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SUMMARY FTWU FINDINGS 
 

1. Is there a transplant survival benefit for patients transplanted for paracetamol-induced 
acute liver failure (ALF) at 3 years and beyond?  
 
Review of the literature suggests that there is a significant survival advantage to 
transplantation for selected patients with paracetamol related ALF, with benefit seen at 3 
years after surgery.  
 

2. Could patients with sub-acute liver failure be listed sooner? 
 
The current indications for “super-urgent” listing should be modified as follows: 
 
For “super-urgent” listing of patients with favourable non-paracetamol aetiologies such as acute 
viral hepatitis or ecstacy/cocaine induced ALF the presence of clinical hepatic encephalopathy is 
mandatory and  

• PT >100s or INR >6.5 or 
• Any 3 of the following; 

o Age >40 
o PT >50s or INR > 3.5 
o Any grade of hepatic encephalopathy with a jaundice to encephalopathy time of 

greater than 7 days 
o Bilirubin >300umol/L 

 
For “super-urgent” listing of patients with unfavourable non-paracetamol aetiologies such as 
seronegative or idiosyncratic drug reactions the presence of clinical hepatic encephalopathy is 
not required and the following criteria applied 

• PT >100s or INR >6.5 or 
• Any 2 of the following; 

o Age >40 
o PT >50s or INR > 3.5 
o If hepatic encephalopathy is present then the jaundice to encephalopathy time is 

greater than 7 days 
o Bilirubin >300umol/L 

 
3. Can specific circumstances for de-listing patients because of improvement and 

deterioration, respectively, be agreed? 
 

Delisting because of deterioration. 
In the context of continued deterioration in clinical condition delisting should be considered 
with the following: 
• Untreated infection or progressive infection despite 48 hours of appropriate antibiotic 

therapy. 
• Progressive hypotension resistant to vasopressor support. 
• Clinically significant ARDS, FiO2 > 0.8. 
• Neurological evidence of death, such as CT evidence of uncinate herniation. 

 
Delisiting because of improvement. 
In the general context of improving clinical condition, liver functions and other organ failures, 
such as is most likely to arise on hyperacute ALF, delisting because of improvement should 
be considered with the following: 
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• Reversal of clinical hepatic encephalopathy 
• Weaning form vasopressor support 
• Recovery of renal function, improving urine output or falling serum creatinine if not on 

renal replacement therapy. 
• Normalisation of coagulation status. 

 
The FTWU also concluded: 
 

4. Lactate criteria for listing following paracetamol induced ALF should be revised as 
follows. 

 
Lactate criteria for listing should only be considered in patients with paracetamol induced ALF with 
significant liver injury and coagulopathy following exclusion of other causes of hyperlactatemia (e.g. 
pancreatitis, intestinal ischemia).after adequate fluid resuscitation. An arterial lactate >5mmol/L on 
day one, identifies patients at increased risk. After 24h persistent arterial lactate >4mmol/L and 
clinical hepatic encephalopathy identifies patients in whom transplant offers a survival advantage and 
should be considered for “superurgent” listing. 

 
5. Patients with ALF should continue to be offered ELTx on the superurgent list in 

addition to post transplant patients with hepatic artery thrombosis and primary non-
function. This recommendation is made pending the development and validation of a 
more accurate method for predicting outcome of patients with ALF. Access to the 
superurgent list should be considered for patients post-transplant in the context of 
generalised biliary infarction within 21 days post-transplantation. Further analysis of 
patients on the chronic waiting list with very limited life-expectancy (e.g. 1 week) 
should be undertaken to determine if these patients might also benefit from access to 
the “superurgent” list. 
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INTRODUCTION 
 
Acute or fulminant liver failure (ALF) is a rare but devastating clinical syndrome associated with 
rapidly evolving liver dysfunction characterized by coagulopathy and hepatic encephalopathy. The 
rarity and severity of this condition present many significant challenges in patient management. In 
severe cases liver dysfunction is associated with systemic inflammation, multiorgan failure and death, 
unless the patient receives emergency liver transplantation. ALF is widely accepted as an indication 
for emergency liver transplantation (LT), but constitutes a relatively small proportion of LT in all 
published series. Data from the European Liver Transplant Registry (ELTR) reports 8% of LT over the 
period January 1988 to December 2011 were for ALF as an indication (1). A similar proportion of 
transplants are performed in the UK for ALF. The current indications for LT in the UK were originally 
described in 1989 from Kings College London and are summarised in Table 1. 
 
PARACETAMOL 
 
 
 
 

• Arterial pH <7.25 more than 24h after overdose and fluid 
resuscitation (Category 1) 

• Coexisting HE grade III or IV, Cr > 300 umol/L or anuria, PT > 
100 sec or INR >6.5 (Category 2) 

• Lactate 24hr post-OD > 3.5 mmol/L on admission or > 3.0 after 
fluid resuscitation (Category 3) 

• 2 of 3 from Category 2 above with clinical evidence of 
deterioration (e.g. increased ICP, FiO2 >50%, increasing 
inotrope requirement) in the absence of clinical sepsis 
(Category 4) 

NON-PARACETAMOL 
 

• PT > 100 sec or INR >6.5 or INR >6.5 (Category 5) 
• Three of the following; PT > 50 sec or INR >3.5, age > 40 

years, jaundice to encephalopathy time > 7 days, bilirubin > 
300umol/L or aetiology not HAV or HBV. or INR >6.5 
(Category 6) 

• Acute Budd-Chiari syndrome or Wilsons disease with 
coagulopathy and any grade of HE or INR >6.5 (Category 6) 

 
Table 1 - Transplant criteria in use in the United Kingdom for listing patients with ALF for 
emergency (super-urgent) liver transplantation. (HE = hepatic encephalopathy, Cr = creatinine, 
INR = international normalised ratio, OD = overdose) 
 
The criteria reported in Table 1 have been subject to two recent meta-analysis (2,3). Analysing the 
paracetamol indications the pooled specificity was high (94.6%, 95%CI 93.0-95.9), but the sensitivity 
was relatively low (58.2%, 95%CI 53.1-63.3) with diagnostic odds ratio (DOR) of 27.7 (95%CI 9.2-
83.5) and area under the curve of a summary ROC curve calculated at 0.91 (95% CI 0.79-0.99). 
However, significant heterogeneity existed between individual studies and in only 1 of 14 included 
studies was the methodological quality graded as good. Modification of the original criteria with the 
inclusion of arterial lactate improved sensitivity without reduction in specificity, but subsequent reports 
failed to replicate these data with pooled DOR of 12.2 (95% CI 4.0-37.4) for lactate 24hr post-OD > 
3.5 mmol/L on admission and 22.8 (95% CI 2.5-210.0) for lactate > 3.0 after fluid resuscitation. 
Subsequently the pooled specificity of the non-paracetamol ALF transplant criteria was reported as 
82% (95%CI 75-88%), sensitivity 68% (95%CI 59-77%), with diagnostic odds ratio (DOR) of 12.6 
(95%CI 6.5-26.1) and area under the curve of a summary ROC curve calculated as 0.86 (SE 0.039). 
The non-paracetamol criteria performed best in studies reporting patients with high grade hepatic 
encephalopathy and where the KCC were applied dynamically, but sensitivity was reduced in more 
recently reported data (58%, 95% CI 46-71) although specificity was maintained. Other studies have 
subsequently suggested that the LT criteria perform less well in patients presenting following 
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staggered overdoses (4). Historically, this pattern of paracetamol overdose was the most common 
observed in the US ALF series and is becoming more frequent in some UK cohorts (4,5). 
 
