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age, sex, etiology of liver disease, and laboratory re-
sults (obtained within 24 hours prior to transplant
surgery) for serum total bilirubin, serum albumin,
international normalized ratio (INR) and serum crea-
tinine. All data were retrieved as part of continuous
quality improvement activity in accordance with in-
stitutional guidelines.

MELD and CTP scores

A patient’s MELD score is based on 3 biochemical
parameters (INR, total bilirubin and creatinine con-
centrations in mg/dL) and the category of disease (0,
it cholestatic liver disease or Laennec’s cirrhosis is
present; 1, for all other causes of liver disease):’
MELD = 11.20xlog (INR) + 3.78 x log [bilirubin]
+ 9.57xlog|creatinine] + 6.4 x(0 or 1,
depending on disease category)

CTP scores were calculated from data recorded just
prior to transplant surgery for each patient’s enceph-
alopathy grade, amount of ascites, INR, total biliru-
bin and albumin. MELD and CTP scores were also
calculated for those with fulminant liver failure, since
both scores have parameters in common with King’s
College criteria (Box 2) for liver transplants in acute
end-stage liver disease.®

Box 2. King’s College criteria for acute
liver disease

From acetaminophen toxicity

pH <7.30, irrespective of grade of encephalopathy

or international normalized ratio (INR) > 6.5 and
creatinine > 300 pumol/L if in grade 3 or 4 coma

From another etiology

INR > 6.5, irrespective of encephalopathy grade
or any 3 of the following:

¢ Non-A non-B hepatitis, halothane hepatitis,
idiosyncratic drug reaction

* Age <10 or >40 years

* Jaundice-to-encephalopathy interval >7 days
e INR>3.5

Total bilirubin >300 umol/L
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CanWAIT status and waiting times

Pre-transplant CanWAIT status was noted for the
day the patient was called for liver transplantation,
regardless of their status when they were wait-listed.
Waiting time was measured in days from the date of
first waitlisting to that of transplant surgery.
CanWAIT was developed as a sharing algorithm in
Canada through the Canadian Liver Transplant Study
(CLTS) Group, comprising the 7 adult and 4 pediatric
liver-transplant programs in Canada. Patients waiting
at home are listed as CanWAIT status 1 (Table 2);
those with nonresectable tumours® (such as hepato-
cellular carcinoma) are allotted CanWAIT status 1T.
Hospitalized patients are assigned status 2, except
when being monitored in the critical-care facility in
the hospital (status 3) or requiring mechanical venti-
lation (status 4). Patients with fulminant liver failure,
including transplant recipients relisted for graft non-
tunction or technical failure, are designated status 3F
(off ventilation) or 4F (on mechanical ventilation).
Routinely, organs are allocated and utilized region-
ally. High-status patients (CanWAIT status 4F, 4 and
3F, in that priority) are registered on a national wait
list; donor livers are directed to recipients with the
highest needs across Canada. All liver transplantation

Table 2: Canadian wait-listing algorithm in transplantation
(CanWAIT) for a human liver

CanWAIT
status Patient criteria
1 At home
1T At home with a liver tumour
2 In hospital with stable condition
3 In intensive or equivalent care facitity but not requir-

ing mechanical ventilation support, with cither:
* creatinine >200 umol/L or rising by
>50 umol/L per day, or

* grade 3 or 4 encephalopathy

3F In intensive or equivalent care facility for fulminant
liver failure but not on mechanical support, who
fulfills the King's College criteria for high risk of
mortality without liver transplantation

4 In intensive requiring mechanical ventilation
support; without liver transplantation, death is
considered imminent

4F [n intensive requiring mechanical ventilation for
fulminant liver failure, including nonfunction of a
primary graft; without liver transplantation, death
is considered imminent

0 On hold
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activities (selection, allocation and outcome) in
Canada are reviewed annually by the CLTS Group, to
ensure compliance.

Outcomes

At the end of 90 days, those alive were assigned a
value of 100% for survival outcome. Those who died
within 90 days, for any reason, were allotted the
value 0.

Statistical analysis

Unpaired, 2-tailed Student’s ¢ test and 1-way analysis
of variance (ANOVA) were used for univariate analy-
sis of baseline characteristics by outcomes. Multivari-
ate regression analysis was performed to identify the
best independent baseline characteristics associated
with survival. All analyses were performed using
Minitab® Release 14 statistical software package
(Minitab Inc., State College, Pa.). For all tests, p
<0.05 was considered to reach statistical significance.

