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Liver transplantation is acknowledged as the treatment
of choice for patients with early, unresectable HCC and
the Milan criteria have been widely accepted for selection
of HCC patients for transplantation [18,19]. On the con-
trary, Kaihara et al. [5] reported that the 20 HCC patients
beyond the Milan criteria showed tumour-free survival of
approximately 50% at 2 years after LDLT. These results
demonstrated the considerable possibility that even HCC
patients, who had been excluded by the Milan criteria,
can survive for Iong periods after transplantation. In our
institution, all HCC patients have the extent of tumour
involvement evaluated with abdominal, chest and brain
CT scans, and by bone scintigraphy within the 2 months
before transplantation; but condition, number and size of
the tumours are not criteria for exclusion. The present
patient underwent LDLT for HCC beyond the Milan cri-
teria. However, as he would get the opportunity for long-
term survival, long-term arterial graft patency would be
necessary. '

In conclusion, we believe that this report is the first
documented use of an autologous radial artery for inter-
positional artery graft in LDLT for HCC patients.
Although the radial artery is not a first-line arterial con-
duit, it can safely and successfully be used when a suitable
recipient’s a.rtery is unavailable and the use of a saph-
enous vein or “other conduits i5* believed  to be undésir-
able.” Autologous® radial artery gtafts should be added to
the transplant” surgeon’s’ armamentarium- as' needed for
mterposmonal artery “graft i LDLT" patients who have
undergone repeated mtraartenal chemotherapy for HCC
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Abstract: Although it is well known that outflow block is caused by stenosis
or occlusion of hepatic vein anastomoses following living donor liver _
transplantation (LDLT), there have been few reports on inferior vena cava
(IVC) stenosis following LDLT. In this paper, we report twao cases of IVC
stenosis and hepatic vein outflow block following right hepatic LDLT in
the absence of stenosis of any of the anastomoses. Both patients presented

.~ with liver dysfunction, an ascitic fluid volume of approximately. 2000 mL, .

- and congestion in their biopsy specimens, and venocavography demon- . .

_strated IVC stenosis with gradients of more than 10 ‘mmHg in patients with

“a dominant inferior right hepatic vein (IRHIV) anastomosis.” After a

.| Gianturco expandable metallic stent successfully implanted in the IVC, -

| the patient’s liver function recovered and the volume of ascitic fluid de-

“|" creased. The pathogenesis of hepatic vein outflow block secondary to IVC |

‘}7stenosis following LDLT may involve the anastomosis with the TRELV, -~ |
" which is the dominant draining vein of the graft and larger than the RHV,
caudal to the IVC stenosis and a significant IVC pressure gradient that

 results in increased IRHV pressure. In conclusion, it is important to include
hepatic vein outflow block in the differential diagnosis when patients who
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Outflow - block / ors Budd:Chiari- synidrome after
orthotopic- liver rtransplantation: (OLT). develops
as a result of anastomotic stenosis or: occlusion: of
“the inferior: vena cava’ (IVC);: whereas. almost all
- cases of outflow block syridrome after livirig donor
liver - transplantation: (LDLT) - are the : result: of *
stenosis. or occlusion: of the hepatic vein anasto-
‘mosis.: These potentially lethal complications are
manifested ' by _deteriorating - hepatic :and renal
“function,; ‘hypotension, - declining cardiac output,
“edema of the lower extremities; and massive ascites
(1,°2).. However; thete have been few reports:of
-outflow block syndrome in patients who developed
IVC étenosis with a pressure gradient greater than
‘10 mmHg after LDLT in the absence of stenosis or
-occlusion’ of- the hepatic vein anastomosis. We

: - have undergone right hepatic LDLT in which anastomosis of the large
‘| IRHV has been performed develop manifestations of liver dysfunction.

Accepted for pubfication 27 October 2004

-report two cases of IVC stenosis and outflow block
-syndrome that developed.: following right hepatic
-LDLT with dominant. inferior. right hepatic: vein
(IRHYV) anastomosis in' which. the outflow. block

syndrome was treated by’inse_i'tion of a Gianturco
expandable metallic stent. ’ e

Patients and methods

Patients oo srmy oo 1

Between March 2002 and July 2004 we performed
‘44 adult-to-adult LDLT procedures (including two

re-transplantations) - at-. our.: hospital. . The 1«39
patients: (27 men, 12 women; 41 ‘operations) who
received a right liver graft were the subjects of the

1
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present study. The patient’s ages ranged from 20 to
68 yr old (median age = 53 yr). The indications
for LDLT were hepatocellular carcinoma (n = 17),
hepatitis C viral cirrhosis (n = 10), primary biliary
cirrhosis (n = 4), hepatitis B viral cirrhosis (n = 2),
cryptogenic cirrhosis (n = 2), fulminant hepatic
failure (n = 2), chronic rejection (n = 2), primary
sclerosing cholangitis (n = 1), and biliary atresia
(n=1).

Daonors

The donors were 20 men and 21 women, and their
ages ranged from 18 to 63 yr old (median
age = 36 yr). According to their relation to the
patient they consisted of 17 children, 15 spouses,
five sibling, two parents, one nephew, and one
grandchild. Right liver volume was preoperatively
estimated by computed tomography (CT). Candi-
dates whose right liver comprised more than 70%
of their whole liver were rejected as prospective
donors. An estimated graft-to-recipient weight
ratio (GRWR) of 0.8 was the lower limit for
right liver transplantation. Right liver grafts
without the middle hepatic vein (MHV) were

harvested; however, when the remnant left liver
was estimated to account for more than 35% of:~
the whole liver volume, harvestmg an exténded -

right liver graft was considered. We reconstr

5 mm “in- diameter with -interpositional vascular

veins.

Hepatxc vein reconsructions prooedure

The anastomoses between the graft Vem and.IVC

were created in end-to-side fashlon with 5-0 or 6-0

‘prolene stitches as described p1ev1ously (3) The

" RHV anastomoses were performed by incising the

“IvVCe at the’ caudal cornet’of the:RHV orifice and

removing a piece of the anterior IVC wall to make

~the orifice oval—shaped For the other anastomoses,

“a 1iew holé was made: by removmg a small part of
the IVC wall. :

Results
Morbidity. e and mortality refated to venous reconstruction

‘No patients” died of complications of the venous
‘ reconstructions after LDLT! Four pa‘ments %:7%)
1‘experlel:tced complications' of the venous~recon-
structions in the form of outflow block syndrome,
and all “were stccessfully treated with “metallic

2

stents. Stenosis of the hepatic vein anastomosis
developed as a complication in one of these
patients, and a rare complication, totuous intrahe-
patic stenosis of the hepatic venous trunk; occurred
in another patient (4). The remaining two cases of
outflow block syndrome were suspected of being
secondary to stenosis of the IVC 'with a: pressure
gradient greater than 10 mmHg, and they were
described below.

Case 1

The patient was a S1-yr-old man with a history of
liver dysfunction secondary to hepatitis C since
1990. LDLT of the right hepatic lobe of the
patient’s cousin was “performed in July 2003, and
the RHV and IRHV of the graft were anastomo-
sed to the IVC of the recipient. The recipient’s
umbilical vein was used as an interpositional
vascular graft between the major hepatic vein
from segment “VIII (V8) and the IVC. The
dlameter of the RHV, IRHYV, and V8 was 15,
35, and 11'mm respectively, The GRWR was
1. 15 Intraoperanve Doppler ultrasound examina-

-tions did not reveal any evidence of stenosis or

obstruction of hepatic venous, portal venous, or

hepatic' " arterial - blood - flow. = The " pa’uent’
“aspartate 'transaminase (AST), alanine amino-
B \'transferase (ALT) and total bilirubin” (T bil)
all MHV  tributaries that measured more-than - levels had increased to 179; 215 IU/mL “and
~14.9 mg/dL, respectively,  on postoperative . day

grafts such-as-the- rec1p1ent s inferior mesentenc i (POD) 10, and daily measurements of ascitic fluid

vein, left portal vein, umbilical Vem or other'

volurne from a percutaneous drainage ‘tube
showed an increase to more than 1000 mL from

"POD 6 onwards. Doppler ultrasound examina-
_ . tions on POD 10 revealed flat waveforms and
. - slightly. low flow . velocities in the RHY,. IRHV

and V8 of 30, 18, and 9 cm/s, respectlvely, and a
slightly low. flow velocity of 15 cm/s in the right
main portal vein. There were no areas of conges-

“tion on:arCT scan. Hepatic: venography and-ven-

acavography were performed on POD-10 because

" of clinical suspicion that hepatic vénots.obstruc-
“tion - had - developed.: “The - hepatic:: Vé:nograph

showed no évidence of stenosis and no’ pressure

‘gradients .across any of the hepatic vein: anasto-.