Patient survival following LT for ALF is reduced compared with patients transplanted for chronic liver 
disease or cancer. Analysis of all super-urgent LT performed (1243 cases) between 1st March 1994 
and 31st March 2012 reports 90 day mortality in the UK of 20% (95% CI 17.9-22.3), increasing to 
28.4% (95% CI 25.9-31.1) at 5 years. Although some of these patients will be listed because of 
complications arising after elective LT, such as hepatic artery thrombosis or primary non-function, 
approximately 70% of all super-urgent LT in the UK is performed for adults with ALF. This compares 
with 90 day mortality of 7.6% (95% CI 7.0-8.2) in patients following elective LT in the UK, increasing 
to 24.9% (95% CI 23.9-26.0) at 5 years (6).  
 
 
ANALYSIS OF LAST 5 YEARS OF OUTCOMES OF SUPER-URGENT LISTING. 
 
Paracetamol listing. (1/1/2009-31/12/2013) 
In the last 5 years 154 patients have been listed for super-urgent liver transplant following 
paracetamol poisoning. The outcomes appear to vary according to the listing categories. 
 
Category 1: Arterial pH <7.25 more than 24h after overdose and fluid resuscitation. 
Only 18 (11.7% of all paracetamol cohort) cases were listed under category 1. Two cases died before 
transplant and 2 were removed because of clinical deterioration, no cases improved (2 were not 
transplanted for other reasons). Four cases have died less than 1 year following transplant, 4 have 
survived and 4 have yet to reach 1 year post-transplant. 
 
Category 2: Coexisting HE grade III or IV, Cr > 300 umol/L or anuria, PT > 100 sec or INR >6.5. 
Thirty-two (27.3% of all paracetamol cohort) cases were listed under category 2. One case died 
before transplant and 4 were removed because of clinical deterioration, 4 cases were removed 
because of clinical improvement. Five cases have died less than 1 year following transplant, 17 have 
survived and 10 have yet to reach 1 year post-transplant. 
 
Category 3: Lactate 24hr post-OD > 3.5 mmol/L on admission or > 3.0 after fluid resuscitation. 
Seventy five (48.7% of all paracetamol cohort) cases were listed under category 3. Five cases died 
before transplant and 9 were removed because of clinical deterioration, 13 cases were removed 
because of clinical improvement. Five cases have died less than 1 year following transplant, 26 have 
survived and 16 have yet to reach 1 year post-transplant. 
 
Category 4: 2 of 3 from Category 2 above with clinical evidence of deterioration (e.g. increased ICP, 
FiO2 >50%, increasing inotrope requirement) in the absence of clinical sepsis. 
Nineteen (12.3% of all paracetamol cohort) cases were listed under category 4. Two cases died 
before transplant and 4 were removed because of clinical deterioration, 3 cases were removed 
because of clinical improvement. No cases have died less than 1 year following transplant, 8 have 
survived and 2 have yet to reach 1 year post-transplant. 
 
Non-paracetamol listing. (1/1/2009-31/12/2013) 
In the last 5 years 272 patients have been listed for super-urgent liver transplant following non-
paracetamol induced ALF. 
 
Category 5: PT > 100 sec or INR >6.5 or INR >6.5. 
Forty three (15.8% of all non-paracetamol cohort) cases were listed under category 5. Four cases 
died before transplant and 4 were removed because of clinical deterioration, 3 cases were removed 
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because of clinical improvement. Three cases have died less than 1 year following transplant, 25 
have survived and 4 have yet to reach 1 year post-transplant. 
 
Category 6: Three of the following; PT > 50 sec or INR >3.5, age > 40 years, jaundice to 
encephalopathy time > 7 days, bilirubin > 300umol/L or aetiology not HAV or HBV or INR >6.5. 
Two hundred and three (74.6% of all non-paracetamol cohort) cases were listed under category 6. 
Seven cases died before transplant and 10 were removed because of clinical deterioration, 6 cases 
were removed because of clinical improvement. Twenty two cases have died less than 1 year 
following transplant, 94 have survived and 64 have yet to reach 1 year post-transplant. 
 
Category 7: Acute Budd-Chiari syndrome or Wilsons disease with coagulopathy and any grade of HE 
or INR >6.5. 
Twenty six (9.6% of all non-paracetamol cohort) cases were listed under category 7. One case died 
before transplant and no cases were removed because of clinical deterioration, 2 cases were 
removed because of clinical improvement. One case died less than 1 year following transplant, 12 
have survived and 10 have yet to reach 1 year post-transplant. 
 
Category  Final patient status   
 Died Transplanted Removed Total 
1 2 (11) 12 (67) 4 (22) 18 
2 1 (2) 32 (76) 9 (21) 42 
3 5 (7) 47 (63) 23 (31) 75 
4 2 (10) 10 (53) 7 (37) 19 
5 4 (9) 32 (74) 7 (16) 43 
6 7 (3) 180 (87) 16 (8) 203 
7 1 (4) 23 (88) 2 (8) 26 
TOTAL 22 (5) 336 (79) 68 (16) 426 

 
 
Table Outcome of adult patients listed for super-urgent liver transplantation by category in the 
UK from 1st January 2009 to 31st December 2013. 
 
 
Category  Reason for removal of 

patient 
  

 Condition 
improved 

Medically unfit Other Total 

1 0 2 (50) 2 (50) 4 
2 4 (44) 4 (44) 1 (12) 9 
3 13 (56) 9 (39) 1 (4) 23 
4 3 (43) 4 (57) 0 7 
5 3 (43) 4 (57) 0 7 
6 6 (38) 10 (62) 0 16 
7 2 (100) 0 0 2 
TOTAL 31 (46) 33 (48) 4 (6) 68 

 
 
Table Reason for removal of adult patients listed for super-urgent liver transplantation by 
category in the UK from 1st January 2009 to 31st December 2013. 
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Papers tabled for discussion of specific questions 
 
Is there a transplant survival benefit for patients transplanted for paracetamol-induced acute liver 
failure at 3 years and beyond?    
 

Dr William Bernal, Institute of Liver Studies, Kings College Hospital, London UK 
 
Literature Search: Survival Benefit. 
A variety of search criteria were utilised in Medline and PubMed, including the terms ‘acute liver failure’, 
‘Fulminant hepatic failure’, liver transplantation’ with ‘survival benefit’. Yields of appropriate studies were 
low. 
By example, in Medline a search with the terms ‘Survival benefit’ and ‘liver transplantation’ yielded 119 
studies. However, no single paper reported a specific analysis of survival benefit analysis for Acute 
Liver Failure (ALF) or Paracetamol (POD) cases.  
A consistent finding in studies reporting on survival benefit of transplantation in other patient groups is 
of a marked benefit seen for other very unwell patients including those with chronic liver disease 
(CLD) and high MELD scores or with renal failure 1-3.  
To further address the specific question posed, the literature and unpublished datasets were 
screened with the purpose of making simple comparison of survival rates in POD ALF patients with 
and without transplantation. 
 
