The Korean Journal of Internal Medicine : 22:93-100, 2007

Comparison of the Applicability of Two Prognostic
Scoring Systems In Patients
with Fulminant Hepatic Failure

Won-Choong Choi, M.D., Walid C. Arnaout, I\/I.D.2, Federico G. Villamil, I\/I.D.Z,
Achilles A. Demetriou, M.D., Ph.D.2 and John M. Vierling, M.D.?

Department of Internal Medicine, Sanggye—Paik Hospital, Infje University, College of Medicine Seoul, Korea:
The Center for Liver Diseases and Transplantation and
The Burns and Allen Research Institute Cedars-Sinal Medical Center Los Angeles, USA?

Background : Distinguishing those patients with fulminant hepatic failure (FHF) and who require transplantation from
those FHF patients who will survive with receiving only intensive medical care remains problematic, and this distinction
is important because of the chronic shortage of donor livers.

Methods : To assess the applicability of two prognostic scoring systems, referred to as the London and Clichy
criteria, we compared using both systems, at the time of admission, for 43 FHF patients (15 M/28 F; age: 3716 yrs).
Acetaminophen (ACM) was the etiology for 16 patients, while the remaining 27 had other etiologies. All the patients
received intensive care, and 18 (8 ACM/10 non-ACM) had investigational BAL support.

Results : For the ACM toxicity, neither the London nor the Clichy criteria exhibited acceptable sensitivity (71 vs 86%,
respectively), specificity (78 vs 56%, respectively), a positive predictive value (71 vs 60%, respectively), a negative
predictive value (78 vs 83%, respectively) or predictive accuracy (75 vs 69%, respectively) to predict patient survival
without transplantation. In contrast, applying the London and Clichy criteria to the FHF patients with non-ACM
etiologies showed a sensitivity of 96 vs 80%, respectively, a specificity of 100 vs 100%, respectively, a positive
predictive value of 100 vs 100%,, respectively a negative predictive value of 67 vs 29%, respectively and a predictive
accuracy of 96% vs 82%, respectively.

Conclusions : Overall, the London criteria more accurately predicted the need for transplantation, and neither the
London criteria nor the Clichy prognostic criteria accurately predicted the outcome of those patients who suffered with
FHF due to ACM. BAL support may have contributed to the survival of the patients with ACM toxicity and who didn't
undergo transplantation, and this survival exceeded the predictions of both prognostic systems. Additional multicenter
studies should be conducted to refine these prognostic scoring systems, and this will help physicians rapidly identify
those FHF patients who can survive without undergoing liver transplantation.
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INTRODUCTION and Davidson in 1970 as the occurrence of hepatic encephalo-
pathy within 8 weeks of the onset of acute liver disease in the
Fulminant hepatic failure (FHF) was originally defined by Trey  absence of chronic liver disease”. Several clinical variants of
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Table 1. Clinical Characteristics and Outcome of the 43 Patients with Fulminant Hepatic Failure

Etiology Gender/Age Encephalopathy on admission  BAL Prognostic Criteria Outcome
[l (=) v (+) London Clichy LT No LT
Acetaminophen
1 F/21 (+) (+) TP (+) TP D
2 F/47 (+) (+) =) TN =) TN S
3 F/18 (+) (+) + TP (+) TP S
4 F/48 ) -) TN ) TN S
5 F/34 (=) (+) =) TN =) TN S
6 F/37 =) (+) (+) FP =) TN S
7 F/27 (+) (+) =) TN (+) FP S
8 M/32 ) ) FN (+) TP D
9 F/18 ) ) TN (+) FP S
10 F/26 (+) +) -) FN (+) TP D
11 F/52 (+) +) TP -) FN D
12 F/50 (+) + TP (+) TP S
13 F/75 (=) ) TN ) TN S
14 F/18 (+) (+) + TP + TP S
15 M/35 =) (+) =) TN (+) FP S
16 F/31 (=) ) TN (+) FP S
Non acetaminophen

