Page 3 of 37 Liver Transplantation

S Marubashi, et al. #L.T-15-483 R1 3

John Wiley & Sons, Inc.

This article is protected by copyright. All rights reserved.

-114-



Liver Transplantation

S Marubashi, et al. #LT-15-483 R1 4

between 1999 and Oct 2014 were included in this study. we investigated the factors

associated with small-for-size associated early graft loss (SAGL) to determine the graft

E

] sc%”“x;e (P<0.001) and actual graft weight/recipient standard liver volume (SLV) ratio

(P=0.008) were independent predictors of SAGL. The recommended graft volume by

pre-operative CT volumetry was calculated as SLV x (1.616 x MELD+0.344)/100/0.85

(ml) [MELD 2 18.2], or SLV x 0.35 (mI) [MELD < 18.2].
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‘onclusion: The required allograft volume in LDLT can be determined by the

perative MELD score of the recipient, and patients with higher MELD scores

require larger grafts or deceased donor whole liver transplant to avoid SAGL.
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e

saying treatment for end-stage liver disease (ESLD) and acute liver failure, though it is

B,

not considered to be as ideal a treatment as deceased donor liver transplantation due to

)

sub;tantial risk of mortality for live donors (1-6). Morbidities among live donors are

reported to be more frequent in right lobectomy than left lobectomy or left lateral
i

secfgionectomy (7). Many transplant programs use a left lobe graft in LDLT to minimize
orbidities in live donors (8, 9).

However, despite excellent postoperative results using the left lobe, it is not
applicable to a certain group of LDLT candidates. We previously reported that a high

preoperative MELD score (10, 11) was associated with postoperative graft

nic HBV-infected ESLD patients can be rescued by right lobe with middle hepatic

vein (MHV) graft in their LDLT series (15). Graft volume and recipient prognosis are
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ght to be correlated, and the minimal graft volume required for partial liver
’éplantation is thought to be 40% of the standard liver volume (16, 17) or 0.6-0.8%
of the graft weight to patient weight ratio (18, 19). Otherwise, the recipients with small
gréfts would develop small-for-size syndrome (SFSS) with poor graft survival (20-22).
Reviewing these reports, we considered that the minimal graft volume
necessary for each patient could be determined by a certain combination of more
essential parameters, such as pre-operative MELD score and graft volume or weight. An
accurate estimation of the suitable graft for each recipient could enable the selection of
ppropriate graft and donor, or even change LDLT to deceased donor whole liver
ansplantation, in which the substantial risk to live donors and the waste of valuable
partial liver grafts from live donors can be avoided.

In this study, we hypothesized that graft weight measured after graft
procurement is one of the variables predicting postoperative graft function and
investigated the factors associated with small-for-size associated early graft loss to

determine the minimal graft weight required for each patient prior to LDLT.
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nts and methods

A total of 138 consecutive recipients of adult-to-adult LDLT between 1999

ipient selection committee of Osaka University Graduate Hospital.

The criteria for donor selection were described previously (23). Briefly, the
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Japan (2).

Our volumetric requirements for living donation were an estimated remnant

liver volume of more than 35% of the whole liver volume of the donor, and an

estimated donor graft liver volume of at least 35%, but preferably more than 40%, of the

ipient’s standard liver volume (SLV).

Mycophenolate mofetil was added to increase the immunosuppression in rejection or as

a renal sparing protocol. Prophylactic administration of DHPG (5 mg/kg/day) was
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We defined SAGL as graft loss with SFSS in the EGL group, where the

.
defi

ition of SFSS by Dahm, et al. 22 was adopted, as liver dysfunction with the

|

%éence of two of the following on three consecutive days: bilirubin > 100 z mol/l,

D2
y

ji\x/higch was not associated with SFSS, was excluded from the events of SAGL and
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ored at the time of graft loss.

Statistical analysis

Pre-operative variables (i.e., age, gender, pre-operative MELD score,
etiology), donor variables (i.e., donor age, graft type, graft weight, ABO blood type
ncompatibility), operative variables (i.e., blood loss, operative time, warm ischemic
time, cold ischemic time, splenectomy), and postoperative variables (i.e., highest serum
bin level, morbidities, postoperative complications) were evaluated. Univariate
ysis was performed to determine the risk factors for SAGL using a logistic
gression model. The associated factors with P<(.10 and without correlation to each
based on the Pearson product-moment correlation coefficient (P<0.9) were
brc ght into the multivariate logistic regression analysis.

Pre-operative variables that can be obtained prior to the surgery are useful in
determining the graft type of the donor liver and were investigated for their association
SAGL. Actual graft weight (GW) was considered to be pre-operatively assessable

n a,volumetric study using MD-CT scans of the donors.
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A regression score was calculated using the significantly associated variables
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Demography and pre/postoperative factors were compared in univariate

logistic regression between the SAGL group (n=12) and control group (n=125) (Table

1). The pre-operative MELD score (P<0.001), actual GW/recipient estimated SLV ratio

=0.021), operative time (P=0.030), and highest serum bilirubin level 4-28 days after

ansplant (P<0.001) were significantly different between the two groups. These

significantly different factors and those with P<0.1 (donor age, P=0.054; operative

loss, P=0.057) were brought into the multivariate logistic regression analysis.

variate analysis revealed that pre-operative MELD score (P=0.021), actual

V/recipient estimated SLV ratio (P=0.032), and highest serum bilirubin level 4-28

after transplant (P=0.006) were independent predictors of SAGL (Table 2). When

sis was restricted only to pre-operatively assessable predictors, multivariate

logistic analysis revealed that pre-operative MELD score (P<0.001) and actual

recipient estimated SLV ratio (P=0.008) were independent predictors of SAGL

re 1).