Literature Search: Survival with Liver Transplantation. 
Larger case series illustrate a number of other salient points. The typical survival experience after 
liver transplantation for ALF is characterised by a relatively high early post-operative mortality with the 
majority of deaths occurring in the first 90 days after transplantation 4,5. After this the mortality rate 
parallels that of other indications, and may be better than some – including malignant disease (figure 
1). The largest case series of ALF transplants to date suggest that no significant differences in overall 
patient and graft survival are seen according to the aetiology of disease 4,6.  
Overall outcomes for ALF transplantation have improved markedly over time and 3-year patient 
survival now exceeds 75% 4 (figure 2).   
The psychiatric comorbidity that may accompany self-poisoning with paracetamol has raised 
concerns in relation to the risks of later successful suicide. Though psychiatric illness may complicate 
post-transplant course even in carefully selected recipients, in the few reported case series suicide 
remains a very rare occurrence 7. 
 
Literature Search: Survival without Transplantation.  
Overall, survival for patients with ALF managed without liver transplantation varies by aetiology and is 
better for those with paracetamol rather than non-paracetamol causes 8,9. In both groups, medically 
managed patient outcomes have improved over time and for paracetamol patients and high-grade 
encephalopathy overall, may now approach 50%  (figure 3) 8. However, these patients may exhibit a wide 
severity of disease and specific sub-populations appear to continue to have a very poor outcome with 
medical management alone. The largest single UK centre study to date covered the period from 1992-
2009 and found that survival in the patients who fulfilled the Kings College Criteria (KCC) but were not 
transplanted (both waitlisted and not waitlisted) was 12.7% 6. Studies reporting on the KCC since 2002 
are summarised in recent meta-analysis; survival in patients fulfilling KCC but not transplanted was 24% 
10.  
 
Unpublished Datasets: Survival without Transplantation 
NHS Blood and Transplant 
NHSBT have provided a dataset detailing super-urgent waitlisted patients for the period 1999-2013. This 
includes 450 cases waitlisted on the Liver disease code 437 ‘Acute hepatic failure - paracetamol 
hepatotoxicity’. Three-hundred and seventeen (70.4%) of these patients underwent transplantation. 
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Of the remaining 133 cases who fulfilled UKT listing criteria, 86 are known to have died, at a median 
of 2 (IQR 1-4) days after registration. Outcome is unknown in the remaining 47 cases. Minimum 
mortality in patients listed but not transplanted is thus 86/133 (65%) hence maximum survival is 35%.  
 
Liver Intensive Therapy Unit (LITU) 
The LITU at Kings College Hospital maintains a dataset on all ALF admissions. Between 2004 and 2013, 
111 paracetamol ALF patients fulfilled KCC of whom 42 (38%) were transplanted. Of the remaining 69 
patients, 44 (64%) died – survival was thus 36%.  
 
Conclusions 
 
In completing this exercise the striking lack of data to inform the analysis is apparent, reinforcing the 
need for the coordinated prospective collection of data for future work. Nonetheless on the basis of 
the data reviewed a number of conclusions can be drawn, albeit with varying levels of certainty. 
 

1. No formal analysis of the survival benefit of transplantation for paracetmol-induced ALF has 
been performed to date, but in unwell patients with other forms of liver failure a striking benefit 
may be seen. 

2.  Survival after transplantation for paracetamol related ALF does not differ significantly from 
that seen after transplant for non-paracetamol etiologies. 

3. Most deaths occur in the early post-transplant period, and 3 year patient survival would 
currently be expected to exceed 75%. 

4. Whilst survival in patients managed medically have improved in recent years, in specific 
subgroups mortality remains high. 

5. Currently, short term survival in those patients who fulfil KCC but are not transplanted 
probably lies between 25-35%. 

  
These data would suggest that there is a significant survival advantage to transplantation for selected 
patients with paracetamol related ALF, with benefit seen at 3 years after surgery. Refinement of the 
process for identification of patients unlikely to survive with medical management alone would be 
likely to maximise the advantage gained.  
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Figure 1. Post-liver Transplant Survival according to indication, Europe 1988-2012. 

 
Source: European Liver Transplant Registry (http://www.eltr.org/spip.php?article161). Accessed April 
2014 
 

http://www.eltr.org/spip.php?article161)
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Figure 2. Patient Survival According to Era of Transplantation. Europe 1988-2009. 

 
Source: Reference (4). 
 
Figure 3. Hospital survival by etiology and era in 1733 patients with ALF who did not undergo 
transplantation, Kings college Hospital 1973-2008. 

 
Source; Reference (8) 
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Could patients with sub-acute liver failure be listed sooner? 
 

Dr Ahmed Elsharkawy, Liver Unit, Queen Elizabeth Hospital, Birmingham, UK 
 
The fixed term working party on acute liver failure has been tasked with looking at the current Kings 
College Criteria for non-paracetamol overdose acute liver failure (NP-ALF) devised by O’Grady et al 
in a seminal paper in 1989; with the aim of establishing whether or not the criteria can be modified to 
maximise the benefit of liver transplantation in this patient population. This document sets out how the 
current criteria were devised, the strengths and weaknesses of the current system and summarises 
other prognostic markers that have been reported to be of benefit in NP-ALF. It goes on to make a 
recommendation on how the current criteria may perhaps be modified to minimise the mortality 
associated with NP-ALF by identifying all patients that would benefit from transplantation in a timely 
manner. 
 
It is worth pointing out at the onset that the current literature is very heterogeneous in the populations 
studied and that the vast majority of papers only include cohorts of patients that have already 
developed hepatic encephalopathy. Furthermore, most papers compare survivors with a group which 
combines those patients that have been transplanted with those that does without transplantation. 
Whilst the reasons for this are clear, it cannot be assumed that all the patients transplanted would 
have died without a transplant. This reduces the validity of some of the conclusions that can be 
derived from the papers. 
 
 
Current Criteria for NP-ALF Transplant Listing 
 
The current UK criteria are shown below. 
 

1. INR >6.5 and any grade of encephalopathy 
2. Any grade of encephalopathy and 3 from 5 of the following 

a. Unfavourable aetiology (seronegative hepatitis, drug induced liver injury, hepatitis B) 
b. Age <10 and >40 years 
c. Jaundice to encephalopathy time > 7 days 
d. Serum bilirubin > 300 μmol/l 
e. INR > 3.5 

3. Wilson’s disease and Budd-Chiari syndrome 
 
These criteria were derived by O’Grady et al in a seminal paper in 1989 using a cohort of 588 patients 
with acute liver failure managed medically between 1973-1985. Amongst these there were 278 
patients with NP-ALF of various different aetiologies. It is important to note that all the patients had 
grade 3 or 4 encephalopathy and so presented the severe end of ALF. Factors associated with a poor 
prognosis were identified and then used to predict outcome in a validation cohort of 175 patients 
admitted to the same unit in 1986-1987. Of these, there were 54 patients with NP-ALF. The 
aetiologies in this group were hepatitis A (5 patients), hepatitis B (10 patients), non A non B (30 
patients), Epstein Barr virus (1 patient), halothane hepatitis (3 patients) and idiosyncratic drug 
reaction (15 patients). All but three of the patients progressed to grade 3 or 4 encephalopathy.  
 
The validation cohort was used to calculate the sensitivity, specificity, positive predictive values (PPV) 
and predictive accuracy (PA) for the criteria outlined above. In NP-ALF it was clear that a PT>100 
seconds (equivalent to an INR of >6.5) was 100% specific for mortality with a PPV of 100% as well.  
PA was rather low at 0.46. An analysis of the performance of the other indicators (age, aetiology, 
bilirubin, PT and jaundice to encephalopathy time [JET]) was then evaluated in the 39 patients with a 
PT<100 seconds as well as in the 42 patients not treated with liver transplantation. Both analyses 
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found that the presence of 3 unfavourable factors had the best performance with pretty similar results. 
That is, the presence of any 3 factors had a PPV of 97% and specificity of 90% with a predictive 
accuracy of 90% and a sensitivity of 91%. These criteria (known widely as the Kings College Hospital 
or KCH criteria) were, therefore, adapted as those for super-urgent listing of NP-ALF patients in the 
UK. Because of their ease of use these criteria were rapidly adopted worldwide and are used widely 
in listing for emergency liver transplantation. 
 
