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Several reports claim that portal hypertension after living-

donor liver transplaatation (LDLT) adversely affects grafi:

furiction, but few have assessed the impact of portal
venous pressure (PVP) on graft regeneration. We divided
32 adult LDLT recipients based on mean PVP during the
1st 3 days after LDLT into a group with a PVP = 20 mm
of Hg (H Group; n = 17), and a group with a PVP < 20
mm of Hg (L Group; 0 = 15). Outcome in the H Group
was poorer than in the L Group (58.8 vs, 92.9% at 1 year).
Peak peripheral hepatocyte growth factor (HGF) during
the st 2 weeks was higher in the H Group (L: 1,730
pg/mL, H: 3,696 pg/mL; PP < .01), whereas peak portal
vascular endothelial growth factor (VEGF) level during
the Ist weelc was higher in the L Group (L: 433 pg/mL, H:
92 pg/mlL; P < .05). Graft volume (GV) / standard liver
volume (SLV) was higher in the H Group (L/ H, at 2, 3,
and 4 weeks, and at 3 months: 1,02 / 1.24, .916 / 1.16, .98
/1.27, and .94 / 1.29, respectively; P < .05). Peak serum
aspartate. aminotvansferase, bilirubin Tevels, and interna-
tional normalized ratio after LDLT were significantly

 portal VEGF levels; and with a poor outcome, graft dys-

. function - with: hyperbilirubinemia, coagulopathy, and

 severeascites, Adequate liver regeneration requires anade-

\ quate increase in portal venous pressure and flow reflected

" by clearance of HGF ‘and elevated VEGE levels. (Zizer
Transpl 2005;11:68-75.)

v;,;hB‘,,ecausc of the shortage of deceased donor liver
grafts, demand for living-donor liver transplanta-
’ ion (LDLT) has been increasing worldwide: Although

J grafts regenerate quickly after LDLT, the prognosis for . .
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 hiigher in the H Group, as was meait ascitic fluid volume. "
. In conclusion, early postoperative PVP elevation to 20
- mm of Hg or more was associated with rapid grafi hyper-
trophy, higher peripheral blood HGF levels, and lower -

recipients of transplanted small-for-size grafts is poor.!
Since elevation of portal venous pressure '(PVP) was
thought to trigger liver regeneration after hepatecto-
my?3 and portal vein embolization,* we have deliber-
ately increased the portal venous flow and PVP after

liver transplantation. However, recently Boillot et al.5

reported a case in which a recipient transplanted with a
small-for-size graft was successfully treated by breaking
down PVP with a mesocaval shunt. Several subsequent
reports have claimed that portal hypertension after
LDLT adversely affects graft function and the graft
sutvival rate-14 however, since few studies have
assessed the impact of PVP on liver regencration after
LDLT, we retrospectively investigated its impact on
graft regeneration and damage in adult recipients.

—.Patients ... ...

Between March 2002 ‘and February 2004, 32 adult patients =

underwent LDLT in our insteution. After obtaining written
informed “consent, all patients underwent follow-up "com-

* puted tomography;-and regencration factors were measured

in peripheral and portal ¥enous blood specimensi The study === =

protocol was approved by the Medical Ethics Committee of
Mie University, and the study was performed in accordance
with the ethical standards established in the 1964 Declaration
of Helsinki, The patients ranged in age from 20 to 68 yeats
{median: 53 years), and the male-female ratio was 21 : 11,

. Body weight ranged from 42 to 87 kg (median: 60 kg). The.+

reasons for LDLT were: hepatitis G virus—related cicrhosis in

16 ‘cases (11 of which were complicated by hepatocellular

carcinoma); hepatitis B virus—related citrhosis in 4 (3 of
which were complicated by hepatocellular carcinoma); aleo-
holic cirrhosis in 3 (2 of which were complicated by hepato-
cellular carcinoma); primary biliary cirrhosis in 55 acute liver
failure In 2; and primary sclerosing cholangitis in 2. Grafts
were: a right lobe graft in 27 cases, a left lobe graftin 1, and a

right lobe with middle hepatic vein graft in 4. ABO blood -

group compatibility was identical in 26 cases, compatiblein 5,
and incompatible in 1.

Basically, the right hepatic vein or common trunk of the
lefrand middle hepatic veins were anastomosed to the inferior
vena cava in an end-to-side fashion, as described else-
where.'16 The middle hepatic vein in the right lobe grafi was
anastomosed to the inferior vena cava or middle hepatic vein
of the recipient using an autologous venous graft, Drainage
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veins from segment V or VI in the liver graft were anasto-
mosed to the inferior vena cava using autologous venous grafis
when the diameter of those drainage veins was more than 7
mm. Reconstruction of the hiepatic arteries was performed
with end-to-end anastomosis using a surgical microscope.
The bile duct was reconstructed with duct-to-duct anastomo-
sis in 30 patients; hepaticojejunostomy was’ used in the 2
patients with primary sclerosing cholangitis.

Immunosuppression

The immunosuppression protocol consisted of tacrolimus
and low-dose steroids. The target trough level for tacroli-
mus in whole blood was 10—~15 ngfmL during che 1st 2
weeks, approximately 10 ng/mL during next 2 weeks, and
510 ng/mL thereafter. Methylprednisolone, 10 mglkg of
body weight, was administered intravenously immediately
before perfusion of the graft portal vein. Methylpred-
nisolone, 1 mglkg intravenously, was given on postopera-
tive days (PODs) 1-3, followed by .5 mglkg per day on
PODs 4 —6. The steroid was then switched to oral pred-
nisolone .5 mg/kg per day on POD 7, and the dose reduced
to .1 mg/kg per day at 1 month. Ifa patient’s liver function
was stable, they were weaned off steroids at around 3-6
moriths postoperatively. ' ‘

Monitoring of PVP L she

A 16-gaige dntithrombotic cathéter (Medicut UK-LCV Kit
‘Nippon Sherwood Medical Tndustries, Tolgo, Japan) was
inserted via the itferior mesenteric vein before the recipient’s
liver was removed. The tip of the catheter was positioned in
thexecipient’s portal vein or splenic vein and fixed in place by
lipation and 2 rubber bands. The other eild;wasidrawnoutsldc
_the body via the surgical wound as described elsewhere? A
transducer was used to continuously monitor PVP during the
operation and while patients were in the intensive care unit.
We divided the 32 recipients into 2 groups based on their
mean PVP during the 1st 3 days after LDLT: a higher pVP
group, with PVP = 20 mm of Hg (H Group; n=17),anda
lowei PVP group, with PVP < 20 mm of Hg (L Group; n =
“15), We semoved the cathéter on theward 7 days aft
If systemic infection related to catheterization was
e mthdrevht ifafnediately.3

- C@Elputé‘ci'ﬁiﬁééfaphxvﬂw
v, Graft i

reconstruction increments. of

images were not acquired aft
volume (GV) was calcu

- tormopraphy for recipients approximately 1,2, 3; k
‘and 3 and 6 months after LDLT. The standard liver volume
(SLV) was calculated according to the for fitla as déscribed by

and 4 Y{eeké;

" Statistical Analyses
‘Alijislfat‘isﬁqé.l" cal ons wert
5.0 statistical software (SAS Insti

‘wisc. Discontinuotts data were analyzed byM “Whitoey

40

Portal venons pressure (mmig)

Pre 2H 1 z 3 4 5 6 T
Pustiransplant Days’

Figure 1. Serial changes of portal venous pressure of both
groups. Open circles and closed circles represent GV /SLV
of L Group and H Group, respectively. *P < .05 vs. L
Group; *P < .0005 vs. L Group; ¥**P < 000005 vs. L
Group; ***P < 0000005 vs. L. Group. Abbreviations: H,
hours; Pre, pretransplantation; GV, graft volume; SLV,
standard liver volume.

Measurement of Serum Transaminases,
Bilirubin, International Normalized Ratio,
Hepatocyte Growth Factor, and Vascular

~ Endothelial Growth Factor i

Serum aspartate aminotransferase, alanine transaminase, bil-
irubin, and 'Lntcrp}gtjqnqi normalized. ratio. were, measured
e blood sumples cbined rom & peipherl e

0 6 ond 12 hou, and 1,3, 5, 7, and 14 days afier por
reperfusion. Pottal venots blood was collected from the portal
vein ¢atheter 6 and’ 17 hotuws, and 13,5, and 7 days after

‘portal reperfusion. Samples were collected into 4 serm sepa-
rator. tube and centrifuged for 10 minutes at 3,000¢, and

serum was stored at—80°C until assayed. Hepatocyte growth
factor (H{GF) and vascular endothelial growth factor (VEGE)
concentrations were measured with HGF and VEGF enzyme-
linked immunosorbent. assay. (ELISA kit; R&D: Systems,
Minneapolis, MN) according to the manufacturer’s instruc-

dons N

presented as mean

,,,,,

tests, contintions data by Stiident’s #-test, categorical data by
chicsquared tests, and Kaplin-Mayer sutvival cutves by Cox-
Mantel tests. ' P b‘}éluz's .05 wire considered statistically
signiﬁcént.p?? RETLIN : i “t?'v" T oy oain ey

Changes in mean PVP in both groups duting the week. -
afier LDLT ate shown in Figute 1. PVP:was sighifi-
cantly higher during the 1st4 days after the operation in
the H Group. Mean PVP during the 3 daysafter LDLT
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e 1. Recipient Characteristics by Group Before and During Operation = 37+ 57
H Group L Group

