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Abstract

Purpose To assess the effect of altering the method of
administration during negative-balance isolated pelvic
perfusion (NIPP) on the platinum concentration in the
pelvic or systemic circulation.

Methods Twenty female pigs were used in this study.
The abdominal aorta and the infra-remal vena cava
were occluded with two balloon catheters and blood in
the extracorporeal circuit was circulated with twin
rotary pumps. NIPP was then performed with cisplatin
(5 mg/kg) in 15 pigs. Three types of NIPP administra-
tion method (group A: 1 bolus, B: 2 same doses
boluses, C: 3 same doses boluses) were used, five pigs
being subjected to each treatment. The remaining five
pigs were administered cisplatin systemically as a con-
trol study (group D). The platinum concentrations in
the pelvic and systemic circulation were measured and
compared.

Results (1) Pelvic circulation: There was a tendency
for the platinum concentration to increase as the bolus
time decreased. The platinum concentration in groups
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A and B was significantly (P < 0.05) higher than that in
group C. Significant differences (P< 0.05) between
groups A and B until 10 min after the start of NIPE. (2)
Systemic circulation: Significant differences {P < 0.05)
were observed between NIPP groups and D during
NIPP. The platinum concentration in group D was five
times higher than that in group C. (3) Plasma pelvic to
systemic exposure ratio: there were no significant
differences among the three NIPP groups.

Conclusions The platinum concentrations in the pel-
vic and systemic circulation increased as the bolus time
decreased. The plasma pelvic to systemic exposure
ratio was not influenced by bolus time.

Keywords Isolated pelvic perfusion -
Negative-balance isolated pelvic perfusion - Pig model

Inireduction

During the last four or five decades, there have been
many attempts to enhance tumor response by isolated
pelvic perfusion (IPP) therapy in which anticancer
drags at high concentrations are delivered to the tumor
tissue as selectively as possible. The first regional per-
fusion technique, initiated by Creech et al. (1958), was
the use of an extracorporeal circuit to deliver a high
concentration of drug to a regional arterial/venous cir-
cuit in an extremity. IPP was first developed by Austen
etal. (1959) and has been used by several medical
groups in an effort to control advanced malignancies of
the bladder, uterss and rectum (Austen etal 1959;
Watkins et al. 1960; Stehlin et al. 1960; Shingleton et al.
1961; Lawrence etal. 1961, 1963; Collins 1989; Wile
and Smolin 1987; Wile etal 1985; Turk etal 1993
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Wanebo and Belliveau 1999; Wanebo et al, 1996, 2003;
Guadagni et al. 1998). However, IPP therapy has not
been used as a therapeutic strategy for advanced pelvic
cancers. Even in an isolated setting, anticancer agents
can easily leak into the systeric circulation (Lawrence
etal. 1961, 1963; Wile and Smolin 1987; Wile et al,
1985; Collins 1989; Turk et al. 1993; Wanebo and Belli-
vean 1999; Wanebo et al. 1996, 2003). Therefore, it is
impossible to perform such therapy in patients with
renal dysfunction and the amount of anti-cancer agents
is stricily limited.

We hypothesized that drug leakage via highly devel-
oped coHateral vessels in the pelvis into the systemic
circulation would be decreased by reducing the blood
pressure in the pelvic venous circulation during IPP
and for this purpose we developed a twin-pump system
for the extracorporeal circuit to modulate the in-out
flow rate in an IPP pig model (Murata et al. 2005). We
devised a novel IPP technique that allowed control of a
negative-balance in-out flow rate, which we refer to as
negative-balance isolated pelvic perfusion (NIPP) and
found that this clearly reduced drug leakage info the
systemic circulation. In the present study, in order to
determine the most appropriate method of administra-
tion, we evaluated the contribution of drug adminisira-
tion time to platinum concentration in the pelvic and
systemic circulation in a pig model.