moses. However; IVC stenosis was visualized: by
Venaca'vogr'aphy; and manometric venous préssure
data from the infrahepatic IVC to the suprahe-
patic IVC obtained by drawing a catheter. through
the::vessel 'revealed-- a - pressure - gradient: of

11 mmHg across the IVC stenosis (Fig. 1A,B).
-The large IRHV. anastomosis with no sténosis was

Jocated candal to the site of stenosis (Fig. 1C).’A

30 mm - diameter, 5 cm long Gianturco:Z stent

(Cook; Bloomingten, IN, USA) was placed-in the
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Fig. 1. (A) Venacavography in case 1,
showing IVC stenosis associated with
an 11 mmHg gradient (black arrow).
The locations of the right hepatic vein
(RHV), major hepatic vein front
segment VIII (V8), and inferior right
hepatic vein (IRHV) anastomoses are
demonstrated. (B) Manometric venous
pressure data showing a pressure
gradient of 11 mmKg across the IVC
stenosis (the black arrow indicates the
same site as in A). (C) Hepatic venog-
raphy of the IRHV revealing no
evidence of stenosis or narrowing of the
anastomosis. (D) After deployment of
the IVC stent, there is ample IVC™
patency and only a | mmHg residual

pressure gradient.

IVC, and the venous pressure gradient immedi-
ately decreased to 1 mmHg (Fig. 1D). T he reason
for choosing this stent is that the Z stent has wide

interstices that minimize interference with hepati¢ .
vein - outflow: Liver:: function - also - gradually
improved - after: stent placement;: and ithe daily

ascitic fluid volume' decréased ‘to<:500 mL: from

POD- 16 -onwards. (Fig- 2). Stent" placement: was

successful, and the patency of the stent remains
good. The patient was discharged -on POD 43,
and* his~ course: has: been: favorable. o i
14 months since the operation. -

@©)

Fig."2. Clinical course in case’l before
and after stenting. The closed squares:
represeiit serum total bilirubin (mg/dL.).
The shaped bars represent daily ascitic
fluid (L). The ‘open triangles and dpen
squares represent flow velocity {cm/s): .
measured by Doppler ulirasound in the
portal vein and the right hepatic vein:

respectively:s: s v

thc :

€ Tolal bilirabin (mg/dL) .

Caé.e 2
vThe'"ﬁa’c‘ien‘c was a 54-yr-old man with liver failure
secondary to hepatitis C and was referred to our

department for LDLT in April 2003; LDLT of the
Tight hepatic lobe of the patient’s ‘son "was ‘pet-
‘formed, and the RHV of the graft was anastomo-
sed to the IVC of the recipient in end-to-side
fashion. The IRHV and the major hepatic veins
‘from segment V (V5) and V8 were anastomosed to
the side of the recipient’s IVC: The recipient’s left -
portal vein was used as an interpositional vascular

(cm/s)

<[ Ascitic fluid volume (L/d)

7'+ Flow velocity {cmy/s) measured by Doppler sonography of the portal vein A
and right hepatic vein —{1—
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graft for the V5 anastomosis, and the recipient’s

inferior mesenteric vein was used as an interposi-
" tional graft for the V8 anastomosis. The diameter
of the RHV, IRHV, V5, and V8 was 25, 10, 11, and
28 mm respectively. The GRWR was 1.12. Intra-
operative' Doppler ultrasound examinations did

not reveal any evidence of stenosis or obstructions.

in the hepatic venous, portal venous, or hepatic
arterial blood flow. The patient’s AST, ALT, and
T-bil Jevels had increased to 228, 196 IU/mL, and
36.5 mg/dL, respectively, on POD 15. Daily ascitic
fluid volume from the percutaneous drainage tube
increased from below 1000 ml. to more than
2000 mL from POD 14 onwards. Ascitic fluid
cultures were negative. Doppler ultrasound exam-
inations revealed flat waveforms, flow velocity in
the RHV, IRHYV, V8, and V5 of 31, 28, 11, and
13 cm/s, respectively, and a flow velocity of 21 cm/
s in the right main portal vein. No areas of
congestion were visible on a CT scan. Steroid pulse
therapy was started, because of strong suspicion of
acute rejection, but there was no improvement in
the liver dysfunction. A liver biopsy demonstrated
centrilobular congestion, and hepatic venography
was performed on POD 20. because of clinical

suspicion ; that - hepat1c venous obstruction ‘had

developed. The. hepatlo venograph shOWe

_evidence, of stenosis. ‘and no pressure gradients

across any of the hepatlc vein anastomoses. H

‘ever, IVC stenosis was visualized by venacavogra—"f ‘

- phy, and ‘manometric venous. pressure data from

-the-infrahepatic  IVC. to. the suprahepatic 7VCV.‘

obtained by drawing a catheter through the ves
revealed a pressure gradient of 13 mmHg across

. 30

2007

[(mg/dL);

0]~

@ - Total bilirubin (mg/dl) <20+

Flow velocity (cnivs) measured by Dopplér sonographyof the portal vein —/¥—

and right hepatic vein —{ }—

Fig. 3. (A) Venacavography in case 2, showing IVC stenosis
associated with 13 mm¥g gradient (black arrow). The loca-
tions of the anastomoses with RHV, V5, V8-and, IRHYV are
demonstrated. (B) Manometric venous pressure data showing a
pressure gradient of 13 mmHg across the IVC stenosis (the
black arrow indicates the same site as in A). (C) After
deployment of the IVC stent, thete is ample IVC patency and a
residual 3 mmHg pressure gradient.

the IVC stenosis (Fig. 3A;B). A 35-mm diameter,
5-cm. long Gianturco Z-stent was placed in the
IVE;: The venous: pressure: gradient immediately
decreased to 3 mmHg (Fig. 3C€), and liver function
gradually improved. The AST, ALT, and T-hil-
levels had decreased to 45, 64 IU/L, and 9.6 mg/

- dL; respectively, on POD:40. Daily ascitic fluid

volume  decreased to <1000 mL from-POD 40
onwards, and continued to-decrease to <500 mL,
from POD 46 onwards (Fig. 4). Unfortunately the

Fig. 4. Chinical course ini case 2 before
and: after stenting.:The closed squares
represent serum total bilirabin (mg/dL).

3 o The shaped bars represent daily ascitic
Bl Ascitic fluid volumé (L/d) 1"

fluid: volume (L). The open triangles; :;
and open squares mean represent flow.
velocity (cm/s) measured by Doppler. .
ultrasound of the portal vein and the
right hepatic vein respectively. -



patient died on POD 77 as a result of massive
gastrointestinal bleeding from a duodenal ulcer.

Discussion

(Caval abnormalities that occur after OLT include
stenosis as a result of a tight suture line or caval

size mismatch, kinking or buckling of the redund-.

ant hepatic vein, external compression by a hyper-
trophied liver graft, torsion either due to 2

transplant size mismatch or transplant rotation,

and fibrosis or intimal hyperplasia in the perian-
astomotic area (5, 6). However, Lee et al. reported
that prolonged massive ascites of more than
10 000 mL following right hepatic LDLT could
be treated with IVC metallic stents (7). It has been
reported that the lateral sector of the right hepatic
graft compresses the vena cava and interferes with
outflow drainage through the IRHYV, because
congestive infarction of the right median sector,
from which the major hepatic vein from V5 and V38
was not reconstructed, has been found to induce
compensatory hypertrophy of the lateral sector (7).
Although the major hepatic vein from V5 and V8
was reconstructed in both cases reported above
and was, 1 ‘
ography. ¥ IVC steno
gradient of mote than 10 mmHg, The pathoge

of IVC stenosis may be a narrowing of the IVC

caused. by the multiple anastomoses of major
- hepatic- tributaties to-the cut surface. of-the graft
and : compression-caused - by -hypertrophy: of ~the:

grafted Hver. " R o
Not all patients with IVC stenosis with a
pressure” gradient develop hepatic”vein outflow
block. The pathogenesis of hepatic vein: outflow
block secondary to IVC stencsis f
hepatic LDLT may involve the an;
IRHY, which is the d d
graft and larger than the
stenosis;and. a significa
that results in:incre

it IVC préssure, gradient
‘IRHYV: pressure. Hepatic

ot obstructed perioperatively, venacav- -
ealed IVC stenosis’and a pressure::

Stenosis of the inferior vena cava after LDLT

vein outflow block does not occur in cases of IVC
stenosis with significant pressure gradients. that
develop after left hepatic LDLT or right hepatic
LDLT without dominant IRHV anastomosis,
because the left hepatic vein and RHV anastomos-
es are located cranial to the stenosis, and thus the
stenosis is unaffécted by left hepatic or RHV vein
pressure. e T

