INITIAL DOSE OF TACROLIMUS

polymerase chain reaction (PCR). The genomic DNA isolated
from the homogenate of a grafted liver biopsy specimen and
intestinal mucosa or peripheral blood from recipients was used for
genotyping by the PCR restriction enzyme length polymorphism
(RFLP) method.® This study was conducted in accordance with the
Declaration of Helsinki and its amendments, and was approved by
the ethics committee of Kyoto University.

Normally distributed values were presented as the mean  SE.
Logarithmic transformation of the mRNA expression levels of
MDR1 and CYP3A4 was performed to improve normality before
performing statistical analyses. The unpaired Student’s ¢ test was
used to compare groups with respect to normally distributed
variables.

RESULTS AND DISCUSSION

Although the tacrolimus dosage regimen for each recipient
was defined as the daily trough level of tacrolimus from day
2 in each recipient, half of the tacrolimus trough levels were
below the lower limit of the therapeutic range, which was
set at 10 to 20 ng/mL, during 7 postoperative days (90 of 201
meastrements, n  46). .

The quantified average expression levels of MDR1
mRNA and CYP3A4 mRNA in all 48 intestinal mucosa
obtained was 0.41 1.19 and 1.58 1.25 (micromoles per
gram total RNA; mean  SE), respectively.’

factors for tacrohmus therapy after LDLT we examined the
pharmacokinetic SIgmﬁcance of these absorptlve bartiers ™

t B
with the tacrolimus C/D  ratio in LDLT recipients. The not aﬁected by these SNPs““ Therefore, the intestinal

= ‘mRNA expressxon Tevel of MDR1 at LDLT was a potent
= pharmacokmetxc factor thhout the. mﬂuence of these two
"SNPs. -

logarithmically - transformed mRNA " expressmn level - of
MDR1 (7 - ~0.776); but not* CYP3A4 @:

ministered orally. Moreover, we categorized recipients by
mRNA. expression levels of MDR1 and CYP3A4 on the
basis of each mean value. The differences in dose, the
trough level, and the C/D ratio were examined between the
high and low groups for both MDR1 and CYP3A4. The

tacrolimus trough level did not dxtfer sxgmﬁcantly between,
0.58 in the high-MDR1'

the two MDRI1 groups (115
group v§ 11.0¥ 052 ng/mL in the low-MDRI ; group, P

476) However, ‘the 'oral dose and the C/D ratio of tacroh-;'?
mus in the high-MDR1" group were ‘approximately twofold "

higher (0.13  0.01vs 0.07 0.01 mg/kg per day, P 001)
and lower (143. 18.2'vs 230.1 "
day P

low-CYP3A4 groups in tacrolimus' dose or. C/D ratio.:

l‘(CJ&L, wWe PlCLL[lJJJJdJ.Lly PI CUILLCU l.uC Jlll le.l Uld.l LlUbdgC Ul’

tacrolimus based on the mRINA expression level of intesti-

nal MDR1 mRNA ‘at LDLT: Despite the small number’ of
sub]ects the perlod requn:ed for the blood Ievel of tacroh—'f
mus to reach therapeutic range (10 nO/mL) was faster n'the
27) than in the nonpredlcted grovp (-

predicted group (n

35).. In addition, the correlatlon between the intestinal
mRNA level of l\/IDRl and the tacrohmus C/D ratio during
7 postoperatlve days was confirmed in the additional cases

To dlarify

whether MDR1 and CYP3A4 play roles as pharmacokmetxc_ L 3435C/T and 2677G/AT genotypes were similar to previous

- reports, but bothi the tacrolimus C/D ratio dunng 7 postop-

~0.096), was -~
inversely correlated: with the C/D ratio~of" tacrohmus ad-¢7¢

- 20.9 ng/mL - mg/kg per
-.002).than in the low—MDRl group, respectively..
There, was no mgmﬁcant difference between the hlgh— and;
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Fig 1. Interindividual variation of tacrolimus absorption. Recip-

ients with a high level of intestinal MDR1 require a higher initial
dose of tacrolimus.

m 104, r 0.645). These results suggest that the
intestinal expression level of MDR1 was a good molecular
marker to define the oral dosage regimen of tacrolimus, at
least immediately after LDLT.

Recently, the MDR1 cDNA 3435C/T and 2677G/AT
single-nucleotide polymorphisms (SNPs) were reported as
factors affecting the intestinal expression and/or functional
property of MDR1.* However, the frequencies of MDR1

erative days and the intestinal mRNA level of MDR1 were

In conclusion, intestinal MDR1 functions as an absorp-
tive barrier for orally administered tacrolimus, and its
mRNA level'at LDLT could contribute to establishment of
an individualized oral dosage regimen of tacrolimus imme-
diately after surgery (Fig 1).
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Hepatobiliary and pancreatic: The color bar sign after living donor
liver transplantation

In living donor liver transplantation, the first reported procedures were carried out with a left liver graft. Subse-
quently, better results were achieved with a right liver graft, particularly when the recipient was an adult. One tech-
nical issue involves the venous drainage of the right graft that normally includes the right hepatic vein and tributaries
of the middle hepatic vein. In order to avoid venous congestion of the right anterior section of the graft, remnant trib-
utaries of the middle hepatic vein are often anastomosed to the right hepatic vein. The challenge is to document these
anastomoses in the postoperative setting, when it might be difficult to distinguish branches of the portal vein from
branches of the middle hepatic vein.

We have used color Doppler ultrasonography to assess different features of the vasculature after living donor liver
transplantation. The portal vein accompanies the hepatic artery, although it is often difficult to detect the hepatic
artery on the periphery of the liver. Furthermore, blood flow velocity in the portal vein decreases towards the liver
periphery, whereas blood flow velocity in the drainage veins (right hepatic vein and tributaries of the middle hepatic
vein) increases towards the liver periphery. These features are shown in Fig. 1. The remmant tributary of the middle
hepatic vein is shown with solid arrows, whereas open arrows are used for the right hepatic vein. The curved arrow
indicates the direction of blood flow. The increasing blood velocity in the remnant tributary of the middle hepatic
vein mimics the upper side of a color bar; and hence it is called the color bar sign. Pulsed Doppler ultrasonography
cam also be used to, confirm the drainage vein by analysis of the waveform. The phasic waveform associated with the
tributary of the middle hepatic vein is shown in Fig. 2. This new sign might be useful for the diagnosis of functional
anastomoses in recipients of a right liver graft. o T o
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Intrahepatic venous anastomosis
formation of the right liver in living
donor liver transplantation: Evaluations
by Doppler ultrasonography and pulse-
inversion ultrasonography with Levovist

Tetsuya Kaneko, MD,* Hiroyuki Sugimoto, MD,* Masashi Hirota, MD,* Shigehiro Kure, MD,*
Tetsuya Kiuchi, MD,b and Akimasa Nakao, MD,” Nagoya, Japan

Background. Our aim was to investigate the development of intrahepatic venous anastomoses between
the middle hepatic vein (MHV) and the right hepatic vein (RHV) in adult-to-adult, living donor, liver
transplantation.
Methods. Using Doppler ultrasonography, we studied the formation of venous anastomoses between. the
MHY tributaries for segments 5 and 8 (V5, V8) and the RHY in the liver remnants of 7 donors of a left
liver, including the MHY, and in the liver grafis of 8 recipients of a right liver, without including the
MHYV. In 1 donor and 5 recipients, we performed pulse-inversion ultrasonography with a microbubble
contrast agent to evaluate hepatic parenchymal perfusion in the drainage region of the MHV.
Results. We observed 15 MHYV tributaries of V5 and 13 of V8 among the 15 adult transplant patients.

. Dunng the ﬁrst postoperative week, we detected venous’ anastomosis between V5 and the RHV in 47 = 1. =
patients and in 10 patients between V8 and the RHV. After the Ist week, wé' observed the formation of " "
anastomosis between V5 and the RHV in 10 patients, and between V8 and the RHV in 3. In both MHV =7 7 1/
tributaries, the mean ﬂow velocities increased (P < .01). By the end of the 1st week, the formatzon rate in ‘

V8 was higher than in V5 (77% vs 27%, P < .03). In the parenchymal phase of the pulse-inversion -
ultrasonography with the microbubble contrast agent, the V5 drainage region had low mtensztzes whzle'A o
the V8 drainage territory revealed high intensities in 4 of 6 patients (66.7%).

Conclustons. Functional venous anastomoses between either V5 or V8 and the RHV developed in most of

the donors of left hepatic lobes and in recipients of right hepatic lobes; however, anastomoses developed
earlier in V8 than in V5. Furthermore, perfusion was decreased. in the drainage area of V5, compared

with V8. (Surgery 2005;138:21-7.) .