Characteriscics N=17) (N =15) Pvalue
Median age years (tange) 53 (20~64) 53 (68—42) © 2770
Gender (male/fermale) 10/7 11/4 4566
Mean MELD score £ SD 17.9£12.9 107 £ 6.7 6610
Mean graft weight (gm) * SD 687 # 174 651 105 4766
Mean GV / SLV :
at transplantation & SD 638 * 159 .633 £ .199 ) 9414
Mean cold ischemia time (miziutes) % SD 115 68 113 £ 102 5325
Mean warm ischemia time (minutes) & SD 49 + 21 46+ 11 7184
Mean blood loss (gm) = SD 16,130 = 19,050 18,819 22,455 9414
Median donor age years (range) 30 (18—58) 43 (19-62) 1120
Abbreviations: MELD, model for end-stage liver disease; GV, graft volume; SLV, standard liver volume.

was 15.4 mm of Hg (range: 13.0-17.6 mm of Hg) in the
L Group and 23.7 mm of Hg (tange: 20.0-31.0 mm of
Hg) in the H Group. Sixteen of 17 recipients in the H
Group and all 15 in the L Group had clinical evidence
of portal hypertension, such as esophageal varices,
splenomegaly, or hypetsplenism prior to transplant,

One patient with dcute liver failure did not have any
clinical ev1dence of portal hypertenslo ;e

Was' assoc1—
. r : 1:92.9%, H:
58. 8%, [’ = 0261) Seven patxents in the H Group
died; with. deep fungal infection on. PQDS 56 and 76
o= 2), sepsison POD 9 (n = 1), graft failure on POD
54 (n =1); cerebral hemorrhage on POD41.(n = 1),
fatrogenic cardiac tarnponade on POD 14 (n = 1), and
multiple organ failure secondary to hemorthagic shock
caised by fupture of a $plenic aneurysm on POD 62
(m'="1). Oné patient in the L Group died with pneu-
monia on POD 54 (n = 1).
There were 2 cases in the H Group and 1 case in the
L Group of intraabdominal hemorthage; 2 on POD 1,

\vems, avon:hng any, progfessxon f graft dysfuncuon
There were 2 cases of bile duct comphcauons intheL
Group. In the 1, Group, 1 patient developed blhary

anastomotic stenosxs on POD 89, which was managed

successfully with percutancous transhepatic balloon

. dilatation. Another patient in the L Group with biliary
-leakage'on POD 17 madea successful recovery W1th the
aid of percutatieous drainage: oot

Table:1 shows the preoperanve and i mtraoperauve

’ charactenstlc_s of thé recipients in both groups: Recipi-

ent age, gender, and the Model for End-Stage Liver
Disease score at the time of LDLT wete similar between
grouips. There were no significant differences between
the groups in graft weight (GV / SLV), donor age, mean
blood loss, cold ischemic time, or warm ischemic time.
Etiology of the liver diseases in the L Group consisted of
hepatitis C related citrhosis in" 8 cases; hepatitis B
related cirrthosis in 3, alcoholic liver cirthosis in 3, and

primary blha.ty cirthosis in 1 case: On ‘the other hand,
those in the H Group consisted of hepatns C related
cirthosis in 9 cases, hepanns B related citrhosis in 1,
primary- biliary - cirthosis - in 3, primary sclerosing
cholaugms in2, and acute liver failure in 2 cases. There
was no significant diffetence” between the  grotips
tegarding the eticlogy of the liver disease.

Liver Regeneration

,The changes in GV / SLYV ratio during the 6 months

after LDLT are shown in Figure 2. One week after
LDLT, GV /.SLV. in both groups, almost :eached 1.0.

GV /SLV in the L Group peaked at 1.week, whereas in
the H Group it peaked above 1.2 at 2 weeks after LDLT
but decredsed t6 below .95 at 6 months after LDLT. At
3 and 4 weeks and 3 months after LDLT, GV'/ SLV was

f’Slgmﬁcantly hlgher in'the H- Group (H/ L at2;3, and

4weeksand3months 1:.24%520/1.02 %118, 1. 16+

‘§16/ 916"‘,111 127"‘ 22/ 975"‘ 136and1 29% -

Tabie 2.shows the serial changes in perlpheml and
portal venous ‘blood HGF levels afier LDLT in both
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Figure 2. The courses of GV / SLV during the 6 months
after transplantation. Open circles and closed circles rep-
resent GV / SLV of L Group and H Group, respectively.
*p < 05; %P < .005 vs. H Group; ***P < .001 vs. H
Group; ¥¥*P < ,0005 vs, H Group. Abbreviations: 0, at
LDLT; w, weeks; M, months.

groups. The preoperative petipheral venous blood
HGF level in the H Group was significantly higher than
in the L Group (H: 5,730 % 3,997 pg/mL, L: 2,096

1,398 pg/mL; P = .00816). Preoperative high levels of

HGF in the H Group wete seflected by a remarkably
highlevel of HGF in 2 cases with acuite liver failute. The
HGEF lével int the H GiGiip decreased rapidly within 6
hoiits aftet fepérfusion, but it gtadially incréased from
day 1+to day 14 after LDLT toa higher Jevel than in the
L Group; the mean periphesal venous blood HGF level
on POD 7 was significantly higher than in the L Group

13,151 * 2,339 pg/mlL, 11,356 % 547 pg/mls

=0398). The preoperative portal venous'-blood
HGE level in the H Group was also significantly higher
than in the L Group (H: 3,622 * 1,720 pg/mL, L:
2,170 * 1,157 pg/mlL; P = .0385). The peak periph-
etal-blood HGF level during the 1st 2 weeks after
LDLT was significantly higher in the H Group {H:
3,696 £ 2,002 pg/mL; L: 1,730 +.745 pg/mL; P =
:00964), The portal venous blood HGF levels in boh

groups decreased immediately 12 Hours after repetfi-
sion, and there were no significant differences berween

the groups dusing the week after LDLT.

Table 3 shows the serial changes in VEGF levels in
the peripheral and poital venous blood of both grot

Ini the I, Group; the petipheral venous blood VEGE =~
level increased gradually during the 7 days after LDLT, o0

but femained unchanged in the H Group. On POD 7,
the péripheral VEGF level in the L Group was signifi-
cantly higher than in the H Group (L: 205 * 142
pg/mL, H: 71 % 65 pg/mL; P:=1.0177). The portal

venous blood VEGE level in the L Group gradually
increased, whereas it gradually. decreased. in the; Ho.ooos
Group. The mean portal venous VEGF of the L Group -

FGF Levels (pg/anl) Afier LDLT of Both Groups -

14 Days

5 bays

3 Days

6 Hours © \

7 Days

12 Hours "
2,748 £ 3,853 - 1,614 = 1,039§

1,932 %1451

Pre-LDLT

5,730 = 3,997*
2,09?‘1 1,398

‘Pexipheial
~"H Group

2,671 = 1,543%
1,299 & 546

3,151 *'2,339%
1,356 £ 547

. 1,895  1,663%
1,118 % 350

1,237 = 625§
1,190 = 547

989 = 379§
L 1,191 £ 4661

1,325 = 889, i

L Groﬁp
‘Portal .

1,046 = 2,449%
1,244 + 922

1,832 = 2,520%
782 * 280%

o

3,622 = 1,720
2,170 + 1,157

805 & 5269
852 £ 526

L7145 1496t | 1,027 £ 40 696 =338
" 906 A528% ) -

‘ iH;Group
+ L.Group-

*p <&

1,226 = 1,096

926.% 371% -

the H Group. *
he H Group.”: .
the H Group.”

0005 versus precransplantation in the H Groap,

05 versus precransplantarion mthc H Group Foe
01 versus pretiansplantasion In'the H Group,.

‘005 vetsus pretransplantation in

05 versus L Group.
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- Table3.. Seri 1 Changes nP Iplﬁer;ljand Port:ﬂ Venous Blood VEGF Levels {pg/mi} Afcer LDLT of; Both Groups
iz . .
Pre-LDLT 6 Hours Houss 1 Day 3 Days 5 Days 7 Days 14 Days

Peripheral ‘ -

H Group 96173 46:50 48 %51 57 £ 45 35 34 50 £ 47 71 %65 151 £ 199

L Group 53 * 81 32+£38 46x47 76 £ 83 83 £ 85 115 £ 107 205 £142%% 230 = 220
Portal

HGroup 125+ 141 73%59 6849 71 2 49 64 = 62 64+ 21 33 * 23}

L Group 1152163 64 *31 79 £ 80 172 2289 249 %251 351 £ 318 228 284
*P < 0.05 versus H group. v
12 < 0.05 versus precransplantation in the H group.

* #P < 0.05 versus pretransplansation in the L group.

on POD 5 was significantly higher than that of the
Group H (L: 351 & 318 pg/mL, H: 64 * 21 pg/mL;

= .0382). The peak portal VEGF level during the Tst
week was significantly higher in the L Group (L: 433 *
297 pg/mL, H: 92 * 48 pg/mL; P = .0137).

Graft Damage

Table 4 shows peak asparcate aminotransferase, alanitie
transaminase, and bilirubin levels in recipients during
the Ist 2 weeks after LDLT international normahzed
ratio values on PODs 3 and 7, and the mean daily
ascitic fluid volume during the 1st 3 days after LDLT.
The peak serum dspartate ammotra.nsferase, alanine
transaminase; and bilirabin levels were  significarily
higher in the H Group. The timing of the peak biliru-
bin level was 6.1 * 3.1 days after transplantation in the
H Group and 9.2 * 8.8 in the L Group On POD 3,
the international normalized ratio was sxgmﬁcantly
hlgher inthe Group, but thete was no chfference at 1
' vsgeek Mean ascitic fluid volume during the 3 days after
LDLTwas 1 131.% 908 mL/daym the L Group, and it

H Group. Ongoing ascites needed drainage in 3 cases in
the H Group and 1 case in the L Group.