Raterials and methods
Animal model and general anesthesia

All animal experiments were conducted in accordance
with the Guidelines of Nippon Medical School Univer-
sity for Animal Care and Experimentation. Twenty
adualt female pigs weighing 34-40 kg (average: 36 kg)
were used in this study and all procedures were per-
formed with the animals under general anesthesia. The
animals were placed supine and pgeneral anesthesia was
induced with an intramuscular injection of ketamine
hydrochloride (300 mg/pig) and maintained with sevo-
flurane (Maruishi Pharmaceutical Co. Ltd., Osaka,
Japan}.

Monitoring of the systemic circulation

Peripheral arterial oxygen saturation was maintained
above 90% and monitored with a probe applied to the
ear. Each animal was continuously monitored during
the procedure using electrocardiography. In all 20 pigs,
both internal jugular veins were exposed through a cut-
down incision and two cannula sheaths (5 Fr; Medikit
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Co. Lid. Japan) were inserted into each of them. The
cannula sheath in the right jugular vein was used to col-
Iect blood samples and 1o monitor central venous pres-
sure (CVP) and the other sheath was used to
administrate other agents by intravenous drip infusion.
The thyrocervical artery was exposed and a 5 Fr can-
nula sheath was inserted to monitor blood pressure
during the procedures. CVP and arterial blood pres-
sure were recorded before and at 0, 5, 10, 15,20, 25 and
30 min after the start of perfusion.

Catheter technigue and experimental groups

Additional procedures were performed in 15 pigs sab-
jected to NIPP. Both common femoral arteries and
veins were exposed through a cut-down incision and
sheaths (6 and 9Fr each; Medikit Co. Ltd., Tokyo,
Japan) were inserted into each of them, as shown in
Fig. 1 (Murata et al. 2005). The cannulas had specially
designed side-arms to allow high flow and to keep the
pressure in the pump-system low during withdrawal
and return of the blood through the cannulas. After
systemic heparinization (120 U/kg), two balloon cathe-
ters {30 mm balloon with 5 Fr shaft, Forte Co. Lid,,
Tokyo, Japan) were placed in the abdominal aorta and
the infrarenal vena cava (IVC) at the level of the L3/4
intervertebral space.

Among the 20 pigs, 15 were evaluated for the contri-
bution of drug administration time to platinum concen-
tration in the pelvic and systernic circulation by using
three sets of bolus iefusions. After occlasion of the
abdominal aorta and IVC with the two balloon cathe-
ters, blaod was withdrawn from the veins with one of
the rotary pumps and returned to the arteries through
the cannulas with the other rotary pump. Five animals
were allocated to each group; a total cisplatin (Nippon
Kayaku Co. Ltd., Tokyo, Japan) dose of 5 mg/kg was

Reservoir

Vena Caval
Ceelsion
Catheter
Aortie
Ocalusion
Catbeter

9Fr. Sheaths

¥ig. 1 Schema of the negative-balance isclated pelvic perfusion
system used in a pig model (Murata et al. 2003)
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administered into the reservoir (Fig. 1) in one bolus
{group A), in two equal boluses at ¢ and 10 min after
the beginning of perfusion (group B), or in three equal
boluses at 0, 10 and 20 min after the beginning of per-
fusion (group C). The volume withdrawn was fixed of
20 mVmin higher than the volume returned (300 ml/
min). The remaining five pigs (group D) were sub-
jected to systemic infravenouns administration of cis-
platin in three equal boluses as a control study. In this
group, cisplatin was administered for 1 min per bolus.
The reason why we used much higher dose of cisplatin
than that used with humans was to obtain a data of
blood kinetics of high cisplatin dose for clinical applica-
tion because there were very few papers with double or
triple doses of cisplatin.

Management of systemic circulation

The animals were administered the other agents by
intravenous drip infusion via the canoula sheath in the
left jugular vein during IPP, because the reduction of
blood volume caused by increasing the volume with-
drawn and the volume of the blood samples would
have caused anemia in the pigs. In view of the volume
of blood loss during NIPP, the intravenous drip infu-
sion rate was set at 25 ml/min in each group. The cis-
platin was infosed for 30min. In group D, the
intravenous drip infusion rate was set at 5 ml/min. All
resulis were performed independently five times.