An exception to this rule is in France and some of the Northern European countries where the Glichy 
criteria are used. These were derived using a cohort of 115 patients with acute hepatitis B treated in a 
single French centre and reported by Bernuau et al in 1986. On univariate analysis the factors that 
predicted survival (26 patients survived) were age, factor V levels and alpha fetoprotein (AFP) levels. 
Complete data was only available on 100 patients and these were used in the multivariate analysis. 
The resulted in the generation of the Glichy criteria which can be summarised as follows – 
 
 Hepatic encephalopathy AND 

1. Factor V <20% normal if < 30 years of age 
2. Factor V <30% normal if >30 years of age 

 
The need to measure factor V levels (something which is not routinely done in most centres) has 
limited the applicability of these criteria. Furthermore the fact that they were derived from patients with 
only one aetiology puts into question their applicability for the wide range of aetiologies that cause 
NP-ALF. 
 
 
Validation of KCH and Clichy Criteria 
 
Soon after the publication of these criteria independent groups began to test the predictive values of 
these scores in other cohorts of patients with NP-ALF. One of the earliest studies to look at this was 
that from Pauwels et al. In this study, 81 patients from Paris with NP-ALF were evaluated 
retrospectively. None of them had a transplant. 66 patients died and 15 recovered with medical 
management. The PPV for KCH was 96% on admission with a sensitivity of 79% and a specificity of 
86%. However, the negative predictive value (NPV) was only 50% suggesting that half the patients 
who died did not fulfil the KCH criteria and would not have been identified as needing an urgent liver 
transplant. Furthermore, the predictive accuracy was reported at 80%; lower than the 90% figure 
derived from the King’s data. The Glichy criteria were inferior in their performance with a PPV on 
admission of 90% but only 58% sensitivity and 73% specificity. Furthermore, the NPV was 28% with a 
PA of 60%. This meant that in this population a substantial number of patients would have died with 
being offered transplantation. 
 
Another study of interest by Anand et al came from Birmingham in the UK. The population was 145 
patients with FHF treated conservatively in between 1990 and 1994. This probably mirrors the 
population used by O’Grady et al as a validation cohort in the original KCH paper. There were, 
however, only 25 patients with NP-ALF. Nevertheless the authors reported a PPV of 79%, NPV of 
50% and a PA of 68% for KCH criteria in this population. 
 
Shakil et al from Pittsburgh examined the performance of KCH in a cohort of 144 NP-ALF patients 
treated at their centre. 25 recovered with medical therapy, 65 died without a transplant and 87 
patients were transplanted. In the NP-ALF group the PPV of an INR >6.5 was nearly 100% reaffirming 
the strong performance of this in KCH criteria. Importantly, the overall PA of KCH criteria was 74% 
here compared with 92% in the original paper. Similarly, sensitivity was only 74% compared to 93% in 
the paper from O’Grady et al. The same themes emerged as in other papers; those most likely to die 
were older, had worse HE, a higher bilirubin, lower pH and were less likely to have a hyper acute 
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presentation of ALF. Furthermore, a significant number of patients had progressive HE whilst waiting 
grafting and died on the list; emphasising the importance of timely listing. 
 
Simpson et al from the Edinburgh group also investigated the performance of KCH criteria in 143 NP-
ALF patients of mixed aetiologies published. 59 of these patients received liver transplants. In an 
analysis of patients who did not receive a transplant, KCH criteria had a specificity of 94.6% with a 
good PPV of 93.8%. However, the sensitivity was only 63.8% with a NPV of 67.3%. 
 
More recently, McPhail et al from the King’s group performed a meta-analysis of the performance of 
KCH criteria in NP-ALF in studies published between 1992 and 2009. They calculated specificity, 
sensitivity and diagnostic odds ratio (DOR) on the basis of the ability to out the data in the papers into 
a 2x2 table. In total they analysed 18 papers although interestingly not the Anand et al paper 
discussed above. There was a total of 1105 patients with NP-ALF in this study. Some of the papers 
were concerned with comparing the performance of KCH against other markers of prognosis and are 
discussed in more detail later in this paper. There was marked heterogeneity in the studies assessed 
with 13 of the 18 studies excluding patients who were transplanted from the analysis. Their 
conclusions were that summary specificity of KCH in NP-ALF was 82% (95% confidence interval 75-
88%) with a sensitivity of 68% (59-77%) and a DOR of 12.6 (6.5-26.1). Interestingly sensitivity was 
reduced in studies published post 1995 (58%[46-71]) compared with studies from pre-1995 (85%[76-
82]).  DOR was also lower; 23.4 compared to 13.6 for 1996-2005 and an even lower figure of 11.0 in 
studies from 2006-2010.  The performance of KCH was improved in those patients with higher grade 
HE and when it was applied dynamically throughout a patient’s admission as it was originally 
designed to do. 
 
What has become apparent from all the studies published above is that there is scope to improve the 
KCH criteria for NP-ALF and this has indeed been suggested by a number of key opinion makers. 
The poor NPV seen means that there are patients that are dying without ever reaching KCH criteria 
for super-urgent criteria. This may be as many as 5 out of every 10 patients with NP-ALF is the NPVs 
of 50% from the earlier studies are taken on face value. This is particularly true of the sub-acute NP-
ALF cohort whose jaundice to encephalopathy time is defined as being greater than 28 days. These 
patients often have to wait for weeks for the development of encephalopathy prior to being listed. This 
is often triggered by an infection that can rapidly lead to multiorgan failure prior to the availability of an 
organ resulting in a particularly high mortality compared to other NP-ALF patients. For example, in the 
paper by Ostapowicz et al from the United States Acute Liver Failure Group, the transplant free 
survival in the NP-ALF subacute group was only 14% compared to 30% and 33% in the hyperacute 
(jaundice to encephalopathy time of less than 7 days) and the acute (jaundice to encephalopathy time 
of 7-28 days) groups respectively.  
 
It was with this in mind that many groups have attempted to refine KCH criteria or develop new criteria 
that are more sensitive than KCH in NP-ALF. These studies fall into two broad categories – those that 
use readily available clinical tests and those that have studies novel biomarkers of liver injury. These 
will now be briefly discussed. 
 
