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Fig. 1 Schematic diagram of hepatic inflow occlusion and oxygenation of the hepatic

venous blood

Both the portal vein and the hepatic artery are occluded at the hepatic hilum under
portosystemic bypass. Arterial blood is drawn and oxygenated by the organ perfu-
sion system, ORPH-3000C, and returned to the hepaticocaval confluence.
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Fig. 2 Oxygen saturation of the hepatic venous
blood and the hepatic tissue 60 minutes after the he-
patic inflow occlusion
ShvO.,oxygen saturation of the hepatic venous
bloodO ShtO.,0xygen saturation of the hepatic tis-
suel control, control group N=4[1J PGE;, PGE: in-
fusion group0 N=4[T] oxygenation, oxygenation of
the hepatic venous blood groupd N=50 "p<0. 05
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Fig. 3 Serum GOT value and ICG clearance 120 min-
utes after revascularization of the liver
control, cotrol group0 N=4[T] PGE,, PGE: infusion
groupl N=4[T] oxygenation, oxygenation of the he-
patic venous blood group N=50 “p<0. 05
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Fig. 4 Histology of the control group hematoxylin-eosin left) x 250 rightd x 100
Swelling and necrosis of hepatocytes around the central veins are seen. Narrowing
of the sinusoids and aggregation of leukocytes are also seen.

Fig. 5 Histology of the PGE: groupl) hematoxylin-eosin( left0] x 250 rightO x 100
Swelling of hepatocytes and narrowing of the sinusoids are seen, but aggregation of
leukocytes and hepatocyte necrosis is not remarkable.
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Fig. 6 Histology of the PGE: groupl) hematoxylin-eosin( left0] x 250 rightO x 100
Swelling or necrosis of hepatocytes is not remarkable and narrowing of the sinu-
soids is not remarkable. The architecture of the liver lobule is well maintained.
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Fig. 7 Transmission electromicroscopic appearance
of the sinusoidal endothelial cellsd marking, 1umO
a. control groupd Swelling of the sinusoidal endo-
thelial cell and karyorrhexis are observed. b.hepatic
venous oxygenation groupd No particular damage
is seen in a sinusoidal endothelial cell.

goooooooocoooooooobooooooo
goooooooocoooooooobooooooo
goooooooooooOoooOooOoooooo
gooooooooooooooooobooooooo
gooooooooooooooooobooooooo
gooooooooooooooooobooooooo
0000000000 DO0o0OoOOooOOoOooooo®™™
goooooooocoooooooobooooooo
goooooooocoooooooobooooooo
goooooooocoooooooobooooooo
gooooooooooooooooobooooooo
gooooooooooooooooobooooooo
gooooooooooooooooobooooooo
goooooooocooooooo

el 0 000oboooooobocooobooooono
00000000000 0O00O0O00oOOo"™OoOoo
goooooooooooOoooOooOoooooo

00000000000000000000000000

ooooo mo 00

PGE.ODOOOOUDOOPGEOODOOOOOOOM
000000000000 cycicAMPOOOOOO
000000DO0O0o0o0o®™0o0o0o0oooooooo
PGE.OOOOOOOOCOI2000000 GOTOOICG
kOOOOOOOOOOODO0O0OO0O00000 PGE,
oooooooooocooooooooobobooooo
ooooooboooocoooooboPpeEOOOOO
oooooooooocoooooooobobooooo
oooomoooboooooopeEOOOO00OO
goo®oU0ooUoooOooooopPGEOOOOOO
oooooooooocooooooooobobooooo
ooooooooooobooooooo
PGE.OOOOOOOCOOOOO0OOODOOCOOOOO
gobooooooocOoocOooOooboOoooeoTOO
ICGkOOOOO0OO0O01200 000000080000
gooooOoocooooooooocoooooooo
gooooOoocooooooooocoooooooo
go0oooOo0oocOooOobooooooOog pGEODOOO
gooooOoboooooooooocoooooooo
gooooOoboooooooooocoooooooo
goooooo
oooooooooooooooooboooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
gooooooooooooooocoooooooo
000000000000 0000oDOoOoDooo
oooooooooocoooooooooboooooo
ooooooooooobooooooo
ooooooooooOoooooooboooooo
ooooobooooocooooooooboobooooo
ooooobooooocooooooooboobooooo
coooooooobocOoooOoobOOoocoOOooobooo
ooooobooooocooooooooboobooooo
oooooooooooooooooobooboog
0000000000040 0000510000000
000o0o00O0o0o0oooo0oo0ooooon



rmooo

O O

10 Shimada M, Matsumata T, Akazawa K et al(J Es-
timation of risk of major complications after he-
patic resection. Am J Surg 1670 399—403, 1994