17 indeterminate F/26 (+) (+) + TP (+) TP S
18 indeterminate F/36 (=) =) TN =) TN S
19 indeterminate F/23 (+) + TP ) FN D)
20 indeterminate M/34 (+) + TP + TP S
21 indeterminate M/10 (+) + TP + TP S
22 indeterminate M/24 (+) + TP + TP S
23 indeterminate F/28 (+) + TP + TP D
24 indeterminate F/31 (+) (+) + TP -) FN S
25 indeterminate M/51 (+) (+) (+) TP (+) TP S
26 indeterminate F/31 =) (+) TP ) FN S
27 indeterminate F/52 (+) (+) (+) TP (+) TP S
28 Drug F/35 (+) (+) TP (+) TP S
29 Drug M/16 (+) (+) TP (+) TP D
30 Drug M/48 (+) (+) (+) TP (+) TP S
31 Drug F/52 (+) (+) (+) TP (+) TP D
32 Drug M/26 (+) (+) (+) TP (+) TP D
33 Hepatitis B F/56 (+) (+) (+) TP (+) TP S
34 Hepatitis B M/36 (+) (+) TP (+) TP D
35  Hepatitis B M/44 (+) + TP -) FN S
36 Hepatitis A M/50 (+) + TP + TP S
37  Hepatitis A M/69 =) + TP + TP S
38  ischemia M/71 (+) + TP + TP D
39 ischemia F/71 (=) =) TN =) TN S
40 Wilson F/21 (+) (+) TP (+) TP D
41 autoimmune F/38 (+) (+) + TP (+) TP S
42 heat stroke M/58 (+) (+) + TP -) FN D
43 HELLP F/34 (+) (=) FN (+) TP S

BAL, bioartifial liver; D, death; S, survivor; LT, liver transplantation; HELLP, hemolysis, elevated liver enzymes and low platelet syndrome;
TP, true positive; TN, true negative; FP, false positive; FN, false negative

FHF, based on the interval between the onset of jaundice and
encephalopathy, were subsequently proposed, and these
differed with respect to the etiology, the risk of cerebral edema
and the prognosis for survival with administering medical
therapy alone®®. The original classifications of both O'Grady et
al? and Bermau et al? omitted the requirement for the absence
of prior hepatic disease and the classifications included those
patients with  FHF syndrome and who had pre-existing
asymptomatic liver diseases.

An estimated 2000 patients per year develop FHF in the

United  States”. Despite the advances in critical care
management, medical therapy alone has resulted in overall
survival rates of only 10~40% for patients suffering with FHF
and who progress to stage Il or IV hepatic encephalopathy”.
Liver transplantation (LT) represents the only lifesaving therapy
for patients with progressive FHF and this has increased the
survival rates to 60~80% Y.

Distinguishing the patients with FHF who require LT from
those patients who will likely survive with intensive medical care
alone remains problematic, but this is increasingly important due
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to a critical shortage of donor livers. Although two prognostic
scoring systems, referred to as the London'® " and Clichy'® ™
criteria, have been used to assess European patients with FHF,
only one transplant center in the U.S.A."® has assessed the
applicability of the London scoring system. The aim of the
present study was to compare the sensitivity, specificity, the
positive and negative predictive power and the predictive
accuracy of both the London and Clichy prognostic scores for
patients with FHF.

MATERIALS AND METHODS

Patients

Between June 1990 and April 1999, 94 patients with FHF
were admitted to the Liver Support Unit of Cedars-Sinai Medical
Center for diagnosis and treatment. Both the London and Clichy
prognostic scoring systems were used to access 43 patients on
admission. The other 51 patients were ineligible because they
had received transfusions of fresh frozen plasma prior to
admission or that the measurement of factor V activity with
using the available frozen serum would have yielded unreliable
results'”.

The clinical characteristics and outcomes of the 43 patients
are summarized in Table 1. The mean age of the 43 patients
(28 females and 15 males) was 37 years (range: 10 to 75
years). Acetaminophen (ACM) toxicity was the etiology of FHF
for 16 of 43 patients (37%). Non-acetaminophen (NACM)
etiologies were identified for 27 patients (63%): they were
indeterminate (n=11), other hepatotoxic drugs (n=5), hepatitis B
(n=3); hepatitis A (n=2), ischemia (n=2), heat stroke (n=1),
autoimmune hepatitis (n=1), Wilson's disease (n=1), hemolysis,
elevated liver enzymes and low platelet (HELLP) syndrome
(n=1).