,w1dely in th adult paﬁent populatlon , ~
a right liver graft without 1nclud1ng the m1ddleA}
Ahepauc vein (MHV) has become a standard oonn 3
‘to ensure adequate hepaﬁc gIaftvolumes capable pf .

fulﬁlllng the metabolic demands of recmlents
Thc’:',rylght, an;enor (segm,ents,ﬁ and ‘8),,of thqh:vber;ljs :

between the MHV tnbutanes and the nght hepat ;
vein (RHV).” - -

Accordmg to. the Kyoto group, graft loss conse-
quent to graft congestxon did not occur amongﬁf
their series of more than 200 living donor tlrans—jlE
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plants using the hcrht liver without the MHV.®
Conversely, Lee et al” reported severe congestion
of the anterior sector of right liver grafts without
the MHYV after reperfusion, which resulted in
severe graft dysfunction and septic complications.
They. now reconstruct all the MHV tributaries for
the right anterior sector of right liver grafts when
the MHV is not inchided in the graft. It remains
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Table I. Demographic data

n=15

Recipient age (y) 43 + 16 (17-60)
Recipient gender (M/F) 8/7
Donor age (y) 38 + 12 (21-56)
Donor gender (M/F) 10/5
Diseases
Hepatitis-induced liver cirrhosis
Primary biliary cirrhosis
Biliary atresia
Familial amyloid polyneuropathy
Primary sclerosing cholangitis
Fulminant hepatic failure
Operative procedures of donor
Left hepatectomy 7
(segments 2, 3, and 4 with MHV)
Right hepatectomy 8
(segments 5, 6, 7, and 8
without MHYV)

Patient total

i NOOND A O

MHYV, Middle hepatic vein.

controversial as to whether the MHV tributaries

should be recOr'xstrliqted’ and whether a single
hepatic vein’ can provide drainage for the entire g

right liver graft, presumablyt_hrough ﬂ;é;fo‘nﬁa;io;i ‘

of intrahepatic venous anatomoses.

_ In patients in whom the MHV tributaries are not -

reconstructed in  right liver graft, the integrity

of the intrahepatic venous anastomoses between ™

the MHV and RHYV is of considerable importance
because there is no other collateral route for blood
to exit the liver. Compromise of these anastomoses
could lead to'venous outflow obstruction, causing
graft cong ' : it fai ’

venous anastomoses between the MHV and RHY,

utilizing color’ Dopplér ultrasoriography (usy:”
Doppler US has been used “exténsively’ in ‘the
evaluation of liver grafts and hepatic vasculature.

The intrahepatic hemodynamics is similar in’ re-

cipients of a right hver graft y(fithbut theMHVand :

in the right liver remnant in donors ‘of a left liver

graft with the MHV. As a ‘result, ‘we evaluated’
formation of Vcri‘gjyi‘lsr'anasﬁomc‘)sles between 'the -

MHV tributaries and the RHV in recipients of -
right liver grafts without the MEV and in donots of *

left’ liver grafts “ith""thé MHV We ‘also’ utilized
Pulse-inversion harmonic US with 2 microbubble

contrast agent to assess hepatic parenchymal per-
fusion as another measure of the development of |

intrahepatic venous chlétéiﬁIé.”‘lz This technol-
ogy results in improved spgﬁal and témporal res-
olution in comparison with convek'ritional Doppler

US, as well as in heightened contrast compared

.y . 1%
with harmonic US.

gestion and potential graft failure. Our °
aim o0 assess the intrahepatic formation ‘of
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In this paper, we use the nomenclature specified
by the Hepato-Pancreato-Biliary Association re-
garding the anatomic terminology of the liver."*

PATIENTS AND METHODS

Patients. We studied 15, adult-to-adult, living
donor liver transplantation procedures. The de-
mographic data of the donors and recipients are
listed in Table 1. The operative procedures con-
sisted of a left hepatectomy (segments 2, 3, and 4
with the MHV) in 7 patients and a right hepatec-
tomy (segments 5, 6, 7, and 8 without the MHV) in
8 patients. Detailed descriptions of right liver graft
recipients, including liver diagnoses and relative
sizes of the liver grafts, are shown in Table II. In the
right liver grafts, we did not reconstruct the MHV
tributaries from the right anterior sector (Vb, V8).
In the left liver donors, we kept the right livers
without the MHV and ligated the MHV tributaries
from the right anterior sector. In both groups, the
MHV outflow pathway for the right anterior sector
was interrupted. o

~ Written informed consent was’

patients in this study. :

Inira- and postoperative Doppler US examina-
tion of hepatic venous flow. We performed pulse
and color Doppler US to measure flow-of the MHV

obtained frOm all

tributary from~segment’ 5 (V5)-and-segment-8- -

(V8), as well as flow of the portal vein branch to
segment 5 (Pb) and segment 8 (P8). We per-
formed intraoperative Doppler US examinations
and investigated the presence of intrahepatic ve-
nous anastomoses between either V5 or V8 and the
RHV:-All Doppler US exams were performed by
transplant surgeons qualified in sonography (T.XK., 7+
H.S.). Postoperative' US examinations were: per-'i-
formed by right intercostal scanning during expi--
ration with the use of a commercially available US: -
machine (HDI 5000; Philips; Anidover; Mass).The--
highéSl#freqliency, ‘curved ‘array US transducer that =
could resolve t_hé Dopplef signals'was used. namely' -
the C5-2:The Sample'VolumeWés:sétat 2.5 mm. So
far as was tolerated by the patient, the portal vein -
ﬂoW'Wé§ ‘investigated fully up to'the 3rd-ordered
branch’ ‘Flow“of’ the® ventral “branch” of ‘P8 was -
measured: During all'intraoperative US. exams, a ‘-
5 to 8 MHz transducer with & microconyvex probe
was used; :pOStopefatixfely', a'2to 5 MHz transducer -
with 4! convex ‘probe’ was- utilized.s Among the-
1'ecipient5, we performed Doppler US twice a day
postoperatively until postoperative day (POD) 14.
Subsequently, Doppler US was performed once a
day until POD 98 and then weekly thereafter.
Among the domors, we performed - Doppler US '



Surgery
Volume 138, Number 1

Table II. Recipients of right liver grafts

GV/SLV X
Liver disease Age(y)  Gender 100 (%)
1 Biliary atresia 16 M 56
2 Primary biliary 59 F 81
cirrhosis '
3  Familial amyloid 30 M 45
polyneuropathy
4  Hepatitis-induced 59 M 79
liver cirrhosis
5  Hepatitis-iinduced 58 M 61
liver cirrhosis
6  Hepatitis-iinduced 52 M 52
liver cirrhosis
7  Primary biliary 56 F 56
cirrhosis
8  Hepatitis-induced 60 M 49
liver cirrhosis
60 =13

GV, Graft volume; SLV, standard liver volume.

once a day until POD 14 and then twice a week
until POD 28.

The criteria for the presence of a collateral onk

Doppler US was reversed flow in the llgated MHV.
tributary toward the periphery that then commu-
nicated with the RHV Reversed. flow of the l1gated
MV tributary.increased- toward-the- mtrahepatlc

anastomoses in a pattern.of flow different from the -

portal vein. This phenomenon has been reported
as a “color bar sign,” which mimics the color bar at
the right side of the color Doppler image.'®
Pulse-inversion harmonic US with Levovist. We
performed-a - Pulse-inversion harmonic US with
Levovist . (Schering, - Berlin, Germany), a micro-

bubble: contrast: agent for. US. between, POD 21.
and 54 (average 25, POD).to0 evaluate hepatlc;/
parenchymal perfusmn :The Pulse-mversmn mode,vp;1
US with Levovist was also. performed, by transplant. -

surgeons. qualified in sonography: (T.K., H.S.). W

used a commercially available .US machme (HDI;_:;
5000;. Philips) - with.:a, Pulse-mversmn mode m—i; X
stalled on a 2 to 5 MHZ transducer, w1th 2 convex, s,
probe. We preset the acoustic power at a mechan-.. ;
ical index (MI) of 1.5. We then administered. 2.5 g..»
of Levovist as an intravenous bolus (concentraﬂon

NaCl thl ouo"h an 18-gaucreper1pheral VﬁQQBS,CanT. ;
nula. After 5 minutes, we scanned the entire liver ..
in the Pulsednversion mode during a breath-hold. ;.

The focal zone was set at tlie shallow one third of

the image to evaluate hepauc parenchymal perfu- . .

sion, particularly in segment 5.

Pulse-inversion harmonic US is a techmque By
capable of detecting nonlinear echoes: Alternative .

Kaneko et al 2%

pulses, 180 out of phase, are transmitted along a
given ultrasound line. The signals from the pair
are summed and used to form 1 image line. Signals
from linear and nonlinear sources can be differ-
entiated in the receiving spectrum because non-
linear signals summate and linear signals cancel.

Statistical analysis. All results were expressed as
the mean + SD. Continuous variables were evalu-
ated with repeated measures of analysis of variance
(ANOVA), followed by a Bonferroni correction.
We used Fisher exact test to compare discrete
variables and obtained the correlation coefficient
using Spearman rank correlation analysis. Differ-
ences with a Pvalue less than .05 were considered
statistically significant.

