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INTRODUCTION

Paracetamol (acetaminophen) toxicity remains the leading cause of acute liver failure (ALF) in the developed world, accounting for over 40% of cases in selected case series.(1,2) Whilst the vast majority of patients recover spontaneously following paracetamol overdose, a small number develop severe acute liver injury, hepatic encephalopathy (HE) and consequently, ALF. Despite significant advances in supportive care, the only effective treatment for the condition remains emergency orthotopic liver transplantation (OLT).(3)

The decision to transplant a patient with paracetamol-induced ALF involves balancing the inherent risks associated with delaying listing for OLT against the potential for spontaneous recovery with medical therapy alone, the risks of surgery in the context of a rapidly evolving critical illness, the scarcity of donor grafts, and the requirement for lifelong immunosuppression. Furthermore, the psychosocial implications of paracetamol overdose cases are considerable, with over 30% of patients that fulfil transplant criteria unsuitable for OLT due to severe psychological illness, or coexistent chronic alcohol or drug dependency.(4) Accurate prognostication in ALF is therefore vital to utilise OLT effectively and prevent unnecessary transplantation, whilst procuring donor organs in a timely fashion for those most likely to benefit.

In 1989 O'Grady and colleagues developed the 'King's College Criteria' (KCC) in an attempt to determine which patients with paracetamol and non-paracetamolinduced ALF have a poor prognosis with medical therapy alone, and will therefore benefit most from OLT.(5) The original KCC for paracetamol-induced ALF were highly specific, but have been criticised for their relatively low negative predictive value (6) and, since up to 26% of patients with paracetamol toxicity are medically unfit to undergo surgery at the point they fulfil the KCC,(4) modifications to these criteria now utilise arterial lactate (>3.5 mmol/L after early fluid resuscitation or >3.0 mmol/L after adequate fluid resuscitation) in an attempt to extend the time-window for acquisition of a suitable graft. (7) Over recent years a plethora of alternative prognostic variables have been proposed, in an attempt to improve, or replace, the KCC. These criteria variously involve radiological,(8) histological,(9) serological,(10,11) or mathematical (12)(13)(14) indices, but their assessment is complicated by the use of OLT; due to the inevitably imperfect nature of current listing criteria a small proportion of ALF patients are transplanted who would have spontaneously survived, invalidating further assessment of that particular patient. Studies evaluating the prognostic accuracy of a particular variable should therefore exclude transplanted patients from subsequent analysis. The purpose of this systematic review was to critically evaluate existing prognostic criteria for predicting death without transplantation in paracetamolinduced ALF, to update previous studies in this area, (15,[START_REF] Ding | Evidence and consequences of spectrum bias in studies of criteria for liver transplant in paracetamol hepatotoxicity[END_REF] and to examine the accuracy of recently described prognostic variables. Prognostic studies of ALF were identified, and combined using the set operator OR, by using the terms "Kings adj3 College adj3 Criteria", "Clichy$", "APACHE$", "lactate", "Gc-globulin", "alpha-fetoprotein", "phosphate" and "MELD" (all free text terms) and the McMaster expert search strategy for prognostic studies. These studies were combined using the set operator AND with papers evaluating studies on "liver failure", "hepatic encephalopathy" or "liver failure, acute" (all MeSH). The search was limited to human studies without language restrictions. Abstracts of the studies identified by the initial search were evaluated for appropriateness to the study question by two independent reviewers (DC, KS) and all potentially relevant papers were obtained and evaluated in detail. The bibliographies of these studies and relevant review articles were screened to perform a recursive search of the literature, and abstract books of international liver conferences from the preceding 4 years were hand-searched for potentially relevant studies.