At the time of transfer to our hospital, 8 of 16 (50%) patients
with  ACM toxicity and who had grade Il or IV hepatic
encephalopathy were intubated or they required urgent
intubation upon admission. Among the 27 patients with NACM
etiologies of FHF, 23 (85%) were admitted with grade Il or IV
hepatic encephalopathy. All the patients were treated in a
specialized intensive care unit by a multidisciplinary team of
hepatologists, transplant surgeons, intensive care specialists and
consultants. Eighteen patients (8 with ACM and 10 with NACM
etiologies), underwent one or more treatments with experimental
bioartificial liver (BAL) support (Table 1) under a protocol that as

been previously described™ ™.

Prognostic Scoring
The static and dynamic information required for evaluating
both the London and Clichy criteria were compared on

admission. The London prognostic criteria that were specific for
patients with the ACM and NACM etiologies of FHF were
used. The specific criteria for a poor prognosis for the patients
with ACM-induced FHF included: 1) an arterial blood pH <7.30
regardless of the stage of hepatic encephalopathy or 2) the
constellation of grade Ill or IV hepatic encephalopathy with a PT
of >100 sec. (which corresponds in our laboratory to a PT INR
of >6.5) and a serum creatinine level >3.4 mg/dL. The adverse
prognostic criteria for the patients with the NACM etiologies of
FHF in the London scoring system'”, which are independent of
the stage of hepatic encephalopathy, included: 1) a PT INR >6.5
or 2) at least 3 of the 5 following indicators: a) age <10 or >40
years; b) indeterminate, halothane or non-acetaminophen drug
etiologies; ¢) the interval between jaundice and the onset of
hepatic encephalopathy >7 days; d) a PT INR >35; or e) a
serum bilirubin level >17.5 mg/dL.

The Clichy criteria included the stages |-V hepatic
encephalopathy and a factor V activity of <20% in the patients
<30 years of age or <30% in the patients >30 years of age@.
The factor V activity was measured in the serum obtained on
admission by the Cedars-Sinai clinical laboratory with using a
standard one-stage clotting technique. Frozen plasma was not
used to avoid underestimation of the true factor V activitym.
Patients were also excluded if they had received a fresh frozen
plasma transfusion prior to admission.

Data Analysis

The sensitivity, specificity, positive predictive value, negative
predictive value and accuracy were calculated to compare the
predictive value of the London and Clichy criteria®®. A true
positive outcome was defined as a patient who met the criteria
for LT and who either died with recieving medical therapy or
they underwent LT. A true negative outcome was defined as a
patient who didn't meet the criteria for LT and who survived
with receiving medical therapy alone. Sensitivity was defined as
the number of true positive outcomes divided by the total number
of patients who died or underwent LT. Specificity was calculated
as the number of true negative outcomes divided by the total
number of patients who survived without LT. The positive
predictive value (PPV) was defined as the ratio of the true
positives to the combined true and false positives. The negative
predictive value (NPV) was defined as the ratio of true negatives
to the combined true and false negatives. The predictive accuracy
(PA) was defined as the ratio of the combined true positives and
negatives to the total number of patients.

RESULTS

Table 1 summarizes the clinical features and outcomes of all
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Table 2. Survival to the Time of Hospital Discharge with Medical
Therapy or LT

Medical Therapy LT
Acetaminophen (N=16) 75% (9/12) 75% (3/4)
Non-Acetaminophen (N=27) 22% (2/9) 89% (16/18)
Combined (N=43) 52% (11/21) 86% (19/22)

LT, liver transplantation.

43 patients. Eleven of the 43 patients (26%) survived with
receiving medical therapy alone. The survivors included 9 of 16
(56%) patients with ACM etiologies and 2 of 27 (7%) patients
with  NACM etiologies. Among the survivors who received
medical therapy alone, 5 of the 9 patients (56%) in the ACM
group and 0 of 2 in the NACM group had been treated with
BAL support. Ten of 43 patients (23%) died during medical
therapy, including 3 of 16 (19%) in the ACM group and 7 of 27
(26%) in the NACM group. Among those patients who died
without LT, BAL support was used for one patient in the ACM
group and for 2 patients in the NACM group. Twenty-two of the
43 patients (51%) that were transplanted included 4 of the 16
patients (25%) with ACM etiologies and 18 of the 27 patients
(67%) with NACM etiologies. Nineteen of the 22 transplanted
patients (3 ACM and 16 NACM) survived to discharge (Table 2).
Among the transplanted patients who died, only one in the
NACM group had received BAL support.