RESULTS

Doppler US examination. We detected forma-
tion of intrahepatic venous anastomoses between
V5 or V8 and the RHV by color and pulse Doppler
US. Color Doppler US demonstrated reversal of
venous flow in V5 and V8 into the RHV by
development of mtrahepamc venous anastomoses.
Pulse Doppler US showed mirror image, waveform ]
patterns in V5 and the RHV at the site of the
anastomosis (Fig 1),

MHYV tributary. from segment 5. We evaluated 15 .
tributaries. of V5, identifying 1 tributary in each
patient. We found intrahepatic venous anastomo-
ses between Vb and the RHV in 1 patient on POD
1, collateral formation in 3 patients between PODs
2and 7, in 5 patients between PODs 8 and 14, and
in another 5 patlenrs after POD 15. We did not; ’

mkl patient, Dunng the:',

The mean ﬂowvelocm ofV5 Werel 2 + 4 6 cm/s,
on: POD 1, 42+ 76 cm/s between PODs 2 and 7, J
55+66cm/sbetweenPODs8and 14, and97+5 8
cm/s, after POD 15 These veloc1t1es gradually in-
creasea over time (£ < ‘Ul ) The mean velocities of

PODs 8 through 14 and. after POD 15 were greater .
than those of POD 1 (P<. 05 andP< 01, respectively).

MHV tnbutary Erom segment 8. Thirteen

tnbutanes for segment 8 were evaluated. In 2
patients, V8 could not be detected by postoper ative
Doppler, lJS ,examination. We were able to detect
mtrahepatlc venous anastomoses between V8 and
the RHYV in 4 patients on POD 1, in 6 patients
between PODS 2and 7,in 1 patient between PODs
8 and 14 and in 2 patients after POD 15. During
the 1st week, 10 of the 13 patients developed
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Fig 1. A, Color Doppler US demonstrating intrahepatic
venous anastornosis between the MHV tributary (V5)
and the RHV. B, Pulsed Doppler US at V6 showing re-
versed flow toward the anastomosis. C, Pulsed Doppler
US at the RHV showing flow away from the anastomosis.

collaterals, whereas only 23% (8/13) of the

patients formed collaterals after the 1st week.
The mean flow velocity of V8 on POD 1 was

3.5 +5.6 cm/s; 8.4 + 6.2 cm/s between PODs 2 and

7.10.5 + 6.8.cm/s between PODs 8. and 14, and " -
14 + 6.0. cm/s after POD 15. These velocities also_
increased gradually (P < .01). The mean velocities -

of PODs 2 through 7, PODs 8 through 14, and
after POD 15 were greater than those of POD 1
(P < .01, respectively).

Portal vein branch to segment 5. We examined
15 portal vein branches to segment 5, investigating

1 branch in each patient. Blood flow of the ventral:
branch of P5 was measured. Hepatofugal flow.was ...
observed .in-5 patients. on .POD. 1;. in ;6. patients. .
between PODs 2 and. 7, and in 3 patients between...:
POD 8.and 14 ch;ﬂid,not observe hepatofugal, .-
venous flow!in. the other. patients after POD 15. P
The mean flow velocities of P5 on POD 1, POD : ¢
"2 through 7, POD 8 through. 14, and, after POD, ..

15 were 0.2+ 7.9 cm/s, 43 +11.1 cm/s-, '6.6.+ 9.8
cm/s, and 12.1 + 8.1 cm/s, respectively. The mean

velocities increased gradually. (P <:.05). The mean.

velocities after POD ‘15 were greater than those of
Portal vein branch to segment 8. We examined

15 portal vein branches to segment 8, evaluating .

1 branch per patient. Blood:flow of the ventral
branch of P8 was measured. Hepatofugal flow was
observed in 1 patient between PODs 2 and 7. The
mean velocities of P8 on POD 1, PODs 2 through
7, PODs 8 through 14; and after POD 15 were
6.3+ 7.4 cm/s, 7.3 +7.8 cm/s, 9.4+ 7.6 cm/s, and
12.9 + 6.3 cm/s, respectively. There was.no statisti-
cal difference in velocity over time.
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Comparison of intrahepatic anastomosis forma-
tion between V5 and V8. The rate of formation of
intrahepatic venous anastomoses during the 1%
postoperative week was greater in V8 than in V5
(77% vs 27%, P < .03). Subsequently, the rate of
formation of anastomoses afier the 1st week was
greater in V5 than in V8 (68% vs 23%, P < .03).
These findings indicate that venous collaterals
formed earlier in V8 than in Vb.

Comparison of mean velocity between V5 and
V8 in each POD group. In every postoperative
period, the mean velocity of V8 was not statistically
different from that in V5.

Correlation between V5 and P5 and between V8
and P8. The gradual increase in mean velocities
over time for V5 and Pb—and for V8 and P8—was
correlated closely (r=0.935, P<.01, and r = 0.955,
P < .01, respectively).

Pulse-inversion harmonic US with Levovist. We
performed Pulse-inversion harmonic US in 6
patients (1 donor and 5 recipients) at varying
postoperative dates. In 4 patients, the drainage

‘region of Vb was visualized at low signal intensity

during the hepatic parenchymal phase, whereas the -
region of V8 showed high signal intensity (Fig 2).
These . findings suggest. that . perfusion of . he-
patic parenchymal was occurring in segment 5 in
comparison to segment 8 in these patients. In-the
remaining 2: patients, the drainage region of Vb
was visualized at high signal intensity, concomitant
with the high intensity of segment 8.

Clinical outcome. The postoperative courses of
the 7 donors of a left liver graft were uneventful; all
patients - were.. discharged within 2. weeks. The. .
postop-e,;atiyc; courses of b, of the 8 right liver graft ..
recipients were also uneventful. Three recipients -
died after transplantation: between PODs 12 and,.
153, secondary to acute rejection, graft-yersus-host ..
disease, and exace:rbatiqn;; of ;hepatitis -G virus -,
infection. No_sign.of, acute. congestion or acute
hepatic dysfunction was present in; this study. ¢ ...
DISCUSSION o

In hepatic surgery, ligation of the hepatic ve- ..
nous tributaries is not thought to compromise liver ..
function because of the presence of multple.
intrahepatic Venous‘commuhications between adja-
cent hepatic veins.'® After ligation of hepatic veins, -,
areas of potential venocongestion can contribute to
the dysfunctional volume of a remnant liver. In a -
right liver graft without the MHY, it remains con-
troversial as to whether adequate venousdrainage of
the right anterior sector can be provided by a single
hepatic vein in concert with the development of
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intrahepatic venous anastomoses between the MHV
and RHV.' ¥ A consensus does notyetexistregard-
ing the optimal strategy for venous reconstruction
of the MHYV tributaries.

Couinaud and Nogueira'® demonstrated hepatic
venous communication in 25 of 30 liver casts by
injecting vinyl polychloride into the hepamc veins of
autopsied livers. Lasinski and Zientarski® found
venous anastomosis between the MHV and RHV
in half of the examined cases. Nevertheless, these
venous anastomoses may not always function im-
mediately after occlusion of the hepatic veins.

In this study, we used color Doppler US to
investigate the formation of intrahepatic venous
anastomoses between the MHYV tributaries and the
RHYV, as well as the portal venous flow of the right
anterior sector. We found that most of the MHV
tributaries had developed intrahepatic anastomo-
ses with the RHV after POD 14 during the latter
stages of observation (94% in V5 and 100% in V8).
Nevertheless, the rate of development of the
collaterals differed between the 2 MHYV tributaries.
During the lst postoperative week, the intrahe-
patic venous anastomoses fonnation rate of V8 was
77% and 27% for V5. In‘contrast; after the 2nd"
week, the anastomosis formation rate for V8 was.
23%; whereas the rate for V5. was 68%. These
results indicate that anastomoses with the RHV
develop earlier in~V8"than “in" V5. This finding -

complements Couinaud’s anatomic study of liver

casts.>! He described a prominence of intrahepatic
venous anastomoses between the MHV and RHYV,
especially in segment 8. This finding can be
understood from an anatomic standpoint given
that” ‘the’ dlstance between V8 ‘and the RHV in
segmeént 8'is- shorter than that between V5 and
RHV: The difference 'in ‘the rate” of formation of -

collaterals between V5'and V8 deems to be there-

forea reasonable ﬁndmg ‘The mean flow veloc1ty
in V8'did not differ from that i 1n Vhir PR
Development ‘of 'venous anastomoses 187 mﬂu—

enced invariably by the pattérn of venous' diain:”+
age of the right liver graft. Substantial anatomic

variations in the venous drainage of the anterior
section have been found. Segment 5 is clralned
exclusively' by the MHYV, whereas'the dorsal por—
tion” of segment 8 is drained 1ep01ted1y by: the
RHV in 28% to 35% of patients.*’** The grafts in"
these cases were RHV" dominant;-and the-MHV:!

tributary from' the ventral pol"ﬁon of 'seginenf 8

was considered to communicate mo1e eaqll} with™
the RHV.