Selected studies were required to report mortality data on cohorts of patients admitted to hospital with acute severe liver injury or ALF secondary to paracetamol overdose (see Box for study eligibility criteria). Acute severe liver injury was defined as severe hepatotoxicity (serum alanine aminotransferase (ALT) levels>1000 U/mL and co-existent coagulopathy), whilst ALF required the additional presence of HE, in patients without pre-existing liver disease. Unselected cohorts of patients with mixed etiologies of acute liver injury were eligible for inclusion if separate data for paracetamol overdose patients were available. Case control studies and studies comparing ALF patients with chronic liver disease patients were excluded due to potential bias in favour of the prognostic variable in question, [START_REF] Altman | Systematic reviews of evaluations of prognostic variables[END_REF] as were studies where transplantation and death were combined as a single end-point. Studies were required to include more than 25 patients with paracetamol-induced acute liver injury, since the majority of studies in this area include the KCC as a prognostic variable in addition to the main variable studied, and smaller studies may invalidate analysis. [START_REF] Perel | Systematic review of prognostic models in traumatic brain injury[END_REF] All potential articles were assessed independently by two researchers according to eligibility criteria, which were defined prospectively, and disagreements resolved by consensus.

Data extraction and quality assessment

Data were extracted using predesigned forms by two separate reviewers (DC and KS) on to a Microsoft Excel spreadsheet (Microsoft Corp, Redmond, WA, USA), and any discrepancies were resolved by consensus. The following data were extracted for each study: setting, country and geographical region, year(s) conducted, retrospective or prospective design, inclusion criteria, definitions of paracetamol-induced liver injury, definitions of ALF, total number of subjects included, total number of subjects with paracetamol-induced ALF or acute liver injury, total number of subjects with paracetamol-induced ALF transplanted, duration of follow-up, prognostic score used, timing of application of the prognostic score, and outcome definitions. sensitivity/(1-sensitivity) / (1-specificity)/specificity. [START_REF] Glas | The diagnostic odds ratio: a single indicator of test performance[END_REF] Where required, a zero cell correction of 0.5 was added to all cells to prevent computational problems arising where proportions were equal to zero. [START_REF] Dinnes | A methodological review of how heterogeneity has been examined in systematic reviews of diagnostic test accuracy[END_REF] Where two or more studies analysed a particular prognostic marker, data were pooled using a random effects model and the pooled DOR calculated. Heterogeneity between studies was assessed using the I 2 statistic with a cut off of 50%, and the χ 2 test with a P value < 0.10, used to define a statistically significant degree of heterogeneity. We explored study setting and study design as potential reasons for heterogeneity. [START_REF] Higgins | Measuring inconsistency in meta-analyses[END_REF] These are exploratory analyses only, and the results should therefore be interpreted with caution.

RESULTS

The search strategy identified 6507 studies of which 105 were potentially eligible for inclusion and were retrieved for further analysis (Figure 2). Of these, 14

were considered eligible for inclusion,(5,7,10, [START_REF] O'grady | Liver transplantation after paracetamol overdose[END_REF][START_REF] Izumi | Coagulation factor V levels as a prognostic indicator in fulminant hepatic failure[END_REF][START_REF] Anand | Early indicators of prognosis in fulminant hepatic failure: an assessment of the King's criteria[END_REF][START_REF] Bernal | Use and outcome of liver transplantation in acetaminophen-induced acute liver failure[END_REF][START_REF] Mitchell | Earlier identification of patients at risk from acetaminophen-induced acute liver failure[END_REF][START_REF] Bernal | More on serum phosphate and prognosis of acute liver failure [4][END_REF][START_REF] Larson | Acetaminophen-induced acute liver failure: Results of a United States multicenter, prospective study[END_REF][START_REF] Schmidt | Prognostic implications of hyperlactatemia, multiple organ failure, and systemic inflammatory response syndrome in patients with acetaminophen-induced acute liver failure[END_REF][START_REF] Zaman | MELD score as a prognostic model for listing acute liver failure patients for liver transplantation[END_REF][START_REF] Bates | Blood lactate as a predictor of poor prognosis in acute liver failure in acetaminophen overdose[END_REF][START_REF] Bernal | Early prediction of outcome of acute liver failure using bedside measurement of interleukin-6[END_REF] including two studies published in abstract form only. [START_REF] Bates | Blood lactate as a predictor of poor prognosis in acute liver failure in acetaminophen overdose[END_REF][START_REF] Bernal | Early prediction of outcome of acute liver failure using bedside measurement of interleukin-6[END_REF] Characteristics of included studies are provided in Statistically significant heterogeneity (I 2 =87%) existed between individual study results, though this fell to 79% after exclusion of the single multi-centre study, [START_REF] Larson | Acetaminophen-induced acute liver failure: Results of a United States multicenter, prospective study[END_REF] and to 64% after exclusion of studies from outside KCH.

