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Despite its documented prognostic relevance, hepatic encephalopathy (HE) is not considered in liver transplantation (LT) due

to its possible poor objectivity. To override this problem, we aimed to analyze if an objective diagnosis of HE may confer addi-

tional mortality risk beyond MELD. Study and validation cohorts of patients with cirrhosis were considered in Italy and Cana-

da, respectively. Patients were considered to be HE1 if an episode of overt HE was documented in a hospitalization. Of the

486 patients enrolled in Italy, 184 (38%) were HE1. During the 6-month follow-up, 77 patients died and 50 underwent trans-

plantation. The 6-month mortality of HE1 versus HE– patients was significantly higher (P< 0.001). Model for End-Stage

Liver Disease (MELD; subdistribution hazard ratio [sHR], 1.2; 95% confidence interval [CI], 1.1-1.2; P< 0.001), HE1 (sHR,

3.6; 95% CI, 1.8-7.1; P< 0.001), and sodium (sHR, 0.9; 95% CI, 0.8-0.9; P< 0.001) were independent predictors of 6-month

mortality. In HE1 patients, short-term mortality increased across the entire MELD spectrum (range, 6-40). The results were

unchanged by including or excluding patients with hepatocellular carcinoma or stratifying patients according to HE characteris-

tics. The higher 6-month mortality of HE1 versus HE– patients was confirmed also in the Canadian cohort (P< 0.001;

n5 300, 33% HE1; 33 died, 104 transplanted). A similar and statistically significant C-index increase derived by the incorpo-

ration of HE in MELD was observed both in the Italian (from 0.67 to 0.75) and Canadian (from 0.69 to 0.74) cohorts. A

score based on MELD plus 7 points (95% CI, 4-10) for HE1 patients optimally predicted 6-month mortality in the 2 cohorts.

According to the net reclassification index, by not considering HE, 29% of overall patients were misclassified by MELD score.

In conclusion, the incorporation of HE in MELD score might improve the listing and allocation policy in LT.
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Liver transplantation (LT) represents the only curative
treatment for patients with end-stage liver disease, and
because of the continuous amelioration in immunosup-
pressive regimens and surgical techniques, the outcome
after LT has progressively improved to up to 70% at 5
years.(1) However, the donor pool is still scarce and
many patients are not able to benefit from timely trans-
plantation. In this scenario, the policy for the optimi-
zation of the organ allocation criteria is of great
importance and is still under debate. Theoretically, the
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“ideal” method for patient prioritization would be
accurate, objective, reproducible, and easy to apply.

For many years, the Child-Turcotte-Pugh score,
originally designed to assess the survival of patients
with cirrhosis undergoing surgery, was used for the pri-
oritization of the patients on the waiting list for LT.(2)

However, this score has several limitations, including
possible bias related to the subjective interpretation of
the severity of ascites and hepatic encephalopathy
(HE), and the lack of the assessment of kidney func-
tion, which represents a reliable prognostic factor in
liver cirrhosis.(3) Since 2002, the Model for End-Stage
Liver Disease (MELD) score, initially developed for
predicting survival in patients with cirrhosis undergo-
ing transjugular intrahepatic portosystemic shunt
(TIPS), has replaced the Child-Turcotte-Pugh score
for patient prioritization.(4) MELD is totally based on
laboratory data. The introduction of MELD score for
organ allocation and of the sickest-first policy for the
patient prioritization has led to a significant reduction
in wait-list mortality.(5,6)

Since the use of the MELD score, questions have
been raised as to whether complications of liver cirrho-
sis provide additional prognostic information useful for
LT allocation policy.(7) To date, the MELD score is
implemented with additional points only when a T2
hepatocellular carcinoma (HCC) is diagnosed to avoid
disadvantaging patients with HCC in an allocation
system exclusively based on MELD.

