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ABSTRACT

Objectives

Paracetamol overdose is common and can lead to fulminant hepatic failure. In cases
that are not improving with standard medical therapy with N-acetylcysteine, some
patients may require liver transplant. The Australia and New Zealand (ANZ) referral
criteria for transfer to a liver unit has not been extensively studied for its predictive
value. The aim of this study was to evaluate the ANZ referral criteria for predicting
mortality in paracetamol overdose.

METHODS

This study involves a retrospective analysis of patients who developed hepatotoxicity
post paracetamol overdose presenting to an Australian health service with a liver
transplant unit between 2010 and 2019 and were treated with N-acetylcysteine. The
primary outcome was death or transplant.

RESULTS

Out of 983 paracetamol overdose presentations, 81 (8.2%) cases developed
hepatotoxicity. Of these, 17 cases (21%) met the composite endpoint of death or
transplant. The ANZ referral criteria is highly sensitive at predicting the primary
endpoint of death or transplant at time of referral 100% (95%Cl: 81, 100) but had
low specificity at 30% (95%Cl: 19, 42).

CONCLUSIONS

The ANZ referral criteria was highly sensitive for predicting the outcome of mortality
and transplant. This is important for screening patients that may become unstable
and difficult to transfer at a later stage of their admission.

Keywords: acetaminophen, toxicity, hepatic failure, prognostication

INTRODUCTION

Paracetamol is the most widely used over-the-counter medication worldwide, and
remains the most common agent involved in overdose cases in Australia and New
Zealand (ANZ)(1). This leads to thousands of hospital admissions every year. Most
patients with paracetamol poisoning are able to recover after receiving N-



acetylcysteine (NAC or acetylcysteine) and supportive care, however a small
proportion develop acute liver failure which is associated with severe adverse
outcomes and mortality(2, 3).

Orthotopic liver transplantation (OLT) may be useful in altering survival outcome in
acute liver failure (ALF) patients, however the decision to transplant a patient
involves a series of complex evaluations, including balancing the risks of delaying
OLT against the potential to recover with medical treatment alone, the risks of
surgery and psychosocial implications which deem an individual unsuitable for OLT
despite fulfilling the transplant criteria(4). Consequently, accurate prognostication is
key in managing paracetamol overdose ALF cases to stratify between those who
need medical management as opposed to those that may require a liver transplant
in order to optimise outcome.

While there are various criteria to predict patients who might benefit from a liver
transplant, the King’s College Criteria (KCC) for paracetamol toxicity remains one of
the most widely used around the world(4) and referral criteria to a liver unit in the
UK are based on these.

The ANZ criteria for referral to a liver transplant unit in the setting of paracetamol
overdose follows broader criteria that incorporates several different parameters,
including lactate, blood pressure, glucose level and the degree of
thrombocytopaenia (1). Clinicians in the emergency department and hospital system
use these criteria to refer patients to a liver unit, but this does not necessarily dictate
whether a patient receives a transplant. The ANZ criteria has not been previously
analysed for its predictive purpose.

The aim of this study was to analyse the ANZ liver referral criteria to a liver
transplant unit post paracetamol overdose for predicting outcome in the setting of
ALF.

e METHODS

This is a retrospective cohort study of all patients who were admitted with
paracetamol toxicity via the Austin Emergency Department and the Liver Transplant
Unit from January 2010 to the end of March 2019 (Figure 1). It is a review of data
extracted from the electronic record (PowerChart™, V 2012.01, 2013, CERNER, USA)
and Medtrack (2015.1, 2014, AUSTRALIA).

Patient Selection

Patients who were admitted between 1 January 2010 and end of March 2019 were
screened using ICD codes (Y39.1, X60, X40 and Y10) to identify those who had
paracetamol overdose or intoxication. We identified all paracetamol overdose
patients and included those who received acetylcysteine. We included patients who
developed hepatotoxicity (defined as alanine transaminase (ALT) >1000 U/L).
Patients with ambiguity regarding the aetiology of the hepatic dysfunction were



excluded. Patients either had a documented toxic serum paracetamol concentration
or a non-detectable paracetamol concentration in the context of a history of
paracetamol ingestion reported with a time course consistent with hepatic
dysfunction. Patients without a clear history of paracetamol ingestion, including
those with an overdose of an unknown agent were excluded. Patients who did not
receive acetylcysteine were excluded. Amongst those who received acetylcysteine,
each record was manually reviewed to ensure eligibility and confirm the reason for
acetylcysteine. If an individual had multiple admissions during the study period, each
episode was treated as a different presentation.

