneous
recovery, 3 died
without LT, 6
underwent LT

Overall, 60%
Post-LT, 50%

Emergency LDLT is
life-saving. Poor
prognosis if the
brain or heart is affected.

Gonsalez-Andrade
et al, 2011, Clinical
Toxicology35

85 (firecracker
ingestion)

30 had liver
injury: medical mgmt, with NAC and
gastric
decontamination

Mortality: 5–9%

Bhat et al, 2015,
Journal of Clinical
and Diagnostic
Research36

100 Medical mgmt, NAC
used in 26 patients

Without NAC:
24.3%; with
NAC: 26.9%

Similar survival despite more patients with
severe liver injury in the
NAC group

Suneetha et al,
2016,
International
Journal of Scientific
Study37

56 (YPP = 8, o
thers =
phosphide
poisoning)

Medical mgmt 21% Greater liver
involvement in YPP

Saraf et al, 2015,
Indian Journal of
Gastroenterology10

41 (ALF) Medical mgmt,
LT for worsening
ALF

19.5% Emg LT for MELD >36,
INR >6 and encephalopathy

Nalabothu et al,
2015,
International
Journal of Scientific
and Research
Publications23

97 (43 YPP) Medical mgmt and NAC 51% in YPP Better outcome with early
NAC. A high MELD score
associated with mortality.

Trakulsrichai et al,
2017,
Therapeutics and
Clinical Risk
Management38

455 (primarily zinc
phosphide)

Medical mgmt 7%

Mishra et al, 2017,
Tropical Doctor39

9 Medical mgmt + NAC 55% Liver failure and cytopenias
common; higher mortality with
delayed presentation.

(Continued on next page )
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Table 1 (Continued )

Author, year, journal Number
of cases

Mode of
management

Mortality Conclusions

Bhat, 2018, Indian
Journal of Basic
and Applied
Medical
Research11

35 (60% with ALI/ALF) Medical mgmt with NAC Recovered
54%

No benefit with NAC

Venugopal et al,
2018, Journal of
Gastroenterology
and Digestive
System3

101 Medical mgmt + NAC + vitamin K 19% mortality Mortality associated
with liver and renal injury

Banjan, 2019,
International
Journal of Scientific
Research29

11 Medical mgmt with TPE 45% TPE is beneficial

Saravanan et al,
2019,
International
Journal of Scientific
Study19

30 Medical mgmt and NAC 16.6% Better survival with early
NAC (within 6 h of ingestion)

Sardar et al, 2019,
Indian Journal of
Gastroenterology30

24 Medical mgmt + NAC + TPE 12% Three of 4 patients
satisfying LT criteria
survived without LT.
Possible role of the vWF
level in prognostication

Yuksekkaya et al,
2019, Pediatric
Emergency Care40

11 (children) Medical mgmt and LT (1) 9%

Mark et al, 2020,
Current Clinical
Pharmacology20

229 (all types of rodenticides) Medical mgmt Survival better with early
admission and receiving
NAC; worse with YP

Gopalakrishnan et al,
2020, Indian
Journal of Critical
Care Medicine18

99 Early resuscitation,
medical mgmt.

9.1% mortality Better survival with early
decontamination with
activated charcoal

Publications reporting at least 3 cases are included.
ALI: acute liver injury, ALF: acute liver failure, YP: yellow phosphorus, YPP: yellow phosphorus poisoning, LT: liver transplantation, LDLT: living donor liver transplantation, mgmt: management, NAC:
N-acetyl cysteine, vWF: von Willebrand factor, TPE: therapeutic plasma exchange, MELD: model for end-stage liver disease; INR: international normalised ratio, Emg: Emergency.
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Figure 2 Flowchart depicting the modified Delphi consultative process
used in the development of the consensus document.
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group converges towards the ‘correct’ response. The
relatively anonymous mode of data collection also
minimises the ‘bandwagon effect’ or ‘halo’ effect.15 Once
agreement is reached on these key practices, future research
can build upon that framework to evaluate the effective-
ness of the approach. Although the original Delphi
method was restricted to using questionnaires, several
modifications have included a combination of question-
naires and face-to-face meetings to finalise recommenda-
tions.16 The Delphi process used in development of these
guidelines is summarised in Figure 2 (also see supplemen-
tary methods). A modification of the Grading of Recom-
mendations Assessment, Development and Evaluation
system was used to grade the level of evidence (high, mod-
erate, low) and strength of recommendations (strong,
weak).17
RESULTS