HE is a common and severe complication of cirrho-
sis. It is now considered not completely reversible as
even a single episode of HE seems to be followed by
permanent cognitive impairment.(8-11) HE has been
related to a worse prognosis,(12-14) and this observation
was recently confirmed also in patients with acute-on-
chronic liver failure.(15) Moreover, there is no correla-
tion between the severity of HE and MELD
score.(16,17) Therefore, by not considering HE in the

current allocation policy, patients with this complica-
tion might not receive LT in a timely manner, and
those with HE and a MELD score below the mini-
mum required to be listed could be wrongly excluded
from LT. According to this hypothesis, a recent Italian
consensus gave the opportunity to consider HE as an
exception of MELD, assigning to this complication a
fully arbitrary score (until 29) that was defined by a
multidisciplinary team.(18)

Actually, a retrospective study, as well as an analysis
of United Network for Organ Sharing registry data,
demonstrated that grade 3-4 HE may provide addition-
al prognostic information independent of MELD.(19)

However, HE grading is far too subjective to be easily
reproducible, and criteria based on HE severity can
hardly be shared among different centers. More recent-
ly, a model incorporating electroencephalographic
parameters to MELD was proposed as a quantitative
index of HE in the allocation policy.(20) However, elec-
troencephalogram (EEG) is seldom performed and
accurately graded in centers dedicated to LT.

Thus, the present study was aimed at analyzing if an
objective diagnosis of overt HE, defined by a history of
documented hospitalization for HE, might improve
the accuracy of MELD in LT allocation policy. In par-
ticular, we studied an Italian cohort of patients with
cirrhosis in order to answer 3 specific questions:

1. Is the objective diagnosis of previous overt HE
related to a worse prognosis?

2. Is it independent of MELD score?
3. Is a MELD-HE score more accurate than

MELD score alone both in listing and prioritizing
patients for LT?

Moreover, in order to test the applicability of a score
derived from the first cohort and including HE and
MELD, we analyzed the relationship between
HE, MELD, and short-term survival in an indepen-
dent Canadian cohort of patients with cirrhosis waiting
for LT.

Patients and Methods

STUDY COHORT (ITALIAN
PATIENTS)

The study retrospectively analyzed demographic, clini-
cal, and biochemical data prospectively collected in 2
groups of Italian patients with cirrhosis. The first group
included all outpatients consecutively listed for primary
deceased donor LT between 2002 and 2013 (n5 301);
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the second one included all inpatients with cirrhosis
consecutively hospitalized from 2009 to 2013 (n5 185)
and systematically followed up in our outpatient serv-
ices. The second group was analyzed to consider the
impact of HE in patients with a wide MELD score
range (considering also MELD< 15) in order to assess
the possible effect of HE not only in allocation but also
in prioritization. Only patients aged between 18 and 70
years were included because only this age is considered
for adult LT. Exclusion criteria were as follows:
advanced neoplastic diseases, including HCC outside of
Milan criteria; severe extrahepatic diseases; and con-
comitant neurological diseases. Patients with TIPS were
also excluded because a previous study showed that in
TIPS patients, the presence of HE was not associated
with worse survival after adjusting for MELD.(18)

Demographic, clinical, and biochemical parameters
were recorded at inclusion (entry to the waiting list or
hospital admission) for each patient. A detailed clinical
history was obtained in relation to previous complica-
tions of liver cirrhosis, and in particular to previous epi-
sodes of overt HE. The patients were qualified as HE1

if a previous episode of overt HE� grade 2 (according
to West Haven criteria) was documented by a previous
hospitalization. The cutoff for grade 2 HE was the pres-
ence of an acute confusional syndrome with clear disori-
entation in time on neurological examination reported
in the patient’s record. HE episodes reported only by
the patients or their relative during an outpatient visit
were not considered enough to provide sufficient objec-
tivity to indicate the patient as HE1. Moreover,
because of the uncertainty in the clinical staging of low-
grade HE (grade 1, or covert HE), in case of a degree of
HE< grade 2, the patient was qualified as having a neg-
ative history of overt HE (or HE–). This pragmatic
definition was chosen to ensure objectivity and repro-
ducibility in the transplant allocation setting and was
defined a priori before revising the patient’s record both
for the Italian and the Canadian cohort.