20 Pringle JHO Notes on the arrest of hepatic hemor-
rhage due to trauma. Ann Surg 480 541—549,
1908

30 Huguet C, Gavelli A, Addario Chieco P et alO
Liver ischemia for hepatic resectiond Where is
the limit? Surgery 11100 251—259, 1992

40 Yamaoka Y, Ozawa K, Kumada K et al Total
vascular exclusion for hepatic resection in cir-
rhotic patients-Application of venovenous bypass.
Arch Surg 1270 276—280, 1992

50 Egawa H, Takeuchi T, Yamaoka Y et all] Hepatic
vascular exclusion as a model for complete and
stable hepatic ischemia in dogs. Eur Surg Res
230 170—178, 1991

60 Tatsuma T, Kim Y, Kai T et alO Importance of
hepatovenous back-perfusion for maintenance of
liver viability during the Pringle manoeuvre. Br J
Surg 820 1071—1075, 1995

700000000 ooooooooooooo
0O DNAOOOOO O O O—Insitu nick transla-
tonOOOOOOOOO 250147—157, 1998

80 Sato T, Asanuma Y, Kusano T et alO Difference
in hepatic tissue oxygenation between total vas-
cular exclusion and inflow occlusion of the liver
and the possible role of hepatic venous blood un-
der liver ischemia. Dig Surg 150 15—20, 1998

90 Nanjo H, Masuda H, Kawamura K et al(J Acute

208110

suppression of hepatic blood flow by artificial in-
crease of portal venous flow and release of sup-
pression by Prostaglandin E:.Microcirculation An-
nual 910 147—148, 1991

100 Mizoguchi Y, Tsutsui H, Miyajima K et al0 The
protective effects of prostaglandin E; in an experi-
mental massive hepatic cell necrosis model. Hepa-
tology 70 1184—1187, 1987

110 Kainuma M, Fujiwara Y, Kimura N et al(J Moni-
toring hepatic venous hemoglobin oxygen satura-
tion in patients undergoing liver surgery. Anes-
thesiology 7400 49—52, 1991

120 Kitai T, Tanaka A, Tokuka A et aldJ Quantitative
detection of hemoglobin saturation in the liver
with near-infrared spectroscopy. Hepatology 180
926—936, 1993

130 Tokuka A, Tanaka A, Kitai T et alO Interrelation-
ship of oxygen supply by hepatic artery and por-
tal vein O Rapid analysis of ischemia-reflow-
induced changes in hepatic oxygenation in experi-
mental and clinical subjects by tissue near-
infrared spectroscopy. Eur Surg Res 260 342—
352, 1994

uJooooomooombo bobobooooo
00000 Prostaglandin E:0 00000000
00o00oooooo  250782—785,1992

oooooopPGEDODOOOOODOODOOODOO
ooo200—PGE.0O0O0O0O0OOOO—0O0O0
601 667—672, 1982

160 Barber RE, Lee J, Hamilton WK [ Oxygen toxic-
ity in man. N Engl J Med 2830 1478—1484, 1970

Role of the Hepatic Venous Blood as Oxygen Carrier under Liver Ischemia

Tsutomu Sato, Tomoyuki Kusano, Toshiaki Kurokawa, Hiroshi Nanjo”,
Koichi Kawamura”, Ouki Yasui, Takeshi Kato,
Yoshihiro Asanuma and Kenji Koyama
Department of Surgery, Department of Pathology”, Akita University School of Medicine

The role of hepatic venous blood as oxygen carrier under hepatic ischemia was investigated in pigs. Thir-
teen pigs were exposed to inflow occlusiori] 100of the liver for 60 minutes under veno-venous bypass. Oxygen
saturation of the hepatic veirtd ShvO.[Jand the hepatic tissué] ShtO.(were significantly raised by the oxygena-
tion of the hepatic venous blood with the use of prostaglandin( PG E: during 10. Oxygenation of the hepatic
venous blood significantly ameliorated serum GOT level and ICG clearance 120 minutes after reperfusion. His-
tological examination proved the protective effect of oxygenation of the hepatic venous blood, and sinusoidal
endothelial cells were by electron microscopic observation to be preserved. In conclusion, hepatic venous
blood has a potential to supply oxygen to the liver under 10, and such oxygen can be utilized in the hepatic tis-
sue.

Reprint requests Tsutomu Sato Department of Surgery, Akita University School of Medicine
1-1-1 Hondo, Akita, 010-8543 JAPAN