New Criteria Using Clinically Available Parameters 
 
MELD 
 
The Modified End Stage Liver Disease (MELD) score was originally designed to predict the mortality 
of patients with chronic liver disease (CLD) undergoing transjugular intrahepatic portosystemic shunts. 
It has since been more widely adopted as a prognostic tool for CLD in general and is currently used to 
list and prioritise CLD patients for liver transplantation in most countries. The UK uses a modified 
version called the UK end stage liver disease (UKELD) score.  
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Given the widespread use of MELD in liver transplantation in general, it is not surprising that different 
groups have looked at whether or not this score could be utilised prognostically in ALF. One of the 
first reports came from Kremers et al who looked at patients listed in the United States using the 
OPTN/UNOS Status 1 category. This applies to patients in urgent need for a transplant and consists 
of 4 diagnostic groups – a) ALF within 8 weeks of onset of symptoms defined by the onset of grade 2 
HE, hyperbilirubinaemaia and prolongation of INR or hypoglycaemia, b) Primary non function within 7 
days of transplant, c) hepatic artery thrombosis within 7 days of transplant and d) acute 
decompensated Wilson’s disease. The study examined the MELD at listing and what the outcomes 
were subsequently. There were 312 patients with NP-ALF in the study with a mean MELD score of 
35.9 (standard deviation 11). MELD was a significant predictor of survival in the NP-ALF group 
(p=0.0001) with a more or less linear correlation. This was not true for the other Status 1 categories. 
No cut-offs for prediction of survival were calculated in this study. It is important to note that the NP-
ALF patients had the worst prognosis after listing in this study again suggesting that having to wait for 
the development of HE may disadvantage patients with NP-ALF. Indeed 54 patients died waiting for a 
graft and 19 were deemed too sick to be transplanted. Paradoxically once transplanted the NP-ALF 
patients had the best outcome supporting the benefit that transplantation in this group offers. 
 
Yantorno et al looked at the utility of MELD in a mixed population of 120 consecutive adults and 
children admitted to a single centre in Argentina with ALF. There were 64 adults with NP-ALF.  In 
these KCH criteria had an 80% PPV, 77% NPV and 78% diagnostic accuracy. On the other hand a 
MELD ≥30 seemed to be quite discriminatory in assessing prognosis; 94% of patients with this 
parameter died without OLT. On the other hand 91% of those with a MELD <30 survived with medical 
therapy. The c-statistic for MELD in adults was 0.90 compared to 0.78 for KCH criteria.  
 
Dhiman et al reported in the same year on a larger cohort of 144 patients from India. Transplantation 
was not available. All the patients had viral hepatitis and there were 52 survivors and 92 deaths. On 
multivariate analysis 6 factors came out as predicting survival on admission; age ≥50 years, JET >7 
days, grade 3 or 4 HE, presence of cerebral oedema (on clinical grounds), PT ≥35 seconds and 
creatinine ≥1.5 md/dl. Interestingly a MELD of ≥33 was also shown to be highly predictive of survival. 
However the authors argue that the presence of any 3 of the 6 adverse factors was more 
discriminatory then either MELD of KCH criteria. Indeed the sensitivity, specificity, PPV, NPV and 
diagnostic accuracy for these were 73.9%, 86.5%, 90.7%, 65.2% and 78.5% with a c-statistic of 0.802. 
This compares with figures of 76.1%, 67.3%, 80.5%, 61.5%, 72.9% and 0.717 for a MELD ≥33 and 
46.7%, 88.5%, 87.8%, 48.4%, 61.9% and 0.676 for KCH criteria. It is interesting to once again note 
the low sensitivity and NPV of KCH in this relatively large cohort of patients. 
 
Katoonizadeh et al from Belgium by contrast showed that MELD was equivalent to KCH in NP-ALF. In 
their cohort of 99 patients of mixed aetiology 37 recovered, 16 died and 46 were transplanted.  They 
excluded the latter group in their analysis. Unusually, they found that KCH criteria at the point of 
development of HE had a specificity of only 64% with a low PPV of 52%. On the other hand sensitivity 
was 87% with a NPV of 92% and a PA of 71%. By comparison a MELD >30 had a sensitivity of 87% 
and a NPV of 91% with a PA of 72%. The figures for a MELD of >35 were 86%, 70% and 83% 
respectively. The performance of KCH in this study is out of keeping with other studies in the literature 
but it is worth noting that the mean MELD in those who died was 40 compared to 28 in those that 
survived with medical therapy. 
 
Wei et al examined a cohort of 279 patients from Sweden with ALF. This study did not include 
patients who had developed HE. In the NP-ALF cohort KCH criteria had a specificity of 85%, 
sensitivity of only 26%, PPV of 54% and NPV of 63% with a predictive accuracy of 55%. The figures 
for a MELD >30 were 72%, 69%, 64%, 76% and 83% respectively.  ROC analysis demonstrated an 
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AUC of 0.8346 for MELD>30 in NP-ALF patients. Furthermore on multivariate analysis age and 
dynamic creatinine values came up as strong predictors of death without transplantation.    
 
In a small Korean study of 35 patients with Hep A induced ALF (only available in abstract form), Kim 
et al reported that KCH was unable to distinguish between the 20 spontaneous survivors and the 15 
patients that died or were transplanted. Mean MELD score differed between the two groups with 
values of 27.0 +/- 7.8 in the survivors compared to 37.0 +/- 7.1 in those who died or were transplanted. 
  
Parkash et al reported a series of 91 patients from Pakistan with mixed aetiologies. Once again there 
was no access to transplantation allowing this to be a reflection of the natural history of NP-ALF. It is 
worth noting that this is a sizeable cohort and publication of this study came after the meta-analysis of 
the performance of KCH referred to above. MELD of ≥32 on admission was the best predictor of 
mortality with a sensitivity of 79%, specificity of 71%, PPV of 82% and NPV of 67%. Overall the 
authors argued that MELD was at least equivalent to KCH criteria in NP-ALF.  
 
Finally, a recent paper by Manka et al from Germany investigated whether serum sodium based 
modifications of MELD could predict outcome of both paracetamol induced and NP-ALF. Serum 
sodium has been shown to be critical in the prognosis of CLD; a factor that led to the development of 
the UK end stage liver disease (UKELD) score which is used to list patients with CLD in the UK. They 
analysed the performance of MELD on admission as well as maximum MELD, KCH criteria and 
sodium modifications of MELD. They did not specify a MELD cut off as such. The table below shows 
the performance of the various parameters from their NP-ALF cohort. 
 
Score Sens Spec PPV NPV DA 
Max MELD 0.90 0.92 0.90 0.92 0.912 
KCH  0.72 0.90 0.86 0.79 0.818 
MELD-Na 0.90 0.90 0.88 0.92 0.898 
Initial MELD 0.78 0.76 0.73 0.81 0.772 
Initial MELD-Na 0.80 0.76 0.72 0.82 0.780 
 
Performance of KCH was quite good in this study although MELD was shown to be statistically 
superior to KCH.  
 
All these studies suggest that there is a role for MELD in prognostication of NP-ALF. This may be 
mainly related to the discriminative role of a rise in creatinine in predicting a worse prognosis; a factor 
that comes up repeatedly in univariate analysis of many NP-ALF cohorts. 
 
Lactate 
 
Blood lactate levels have been shown to improve the performance of KCH criteria in paracetamol 
induced ALF and have been adopted as part of the UK criteria for super-urgent listing for liver 
transplantation. As a result, there has been interest in whether lactate could also help in 
prognostication of NP-ALF. 
 
Macquillan et al from the Birmingham group examined blood lactate on admission to the ITU and 12 
hours later in 83 patients. 27 of these patients had NP-ALF and they were analysed separately. Only 
26% of these patients recovered spontaneously. The significant variables that distinguished survivors 
from those that died were bilirubin and 12 hour lactate. Indeed the area under the curve (AUC) on a 
receiver operator characteristic curve in the NP-ALF was 0.92 for a combination of admission bilirubin 
and 12 hour lactate indicating a high degree of accuracy. Of note, creatinine was also statistically 
significant between spontaneous survivors (mean 89 μmol/l) compared with non-survivors  (p=0.043). 
This, however, is a small study and more over only applies to those unwell enough to be admitted to 
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the intensive care. A small study from Taura et al from Spain also attempted to examine the 
prognostic role of lactate in the prognosis of NP-ALF but failed to demonstrate significant correlation 
with outcome. 
 