Using the regression equation from the logistic regression analysis, risk score
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calculated in each case with pre-operative MELD score and the GW/SLV ratio: risk

=-0.203 x MELD + 0.136 x GW/SLV (%) + 1.509. The ROC curve of SAGL and

=

calculated score revealed a cut-off value of 2.187 (AUC=0.914) for the risk score.

e

determined the risk score in each recipient-donor pair. We defined risk score > 0 as the
cﬁ@gria for minimal graft weight and risk score > 2.187 as the recommended graft

weight. The baseline requirement for the GV/SLV ratio was 35% in both minimal and

ecommended graft weight.

&
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ese formulas can be described as follows:

Vlinimal graft weight (g)

= SLV x (1.616 x MELD-14.139) /100 (g) [MELD 2 27.2]
=SLV x 0.35 x 0.85 (g) IMELD < 27.2]

Recommended graft weight (g)

= SLV x (1.616 x MELD+0.344)/100 (g) [MELD 2 18.2]
=SLV x 0.35 x 0.85 (g) [MELD < 18.2]

e SLV is the recipient’s SLV (25) and MELD is the pre-operative MELD score (10,

According to the reported coefficient factor of 0.85 for graft weight
imation from pre-operative CT volumetry in LDLT (26, 27):

nimal graft volume by pre-operative CT volumetry (ml)

=SLV x (1.616 x MELD-14.139) /100/0.85 (ml) [MELD £ 27.2]

=SLV x 0.35 (ml) [MELD < 27.2]

commended graft volume by pre-operative CT volumetry (ml)

= SLV x (1.616 x MELD-+0.344)/100/0.85 (ml) [MELD 2 18.2]
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= SLV x 0.35 (ml) [MELD < 18.2]

volume/SLYV ratio should be over 57.4% for Zone A.

..anatomical donor liver section(s): the right lobe, left lobe with or without caudate, or
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t posterior section. Our process for determining the type of graft starts with the
ne that the residual liver volume for the live donor should be >35%, and the
estimated graft volume/recipient’s SLV should be >35%, preferably >40%. The graft
liver volume should then meet the criteria of the “recommended graft weight” formula.
Crraft liver volume less than the “recommended graft weight” should be considered a
elative contraindication. In addition, there was a subgroup of less than “minimal graft
weight” with quite a poor prognosis. Liver transplantation with a donor graft weighing
an the minimal graft weight should be considered an absolute contraindication for
al liver transplantation, and the live donor should be changed to another appropriate
nor or deceased whole liver donor.

Previous reports from our group (12, 13) and other groups (28-32) have
n that the risk factors for EGL include MELD score, graft volume, donor age, and
hers. We developed the previous results (12, 13) with more data in this study,
sing on the pre-operatively assessable variables. Our results indicate no significant
elation between SAGL and donor age, though it was correlated with high MELD

e and small graft weight. One of the reasons for these differences may be due to the
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i .

or.weight, which was calculated using pre-operative CT scans (26, 27, 41). Even if there

s an error between the true graft weight and estimated graft volume, the error would be
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imized in well-trained methods (26, 27, 41), suggesting that selection of a graft
é the estimated graft volume would be valid. We used the results of these studies
and calculated the estimated actual GW from the pre-operative donor graft volumetric
analysis.

In cases with high MELD scores, the graft weight of the donor liver should be
sufficient when planning LDLT. If the estimated graft volume is less than the
recommended graft weight, the graft may develop SAGL with substantial probability
quire re-transplantation. Under the current graft allocation system in Japan, graft
e within 3 months of LDLT would be top priority for deceased donor liver
nsplant, which could lead to the loss of one liver transplant for another patient
the top of the list. We should be careful to avoid such SAGL recipients and
liver transplantation in accordance with this graft volumetric analysis, selecting
donors or rejecting live donors and using deceased donor whole liver
‘tra splantation for the recipients with high MELD scores.

Sufficient graft volume of the donor graft discussing here is only a minimal

irement for successful liver transplant, which is related to a variety of conditions
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nalyze data separately using graft type, but it may be more appropriate to include graft
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: in a large cohort study.

In conclusion, donor and graft type in LDLT could be determined by

pre-operative volumetric analysis of the donor liver and the MELD score of the
recipient. Patients with higher MELD scores require larger grafts or deceased donor

whaole liver transplantation in order to avoid SAGL.
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mon

ire 3. Zones A, B, and C according to graft volume and MELD score matches.

Zone A includes cases with low risk of SAGL, Zone B with acceptable risk of
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