Table 3 compares the sensitivity, specificity, the positive and
negative predictive values and the predictive accuracy of the
London and Clichy prognostic scoring systems at the time of
admission. In the ACM group, the sensitivity (the proportion of
patients fulfiling the criteria who died) was superior for the
Clichy criteria (86% vs. 71%, respectively), while the specificity
(the proportion of patients surviving who did not fulfill criteria)
was better for the London criteria (78% vs. 56%, respectively).
The PPV, NPV and PA of both criteria were low and of
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marginal benefit in assessing the prognosis.

Analysis of the specific elements of the London criteria for
the ACM hepatotoxicity (Table 4) showed that the PPV and PA
of metabolic acidosis with an arterial pH <7.30 were 100% and
87%, respectively. In contrast, the PPV and PA for the
combination of all 3 variables in the ACM group was 0% and
47%, respectively. The NPVs for either an arterial pH <7.30 or
all 3 variables were 78% and 47%, respectively.

For the patients with NACM etiologies of FHF (Table 3), the
overall London criteria were superior to those of the Clichy
criteria: sensitivity (96% vs 80%, respectively), specificity (100%
vs 100%, respectively), PPV (100% vs 100%, respectively), NPV
67% vs 29%, respectively) and PA (96% vs 82%, respectively).
As shown in Table 4, which assesses the individual scored
elements of the London criteria, the PPV and PA of a PT INR
of >6.5 were 100% and 57%, respectively. In contrast, the
presence of =3 of the 5 prognostic variables had a similar PPV
(100%), but a higher PA (93%) for the need for LT in our
patients. However, the NPV for a PT INR >6.5 or =3 of the 5
prognostic variables in the NACM group were only 14% and
50%, respectively.

DISCUSSION

Distinguishing the patients with FHF who will require urgent
LT from those who will likely to recover with medical therapy
alone remains problematic. Recognizing the subset of patients
who require LT is critically important because the rapid
progression of FHF requires immediate treatment since death or
the development of absolute contraindications for LT often
occurs before a donor organ becomes available. In view of the
severe shortage of donor organs and the previous reports that
up to 60% of patients with FHF due to etiologies such as ACM

and viral hepatits may recover without LT>2™ it is also

Table 3. Comparison of the London and Clichy Criteria for the 43 Patients with Fulminant Hepatic Failure

Sensitivity” Specificity PPV NPV PA

Acetaminophen

London Criteria 71% (5/7) 78% (7/9) 71% (5/7) 78% (7/9) 75% (12/16)
Clichy Criteria 86% (6/7) 56% (5/9) 60% (6/10) 83% (5/6) 69% (11/16)
Non acetaminophen

London Criteria 96% (24/25) 100% (2/2) 100% (24/24) 67% (2/3) 96% (26/27)
Clichy Criteria 80% (20/25) 100% (2/2) 100% (20/20) 29% (2/7) 82% (22/27)
Total
London criteria 91% (29/32) 82% (9/11) 94% (29/31) 75% (9/12) 89% (38/43)
Clichy criteria 81% (26/32) 64% (7/11) 87% (26/30) 54% (7/13) 77% (33/43)

PPV, positive predictive value; NPV, negative predictive value; PA, predictive accuracy.
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Table 4. Validation of Specific Elements of the London Criteria for the 43 FHF Patients

PPV NPV PA
Acetaminophen
Arterial PH<7.3 100% 78% 87%
All 3 of 3 variables 0% 47% 47%
Non acetaminophen
PT INR >6.5 100% 14% 57%
Any 3 of 5 variables 100% 50% 93%

PPV, positive predictive value; NPV, negative predictive value; PA, predictive accuracy.

imperative to avoid unnecessary LT for the patients who will
recover with receiving medical therapy alone. The urgency of
establishing an accurate prognosis is accentuated by the fact
that FHF patients in the U.S. are often cared for at hospitals for
several days before being transferred to a transplant center'” '®.
The severity of FHF at the time of admission to our center may
be partly explained by the median 4.4 days before transfer,
which is similar to the median of 4 days reported by the
University of Pittsburgh'®.