In conclusion, in both cases reported above IVC
stenosis and hepatic vein outflow block developed
following right hepatic LDLT with dominant
IRHV anastomosis and were treated with a
Gianturco Z stent' implant. It is important to
include hepatic vein outflow block in the differen-
tial diagnosis when patients who have undergone
right hepatic LDLT in which anastomosis of the
Jarge IRHV has been performed develop manifes-
tations of liver dysfunction.
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Although the incidence of stenosis and obstruction
of the hepatic venous anastomosis after right hep-
atic living-related liver transplantation (LBLT) has been
found to be higher than after orthotopic liver trans-
plantation (OLT), to the best of our knowledge, intra-
hepatic stenosis of the venous trunk in the early pe-
riod aftex right hepatic LRLT has never been reported in
the literature: A 53-year-old man who underwent right
hepatic LRLT, postopei'atlvely, developead liver dysfune-
tion and an increasing amount of ascites, and a Doppler
sonogram showed a flat waveform and low-flow ve-
locity in the hepatlc vein. Based on these findings an
outflow block was suspected, and a hepatic venogram
and manometry revealed intrahepatic stenosis of a tor-
tuous hepatic venous trunk and a pressure gradient of
14 mmHg at the site of the stenosis. We inserted an ex-
pandable metallic stent (EMS) at the site of intrahep-
atic venous stenosis, and its Insertion was followed
by a decrease in pressure gradient. Liver function re-
covered; and the volume of ascitic fluid decreased af-
ter placement of the EMS. The results of an analysis
‘of the venogram.and CT: volumetric data suggested
that the pathogenesis of the stenosis was twisting
of the venous trunk during hypértrophy of the liver
parenchyma.

Key words: EMS, hepatic vein stenosis, liver regen-

eration, LBRLT
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~ Introduction

Right hepatic livingrelated liver transplantation (LRLT) is
now commonly used to treat adults, and although steno-

1006

sis of the right hepatic vein anastomosis has been found to
occur as a postoperative complication, to our knowledge
early intrahepatic hepatic venous stenosis not at the site
of the anastornosis has never heen reported. We report
such a case and describe the radiological findings obtained
by hepatic venography and the hepatic vein manometric
data in a patient freated with an expandable metallic stent
{EMS). We discuss the possible pathogenetic mechanism
of the intrahepatic stenosis of the hepatic vein that de-
veloped during the period of liver regeneration after right
hepatic LRLT,

Case Report

AB3-year-old man was referred to our department for LRLT.

At 39 years of age he had been dlagnosed with liver dys-
rfunctlon secondary to hepatltls B vnrus (HBV) mfectlon

Liver cxrrhosrs and hepatocellu!ar carcino a"(HCC) subse-
quently devalopad and he was treated by trans-arterial em-
bolization at 48 years of age. The HCC recurred at 52 years
of age, and he developed an umbilical hernia caused by a
huge volume of-ascitié fluid, Living-related liver transplan-
tation of an ABO-compatible right hepatic lobe donated by
his wife was performed. Preoperative three-dimensional
dynamic enhanced computed tomography of the donor re-
vealed that drainage veins from the middle hepatic vein
had not developed in Couinaud segments V and VIII, that
the main drainage route of venous return from right lohe
of the liver was the right hepatic vein, and that there was
no stenosxs (Flgure 1) The graft-torecipient weight ratio
was 0. 89%. The main hepatic vein of the donor was anas-
tomosed to the right hepatlc vein of the reCIprent with-
out reconstruction “of the’ middle hepatic vein/The length

‘of the orifice and the cuff of the right hepatic! vein of the

graft were 27 mm and 14 mm, respectively, and the length
of the remnant right hepatic vein of the recipient was
8 mm, The detailed surgical procedure for hepatic vein re-
construction was as follows. The vascular clamp holding
the stump of the right hepatic vein was positioned verti-
cally on the inferior vena cava {IVC). The IVC was incised
at the inferior end of the right hepatic vein orifice to ad-
just it to the length of the orifice of the hepatic vein of
the graft. A portion of the anterior wall of the IVC was
rernoved to make the orifice” oval-shaped. End stitches

_ of 5-0 polypropylene monofilament suture were placed

on the superior and inferior ends. The superior stitch of
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Figure 1: Three-dimensional dynamic-enhanced computed
tomography of the donor's liver showing that the main
drainage route of venous return of the right lobe was the
right hepatic vein (white arrowl, and absence of stenosis.
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Figure 2: Sequential changesinthe serum total bilirubin level
{®), volume of ascitic flufd (D), and flow velocity (A) measured
by Doppler sonography of the right hepatic vein after the op-
‘eration. Flow velocity increased greatly after placement of an ex-
‘pandable metallic stent, and the volume of ascitic fluid decreased.
The séruim total bilirubin level increased to 15 mg/dL because of
Sepsis; but decreased in response to Vancomygin therdpy. -

5-0 polypropylene monofilament suture was knotted, and
one arm of the knotted stitch was passed through the pos-
terior- wall of the graft vein.from.the outside,in,. close to
the first knot, and continued intraluminally to the inferior
end.-The anterior wall closure was completed in simple
rurining suture fashion with the same, stitch.: There were
no areas of congestion in.the.graft. Cold ischemic time
was 47 min, and . warm ischemic. time. was; 59. min. In-
traoperative Doppler. ultrasound ,exa;minaj[,ipns,shoys)ed no
evidence, of either sténosis or obstruction of the hepatic
" venous, portal venous; or hepatic arterial blood ﬂow,éfter
reperfusion. Portal venous pressure was monitored with

Ambérican Journal of Transplantation 2004; 4: 1 006-1009

Discussion

Intrahepatic Hepatic Vein Stenosis After LRLT

a catheter inserted into the superior mesenteric vein via
a branch of the ileocalic vein. Before hepatectomy, it was
33 mmHg, but it decreased to 20 mmHg after transplan-
tation, and ultimately to 9 mmHg on postoperative day
{POD) 7. HBIg and lamivudine were given postoperatively,
and immunosuppressive treatment with tacrolimus was
started immediately after transplantation. On POD 10 the
serum aspartate aminotransferase (AST), alanine amino-
transferase (ALT), and total bilirubin (T-bil) values had de-
creased to 56 international units (UY/mL, 41 {U/mi, and
2.8 ma/dL, respectively (Figure 2), and by POD 12 they
had increased to 103 1U/mL, 81 1U/mL, and 3.6 mg/dL, re-
spectively. The daily volume of ascitic fluid increased from
less than 5000 mL to more than 10 000 mL on POD 11 (Fig-
ure 2}. Ascitic fluid cultures were negative for mycobacteria
and fungi, and no cytomegalovirus—-antigen was detected
on granulocytes in the ascitic fluid. A Doppler ultrasound
exarnination on POD 12 revealed flat waveforms and low-
flow velocity of 9.6 cm/s in the right hepatic vein (Figure 2),
and a low-flow velocity of 11.7 cmy/s in the right main portal
vein. A hepatic venogram was performed on POD 13 be-
cause of clinical suspicion that hepatic venous obstruction
had developed. The venogram showed stenosis of an intra-
hepatic vein, not of the anastomosis (Figure 3A), and exam-
ination of both the anterior-posterior view and lateral view
{Figure 3B) hepatic venograms revealed that the stenotic
intrahepatic vein was tortuous. Manometric venous pres-
sure data obtained by withdrawing the catheter from the
intrahepatic vein into the inferior vena cava showed a gra-
dient of 14 mmHg across the intrahepatic stenosis, (Fig-
ure 3C). The wedge pressure of the distal hepatic vein
branch was 33 mmHg. We immediately inserted an EMS
(diameter: 1.4 cm, length: & cm; Wallsten™, Boston Scien-
tific, Nagoya, Japan K. K) into the right hepatic vein via the
rightinternal jugular vein {Figure 4A), and the.venous pres-
sure gradient was found to have decreased to 4 mmHg
{Figure 48). A Doppler ultrasound examination after EMS
placement showed a puisatile waveform in the right hep-
atic vein and an increase in flow velocity at the same sites
in the intrahepatic vein and the right main portal vein of
30.9 cmy/s and 23.9 cmys, respectively. The AST and ALT
values had decreased to 31 {U/L and 30 [U/L, respectively,
on POD 14. The daily volume of ascitic fluid decreased to
less than 5000 mL from POD, 18 onward, and continued
decreasing to less than 500 mL from POD 25 anward. The
patient developed to severe sepsis caused by coagulase-

negative Staphylococcus aureus associated with increas-
ing AST- and T-bil-values and decreasing flow velocity from

POD, 16 to POD 24, but treatment with Vancomycin was

followed by recovery of their values. The patient was dis-

charged on POD 55, and he has been working and enjoying

a good quality of ife for the past7 months.