Discussion

Regeteration of a segmental liver graft in LDLT or
split-liver transplantation is essential for a successful
outcome in adult patients. It has been hypothesized that
an increase in PVP or portal venous flow is necessaty for
liver regeneration to oceur after hepatectomy and portal
vein embohzauon,2 ~4 50 we have deliberately increased
the portal venous flow and PVP after LDLT to induce
graft regenetation and i Aimprove graft function; On the
othet ‘hand, several recent repoits have hypothesmed
that excessive portal hypartensmn and overperfusion
can injure the graft and lead to graft dysfunction.5-14In

2002, Boillot et al.5 reported a case in which a recipient

transplanted with a small-for-size graft was successfully

" treated by petforming a mesocaval shunt that reduced

portal venous inflow to.the grs.ﬁ; Portal overperfusion
of small- for-s1ze grafts in whlch portal inflow pet 1 unit
volume is elevated s, thought to be one of the main.
causes of - post

. Peak AST (U/L) | 451 £345

Peak ALT (U/L) 410 348

| Peak Bilirubin (mig/dL). | £15.0 = 104
INR (3cd posto rative day) .: i 149 =124

! INR (7th postopérative day) 3 © 1,17 .15
Ascxuc fluid volume (mL/day) 1,919 1,069

.221+131,;§;;
201 £120

Slogxiinl
21,131 2908 1,

Abbrcvlatlons,AST aspartate a.mmotramferase, ALT alanine transarninase; INR mtcmauonal normahzed faio, B
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reported that elevation of PVP to more than 20'mm of
Hg in the easly postoperative phase is strongly associ-
ated with poor graft and recipient survival, prolonged
cholestasis, bacteremia, poor synthetic function, and
eatly development of ascites,” and their findings are
compatible with our own. Although several reports
have hypothesized graft hyperperfusion in small-for-
size grafts is the miain factor leading to graft dysfunction
and poor survival,5-14 little information has been pro-
vided on the impact of PVP én graft regeneration in
terms of changes in graft volume and expression of the
regeneration factors. ,

Tn. our study, clevation of PVP to 20 mm of Hg or
more in the eatly postoperative phase after LDLT was
strongly associated with a rapid increase in the size of
the graft, a higher periphetal blood HGF level, and a
lower portal VEGF level. Although shear stress has been
hypothesized ta be involved in the regenerative process
after hepatectomy,? lictle evidence hasbeen provided in
suppott of this hypothesis. Wang et al.18 detected the
appeatance of proliferation factors by in vitro bioassay
after hepatectomy in rats, which was fully blocked by
the nitrous oxide synthase inhibitor N (G)-nitro-L-ar-
ginine methyl ester and restored by L-arginine; they

“hypothesized that felease of nitrous oxide induced by

. the vascular shear stress following hepatectomy is the
primary trigger of the regeneration process. Kawai et
~al4 showed that changes in portal hemodynamics that

*_expose the _hepatic vasculature to stretch stress. after

_ portal venous embolization may contribute to fnterleu-
Jkin-6 release and lead to regeneration of the nonembo-
lized lobe.

HGF is a heterodimetic protein that was identified
“as a liver sinusoidal endothelial cell—derived paractine
- nédior' in liver egeneration, nd isthe most porent
_known complete mitogen for hepatocytes in culture.
:HGE is:also prodiced: by fibroblasts, “hemocytes, and
endothelial cells in vitro?® Tsubouchi et al.2! reported
“inlcreased sefum HGF lévels ini patients with acute hep-
“atitis or acuté liver failuife, which decreased rapidly in

e secmvesy phse compared t the levels o dimision.
Thus HGF levels of acute hepatitis patiegts reflect liver
“regeneration, whereas HGF levels of irreversible acute
liver failure pauentsreﬁect failure of “liver regenera-
tion22 The increase in HGF concentration i liver dis-

case may be attributable to both an increasé in produc-
tioti of HGF and decrease in clearance by the damaged
liver.?3 Miki et al.2 reported persistently high HGE
“lévels in'orthotopic liver transplantation recipiénts with
‘compromised grafts, whereas the HGF levels patients
~with well-functioning grafts after liver transplantation
decreased rapidly and remained low 4 hours after repet-

fusion. Surviving patients with revetsible primary graft
dysfunction had low HGF levels 48 hours after reper-
fusion that preceded the decrease in aspartate amino-
transferase concentration. Peripheral HGE levels not
only yielded graft regeneration details but also informa-
tion for evaluation of early graft function. Ninomiya et
al.25 showed that small-for-size grafts regenerated faster
and were associated with significantly higher peripheral
HGF levels 1 day after LDLT than non—small-for-size
grafts. In our study, HGF levels in the H Group were
higher than’ in the L Group. We hypothesized that
sinusoidal microcirculatory disturbances caused PVP
elevation and damage to the hepatocytes, and hepato-

. cytes cannot consume HGF produced by sinusoidal

endothelial cells; thus, FHIGF levels in the H Group were
higher than in the L Group. There were 2 cases of acute
{iver failure in the H Group that showed rematkably
higher HGF levels; this group showed higher levels of
HGF preoperatively than the L Group. Ninomiya et
al.,25 in consideration of Appasamy-et al.26 showing that
HGE is cleared by liver, adrenal, spleen, and kidney,
and that its half life is estimated to be less than 10
minutes, reported that preoperative serum HGF levels
have little influence on postopgga§iye levels.

. VEGF s . glycoprotein that scleatively induces

endothelial proliferation, ahgiogenesis, and " capillary
hyperpermeability, ‘and is essential for healing of
injured tissue and proliferation of carcinoma cells.27:28
The zesulss of Northern blot aualyss showed chat
VEGF messenger ribonucleic acid is highly expressed in
human fetal lung, kidney, and spleen, and moderately’
expressed in fetal heart, adrenal, pancreas, intestine,
liver, testis, skin, muscle, and brain.2*3° VEGF also
plays an important role in liver regeneration. The pro-
liferation and sutvival of liver sinusoidal endothelial
cells has been shown i vizro to be regulated by VEGF

" secteted by hepatocytes?! Taniguchi et ayl.?zjrfep’ortéd
 mainly devecting VEGE expression in peripotal hepa-
. tocytes of regenerated liver tissue after hepateciomy in
. rats. Granot et al.5? :shqweyk‘dk_t_h?.t‘,YEC,{F is secreted by
: HepG cells in vitro and is dependent on the HGE level,

and they hypothesized that liver sinusoidal endothelial

. cell recovery might depend on prior hepatocyte tegen-
etation. However, in our study, VEGE levels in the H
 Group with more compromised grafis were lower than

- in the L Groups although HIGF levels were higher in the

" H Group. Akiyoshi et a3 showed that patients with

“acute liver failure had significantly lower serum VEGE
levels and significantly higher levels of HGE than

* healchy individuals, and that the serum VEGE levels of

survivors,of acute liver failure are significantly higher,”

concomitant with the decreased level of HGE in the
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recovety phase compared to that seen on admission. We
hypothesized that hepatocytes in the H Group, which
wete apt to be damaged by sinusoidal microcirculatory
disturbances, could not produce enough VEGF in spite
of the increased HGF,

On the other hand, since our own results showed
that the portal venous VEGF level was higher than the
petipheral venous VEGF level, we hypothesized that
portal venous VEGF secreted by the stomach, spleen, or
intestine, as well as hepatocyte-derived VEGF, also
plays an important role in graft regeneration. VEGF
messenger ribonucleic acid expression wasalso found in

-the spleen and gasttic mucosa, and in entero-
cytes. 22303536 Tsugawa et al.36 reported that portal
hypertension decreases oxygenation of stomach tissue,
and the percentage of VEGE expression in the stomach
tissue of the rats was found to be higher than in the
control gastric mucosa. They hypothesized that hyp-
oxia of stomach tissue triggered by portal hypertension
induced hypoxia-inducible facror 1, and hypoxia-in-
ducible factor 1 induced expression of VEGF in stom-
ach tissue. Scharte et al.35 demonstrated that proinflam-
matoty c'ytokines activate the hypoxia—inducible factor
1 pathway and increase expression of VEGF in rat

fitetocytes # vitro. In contrast, Assy et al.57 reported a
significantly lower serum VEGF level in patients with

cirthosis Wlth“portal hypertensxon than that in patients
with citthosis without portal’ hypertenswn, findibgs
that are compaﬂble with: our own,;” We therefore

. hypothesxzed that excessive porcal hypertensxon stressed

both hepatocytes and " enterocytes and led to poor

VEGF release in both peripheral and portal venous
blood. In our study, portal and peripheral VEGF levels
in the L Group peaked on PODs 5 and 7, respectively.
Portal VEGF Was mamly secreted by i mtesune, stom-

prohferauo of hepatocytes ‘and liver siniusoidal endo-
thehal cells, HGE and VEGF are both | 1mportant We
do not think th‘ graft hypertrophy in response to giaft
» damage mduced by portal hypertensxon can be cons1d— '

" portal venous inflow by a portocaval shunt Lrnproved
“outcome and graft function.!#13 For dlinical ¢ cases; sev-
“eral’ reports ‘have “claimed ‘that‘modulation’ of portal

,—7 6  Shimamura T, Taniguchi M, Jin MB;

o 8 Lo CM Lm CL, Fan ST. Poreal hyperpcrﬁxslon m)ury' as'the

9.- Troisi R, de Hemptin

inflow, for example by a portocaval shunt®14 and
splenic artery ligation,® has been effective in reducing
PVP after transplantation of a small-for-size graft. Fur-
ther evaluation of adequate PVP or portal venous flow
for true graft regeneration after LDLT is necessary.