The literature review showed that a majority of recent pub-
lications were from India and were retrospective case series.
The level of evidence was low to moderate. There were no
clinical trials—randomised or otherwise, systematic reviews
Journal of Clinical and Experimental Hepatology | July–August 2021 | Vol. 1
or well-designed case-control studies—identified in the
literature search. All studies published before January
2020 were reviewed as part of the Delphi consultation pro-
cess.

An initial questionnaire sent to the expert panel
included 30 questions to identify the ‘areas of need’.
Fifteen separate responses were recorded and tabulated.
Based on these responses, the list of 19 questions
covering the three clinical areas was used to guide
consensus development (Figure 2). The management al-
gorithm for a patient presenting with rodenticide inges-
tion is depicted in Figure 3. The full set of guidelines is
available as a supplementary file (Supplementary file 2).

Initial assessment and management
YP poisoning is recognised to have three clinical stages.
The first stage lasting 24–48 h is associated primarily
with gastrointestinal symptoms. Patients may present
with excessive vomiting, abdominal pain, fluid-electro-
lyte imbalance and rarely cardiac arrhythmias. The sec-
ond phase lasting up to 2–3 days may be clinically
quiescent, although there may be ongoing biochemical
injury to the liver and other organs. The third stage
of toxic hepatitis and clinical organ failure usually
starts after the fourth day of ingestion. However, signif-
icant overlap of these three phases has been reported in
clinical practice. Several studies have reported the sur-
vival benefit of early start of medical management.18–
20 However, these being retrospective studies, the risk
of bias cannot be completely excluded. The panel
however agreed that early assessment, hospital
admission and monitoring of patients presenting with
YP consumption are necessary to ensure that early
biochemical changes of organ injury are not missed.
Apart from correction of fluid and electrolyte
disturbances, vitamin K is recommended owing to the
common addition of warfarin-like agents in rodenti-
cides. N-Acetyl cysteine21–23 has been reported in
several uncontrolled studies to improve recovery. The
role of gastric lavage in reducing the toxic load was
discussed; however, given the risk of aspiration and
some reports of chemical burns, it is not included in
the recommendations18,24 (Figure 3).

Patients who do not develop ALI after 5 days of observa-
tion or those who recover from ALI can be discharged into
the community after their clinical and laboratory parame-
ters have started recovering. These patients should be re-
viewed twice weekly on an outpatient basis until
complete resolution of their laboratory parameters.

Intensive care unitmanagement and transfer to a
liver unit (Figure 3)
Patients who develop any signs of organ injury are best
managed in an intensive care unit with close
1 | No. 4 | 475–483 479