We also used concordance (c-statistic) to assess the
ability of the MELD and CTP scores or CanWAIT
status to correctly stratify patients into survival versus
death. The c-statistic is derived from the “area under
the curve” of a receiver operating characteristic
(ROC) curve; it ranges between 0 and 1.0, with 1.0

Table 3: Patient demographics and mean lab results, calculated
scores, wait times and short-term survival outcomes (and stan-
dard deviations) for consecutive liver transplants in adults by
the Atlantic Liver Transplant Program, 1985-2001

Survival at 90 d

All
Characteristic transplants  Alive Died value
Patients, no. 228 183 45
Males, no. (& %) 139 (61%) 115 (63%) 4 (53%) 0.15
Mean age, yr 9 (11) 8 (11) 2 (8) 0.0031
BMI, kg/m? 7(5) 7 (5) 7(5) 098
Albumin, g/L 9(7) 0 (6) 6 (8) 0.0066
Bilirubin, pmol/L 128 (145) 112 (130) 189 (184) 0.011
Creatinine, umol/L 133 (122) 125 (118) 168 (131) 0.048
INR 1(1.4) 1(1.4) 4(1.3) 0.14
MELD score 8 (12) 7 {12) 4(13) 0.0019
CTP score 0 (3) 9(3) 1) 0.0002
Wait time, d 7(132) 105 (139) 67 (97) 0.036

BMI = body mass index; CTP = Child-Turcotte-Pugh; INR = international
normalization ratio; MELD = Model for End-stage Liver Disease
p values were derived by univariate analysis.

corresponding to perfect discrimination and 0.5 to
what is expected by chance. By convention, a c-
statistic of 0.7 or greater is considered to be clini-
cally useful, and a value between 0.8 and 0.9 indi-
cates excellent diagnostic accuracy.

Results
Demographics

Table 3 describes the overall characteristics of our
study population. Eight recipients (4%) underwent
transplant for hepatocellular carcinoma (CanWAIT
status 1T; Table 4). Thirty transplants (13%) were
performed for fulminant liver failure (CanWAIT sta-
tuses 3F and 4F). The mean MELD score in our co-
hort was 18 (SD 12), whereas the mean CTP score
was 10 (SD 3; Table 3).

Patient and graft survival

The overall 90-day survival was 80% (95% confi-
dence interval [CI] 75%-85%); predicted 90-day
survival without liver transplant by MELD scale was
only 51% (CI 47%-55%; p <0.0001). Table 3 sum-
marizes the differences in baseline characteristics by
transplant outcomes. There were significant correla-
tions between short-term outcomes after liver trans-
plantation and all 3 variables (MELD and CTP score
and CanWAIT). The 90-day survival for patients
listed as CanWAIT status 1 was 90%; 17T, 75%; 2,
79%; 3K, 77%; 4F, 65%; 3, 63%; and status 4, 40%
(p <0.001, ANOVA). Transplant outcomes by CTP
classification were class A, 92%; class B, 89%; and
class C, 71% (p=0.002, ANOVA). For MELD scores
under 10, survival with good graft function was
90%; for those above 39, 59%; and by categories,
MELD score <5.0, 91%; 5.0-14.9, 87%; 15.0-24.9,
79%; 25.0-34.9, 67%; and &35, 61% (p=0.003,
ANQVA). Stepwise regression of 90-day survival
was calculated on 8 predictors (age, wait time, albu-
min, total bilirubin, creatinine, MELD score, CTP
score and CanWAIT status) using a sample size of
n=228. The best independent predictors associated
with 90-day survival were CanWAIT status (coeffi-
cient —1.08, p <0.001) and age (coefficient —0.776,
p=0.001).
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MELD and CTP scores were both intended as
prognostic indicators of patients with chronic liver
discase and not those with acute liver failure or non-
function of a graft. Nonetheless, reanalysis excluding
status 3F and 4F patients did not alter the findings,
nor did excluding the first 20 cases (data not shown).