[T PN

Theuse of ‘r'igﬁt, ‘h‘e‘p'alt\ic_ ‘Io‘b'e;" gr,:afts is a 'frr‘iajor (,dé'\;/'elg')ﬁ-
ment in LRLT and has significantly increased the graft
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Figure  3: (A} = Hepatic
venhogram {anterior-’
posterior view) and (B}
hepatic venogram (lateral
view). A tortuous stenotic in-
trahepatic vein (—) is seen,
and - the hepatic venous
anastomosis is intact (dot-
ted arrow). (C) Manometric
hepatic venous pressure data.

The hepatic venous pressure
gradient was measured at the
point indicated by the arrow.

supply. Right hepatic LRLT is a relatively new and tech-
nically.challenging method. The hepatic venous anastomo-
sis in a right-lobe graft is unique in terms of the variety
" of patterns of venous drarnage, i.e. in'some cases, such
‘as our own, the rlght hepatr ,vern alone drarns the éntiré
o] ft, whe'reas in other cases the’ ma;or ‘anterior segment
(Coumaud segments \Y; and/or VHI) vems dram into a mid-
lee hepatre vein, ‘or inferior hepatrc verns may provrde the
enous drainage ofthe postenorsegment Whr!e he;r
ﬁatrc enous complrcatrons of orthotoprc liver transplanta—
‘tions are rare, the anatomrcal variations may lead to hep-
atic venous congestion in the absence of reconstruction
of drannage branches in LRLT, or to outflow obstruction
owmg to. an |nsuffrcrent anastomotrc orn‘r 3 Egawa et al.

'geons and radlologlsts have reported mcrdenoes of outﬂow
block after right hepatrc LRLT of 0% [0/20 3), 0/30 14); 0/46
(B)land4% (1 /256), Koet al treated 27 cases of hepatic ve-
nous outflow obstruction after LRLT by balloor angioplasty
and insertion of an EMS, and analyzed the etiologies of the
obstruction (7). They concluded that the causes were fi-
_brosis or intimal hyperplasia in the perranastomo’uc area,
kinking or buckhng of a redundant hepatic vein, external

com essron by a hypertrophred hver graﬁ a trght suture '
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Table 1: CT volumetric data of the recipient
Postoperative day

. Precperativel'7 14/ 28 70
Graft volume {em®) - 860: . 21700 2157 2051 . 1636

line, and iatrogenic obstructron after stent p[acement in
the IVC (7). In our patient; the Site of Stenosis wasin an'in-
trahepatic vein far from the site of the anastomosis; which
provided a sufficient orifice according to the venogram. The
CT volumetric data of the right hepatic lobe graft showed
that graft volumne had increased approximately twofold on
POD 7, and approximately 2.5-fold on POD 14 (Table 1), The
increase in liver volume until POD 14 may have been sec-
ondary to venous congestion of the graft. The daily volume
of ascitic fluid after the operation was ranged from approx-
imately-1000~-3000 mbLunti POD11; however, those:vol-
umes did not indicate liver congestion because of hepatic
vein stenosis caused by a technical error in the anasto-
mosis, because daily ascitic fluid volumes of greater than

1000 mL until POD14 have sometimes.beén observed

in crrrhotrc pattents after LRLTS'AS thé hepatic Venous ob-
strliction appeared t0 have occufred around POD 13 based
on the Doppler ultrasoiind findings, we concluded that the
doubling of the” preoperatrve graft volimea on POD7 Was
attributable to regeneration’ of liver parenchyma rather than
congéstion of hepatic venous rétursi. We suspect that rel-
atrvely rapid hypertrophy of the right lobe graft. that was
asymmetnc may Have'led to intrahepatic twisting of the
hepatic véin like a hollow- tube; and resufted in outflow
block. The CT volumetric data ori POD 70 showed that the

American Journal of Transplantation 2004; 4:,1006-1009
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Figure 4: (A) Hepatic venogram after placement §f the ex-
pandable metallic stent. (B) Manometric hepatic venous pres-
sure data. No steep decline in préssure is seen. -

volume had decreased to approximately the same level as
on POD 7, when there was no venous congestion. Ino-
mata et al. reported that a relatively small lateral-segment
or leftlobe graft in LRLTs may twist around the hepatic
venous anastomasis (extrahepatic) during hepatic regen-
eration and cause outflow block (8). They inserted a tissue
expander, into-the space adjacent to the graft in order to
stabilize its- position. Our case, in which the pathogéne-
sis of the venous-outflow blockage may have been intra-
hepatic twisting of the venous trunk during hypertrophy of
.the liver parénchyma;, may be the first such case ever.re-
ported. Another possible etiology of the intrahepatic vein
stenosis in our case is ischemic stricture of an intrghepatic
Veifi: because 59 min of warm ischemic time was consid-
ered relatively long. The mean warm ischemic time in the

Am’efican Journal of Transplantation 2004; 4: 1006-1009

Intrahepatic Hepatic Vein Stenosis After LRLT

adult 31 cases in our LRLT series was 40.3 min (range:
2173 min), but no intrahepatic hepatic vein stricture was
found in a further seven cases in which the warm ischemic
time was greater than 50 min. Interventional radiologic-pro-
cedures like balloon angioplasty and EMS placement are
useful treatment modalities for hepatic venous outflow ob-
struction after LRLT and split-liver transplantation (7,9). We
inserted an EMS at a site of intrahepatic stenosis of the
hepatic vein, so that the proximat portion of the EMS did
not extend beyond the anastomosis. The EMS has been
retained at the site and has been effective in combina-
tion with anticoagulant therapy with warfarin over-the past
7 months of follow up to date.

in conclusion, we have reported a case of intrahepatic ve-
nous stenosis resembling outflow block after right hepatic
LRLT in which we treated the stenosis by insertion of an
EMS. We suspect that the pathogenesis of the stenosis
was twisting of the venous trunk during hypertrophy of
the liver parenchyma.

References

1. EgawaH, Inomata Y, Usmoto S etal. Hepatic vein reconstructionin
162 living-related donor liver transplantation patients. Sugery 1997;
121: 250-257.

2. Tnomata Y, Usmoto $; Asonuma K et al. Right lobe’ graft in living
“doner liver transplantation. Transplantation 2000; 60: 258264

3. Ghobrial RM, Saab S, Lassman C et al. Donor and recipient out-:
comes in right lobe adult living donor liver transplantation. Liver,.
Transpl 2002; 8: 991-8089. o

4. Sugawara Y, Makuuchi M, Sano K et al. Vein reconstruction in -

- madified-fight-fiver graft for-living denor liver transplantation. Ann.
Surg 2003;237: 180-185. [+ : S Sl

5. Zeytunlu M, Icoz G, Kilic:M, Yuzer Y, Tokat Y. Optimal venous .
drainage for right lobe living donor liver grafts. Transplant Proc
2002; 34: 3327-3330.

6. De Villa VH, Chen CL, Chen YS et al. Right lobe living donor liver
transplantation-addressing the middle hepatic vein controversy.
Ann Suirg 2003; 238: 275-282.

7. Ko GY, Sung KB, Yoon HK st al. Endovascular treatment of hepatic
venous outflow obstruction after living-donor liver transplantation.:

- Vasc Interv Radiol 2002; 13: 691898000, vy s

8. Inomata.Y, Tanaka K,. Egawa.H et al. Application of a tis ue ox: .

.. pander for stabilizing graft position in livirg-related liver transplan-
" tation, Clin Transplant 1997; 116680 CEREE
9. Mazariegos GV, Garido V" Jaskowski-Phillips 'S, Towbin - R/
“Pigula” F; Reyes . Management of - hepatic venols; obstruc:
tion after split-liver transplantation. Pediatr Transplant 2000;: 4:.:
322827, sl esnue Domnbaca i




170 Letters to the Editor / Journal of Hepatology 41 (2001{) 168-175

Chronic inhibition of nitric oxide increases the collateral vascular
responsiveness 1o vasopressin in portal hypestensive rats. J Hepatol
2004;40:234-238.

[2] Munoz J, Albillos A, Perez-Paramo M, Rosst I, Alvarez-Mon M.
Factors mediating the hemodynamic effects of tumor necrosis factor-
alpha in portal hypertensive rats, Am J Physiol 1999;276:G687—G693.