Hadem et al also looked at the role of lactate in the prognosis of 102 patients with ALF treated at a 
single centre in Germany. There were a number of aetiologies included and the analysis is 
confounded by the fact that they analysed spontaneous survivors against a composite of those 
transplanted and who died. This kind of analysis is likely to introduce bias as not all transplanted 
patients would have inevitably died. Furthermore, there were 16 patients with paracetamol induced 
ALF. A lactate above 3.5 had a sensitivity of 59%, specificity of 66%, PPV of 74% and NPV of 49% at 
predicting death or transplantation. Of note KCH criteria had a 58% sensitivity, 82% specificity, 83% 
PPV and 55% NPV across the whole cohort. The authors proposed a composite score named the 
BiLE score (Bilirubin, Lactate and Etiology) score as a prognostic tool with a cut off above 6.9 used to 
predict death or need for transplant.1 The sensitivity, specificity, PPV and NPV were 79%, 84%, 89% 
and 71% respectively. Furthermore, the AUC was 0.87 compared with 0.73 for lactate alone. BiLE 
was calculated on admission parameters to the ITU and its performance in a more dynamic model 
should be the subject of future prospective studies.  
 
Finally, Westbrook et al have looked at the performance of KCH criteria in 54 patients admitted with 
pregnancy related ALF to Kings College London. They demonstrated that KCH criteria were unable to 
discriminate prognostically. Admission lactates greater than 2.8 mg/dl had a sensitivity of 73% and a 
specificity of 75% for predicting the need for transplantation or death. The addition of any degree of 
HE increased these figures to 90% and 86% respectively.  
 
 
Liver Volume 
 
In a study from Shakil et al from Pittsburgh, liver volume was shown to be important in ALF 
prognostication. There were 177 patients in the whole cohort admitted over a 13 years period with a 
mixture of P-ALF and NP-ALF. In the whole cohort CT scans of the liver were only available in 103 
patients with liver volume calculations only possible on 87 of the scans. The presence of ascites on 
the scan was predictive of mortality. Perhaps most impressively, of the 33 patients with a liver volume 
≤1000 ml only 1 spontaneously survived. In those with a liver volume ≤ 900ml there were no 
spontaneous survivors. The authors also attempted to analyse the value of liver histology on 
prognosis. The results here were rather heterogeneous. 
 
Yamagishi et al have more recently looked at the role of liver volume in prognostication in NP-ALF. 
This Japanese cohort of 30 patients had hepatitis B or autoimmune ALF. All were treated on the ITU 
with plasma exchange. They demonstrated that a CT liver volume (CTLV) / standard liver volume 
(SLV) ratio of <0.80 had a 76.5% sensitivity and 92.3% specificity for death. They then generated a 
prognostic formula using both the total serum bilirubin and CTLV/SLV ratio. This had a sensitivity of 
94.1%, specificity of 76.9%, PPV of 84.2% and NPV 90.0%. Furthermore, those with a poor prognosis 
showed evidence of liver atrophy on CT between day 0 and 5. KCH criteria performed poorly by 
comparison on a logistical regression analysis.  
  
The data from these studies although generated using relatively small numbers are quite convincing 
and suggest that addition of size of the liver on CT may improve the sensitivity of current criteria in 
selecting patients who would die without transplantation. 

                                                
1 BiLE was calculated as follows – Bilirubin (μmol/l)/100 + lactate (mmol/l) +4 (in 
indeterminate ALF, Budd-Chiari ALF or phenprocoumon toxicity) or -2 in paractemol induced 
ALF or 0 for other aetiologies. 
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Other Scoring Systems 
 
Acharya et al reported a large cohort of NP-ALF from India in 1996. 423 patients with largely viral 
hepatitis were included in the analysis. Liver transplantation was not available. 143 survived with 
medical management. The mains prognostic factors were age ≥40 years, clinically apparent cerebral 
oedema on admission, bilirubin ≥255 μmol/l and PT ≥35 seconds. The presence of any 3 of these had 
a sensitivity of 93%, specificity of 79.7%, PPV of 86% and NPV of 89.5%. This is a large cohort of 
patients but the applicability of these rather historical criteria to modern NP-ALF patients is debatable. 
Similar findings were reported by Khuroo and Kamil in a cohort of 180 patients from Kashmir. Again 
there was a predominance of viral hepatitis. The presence of any 3 of age >40, PT >30, grade 3 or 4 
HE and non hepatitis E aetiology demonstrated a sensitivity of 90.9%, specificity of 76.9%, PPV of 
93% and NPV of 83.3%. No comparison to KCH criteria was made in these two studies although it is 
important to note that the individual parameters identified are represented in current KCH NP-ALF 
criteria.  
 
Miyake et al published an intriguing dynamic scoring system that was derived retrospectively using a 
cohort of 80 NP-ALF patients. They then prospectively validated this on 26 patients. Only 5 patients in 
the whole cohort were transplanted. Patients scored 1 point for the presence of a) an indeterminate or 
hepatitis B aetiology, b) HE grade 3 or 4, c) the presence of Systemic Inflammatory Response (SIRS) 
on clinical criteria and d) a total direct bilirubin of >2 mg/dl. The score was calculated at days 1, 4,8 
and 15 of the admission and used to predict week 2 outcomes. The 2 week survival in those patients 
with a score <3 was 80% in the validation cohort compared to less than 30% in those with a score of 
≥3 up to day 8 of the admission. The sensitivity, specificity, PPV and NPV values of the score were 
87.5%, 90%, 93.3% and 81.8% respectively. All patients had grade 2 HE and all were admitted to the 
ITU where they were plasma exchanged. The applicability of this study to Western cohorts (where this 
is not standard practise) is as a result debatable. However, this kind of dynamic modelling is what is 
needed in order to decide on optimal timing of transplantation especially in the acute and subacute 
NP-ALF cohorts. Similar studies ought to be performed in larger cohorts in the future. 
  
New Criteria Using Biomarkers of Liver Injury 
 
Gc-Globulin 
 
There has been much interest in this system. This is a multi-functional protein that is part of natural 
scavenging systems designed to scavenge actin released from necrotic cells. Without scavenging 
actin can result in intravascular obstruction. Schoidt et al used patients from the US ALF study group 
to investigate the prognostic performance of total Gc-Globulin in all aetiologies of ALF. In the NP-ALF 
group, those surviving with medical therapy alone had higher admission levels (102 mg/l) compared 
with those that did not survive (61 mg/l) with a p value of 0.002. A cut off of 80 mg/l gave a PPV of 
85% and a NPV of 43% compared with values of 90% and 49% respectively for KCH criteria. 
Furthermore on multiple logistical regression analysis both a low serum bilirubin (p<0.001) and a high 
serum Gc-Globulin level (p=0.038) were able to predict spontaneous survival. 
 
The same group went on to develop an assay of actin-free Gc-Globulin that they hypothesised would 
be a better predictor of prognosis in NP-ALF. They then examined the discriminative ability of this in a 
learning set of 178 patients followed by a validation set of 74 patients. Whilst they showed that actin 
free Gc-Globulin levels were higher in spontaneous survivors, the performance of this with a cut-off of 
40 mg/l (determined using ROC analysis) showed a PPV of only 68% and a NPV of 67% respectively. 
This compares with figures of 72% and 64% for KCH criteria in this cohort. They suggest that a 
composite model incorporating this may be more powerful although this remains to be validated. 
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Antoniades et al cast doubt about the applicability of this in ALF prognostication. In this study 20 
patients with NP-ALF were included. Although actin free Gc-Globulin was associated with 
mortality/OLT in univariate analysis, this did not come out in multivariate analysis.  
 