In conclusion, elevation of PVP to 20 mm of Hg or
more in the early postoperative phase after LDLT was
associated with: rapid grafi hypertrophy, a higher
peripheral venous blood HGF level, and a lower portal
venous VEGF level; however, it was also associated with

* poor recipient outcome, graft dysfunction with hyper-

bilirubinemia, coagulopathy, and severe ascites,
Increased PVP reflects changes in the hepatic microcir-

“culation, and elevated PVP may be a result of the injury

to the liver rather than the cause. Further evaluation is
necessary to determine the level of portal pressure that is
adequate for true graft regeneration and a reduction of
the graft injuty; also, a safer method for true graft regen-
eration after LDLT needs to be established.
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Are the Results of Surgical Treatment of Hepatocellular Carcinoma Poor if
the Tumor has Spontaneously Ruptured?
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Mizuno S, Yamagiwa K, Ogawa T, Tabata M, Yokoi H, Isaji S, Uemoto S. Are the results of surgical
treatment of hepatocellular carcinoma poor if the tumor has spontaneously ruptured? Scand J Gastro-
- enterol 2004;39:567-570.

Background: The aim of this study was to clarify whether the results of surgical treatment of ruptured
hepatocellular carcinoma (HCC) are poorer than the results of surgical treatment of non-ruptured HCC.
Methods: Out of a total of 224 HCC patients, the 6 patients with ruptured HCC were compared with 15
‘patients with non-ruptured HCC based on TNM stage IVA and having a Cancer of the Liver Italian
Program (CLIP) score of 1 or 2. Results: There were no significant differences in clinical and
pathological features between the two groups. The 1-year and 3-year overall survival rates were 69.3%
and 21.2%, respectively, in the rupturéd HCC group and 51.3% and 20.5%, respectively, in the non-
ruptured HCC group. The 1-year and 3-year disease-free survival rates were 33.0% and 0%, respectively,
in the ruptured HCC group and 38.9% and 15.6%, respectively, in the non-ruptured HCC group. The
differences in survival rates between these two groups did not reach statistical significance. Conclusion:
Hepatic resection as definitive treatment after recovery from the initial insult of the rupture of HCC yields
results similar to those obtained by surgical treatment of non-ruptured HCC at the same tumor stage and
wrth the same degree of hver damage

-catcinoma;.: TNM staging system

LR Key words Cancer of the Liver Itahan Program (CLIP) prognostrc score ruptured hepatollecu]ar

VShugo Mzzuno, M D, thst Dept. of Surgery, Mie Umvorszty School of Medicine, 2 174 Ea'obasht Tsu,
Mze, Japan (fax. +81 39 232 8095, e-mail. mzzuno-s@clzn medtc mie-u. ac;p) ‘

~¢patocellular carcinoma (HCC) can present with a
H variety of symptoms depending on the stage of the
disease, with spontancous rupture of an HCC
representing a life-threatening condition. In Japan, sponta-

neous rupture is the cauge of death in 10% of all patients with
I "d Aﬁican countrres Where the 1n01dence

of thls

patients present wtth th1s comphcatron @, 3) Whrle it is

commonly agreed that spontaneous HCC rupture 1s a

and there. are few. reports based on dlsease tage I
function » that describé-negative: effects: of rupture on. the
surgical fésults compared w1th the fesults in patlents wrthout
HCC rupture.

The tumor lymph-node-metastasis (TNM) staging system
(4) is widely recognized as the standard basis for making the
prognosis in most solid tumor systems. The current TNM
staging system for HCC uses tumor size; presence of vascular
invasion, and distribution of the tumor as criteria for T
staging, and because of its poor outcome, ruptured HCC is
classified as stage T4 and as stage IV based on the TNM
staging system, whether liver function is good or not.

On the other hand, another prognostic index has recently

© 2004 Taylor & Francis

been devised by theCancer of the-Liver -Italian Program
(CLIP) investigators (5). Based on 435 cases from 16 centers,
the investigators found that Child-Pugh grading, the distribu-
tion of the tumor, a-fetoprotein (AFP) level, and portal vein
thrombosis were independent predictive factors for survival,
This scoring system is expected to be useful to both internal
physmans and surgeons. ; :

. We report our ﬁndmgs based' n comparatrve study of the
surgical outcome. of ruptured HCC and non—ruptured HCC
based on both the TNM stage: and’ CLIP scores:The aim of
thls study wa" to determme whether the-results of surgical
catment oorer in the patlents wrth Tuptured HCC than
_1n the patrents with non- ruptured HCC o

,/aut_

Patients and Methods

Among the 224 patients with HCC who underwent hepatic
resection in Department of Surgery 1 of Mie University
Hospital between May 1977 and December 2002, six (2.7%)

~were entered into this study as the ruptured HCC group. Since

the tumor bleeding was controlled by transcatheter arterial
embolization (TAE) in all six patients, they were given
routine preoperative examinations and treated by elective
surgery. The ruptured HCC group consisted of 3 men and 3

DOI 10.1080/00365520410005135
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Table . Clinical features

Table IL. Pathological features of the resected tumors

Ruptured HCC Non-ruptured HCC Ruptured HCC Non-ruptured HCC
Parameter (n=6) (n=15) Parameter n="6) (n=15)
Male/female 313 15/0 Tumor size (cm) 554+13 3.9%256
Age 53.8+£152 60.6 £9.3 Fibrous capsule (%) 6 (100%) 11 (73.3%)
HBs Ag-positive 3 (50.0%) 3 (20.0%) Capsule invasion/capsule (+) 100% 81.8%
HCV Ab-positive 1(16.7%) 10 (66.7%) Intrahepatic metastasis (%) 3 (50.0%) 5 (33.3%)
AFP >400 3 (50.0%) 5(33.3%) Venous invasion (%) 5 (83.3%) 6 (40.0%)
Child-Pugh
A 5 (83.3%) 13 (86.7%) HCC = hepatocellular earcinoma.
B 1 (16.7%) 2 (13.3%)
C 0 0

HBs Ag=hepatitis B surface antigen; HCV Ab = hepatitis C
antibody; AFP = o-fetoprotein.

women, and their ages ranged from 36 to 77 years (mean
55.6). On admission, all 6 patients had abdominal pain,
tenderness, and were hypotensive. All 6 patients in the
ruptured HCC group were classified according to the CLIP
scoring system: 3 patients had a CLIP score of 1, and the other
3 had a CLIP score of 2. According to the TNM staging
system, all 6 cases were stage TV A because of the occurrence
of rupture and the absence of extrahepatic metastasis. In our
hospital, the total number of non-ruptured Stage IVA patients
was 34. 34 patients classified according to the CLIP scoring
system: 8 patients had a CLIP score of 1, 7 had a CLIP score

of 2, 13 patiénts hiad & CLIP score of 3, and 6 had a CLIP score

of 4, A B S
To assess the clinical features and long-term prognosis of
riptured HCC, we cotiducted a ' comparative: study: of a

wruptur;e'df HCC_group and 15 patients with non-ruptured HCC «
whose TNM stage was stage. IVA and CLIP score was 1 or2,
arid Who had undergone hepatic resection during the same-

period, because all of the patients in the ruptured HCC group
had CLIP scores of 1 or 2 (Table I). There were no statistically
significant differences between the groups in age, percentage

positive for hepatitis B surface antigen, percentage positive.
for hepatitis C, AFP levels; tumor size, or percentage with::
extrahepatic metastasis. All patienits wete' periodically: fol-=
Jowed-iip;~'and " ultrasonogfaphy* and -a CT'/scan - Were s

performmed at least once ‘évery 3 months!

“ Stafistical “ analysis“of "differences” betweeri: groupst was:
performed by using either thhé'p'air‘ed‘Stude‘nt’s‘ I test orthe’:

Fisher exact test. Survival rates Were estimated by the Kaplan-

Meier jgﬁ%?ival method.” Stafistical analysis was performed:
with the help of SPSS for Windows computer software (SPSS;:

considered statistically significant:’”

Results ;.

Pathdlbéicdl Sfeatures "of the resected tumors TET

~The pathological features of the resected: specimens are’
summarized in Table TL All of thé ruptured HCCs had a‘
fibrous' capsule ‘and’ the difference was not significant, and -
there were o significant differences between the two groups’

seand J Gastroenterol 2004 (6)

(Fig. 2). .

Inc.; Chicago, TIl., USA). All P values of less than 0.05 were™

in capsule invasion, intrahepatic metastasis, or venous
invasion.

Overall survival rates in the ruptured HCC group and the
non-ruptured HCC group

The 1-year and 3-year overall survival rates were 69.3%
and 21.2%, respectively, in the ruptured HCC group and
51.3% and 20.5%, respectively, in the non-ruptured HCC
group; the differences in survival rates between the two
groups did not reach statistical significance (P=0.624) (Fig.

1.

Disease-free survival rates in the ruptured HCC group and

non-ruptured HCC group _ : ) »
The 1-year, and 3-year disease-free survival rates were,,

© 33.0% and 0%, respectively, in the ruptured HCC group and..