The primary endpoint was mortality or transplant, assessed using the ANZ criteria for
liver transplant referral.

The KCC is used to help determine need for transplant for patients with paracetamol
overdose in this hospital. In addition, we examined the KCC in the same cohort.

Definitions

The ANZ referral criteria and KCC are listed in Figure 2. Hypoglycaemia is defined as a
venous or arterial glucose level of <3.9mmol/L per international definitions (5).
Severe thrombocytopaenia is defined as a platelet level of <50 x10° per litre of blood
(6). Any alteration of consciousness is defined as a GCS <15 not associated with
sedative co-ingestions. Determination of grade llI/1V encephalopathy was based off
clinical documentation in patients’ clinical notes. Acute liver injury (ALI) was defined
as ALT >150 U/L and double baseline.

Data extraction

Data extracted from the medical records included age, sex, weight, reason for the
ingestion, staggered or once-off ingestion, co-ingestants, initial and post treatment
paracetamol concentration (number of hours after ingestion that the serum
concentration was obtained), acetylcysteine dosage and duration. Along with co-
morbidities such as alcohol abuse, pre-existing renal failure, diabetes and psychiatric
conditions. Laboratory parameters recorded included initial and peak ALT, peak
Aspartate Aminotransferase (AST) and International Normalised Ratio (INR) and peak
creatinine. Prothrombin time (PT), glucose level, blood pressure, serum pH, platelet
levels, the need for transplant, length of stay and disposition was also recorded.

The data was collected using a standardised extraction form and entered into a
spreadsheet Excel 2019 (version 16.22) by investigators. The 2 abstractors were not
blinded to the original study hypothesis.

Ethics approval for the study was obtained from the Austin Health ethics committee.

Data analysis

Descriptive data are reported as medians and interquartile range (IQR) or
percentages. The Chi square test was used to compare nominal variables or the
Mann-Whitney U test for non-parametric continuous variables. Data analysis was
performed using SPSS version (V26, IBM, New York, USA).



Sensitivity, specificity, PPV, NPV were calculated for the ANZ criteria prior to transfer
to the liver transplant unit (ie. at time of referral). This same analysis was also
performed on these patients to determine if they met the KCC during hospital
admission.

RESULTS

A total of 983 presentations with a diagnosis of paracetamol overdose were
identified during the period of 2010 to end of March 2019. Of these, 81 (8%)
developed hepatotoxicity and were treated with acetylcysteine in the hospital
(Figure 1). Sixteen (20% of those who developed hepatotoxicity) patients reached
the primary endpoint of death. All of these were deemed secondary to paracetamol
overdose. Of those who developed hepatotoxicity, 17 (21%) cases reached the
primary endpoint of death or transplant secondary to paracetamol overdose.

Demographic data of this study population is shown in Table 1. The majority of
presentations were female with a deliberate intent to overdose in both groups.
There was no significant difference in the median (IQR) age between the survivor
group and those who died (p =0.2). The median time from ingestion to
acetylcysteine treatment also varied amongst the two cohorts, with the mortality
group being treated much later at 33 hours (IQR 25, 92) compared to the survival
group at 24 hours (13, 40) (p<0.01). The median treatment duration of
acetylcysteine was longer in the mortality group at 62 hours (IQR 34, 157) versus 36
hours (6,85) in the survival group (P =0.01).

The sensitivity and specificity of the KCC and ANZ referral criteria to predict mortality
or transplant is shown in Table 2. The ANZ referral criteria is highly sensitive at
predicting the primary endpoint of death or transplant at time of referral 100%
(95%Cl: 81, 100) but had poor specificity at 30% (95%Cl: 19, 42). KCC criteria applied
during hospital admission demonstrated a high sensitivity and specificity for
predicting mortality or transplant (sensitivity 94% (71, 100), specificity 91% (81, 97).
However the positive predictive value of the KCC was 73% (55, 85).