Biological MELD score was calculated for each
patient at enrollment. A corrected Model for End-
Stage Liver Disease (cMELD) score of 22 was
assigned to the patients with HCC graded as T2 or
more within Milan criteria.

All patient complications of the liver disease includ-
ing HE were treated according to the current guide-
lines from the European Association for the Study of
the Liver and the American Association for the Study
of Liver Diseases. Patients were followed until LT, the
placement of TIPS, or death.

VALIDATION COHORT
(CANADIAN PATIENTS)

A second cohort of patients with cirrhosis consecutive-
ly observed and listed for LT in the Liver Unit, Divi-
sion of Gastroenterology, University of Alberta,
Edmonton, Canada between January 2006 and
December 2009 was retrospectively analyzed as the
validation group (n5 300). The parameters recorded,
the definition of HE1 patients, and the exclusion cri-
teria used in the study cohort were also fully applied to
the validation cohort. The study was approved by the
respective institutional review boards.

STATISTICAL ANALYSIS

Patient demographics and baseline biochemical param-
eters were tabulated and compared using the t test or
nonparametric test for continuous variables, and the
chi-square or Fisher’s exact test for categorical varia-
bles. The MELD score was calculated using the stan-
dard formula: 11.23 ln(international normalized
ratio)1 9.573 ln(creatinine, in mg/dL)1 3.783 ln
(bilirubin, in mg/dL)1 6.43, with a lower limit of 1
for all variables.

The 2 Italian cohorts were pooled only after the
demonstration of a lack of relevant differences. The
conditional hazard on mortality, given that trans-
plant is a competing risk for death, was evaluated
using a proportional subdistribution hazards Fine
and Gray model and a Gray test at univariate analy-
sis. We therefore report the subdistribution hazard
ratios (sHRs) rather than the classical hazard ratios,
but the former have a similar interpretation to the
latter.

A score was then built using predictors selected at
multivariate analysis. Time-dependent receiver oper-
ating characteristic (ROC) curves(21) for censored
data were estimated using the Kaplan-Meier estima-
tion method; significance tests and confidence inter-
vals (CIs) were assessed through the nonparametric
bootstrap. Increases in the C-index and the net
reclassification index (NRI) were used to assess
improvements in discrimination after the addition of
HE to MELD.(22) The indexes were estimated at 3
and 6 months.

The findings were validated by computing the time-
dependent ROC curves on the Canadian cohort and
by checking that the area under the receiver operating
characteristic curve (AUROC) was not significantly
different.
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Because the 2 cohorts were not significantly dif-
ferent in terms of AUC, in order to obtain the most
precise possible estimate, we merged them when
estimating the optimal number of points to add to
MELD for HE1. This was computed by maximiz-
ing the estimated C-index at 6 months, and the
95% CI was obtained by using the nonparametric
bootstrap. For HCC patients, biological MELD is
often not reflective of their mortality risk, and a
cMELD is applied. We performed 2 different analy-
ses including or excluding the patients with HCC.
Moreover, in the group of patients with HCC, we
considered both the biological MELD and the
cMELD with exception for HCC. Data were ana-
lyzed using R, version 3.0.2 (R Foundation, Vienna,
Austria).

Results

STUDY COHORT

A total of 311 cirrhotic outpatients listed for LT were
considered: 10 patients were excluded for previous
TIPS placement. A second group of 235 hospitalized
patients with cirrhosis not listed for LT was also ana-
lyzed: from this group, 17 patients were excluded for
the presence of advanced neoplastic diseases, 19 for the
diagnosis of severe comorbidities, and 14 for the pres-
ence of TIPS.