In this study, hepatofugal verous flow in the. "

portal branch was observed in 6 of 15 livers of P5
during the 1st week after transplantation. In con-
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Fig 2. Pulse-inversion harmonic US with Levovist in the
liver parenchymal phase of 1 recipient on POD 54. Per-
fusion in V5 drained area (A) was reduced.; V6 (B).

trast, hepatofugal flow was observed in only 1 of 13
livers of P8 during the 1st postoperative week. The
reversal of portal branch venous flow was thought
to have 1mpa1red the liver regeneration. According
to -Maema' et al** right liver grafts without the
MHV had impaired volume regeneration of the
right anterior sector when compared with grafts
with the MHV preserved. Volume regeneration
between segrnent 5 and segment 8 was not, how-
ever, investigated by this group. On the basis of our -
findings, impaired volume regeneration appears to
have been caused primarily by altered venous flow
in segment 5. Furthermore, the mean velocity of
Vb and V8 correlated closely with the mean velocity
of P5 and P8. Consequently, a deficiency of portal
venous blood flow in the interrupted venous por-
tion during the postoperatwe period may be an
important factor in' compromising the regenera- /-
tion of ‘the’ right - anterior' “sector’ without 'the
MHV ** ‘We ‘based “this- deducuon on our long—
term- postoperaf_we ﬁ_ndmgs PR e
In’our’ Doppler US examinations, we investi-
gatéd 'the! portal venous ‘blood ' flow: up 'to* the
3rd-ordered branch as far as patlents could tolerate.
In some patients;’ however; we may have measured
proximal portal branch flow that included the
well- drained area of segment 8 and the venoocclu-
sive ‘area’ Using’ Doppler: US; we found a close
correlation” Befween ' the mean™ flow \eloc1ty of
hepatic venous' branches'and ‘the portal venous
branches Although the points atwhich thiese veloci-
ties were measured corresponded- well between
these2 systems they vere not matched completely
with ‘regard to'vessel proximity. Nevertheless, the
co1relat10n coefficient between mean values was
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quite high (r>0.9). This finding warrants further
investigation, using a larger number of patients.
The study using pulse-nversion harmonic US
revealed decreased hepatic parenchymal perfusion
in segment 5 in 4 of 6 of patients, compared with
segment 8. This finding suggests that the func-
tional anastomoses between V5 and RHV were less
effective than those between V8 and RHV. Even
though the number of patients studied was small
and the date of the studies varied, we were able

to detect a difference in hepatic parenchymal

perfusion using a new technique involving Pulse-
inversion mode US with Levovist. Furthermore,
we consider our findings on hepatic perfusion to
be preliminary, given that our initial intention was
aimed at compiling data for a large number of
patients undergoing pulse-inversion harmonic Us
studies with Levovist after receiving a living donor
liver transplant.

In the acute phase after transplantation, tran-
sient congesmon of the right anterior sector has
been reported. 2 Fortunately, in our small series,
we did not notice any patients with severe conges-

tion of the right- anterior sector: The: degree: tg:

whlch potentml congestlon of the right” antenor' £3f
* hypertension in the recipients of the right lobe

séctor causes graft dysfunction is difficult to pre-
dict. As a result, a large graft size is preferable in
patients undergoing living donor liver transplan-
tation for liver cirrhosis. We encountered 2 pa
tients in whom intrahepatic venous anastomoses in
both V5 and V8 occurred only after 2 postoperative
weeks. These patients carried the diagnosis of
primary biliary cirrhosis and liver cirrhosis second-
ary to hiepatitis B virus infection. Neither patienthad
“obvious} signs of hepatlc failure, presumably because

“the graft 'sizes' ‘were - sufﬁc1ently large (average °
‘graft volume/standard liver volume X 100 = 66%
"[52%—81% ). We"also'studwd 2 pat1ents in whom," :

1ntrahepat1cve ous, anastom" ses in V5
. onlyv 2 weeks, yet

tion. Similar to the previous example, no obvious
hepatic failure was observed In the patient with

biliary cirrhosis, the graft size was rather small ( graft‘f
volume/standard liver volume X100 = 45%) . In*
this latter patient, ‘we suspect ‘that the’ metabohc-‘”:‘
furiction of segment 8 may have compensated fora

presumed lack of adequate function of segment 5
during the acute "phase of transplantation. These
findings suggest that the gradual formation of
intrahepatic venous anastomoses Over time may
preclude or relieve venous outflow obstructlon
and congestion of the right anterior section. 20
When graft size is small, areas of graft congestion

_ nastomoses formed in V8 dunng
_the Istweek. These 2 patients. had b1l1ary atresiaand. .
liver cirrhosis secondary to. hepatitis. G virus mfec—,l

Surgery
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may translate into greater adverse effects on liver
function and potentially unfavorable clinical
consequences. Presently, it is difficult to deter-
mine whether intrahepatic collateral circulation
will be adequate during acute decompressmn of
the right anterior sector.’ Therefore, it is pref-
erable to reconstruct V5 or V8 when the graft
size is small. On the basis of this study’s finding,
we would choose to reconstruct V5 rather than
V8 because intrahepatic venous anastomoses
were found to develop later in V5 than in V8.
This study has several limitations. We assumed
that the intrahepatic hemodynamics and anatomy
of the right liver were essentially the same between
recipients of a right liver graft without the MHV
and donors of a left liver graft with the MHV. One
caveat of this assumption is that the right liver
remnant of a donor has preserved venous drainage
through the short hepatic veins from the caudate
lobe, whereas the right liver graft does not. Never-
theless, the right anterior sector is drained primar-
ily by branches of the MHV, and the significance of
short hepatic venous drainage in this sector, or lack
thereof, has yet to be established: Another quali-
fication of this study is that preexisting portal

graft in comparison with healthy left liver donors
may have affected the rate and significance of

collateral development. This possibility warrants

further investigation.

We also made attempts to eliminate dlfferences
caused by variations in graft size of the right liver,
knowing that the size of right liver grafts tend to
vary widely and may alter the development of
collaterals. In this study, the smallest percentage

of graft weight Compared with standard liver vol-"' "

ume was 45%. Small-for- ~size cases d1d not ex1str
The formanon of 1ntrahepat1c venous collaterals a

was, also undoubtedly regulated by anatomlc and

mechamcal factors The hepatic venous system isa

low-pressure: system, Alterations in hepatic paren-. . ..

chymal. consistency hkely influence . intrahepatic
venous, flow.: It is- reasonable to:hypothesize that
complications after transplantation, such as infec-
tion and rejection, could influence the formation
of 1ntrahepat1c venous anastomoses by changing
the hepatic parenchyma These issues warrants
further investigation in the future.
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Fatal Graft-Versus-Host Disease after Living
Donor Liver Transplantation: Differential Impact
of Donor-Dominant One-Way HLA Matching

Hideya Kamei,' Fumitaka Oike,' Yasuhiro Fujimoto,' Hidekazu Yamamoto,' Koichi Tanaka,? and

Tetsuya Kiuchi'
'Department of Transplantation Surgery, Nagoya University Hospital, Nagoya, Japan 2Department of

Transplant Surgery, Kyoto University Hospital, Kyoto, Japan

Graft-versus-host disease (GVHD) is an uncommon but potentially devastating complication following liver transplantation.
Recently, it was shown that use of a human leukocyte antigen (HLA)-homozygous donor leading to one-way HLA matching
significantly increases the risk of GVHD after living donor liver transplantation (LDLT). However, the precise impact of HLA
matching between donor and recipient on the risk of GVHD is not yet clear. We surveyed instances of fatal GVHD following
LDLT in Japan and reviewed all 8 cases in detail, especially with respect to HLA matching. Serological typing showed that 7
of those cases had donor-dominant one-way HLA matching in the 3 loci of HLA-A, -B, and -DR, while one had donor-dominant
one-way HLA matching in the 2 loci of HLA-A and -DR and identical alleles in the B locus. However, DNA typing revealed that
the latter case had 1-way HLA matching in the 3 loci. Further, we analyzed HLA typing of 806 donor-recipient pairs who
underwent LDLT. There were 5 cases with donor-dominant one-way matching in:2 loci and 2 with donor-dominant one-way
matching in 1 locus: All of those cases except 1; who died from an unrelated cause, are alive without an obvious presentation
of GVHD..In conclusion, our results suggest that the total number. of loci with donor-dominant one-way HLA matching is
important for determining the risk of fatal GVHD following LDLT, and that DNA typing of HLA alleles is indispensable in some
cases to identify the true risk of donor-dominant 1-way HLA matching. Liver Transpl 12:140-~145, 2006,
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shown that use of an HLA-homozygous donor resulting
in donor-dominant one-way HLA matching significantly
Increases the risk of developing GVHD after LDLT, and
some have isisted that such donors should be com-
pletely excluded.®” However, the precise impact of HLA
matching between donor and recipient on the incidence
of GVHD has not been clarified. In the present study, we
reviewed all reported cases of fatal GVHD after LDLT in
Japanand focused on’the number of loci with' HLA

matching between donor and recipient; = ¢

Graft-vs.-host disease (GVHD) is an uncommon but -
devastating complication. following. liver transplanta-..
tion that results from the engraftment of T lymphocytes,,
associated with, the liver graft. It is characterized by
fever, skin rash, diarrhea, or pancytopenia, which usu-
ally oceurs 2 to 6 weeks after the procedure,'"® One-way
- matching between a human leukocyte antigen (HLA)-
homozygous donor and a haploidentical recipiént {s'a
recognized 'risk factor' for GVHD after trangplanta’
tion.*® Although such a'combination of dénor and ré-
cipient HLA is extremely rare in’ case of cadaver donor:
liver transplantation, complete donor-dominant 1 way.