F o r P e e r R e v i e w

Lactate modifications to the KCC

The original study (7) that evaluated arterial lactate in the prognosis of paracetamol-induced ALF reported similar specificity, but improved sensitivity, when compared with the original KCC. However, two [START_REF] Schmidt | Prognostic implications of hyperlactatemia, multiple organ failure, and systemic inflammatory response syndrome in patients with acetaminophen-induced acute liver failure[END_REF][START_REF] Bates | Blood lactate as a predictor of poor prognosis in acute liver failure in acetaminophen overdose[END_REF] subsequent studies evaluating arterial lactate alone failed to replicate this high prognostic accuracy ( [START_REF] Zaman | MELD score as a prognostic model for listing acute liver failure patients for liver transplantation[END_REF] and serum phosphate (DOR 33.9) [START_REF] Bernal | More on serum phosphate and prognosis of acute liver failure [4][END_REF] all outperforming the KCC (Table 3). However, further studies would be required to replicate these findings to confirm or refute whether these other markers are indeed superior to the KCC.

DISCUSSION

This systematic review and meta-analysis has demonstrated that the original This review is limited by the quality of the included studies, which had significant heterogeneity and were generally of poor or moderate quality, with only two (5,7) studies validating their prognostic model prospectively in a separate cohort.

Acute liver failure is a rare syndrome and, as a result, many studies were small and retrospective in nature. Continuous variables were frequently analysed retrospectively using cut-off values designed to maximise AUC values, a method which assumes constant risk amongst the 'high' and 'low' risk groups. [START_REF] Perel | Systematic review of prognostic models in traumatic brain injury[END_REF] Several studies attempted to evaluate multiple prognostic markers retrospectively using the same cohort, an approach which increases the risk of obtaining a statistically significant result by chance. Another potentially confounding issue is the lack of international standardisation of laboratory variables, such as prothrombin time and creatinine, and changes to assay reagents over the time course of these studies. [START_REF] Newsome | Prothrombin time to assess fulminant hepatic failure[END_REF] We also appreciate that exclusion of studies where transplantation and death were deemed equivalent may have introduced spectrum bias, since prognostic tests are usually applied in settings where OLT is available. This problem is difficult to circumvent given that emergency OLT will never be subjected to a clinical trial, but,

given the reduced quality-of-life seen following transplantation for paracetamolinduced ALF, the accumulated risks of immunosuppression, and the scarcity of liver donors,( 16) accurate calculation of the specificity of each prognostic test is vital in order to minimise inappropriate transplantation.

This study expands upon a recent systematic review [START_REF] Ding | Evidence and consequences of spectrum bias in studies of criteria for liver transplant in paracetamol hepatotoxicity[END_REF] The heterogeneity of the included studies evaluating the KCC was partly due to a multicentre US study [START_REF] Larson | Acetaminophen-induced acute liver failure: Results of a United States multicenter, prospective study[END_REF] which explicitly applied the KCC solely at the time of admission, rather than dynamically throughout admission as originally intended.

(5,37) Whilst early and accurate prognostication in ALF is vital in order to permit timely listing for OLT, application of the KCC solely at admission reduces the time available for the disease to evolve and may introduce spectrum bias. Given that The addition of post-resuscitation arterial lactate to the KCC ( 7) is questioned by this study. Only two additional [START_REF] Schmidt | Prognostic implications of hyperlactatemia, multiple organ failure, and systemic inflammatory response syndrome in patients with acetaminophen-induced acute liver failure[END_REF][START_REF] Bates | Blood lactate as a predictor of poor prognosis in acute liver failure in acetaminophen overdose[END_REF] studies, one of which was reported in abstract-form, that reported this modification fulfilled eligibility criteria for inclusion, but these studies suggest little benefit from this. Furthermore, the reduced specificity of the lactate criteria undermines the traditional benefit of the KCC in 'ruling in' a hopeless prognosis. The presence of systemic inflammation, with or without sepsis, is increasingly recognised as important in ALF, [START_REF] Rolando | The systemic inflammatory response syndrome in acute liver failure[END_REF] but hyperlactataemia can result from numerous other organ sources and therefore, perhaps not surprisingly, arterial lactate is a relatively non-specific prognostic indicator in paracetamol-induced ALF.