18.9% and 15.6%, respeciively, in the non-ruptured HCC
group; the differences between the two groups in disease-free
survival rates did not reach statistical significance (P= 0.712)"
All 6 patients in the ruptured HCC group and 13 of the
patients in the non-ruptured group experienced recurrence. In
the ruptured HCC group, the recurrence was in a distant

oo,

Survival;-.:
100 1 “+ Riptured HCC
i LiE (11:6) o R
80
60
140: /

20

;Years after hepatectomy... - Iy

Fig.. 1.. Overall survival rates. of the ruptured . hepatocellular
carcinoma (HCC) group and non-ruptured HCC group with TNM'
stage IVA disease and a Cancer of the Liver Italian Program (CLIP):
score of 1 or 2-after surgery. S i .
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Fig. 2. Disease-free survival rates of the ruptured hepatocellular
carcinoma (HCC) group. and the non-ruptured HCC group with
TNM stage IVA disease and a Cancer of the Liver Italian Program
(CLIP) score of 1 or 2 after surgery.

region (lung) i 2 patients, occurred in the form of peritoneal
dissemination in 3 patients, and occurred in the remnant liver
in 6 patients. Similarly, in the non-ruptured group, the recur-

rence occurred in the form of peritoneal dissemination:in 1-

patient, in a distant region (lung, bone) n 3 patxents and in the
remnant hver in 13 patlents SRS PP S

Dlscussmn

Althouch HCC can present w1th a vanety of symptoms

dependmg on thé stage-of the d1sease spontaneous rupture-is
perhaps the most catastrophic presentation. About 15% of
HCC patients develop this complication, and the highest
incidences are seen in non-Western countries (2, 3). However,
in our institution, 2.7% of HCC patients complained of rup-

tured HCC, because our institution is a university hospital and-

there were so many patients who were referred from another
clinic for further examination,or. treatment and there were
few patients for emergency operations such as ruptured HCC.
The outcome of ruptured HCC has been reported to be’ poor
because many patients harbor advanced dlsease at the time of
presentation;: the. iricidence of concomitant cnrhosrs 1s hrgh
diagnosis is oftert ‘delayed, and malignant cells sometxmes
disseminate into the peritoneal cavity (6). The mortahty of
patients with ruptured HCC is claimed to: be largely deter—
mined by the pre-rupture disease stage; liver function at ‘the
time of rupture, and the seventy of bleeding from the rupture
site (7). Nevertheless, comparisons between the long- term

survival rate of patients with ruptured HCC and patients-with_—

non-ruptured HCC in térmis of TNM stage of the disease and

the severity of functional liver 1mpa11ment have been rare (6) )

We beheve thrs to be the ﬁrst report

Spontaneously Ruptured Hepatocellular Carcinoma 569

comes among patients with ruptured HCC who underwent
hepatectomy than the median survival of 49.2 months for
patients with no history of tumor rupture who underwent
hepatic resection for HCC during the same period. However,
their study was not based on cases with the same background
factors in terms of disease stage or liver function, such as
TNM stage or CLIP score.

The UICC TNM classification is one of the most widely
used staging systems for HCC, and a good correlation
between overall and disease-free survival according to the
Kaplan-Meier method and the pTNM stage of HCC has been
reported. Poon et al. (8) found that the overall survival of 106
stage IV A patients was significantly worse than that of stage [,
II, or III patients, with the 1- 3- and 5-year survival rates of the
stage IVA patients being 59.0%, 28.1%, and 17.8%, respec-
tively. Ikai et al. (9) reported a 5-year survival rate of 15%
after resection in stage IVA cases, a significantly poorer rate
than that of the stage I to III patients. The 1- and 3-year
overall survival rates in the ruptured HCC group and non-
ruptured HCC group in TNM stage IVA in the present study
showed similar results.

Recently, however, Usatoff et al. (10) reported poor
survival rates after resection of stage IVA HCC in patients
with cirrhosis (3-year survival rate:-0%), and the researchers..
responsible for that report concluded that hepatic resection for
stage IVA HCC should be avoided in cirrhotic pat1ents The1r B
report suggests that liver damage should also be considered in-
evaluating the surgical results in stage IV HCC patients.

The CLIP. scoring system includes four parameters (Child-

- Pugh grading, distribution. of tumor, AFP level, and. portal )

vein thrombosrs) and it has been confirmed to prowde more
accurate prognostic information and to have greater predic-
tive power for survival (5, 11). However, few reports have
used the CLIP score for HCC patients after resection and then
assessed its prognostic value, because CLIP scores are based
on the prognostic parameters of patients with unresectable
lesions. Zhao et al. (12) suggested that CLIP scores are

significantly . associated with early and .late. recurrence, .

whereas. TNM 'stages are associated with early recurrence“;
alone; in other words, that the nsk of early recurrence depends .
on primary: tumor factors, whereas the risk of late recurrence ;
depends on underlylng liver, status.
-The most 1mportant task is to dstermine whether the resultsf
ofisurgical- treatment;. of patients . w1th ruptured HCC are .
poorer than-the results of surgical treatment of patlents Wlthwf
non-ruptured - HCC,: In . the . present study, no stat1st1cally .
significant d1fference was found between the overall surglcal'
survival rates of patients with ruptured and non-ruptured HCC
who had TNM stage IVA disease and a CLIP score of 1 or 2,
Nor.was.there any statistically significant difference between
the overall surgical survival rates of patients with tuptured.
and: non- -ruptured, HCC with the same. tumor stage and the
same liver. damage, These results suggest that the outcome of

ruptured HCC in relation. to, TNM stage and the, ‘CLIP/ score., ~ the. patients’ with ruptured HCC was as. good as that of thek

Liu et al. (7) reported srgmﬁcantly pooret sirvival out->

patients with non—ruptured HCC who had the same tumor.

Scand I Gastroenterol 2004 (6) .
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stage lesions and the same liver damage in cases in which the
surgical treatment of ruptured HCC was performed after
improving their condition by conservative treatment, such as
TAE.

In conclusion, hepatic resection as the definitive treatment
after recovery from the initial insult of HCC rupture yields
results equivalent to those obtained by surgical treatment of
non-ruptured HCC in patients with the same tumor stage and
the same liver damage.
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Early graft hemodynamics in living related liver
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Abstract. The aim of this study was to clarify the perioperative
hemodynamics of liver grafts without vascular complications
during and early after liver transplantation from living donors.

* This study was carried out in 4 child recipients (lateral segment
left lobe grafts) and 6 adult recipients (right lobe grafts) of Hver
transplantation from living donos. The hemodynamics of the
hepatic attery, portal vein, and hepatic vein of the grafts during
and until 7 days after surgery were studied by Doppler ultra-
sonography. The maximum flow velocity of the hepatic artery,
mean portal blood flow velocity, and pulsatility index (PI) of
the hepatic artery increased in all 10 grafts with no vascular
complication after vascular anastomosis. After surgery, the
mean portal blood flow velocity showed a peak 3 days after
surgery and reached a nadir 7 days after surgery in both the
lateral segment left lobe grafts in children and the right lobe
grafts in adults, but it was significantly higher in the right lobe
grafts in adults (mean = SD 31.0+6.3 vs. 22.4+0.9 cm/sec).

Also, as the hepatic artery blood flow velocity increased the
portal blood flow velocity decreased, the hepatic blood flow
during liver regeneration was suggested to be controlled by
both the attery and portal vein. The range of PI of the hepatic
artery was 0.60-1.86. The mean hepatic venous blood flow was
stable thronghout the observation period (30.4+8.8 cm/sec).

Although the hepatic venous flow waves changed widely
from pulsed waves to a flat flow, its changes did not suggest
a vascular complication. Evaluation of changes by Doppler

ultrasonography in the' hemodynamics of the liver grafts. .

without vascular complications during and early after liver
transplantation from living donors is considered to be useful
for accurate monitoring of the hemodynamics during liver
regeneration and early detection of abnormalities.
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Infroduction

In an early period of liver transplantation from living donors,
the lateral segment of the liver or the left lobe was grafted
primarily to children, but liver transplantation to adults from
living donors using left lobe grafts came to be performed later,
and liver transplantation to adults using right lobe grafts
began to be performed to alleviate the effect of an insufficient
graft volume. The use of right lobe grafts and improvements
in the surgical technique have led to increases in the number
of adult cases of liver transplantation from lving donors, which
now exceeds the number of pediatric cases of liver trans-
plantation in Japan.

The survival rate after liver transplantation from living
donors has improved anmally, and the 5-year survival Tate is
over 80% today. This is a result of improvements in the skill
of liver transplantation from living donors and improvements
in perioperative management by means of immuno-
suppressants, and measures to prevent infections and vascular
complications. According to recent reports, the incidence of
hepatic artery thrombosis has decreased due to the spread of
microsurgery to less than 10% in adults who received liver
transplantation from brain-dead donors and to about 10% in
children (1-3). Also, the incidence of hepatic artery thrombosis
has been reported to be high in children aged less than 1 year
and markedly atheresclerotic elderly patients (4,5). Vascular
complications are likely to occur early after partial liver
transplantation from Hving donors, because the vessels that
are anastomosed such as the hepatic artery and portal vein
are smaller, and because displacement of hepatic venous
anastomoses are more likely to occur, than in whole liver
transplantation. Intraoperative and post-operative vascular
complications (particularly hepatic artery thrombosis,
portal thrombosis) are often fatal. The incidences of early
and late hepatic artery thromboses are not significantly
different, being 1.9-5.4%, but the mortality due to carly
thrombosis is high at 55.6% compared with 15.0-22.6% due
to late thrombosis (1,2). Therefore, greater caution is needed
in the management of vascular complications early after
grafting.

Early diagnosis of vascular complications facilitates their
treatment. Therefore, it is important to examine each blood
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Table L. Summaries of recipients of the living related liver transplantation.

Recipients Age Sex Underlying disease Graft of trans- Weight of graft GRWR
plantation ®

1 61 F PBC RG 660 1.57
2 42 M LCC) RG 650 1.33
3 2 M BA LLG 250 200
4 47 F PBC RG 660 0.88
5 51 M LC(C) + HCC RG 650 1.02
6 1 F BA LLG 270 3.68
7 5 F BA LLG 260 1.53
8 5 F BA LLG 260 1.53
9 51 M LC(NBNC) + HCC RG 670 0.92

10 55 M LC(C)+ HCC RG 480 0.91

F, femalej M, male; PBC, primary biliary cirthosis; LC(C), liver cirthosis of the C type; HCC, hepatocellular carcinoma; BA, biliary atresia;
LC@BNC), liver cirthosis of the nori-C and non-B type; GRWR, graft recipient weight ratio; RG, right graft; LLG, left lateral graft.

vessel during and after surgery and diagnose complications
early by the use of pulsed Doppler ultrasonography (Doppler
US), which is easy to perform and non-invasive. To predict
early hemodynamic abnormalities, knowledge of the hemo-
dynamics of grafts without vascular complications is important.
Most of the reports of evaluation of the hepatic vascular
hemodynathics after liver transplantation from living donors
by Doppler US are about abnormal changes in the hemo-
dynamics in liver grafts with vascular complications, and
there have been few detailed reports of the hemodynamics of
the hepatic artery, portal vein, and hepatic vein in liver grafts
from living donors without vascular complications during
and early after liver transplantation. In this study, therefore,
we evaluated the hemodynamics of the hepatic artery, portal
vein, and hepatic vein of liver grafts from living donors without
ygsgiula;‘chplicatiBﬁs early after transplantation (during
‘and until 7 days after surgory) by Doppler ultrasonography to
clarify the hemodynamics of liver grafts from living donors
early after transplantation.