Other Markers 
 
The role of cytokeratin-18 (CK-18) fragments M65 (released from necrotic cells) and M30 (mainly 
released from apoptotic cells) has been the subject of many studies in the ALF field. There is some 
suggestion that in paracetamol induced ALF these markers may play a role. Their role in NP-ALF is 
less clear. Bechmann et al from Hannover analysed both fragments in a prospective study of 68 
patients collected over a 3 year period. There were mixed aetiologies in this paper. The group 
generated a modified MELD using maximum M65 levels. The performance of these different 
parameters in NP-ALF is shown below. 
 
Score PPV NPV Sens Spec Significance 
M-MELD 0.65 0.914 0.813 0.821 <0.001 
MELD 0.522 0.871 0.750 0.711 <0.01 
KCH 0.429 0.857 0.600 0.750 0.182 
  
The US ALF study group have used the M30 levels in ALF to generate a ALFSG Index that they 
believe performs better than other parameters in ALF of mixed aetiologies. The data was generated 
on 250 patients and then validated in a separate cohort of 250 patients. The AUC for ALFSG index 
was 0.822 compared with 0.654 for KCH criteria and 0.704 for MELD. Interestingly, Craig and 
Simpson suggested in a cohort of 37 patients from Edinburgh that ALFSG may be no better than 
admission APACHE II and SOFA scores. The percentage of paracetamol induced ALF in the 
Edinburgh cohort may have influenced this finding. This field is worth validating in separate large 
cohorts in the future. 
 
Other markers evaluated in single studies include levels of various amino acids (such as alanine, 
valine and pyruvate), angiopoietin-2 and alpha feto protein. These studies require independent 
verification. 
 
Summary of Literature and Proposal 
 
It would be fair to say that the studies in the literature are very heterogeneous. Sample size varies 
greatly and different groups have treated the transplanted versus death cohorts in different ways. It is 
also difficult to ascertain from many studies whether KCH criteria were evaluated dynamically as they 
were originally designed to do or not. 
 
However, what does emerge is that KCH criteria do have a low sensitivity and NPV thereby 
disadvantaging many patients who die without the chance of being offered a transplant. This is 
especially true in the subacute group where the need to wait for the development of HE before listing 
often results in the patient being in a state of multi-organ failure and succumbing as a result. 
 
One proposal to help address this would be to modify the current KCH criteria for NP-ALF as follows - 
  

1. Any grade HE and PT > 100 seconds or INR >6.5 
2. Any 4 of the following 

a. PT > 50 or INR > 3.5 
b. Any grade of HE with a jaundice to encephalopathy time of greater than 7 days 
c. Age < 10 or > 40 
d. Bilirubin >300 
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e. Liver volume <900ml  on cross sectional imaging 
f. Unfavourable aetiology – SNH or DILI 
g. MELD >33 

 
MELD does seem to have some role in prognostication and the addition of this to the criteria allows 
for recognition of the negative prognostic impact of rising creatinine in the context of NP-ALF – 
something that is seen consistently in the studies. Although the liver size data is generated on a 
relatively low number of patients, the data appears to be sufficiently robust to allow it to be used as an 
adjuvant in the prognostication of NP-ALF. Patients who meet current criteria would still be listable 
under these new proposals. They will also allow wider access to the super-urgent list for those 
currently disadvantaged despite what appear clinically obvious as unsalvageable liver injury. 
 
This modified criteria should be subject to a pilot period amongst all 7 UK transplant centres to 
establish their veracity.  
 
 
Can specific circumstances for de-listing patients because of improvement and deterioration, 
respectively, be agreed? 
 
 Dr Ken Simpson, University of Edinburgh, UK 
 
Delisting because of deterioration. 
Currently there are generally accepted indications for liver transplantation in the setting of ALF. No 
generally accepted contraindications exist to listing patients with ALF. Published medical 
contraindications when applied dynamically could be used as “criteria” for delisiting because of 
deterioration on the active transplant waiting list. These might include: 
 

1. Untreated infection or progressive infection despite 48 hours of appropriate antibiotic 
therapy. 

2. Progressive hypotension resistant to vasopressor support. 
3. Clinically significant ARDS, FiO2 > 0.8. 
4. Fixed and dilated pupils > 1 hour, in the absence of thiopentone therapy. 

 
Delisiting because of improvement. 
This clinical situation is significantly more problematic to address than delisting because of 
deterioration. Currently applying the Kings College poor prognostic criteria to patients with acute liver 
failure would predict that patients who do not develop these clinical features will have a 90% or higher 
chance of surviving spontaneously. Two recent meta-analysis of the Kings College criteria have 
confirmed the high specificity of the criteria: Craig reported pooled specificity of 94.6% in paracetamol 
induced ALF and McPhail reported specificity of 82% in  non-paracetamol induced ALF. 
No data exist to inform such clinical decisions. Risk analysis would suggest that patients should be 
delisted when their risk of death with super-urgent liver transplantation is greater than conservative 
management (current ELTR data for 1 year mortality for all causes of ALF is reported as 21%). 
Unfortunately risk analysis of this sort is not available in patients with ALF. Ethically should delisting 
guarantee survival or accept that there is still a significant risk of mortality? Potential delisting criteria 
because of improvement might include: 

1. Reversal of clinical hepatic encephalopathy 
2. Weaning form vasopressor support 
3. Recovery of renal function, improving urine output or falling serum creatinine if not on renal 

replacement therapy. 
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Re-evaluation of arterial blood lactate measurements in the selection of candidates for wait 
listing for super-urgent liver transplantation. 
 

Dr William Bernal, Institute of Liver Studies, Kings College Hospital, London UK 26/6/14 
 
Background 
 
The supplemental lactate components to the UKT wait listing criteria were introduced to address the 
then current issues of low sensitivity and late identification of liver transplant (LT)  candidates, such 
that many patients were either not identified or deteriorated on the wait list such that LT was never 
possible. As discussed in previous UKT submission (Bernal 2011) this change in policy was followed 
by a tendency toward an increased rate of removal from the list due to improved clinical condition. 
However, this affected only a small number of patients and was counterbalanced by a reduction in the 
number of patients who were not transplanted due to deterioration on the waitlist. 
 
Nonetheless, concerns exist about the use of lactate measurements for this purpose, particularly in 
the context of recent improvement outcomes with non-transplant care; the dataset used for the 
original derivation of the lactate criterion was primarily from the late 1990s. Further clarity about the 
practical utilization of blood lactate measurement has therefore been sought, pending the 
determination of new formal criteria for wait listing - the subject of ongoing research. 
 
In a more recent and large cohort of patients with severe paracetamol-induced hepatotoxicity we 
therefore re-evaluated the prognostic value of arterial blood lactate measurements in to provide 
guidance about most appropriate current use. The primary aim was to enhance the specificity of LT 
selection criteria. 
 
A cohort of 585 patients treated at the LITU KCH between 1999 and 2012 were studied. In the initial 
analysis 85 patients who underwent undergoing LT were excluded. In the initial study cohort there 
were 113 deaths.  Arterial blood lactate (ABL) measurements on day and 2 of admission were 
examined.   
 