HLA matching between donor and recipient is a realistic .
possibility in living donor liver transplantation. (LDLT)
cases. because most of those donors are denetically
related to the respective recipients. Recently, it was

PATIENTS. AND METHODS. s B T P

In this retrospective study, we investigated.the inci-
dence .of fatal. GVHD. following LDLT in.Japan at the
time of writing and reviewed all the cases, including
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ours, and analyzed the ages of the recipient and donor,
donor relation, original disease, initial symptom,
Grucksberg stage {peal 1,2 onset and course, and HLA
type of each recipient and donor. Serologic HLA typing
had been performed in all donors and recipients for
HLA-A, -B, and -DR according to microlymphotoxicity
testing using well-standardized alloantisera.”!° A poly-
merase chain reaction technique was subsequently ap-
plied if indicated, using DNA samples of the recipients
and donors extracted from peripheral blood lympho-
cytes or preserved lymphocytes, which were typed for
HLA-A, -B, and -DR using a polymerase chain reaction
sequence-specific primer'!*? or restriction fragment
length polyniorphism method.'*-*® In addition, we col-
lected HLA typing results for 906 donor-recipient pairs
who underwent LDLT at Nagoya University Hospital
and Kyoto University Hospital from October 1990 to
March 2004. The diagnosis of GVHD was based on
clinical signs characterized by fever, skin rash, diar-
rhea, or pancytopenia, and supported by pathologic
findings of a skin biopsy consistent with GVHD or the
presence of a donor-derived chimerism in peripheral
blood.*®

RESULTS

A total of 8 cases of fatal GVHD after LDLT have been
jdentified in Japan, of whom 2 were infants (Table 1).
These patients were transplanted from October 1996 to
April 2008. The donor age ranged from 20 to 62 yr old,
and recipient age in the 6 adult cases ranged from 37 to
62 yr old. Four of the donors were a son, 3 were moth-
ers, and 1 was a sister of the respective recipients,
During the donor selection process, 2 donors with a
known potential risk of GVHD were selected because of
a lack of alternative candidates. Most of the initial
symptoms of GVHD were skin rash with or without
fever. The median number of days before appearance of
the initial symptom was 40 (range, 14-114), and the
median number of days after transplantation to death
was 130 (range, 36-540). Regarding peak Gluckberg
clinical grade, 4 of the cases were grade 3 and 2 were
grade 4. E S I :

As for HLA matching between recipient and donor,
the serological technique showed that all cases except 1
(case 8) had donor-dominant one-way HLA matching in
3 loci of HLA-A, -B, ‘ax_idf -DR,; while case 8 had donor-
dominant one-way HLA matching in 2 loci of HLA-A and
DR with the B locus neutral because of the homozygote
status of the recipient. Following the onset and diagno-
sis of GVHD, HLA of bothi the donor and the recipient in
the latter case was retyped using the PCR technique,
which revealed donor-dominant one-way HLA match-
ing in all 3 loci due to a minor hetercgeneity in locus B
of the recipient. Consequently, all 8 cases of fatal GVHD
after LRLT identified in Japan had donor-dominant
one-way HLA matching in 3 loci of HLA-A. -B, and -DR.

Nine cases wiih donor-dominant one-way matching
in 3 loci were identified among 906 donor-recipient
pairs who underwent LDLT (Table 2). Among these 9
pairs. fatal GVHD occwured in 4 cases that were in-

cluded in 8 fatal GVHD cases reviewed in this report.
Among the other 5 cases with donor-dominant HLA
matching in 3 loci, 3 are alive for a median 61 months
without obvious GVHD. Twenty-six cases with donor-
dominant 1-way matching in 2 loci were identifled
among them. Of those, the remaining HLA locus was
identical in 5 (both homozygote in 4 and both hetero-
zygote in 1) and 1 haplotype mismatch in 21 (Table 2).
There were no cases with donor-dominant one-way
matching in 2 loci and 2 mismatch in the other locus.
Further, 171 cases with donor-dominant one-way
matching in 1 locus were also identified, of which 2
cases were identical in the other 2 loci, 41 were identical
in the other 1 locus, and 128 weré not identical in the
other 2 loci. Five cases with donor-dominant one-way
matching in 2 loci and an identical combination in the
other locus, and 2 cases with donor-dominant one-way
HLA matching in 1 locus and an identical combination
in the other 2 loci were identified among the 906 donor-
recipient pairs who underwent LDLT. All of these cases
were alive at the time of writing without clinical presen-
tation of GVHD except for 2 patients who died (cases 3
and 5), 1 because of an intracerebral hemorrhage and 1
from idiopathic thrombocytopenic purpura and auto-
immune hemolytic anemia, of whom neither had clini-
cal signs of skin rash, diarrhea, or fever (Table 3). Al-
though these HLA combinations also seem o contribute
theoretically to GVHD, none received the diagnosis of
GVHD:; this suggests that the number of vectors directing
GVHD contribute to the risk of fatal GVHD.

DISCUSSION ‘

GVHD following liver transplantation is difficult to
control and devastating in most cases. Clinical symp-
toms of GVHD after liver transplantation typically be-
come overt between 2 and 8 weeks after transplanta-
tion,! which is consistent with all cases except 1 in our
review. That patient developed GVHD 114 days follow-
ing transplantation, which was presented first as a skin
rash. We could not find any appropriate explanation for
the relative delay of the onset in this case. Nemoto et
al.® reported that case as chronic GVHD after liver

“transplantation, and it was controlled with administra-
"tions of miethylprednisolone and tacrolimus, though we

later confirmed by personal communication that the
patient died from infection due to GVHD. The median
onset time of transfusion-associated GVHD is about 10
days'”; thus, GVHD following liver transplantation can

occur late as compared with transfusion-associated

GVHD. -

As for the donor relationship, in 4 of the 8 cases of
fatal GVHD after LDLT the donors were a son, while in
3 they were the mother, andin 1 the sister. This finding

“demonstrates that GVHD derived from one-way HLA
“matching can occur even between siblings. '

The clinical symptoms of GVHD are denerally char-

acterized by fever, skin rash. diarrhea, and/or pancy-

topenia. Unlike GVHD that follows allogeneic bone mar-
row or stem cell transplantation, where the biliary
epitheliim is one of the major targets that results in

LIVER TRANSPLANTATION.DOT 10.1002/1t. Published on behalf of the Amarican Association Jfor the Study of Liver Diseases
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TABLE 2. Domnor-Recipient HLA in Cases With Donor-Dominant 1-way Matching

Relation of HLA matching between donor and recipient

Number of cases GVHD incidence

Donor-dominant 1-way HLA matching at 3 loci
Donor-dominant 1-way HLA matching at 2 loci
The other locus
Homo-homo identical
Hetero-hetero identical
1-misinatch
2-mismatch
Donor-dominant 1-way HLA matching at 1 locus
The other 2 loci
Iclentical in both loci
Identical in one locus
Not identical in both loci

4 {4496)
0o

9
26

171

41
128

TABLE 3. Cases With Donor-Dominant 1-Way Matching at 2 Loci or 1 Locus and Identical at the Other Locus

HLA Original Donor Outcome
Case no. Age Alocus Blocus DR (DRB1I%) disease relationship (follow-up)
1
Donor 34 24— 62,— 4,.- BA Father Alive (18 yr)
Recipient 2 24~ 62,51 4.9
2
Donor 33 24~ 61,—~ 10,— BA Father Alive (8 yr)
Recipient 1 24~ ¢ 61,85 10,9 :
Donor 42 11— 2089, 8,— BA Father Death {36
: ‘ . days)
- Recipient 9 11,- 39,35 8,4
Donor 41 2433 o 44~ 13- BA Mother Alive {7 yx)
"Recipient 16 24,33° 44,52 13,15 '
5
Donor 27 24— 7~ (*0702,-) 1,- HCC Son Death (5
o *2 (*0101,-) months)
Recipient 752 1,15
L ' (*0702,*5201) (*0101,*1502)
6 LY
i Donor . . . B 13~ FHF Father Alive (2 yr) <
13,8 = a
Donor 4~ Caroli’s : Father ... - Ah‘vé 2 y1] :
I A T T I iocdiseases. ;
+ Rec.ipient\:; 16 2= ek 55,62 4,9

Abbreviations: THLA, human Ieulxocyte “antigen; LDLT, living domor. liver transplantation; BA blhaly at1e51a, HCC
hepatoce]lulal calcmoma, FHF, fuhlmla.ut hepatlc faJlLue POD, postope1atwe day : s

abnormal liver function,® the transplanted liver is nota
target of GVHD, as hoth the liver and the immunocom-
petent cells 1esponslble have the same donor origin.*'®

a\llor et al.? noted that the outcome of GVHD is Closelv
related to its clinical pattern, with prognosis particu-
larly poor in those patients who were presented with a
fever, as 29 of 30 (97%) reported adult cases died fol-
lowing presentation with fever, while patients with a
skin rash alone survived. All of the presented patients
with fatal GVHD developed not only a skin rash, bui
also a fever as the initial symptom or later. Therefore,

1IVER TRANSFLANTATION.DOI 10.1002/1t. Published oi behalf of the

fever accompanying skin rash seems to be an important
prognostic sign'in GVHD following LDLT irrespective of
whether it is the initial symptom or not. And each was
rated as greater than: Glucksberg grade 2. Glucksberg
et al.® reported that there were no significant differ-
ences between grades 0 and 1, grades 2 and 3, and grades
3 and 4 for survival, whereas the difference between
grades 1 and 2 was highly significant. However, evalua-
tion of the severity of GVHD following liver transplanta-
iion hased on Glucksherg grade may be difficult. because
liver function is usually normal in those patients.