Miatérials and methiods ** '+

ts Wete 10 recipients of partial

frons living donors performed at Mie University School of
Medicine between March and October 2002 consisting of 4
children and 6 adults. The patients, 5 males and 5 females; were
aged 1-61 yéars. The'diseases of the recipients were biliary
atresia (BA) in 4, primary biliary cirrhosis (PBC) in 2; and
fype C liver cirthosis (C-LC) in 4 including 3 patients with
type C liver cirrhosis comiplicated by hepatoceliular carcinoma
“~(C-LC+ HCC). Lateral segiment left lobe grafts (LLG) were
transplanted to the 4 children (aged 1-5 years), and right lobe
grafts (RG) were tiansplanted to the 6 adults (aged 51-61
years). The graft recipient weight ratio (GRWR) was greater
fhan 0.8%, 2 widely accepted criteria, in all patients (Table D:
The hemodynamics of the graft livers were stidied by ultra-
sonography using an ALOKA SSD5500.
"' Bvaluation was made’at 5 points: immediately after vascular

anastomosis during operation (DOP); immediately after

The subj

operation (JPO), 1 day after operation (1POD), 3 days after
operation (3POD), and 7 days after operation (7POD). The
evaluation items at each point were the maximum hepatic
artery blood flow velocity (HA Vmax cm/sec), hepatic artery
pulsatility index (HAPT), mean portal blood flow velocity
(PV Vmean cm/sec), mean hepatic. vein blood flow velocity
(HV .Vmean cm/sec), and hepatic vein blood flow: waves.
An intraoperative linear probe (central frequency 7.5 MHz)
was used during surgery, and a convex type probe (central
frequency 3.5 MHz) was used at JPO and thereafter. - o
' Duting surgery, the intraoperative probe was brought into
direct contact with the-liver;and the measurements-were
performed at sites closer to the anastomosed partin the
hepatic artery and portal vain and at a site closer to the origin
of the inferior vena cava in the hepatic vein. After surgery,
the measurements were made by right intercostal scamning at
the same sites as the intraoperative measurements as much as
possible. S S e e TR

" The blood flow was measured by setting the sample
volume at a level slightly narrower than the diameter of the

* vessel to be measired to avoid noise due to the vessel: The

inicidenée angle of ultrasound relative to the blood vessel was

ion  set'at 60° or less to minimize érrors of measurement. Doppler

signals obtained during a short period were selected; Doppler
shifts were calculated using a fast Fourier transformation
apparatus, the shifted frequency spectra were visualized and

flow waves were displayed. Two to three of the flow waves
were traced, and the maximui flow velocity, minimum flow
velocity, and mean flow velocity were calculated automatically.
Asan index of the periphéral vascular resistance. of the
hepatic artery; PL'was calculated automatically by the formula
(shaximum flow velocity - minimum flow velocity/mean flow
velocity). Hepatic vein blood flow waves were classified into
triphasic waves in which a retrograde flow was obsetrved in
the first phase followed by antegrade flows in the subsequent
two phases; biphasic waves in which no retrograde flow was
observed ini the first phase and only an antegrade flow of the
second phase was observed, and a flaw flow that showed no

‘pulsation.i oo
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Figure 1. Changes in peak systolic velocity and pulsatility index of hepatic
artery without arterial or other complications. HA Viax, peak systolic velocity
of hepatic artery; PI, pulsatility index of hepatic artery; m, during operation; e,
just post-operation.

Results

Doppler US of the hepatic artery. The hemodynamics of
the hepatic: artery of the liver grafts were evaluated. The
peak:-blood flow veldcity of the hepatic artery (HA Vmax:
mean = SD; cm/sec) and hepatic attery pulsatility index (HAPL;
mean * SD):were 34.0x8.7 and-1.04x0.22, respectively,
during-operation (DOP) but-increased to 44.0+22.8 and
1402034 respectively, immediately after operation (JPO) in
the recipients of both right lobe grafts (RG group) and those
of lateral segment left lobe. grafts (LLG group) (Fig. 1).
Therefore, the end of operation was suggested to cause marked
.changes in HA Vmax and HAPL.
¢ :HA::Vmax. in the recipients.of RG group and those of
LLG group were 34.0+8.7 and 29.8+17.3 at DOP, 44,0£22, 8
and 38.9+13.6 at- JPO 55.1226.6 and 51.0£12,9 at. 1POD,
65.3£37.4 and-28.9+4.7- at. 3POD;:and 61.9425.5. and
41.7+9.1 at 7POD, respectively. In the RG group; HA Vmax
increased until: 3POD and decreased slightly at 7POD -but no

significant: dlfference was. observed between 3POD 4nd -

7POD: In the ELG grotp; it increased until: 1POD, decreased
at 3POD; but increased: again at 7POD, HAPI in the RG and
LLG groups.-were 1.04x0.22: -and: 1.34£0.28 at: DOP;

14040 ,34'and 1:33£0.23 at JPO, 1 52+0 41 and 0.9620.14 at
1POD; 1.21+0.42 and 1.08+0.13 at- 3POD, and 1,12:+0.32 and
—0.85£0.19.at 7POD; respectively::In. the RG: group, HAPI
reached a peak at 1POD and decreased progressively until

-7POD: In the LLI.G: groupy it decreased slightly- from JPO to -

1POD but showed no significant change and remained nearly
stable thereafter (Flg )i JEIr ot EE A

Doppler US of the portal vein, The portal hemodymlcs of the
liver grafts- were evaluated. The: mean portal blood flow
velocity (PV:Vmean; mean = SD -cm/sec): increased. from
32.6x10.9 at DOP to 64.3x23.9 at JPO similarly, to HA
Vmax. However, it decreased with time after operation to
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Figure 2. Peak systolic velocity and mean PI without arterial or other
complications after surgery. HA Vmaz, peak systolic velocity of hepatic
artery; HA PI, pulsatility index of hepatic artery; JPO, just post-operative;
POD, post-operative day; LLG, left lateral graft; RG, right graft; m, HA Vmax
of RG; 3, PI of RG; ®, HA Vmax of LLG; o, PI of LLG.
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Figure 3. Portal vein mean velocity without arferial or other complications
dunng opera'uon and after surgery, DOP, during operation; JPO just post~
operatlve POD post—opelahve day RG nght gr\ft LLG ]sft lateaal graft

47.0x£19.3 at 1POD, 42.2+16.3 at 3POD, and 26.3xz4.1 at
7POD with decreases in variation unlike HA Vmax. Also, it
increased from DOP to JPO in both the RG and LLG groups
from 34.0x10.9 and 24.15%7.7 to. 63 0+25 1 and 35, 279,

respectively. While it decreased after JPO in the RG group t to
31.0£6.3 at.7POD, it decreased t0-20. 8+12 9 at IPOD

increased to-32.9+2.4 at 3POD, and decreased again to
22.4+0.9 at 7POD in the LLG group (Fig. 3) Thus, changes in
PV Vmean were opposite to those in HA Vmax in the LLG
group, suggesting dual control of the hepatlc hemodynanncs
by the portal vein and hepauc artery : i

Doppler US of tlze hepaﬂc vem Fma.lly, the hepatlc vein
blood flow waves and mean hepattc vein blood flow velocxty‘
of the liver grafts were evaluated. The hepatic. vein blood
flow waves were consistently biphasic from DQP to 7POD in
the 4 patients of the LL.G group, In the RG group, they were
triphasic in 2 patients and biphasic in "2, and a flat flow, w1th
no pulsanon in.2 at DOP. In the 4 patlents who showed
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Figure 4. Changes in waveform paitern of intra hepatic vein without
complications during operation and after surgery. tti, triphasic; bi, biphasic;
flat, flat waveform; DOP, duting operation; JFO, just post-operation; POD,
post-operation day.

triphasic or biphasic waves at DOP, some changes in the
waveform, which ranged from pulsed waves to a constant
flow, were noted in the subsequent course, and the pattern
became biphasic in 3 and a constant flow in 1 at 7POD. Of
the 2 patients who showed a constant flow without pulsation
at DOP, the waveform changed to biphasic at 7POD in 1, but
it remained constant from DOP to 7POD in the other (Fig. 4).

The mean hepatic blood flow velocity (HV Vmean; mean
SD; cm/sec) was 30.8+8.0 at DOP, 28.1+8.7 at JPO, 31.9+8.9
at. 1POD, 29.5x3.1 at 3POD, and 32.1x11.2 at 7POD,
remaining stable throughout the observation period. The mean
(& SD) of entité ‘observation period was 30.4+8.8 in all patients
and was not significantly different between the LLG group
(30:4%11.0) and RG group (30.528.1). Moreover, the hepatic
~vein blood flow-waveform remained biphasic- from DOP to
7POD in the LLG group, but it changed from pulsed waves
to a constant flow between DOP and 7POD in the RG group.
However, HV Vmean was nearly constant despite changes in
the blood flow wave pattern.

Discussion - =

In liver grafts, from, living donors, vascular complications
are likely to occur because of the small diameters of the
“nastomosed vessels, paricalaty tho ateres, ad they may
be fatal once they, occur: Therefore, caution is ‘needed early
after grafting. In this study, we evaluated the hemodynamics
of liver grafts early after transplantation by Doppler
ultrasonography to. obtain basic data for early. detection of
intraoperative and post-operative vascular complications.