The London and Clichy prognostic criteria are the most
frequently used systems to determine the probability of survival
without LT for patients with FHF. The London criteria were
developed by retrospectively identifying the most discriminatory
combination of prognostic variables via stepwise logistic
regression analysis of 588 patients who suffered with ALF and
who were treated medically between 1973 and 19857 The
accuracy of the London criteria was further assessed by
retrospective analysis of another 175 patients (121 ACM and 54
NACM etiologies) who were treated during 1986-87. The
specific criteria for the ACM and NACM etiologies were selected
based on the probability of survival (5%) with receiving medical
therapy alone. Although the grade of hepatic encephalopathy
was a prognostic indicator for FHF due to ACM etiologies, it
was not for the NACM etiologies. The Clichy prognostic criteria
were validated in a series of 90 patients who suffered with with
FHF due to acute viral hepatitis (primarily hepatitis B) and who
had factor V activities <50% of normal'. Among the 43 patients
with stage llI-IV hepatic encephalopathy who met these criteria,
factor V activities <20% for the patients <30 years of age or
<380% for the patients >30 years of age were associated with
survivals of 10% with receiving medical therapy alone and 84%
with LT. The PPV and NPV for death with medical therapy
alone were 82% and 98%, respectively. Application of these
criteria identified 95% of the survivors. Currently, the Clichy
prognostic criteria are exclusively used by some centers for all
patients with FHF, regardless of the etiology'.

The London and Clichy prognostic criteria have not been
previously compared in American patients with FHF that's due
to both the ACM and NACM etiologies. Several sources of

potential bias must be considered when comparing our results
with those of the other previous reports. Although all 43 patients
received standard intensive care from a multidisciplinary team,
they were also eligible for experimental BAL support under the
protocol’® ¥ Indeed, 8 patients with ACM etiologies and 10 with
NACM etiologies underwent BAL support (Table 1). Comparing
the prognostic scoring systems only at the time of admission,
rather than serially, might have theoretically underestimated the
prognostic power of either system. Although we intended to
enroll consecutive patients admitted with FHF, it was necessary
to exclude those patients who had received fresh frozen plasma
before admission or they only had a frozen blood specimen that
would have underestimated the factor V activity. Despite this
potential selection bias, the etiologies of FHF in our 43 patients
and the proportions of patients with specific FHF etiologies were
quite similar to those reported for 295 consecutive American
patients with FHF from 13 U.S. centers™. Inclusion of patients
undergoing transplantation (25% of the ACM group and 67% of
the NACM group, respectively) as true positives also introduces
a potential bias that's common to many reported series’ ©
since it cannot be proved that every patient undergoing LT
would have died with receiving only continued medical therapy.
In this regard, it is important to note that every patient who died
during medical therapy met the London and/or Clichy criteria for
a survival prognosis of =5% without LT.

For our 16 patients with FHF due to ACM toxicity (Table 3),
theeir overall PPV and PA of the London criteria (71% and 75%,
respectively) were superior to those of the Clichy criteria (60%
and 69%, respectively). Although the PPV (the proportion of
patients fulfilling criteria who died) of the London criteria (71%)
was greater than that of the Clichy criteria (60%), neither the
PPV nor the NPV (the proportion of patients not fulfiling the
criteria who survived) of the London criteria were as high as
those of the several previously published studies® . The
PPV (71%) and PA (75%) of the London criteria of our patients
were inferior to the PPV of 84% and the PA of 85% as originally
reported by O'Grady et al.‘O), but they were in close agreement
with the PPV of 73% and the PA of 72% as reported by Anand
et al. for 145 patients who were assessed in the U.K. between
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1990-94% In contrast, our sensitivity, specificity, PPV and PA
were comparable or greater than the values reported by |zumi
et al®” for 81 patients with ACM-induced FHF. Specifically, the
PPV of the Clichy criteria in our study (60%) was in close
agreement with the 57% reported by Izumi et al.> for 81 ACM
patients who were not transplanted and they had a factor V
activity of <10%, regardless of the grade of hepatic
encephalopathy. The PPV of 49% reported by Izumi et al® for
factor V levels <20% was lower than our PPV with using
age—adjusted criteria. Although their PPV of a factor V level
<20% for the subgroup of ACM patients with stage llI-IV
hepatic encephalopathy increased to 73%, it remained inferior to
the PPV of 92% for the London criteria. However, it is important
to note that among the 110 FHF patients reported on by |zumi
et al (88 ACM etiologies and 22 NACM etiologies) the admission
levels of factor V were significantly lower in the 49 patients who
died (median: 5%, range: 1~27%) than in the 61 patients who
survived (median: 10%, range: 2~70%)%.