[3] Ohta M, Tarnawski AS, Jtani R, Pai R, Tomikawa M, Sugimachi X,
et a). Tamor necrosis factor alpha regulates mitric oxide synthase
expression in portal hypertensive gastric mucosa of rats. Hepatology
1998;27:906-913,

[4] Bucher M, Hobbhahn J, Taeger K, Kurtz A. Cytokine-mediated
downregulation of vasopressin V(1A) receptors during acute endo-

toxemia in rats. Am J Physiol Regut Tntegr Comp Physiol 2002;282:
R979-R984. -

[5] Kusano E, Tian S, Umino T, Tetsuka T, Ando Y, Asano Y. Arginine
vasopressin inhibits interlenkin-I beta-stimulated nitric oxide and
cyclic guanosine monophosphate production via the V1 receptor in
cultured rat vascular smooth muscle cells. I Hypestens 199715
627632,

[6] Barthelmebs M, Krieger JP, Grima M, Nisato D, Imbs JL. Vascular
effects of [Arg8]vasopressin in the isolated perfused rat kidney. Eur J
Pharmacol 1996;314:325-332.

doi:10.1016/) jhep.2004.02.032

Serum vascular endothelial growth factor-receptor 1
during liver regeneration

To the Editor:

We read with great interest the article “Gene expression
profile in the regenerating rat liver after partial hepatect-
omy” by Fukuhara et al. [1] in which their microarray data
demonstrate the molecular events in regenerating rat liver,
In this analysis, however, profiling of several ‘potent
angiogenic factors genes was not well documented. Recent
studies ‘suggest- that angiogenic factors play.an. important
role in inducing liver regeneration and molecular expressxon
patierns for angiogenic factors has ‘been; studled in rat
models. [2-4]. .

Molecules important to angmgenesminclude vascular
endothelial” growth. factor (VEGE),  vascular endothelial
growth factor-receptor] (VEGP-RI) and angiogenin
(ANG). Selective activation of VEGF-R1 stimulates
hepatocyte, but not endothelial, proliferation and reduces
liver damage in mice exposed to. a hepatotomn [51.

-Additionally,. VEGF and. ANG may be. important: stimu--

Iators-of sinusoidal- endothelial cell. (SEC) proliferation

dunng liver rcgencratlon in v1vo [5] 'I’lus is supported by_‘

1cgardmg levels of angxogemc factms after pamal hepa-'

tectomy: in humans; g

Therefore, we 1nvest1gated seruim Ievels of VEGF
VEGF-R1 and ANG in five donors of hvmg liver
transplantation - during the first 7 days after partial
hepatectomy (Fig. 1). All angiogenic factors were
measured by ELISA (R&D Systems). Serumm VEGF-R1
levels increased immediately, peaking at 2-fold baseline
- levels-by- 6 h-after surgery-and decreasing gradually. In
contrast, VEGF levels rose slowly until the fifth post-
operative day, and increased rapidly thereafter with a
three-fold increase after the fifth post-operative day. ANG
levels actually decreased below baseline levels just after
surgery and increased after the third post-operative day.
Thus, the expression patterns of VEGF, VEGF-R1 and
ANG during liver regeneration of transplantation donors

were tightly regulated in sequence. Our findings suggest
that VEGP-R1 expression is up-regulated just after liver
resection, whereas VEGF and ANG expression is delayed

9 :
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Fig. 1. (a) Serum VEGF-R1 levels (b) VEGF levels and (¢) AGN levels
before and after partial hepatectomly in donors? Bars indicate standard
error (**F < 0,05 vs. 0 h, *P < 0.1 vs. O h).
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by several days. Thus, in humans, VEGF-R1 may be one
of the many genes up-regulated during rapid proliferation
of hepatocytes after partial hepatectomy and may
contribute to expression of angiogenic factors, consistent
with prior studies [5]. Further evaluation of expression
profiling of angiogenic factors will provide needed
information about mechanisms important for liver regen-
eration; and future VEGF-R1 agonists may have thera-
peutic potential for liver regeneration.
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Unsatlsfactory quahty of hepatologlcal mformatwn on the 1nternet

To the Edztor.

Over the last decade a contmuously gxowmg ‘number of

web sites have been dedicated to different aspects of liver
disease. Physicians, patients and health operators can now
easily -access to a large volume-of health information
resources, available - on- the - Internet. This, however; has
some pitfalls, including the potential harm associated with
inaccurate or misleading information, and the possibility of
commercial interests influencing the contents of medical
web sites. For this reason, many organisations and academic

or scientific Societies have published guidelines and rating ..

criteria for. web sites evaluation [1,2].. a4
this study we aimed to survey and cnucally evalua

the mformanon concerning: three diseases, of hepatological

" interest: chronic hepatitis (CH) hemochromatos1s (HH) and

Camh’s dlsease (CA) VEry . dlffeu:nt both. in, term of-

epldcmlologlcal 1mpact diagnostic strategms and ther

peutic approaches, ] In accordance with a validated method" G
[3], the three search terms were entered Into four English-.,
language . search engines_ (Altayista [www. altavxsta coml; ...
Yahoo - [www.yahoo. .com],-- Lycos . [www. lycos.com]  and- ..
Google [www google. com]) and the first five Hinks leading. .
to relevant content were considered (accounung for a total -,
of 60, sites). The. _objective;: items, . assessed : by : three
3 Were!: the type_of medical information; offercd
vs. &l temanve ‘medicine), the major target (phys-. -
icians. vs. patients. vs.. both), -the commercial sponso1sh1p,.i

(present- vs..-absent;. in; the case . of; sponsored sites, the

presence of financial disclosure was also considered), the
frequency of updates (=6 vs: > 6 months), the presence.of -
site entry restriction (present vs.. absent), the statement of - ¢,
authorship (i.e: a clear indication of the author’s name and -.:

. multlvarmte logistic regression  analysis, Odds mtxos (OR) for
msufﬁcmnt score w1tb 95% conﬁdence lntervals (m parentheses) are
_ given for each snte. Staﬂstxcally sxgmﬂcant results in bold

' Variables

t Disease

' Update of the site

quahﬁcatmns- present Vs absent), the attnbunon of the
source’ of content. (i.e. references to. scientific literature:
present vs. absent). The characteristics of the web sites were
described and their. quality evaluated by three independent
reviewers ‘who assigned-a score ranging from 1 to 5 for
accuracy, reliability and depth. An overall quality score was

-¢calculated for each site on the basis of the mean of the scores

awarded to the three quality items of accuracy, reliability

Table 1
Relationship between the characteristics of 60 hepatological websites :
and meéan overall -quality score as derived: from univariate and

. Statistical analysxs

Univariate . Multivariate

CHva, HH- 8 o 1.5 (04=52):7 ©13(02-68)
CH vs, CA 2.8 (0.8=10.0),. .06 (0.1-3.5)
Type of the sxte :

Commercxal V8. no 18 1 (1 7 192

19 (06 60) 127 (0.5,—712.5)";

> 6 s, SGmonthsr: [EPLER

Ath:tbuuon of source ot coutent of the s1te e TR TS T
Absent vs, present . 28(0’1 19 (04~ 77)'

-8. 5) o

CH: chronic hepatms, HI: hsredltary hemochromatosts, CA: Carolxs

.- disease.-
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the diagnosis of genetic A*-3-oxosteroid 5B-reductase
deficiency and in presence of 3-oxo-A* bile aciduria it
should help to distinguish a genetic defect from a secondary
defect.
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during liver regeneration

To.the Editor::.

We read with great mtemst the artlcle “Hepatms B virus -
51 ) necrosxs factor—related apoptosm—mducmg:’:;
" The average rate of graft volume per total liver volume wa

R1/death . receptor. 4. expression” by Janssen et al. [1],'?' o 61. 3%. (nght) and 21:8% (Iateral) Blood samples of the nme‘

.enhances
l1gand (TRAIL) cytotomcuy\

particularly since a role for TRAIL in HBV hepatitis is not

well elucidated, Another study also suggests that. TRAIL |
plays an important role in elumnatmg virus-infected cells by....-

inducing apoptosis via caspase-dependent pathway [2].