" Measures to facilitate scanning with the probe such as
lifting or twisting the graft were needed in the Doppler stady
at DOP. When the Doppler study was performed again after
placing fhe graft at an appropriate place and closing the

_laparotomy, the portal blood flow velocity increased with the
hepatic artery blood flow velocity and PI, but no significant
change was observed in the hepatic vein blood flow velocity.
Fujimoto et al reported that appropriate adjustment of the

. position of the graft during operation resolved twisting of the

base of the hepatic artery and increased the hepatic artery blood
flow velocity and PI (7). Therefore, closing of laparotomy is

a factor that affects the biood flow velecity, and Doppler ultra-

sonography is needed both immediately after anastomosis of

NAKANISHI ¢f al: LIVER TRANSPLANTATION EVALUATED BY DOPPLER ULTRASONOGRAPHY

blood vessels and on closing of laparotomy. We evaluated the
effect of closing of laparotomy by carrying out Doppler studies
both after suturing of blood vessels (DOP) and after closing
of laparotomy (JPO).

There have not been many reports on the hemodynamics
of liver grafts not having vascular complications in an early
perioperative period. In our child cases (4 cases), HA Vmax
increased from DOP to JPO, reached a peak at 1POD, showed
a nadir at 3POD, and increased again at 7POD. Tn addition,
PV Vmean increased from DOP to JPO but showed opposite
changes thereafter compared with HA Vmax. The liver is
known to be supplied by both the hepatic artery and portal
vein. However, no report has indicated dual supply of liver
grafts from living donors without vascular complications by
the hepatic artery and portal vein during or after graft surgexy.
We obtained results that indicate dual supply by the hepatic
artery and portal vein particularly in the 4 child cases. Also,
PV Vmean (mean = SD; cm/sec) was highet at 31.0£6.3 in
the adults than 22.4+0.9 in the children at 7POD, probably
because many adult patients had liver cirthosis, and a hyper-
dynamic state persisted in them for a period after surgery
(11-13).

In our adult patients, HA Vmax (mean = SD; cm/sec)
showed a nadir (34.0+8.7) at DOP and a peak at 3POD and
decreased slightly at 7POD. HAPI reached a peak at 1POD and
a nadir at 7POD in the adults but showed a peak at JPO and
decteased at 7POD in the children. Data concerning HA
Vmax and PI have been reported by Fujimoto et al in 92
children over 12 months from operation (7) and by Someda
¢t al in 43 children over 14 days from operation (8). According
to these reports, HA' Vmax (mean = SD; cm/sec) was highest
at DOP (5221 and 5316, respectively) and decreased until
7POD (4415 and 3912, respectively). However, HAPI was
maximum at 1POD (1.8120.72 and 1.59+0.68, respectively)
and minimum at 7POD (1.44:0.46 and 1.26+0.39). Cheng
et al (9) also reported intraoperative values of HA Vmax and
PI in 5 adults and 19 children. According to this report, HA
Vmax and PI (mean = SD; cm/sec) were 61.2:16.2 and
1.67+0.31 in the adults and 50.4x11.5 and 155032 in the
children; respéctively, both being higher in the adults. In out
child patients; HAPI showed a peak at the end of operation,
slightly earlier than in the cases of Cheng et'al (9), but a
nadir at 7POD similarly to their report. intraoperative and
post-operative changes-in HAPI exclusively in adults have
not been reported. The intraoperative values of HA Vmax
and PI in adult patients reported by Cheng et al (9) were
higl_lcf than ours. However, while the adult patients of Cheng
et al (9) received whole liver transplantation, our adult
patients received partial right lobe grafts from living donors. -

HAPI is widely used as an index of the vascular resistance.
For example, a high PI indicatcs strong vascular resistance
and a low PI indicates weak vascular resistance. We measured
the hepatic artery blood flow velocity at a point distal to the
anastomosed part of the hepatic artery. Therefore, if there is
obstriction of steriosis at the anastomosis site, the maximum
blood flow velocity of the hepatic artery decreases at the
measurement point distal to the stenosed area, and the time
until the peak blood flow velocity is prolonged, causing'a
decrease in PI. However, if obstruction or stenosis occurs
distally to the measurement point, the maximum flow velocity
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is unchanged or reduced, and the minimum blood flow velocity
markedly decreases, causing an increase in PI. Therefore, a
marked increase in PI suggests obstruction or stenosis at a
site distal to the measurement point, and the range of PI
(0.60-1.86) is considered to have the greatest significance.
According to our’ measurements, the hepatic vein blood
flow velocity at the end of operation was 28.1+8.7 cm/sec in
children and 30.4x11.4 cm/sec in adults with no significant
difference. Cheng et al (9) reported intraoperative hepatic
vein blood flow velocities of 25.3x7.2 cm/sec for children
and 28.0x11.9 cm/sec for adults with no significant difference
between children and adults similarly to our results. Also, the
mean = SD of HV Vmean during the entire observation period
from during operation to 7POD was 30.4x11.1 cm/se¢ in
children and 30.5£8.1 ¢m/sec in adults, and no significant
difference was observed between the two groups or among
the measurement points in each group. Someda et al (8)
reported a mean x SD of 24:3+8.8 cm/sec (20.7+7.6 at DOP,
25.4x10.6 at 1POD, and 24.3+7.6 at 7POD) in 46 children.
Although the values were slightly smaller than ours, they
noted no significant difference among measutement points
similarly to us. Also, according to our evaluation, hepatic vein
blood flow pattern was consistently biphasic in the children. In
the adults, the blood flow pattern was pulsed biphasic or
triphasic waves in 5 of the 6 patients at DOP, and it changed
to plsed patterns in 4 of the 5 patients and to a flat pattern in
1 at 7POD. In 1 adult, the pattern remained flat from DOP to
7POD, According to Someda er al (8), the flow. waveform
was pulsed (biphasic or triphasic) in 95% and flat in 5% of
the 46 children at DOP, However, they reported that a flat
pattern was observed 55% and pulsed patterns were observed
in 45%:at TPOD (9). Britton et al (13) reported hepatic, vein
waveforms durmg acute rejection after liver transplantation
in-50 children.: According to their report, when rejection
occurred, a decrease in pulsation of the hepatic vein blood
flow was noted before biochemical or clinical manifestations
in- 10 patients. However, they also reported pulsation in 2
patients and regular triphasic waves in 1 despite rejection
(13). Moreover, Cheng et al reported that a decrease in hepatic
vein;Vmax (to.10 cm/sec or less) followed by a decrease in
the portal blood flow. as an indication of abnormality (9).
«:The hepatic vein blood flow forms triphasic waves in
Wthh the first phase is a retrograde flow during atrial systole
associated with closing of the tricuspid. valve, and the second
and third phases are antegrade flows cotresponding to the 2
periods of atrial dilation, As hepatic vein. outflow disorder
becomes severe, the outflow waveform; is-flattened, and
the flow. velocity. decréases. These. changes are caused by
extension, flexion; or twisting of the anastomosis site of the
hepatic vein due to. graft drsplacement and, intraperitoneal
hematoma, We. observed a change from a pulsed pattern to
a flat pattern in.1 adult and persrstence of a flat attem
throughout the observat1on period in 1 adulf, but there was no
difference in the hepatic vein blood ﬂow velocrty between
these patients and the other patients who showed pulsed
patterns (range 17.5- 323 cm/sec), and no rejection or decrease
in pulsation of the hepatic vein blood flow descnbed by
Britton et al (13) was observed. Therefore, abnorma.l outﬂow
waveforms of the hepatic vein associated ‘with rejectlon are
considered to accompany a decrease in the hep,atrc vein blood

269

flow velocity as well as flattening of the hepatic vein blood
flow pattern. Furthermore, Cheng et gf (9) evaluated the hepatic
vein blood flow velocity according to Vmax. We however,
evaluated the hepatic vein blood flow velocity according to
Vmean to facilitate detection of differences in the blood flow
velocity according to changes in the waveform. As a result,
vascular complication was suggested to be unlikely if the mean
flow velocity is 30.48.8 cm/sec even when the waveform is

flat.

Thus, in this study, dual supply of the hepatic blood flow
was confirmed also in the liver regeneration period after
grafting, and the ifaportance of the range of HAPYI was
suggested. Also, changes in the hepatic vein blood flow pattern
alone are not considered to suggest vascular complications,
Evaluation of changes in the blood flow after liver trans-
plantation from living donors is considered to be extremely
important for monitoring of the state of regeneration of the
graft liver and eayly detection of complications,
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Keywords _ Summary
hepatoceliular carcinoma, fiving-donor liver

transplantation, radial artery graft. With increasing numbers of living-donor liver transplantations (LDLTs) for

_— hepatocellular carcinoma (HCC), cases with some arterial troubles are encoun-
Correspondence tered; becanse most HCC cases waiting for LDLT have undergone interven-
Prof. Shinji Uemoto MD, First Department of - tjonal treatments. In these patients, the reconstruction of the graft artery needs
;qrg_ew Mie Univarsity School of Medidne, ¢ he planned preoperatively. We report a 52-year-old male, with hepatitis
Tsu, Mie, 514-0001, Japan. o109 Jiver cirrhosis and adyanced HCC, who for.4 years repeatedly under-
went continuous intraarterial chemotherapy through an implanted reservoir
port. A suitable artery was not available for arterial reconstruction and the
patient tnderwent LDLT using an autologous radial artery conduit based on
~-* . _the infrarenal aorta. Postoperatively, the patient is well with normal liver func-
" tion and efficient asterial flow. Autologous radial artery can be safely and
successfully used as an aortic-based arterial conduit when HCC patients waiting
for LDLT have undergone long-term repeated intraarterial cherotherapy.