Arterial acidosis and creatinine were the most common components in the KCC
criteria met by the survival group at 7.8% (n=5) for each. Persistent acidosis or
arterial lactate >3 was the most common component in the ANZ criteria met by the
survival group at 57.8% (n=37) (Table 3). In the mortality group, arterial acidosis was
the most commonly met KCC criteria at 78% (n=13), and similarly persistent acidosis
or arterial lactate >3 with the ANZ criteria 100% (n=17).

DISCUSSION

For patients with severe paracetamol-induced liver toxicity, liver transplant must be
considered in those with acute liver failure (7). The decision to transplant a patient
requires evaluating carefully the risks of delaying transplant against the potential to
recover with medical treatment alone, in addition to risks of surgery and
psychosocial implications that deem an individual unsuitable for transplant despite



fulfilling the transplant criteria. The accurate prognostication of outcome in the
management of paracetamol induced acute liver failure is crucial in order to stratify
individuals who may benefit from a liver transplant, identifying them early before
deterioration. Also it may prevent unnecessary transfer to a transplant centre for
those who do not require a transplant.

The ANZ referral criteria had a high sensitivity in regards to predicting mortality or
transplant and fits its purpose to be a broad screening criteria. This is important in
identifying patients who may later deteriorate and become too unstable and difficult
to transfer or subsequently receive a liver transplant. Also it allows early discussion
with the liver unit on management e.g. use of blood products. In addition, the high
negative predictive value indicates that patients have a low risk of mortality if none
of the criteria are met at time of referral. However, the ANZ referral criteria revealed
a lower specificity and predictive ability for the primary outcome compared to the
KCC. This is understandable given the ANZ referral criteria was not designed for the
purpose of predicting mortality. Treating clinicians are therefore reminded that
discussions with the liver transplant unit needs to occur on who is transferred for
paracetamol overdose.

Our study found that the KCC has high overall specificity and sensitivity. This result
aligns with multiple studies that have evaluated the KCC in the past in paracetamol
induced ALF populations to reveal a high pooled specificity at 94.6% (95% Cl 93.0,
95.9) but is contrary to the relatively poor sensitivity at 58.2% (95% Cl 53.1, 63.3)
seen previously (4). The high specificity of the KCC during admission is
understandable because patients usually have progressed further within their course
of paracetamol induced acute liver failure, therefore rendering it a more accurate
predictor of mortality or transplant. However, the lower positive predictive value
indicates that not all patients who fulfill the KCC criteria will die or require a
transplant.

In addition, a recent study indicated a high rate of transplant free survival in
contemporary and historical cohorts (73.8% (Year 2002 to 2017) vs 69% (Year 1988-
2001), p=0.614) of those with paracetamol overdose. This probably highlights the
importance of supportive care and the advantages of early recognition of acute liver
failure and referral to a specialised liver unit(8).

Hypotension in ALF is well recognised, as cardiovascular and haemodynamic
complications are notable clinical sequelae of ALF patients often characterised by
systemic vasodilation, low systemic vascular resistance, hypotension and a
compensatory increase in cardiac output(9). Hypotension has also been incorporated
in other assessment criteria such as the sequential organ failure assessment (SOFA)
score to assess the prognosis of patients with ALF. In addition to this, it was also
found that the prolongation of PT that reflects the severity of liver damage is
significantly longer in patients with unexplained hypotension(10). The results of our
study support that hypotension could be an important prognostic factor needing
further evaluation in the future.



Grade lll encephalopathy is characterised by marked confusion and incoherent
speech, grade IV patients further deteriorates to a coma state and become
unresponsive to pain(11). Hepatic encephalopathy usually develops 3 to 4 days after
paracetamol overdose, and it is accompanied with an increased risk of overall death
rate at 40-60% once it emerges(12). Studies have shown that transplant-free survival
further dropped from 52% to 33% when coma grade increases from grade I/
encephalopathy to grade IlI/IV(13). Although high grade encephalopathy is evaluated
to be a good predictor of overall mortality (12, 13), it is limited by its subjective
nature and the time delay for patients to progress to this stage. Up to 26% of
paracetamol overdose patients are no longer medically fit for surgery when they
fulfil the KCC(14). At this point, their treatment has been delayed and they are also
unable to participate in further psychosocial evaluations(13). Therefore, although
high grade encephalopathy carries high predictive value, it is vital to seek out
alternative criteria to increase its sensitivity earlier in the natural history of ALF. It is
crucial that prognostic criteria allow patients to be picked up early prior to the
development of high-grade encephalopathy in order for them to undergo necessary
assessments and planning for a liver transplant.