Within critical care settings, the use of APACHE II and Sequential Organ Failure Assessment (SOFA) scores to monitor organ dysfunction have greater recognition than the KCC, and are attractive as early prognostic markers in ALF.(41) APACHE II, in particular, showed encouraging prognostic accuracy but was only evaluated in a single eligible study.( 27) One [START_REF] Larson | Acetaminophen-induced acute liver failure: Results of a United States multicenter, prospective study[END_REF] additional study evaluating APACHE II scores was excluded from this particular analysis as the prognostic scoring reported in the study could not be reconstructed into a 2x2 table; this study is also notable for the atypical nature of the patient cohort as outlined above. Given that APACHE III, systemic inflammatory response syndrome (SIRS) and SOFA scores all performed less well than the KCC (albeit in single studies), the role of these markers may be to permit earlier identification of a high-risk cohort requiring transfer to tertiary centres that offer liver transplantation, rather than as definitive transplant listing criteria. Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale.

F

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched.

6 Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.

6

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis).

6-7

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators.

7-9
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Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.

7-9

Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis.

8

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means).

12, Table 3 Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I

2 ) for each meta-analysis.

12, Table 3 Section/topic # Checklist item

Reported on page #

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies).

19

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified. 17

RESULTS

Study selection 17

Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram.

Figure 2

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. Table 2 Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Table 3 Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 

  We conducted a systematic review of the medical literature using MEDLINE (1950 to June 2009), EMBASE (1980 to June 2009), and CINAHL (1982 to June 2009) to identify studies recruiting adult (>age 16 years) patients that evaluated prognostic markers of paracetamol-induced ALF. Potential studies were identified by combining the search terms "acetaminophen" and "paracetamol" (as both Medical Subject Headings (MeSH) and free text terms) using the set operator OR.

  the median time taken to fulfil the KCC following admission to a tertiary liver transplant unit is 12 hours,(7) application of the KCC solely at admission may explain the low sensitivity of the criteria in the US study, whilst concerns have also been expressed about the prophylactic use of fresh frozen plasma in this US study and the potential confounding effects upon prothrombin time.[START_REF] Grady | Broadening the view of acetaminophen hepatotoxicity[END_REF] Furthermore, 48% of cases resulted from unintentional overdoses in this US study, a type of overdose seen less frequently in the UK.[START_REF] Makin | Paracetamol hepatotoxicity and alcohol consumption in deliberate and accidental overdose[END_REF] It may be that repeated ingestion of supratherapeutic doses of paracetamol over a protracted time course disrupts liver function subacutely, so that patients are less likely to develop the profound acidosis or concurrent severe coagulopathy, renal dysfunction, and encephalopathy required to fulfil the KCC, but have at least as poor a prognosis as an intentional overdose at a time point. Future prognostic scoring systems may therefore need to take the pattern of paracetamol overdose into account in addition to traditional biochemical parameters.

Figure 3

 3 Figure 3 Summary receiver operator curve (SROC) of studies evaluating the original KCC AUC: Area under the curve; SE: Standard Error; Q: heterogeneity 710x564mm (96 x 96 DPI)

Table 1).