The most accurate predictor of death without LT among our
ACM patients was an arterial pH <7.30 on admission. Whereas
an arterial pH <7.30 had a high PPV, NPV and PA in both our
study and the study of O'Grady et al.'”, Anand et al®® and
Shakil et al.' reported much lower values.

Conversely, the PPV, NPV and PA of the other 3 variables
for our patients were substantially lower than the values
reported in the three other previous series’® 2 | A major
confounding factor is the likelihood that BAL support contributed
to the survival of more patients with ACM toxicity in our series
than was predicted by the London criteria. Grade Il or IV
encephalopathy is more common in the non-ACM group (85%)
than that in the ACM group (50%), and this may be a risk factor
for a poor outcome in those groupsa”, yet BAL is known as a
more effective treatment for hepatic encephalopathy than for
other impaired hepatic functions™*. This speculation is
supported by the results of a randomized, controlled trial of BAL
for treating FHF that's due to ACM toxicity, and the results
showed a significantly increased survival compared to standard
intensive care™. Demetriau et al. reported that ALF patients
with known etiologies such as virus, ACM, other drugs or
chemical toxicities have a better prognosis, and ACM-FHF can
be associated with a high spontaneous recovery rate; however,
a few patients suffering withsevere variants of ACM-FHF can
rapidly progress to cerebral edema and death™. Further studies
with a large number of patients are needed to identify these
additional prognostic variables.

In our 27 patients with NACM etiologies for FHF, the overall
PPV of both the London and Clichy prognostic criteria was
100%, while the PA was 96% and 82%, respectively (Table 3).
Our results with the Clichy criteria compared favorably to the
prospective results at admission to the hospital of lzumi et al®
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who reported a PPV of 85% for a factor V level <20% and
100% for a factor V level <10% in 17 of 22 NACM patients with
grade |-IV hepatic encephalopathy and who were not
transplanted. For those patients with grade Il or IV
encephalopathy, the PPV was 91% for a factor V level <20%.
The overall PPV and PA of the London criteria for the 17
patients reported by Izumi et al®*® were 93% and 88%,
respectively, compared to 100% and 96%, respectively, for our
patients. Pauwels et al. retrospectively compared both
prognostic scoring systems for 81 French adults with NACM
FHF and who were treated with medical therapy alone on
admission and then again at 48, 24 and <24 h before death®.
The mortality with medical therapy alone was 81%. On
admission, the PPV of the London and Clichy criteria was 96%
and 90%, respectively, while the PA was 80% vs. 60%
respectively. The PPV did not increase when it was reassessed
48, 24 or <24 h before death for either London or Clichy criteria,
but the PA predictably increased as death became imminent. In
contrast to our results and those of others for the PPVs and
PAs of the NACM etiologies of FHF, Anand et al. reported an
overall PPV and PA of only 68% and 61%, respectively, for 145
patients who were treated in the UK. Unfortunately, the
overall PPV was not reported by Shakil et al.'®, although they
found acceptable PPVs and PAs for the individual components
of the London criteria in 144 American patients who were
treated for FHF due to NACM etiologies; these patients were
treated between 1982-95 at the University of Pittsburgh. The
results in non-transplanted patients with FHF reported by Izumi
et al® and Pauwels et al?’ indicate that the potential bias of
including transplanted patients as true positives in our study
may have caused only a modest increase in the PPV and PA.

While our PPV of a PT INR >6.5 was comparable to those
of all the other previous reports'™ '*?. the PPV and PA of =3
of the 5 prognostic variables in our study were similar to those
of O'Grady et al.'” but they were appreciably higher than those
of Anand et al®® and Shakil et al.'® The overal PPV (100%)
and PA (96%) for the combination of the two scored elements
were similar to the results of O'Grady et al.'” but they exceeded
those reported by others®®. Our PPV and PA of the Clichy
criteria for patients with NACM etiologies were 100% and 82%,
respectively. These results were slightly greater than those
previously reported by others™ .

Our overall NPV was 67% for the London criteria for patients
suffering with the NACM etiologies of FHF, while the values
reported by others ranged from 25% to 82%. In contrast, the
NPV for the Clichy criteria was only 29%, which was nearly
identical to the NPV of 28% on admission in the study of
Pauwels et al. on non-transplanted patientsz‘”. The fact that our
PPVs were greater than the sensitivities (the proportion of
fataliies meeting the criteria), while our specificities (the
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proportion of survivors not meeting the prognostic criteria) were
much greater than our NPVs (Table 3), indicates there was
excessive mortality for the patients suffering with NACM FHF
and who did not fulfill the criteria at the time of admission for
death without LT.