. American Association jor the Study of Liver Diseases
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Close HLA matching between donor and recipient is
one of the risk factors for the development of GVHD.!-2
Several authors have reported that use of a graft from
an HLA-homozygous donor with 1-way donor-recipient
HLA matching led to an extremely high risk of develop-
ing GVHD in LDLT.”'®'® However, none have analyzed
the differential impact of the number of loci with one-
way HLA matching on the risk of fatal GVHD following
LDLT. Homozygosity at all HLA loci is not as rare as
might be expected from a mathematical calculation of
all haplotypes.®® One study found that 1.6% of Cauca-
sian blood donors demonstrate this condition.?? This is,
in contrast with the data from the Japanese Red Cross
Society showing that approximately 3.2% of blood do-
nors in Japan have the condition. While the probability
of one-way HLA matching between nonrelatives is 1 in
800, itis 1in 100, 1 in 190, and 1 in 180 in combina-
tions of parent-child, sibling-sibling, and grandparent-
grandchild, respectively.?® Therefore, the risk of en-
countering donor-dominant one-way HLA matching
may be extremely high in an LDLT setting as compared
to with a cadaver donor.” Kiuchi et al.’® analyzed a
large series of LDLT cases and reported that one-way
HLA matching in 2 or more loci prone to GVHD was
3.9% (1.4% in 3 loci), and 1 in 4 cases with complete
one-way HLA matching in 3 loci died from GVHD.
Therefore, the risk of GVHD after liver transplantation
seems to be high in Japan, though several cases have
also been:reported in the United States despite the
theoretically low risk.':'®

We investigated HLA matching between the recipient
and donor in all cases of fatal GVHD after LDLT in
Japan. Undiagnosed GVHD may have occurred, be-
cause the early symptoms are often nonspecific and
often self-limited, malking it difficult to distinguish from
an infectious disease or drug reaction. DNA typing dem-
onstrated that all of the cases had donor-dominant
one-way HLA matching in the 3 loci of HLA-A, -B, and
-DR. Fatal GVHD has not occurred in any cases with
donor-dominant one-way matching in 2 loci or those
with 1-way matching in 1 locus, despite that such
1 —Way matching theo1 etically contributes to GVHD, be-
cause the host defense system of the recipient is unable
to recognize and eliminate donor cells; and donor cells

recognize the unshared haplotypes as f01 elcfn and leact ©

against them.

Our results sugg est that the risk of fatal GVHD fol- o
lowing LDLT may depend on the number of 1oc1 Wlthf :

donor-dominant one-way HLA matching. This is very
important information for donor selection and can help
avoid unnecessary donor exclusion.:However;: addi-

tional investigations of whether fatal GVHD! canoccur
in cases with donor-dominant one-way matching in 1-or.

2 loci must be performed carefully;:as well as discus-
sion of cases that did notdevelop GVHD de<p1te donor-
deominant one-way matching in 3 loci.!

In conclusion. homozydous donor with one-way do~
nor-dominant HLA matching at 3 loci should be ex-
cluded if possible, because of the very high risk of de-
veloping fatal GVHD. However, in those with donor-
dominant one-way HLA matching at 2 or fewer loci, the

LIVER TRANSPLANTATION.DCI 10.1002 /1t. Pul:lished on behdalf of the American Association j

evidence for exclusion is not sufficient. Therefore, when
such a.donor is the only candidate for LDLT, it seems
acceptable, following fully informed consent to the the-
oretical risk of GVHD. In addition, DNA typing of HLA
alleles is strongly recommended for combinations car-
rying a suspected risk of GVHD.
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Intestinal MDRI1 /ABCBI level at surgery
as a risk factor of acute cellular rejection in
living-donor liver transplant patients

Background: Although the prevention of immunologic reactions with sufficient immunosuppression pro-
longs graft and patient survival rates, thé large interindividual variation in tacrolimus pharmacokinetics
interferes with treatment. In this study we have examined whether intestinal MDR1 (ABCB1) is a potential
biomarker predicting the occurrence of acute cellular rejection, as well as a factor to predict absorption of
tacrolimus, after living-donor liver transplantation.

Methods: By use of tissue specimens of intestinal mucosa (n = 164) obtained at surgery, the messenger
ribonucleic acid (mRNA) expression of intestinal MDRI and cytochrome P450 (CYP) 3A4 was quantified.
Results: The probability of acute cellular rejection during the first 10 days after surgery was significantly
associated with the average trough concentration of tacrolimus between postoperative days 2 and 4 (45.1%
for <7 ng/mL versus 22.9% for >7 ng/mL,P = .0040). High levels of MDRI were associated with an
episode of acute cellular rejection before postoperative day 10 (odds ratio, 2.306 [95% confidence interval,
1.058-5.028]) and with a poor survival rate during the first postoperative year (odds ratio, 7.413 [95%
confidence interval, 1.567-36.073]). The mRNA expression level of MDRI was inversely correlated with the
tacrolimus concentration-oral dose ratio during the initial 4 days after surgery in patients with a graft-to-
recipient weight ratio greater than 1.5 (#= —0.6798, P< .0001) and those with a graft-to-recipient weight
ratio of less than 1.5 (»= —0.7180, P< .0001).

Conclusion: The enterocyte MDR1 mRNA level was suggested to be a risk factor for acute cellular rejection and
death after surgery. Therefore obtaining a sufficient tacrolimus blood level via this molecular information—based
initial dosage adjustment may enable the episode of acute cellular rejection after liver transplantation to be
reduced. (Clin Pharmacol Ther 2006;79:90-102.)
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Living-donor liver transplantation and subsequent im-
munosuppressive therapy are well acknowledged to
provide excellent results and are usually used in coor-
dination with a cadaveric organ transplant program.’?
In countries where cadaveric donors are limited, living-
donor liver transplantation is often the only treatment
option for patients with end-stage liver disease.®> Be-
cause loss of the graft liver will lead to death, postop-
erative immunosuppressive therapy is essential to pro-
tect the grafted liver from immunologic reactions. As
acute cellular rejection occurs mostly within 6 weeks of
a transplant,* high-dose steroid pulse therapy or anti-
CD3 monoclonal antibody treatment is required to save
the graft liver.> Subclinical rejection, where cytologic
or histologic signs of rejection exist in the absence of
clinical dysfunction of the graft, is particularly frequent
(incidence of around 59%) between days 5-and 14 after
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liver transplantation.6 Twenty-five percent of pafients
with subclinical rejection are treated with high-dose
steroid injections. Therefore early exposure to immu-
nosuppressants could reduce the frequency of acute
cellular rejection including subclinical rejection. How-
ever, these antirejection treatments lead to overimmu-
nosuppression and an infectious state, which are closely
associated with death.” Although there is a need to
protect patients from opportunistic infections including
enterobacterium, Epstein-Barr virus, cytomegalovirus,
and herpes simplex virus after antirejection treatment,
some anti-infectious treatments with antibiotics, anti-
fungal agents, and antiviral drugs are accompanied by
drug-induced hepatic and renal dysfunction.®® In addi-
tion, high-dose steroid injections should be avoided in
patients carrying the hepatitis B or C virus, because
steroidal drugs allow the amplification of these viruses
in the graft liver and accelerate the recurrence of virus-
related hepatitis and cirrhosis.'®!* Therefore acute cel-
lular rejection should be avoided to prevent further
complications, especially immediately after transplan-
tation.

The calcineurin inhibitor tacrolimus (FK-506) has
been used as a primary immunosuppressive agent in
orthotopic liver transplantation,"”" Therapeutic drug

monitoring has facilitated maintaining the blood con-. .-

centration of tacrolimus within a narrow. therapeutic
range (between 10 and 20 ng/mL) to prevent . side

effects such as nephrotoxicity, neurotoxicity, and life- ..
threatening. infection.'*** However, the bjoavailability

of orally administered tacrolimus is variable, ranging
from 4% to 89% (with a mean value of about 25%), 75,16
and a dosage regimen for the drug immediately after
transplantation has yet to be established. This can be
attributed. to several factors, including poor absorption
or extensive. first-pass-metabolism in the intestine and
liver. Therefore a rational dosage 1'egi,meryfo,r,tacroh'~
mus should be determined as early as possible, focusing
on its pharmacokmetlc interindividual variability..