The cohort of the patients not listed for LT was
considered to have a larger MELD spectrum. This
variability allowed us to analyze the capacity of the new
criterion (HE) not only for prioritization but also for
entry into the waiting list. This second important aim
could not be possible if we had only considered the
patients already included on a waiting list.

The follow-up of these 2 groups was identical. The
2 groups of outpatients (n5 301) and inpatients
(n5 185) were similar for age (556 8.5 versus 576 9
years; not significant [NS]), sex (males, 72% versus
74%; NS), severity of liver disease (MELD, 156 5
versus 14.56 6; NS), degree of portal hypertension as
clinically represented by presence of gastroesophageal
varices (64% versus 59%; NS), and history of ascites
(48% versus 53%; NS). The most common causes of
liver disease were also similar in both groups: viral
(45% versus 42%; NS), alcoholic (23% versus 26%;
NS), and viral + alcoholic (12% versus 12.7%; NS).
Outpatients were more often affected by HCC than
inpatients (39% versus 26%; P< 0.01). The 2 groups

were then pooled and analyzed as a whole group
(Table 1).

The HE1 group included 189 (40%) patients. The
characteristics of patients with and without HE are
reported in Table 2. Patients who were HE1 were
slightly older than those who were HE–, but other
demographic characteristics, such as causes of cirrhosis
and comorbidities, did not differ significantly between
the 2 groups. Liver disease was more severe in the
patients with HE, as indicated by MELD score,
MELD-Na score, history of ascites, and biochemical
parameters. The prevalence of HCC was similar.
According to the diagnostic definition, all HE1

patients had been previously hospitalized at least once,
but also those without HE exhibited a very high rate of
hospitalizations (80% versus 100%; P< 0.001; Table 2).
In HE1 patients, the MELD score at the time of the
HE episode was similar to the MELD score calcula-
ted at enrollment (14.96 7.3 versus 15.76 5.6;
P5 0.24).

During 6-month follow-up, 77 (16%) patients died,
50 (11%) underwent transplantation, and 6 (1.5%) had
undergone a TIPS; 21 (4%) patients were lost to fol-
low-up. As reported in Fig. 1, the 6-month mortality
rate of the HE1 patients was significantly higher than
that of HE– patients. This result was observed both in
the entire population (Fig. 1A) and when the patients
with HCC were excluded (Fig. 1B) to consider the
biological MELD only.

A number of clinical and biochemical variables
potentially associated with short-term mortality were
submitted to a univariate and multivariate analysis.

TABLE 1. Demographic, Clinical, and Biochemical
Characteristics at the Enrollment of Study Cohort (Italian)

and Validation Cohort (Canadian)

Variables

Study
Cohort

(n 5 475)

Validation
Cohort

(n 5 300) P Values

Age, years 55.4 6 9.9 53 6 8.6 0.02
Sex, males 343 (72) 208 (69) 0.30
Main origin of liver disease

Alcohol 158 (33) 98 (33) 0.80
HCV 144 (30) 93 (31)
HBV 59 (12) 27 (9)
Viral 1 alcohol 59 (12) 35 (12)

Gastroesophageal varices 294 (62) 155 (52) 0.01
Ascites 235 (49) 227 (76) <0.001
HCC 162 (34) 76 (25) 0.01
Diabetes 130 (27) 53 (18) <0.01
Organ renal failure 47 (10) 13 (4) <0.01
Biological MELD score 15.5 (6-40) 17 (9-40) <0.01
Serum sodium, mEq/L 136 6 5.1 135.7 6 5.1 0.40

NOTE: Data are given as n (%) or mean6 standard deviation.
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HE1 status, MELD score, serum sodium levels, the
presence or history of ascites, and hospitalizations
(actual or previous) for any reasons were significantly
associated with both 3- and 6-month mortality
(Table 3).