Findings 
  
Prognostic significance of high-grade encephalopathy. 
 
Hepatic encephalopathy (HE) continues to represent the single most important prognostic clinical 
marker in this patient group. In patients who remained free of high grade HE (> grade 2) throughout 
their LITU stay mortality was 5/241 (2%) as compared to 108/259 (42%), (p<0.001).  
 
Only 46 of 259 (18%) who developed high-grade HE did so after day1; in the great majority it was 
present at the time of admission.  Of the 46 patients who did not have HE on admission but later 
progressed to develop it, 20 reached high grade on day 2 of admission, thus only 26 of 259 (10%) 
patients who developed high grade HE did so on day 3 of admission or later.    
 
Considering only those patients with high grade HE on admission, elevated ABL remained highly 
predictive of death. On ROC analysis AUROC for lactate was 0.829 on day 1 and 0.841 on day 2 of 
admission. On multi-variate analysis and after adjustment for age, INR, creatinine and pH, lactate 
remained independently and strongly associated with non-survival.    
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Exploration of lactate thresholds and prognosis. 
 
In patients developing high-grade HE with 2 days of admission, ABL thresholds were explored as 
predictors of subsequent death. On day 1, all thresholds were associated with high sensitivity but 
lower specificity though mortality was high in all patients with ABL >3mMol/l. The highest mortality and 
level of accuracy was seen in patients with ABL >5 mMol/l, albeit with low specificity (table 1).  
 
On day 2, specificity was higher but sensitivity lower at all thresholds. ABL of >4 mMol/l demonstrated 
high accuracy and specifity but low sensitivity. 
 
Table 1. Lactate thresholds as predictors of mortality. 
 
ABL 
(mMol/l) 

n Mortality Sensitivity Specificity Accuracy PLR NLR 

        
Day 1        
>3 124 60% 85 (77-91) 60 (55-64) 70 (64-75) 2.1 (1.7-2.5) 0.25 (0.14-0.42) 
>4 87 76% 75 (68-81) 76 (68-83) 74 (69-79) 3 (2.2-4) 0.32 (0.22-0.47) 
>5 75 77% 79 (72-84) 67 (60-74) 86 (81-91) 4.9 (3.1-7.9) 0.38 (0.29-0.5) 
        
Day 2        
>3 100 65% 74 (66-81) 74 (69-79) 74 (68-80) 2.9 (2.1-3.9) 0.35 (0.24-0.5) 
>4 72 74% 60 (52-67) 86 (81-91) 76 (70-81) 4.4 (2.8-7) 0.46 (0.37-0.59) 
>5 57 77% 50 (43-56) 91 (86-94) 75 (69-79) 5.3 (3-9.8) 0.55 (0.47-0.67) 
        
 
Note: ABL; arterial blood lactate, PLR: positive likelihood ratio, NLR, negative likelihood ratio. 
 
Exploration of changes in lactate over time 
 
Changes in ABL and relation to outcome in patients with high-grade HE were explored using the day 
1 threshold of >5 mMol/l, and day 2 threshold of >4 mMol/l (table 2).  Mortality was <20% in those 
patients who remained below both thresholds, 55% in those who were above on day one but below 
the threshold on day2, and 80% in those above both thresholds. Only 13 patients (<5% of sample) 
had low levels on admission but above the threshold at day 2; mortality in this group was 46%. 
  
Table 2. Combined arterial blood lactate thresholds and mortality. 
 
Arterial Blood Lactate (mMol/l)  Mortality  
Day 1 Day 2    
<5 <4  24/134 (18%)  
>5 <4  10/18 (55%)  
>5 >4  47/59 (80%)  
<5 >4  6/13 (46%)  
 
Exploration of combined blood lactate and Kings College Criteria as predictors of mortality  
 
The application of the arterial blood lactate threshold criteria (ABLC) and standard Kings College 
Criteria (KCC) alone and in combination were explored. In the initial analysis (table 3 a) excluding 
transplanted patients, the combined criteria identified 87/113 (77%) of those who died. The combined 
criteria identified 87 cases; 48/87 (55%) fulfilled both; mortality was 43/48 (90%) 28 fulfilled KCC 
alone: mortality was 16/28 (57%) 11 fulfilled ABLC alone; mortality was 4/11 (36%). 
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Table 3a. Performance of selection criteria as predictors of mortality: Non-LT patients only  
 n Mortality Sensitivity Specificity Accuracy PLR NLR 
        
ABLC 59 80% 54 (47-

60) 
91 (87-
95) 

77 (71-
81) 

6.2 (3.5-
11.5) 

0.5 (0.43-
0.6) 

KCC 77 78% 69 (61-
75) 

88 (82-
92) 

80 (74-
85) 

5.6 (3.6-
9.1) 

0.4 (0.3-
0.5) 

KCC+ABLC 87 72% 72 (64-
79) 

83 (77-
87) 

79 (72-
84) 

4.1 (2.9-6) 0.3 (0.2-
0.5) 

        
 
With inclusion of transplanted patients as ‘non-survivors’ (table 3b) KCC performance was improved 
in respect of sensitivity and accuracy by addition of ABLC, though with a reduction of specificity from 
88 to 83%. 
 
Table 3b. Performance of selection criteria as predictors of mortality: all patients.   
 n Mortality Sensitivity Specificity Accuracy PLR NLR 
        
ABLC 89 87% 47 (43-

50) 
91 (86-
95) 

67 (62-
71) 

5.4 (3-10) 0.6 (0.5-
0.7) 

KCC 128 87% 67 (63-
71) 

88 (82-
920 

77 (72-
81) 

5.5 (3.6-9) 0.4 (0.3-
0.5) 

KCC+ABLC 149 84% 76 (71-
80) 

83 (77-
87) 

79 (74-
83) 

4.4 (3.1-
6.3) 

0.3 (0.2-
0.4) 

 
 
Recommendations 
 
Conservative 
 
That lactate should continue as a listing criterion for paracetamol-induced acute liver failure – at 
modified thresholds and with preconditions to ensure that it is applied to patients with severe liver 
injury and in an appropriate setting.  
 

1. Arterial blood lactate (ABL) levels used for consideration of LT wait listing should be 
determined only in patients admitted to a specialist liver transplantation center after initial 
volume resuscitation, and with evidence of major acute liver injury – e.g. with INR>4 and AST 
>2000 and in high grade encephalopathy ie. Grade >2. Sequential analysis should follow 
optimization of circulating volume and cardiac output. 
 

2. A threshold on day one in the transplant centre of ABL >5 mMol/l can be expected to be 
associated with non-LT mortality of 70-80%. This should flag an individual at being at high risk 
of the requirement for wait-listing should this not improve. 

 
3. In those patients with day1 ABL of >5 mMol/l and and day 2 ABL of >4 mMol/l, non-LT 

mortality can be expected to be >75% and should be utilized as a listing criterion for 
transplantation, supplemental to the existing KCC. 
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Radical 
 
In cases who fulfilled either the KCC or the ABLC but not both, mortality ranged from 36-57%. This 
could be considered to be below the threshold justifying LT. To increase the stringency of LT use and 
restrict it to the highest mortality group, one approach would be to limit its use to only those who fulfil 
both sets of criteria – and in whom mortality without LT could be expected to reliably exceed 80%. 
 
The ongoing research work for individualized outcome predictions includes a number of external 
validation sets – these may be pooled to explore these possible staregies. 
 
 
 