To conclude,, overall, the London criteria more accurately
predicted the need for transplantation, but neither the London
nor Clichy prognostic criteria accurately predicted the outcome
of our patients with FHF due to ACM. The positive impact of
BAL support on our ACM patients may have contributed to the
survival without LT, which exceeded the predictions of both
prognostic system333’. In contrast, both the London and Clichy
prognostic criteria exhibited high PPVs for survival, but the PA
of the London criteria was superior. Additional multicenter
studies should be conducted to refine these prognostic scoring
systems so physicians can rapidly identify the patients suffering
with either the ACM or NACM etiologies of FHF, and who will
survive without undergoing liver transplantation.

Abbreviations

FHF, fulminant hepatic failure; LT, liver transplantation; ACM,
acetaminophen; NACM, non-acetaminophen; PPV, positive
predictive value; NPV, negative predictive value; PA, predictive
accuracy.

REFERENCES

1) Trey C, Davidson CS. The management of fulminant hepatic failure.
In: Popper H, Schaffner F, eds. Progress in liver diseases. p.
282-292, New York, Grune & Stratton, 1970

2) Bernuau J, Rueff B, Benhamou JP. Fulminant and subfulminant liver
failure: definitions and causes. Semin Liver Dis 6:97-106, 1986

3) Gimson AE, O'Grady J, Ede RJ, Portmann B, Wiliams R. Late
onset hepatic fallure: clinical, serological and histological features.
Hepatology 6:288-294, 1986

4) Wiliams R. Classification, etiology, and considerations of outcome in
acute liver failure. Semin Liver Dis 16:343-348 1996

5) Tandon BN, Bernauau J, O'Grady J, Gupta SD, Krisch RE, Liaw

YF, Okuda K, Acharya SK. Recommenaations of the International

Association for the Study of the Liver Subcommittee on

nomenclature of acute and subacute liver failure. J Gastroenterol

Hepatol 14:403-404, 1999

O'Grady JG, Schalm SW, Wililams R. Acute liver failure: redefining

the syndromes. Lancet 342:273-275, 1993

Lee WM. Acute liver failure. N Engl J Med 329:1862-1872, 1993

Bismuth H, Samuel D, Castaing D, Wiliams R, Pereira SP. Liver

transplantation in Europe for patients with acute liver failure. Semin

Liver Dis 16:415-425, 1996

Vickers C, Neuberger J, Buckels J, McMaster P, Elias E.

Transplantation of the liver in adults and children with fulminant

hepatic failure. J Hepatol 7:143-150, 1988

10) O'Grady JG, Alexander GJ, Hayllar KM, Williams R. Early indicators

[

)

©

of prognosis in fulminant hepatic failure. Gastroenterology 97:439-
445, 1989

11) Riordan SM, Wiliams R. Use and validation of selection criteria for
liver transplantation in acute liver failure. Liver Transpl 6:170-173
2000

12) Bernuau J, Samuel D, Durand F, Saliba F, Bourliere Meal. Criteria
for emergency liver transplantation in patients with acute Vviral
hepatitis and factor V below 50% of normal. Hepatology 14:49A, 1991

13) Bernuau J. Selection for emergency liver transplantation. J Hepatol
19:486-487, 1993

14) Bernuau J, Goudeau A, Poynard T, Dubois F, Lesage G, Yvonnet
B, Degott C, Bezeaud A, Rueff B, Benhamou JP. Mullivariate
analysis of prognostic factors in fulminant hepatitis B. Hepatology
6:648-651, 1986

15) Bismuth H, Samuel D, Castaing D, Adam R, Saliba F, Johann M,
Azoulay D, Ducot B, Chiche L. Orthotopic liver transplantation in
fulminant and subfulminant hepatitis. Ann Surg 222:109-119, 1995

16) Shakil AO, Kramer D, Mazariegos GV, Fung JJ, Rakela J. Acute

liver failure: clinical features, outcome analysis, and applicability of

prognostic criteria. Liver Transpl 6:163-169, 2000

Denninger J, Durand F, Benhamou JP. Underestimation of

coagulation factor V level in frozen-thawed plasma samples from

patients with acute and chronic liver disease: a prospective Study.