When the above parameters were included in a mul-
tivariate analysis, HE1 (sHR, 3.6; 95% CI, 1.8-7.1;
P< 0.001), MELD (sHR, 1.2; 95% CI, 1.1-1.2;
P< 0.001), and serum sodium levels (sHR, 0.9; 95%
CI, 0.8-0.9; P< 0.001) were independently associated
with 6-month mortality. Similar results were obtained
when 3-month mortality was considered (data not
shown). A MELD score of >15 is commonly used as
a criterion for listing the patients for LT. When only
the patients with a MELD score of >15 were consid-
ered, the presence of HE was associated with a 3.2-
fold increase in 6-month mortality risk (95% CI, 1.7-
6; P< 0.001), suggesting that HE could be a factor for
prioritizing patients already listed for LT. Also in
patients with MELD< 15, the 6-month mortality risk
was increased 5.6-fold by HE (95% CI, 1.6-20;
P< 0.01), suggesting that a history of HE should be

taken into consideration for listing patients for LT
even if the MELD score does not allow it.

The 189 HE1 patients were further classified
according to the following: maximum severity of HE
reported in the hospital records (grade 2 versus grade
3-4); HE time course (episodic versus recurrent
defined as bouts of HE occurring with a time interval
of 6 months or less); and proximity between the first
episode of HE and enrollment (>6 or� 6 months).
The 1-year mortality was similar in these subgroups
(Table 4), suggesting that a history of overt HE is the
main prognostic factor and that a further characteriza-
tion of the HE episodes in terms of severity, time
course, and distance is not needed.

VALIDATION COHORT

The validation group consisted of 300 patients consec-
utively listed for LT in the Liver Unit, Division of
Gastroenterology, University of Alberta, Edmonton,
Canada. Demographic and clinical characteristics of
these patients are reported in Table 1. The patients

TABLE 2. Demographic, Clinical, and Biochemical Characteristics of the Patients According to the Presence of HE in the
Study Cohort

Variables
HE– Patients
(n 5 286)

HE1 Patients
(n 5 189) P Values

Age, years 55 6 9.9 57 6 9.7 0.045
Sex, males 208 (73) 135 (71) 0.80
Origin of liver disease

Alcohol 74 (26) 45 (24) 0.55
HCV 82 (29) 64 (34)
HBV 46 (16) 13 (7)
Viral 1 alcohol 34 (12) 25 (13)
Other 50 (17) 42 (22)

Gastroesophageal varices 173 (60) 121 (64) 0.50
Ascites 120 (42) 117 (62) <0.001
HCC 106 (37) 56 (30) 0.09
Diabetes 70 (24) 60 (32) 0.20
Organ renal failure 26 (9) 21 (11) 0.50
MELD score 14 6 5.1 15.7 6 5.6 <0.001
MELD�15 67 (23) 58 (31) 0.07
MELD-Na score 15.8 6 6 19 6 6.6 <0.001
Serum creatinine, mg/dL 1.0 6 0.6 1.1 6 0.9 0.09
Serum albumin, g/dL 3.3 6 0.6 3.1 6 0.6 <0.001
International normalized ratio 1.4 6 0.3 1.5 6 0.4 <0.001
Serum bilirubin, mg/dL 3.5 6 5 4.3 6 6 0.10
Platelets, n/mm3 212,000 6 108,000 160,000 6 60,000 0.30
Serum sodium, mEq/L 137 6 4.8 134.5 6 6 <0.001
Actual or previous hospitalization for any reasons 229 (80) 189 (100) <0.001
Patients dead in the first 6 months, n 14 63 <0.001
Causes of death

Liver failure 3 (21) 11 (17) 0.30
Infections 5 (36) 31 (49)
Variceal bleeding 2 (14) 8 (13)
Other 4 (29) 13 (21)

NOTE: Data are given as n (%) or mean6 standard deviation.
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FIG. 1. Cumulative 6-month mortality rate is shown according to HE status in (A) the study cohort, (C) the validation cohort, and
(E) in the combination of the 2 cohorts. (B), (D), and (F) show the cumulative mortality rate in the same cohorts, respectively,
excluding the patients with HCC. *P< 0.01.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