  Study quality was assessed semi-quantitatively according to six

	potential sources of bias that can be encountered in studies of prognostic variables numbers of subjects fulfilling or not fulfilling the prognostic variable in question, and
	Study population adequately represents the population of sampling timeframe, place and period of recruitment constructed 2x2 contingency tables. The sensitivity, specificity, and diagnostic odds ratio (DOR) with their 95% confidence intervals (CI) were calculated for each test (19) and a grade (poor, moderate, good or excellent) allocated (Study population interest; source population adequately described; using Microsoft Excel (Microsoft Corp, Redmond, Washington, USA) and checked
	described; inclusion and exclusion criteria described using Meta-DiSc version 1.4 (Universidad Complutense, Madrid, Spain). The value
	Adequate study completion rate; loss to follow-up not of a DOR ranges from zero to infinity, with higher values indicating better
	Follow-up discriminatory test performance, and is calculated from the following formula: associated with key characteristics; reasons for loss to follow-up described; no important differences between
		participants completing/not completing study
	F o r Prognostic factor Prognostic measure clearly defined; continuous data reported and any cut-points described and appropriate; method and setting of measurement of prognostic factor identical for all patients; adequate proportion of study F o r
		P population has prognostic factor measured P
	Outcome measurement	e e r Clear definition of outcome measure of interest described e and recorded, including duration of follow-up; outcome measure valid; outcome measure identical e r
	Confounding	R All important confounders measured and accounted for at all stages of study design, performance and analysis R
		e Sufficient presentation of data to permit assessment of e
	Analysis	v i e analytical analysis; appropriate model-building, study design etc.; no selective reporting of results v i e
	w Table 1 Quality assessment of included studies (adapted from Hayden 2006 (19)) w
	Data synthesis and analysis
	Prognostic tests evaluating the outcomes of survival without transplantation or
	death without transplantation following paracetamol-induced liver injury were
	assessed individually. From each study cohort we extracted total number of subjects
	dying without OLT, total number of subjects surviving without OLT, and total

Table 2 .

 2 Cohen's kappa test for inter-observer agreement was excellent at 0.86

(95% CI 0.75-0.98).

Table 2

 2 Characteristics of included studiesThe eligible studies evaluated a total of 1960 patients with paracetamolinduced acute liver injury or ALF. Three (10,24,27) studies had complete temporal overlap with other studies from the same unit; however, these studies were included for their evaluation of unique prognostic markers separate to the KCC. There was

	only one multicentre study.(29) Five (25,26,28,31,32) studies evaluated patient
	cohorts retrospectively, whilst five (10,26,27,30,33) studies developed prognostic
	test thresholds retrospectively (usually from receiver operator characteristics (ROC)
	curve analysis). No studies blinded observers to patient outcome or other potentially F r o confounding prognostic data; and only two (5,7) validated their prognostic marker in
	P
	e
	e r
	R
	e
	v i e
	w

a separate cohort. Consequently, six

[START_REF] Izumi | Coagulation factor V levels as a prognostic indicator in fulminant hepatic failure[END_REF][START_REF] Anand | Early indicators of prognosis in fulminant hepatic failure: an assessment of the King's criteria[END_REF][START_REF] Bernal | Use and outcome of liver transplantation in acetaminophen-induced acute liver failure[END_REF][START_REF] Zaman | MELD score as a prognostic model for listing acute liver failure patients for liver transplantation[END_REF][START_REF] Bates | Blood lactate as a predictor of poor prognosis in acute liver failure in acetaminophen overdose[END_REF][START_REF] Bernal | Early prediction of outcome of acute liver failure using bedside measurement of interleukin-6[END_REF] 

of the 14 studies were graded as poor and seven (5,7,10,23,28-30) as moderate quality (Table

2

). The 14 eligible studies analysed a total of 22 different prognostic markers or variations thereof. The sensitivity, specificity, and DORs of these are reported in Table

3

.
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65.9 (59.0-72.3)

  

	96.1 (91.8-98.6)
	88.2 (72.6-96.7)
	97.8 (95.8-99.0)
	94.9 (87.4-98.6)
	25.7 (16.2-37.2)
	77.1 (62.7-88.0)
	72.4 (52.8-87.3)
	88.2 (63.6-98.5)

96.1 (94.4-97.5)

  

	22.6 (8.8-58.6)
	20.4 (5.2-79.0)
	111.6 (50.5-246.4)
	59.2 (14.3-245.3)
	91.6 (86.5-95.2)
	83.0 (69.2-92.4)
	100.0 (88.8-100.0)
	94.2 (84.1-98.8)