TRAIL- 15} also known: to: induce nuclear . factor-kB
(NF-xB) ‘activation as” well ‘as’ apoptosis in various cells; ¥
although the switching mechanism of these two different
signalings is not well known. In mice model of hver R
1egenerat10n 'NF-kB activation occurs rapidly within

30 min after hepatectomy [4]). ‘Additionally, TNFa is

up-regulated in serum and liver tissues in the early stage. - -
of liver regeneration [5],:and Fas engagement accelerates :: -

liver regeneration after partial hepatectomy [6]. Collec-

tively, these observations suggest “that TRAIL expxessmn*

may have a role in liver regeneratlon

Therefore; we investigated serum TRATL. concentranons 7

during liver regeneration in nine healthy donors before and

. Intemauonal Ine:; Camanllo, CA): “Before surgery, mean’

“ activate NF-kB

- after- undergoing surgery for liver- tissue resection for -

donation. Seven of the nine donofst" were for nght lobe -+
grafts, and thé refaining’two donors were for lateral graf .

healthy pauents were obtamed before surgery, at' 6 h pos
operative and then daﬂy to post—operatwe day 10. The serum’
TRAIL® levels ‘weré . measured’ by~ ELISA® (B1oSourc

serum TRA]L Tevels™ wére” 500°%-122 pg/ml ‘before “the -
operatzon A rapid’ decreasé in serum TRATI; was observed
after resectmn réaching a nadlr at 12 h post-hepatectomy,
followed by” a  gradual-i mcrease after post-operative day 3 =7
(POD3y (Fig. 1) ‘There was no difference in TRAIL levels*

between” graft types: These: results suggested that TRAIL "
expressmn was down—regulated during liver regeneratlon in
contrast to up—regulanon of other cytokmes sich a8 TNFey; 72
-1, IL—6 [5] or IL 18 (unpubhshed data) that can also ER

Although TRA]L i§ tough to hll selectwely tumor cells, i+

TRAIL ‘activity ‘can’ also” lead’ to- mass1vey apoptpsm of
- primary’ human' hepatocytes' [3]. Natural killer (NK) cells™ %
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Fig. 1. Serum TRAIL concentrations before and .after hepatectomy in
donors. Bars indicate standard deviation (Paired Student’s ¢-test; *p <
0.05 and **p < 0.01).

strongly and constitutively express TRAIL and theses cells
participate in the host defense to viral infection and tumor
metastasis, indicating that the physiological TRAIL levels
are not cytotoxic toward normal hepatocytes. Our findings
demonstrate that seram TARIL levels decrease during liver
regeneration, and indjcating a negative modulatory role for
TRAIL dunng hepatocyte - proliferation. ‘Thus," TRAIL
expréssion may contnbute o pathways' ‘that” 1mpa1r cell
proliferation of hepatocytes after partial hepatectomy.
Further evaluation of these possible roles for TRAILL .
activity and regulauo f TRAIL expressmn durmg hver
TE generauon will pro
hepatocyte cell prohferauon and death
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In adult living-donor liver transplantation (LDLT), the
assessment of the allograft functional reserve is im-
portant for adequate graft regeneration. From March
2002 to December 2003, 30 adult recipients under-
went right lobe LDLT. Mean CT attenuation values
(CT-AVs) in the graft were measured on unenhanced
CT for 6 months after LDLT. The histological features
of the graft parenchyma were evaluated with' post-
operative liver biopsy specimeéns.: Mean: CT-AVs af-

ter LDLT were decreased’ SIgmflcantly from the pré-

operative values; récovered- to 'over 607 HU within
6 months: There was a positive linear correlation be-
tween the CT-AVs and the receptor index (LHL15} in
technetium-99m-diethylenetriaminepenta-acetic acid-

galactosyl-human serum albumin (*"Tc-GSA) liver

scintigraphy (r= 0 803, p = 0.005}. The recipients were
divided into two groups accordmg to the CT-AV at
one post-operative week {group H; >55HU, group L;
<B5HU). The low CT-AVs, under 55 HU, in group L
were prolonged for 3 months compared with those
in group H (p < 0.05). The 1-year cumulative survival
rate was 94.7% and 45.5% in groups H and L, respec-
tively (p = 0.014}, Histological findings revealed that
the parenchymal damage was severe in the grafts
with low CT-AVs. The CT-AVs in the grafts may be a
useful parameter for assessing the allograft functional
reserve, ' .

Key words: CT attenuation value, graft function,
living-donor liver transplantation :
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Introduction

Living-donor liver transplantation (LDLT} and split liver
transplantation (SLT) have been accepted as treatment for
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end-stage liver diseases worldwide, to overcome the short-
age of organs from cadavers.

Liver regeneration of a segmental liver graft is essential in
adult LDLT or SLT. However, recipients often suffer from
prolonged cholestasis, coagulopathy and massive ascites
due to impairment of liver regeneration with small-for-size
grafts (1). In addition to the assessment of the graft vol-
ume, quantitative and qualitative evaluation of the liver al-
fograft function reserve may be necessary for proper graft
regeneration.

Hemodynamics changes dramatically. after liver trans-
plantation, which- influences the sinusoidal and hepatic
parenchymal conditions. Therefore, several complications
are possible such as the sinusoidal destruction (2) and hep-
atocyie baflooning, congestion (3}, necrosis, and fat infiltra-..
tion (4) in the graft parenchyma especnally in small~for—sxze,_,
grafts. ; . o

We focused on the bérencthal morphological changes in :
the graft and trled o evaluate quantitatively with the mean

CT attenuation valie (CTAV) The aim of the present study i
was 10 evaluate the Teasibility of ‘asséssing the allograft—"

functional reserve.

Patients and Methods

Patiants

The subjects were 30 adult patients who underwent LDLT using right-lobe
graft between March 2002 and December 2003, comprised of 23 men and
7 women ranging from 20 to 67 years ofd {median, 53 years). Their body
weight ranged from 39.6 1o 89.4 kg {median, 60.1 kg).

The etiologies of their fiver disease were hepatocellular carcinoma with liver
cirrhosis in 15 patients, hepatitis B or C virus (HBV/HCV)-related cirrhosis
in six, acuts liver failure in three, primary biliary cirrhosis in three, primary
sclerosing cholangitis in two and alcoholic cirrhosis in one,

Donors and grafts

The donors comprised 13 males and 17 females (1 parent; 12 spouses;
3 siblings; 12 children; 1 cousin and 1 grandson), ranging in age from 18 to
62 years old {median, 42.5 years). Twenty-nine grafts were ABO-compatible -
with the recipients, and one graft was ABO-incompatible. The graft-type
comprised 28 right lobes, and 2 right lobes with the middle hepatic vein,
The actual graft weight ranged from 460 to 1180 g (median, 660 g). The



graft-to-recipient weight ratio (GRWR) ranged from 0.83% to 1.63%
{median, 1.09%).

After evaluation of the MHV tributaries draining the anterior segrment by pre-
aperative dynamic CT, we selected the graft-type. To solve the problem of
potential venous congestion in the anterior segment, we selected right lobe
grafts with the MHV in MHV-dominant donors, if the remnant liver volume
was more than 35% of the whole liver by CT volumetry, Whenever these
conditions were not satisfied, right lobe grafts without the MHV were used.
All the branches of the MHV V5, V8) of a significant size (>7 mm) were
preserved with a caval cuff and reconstructed in an end-to-side fashion
to the anterior wall of the inferior vena using autologous venous grafts.
Twenty-four of the 30 grafts had significant accessory hepatic veins, which
were reconstructed.

Mild {<30%} macrovesicular steatasis was histologically confirmed in eight
grafts, and there were no moderate or seévere steatotic grafts.

Immunosuppression

The immunosuppression protocol consisted of tacrofimus and low-dose
steroids. The target whole-blood trough level for tacrolimus was 10-12
ng/mL during the first 2 weeks, approxrmateiy 10 ng/ml. thereafter, and
5-10 ng/mL from the second month. Steroid therapy was initiated at a
dose of 10 mg/kg of methylprednisolone Before reperfusion from the portal
veln, then tapered from 1 mg/kg per on day 1 to 0.3 mg/kg per day until
the end of the first month. During the post- operative period, 1 mg/kg per
day of the same drug was given for the first 3 days, followed by 0.6 mg/kg
per day for the next 3 days. This was changed to oral prednisolone at a
dose of 0.3 mgfkg per day 7 days after L DLT. Prednisolone was reduced to
0.1 mgfkg per day 1 month after LDLT, and patients were weaned off
steroids at around 3-6 months post-operatively if their liver function was
stable, :

Measurement of CT-AV of the graft
Halical CT studies were conducted with a CT-high speed QX (GE Medical
Systems, Tokyo, Japan). The scanning parameters were 120 kV;200-m4;

collimation at 5 mm, and a table speed of 10 mm/s, with reconstructron.

increments of 5 mm.