LUCIDI ET AL. LIVER TRANSPLANTATION, October 2016

1338 | ORIGINAL ARTICLE



included in the validation group were slightly younger
and were affected by a more severe disease than the
patients included in the study cohort (higher MELD
score and higher prevalence of ascites) although with a
lower prevalence of gastroesophageal varices. The prev-
alence of HCC was also lower. At the time of LT, the
MELD scores were 18.46 4.5 in the Italian cohort
and 17.56 5 in the Canadian cohort. According to the
definition of overt HE used in the study cohort, 33%
of patients included in the validation cohort were clas-
sified as HE1. During 6 months of follow-up, 33
patients died and 104 underwent transplantation.

As reported in Fig. 1C, the 6-month mortality rate
of the HE1 patients was significantly higher than
that of HE– patients (P< 0.001). This result was
observed also when the patients with HCC were
excluded (Fig. 1D).

The AUCs of MELD alone in the 6-month mor-
tality prediction obtained in the Italian and Canadian
cohorts were not statistically different (0.67 and 0.69,
respectively; P5 0.70).

The added value of HE1 status to a score consist-
ing only of MELD was confirmed also in this cohort
through a significant C-index increase (from 0.69 to
0.74; P5 0.04) similar to that obtained in the study

group (P5 0.36). In all cases, 7 points were added to
the MELD scores of HE1 patients (see below).

COMBINED ANALYSIS OF THE 2
COHORTS (STUDY AND
VALIDATION)

After the demonstration that the 2 cohorts were not
different in terms of C-index of MELD plus HE, the
data were combined in order to obtain a score by a
wider number of patients.

The mortality rate observed in the combined series
of patients according to HE status is reported in Fig.
1E,F.

Figure 2 reports the 6-month mortality rate by
MELD score, stratified by HE status and estimated
through the Fine and Gray competing risk regression

TABLE 3. Univariate Analysis of Factors Associated With 3- and 6-Month Mortality in the Study Cohort
3 Months 6 Months

sHR 95% CI P Values sHR 95% CI P Values

MELD score 1.1 1.1-1.2 <0.001 1.16 1.1-1.21 <0.001
Serum sodium 0.84 0.79-0.89 <0.001 0.85 0.81-0.90 <0.001
HE1 4.53 2.45-8.37 <0.001 4.25 2.52-7.19 <0.001
HCC 0.55 0.29-1.05 0.07 0.63 0.37-1.10 0.10
Ascites 2.20 1.30-3.73 <0.01 2.54 1.54-4.20 <0.001
Hospitalization for any reasons 8.66 1.18-63.80 0.03 12.70 1.73-93.15 0.01
Age 1.01 0.98-1.04 0.60 1.01 0.98-1.03 0.53
Sex, male 1.27 0.66-2.44 0.48 1.52 0.84-2.76 0.16
Alcoholic origin 0.57 0.30-1.10 0.09 0.71 0.42-1.23 0.22

TABLE 4. One-Year Mortality in the Patients With HE
Stratified According to HE Characteristics in Term of Severity,

Time Course, and Timing of the First Episode of HE
Dead

(n 5 90)
Alive

(n 5 99) P Values

HE severity, n (%)
Grade 2 49 (54.4) 58 (58.6) 0.50
Grade 3-4 41 (45.6) 41 (41.1)

HE time course, n (%)
Episodic 44 (49) 63 (63.6) 0.10
Recurrent 46 (51) 36 (36.4)

Timing of the first episode of HE
�6 months 22 (24) 13 (13.1) 0.10
>6 months 68 (76) 86 (86.9)