Persistent acidosis and acute renal failure were both present in a majority of patients
who died from paracetamol overdose in our study. These findings correlate with
other studies that have shown that a pH<7.30 carries high predictive accuracy for
death(15-17). In addition, elevated serum creatinine has also been identified in
regression models from other studies to be a good indicator for a poor prognosis in
paracetamol induced liver failure (15).

Limitations

The study is limited by its retrospective design. As a result, the conclusions are
limited by the quality and completeness of the data recorded in the medical record.
In addition, the small number of patients with mortality limited further regression
modelling. Medical and supportive care for patients has likely improved over time
which may have also decreased mortality rates and need for transplant. Another
limitation was that there was no data on patients who met either criteria who were
not transferred or who died prior to transfer. The results of this study provide the
framework for the design of larger future multicentre studies to further evaluate
these referral models.

CONCLUSION

The ANZ referral criteria was highly sensitive for predicting the outcome of mortality
and transplant. This is important for screening patients that may become unstable
and difficult to transfer at a later stage of their admission.

Data availability statement: The data are not publicly available due to privacy or
ethical restrictions.
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Figure 1: Study Flowchart



983 presentations from 2010 — March
2019

902 cases were excluded
Exclusion criteria:
- Patients not treated with
acetylcysteine
v - Patients without a clear
history of paracetamol
ingestion
- Did not develop
hepatotoxicity

o /

v

81 cases of hepatotoxicity secondary to
paracetamol overdose

64 cases of transplant-free
survival:

-55 interhospital transfers

-9 referrals within hospital

v v

/ \4 1 case of liver 16 cases of mortality:
transplant who -15 interhospital transfers
45 met 19 did not also met ANZ - 1 referral within hospital
ANZ meet ANZ criteria -all met ANZ criteria

criteria criteria
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Figure 2: King’s College Criteria and Australia and New Zealand referral

criteria.

King's College Criteria for
consideration liver transplant

ANZ criteria for transfer to a liver
transplant unit

eArterial pH < 7.30 OR all 3 of the
following:

*PT > 100 sec

eCreatinine > 300 pmol/L

eGrade lll or IV hepatic
encephalopathy

*INR > 3.0 at 48 hours or > 4.5 at
any time

¢Qliguria or creatinine > 200
umol/L

ePersistent acidosis (pH <7.3) or
arterial lactate > 3mmol/L,
despite resuscitation

oSystolic hypotension with BP <80
mmHg, despite resuscitation

*Hypoglycaemia
eSevere thrombocytopaenia
eEncephalopathy of any degree

*Any alteration consciousness
(GCS<15), not associated with
sedative co-ingestions

Table 1. Demographic and treatment data of patients presenting with paracetamol

overdose treated with acetylcysteine who developed hepatotoxicity (ALT >1000
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U/L). ALT=alanine transaminase, AST-aspartate transaminase, INR —international

normalized ratio

Survived (n=64) Death/transplant | P value
(n=17)
Gender female n (%) 55 (86) 15 (88) 0.8
Median Age years (IQR) 36 (23,48) 40 (34,46) 0.2
Intent - deliberate n (%) 40 (63) 14 (78) 0.12
- Single ingestion n 22 (34) 0 <0.01
- Supratherapeutic n 14 (22) 3(17) 0.7
(%)
- Staggered intake n 4 (6) 11 (61) <0.001
(%)
Time to acetylcysteine (<8h) | 0O 0
n (%)
Median length of stay — 204 (96,474) 84 (48, 366) 0.03
hours (IQR)
Disposition — home n (%) 56 (88) 0 <0.001
- Psych admission n 8(12) 0 <0.001
(%)
Transplant n (%) 0 1(5) <0.001
Death n (%) 0 16 (94) <0.001
Coingestion n (%) 28 (44) 10 (59) 0.26
- Opioids n (%) 4 (6) 1(6) 0.95
- Antihistamines n (%) | 3 (4) 0(0) <0.001
- ETOHn (%) 9 (14) 7 (41) 0.01
Activate Charcoal 0 1(6) <0.001
administration n (%)
Chronic alcohol intake n (%) | 15 (23) 7 (41) 0.14
Median reported 385 (230,625) 250 (166,390) <0.001
paracetamol dose for
ingestions by weight mg/kg
Median serum paracetamol | 300 (89,635) 507 (149, 969) 0.23
concentration micromol/L
on presentation (IQR)
Median time to initial 23 (12,35) 33 (24, 88) <0.001
paracetamol concentration
— hours (IQR)
Median acetylcysteine 36 (6,85) 62 (34, 157) 0.01
duration hours (IQR)
Median ALT (U/L) on arrival | 1011 (229,4769) 2635 (869, 8779) 0.01
(IQR)
Median peak ALT (IQR) 6751 (3113,9394) | 7121 (4688, 10480) | 0.18
Median peak AST (U/L) (IQR) | 7973 13420 (4692, 0.04
(5054,13212) 18684)
Median Peak INR (IQR) 4.3(2.2,6.4) 6.8 (5.5,7.8) 0.003