For each case, measurement of the CT~ AVs (expressed in Housfield units:
HU) of the graft parenchyma were made with 10 randomly placed, circu-
lar regrons of ‘interest (ROI) with a cursor 3 mm in diameter, on both the
anterror and posterior. segments on five transverse sections at different
hepatrc levels of non- enhanced CT (5. To avoid the partial-volume averag-
rng effects obvro s he . egmental congestion, vascular and biliary
systems n the gr ft areas of a ifact, and areas near the edge of organs
were excluded from those meastrements. The mean CT-AV of the ROl was
calculated from measurements at 1, 2, 3 and 4 weeks, and 3 and 6 months
after LDLT. Preﬂperatlve CT-AVs were the donor s pre-operatrve values.

All helical CT studies were performed under sama; confrguratlons in all re-
cipients and donors.:” - . P e

Technstlum-99m-drethylen9trrammepenta-acetlc L
acid-galactosyl-human serum albumin (9°mTe-GSA) Tiver
seintigraphy & the receptot indax (LHLT5) > .

Seven . recipients - (gross,., 10, examrnatlons) underwent technetrum-
99 drethylenetnammep' \ta Ace‘nc acrdgalactosyl human serum albumrn
(99'"Tc GSA) Irver sein  and 4 weeks after LDLT 99“‘Tc GSA was
supplred by Nihon MedrPhysrcs (Nrshrnomrya Japan) After intravenous in-
jection of 185Mbq of 9mT GSA, dynamic imaging was performed with
the patient suprna using a farge field-of-view gamma camera {GCA 7200A
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gamma camera; Toshiba, Tokyo, Japan). ROls were defined for the liver
and heart using standard imaging software which was used to create time-

activity data.

The receptor index (LHL15) is calculated by dividing the radioactivity of
the livar RO! by the radiocactivity of the whole liver {graft) plus heart ROls
15 min after the injection, according Kudo et al. (6).

€T volumetry

CT volumetry for recipients was performed for measurement of the graft
volume (GV) at 1, 2, 3 and 4 weeks, and 3 and 6 months after LDLT. The
outline of the graft in each slice was traced with ROls. The graft area was
calculated using an image-processing program {Advantage Workstation: GE
Medical Systems, Tokyo, Japan), and total GV was finally calculated by
integrating images from each graft region. The recipient's standard liver
volume (SLV} was determined according to the Urata equation (7), and the
GV/SLV ratio was calculated.

Histological analysis

All of the histologic specimens were obtained from a needle biopsy of the
right lobe grafts using a 16-gauge biopsy needle forthe post-operative eval-
uation of liver dysfunation. Tissue spacimens were fixed in 4% phophate-
huffered saline-buffered formalin, embedded in pataffin, sectioned and,
stained with hematoxylin-sosin by standard histological techniques. With
the modified semi-quantitative scoring system for histological features of
hepatic parenchyma {hepatocyte ballooning, hepatocyte necrosis, conges-
tion, microvesicularfat, neutrophil aggregates, cholestasis) according to Neil
et al. (8) (Table 1), an experienced fiver pathologist reviewed the histological
findings.

P_rotocol biopsy has not been performed in our institute.

: ,orai'isfrcér analyses

Statistical analysis was performed using Mann- Whitney for discontinuous
data, Student's t-test for continuous data, and the Cox-Mantel test for

‘Kaplan-Mavyer survival analysis. The.correlations were analyzed by Pearson

test. Values of p < 0,05 were consrdered significant. V Values are prasented
as mean £ SD. -

Table 1: Semi-quantitative scoring system for histological fea-
tures in the graft parenchyma-

. No
Yes
None
. Small foci
. Confluent areas
. Bridging necrosis
No
Yes
None
L <13 hepatocytes .
. Betweeri 1 /3 and 2/3 hepatocytes
. >2/3 hepatocytes
0. Norig"
11 Minimal
12 Moderate - 10
v 3. Extensive s i
1
2
3

Ballooning

Hepatocyte necrosis

Congestion

Microvesicular fat

‘N—*'O;—*.O(All\:‘——\o—\o

Newirophil aggrsgates |

"None:i !
. Mild r
. Moderate

. Severe

Cholestasis
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CT attenuation value

Pre w 2w aw aw aM oM
after LDLT

Figure 1: Changes in CT-AVs following LDLT. *p < 0.05 pre-operative CT-AV versus CT-AV at 1 week after LDLT. Pre-operative; n = 30,
1 week: n = 30, 2 weeks: n = 27, 3 weeks: n'= 26, 4 weeks: n = 27, 3 months: n = 20, 6 months: n = 15, respectively.
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Figure 2: Correlation between CT-
0.78 AV in the graft and LHL15. Seven re-
cipients {gross, 10 examinations) un- .
0.7 ~derwent, 99mTe-GSA liver scintigra-
40 50 Y R 65 . phyat2and4 weeks after LDLT. There
‘ : :. . : was a sngnxﬂcant positive hnear corre—
CT attenuation value latlon (f i 0 803 p= 0 005)
Results Correlation between CT-AV and LHL15

SRR Figure 2 shows the relationship between CT-AV.and LHL15
in 10 examinations on the same day in 7 recipients. There
was a significant positive linear correlation between the
CT-AV and LHL15(r—0803 p 0005) T

Changes in C‘TAVs followrng LDLT

The changes in mean CT-AVs {miean 4= SD of all grafts) are
shown in Figure 1. The pre—opera‘uve mean CT-AV of 64.7 £
6.8 HU decreased significantly to 56.9 4 3. 8HU {p < 0.05)
at 1 week after transplantation.. Thereafter, the mean CT- Changes in CTAVs in subgroups :
AV remained under 60 HU for 3 months after LDLT, The The recrplents were divided into two groups accordlng to
mean CT-AV recovered to over 60 HU (60.7 & 5.7 HU} at the CTAVatT week after LDLT Group H thigh CTAV) con--
6 months after LDLT. ‘ s;sted of 19 recrplents w:th a mean CTAV ‘of more’ than
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75
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55 =

—e—Group H
—&—Group L

CT attenuation value
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4W M M

after LDLT

Figure 3: Changes in CT-AVs in subgroups. *p < 0.05 group H versus L, pre-operative: group H, n = 19; group L,n=11,1week: H,
n=19 L n=11, 2 weeks: H, n = 19; L, n=8, 3 weeks: H, n =17, L n=9, 4 weeks: H,n=18;L,n=9, 3months: H, n =14 Ln=

6,6 months: H,n=10; L, n=5, respectively.

56 HU, and. group L. (low CT-AV) of 11 tocipior

{U, and group L. flow CT-AV) o ipients with a
mean CT-AV of less than 55 HU, respectively. ‘

The éhaﬁgés in Tnean CT-AV in. the two groups are shown
AN FQUIB Burt s e s e

There werenosngmﬂcantdlfferencesm ;the CT—A\/é of the
donors (pre-operative CT-AVS) between groups Hand L (H,
65.3 + 8.0 HU, L, 63.6 + 3.6 HU, p=0.55).

CT-AVs in both groups decreased at 1 week after LDLT. The
CT-AVs in group H were increased at 3 weeks after LDLT,
. but the CT-AVs in group L were significantly lower during
the 4 weeks after. LDLT than those in group H (1 week: H,

59.0 & 3.1 HU; L, 53.4 1.4 HU,2 weeks: H; 58.2 £ 4.1°

HU; L, 53.8 & 1.8 HU, 3 weeks: H, 59.9 £ 6.2 HU; L;563.8

+.4.1 HU, 4 weeks: H, 61.1 £ 4.9 HU; L, 563.8 £ 5.6 HU;»

p < 0.05).

The low CT-AVs in group, L (3 m

continued to decrease for 3 months after LDLT. ~

6 months (H, 61.6 & 6.1 HU; L, 8.1 £ 4.2 HU). -

On the other hand, there were significant di '
tween the pre-operative CF-AVs of the 32 non-steatotic
grafts and 8 steatotic grafts {(non-steatotic grafts, 68.0 &+

4.9 HU, steatotic grafts, 58.5 & 5.3 HU, p < 0.05}. In con-

American Journal of Transplantation 2005, 5: 1076-1084

o L e ... " changes in size of the grafts '

The CT-AVs recovered to about 60 HU in the two groups at - - The GV/SVL ratia increased rapidly,
" after LDLT in all groups. The GV/SVL ratio in group L tended

LT o be higher than that in group H for, the 6 months after

icant differences be-" "

" cantly higher at 4 weeks and 3 months than that in group

trast, the changes in the post-operative CT-AVs in the mild
steatotic grafts did not differ from those in non-steatotic
grafts during 6 months after LDLT {data not shown).

The post-operative course of serum total bilirubin =~
Serum total bilirubin levels in group L were significant
higher than those in group Hfrom 1 to 4 weeks after LDLT.
Serum total bilirubin levels in group H were normalized
within 6 months after LDLT, however, hyperbilirubinemia
was prolonged until 3 months after LDLT in group L.