43.9 (17.6-109.3)

  

	Factor V ratio SIRS at	KCH)		69/34 52/33	48.8 (41.0-56.6) 97.1 (85.1-99.9) 68.8 (53.7-81.3)	91.2 (87.5-94.1) 23.9 (12.6-38.8) 59.6 (44.3-73.6)	16.5 (3.5-77.8) 10.7 (1.3-87.3) 3.2 (1.4-7.5)	17.0 p=0.001	82%
	<20% admission								
		POOLED (overall) Izumi 1996(24) Schmidt 2006(30)	81/35 95/48		58.2 (53.1-63.3)	94.6 (93.0-95.9)	27.7 (9.2-83.5)	53.0 p<0.001 --	87% --
	Factor V ratio SIRS at onset of								
	<10% Grade III/IV HE	Bernal 2002(7)	97/21	18/14 51/29 41/34	66.7 (43.0-85.4) 63.0 (47.6-76.8) 70.8 (55.9-83.0)	94.7 (87.1-98.6) 37.1 (21.5-55.1) 85.1 (71.7-93.8)	36.0 (9.3-139.6) 5.3 (1.8-15.1) 13.9 (5.0-38.3)		
	Arterial lactate >3.5 at admission Arterial lactate >3.0 following resuscitation Arterial lactate >4.0 at admission Grade III/IV HE post peak ALT >4.0 at onset of INR>2.4 at D1 Arterial lactate Adapted APACHE III MELD >30 APACHE II>15 at 24 hr post-admission APACHE II>15 within 5 days of admission Phosphate >1.2 mmol/L on admission day +1 or 2 AFP <3.9 at D1 post peak ALT AFP <3.9 & IL-6 within 24 admission hours of	Schmidt 2006(30) Bates 2007(32) POOLED Bernal 2002(7) Schmidt 2006*(30) Bates 2007(32) *at onset of Grade III/IV HE POOLED Schmidt 2006 (30) Bernal 1998(26) Zaman 2006(31) Mitchell 1998(27) Bernal 2003(28) Schmidt 2005(10) Bernal 2007(33)	3.8 (1.8-7.9) 5.8 (2.2-15.8) 10.2 (2.1-49.4) 12.2 (4.0-37.4) 99.2 (17.6-559.3) F o r P e e r R e v i e w 91/46 69/17 61/39 37/15 84.8 (71.1-93.7) 88.2 (63.6-98.5) 81.0 (70.9-88.7) 51.1 (35.8-66.3) 57.7 (43.2-71.3) 72.3 (64.9-78.8) 85/21 91/46 32/12 18/16 55/36 20/12 76.2 (52.8-91.8) 78.3 (63.6-89.1) 100.0 (73.5-100.0) 81.0 (70.6-89.0) 96.9 (89.2-99.6) 57.8 (42.2-72.3) 60.0 (36.1-80.9) 77.5 (69.3-84.4) 4.9 (2.0-12.3) 36.8 (1.9-708.0) 22.8 (2.5-210.0) 40/31 67.4 (52.0-80.5) 80.0 (65.4-90.4) 8.3 (3.2-21.5) 74/33 100.0 (89.4-100.0) 86.5 (80.0-91.4) 419.1 (24.8-7097.5) 91/46 51/34 73.9 (58.9-85.7) 62.2 (46.5-76.2) 4.7 (1.9-11.4) F o r P e e r R e v i e w 56/28 19/16 57.1 (37.2-75.5) 89.3 (71.8-97.7) 11.1 (2.7-45.6) 60/29 38/28 96.6 (82.2-99.9) 67.7 (48.6-83.3) 58.8 (7.0-495.8) 94/14 13/11 23/13 78.6 (49.2-95.3) 92.9 (66.1-99.8) 97.5 (91.3-99.7) 87.5 (78.2-93.8) 143.0 (21.4 -953.5) 91.0 (10.7-772.8) 170/52 55/42 80.8 (67.5-90.4) 89.0 (81.9-94.0) 33.9 (13.8-83.3) 188/33 54/33 100.0 (89.4-100.0) 73.6 (65.9-80.3) 184.9 (11.1-3085.6) F o r P e e r R e v i e w 31/8 7/6 75.0 (34.9-96.8) 95.7 (78.1-99.9) 66.0 (5.1-857.7)	8.4 p=0.038 4.54 p=0.103 9.83 p=0.007 -------	64% 56% 80% -------
	KCC + arterial SOFA score >8 at admission lactate >3.0 following SOFA score	Bernal 2002(7) Schmidt 2006(30) Schmidt 2006(30)	85/21 91/46 95/48	24/19 48/32 69/42	90.5 (69.6-98.8) 66.7 (51.6-79.6) 91.3 (79.2-97.6)	92.2 (82.7-97.4) 66.0 (50.7-79.1) 40.0 (25.7-55.7)	16.4 (5.9-45.3) 159.4 (8.7-2908.9) 3.9 (1.7-9.1) 112.1 (20.1-625.7) 7.0 (2.1-22.9)	8.83 p=0.003 -	89% -
	resuscitation >12 at onset of	POOLED		54/39	91.0 (81.5-96.6) 81.3 (67.4-91.1)	70.6 (61.2-79.0) 68.1 (52.9-80.9)	122.5 (18.7-803.1) 26.1 (1.7-393.7) 9.2 (3.6-23.9)		
	Grade III/IV HE								