Hepatology 16:277A, 1992

Watanabe FD, Shackleton CR, Cohen SM, Goldman DE, Arnaout

WS, Hewitt W, Colguhoun SD, Fong TL, Vierling JM, Busuttil RW,

Demetriou AA. Treatment of acetaminophen-induced fulminant

hepatic failure with a bioartificial liver. Transplant Proc 29:487-488

1997

Watanabe FD, Mullon CJ, Hewitt WR, Arkadopoulos N, Kahaku E,

Eguchi S, Khalili T, Arnaout W, Shackleton CR, Rozga J, Solomon

B, Demetriou AA. Clinical experience with a bioartificial liver in the

treatment of severe liver failure: a phase | clinical trial. Ann Surg

225:484-491, 1997

Bland M. An introduction to medical statistics. 2nd ed. Oxford, Oxford

University Press, 1995

O'Grady J. Acute liver failure. J R Coll Physicians Lond 31:603-607,

1997

Riordan SM, Williams R. Cause and prognosis in acute liver failure.

Liver Transpl Surg 5:86-89, 1999

23) Riordan SM, Wiliams R. Fulminant hepatic failure. Clin Liver Dis
4:.25-45, 2000

24) Pauwels A, Mostefa-Kara N, Florent C, Levy VG. Emergency liver

transplantation for acute liver failure: evaluation of London and Clichy

criteria. J Hepatol 17:124-127, 1993

Schiodt FV, Atillasoy E, Shakil AO, Schiff ER, Caldwell C, Kowdley

KV, Stribling R, Crippin JS, Flamm S, Somberg KA, Rosen H,

McCashland TM, Hay JE, Lee WM. Etiology and outcome for 295

patients with acute liver failure in the United States. Liver Transp!

Surg 529-34, 1999

Campbell DA Jr, Ham JM, McCurry KR, Lucey MR, Turcotte JG,

Merion RM. Liver transplant for fulminant hepatic failure. Am Surg

57:546-549, 1991

Devictor D, Desplanques L, Debray D, Ozier Y, Dubousset AM,

Valayer J, Houssin D, Bernard O, Huault G. Emergency liver

transplantation for fulminant liver failure in infants and children.

Hepatology 16:1156-1162 1992

N

X

©o

20

21

22

25

26

27



100 The Korean Journal of Internal Medicine : Vol. 22, No. 2, June 2007

28) Emond JC, Aran PP, Whitington PF, Broelsch CE, Baker AL. Liver
transplantation in the management of fulminant hepatic failure.
Gastroenterology 96:1583-1588. 1989

Anand AC, Nightingale P, Neuberger JM. Early indicators of
prognosis in fulminant hepatic failure: an assessment of the King's
criteria. J Hepatol 26:62-68. 1997

29

30) Izumi S, Langley PG, Wendon J, Ellis AJ, Pernambuco RB, Hughes
RD, Williams R. Coagulation factor V levels as a prognostic indicator
in fulminant hepatic failure. Hepatology 23:1507-1511, 1996

31) Dhiman RK, Seth AK, Jain S, Chawla YK, Dilawari JB. Prognostic

evaluation of early indicators in fulminant hepatic failure by
multivaliative analysis. Dig Dis Sci 43:1311-1316, 1998

32) Stevens AC, Busuttil R, Han S, Baquerizo A, Fair J, Shrestha R. An

33

interim analysis of a phase I}/l prospective randomized, multicenter,
controlled trial of the Hepatassist bioartificial liver support system for
the treatment of fulminant hepatic failure. Hepatology 34:299A, 2001
Demetriou AA, Brown RS, Busuttli RW, Fair J, McGuire BM,
Rosenthal P, Am Esch JS 2nd, Lerut J, Nyberg SL, Salizzoni M,
Fagan EA, de Hemptinne B, Broelsch CE, Muraca M, Salmeron
JM, Rabkin JM, Metselaar HJ, Pratt D, De La Mata M, McChesney
LP, Everson GT, Lavin PT, Stevens AC, Pitkin Z, Solomon BA.
Prospective, randomized. multicenter, controlled trial of a bioartificial
liver in treating acute liver failure. Am Surg 239:660-667, 2004