doi:10.1111/.1432-2277.2004.00049.x

o‘fr thé graft a%téry' ﬁas Vtﬁ “be. pIanned ‘pféopéréﬂvely. ,‘VWe

ntroducti o '

lntro u lon o e e indertook; LDLT: tising: the radial artery ‘as; an interposi-
For living-donor liver, transplantation, (LDLT), successful - tional vascular graft between the graft artery and the infra-
hepatic artery reconstruction. is essential and interposition-  renal: aorta. for an ,HCC: patient - who.: previously. had

al- vascular-grafts ‘are; needed: in the’ case of an inadequate . repeated interventional treatments: Althoughi it has rou-
61" thiombetic hepatic- artery There" are’ several reports tinely: been used for. coronary artery bypass grafting: [6],
régarding vascular grafts in liver tiansplantation: including  there are few reports onits utility. for the reconstruction
of the saphenous vein [1], iliac artery [2], inferior epigas-  of the hepatic artery in LDLT. Here, we report its versatil- -
tric artery [3]and‘/[hecadaveuc1hac rtery [4]. On'the ity as an arterial conduit in LDLT. .o oo vt o
contrary, with increasing numbers of LDLTSs for hepato- Lestmalle g S i na i
cellular carcinoma (HCC) [5], cases with some arterial LT T
- S . Case report
troubles are being encounteréd more: oftén because most R A R E U T e T
HCC cases waiting - for LDLT: have undergone interven=  A.52- ear-old male was found positive for the hepatitis C
. _tionaltreatments: such’ as- transcatheter artérial: emboliza- - - - antibody- during: a-routine health: examination i 1991,
tion - (TAEY, " transcatheter -arterial: chemoembolization He was treated with: interferon twice and has been fol-
(TACE): and intraarterial - chemotherapy - through - the  lowed eversince then because the initial treatment was
implanted  reservoir: In these patients, the reconstruction  not. effective. In November- 1999, three. nodular HCC
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lesions were diagnosed in liver segment 7 Couinaud’s
classification, 4 cm in diameter, and segments 2 and 6,
both 0.5 cm, by computed tomography (CT) scan; and
the patient twice underwent TAE. In May 2000, multiple
HCCs were detected in liver segments 2, 3, 4, 5, 7 and 8
with diameters from 1.5 to 0.5 cm. A reservoir port was
implanted and he underwent continuous intraarterial che-
motherapy through it for 4 weeks. Since then, he has
undergone several treatments of intraarterial chemother-
apy. In July 2003, because the multiple HCCs could not
be controlled by any treatment, and as he complained of
liver dysfunction caused by the progression of liver cir-
thosis and the HCCs, he was referred to our hospital to
undergo LDLT.

Physical examination revealed him to be moderately
well built with stable vital signs and with no hepato-
splenomegaly or superficial lymph-node enlargement.

Serum total protein level was 6.7 g/dl with an albumin
level of 2.9 g/dl. Serum liver function test results showed
slightly elevated Ievels of aspartate transaminase (136 1U/L),
alanine aminotransferase (54 IU/I) and gamma GTP
(79 TUM). The value of total bilirubin and direct bilirubim
were 4.4 and 3.1 mg/dl respectxvely Prothrombin time-
mternatlonal normalized ratio was 1.15. Hepaﬂﬂs C virus

(HCV) a.ntxbody, tested by EIA, was posmve and the

valué of HCV-RNA “was 18.5 Ki/ml, " _
method Tumour marker Jevels of alpha fetoprotem and

protem mduced by vitamin K antagomst I (PIVKAII) i

were 39 131 ng/dl and 37 600 U/nal’ respectlvely

A CT scan’of the abdomen revealed” multiple HCCs in
liver segments 2, '3,.4,5,.7-and 8 with diameters from 5
to' 1'cm.” Abdominal “angiography revealed a - complete
obstruction of the common hepatic artery and the blood
supply to the right hepatic lobe was fed from a collateral
artery from the gastroduodenal artery (Fig. la). Celiac
arterial angiography revealed stenosis of the celiac axis
anid the- splenic, and. irregularities of left gastric arteries;
the: blood ‘supply. to: the! ‘spleen’ was: fed from coHateraI
arteries from the celiac axis (Fig: 1b): e =i k

“We' decided; to use ‘the’ radial ‘artery as’an mterposx-
txonaI vascular graft- between - the' graft artery: and -the
aortay A’ clinical ‘assessmient of the patient’s nondominant
(left) arm was performed preoperatively using a modified
Allen’s test, I addition, pulsatilé flow in the digital arfery
of the thumb was confirmed: using:a: Doppler: probe;
while the radial artery was compressed. With a diagnosis
of multiple hepatocellular carcinoma associated with liver
cirrhosis, LDLT using his son’s right lobe was performed
on- 19 August 2003;: The left radial artery: was: procited
by ‘a* cardiothoracic ‘surgeon; highly- experienced: in: this.
procedure, - using* previouslydescribéd: techniques+ [7].
(Fig. 2a).: The radial artery graft Had a diameter of 4 mm’
arid was shortened to 4 Iéngth of 15 ¢m. Cross ‘clamping

Use of radial artery for living-donor liver transplantation

Figure 1 (a) Abdominal angiography demonstrates a complete
obstruction of the common hepatic artery and the blood supply of
the right hepatic fobe Is fed frari a collateral artery from the gastro-
duodenal artery, indicated by white ‘arfows. (b) Celiac arterial angiog-
raphy. reveals.stenosis: of the celiac. axis and. the splemc artery, and.
irregularities of the left gastnc arteries. The blood | supply to the spleen
was_fed from collateral arteries from the cehac axis. A whtte arrow’:
mdlcates collateral arteries from the cehac axxs black arrows mchcate
xrregularltles of the !eft gastnc artenes : ’

was applied:at the iﬁfraren":vﬂ fdrtion of the aotta and an

. aortotomy: was’ created’ with :4-mm aortic  punch: Both

ends of the’radial artery were spatulated and the proximal
anastomosis of the: graft-was carried out with 6-0'poly-
propylene. running -suture’. using  parachute . technique
under 2.5 loupe magnification. (Fig--2a). The radial artery:
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Figure 2 (a) Pfocurement of the left radial artery. (b) The radial artery
graft is anastomosed to the infrarenal aorta. IVC, inferior vena cava;
Ao, aorta; RY, renal vein. . .

graft was then anastomosed to the allograft hepatic artery
using an interrupted 8-0 polypropylene suture under
microscopic procedures. Good arterial inflow was then
demonstrated by Doppler duplex ultrasound,

:tlent had a good postoperatlve coutse and the

Pat"t radial artety grait,
was discharged on the 23rd postoperaﬁve ‘day w1thout
any complications. He i

treatment of HCC with several therapeutic.modalities,
including liver resection; percutaneous: ethanol: injection
(PEI) and radiofrequency: cytoablation; (RFA). [8].-How-
ever, HCC patients with repeated recurrence, tumour
progression, and advanced liver dysfunction have been
increasing and are unable to undergo such radical treat-
ment; most undergo TACE or intraarterial infusion che-
motherapy through implanted reservoirs to prolong

Mizuno et al,

survival [9]. On the contrary, liver transplantation is an
excellent treatment for HCC patients because this proce-
dure is able to cure not only the tumour but also the
underlying cirrhosis. It is reported that in 56 HCC
patients who underwent LDLT most had received treat-
ments for HCG, including TACE in 39 cases, PEI or RFA
in 24 cases and liver resection in eight cases [5]. Increas-
ingly, HCC patients are waiting for LDLT; some recipi-
ents do not have an adequate artery to reconstruct it to
the graft hepatic artery such as a hepatic, gastric or sple-
nic artery because these arteries are often injured by
repeated 1ntervent10na1 therapies.

In this case, we needed an interpositional artery graft
with a length of >15 cm because we had fo reconstruct
the artery graft to the infrarenal aorta and the graft’s
hepatic artery. The saphenous vein [1], iliac artery [2],
inferior epigastric artery [3] and the cadaveric iliac
artery {4] have been described as-interpositional arterial
grafts. However, these grafts would not have sufficient
length or diameter except for the saphenous vein graft.
However, there have been several reports of comphca—
tions of ‘pseudoaneurysms of saphenous vein’ grafts
after coronary bypass [10,11] and it was believed that an
autologous arterial conduit w_ould .provide  better
long-term patency. ...

. This is supported. in; the cardlac surgery hterature w1th
reports. of <50% patency. of -vein grafts at.10. years and
intraluminal disease in those grafts that were patent. In all
angiographic studies, the patency rate for- arterial grafts is
consistently greater than. for vein-grafts-at any point after
coronary surgery-[12]. The unsatisfactory patency of saph-
enous vein grafts compared with that of internal mam-
mary artery grafts in these studies has stimulated a revival
in the usage of the radial artery as a coronary artery bypass
graft, based on the belief that it should improve long-term
results from coronary operations. Carpentier. ef. al. [13]
first described an arterial conduit in myocardial* revascu-
larization in 1971 and. the radial attery is now. frequently
used with’ excellent long-term- patericy: rates [7,14,15]. A
recent report showed ani 83% angiographic patency rate of
radial artery grafts at 5 yeats [16].-The ‘excellent long-term
patency of radial’ artery grafts in myocardlal tevasculariza-
tion ptompted s fo ‘use’a Tadial ‘artery graft for' theé inter-
posmonal artery graft in’ LDLT for this patient.” Advances
in minimal traumatic arterial-harvesting, techmques have
limited postoperatwe morbldlty and vlrtually ehmmated
ischaemic comphcatlons Because there a.re ‘some possﬂJIe
complications. of the’ donor ’ developxng of
ischaemia or motor dysfun Hon and there ar nuﬁdf com-
plications of stitch abscesses, vskm dehlscence, supérﬁmal
infection, and small haematomas or seromas, it is anmt—
ant to note that a radial artery graft should be harvested
by a surgeon with experience in this technique [17].
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