Figure 3 Flowchart depicting the management algorithm for patients presenting with history of rodenticide ingestion based on the current guidelines.
ALI: acute liver injury, LFT: liver function test, RRT: renal replacement therapy, TPE: therapeutic plasma exchange, NAC: N-acetyl cysteine, AKI: acute
kidney injury, LT: liver transplantation, INR: international normalised ratio, MELD: model for end-stage liver disease, LDLT: living donor liver transplan-
tation, ECG: electrocardiogram.
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monitoring for signs of deterioration. Early contact
with the closest liver transplant unit is recommended
so that further guidance can be obtained and plans
for transfer can be discussed. The timing of transfer
can vary depending on the patient's condition, level
of care feasible in the patient's primary unit and the lo-
gistics of transfer. This should be decided after discus-
sion between the primary clinician and the patient or
patient's family in consultation with the liver trans-
plant unit. The mode of transfer and need for accom-
panying clinical staff should take into account the
clinical condition of the patient and travel time.
480 © 2020 Indian National Associa
Role of extracorporeal therapies
Renal replacement therapy has a well-established role in the
management of ALF both for neuroprotection and forman-
aging incidental acute kidney injury.25 Kidney injury is com-
mon in YP poisoning both owing to direct toxicity and less
frequently owing to rhabdomyolysis. Exchange transfusion
as ameans tomanage YP poisoning was initially reported by
Marin et al.26 Recent evidence from randomised clinical tri-
als has shown that therapeutic plasma exchange (TPE) im-
proves transplant-free survival in ALF.27,28 Many centres
are currently using TPE as a means to reduce the toxin
load in patients with YP poisoning. Two retrospective
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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studies of 11 and 24 patients each have reported the benefi-
cial effect of TPE in managing patients with YP poisoning
and improving transplant-free survival.29,30 TPEor any inva-
sive extracorporeal therapy has its adverse effects and com-
plications, and the risks and benefits should be considered.
Significant heterogeneity in the usage, indications and dose
of TPE was identified between centres during the consensus
development process. The group recognised that this is an
important area for further studies with potential for interin-
stitutional research.

Indications and timing of LT
LT has a key role in the management of ALF unresponsive
to medical management. In the Indian setting, the majority
of transplants performed are living donor liver transplanta-
tions (LDLTs).31 The Kings College Criteria (KCC), devel-
oped three decades ago, are still the most commonly used
system to identify patients who need an urgent LT.32 The
KCC may not be applicable in YP poisoning as most of
the patients are between 20 and 40 years of age, and criteria
of peak international normalised ratio (INR) and bilirubin
may not be reached in patients being treated with TPE.
Finally, the time interval between the onset of encephalop-
athy and rapid deterioration beyond which LT has no sur-
vival benefit appears to be much narrower in YP
poisoning–induced ALF. Sardar et al30 reported improved
prediction of transplant-free survival using serum von Wil-
lebrand factor levels. However, neither these levels nor stan-
dard transplant criteria were used to identify transplant
need.30 In the largest series published by Saraf et al,10 the au-
thors proposed an INR higher than 6 and encephalopathy
and amodel for end-stage liver disease (MELD) score higher
than or equal to 36 and encephalopathy as predictors of
mortality or need for LT. Other studies have corroborated
the link between high MELD scores and mortality.3 As
part of the consensus development process, these criteria
were revalidated using data from a second centre, and an
additional criterion to identify patients being managed
with TPE (INR >2.5 after 2 cycles of TPE) was added. Any
of the criteria can be used as a basis for starting LT evalua-
tion. However, the panel was in agreement that the single
most factor that predicts the need for liver transplant was
encephalopathy (West Haven grading$2), and this should
be the sole criteria for listing and to proceed with LT. The
committee agreed that this will need discussion with regu-
latory authorities tomodify current organ allocation guide-
lines for ALF after YP poisoning.

Contraindications for LT
The prognosis of nonhepatic organ failure in YP poisoning
is variable, and recovery depends on patients' comorbidities,
continued insult from the remaining toxin and the level of
organ support. Although several forms of organ failure
can be considered as relative contraindications for LT, the
Journal of Clinical and Experimental Hepatology | July–August 2021 | Vol. 1
panel felt that irreversible neurological damage alone can
be considered as an absolute contraindication. In view of
the younger demographics, recovery of nonhepatic organ
failure is possible, and the treating clinician will be in the
best position to assess the risk and benefit of transplanta-
tion after discussion with the patient and family.

