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Fig. 1 Schema of the experiment
Wistar rats, which had received a portal bypass by
the subcutaneously transposed spleen, were used.
Conductance was measured with an LCR meter. The
electrode was stung to the liver. Hepatic ischemia was
caused by clamping the hepatic artery and portal
vein.
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Fig. 2 The relationship between resistivity and fre-
quency
The curve shifted upward after ischemia. After
reperfusion the curve shifted downward near the
preischemic base curve.
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Fig. 3 The change in average resistivity
The resistivity value rose rapidly until 20 minute
ischemia. After 20 minutes ischemia it rose slowly to
maximum value. After the peak, the resistivity value
decreased down to the point of reperfusion. The num-
ber of 60 minutes ishemia was six. The value was ex-
pressed as meand /O SD.
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Fig. 4 The change in average resistivity at 1kHz in
each ischemic group
The number of 15, 30, 60, and 120 minutes ishemia
was two, two, six, and five, respectively. The value
was expressed as mean] /0 SD.
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Fig. 5 The change of the ATP levels in tissue of the
liver during 60 minutes ischemia
The ATP levels in the liver decreased gradually
during ischemia.
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Fig. 6 The relationship between 0 ATP and O re-
sistivity at 20 minutes ischemia and the time of pm
0 ATPO the value of ATP after ischemia/the value
of ATP before ischemia. O resistivityd the value of
resistivity after ischemia/the value of resistivity be-
fore ischemia.
p has significant inverse correlations with ATP in
the early ischemic period.
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Fig. 7 Average recovery rate of bile flow
The bile flow rate was less than 10 of baseline during
ischemia. After reperfusion bile started to reflow. The
longer ischemic time was, the lower recovery rate of
bile flow after reperfusion was.
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Fig. 8 The relationship between pr/pm and recov-
ery rate of bile flowd 150B0[60 and 120 minutes
ischemiall
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Fig. 9 The relationship between pr/pm and recov-
ery rate of bile flow except 120 minutes ischemic
group
A pr/pm has significant positive correlations with
recovery rate of bile flow one hour after reperfu-
sion.
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Fig. 10 a0 Microscopic findings of the liver at preischemic state] x 2000

b0 Microscopic findings of the liver at 30 minutes after ischemiald x 2000 The hepatic
cells swelled and then the sinusoid became narrow.

cO Microscopic findings of the liver at 60 minutes after ischemial x 2000 The hepatic
cells swelled more and the sinusoid became narrower than before.

dO Microscopic findings of the liver at 60 minutes after reperfusion x 2000
The sinusoid recovered to preischemic state but the structure destroyed partially.
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Dielectric Properties for Instantaneous Evaluation of Ischemic
Injury of the Liver in the Rats in Normothermia

Hideo Itoh, Hajime Hirose, Eisaku Sasaki, Makoto Ishikawa, Yoshifumi Katagiri,
Hirokazu Matsutomo, Masatoshi Hayashi, Shoushi Senga,
Masatomo Hayashi and Atsuyoshi Onitsuka
First Department of Surgery, Gifu University School of Medicine

The purpose of this study was to evaluate ischemic injury of the liver by Pringle method during hepatec-
tomy. Electrical impedance was used for instantaneous evaluation of the normothermic ischemic injury of the
liver in Wistar rats, which had received a portal bypass by the subcutaneously transposed spleen. Four
ischemic groupdd 15, 30, 60, and 120 minutesClwere studied and then received a reperfusion. Conductance was
measured with an LCR meter and then resistivity was calculated. Bile flow during experiments was meas-
ured. The preischemic value of p at 1kHz was 1,038+ 980 mean+ SDO ohmO cm. In the early phase of ische-
mia p increased and reached a peakd pm0 After the peak, p decreased to the point of reperfusiond prQ The
time from initiation of the ischemia to pm was 35+ 5.9 minutes. Adenosine triphosphat&l ATPLCin the liver was
measured by high performance liquid chromatography. The ATP level in the liver decreased with ischemic
time, 405+ 290 at 20 minutes and 36+ 5.600 at the time of pm. Microscopically, the ischemic damage of the
liver was little up to 30 minutes and severe at 60 minutes of ischemia. Recovery of the bile flow one hour after
reperfusion in each group was 98.2+ 6.2, 90.6+ 0.5,23.9+ 15.6, and 6.96+ 4.200 [p has significant inverse correla-
tions with ATP in the early ischemic period to pm and then a pr/pm has positive correlation with recovery of
the bile flow one hour after reperfusion. These results suggests that electrical impedance is one of the indices
for viability of ischemic injury of the liver in rats.

Reprint requests Hideo Itoh  First Department of Surgery. Gifu Univ. School of Medicine
40, Tsukasa-machi, Gifu 500-8705 Japan