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 2. Overall study (2 cohorts) estimated 6-month mortality
rate by MELD score in patients with HE1 (dotted line) and
HE– (continuous line).
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model. It shows that mortality increases across the
entire MELD spectrum in HE1 patients. The opti-
mal number of points to be added to the MELD
scores of patients with HE was estimated by the
AUROC for 3- and 6-month mortality. A significant
increase in C-index (from 0.73 to 0.78; P< 0.01) in
predicting 6-month mortality was obtained by incor-
porating HE into MELD. The value obtained by
maximizing the AUROC was 7, indicating that a score
based on MELD1 7 points (95% CI, 4-10) for HE1

patients optimally predicts the 6-month mortality rate.
The NRI, as a measure to assess improvements in dis-
crimination after the addition of HE, was 29% (95%
CI, 19.4-41.4; P< 0.01), suggesting that this percent-
age of patients is misclassified by MELD alone and
may be correctly classified taking into account overt
HE. Similar results were obtained when the 3-month
mortality rate was considered: C-index improved from
0.74 to 0.79 (P5 0.01) and NRI was 31% (95% CI,
17.5-40.4; P< 0.001). Finally, these results were
observed both in the entire population and when the
patients with HCC were excluded (data not shown).

Discussion
The prioritization of LT for end-stage liver disease
patients uses the MELD score in order to identify the
sickest patients as those in greatest need for LT. Since
the introduction of MELD, questions have been raised
as to whether complications of liver cirrhosis provide
additional prognostic information useful for LT alloca-
tion policy.(7) HE is one of the most frequent compli-
cations of liver cirrhosis, and since the Child-Pugh era,
it has been known to be related to a worse progno-
sis.(12-14) This relationship was recently confirmed
even in patients with acute-on-chronic liver failure.(15)

Thus, our hypothesis was that in patients with HE,
the severity of liver disease may be underestimated by
MELD alone, and we aimed to offer a practical and
pragmatic method to include HE in MELD score.
For this aim, we adopted a definition of HE not based
on severity in order to avoid the misclassification bias
and subjectivity. In fact, in our opinion, despite the
strong evidence of its prognostic role, HE is currently
not considered for listing and prioritizing the patients
for LT, mainly because of the subjectivity in its assess-
ment and staging. Our pragmatic definition based only
on the presence of a clear episode of HE (grade 2 or
higher) documented in a patient’s record was chosen to
guarantee as much objectivity as possible. According to

these criteria, HE documented in a outpatient record
only or referred to by the patients or their relatives was
not considered sufficient to classify the patients as
HE1.

We tried to address this issue by reviewing the data
prospectively collected in patients seen in Italy. We
also considered patients with cirrhosis included and
not included on the waiting list for LT in our analysis
to test the capacity of HE1 status in the selection of
candidates for the waiting list.