Type of LT and perioperative management
Both LDLT and deceased donor liver transplantation have
been successfully performed for YP poisoning. The choice
will depend on the availability of a suitable living donor vis-
a-vis access to deceased donor organs. There have been
anecdotal reports of poor outcomes with auxiliary LT for
this condition from two of the participating centres. It
was agreed that until more data are available, a standard
orthotopic liver transplant with complete native liver
replacement should be performed. There is no evidence
in the literature to support modification of immunosup-
pression after LT for YP poisoning, unless required for
sepsis or renal injury. One unit reported cases of early graft
dysfunction with biopsies showing severe steatosis similar
to the original toxin injury, which improved with TPE.
This has however not been the experience in other units.

Counselling and legal procedures
Most patients with YP poisoning are one-off suicidal at-
tempts by young individuals during a periodof stress. Coun-
selling for the patient and his/her family is important from
the time of initial admission to recovery. Ideally, arrange-
ments for postdischarge psychological support should be ar-
ranged for the patient and family. All poisonings, whether
accidental, suicidal or homicidal, are medicolegal cases
and should be reported. Clinicians should ensure complete
documentation throughout the period of illness, including
discussions with the patient and family. All medicolegal re-
quirements should also be fulfilled as per the law.
DISCUSSION

YP-containing rodenticide poisoning has emerged as one of
themost common causes of ALFneeding LT inSouthern In-
dia. While YP poisoning has been recognised for nearly 100
years, public health initiatives, including modifying
manufacturing practices in the matchbox and
firework industries, had significantly reduced the incidence
of accidental poisoning inmany countries.1 The clinical pro-
gressionof this poisoning includes aquiescent secondphase,
whichmayprovide false reassurance for both the patient and
the treating doctor.8 By the time the patient presents with
obvious signs of liver failure such as jaundice and encepha-
lopathy, significant lead time is lost. Given the extent of
theproblem, there is anurgentneed todevelopa comprehen-
sive set of guidelines to help the clinician manage these pa-
tients right from the time of initial presentation. As several
1 | No. 4 | 475–483 481
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of the liver units in South and Western India have gained
experience in managing these patients, it was felt that the
LTSI should be the platform to develop these guidelines.

These guidelines will hopefully provide a basis for
research in this area and prepare the ground for more
evidence-based recommendations in the future. This exer-
cise has shown that there is significant concurrence in prac-
tice with regard to the management of YP poisoning
among various centres. There is good awareness with
regard to the natural history of the poisoning, and the
need for extended observation in patients with gastrointes-
tinal symptoms is well recognised. Most of the expert panel-
ists were convinced with regard to the role of LT in these
patients and the development of encephalopathy as a sine
qua non for irreversible liver injury and the need for LT.

There are however some differences in clinical practice
that have been brought to light during this consensus pro-
cess. The key area of difference between centres was the role
of TPE, indications for initiating and stoppingTPE,whether
it can avoid progression to ALF or avoid LT and its role in
extrahepatic organ injury. Although there is no clear evi-
dence for its use in the YP poisoning setting, the beneficial
role of TPE in the general ALF setting has informed the
application of standard-volume TPE in YP poisoning in
many centres.27,28 There is however controversy related to
its use as several panelists highlighted the adverse effects
of such invasive therapies and the risk of overuse.

The long-term solution for dealingwith this epidemic is a
stricter control over the sales of rodenticides. Its sudden
spurt in incidence is primarily linked to the easy availability
of rodenticidal agents in rural and suburban India. Some of
our patients had actuallymanaged to acquire them through
e-shopping websites. Although an outright ban will be the
best option to reduce YP poisoning, it is unlikely to be
feasible, given their utility as a cheap and effective rodenti-
cide. Legislative controls through measures such as identity
proof during purchase, reduction in the package size and a
limit on the quantity that can be purchased at a time can
reduce their access and hence their use as an impulsive sui-
cidal agent. Similar measures used in the United Kingdom
have helped in reducing the incidence of paracetamol-
induced ALF.33

To summarise, we report the outcome of the LTSI
consultative process for developing management guide-
lines of patients with YP poisoning. This consultative pro-
cess can be a template for developing India-specific
guidelines for other conditions using the vast knowledge
and clinical expertise available.
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