Tacrolimus::is : principally: metabolized : by cyto—' i
chrome P450 (CYP)'3A subfamilies. in- the liver. The :::'.-»
contribution of active secretion by, P-glycoprotein. (the: . -
product of the MDRI/ABCBI gene) and the metabolism . .
by CYP3A expressed in enterocytes are acknowledged i
as factors- influencing - the bioavailability - ofstacroli=:...

mus."” We reported that the intraindividual variation in .’
the concentration/dose (C/D) ratio of tacrolimus: was:; i:
closely related to the variation in.the enterocyte mes-

senger ribonucleic. acid (mRNA) expression level of
MDRI, but not CYP3A4, in recipients of living-donor

small-bowel transplantation.lg’m Similar results: were .

obtained in patients after living-donor liver transplan-
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tation during the initial 7 days after surgery.zo’21 Be-
cause of the small number of cases in our past reports,
we could not analyze the relationship between the in-
testinal mRNA expression level of MDRI1 and end-
points such as acute cellular rejection. It is necessary to
clarify the clinical significance of the intestinal expres-
sion level of MDRI1 in patients after living-donor liver
transplantation to establish the clinical usefulness of
adjusting the initial dosage of tacrolimus.

In this study we examined whether the intestinal
expression level of MDR1 mRNA could be a molecular
marker for acute cellular rejection episodes in patients
after living-donor liver transplantation with more en-
rolled patients, as well as the potential contribution of
the molecular information to initial dose setting.

METHODS

Patients and mucosal specimens. The study in-
cluded 164 patients, having first provided written in-
formed consent, who were enrolled consecutively be-
tween November 1998 and December 2004 in whom
tissue specimens had been obtained at surgery. The
donor was a parent in 119 cases, a spouse in 14, a
sibling in 12, an offspring in 12, a grandmother in 3, an
uncle in 2, an aunt in 1, and a father-in-law in 1. The
demographics of the recipients are listed in Table 1. The .
clinical samples of the upper jejunum were obtained
from a part of the Roux-en-Y limb for biliary recon-

struction or from a part of the mucosal specimen around - -
the bile drainage tube at living-donor liver transplanta- - -

tion.?2 This study was conducted in accordance with the
Declaration of Helsinki and its amendments and was
approved by the Ethics Committee of Kyoto Univer-
sity, Kyoto, Japan; each adult patient and each parent of
small children provided written informed consent. .
Dosage regimen of tacrolimus, analysis: of blood‘

samples, and criteria for acute cellular rejection. The: - .,
basic immunosuppression regimen consisted of tacroli- . -~
mus with low-dose steroids.” 23 To cover the immediate ;- ;
postoperative period::(the: day -of : living-donor; Tiver i
transplantation; day 0,and postoperativeﬁ day: 1), induc- =+

tion of immunosuppressive therapy;was started from : ;-
the day before the operation, except in cases of hepatic, ..

encephalopathy and severe infection. Tacrolimus was

qﬂm1n1e’rprpr1 r\raﬂv at a dose of ﬂﬂ’/q mn/kg I‘Ody

weight every 12 hours from the evening of day 1.3

The target -for : the -post- -transplantation whole-blood - -

- trough concentration of tacrolimus was 10 to 12 ng/mL

during the first 2 weeks. Steroid treatment was started
at graft reperfusion ‘at a dose of 10 mO/I\Q, with a -
gradual reducuon from 2 mg-keT!'-d7! to 03
mg - kg ! .d™! during the first 2 weeks after surgery.
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Table I. Demographic characteristics of recipients (N = 164)

Age (y) 0.3-67 (median, 3.2)
Adults (=15 y) (n = 54) ' 15.0-67 (median, 46)
Children (<15 years) (n = 110) 0.3-13.7 (median, 1.2)

Body weight (kg) 4.3-92.1 (median, 13.5)

Graft-to-recipient weight ratio (%) 0.63-5.6 (median, 1.84)

Gender (male/female) 70/94

Graft lobe (left/right) 113/51

ABO blood group match (identical/compatible/incompatible) 99/37/28

Preoperative condition (home-bound/hospitalized/intensive care unit-bound) 71/85/8

Primary disease* : '
Biliary atresia 89 (21)
Cirrhosis

Hepatitis B virus 9(1)
Hepatitis C virus 12 (3)
Primary biliary cirrhosis 7(2)
Unknown 3(0)

After liver transplantation ’ 11 (3)

Primary sclerosing cholangitis - 8D

Fulminant hepatic failure 4(2)

Other} 21 (6)

*The number of patients with acute cellular rejection episodes during the initial 10 days after surgery is denoted in parentheses.

1The primary disease was Byler disease in 4 cases (2), Alagille syndrome in 3 (0), Wilson disease in 2 (2), hepatoblastoma in 3 (0), polycystic liver disease in 2 (1),
biliary dilation in 2 (0), multiple hepatocellular carcinoma in 1 (0), citrullinemia in 1 (1), hypertyrosinemia in 1 (0), Budd-Chiari syndrome in 1 (0), and portal vein
deficiency in 1 (0). The number of patients with acute cellular rejection episodes during the initial 10 days after surgery is denoted in parentheses.

The dosage of tacrolimus was adjusted on the basis of **  drogenase, as*an’internal control, was predeveloped
whole-blood trough concéntrations measured: about- 12 TagMan Assay Reagents (Applied Biosystems), and
hours after the evening dosage every day, by use of a the reaction was performed according to the manufac-
semiautomated ~ microparticle enzyme 1mmunoassay'~ ' turer’s instructions: The primer/probe set” specific’ for
(IMX; Dainabot; Tokyo, Japan).** 24 CEaT MDR1and CYP3A4 was as described previously.m
Acute cellular rejection” was pr1nc1pally d1agnosed Each PCR fragment of the target sequences was gen-
with liver biopsy specimens, and the histologic diagno- erated with specific primer/probe sets as described,
sis was performed according to criteria based on the ligated into the pCR-Script Cloning Vector (Stratagene,
Banff schema,?® All episodes of reJectlon were treated La Jolla, Calif), and confirmed to have the exact se-
with a high-dose steroid bolus mjectmn i quences- of the  cloned amplicons by the chain-
Evaluation of intestinal expresszon levels of MDRI 2% termination method by use of a fluorescence 373A -

and CYP3A4: Biopsy specimens from ‘intestinal mu
cosa wére lomogenized in RLT buffer (Qiagen; Hilden]

Germany), and total RNA was isolated with-MagNA- -~ by spectrophotomietry,” the* corresponding ‘concentra-":
Pure LCRNA" Isolation kit. II' (Roché) and reverse- < tions (in”moleés per’ microliter)’ were calculated and « :
transcribed as described previously.2® The isolated total .=~ serial ‘dilutions of respective plasmid DNA ‘were ‘used

RNA (500 ng/40 pL reaction mixture) was reverse=' ' as standards for calibration curves. The starting mRNA
transcribed by Superscript II reverse transcriptase (In- -+ concentration of MDR1 or CYP3A4 was established by -
vitrooen‘ Carlsbad, Calif)' with random’ primers (100~ * determining the fractional PCR threshold cycle number "
ngfreaction) and digested by RNase H (Invitrogen). at which" a-flnorescence signal generated. during the -
After dilution of the single-stranded deoxyribonucleic replication process passed above a threshold value. The

acid (DNA) mixture with 60 L of sterile water (final initial: amount:-of target mRNA in: each 'samplewas
volume, 1100 pL), 5-pL aliquots: were used for a sub- estimated from the experimental fractional PCR thresh-
sequent real-time polymerase chain reaction (PCR) (fi- old cycle value'with a standard curvé generated by use

nal volume, 20 L) with an ABI PRISM 7700 sequence of known amounts of standard plasmid DNA. -

detector (Applied Biosysterns, Foster, Calif); The primer/ Statistical - analyses.. Normally distributed: values

probe set used for glyceraldehyde 3-phosphate dehy- were presented- as mean & SD. Values that were not

DNA sequencer (Applied Biosystems). After measure- - - -
ment of the concentrations of the purified plasmid DNA "« ¢
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normally distributed were presented as the median and
range. Logarithmic transformation of the mRNA levels
of MDR1 and CYP3A4 was performed to improve
normality before statistical analyses were performed.
The nonpaired Student ¢ test was used to compare
groups with respect to normally distributed variables. If
different variances between 2 samples were found with
the F test, an unpaired ¢ test with Welch correction was
performed. The Mann-Whitney U test was used to
compare groups without normality. The calculated
mRNA expression levels of MDRI and CYP3A4 in
each intestinal specimen were categorized as high or
low, if the quantified value for the mRNA in question
exceeded or fell below the median value for all speci-
mens, respectively. Statistical tests were 2-tailed, and
significance was defined as P < .05.

The outcome measure studied was immunologic
events and survival, defined as the time from living-
donor liver transplantation to the first episode of acute
cellular rejection during the initial 10 days after surgery
and to death during the first year after surgery, respec-
tively. The patients without complications until at least
postoperative day 10 were categorized as the event-free
group. The patients who were diagnosed with acute
cellular rejection by liver biopsy before postoperative
day 10 were categorized as the acute cellular rejection
group. The probability analysis was performed accord-
ing to the method of Kaplan and Meier, and the out-
come was compared among the subgroups by use of a
2-tailed log-rank test for univariate comparisons. An
odds ratio was calculated for the risk. Statistical anal-
yses were performed by use of the statistical software
package StatView (version 5.0; Abacus Concepts,
Berkeley, Calif).