The results were then validated by comparing the
AUC of the model relating MELD and HE with 6-
month survival derived from the Italian cohort with
that obtained from the Canadian cohort. It should be
stressed that the 2 cohorts included patients seen in far
different countries and characterized by statistically
significant differences in demographic and clinical data
(Table 1). A validation in 2 so different cohorts sup-
ports the applicability of the model based on MELD
and HE in very different settings. Given these results,
the 2 cohorts were merged to obtain an estimation of
the relationship between MELD without HE and sur-
vival based on a large series of patients. In this way, the
range of MELD scores in the whole series was quite
large (range, 6-40), allowing us to analyze the impact
of HE across the whole MELD spectrum. Moreover,
a sensitivity analysis was carried out in order to deter-
mine the applicability of these results to patients with
HCC in whom exception MELD points are given.
The results clearly showed that MELD alone underes-
timated the short-term mortality of patients with a
previous episode of HE and suggested that doctors
should take into consideration this important compli-
cation of liver cirrhosis in LT allocation policy. The
problem is the introduction of a clinical parameter into
a score exclusively based on numerical data. In fact, the
main advantages of MELD are that it is entirely objec-
tive, reproducible, and easy to apply because it is
completely based on laboratory data. In contrast, the
diagnosis of overt HE as well as of the other complica-
tions of cirrhosis may be operator-dependent. Even
the numerical scores proposed for HE staging (Hepatic
Encephalopathy Scoring Algorithm [HESA] score or
New Haven score) are based on subjective judgments
of the patient’s state of consciousness or behavior and
are not easily reproducible in the different centers com-
peting for organ allocation. Psychometric tests (com-
puterized or “paper and pencil”) are able to provide
numerical parameters, but they can be used only for
compliant enough patients.(23-25) The same is true for
the critical flicker frequency (CFF), which was recently
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proposed as a parameter useful to explore the cognitive
impairment of patients with cirrhosis related to the
patient’s survival.(26) More importantly, once it is real-
ized that wait-list inclusion may depend on the result
of these tests, a patient may voluntary alter his or her
psychometric performance. For these reasons, HE was
until now not considered in allocation scores for LT,
despite the abundant evidence of its prognostic rele-
vance. We tried to solve this problem using a pragmat-
ic definition of HE by considering HE1 patients to be
those with a documented diagnosis of overt HE made
during a hospitalization. This “user-friendly” method
goes over the need of classifying the patients according
to HE severity (because of the possible subjectivity)
and to other characteristics. In fact, the maximum
severity of HE reported in the hospital records (grade
2 versus grade 3-4), HE time course (episodic versus
recurrent defined as bouts of HE occurring with a time
interval of 6 months or less), and proximity between
the first episode of HE and enrollment (> or� of 6
months) did not influence the 6-month mortality,
probably also because of the higher difficulty in record-
ing these data. The choice to consider only HE epi-
sodes documented by a previous hospitalization
strongly reduces the subjectivity in HE diagnosis.

Our analysis shows the following:

1. HE, as defined above, significantly worsens the
short-term prognosis independent of MELD and
the other complications of liver cirrhosis.

2. In patients with a documented history of HE,
short-term mortality increases across the entire
MELD spectrum, suggesting that HE is a factor
both for listing and prioritizing patients for LT.

3. A score based on MELD1 7 points (95% CI,
4-10) for HE1 patients optimally predicts the
6-month mortality rate.

4. By not considering HE, about a third of the
patients are misclassified by MELD alone in
terms of short-term mortality.

Before our study, at least 4 articles underlined the
importance of HE for LT allocation. Stewart et al.,(19) by
analyzing the mortality rate of 271 hospitalized patients,
showed that HE grade 2 or higher was associated with an
increased mortality independently on MELD. Wong
et al.,(14) using the United Network for Organ Sharing reg-
istry data, evaluated the impact of HE on 90-day wait-list
survival in almost 90,000 patients with cirrhosis, showing
that patients with grade 3-4 HE had a 66% greater risk of
90-day mortality than patients without HE and that when
stratified by MELD, patients with grade 3-4 HE had a

90-day wait-list mortality similar to nonencephalopathic
patients with MELD scores 6-7 points higher.
Montagnese et al.,(20) using EEG and automated determi-
nation of its mean dominant frequency in 392 patients
with cirrhosis, showed that both MELD and EEG were
independent predictors of mortality and that MELD-
EEG had higher prognostic accuracy in predicting 12-
and 18-month mortality compared to MELD. Finally,
Ampuero et al.(26) showed that CFF was related to patient
survival in patients with a MELD score higher than 10.

Although prospective studies are still needed, our
results support the idea of considering HE together
with MELD in the current LT allocation policy (for
inclusion and prioritization of patients) without using
difficult tools and trying to propose a method of quan-
tification of HE prognostic role. Although MELD
alone with the exclusion of HE among the staging cri-
teria causes a third of patients to be misclassified in
terms of short-term mortality, the optimal correction
of MELD score to take into consideration the influ-
ence of HE would be the addition of 7 points in
patients with a documented episode of overt HE.
Considering HE among the criteria for LT may also
be useful for assessing timing and urgency for bedside
clinicians to pursue alternative means to transplant (ie,
living donor or extended criteria grafts).
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