12



Median Peak Cr umol/L
(IQR)

101 (71,271)

179 (140, 321)

<0.001

*IQR: Interquartile range

Table 2. Sensitivity and Specificity of the King’s College Criteria (KCC) and

Australian and New Zealand (ANZ) referral criteria to predict death/transplant
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Hepatotoxicity | Sensitivity | Specificity Positive Negative PPV (95% NPV
patients (ALT | (95% Cl) (95% Cl) Likelihood | Likelihood | ClI) (95% Cl)
>1000) Ratio Ratio

(95% C1) | (95% Cl)
KCC during 94% (71, 90% (80, 10.0 (5, 0.06 (0.01, | 73% (55, 98% (89,
admission 100) 97) 22) 0.4) 85) 100)
ANZ on 100% (81, 30% (19, 1.5 (1.2, 0 27% (24, 1
referral to 100) 42) 1.7) 31)
liver
transplant
unit
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Table 3. % of survival and mortality group that met each component in the i) KCC

and ii) ANZ criteria.
i)

KCC Criteria % of survival group meeting | % of mortality group
component criteria (n) meeting criteria (n)
Arterial PH <7.3 7.8% (5) 77.8% (13)
PT >100 3.1% (2) 5.9% (1)
Cr >300 7.8% (5) 11.7% (2)
Grade llI/IV 6.3% (4) 58.8% (10)
encephalopathy

i)
ANZ Criteria % of survival group meeting | % of mortality group
component criteria (n) meeting criteria (n)
INR >3 at 48 hours or | 54.7% (35) 88.2% (15)
>4.5 at any time
Oliguria or Cr >200 40.6% (26) 76.4% (13)
Persistent acidosis or | 57.8% (37) 100% (17)
Arterial Lactate>3
despite resuscitation
Systolic hypotension |0 35.3% (6)
(BP <80mmHg)
Hypoglycaemia 1.6% (1) 11.8% (2)
Severe 1.6% (1) 11.8% (2)
thrombocytopaenia
Encephalopathy of 29.7% (19) 88.2% (15)
any degree
Any alteration 29.7% (19) 88.2% (15)
consciousness

(GCS<15), not
associated with
sedative co-
ingestions
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Appendix 1: King’s College Criteria (KCC) met during hospital admission and Australia
and New Zealand (ANZ) criteria performed at time of referral.

KCC
KCC Mortality No mortality
Criteria met 16 6
Criteria not met 1 58

ANZ
ANZ Mortality No mortality
Criteria met 17 45
Criteria not met 0 19

16
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Exclusion criteria:
- Patients not treated with
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King's College Criteria for
consideration liver transplant

ANZ criteria for transfer to a liver
transplant unit

eArterial pH < 7.30 OR all 3 of the
following:

*PT > 100 sec
eCreatinine > 300 umol/L

eGrade lll or IV hepatic
encephalopathy

*INR > 3.0 at 48 hours or > 4.5 at
any time

eQliguria or creatinine > 200
umol/L

ePersistent acidosis (pH <7.3) or
arterial lactate > 3mmol/L,
despite resuscitation

e Systolic hypotension with BP <80
mmHg, despite resuscitation

eHypoglycaemia
eSevere thrombocytopaenia
eEncephalopathy of any degree

e Any alteration consciousness
(GCS<15), not associated with
sedative co-ingestions
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