- The post-operative course of coaguiation profile

The postoperative prothrombin time international normal-

_ized ratio {PTINR) levels in group H were restored to an
“almost normal level within 2 weeks after LDLT. In con-
v trast, PTHNR levels in‘'group L were significantly higher than
oy ... thosei H for 3 months after LDLT..
nths: 52,6 & 113 Hy) 1059 I @roup HTorS monihs ST

to over 100%, 1 week

LDLT; in particular the GV/SVL ratio in ’grbup L was signifi-

H (4 weeks: H, 107%; L, 130%, 3 months: H, 104%; L,
133%, p < 0.05). o

1079



lida et al.

Group H

Survival rate

4] Group L

L T I T ~ TF T T T
0 3 10 15 20 25
month

Figure 4: Actuarial survival in subgroups. The 1-year cumula-
tive survival rate was 94.7% and 45.5% in groups H and L, respec-
tively {p = 0.014).

Patient survival

Patient survival curves are shown in Figure 4. The 1-year
cumulative survival rate was 94.7% and 45.5% in groups
Hand L, respectively (p = 0.014).

The causes of death were intra-cranial bleeding (n = 1) in
group H, and graft failure (n = 4), pneumonia (n = 1) and
‘cardiac failure {n = 1) in group L.

Regardmg the four recrprents m group L who dred of graft
failure, one dred due 1o an rmmunologrcal response re-
lated to ABO rncompatrbrlrty at 54. days after LDLT. The
other thres recipients with high model end-stage liver dis-
- ease {MELD)-scores-had emergency LDLT, and:showed

operatively without size mismatch. The liver grafts did
not become sufficiently functionated for the post-operative
metabolic demands, which eventually led to graft failure,
accompanied by deep fungal infection. The patients died
at b6, 65 and 72 days after LDLT. The remaining five pa-
tients in group L are still alive. Furthermore, there were
three cases in group L of stenosis of hepatic venous anas-
tomoses of the grafts at 9, 13 and 18 days after LDLT,
and these were successfully treated with stent insertions
to the hepatic veins. However, hyperbilirubinemia, coagu-
lopathy and massive ascites persisted for 2-3 weeks, and
the recovery of liver function was delayed.

Comparison of the recipient data between

the two groups

There were no significant differences between the two
groups in recipient age, gender, graft-recipient weight ratio
{GRWR), cold ischemic time (CIT), warm ischemic time
{WIT), intra-operative blood loss or steatotic liver graft and
incidence of acute cellular rejection or mean portal venous
pressure during the first 3 days after LDLT, However, the
MELD score, mean ascitic fiuid volume during the 7 days
after LDLT were significantly higher in group L than in group
H (Table 2).

Histological findings

A gross of 41 post-operative liver biopsy specimens in
20 recipients were collected to diagnose the causes of liver
dysfunction, Protocol biopsies are not performed in our in-
stitute. Therefore lrver bropsres Wwere no‘r performed on
the nine recipients in group H who had fo post-operative
liver dysfunction during 6 months after LDLT, or the pa-
tient in group L who died at nin¢ days after LDLT; Hence,
liver biopsy specimens were obtained from a total 'of 10

hyperbitirubinemia and coagulopathy that persisted post-. recipients in.group H and 10 recipients in group L.

Table 2: Comparrson of the recipient data between the two groups
) .o Group H (n= 19)--

Age 51.9412. 6 b

Gender C M16,F3 -

wEtiology.of liver disease: s iersmin ts HCC11 PBC3 LC(B)1,~
O P - LCICY 17 LC(aIcohol)l‘f'i

Group L{n=11} - p

~ ’51 341
"M7,F4" o
“HCC 4 LCIC) 4,
ALF-2; PSC:1

... ALF1,PSC1 T
) .;MELD score, L ..98H73 0 i 1824129
: - 1.07:l:0.23 .1.056:£0.16 -

C nic time (min) "7 105.4 + 445 13354812 NS
Warim ischemic time (min) "~ ™ TUUABE£184 .., o~ 4724146, NS o
Blood loss (mlL) 20249418613 °, “‘18287:|:16‘l49 NS T e
Steatotic graft {mild macrovesicular steatosrs) 6 cases 2cases 7 NS
Incidence of acute cellular rejectron - 26.3% (5/19) 27.3% 3/11) NS
Mean portal Vénous presstre lmmHg)T C248 4747 T 06 0L 6.8 0 U0 NS

11114 +£962.8 - 22166:&’13805 .02

: l\/lean ascmc ﬂurd volume lmL)*

iDUring first 3 days after LDLT.
#During 7 days after LDLT.
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Total score

Group B

Group A

Figure 5: Total scores of parenchymal features in the two
groups. Total scores, representing liver damage, were calculated
to sum up the scores of parenchymal features, The total score in
group A was 4.94 & 2.15, and in group B was 9.88 : 2.20 (p =
0.0003).

The specimens were divided into two groups: group A
{n = 23), in which the biopsy was performed on grafts
with CT-AV > 55 HU, and group B {n = 18}, in which the
biopsy was performed on grafts with CT-AV < 55 HU.

There were significant differences between the two
groups for the scores of hepatocyte necrosis (p < 0.0001),
congestion (p = 0.0093) and microvesicular fat (p =
0.0002), T A k

On the other hand, the scores for hepatocyte ballooning,
neutrophil aggregates and cholestasis did not 'differ signif-

foantly between he two groups. - -

The fotal scores in group A were significantly lower than
those in group B (A: 4.94 £ 2,15 vs. B: 9.88 £ 2.20, p =
0.0003) {Figure &). =~~~ : '

ear. Gor ety
20.841,p<0.0001)

Discussion

Adeguate allograft fegeneration is important in adult par~
tial liver transplantation.. Graft dysfunction; characterized
by enhanced cholestasis, coagulopathy, and‘massive as-
cites; ‘may occur in‘small-for-size® grafts (1)1 Therefore;
post-operative assessment of allograft function reserve is
important for regenaration after LT, in’addition to’simple
measurement of thie graft volurne. Namely, increased graft
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Significance of CT Attenuation Value in Liver Grafts

volume without functional reserve implies only the hyper
trophy of the graft, not true liver regeneration. Regardless
of the suitability of the liver function, the GV/SLV ratio was
increased in the present study. Consequently, the GV/SLYV
ratio is ineligible as an indicator of fiver regeneration.

CTAV is expressed as an absolute value called the
Hounsfield number in unenhanced CT. It has been wellrec-
ognized since the late 1970s that unenhanced CT is useful
for the detection of hepatic macrovesicular steatosis witha
difference between liver and spleen CT-AV (9). In LDLT, CT-
AVis used as a pre-operative evaluation of hepatic steatosis
for donor selection (5,10).

Generally, low CT-AVs in the liver imply the presences of
steatosis, necrosis or congestion (11}, Several reports have
referred to morphological changes in the graft after LT such
as destruction of sinusoidal lining cefls, hepatocyte balloon-
ing {2), congestion and hemorrhagic infiltration (3}, necrosis
and microvesicular steatosis (4). So, we tried to evaluate
these morphological changes after LDLT guantitatively us-
ing CT-AVs. :

With regard to the assessment of hepatic functional re-
serve, the indocyanine green (ICG} clearance test is a
widely accepted procedure in fiver surgery. However, this
test is known to accurately. reflect the effective hepatic
plood flow, linked to the hepatocyte volume, and infra-and
extrahepatic shunts. Therefore, discrepancies between
1CG R15 and histological findings of the liver are seen. Fur
thermore, the ICG test is not reliable for accessing the
‘hepatic function in patients with severe jaundice.

Oni other. hand, “%9™Te-GSA, which_binds: spacifically: to
asialoglyco-protein receptors on the hepatoceltular. mem-
brane, is apparently useful for assessing hepatic functionin
patients with fiver dysfunction under various physiological
and pathological conditions, providing an important quanti-
tative parameter of hepatic function that is totally indepen-
dent of the ICG test.

Because %mTc-GSA scintigraphy’ can determine the func-
tioning hepatocyte mass, this procedure is acceptable for
the evaluation of remnant liver function in liver surgery (12):

Recently, the liver allograft functional reserve in liver trans+
plant recipients has been evaluated by #MTe-GSA (13):14

The receptor index LHL15 is a simple indicator calculated
from three-point data in time-activity curves; and signifi-
cant correlations betwsen. LHL15 and conventional liver
function tests have béen reported (6,14).° -+ = =7

Although %MTc-GSA scintigraphy is a very sophisticated
test for hepatic function, this examination is clinically more
complicated for recipientsina serious condition, especially
those in intensive care after LDLT, than unenhanced CT::+
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