RESULTS
Patients. Table I shows the demographics and pri-

mary diseases of living- donor liver transplant recipients '
whose mucosal samples wé studied: Of the recipients " '+
who had acute cellular tejection; 28, 11; and 3 had an”*
ABO blood type that was ideht'ic'alfCOmpaﬁble,“f‘ahd § o

incompatible with that of their donor, respectively.
Moreover, 18, 21, and 3 recipients with acute cellular

rejection were home-bound, hospitalized, and intensive:-
care unit (TFTTLhn11nH rpcnprhvplv before surgery. 7

Of the recipients with acute cellular reJectlon 29 and -5 -

13 had a graft from the left lobe and right lobe, respec:.

tively. Steroid-pulse therapy was used in 32 patients. -
without acute cellular rejection during the first 10 days.:
after surgery, and 11 post-liver transplant patients .were .7 -
treated with immunosuppressants until immediately be-:

fore the second transplantation. Therefore these 43 pa-

: rejection- (P-=
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tients were excluded from the analyses for the proba-
bility of acute cellular rejection but not from the
analyses on gene expression and tacrolimus pharmaco-
kinetics, and the analyses for acute cellular rejection
were performed with the findings of the other 121
recipients, including 82 event-free patients and 39 acute
cellular rejection patients. The survival analysis was
performed with these 121 recipients, including 13 pa-
tients who died within 1 year after transplantation.
Acute cellular rejection and postoperative tacroli-
mus trough level. By comparing the daily trough con-
centration of tacrolimus between the event-free group
(n = 82) and the acute cellular rejection group (n =
39), it was found that the trough concentration at post-
operative days 3 (P = .0075) and 4 (P = .0022) was
significantly lower in the acute cellular rejection group
(Fig 1). These results suggest that the blood level of
tacrolimus immediately after living-donor liver trans-
plantation was associated with the occurrence of acute
cellular rejection until postoperative day 10. Then, we
examined the relationship between the average trough
concentration of tacrolimus between postoperative days
2 and 4 and the complications of patients, because the
tacrolimus was usually administered to recipients in the
ICU dunng the first 3 days after liver transplantation. .
At first, ‘we categonzed the patients by the average
trough concentrations of tacrolimus between postoper-
ative days 2 and 4. Because a low dosage of tacrolimus
was administered to patients at risk of infection or renal
impairment from the preoperative status to avoid any
further deterioration~incondition, the categorization
was started from 5 ng/mL, which is considered the
lower limit of the initial average concentration of ta-
crolimus. As shown in Fig 2, the frequency of acute
cellular rejection tended to be high in patients with
relatively lower tacrolimus blood levels, between 5 and

7 ng/ml.- The other complications frequently occurred

in the patients whose average tacrolimus trough levels
were below 5 ng/mL. The frequency of ‘acute cellular

' rejection compared with the event-free group tended to
‘be lower in the''patients” whose “average -tacrolimus

trough levels were maintained above 7 ng/mL. Next,
we examined the probability of acute cellular rejection

-in the recipients dividing the average trough concen-...: .
:tration of fn(‘rnhmnq at 7 na/ml' ‘hthPen nncfnnm‘auve [

day 2 and. 4 (Fig 3). Kaplan—Meler analysis demon-. .. .

.. strated that the average trough concentration of tacroli- = +3
- mus immediately: after: living-donor liver. transplanta-:.. .
tion was .significantly associated.with acute cellular.

..0040). . The, resultant odds ratio was ..~

. 2.772 (95%. Conﬁdence interval [CI], 1.265-6.075) for

the patients whose mean trough level of tacrolimus was-
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Fig 1. Daily trough levels of tacrolimus in living-donor liver transplant patients. Trough concen-
trations of tacrolimus in 121 patients receiving de novo living-donor liver transplants are illustrated.
The patients are divided into 2 groups: event-free (open circles) and acute cellular rejection (solid
circles). A statistical analysis was performed with the unpaired ¢ test after Welch correction. P

values of less than .05 are shown.
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Association between intestinal - mRNA ' level of
MDRI or CYP3A4 and acute cellular rejection. We
previously reported that patients with high levels of
enterocyte: MDRI, but not CYP3A4, required about

2-fold higher oral dosages of tacrolimus than patients

with low levels of MDR1.?° On the basis of the previ-
ous findings, we have re-examined the expression pro-

F lg 2 Frequency of comphcatlons after hvmg donor liver transplantation with respect to tacrolimus : .
wtrough leyel between postoperative days (POD) 2and 4. Frequenc1es of an event- free clinical COUISE, ;¢
- acute cellular rejection, and the need for high-dose steroid treatment for, other complications are.,, ..

- shown as open, . hatched and solzd _columns, respectively. The patients were classified on the basis:,
f the average trough concentration of tacrolimus between postoperative days 2 and 4. . i

file of -the " intestinal mRNA' level of “MDR1 ‘and:
CVD2AA tA ra_avyahiyata tha inflinancac ~f thoca “qu\fr\r'o
N AL JONT LU AU VAL UALG v 11111‘4\-’&‘.\/\10 VL Ll OA LU LU,

on the risk for acute cellular rejection, as well as the L
* interindividual - variation of postoperative  tacrolimus -

- pharmacokinetics. In Fig 4, A and B, the logarithmi-
cally transformed distribution of the intestinal expres-
sion level of MDR1 and CYP3A4 at living-donor liver -
transplantation is shown. The median value of MDR1
and CYP3A4 was 0.242 amol/pg (range, 0.01-6.51
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Fig 3. Probability of acute cellular rejection episodes in
initial 10 days after living-donor liver transplantation.
Kaplan-Meier curves show the_probability of acute cellular

rejection with respect to the average trough concentration of
tacrolimus between postoperative days 2 and 4 (<7 ng/mL or
>7 ng/mL). P values were determined with the log-rank test.

amol/ug) of total RNA and 1.278 amol/pg (range,
0.002-185.5 amol/p.g) of total RNA, respectively. After
dividing the samples by each median value, we exam-
ined the probability of acute cellular rejection‘ based on
the expression of MDR1 or CYP3A4 (high or low). As
illustrated in Fig 5, A, a high level of intestinal MDR1
expression was associated with the probability of acute

cellular rejection (42.1% in high-MDR1 group, versus..

23.4% in low-MDR1 group, P = .0265). The resultant
odds ratio was 2.376 (95% CI, 1.087-5.191) for the
patients with a high level of intestinal MDR1 mRNA at
living-donor liver transplantation (Table II). However,
there was no significant association between the intes-

tinal CYP3A4 mRNA level and the probability of acute .

cellular rejection (P = .9211) (Fig'5, B). The odds ratio
showed that a high level of: CYP3A4 mRNA at liver
transplantation was not a risk factor for the occurrence

of postoperative acute cellular rejection” (Table II).
expression level 'of ‘mucosal -
MDR1 in the patients with acute cellular rejection'was
weakly but significantly higher compared with thosein b et b s i .

Fip s Gy T 36.073), whereas that of CYP3A4 was 3.590 (95% CI,

N 04T TEON T
U,/ dU LTI Vs e

Moreover, the mRNA expression’ le

the event-free group (P = .0476) (Fig 5, €).

Furthermore, the impact of mRNA expression levels
of absorptive barriers on patient survival was also ex-
amined. According to the method of Kaplan-Meier and
subsequent log-rank statistics, the high-level expression

of both MDR1 mRNA (Fig 6, A) and CYP3A4 (Fig 6,

B) was significantly associated with' patient survival. -

The odds ratio of the intestinal expression level of
MDR1 mRNA at surgery was 7.413 (95% CIL 1.567-
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Fig 4. Histograms of messenger ribonucleic acid (mMRNA)
expression of intestinal MDRI and CYP3A4 at living-donor
liver transplantation. Distribution of mRNA expression levels
of MDR1 (A) and CYP3A4 (B) in intestinal mucosa, both
logarithmically transformed to improve normality, are illus-
trated as histograms for 164 recipients after living-donor liver
transplantation. The dotted lines denote the median value.
RNA, Ribgnucleic acid. '

Table IL - Risk factors associated with acute cellular
rejection until postoperative day 10

Odds
Factors ratio 95% CI

Mean trough level of tacrolimus ~ 2.772 1.265-6.075
<7 ng/mL between
postoperative days 2 and 4

High level of intestinal MDR1 2376  1.087-5.191
"'mRNA at surgery o
High level of intestinal 1.026  0.485-2.168

... CYP3A4 mRNA at surgery., , ..

CI; Cbnﬁdénce intérval; mRNA;,fnegsehger ribonucleic_ acid.

Dosage adjustment based ‘on expression level of
intestinal MDRI. To obtain more information about
the effect of the intestinal expression level of MDR1 on
the pharmacokinetics of tacrolimus, as well as the risk: °

of acute cellular rejection, we' compared the daily oral. .«
dosage and “trough- level - of tacrolimus: betweenithe . . :

high- and low-MDR1 groups (Fig 7). The oral dosages-