Table 3

 3 Sensitivity, specificity, and diagnostic odds ratios of individual prognostic markers. † Anand 1997[START_REF] Anand | Early indicators of prognosis in fulminant hepatic failure: an assessment of the King's criteria[END_REF] excluded as 2x2 table not reconstructable; Mitchell 1998,(27) Bernal 2003,(28) and Schmidt 2005(10) excluded due to complete temporal overlap with previous studies from same unit

	King's College Criteria
	A total of 13 studies evaluated the original KCC for paracetamol-induced ALF,
	either as separate elements (arterial pH<7.3 or concurrent grade III/IV HE, serum
	creatinine>300µmol/L and prothrombin time (PT)>100 seconds) (5,25) or as a whole,
	(7,10,23,24,26-32) including a total of 1929 patients. One study (29) evaluated the
	KCC only on admission. After exclusion of studies with complete temporal overlap
	with other studies,(10,24,27) pooled specificity of the KCC was high, at 94.6% (95%
	CI 93.0-95.9), but the pooled sensitivity was relatively poor at 58.2% (95% CI 53.1-F r o 63.3). The pooled DOR for the KCC was 27.7 (95% CI 9.2-83.5) (
	P
	e
	e r
	R
	e
	v i e
	w

Table 3

 3 

). The summary ROC curve is shown in Figure

3

. The area under the curve (AUC) was calculated as 0.91 (95% CI 0.79-0.99), suggesting good performance of the KCC overall.

[START_REF] Jones | Summary receiver operating characteristic curve analysis techniques in the evaluation of diagnostic tests[END_REF] 

The accuracy of the KCC improved when studies originating from KCH were analysed separately from those outside KCH (DOR 43.9 (95% CI 17.6-109.3) for KCH-based studies vs. DOR 16.5 (95% CI 3.5-77.8) for non-KCH-based studies).

Table 3

 3 

	for the early and post-resuscitation lactate values respectively. This was mainly due
	to the reduced specificity seen in the two studies from outside KCH. Combination of
	the KCC with a post-resuscitation lactate value >3.0 offered higher prognostic
	accuracy in the original lactate study (7) but this was not replicated in a subsequent
	evaluation.(30)
	Other prognostic markers
	F o r
	P
	e
	e r
	R
	e
	v i e
	w

), with pooled DORs of 12.2 (95% CI 4.0-37.4) and 22.8 (95% CI 2.5-210.0) Several other markers, all evaluated in single studies, appeared to offer improved prognostic accuracy when compared with the KCC, with low serum alphafetoprotein (AFP) (DOR 419.1),(10) 24-hour post-admission Acute Physiology and Chronic Health Evaluation II (APACHE II) score (DOR 143.0),(27) serum interleukin-6 (IL-6) levels (DOR 66.0),(33) Model for End-Stage Liver Disease (MELD) score (DOR 58.8),