Prediction model with c-statistic

Area under the ROC curves (Fig. 1) was 0.67 for
MELD scores, 0.65 for CTP scores, and 0.71 for
CanWAIT status. Although c-statistics for the 3 pre-
dictors of 90-day survival were found to be compara-
ble, only the value for CanWAIT status exceeded 0.7,
indicating that clinically it is the most useful.

Interpretation

This study shows that CanWAIT is a clinically rele-
vant predictor of 90-day outcomes after liver trans-
plantation. By multivariate analysis, CanWAIT sta-
tus and age were found to be the best independent
associations for short-term posttransplant outcomes;
MELD and CTP scores did not fare as well.

With an increasing gap between number of avail-
able organs and of patients on the liver transplant
wait list, there has been interest in developing models
to prioritize patients better for liver transplantation.
The MELD score is a considerable advance in organ
allocation since it makes use of readily available re-
sults of laboratory tests reflecting the severity of liver

Table 4: Distributions of MELD and CTP scores and CanWAIT
status of 228 consecutive liver-transplant patients

Score grouping Cases % Status  Cases %o

MELD category CanWAIT status

&5.0 23 10 | 123 54
5.0-14.9 88 39 14 8 4
15.0-24.9 62 27 2 33 14
25.0-34.9 2 12 3 24 11
235 28 12 3F 138 6
4 10 4
CTP class (and score range) 4F 17 7
A (5-6) 25 11
B (7-9) 84 39
C (10-15) '8 52
CanWAIT = Canadian wait-listing algorithm in transplantation; CTP = Child
Turcotte—Pugh score; MELD = Model for End-stage Liver Disease score
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disease to predict posttransplant survival." Statisti-
cally, the MELD score has been shown to have an
excellent discriminant function (c-statistic =0.87) for
predicting 3-month mortality." In this study, how-
ever, CanWAIT status appears to be better in identi-
fying short-term survival in a single transplant centre.

Because the MELD score predicts short-term sur-
vival, we hypothesized that any association between
MELD score and liver transplantation outcome
would be evident in the first 90 days after transplant.
But MELD scores at time of transplant were not bet-
ter than CanWAIT status for prediction of 90-day
survival. This could be due to the operational learn-
ing curve, with some of the earlier graft losses being
secondary to technical problems, resulting in poor
correlation between MELD scores and graft loss
rate. Our results did not change when we excluded
the first 20 liver transplantation at our centre. Inclu-
sion of transplants for fulminant liver failure might
be another reason that the MELD score did not per-
form as well as reported in the literature. However,
our results did not change when patients in Can-
WAIT status 3F and 4F were removed from the
analysis. A recent study from the Mayo Clinic” sug-
gests that MELD score may be useful for prioritiza-

c-statistic
= CanWAIT status 0.71
=== MELD score 0.67

True-positive rate (sensitivity)

CTP class 0.65
0 T T T T T T T T === \
0 0.2 0.4 0.6 0.8 1|

False-positive rate (specificity) 1

- B - |
Fig. 1: Receiver operating characteristic curves
compare the discriminatory ability for 3-month sur-
vival after liver transplantation by CanWAIT status,
MELD score and CTP class. By convention, a c-
statistic >0.7 is considered to be clinically useful;
> 0.8, to have excellent diagnostic accuracy.
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tion of a subset of candidates with fulminant hepatic
failure. This is not unexpected, since King’s College
criteria for liver failure, like MELD score, uses INR,
total bilirubin and creatinine as important factors.
Table 1 also features hepatic encephalopathy, INR
and bilirubin as important predictors for CTP scores,
just as for King’s College criteria (Box 2). We tried
to broaden the use of these prediction scores by in-
cluding our entire experience with 228 consecutive
liver transplants.

This single-centre retrospective analysis does not
take into account those patients who died on the
waiting list, which would be an interesting analysis
by itself, but difficult to accomplish in retrospective
analysis.

Conclusion

In spite of its shortcomings, this study illustrates that
the new scoring system is not necessarily superior to
the MELD score. CanWAIT status, however, strati-
fies liver transplant patients better and predicts short-
term outcomes more accurately. Since hospitaliza-
tion patterns may vary from centre to centre, our
findings need to be confirmed by a prospective and
multicentre study including patients on the waiting
list. Until those results become available, there is no
need to replace CanWAIT status by either MELD or
CTP score for wait-listing patients for liver trans-
plantation in Canada.
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