  Persistently elevated serum phosphate or reduced AFP levels may reflect failure of hepatic regeneration, and therefore could help predict a poorer outcome in paracetamol-induced ALF. Serum AFP showed high prognostic performance in one (10) study, whilst serum phosphate showed equivalence with the KCC in one[START_REF] Bernal | More on serum phosphate and prognosis of acute liver failure [4][END_REF] retrospective study from KCH. Other authors, (in studies where transplantation was equated with death and hence excluded from this study), have demonstrated conflicting results with serum phosphate,(42-45) so further evaluation of both serum AFP and phosphate in future studies would be worthwhile. The MELD scoring system has been widely adopted for organ allocation in chronic liver disease and has shown encouraging prognostic accuracy in non-paracetamol ALF.(12,46-48) More limited data exist regarding the use of MELD in paracetamol-induced ALF, but one additional study (excluded from this analysis as the 2x2 table was not reconstructable) suggested that its use may be limited by a high false positive Ostapowicz G, Fontana RJ, Schiodt FV, Larson A, Davern TJ, Han SH, et al. Results of a prospective study of acute liver failure at 17 tertiary care centers in the United States. Ann.Intern.Med.

	several large centres, and argues the need for a collaborative network of tertiary hospitals experienced in the management and prognostication of ALF, similar to that Figure legends Competing Interest: None to declare (48) Katoonizadeh A, Decaestecker J, Wilmer A, Aerts R, Verslype C, Vansteenbergen W, et al. MELD score to predict outcome in adult patients with non-acetaminophen-induced acute liver failure. Liver (1) 2002 Dec 17;137(12):947-954. International 2007 Apr;27(3):329-334.	
	developed by the Acute Respiratory Distress Syndrome Network program.(50) Figure 1 Feb;50(2):306-313. Eligibility criteria for included studies Funding sources: None to declare (49) Wei G, Bergquist A, Broome U, Lindgren S, Wallerstedt S, Almer S, et al. Acute liver failure in (2) Bernal W, Cross TJ, Auzinger G, Sizer E, Heneghan MA, Bowles M, et al. Outcome after wait-listing for emergency liver transplantation in acute liver failure: a single centre experience. J.Hepatol. 2009 Sweden: Etiology and outcome. J.Intern.Med. 2007 Sep;262(3):393-401.	
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	review	
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	modification, suggesting that re-evaluation of this as a prognostic marker is required. (13) Yantorno SE, Kremers WK, Ruf AE, Trentadue JJ, Podestá LG, Villamil FG. MELD is superior to	
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	such as serum AFP and phosphate, in paracetamol-induced ALF. Given the	
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5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number.
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 2 Risk of bias within studies19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).
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 3 Risk of bias across studies22 Present results of any assessment of risk of bias across studies (see Item 15).Additional analysis 23Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [seeItem 16]).
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 3 Summary of evidence24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy makers). 18 Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias). 19 Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review.
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DISCUSSION

F o r P e e r R e v i e w

•

  Adult patients (aged > 16 years) presenting with acute severe liver injury or ALF attributed to paracetamol hepatotoxicity

	• Cohort studies
	Studies identified by literature search • Included >25 patients with paracetamol hepatotoxicity (n=6507)
	• Mortality data recorded
	6403 studies excluded (title/abstract
	• Data for death and liver transplantation considered separately revealed not appropriate)
	F Full-text studies retrieved for evaluation (n=104) F o r o r P e P e e r e r R Excluded after further review (n= 90) • Data not extractable into 2x2 table= 14 • Review articles/ editorials= 8 • Liver transplantation considered equivalent to death = 18 • 25 or less patients = 35 • Case control studies or mixed aetiology of acute liver injury e v i e Studies eligible for inclusion (n=14) with no separate paracetamol data= 15 R e v i e w
	w

F o r P e e r R e v i e w