Angiography

Before NIPP, isolated pelvic angiography was per-
formed with the twin rotary pumps in each animal
{n=15) to confirm establishment of the IPP system.
Isolated pelvic angiography was performed by infusion
of non-ionic contrast material (300 mg/ml; iodine, ich-
exol, Daiichi Pharmaceutical Co. Ltd., Japan) at a rate
of 5 mlfs through the arteries with a rotary pump and
was withdrawn at a rate of 5 ml/s throngh the veins
with the other rotary pump. The duration of angiogra-
phy was 30 s and the total volume of confrast material
infused was 100ml. Recording of the fluoroscopic
images on video tape was begun at the start of contrast
material infusion. NIPP was performed after confirm-
ing that no contrast material had entered the inferior
vena cava above the occluding balloon.

Analysis of pharmacokinetics
In NIPP groups, plasma platinum conceniration was

measured in blood samples collected from the artérial
and venous sides of the pump and from the systemic

venous circulation (superior vena cava) at 0, 5, 10, 15,
20, 25 and 30 min after the start of NIPP. Blood sam-
ples in groups B and C were collected 10 and 20 min
prior to the second or third injection of cisplatin. In
group D, the plasma platinum concentration was also
measured in blood samples collected from the systemic
venous circulation (superior vena cava) at 0, 5, 10, 15,
20, 25 and 30 min after the start of cisplatin infusion.
Blood samples in group D were collected 10 and
20 min prior o the second or third infection of cis-
platin.

Statistical analysis

The plasma samples were digested with nitric acid for
analysis of metal species. Platinum concentrations in
the serum were measured by atomic absorption spec-
trophotometry (Varian SpectrAA 300/400). Drug
exposure was measured as the area under the serum
concentration—time curve until 30 min after the start of
perfusion, All data are shown as means & SD. Resnlts
were compared by ANOVA with repeated measures
and Games-Howel method as post hoc comparisons,
Differences at P < 0.05 were considered statistically sig-
nificant.

Resulis
Effect of NIPP on the systemic circulation

Hemodynamic parameters, arterial blood pressure
(BP), heart rate (HR), blood oxygen saturation (SAT)
and CVP were measured during NIPP to evaluate its
effect on the systemic circulation. Each animal was
hemodynamically stable throughout all the procedures.

Pharmacokinetics of the serum platinum concentration
in the pelvic circulation

Serum plasma platinum .concentrations in the pelvic
circulation

The maximum plasma platinum concentrations in the
pelvic circulation on the arterial side (Table 1; Fig. 2)
were 75.0 (15.5) mgl in gromp A, 55.8 (7.3) mg/l in
group B and 38.2 (5.6) mg/l in group C, The average
platinum concentration was 43.6 (9.0) mg/l in group A,
37.9 (2.0) mg/l in group B and 28.3 (1.6) mg/l in group
C. The maximum plasma platinum concentrations in
the pelvic circulation on the venous side (Table 1;
Fig. 3) were 59.7 (15.8) mg/l in group A, 38.9 (7.4) mg/l
in group B and 29.2 (4.3) mg/l in group C. The average
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Table1 Platinum concentra-
tion in the NYPP groups and
the systemic intravenous
administration group

Platinum
1Bolus {A)

2Boluses (B) 3 Boluses (C) 4 Boluses (I}

Plasma pelvic to systemic exposure

ratio (SD) during NIPP

155 (91)10 160(32)610 193(8410 -

Plasma drug concentrations (SD)
Maximum pelvic concentration {mg/l)

In the arterial site 75.0 (155) 558(73) 382(5.6) -
In the venous site 59.7 (15.8) 389(74) 29.2 (4.3) 10.4 (0.9
Average of pelvic concentration
In the arterial site 43,6 (9.0) 379 (2.0} 283 (1.6) -
In the venous site 375(108) 294(42) 234 (1.8) 80 (14
Pelvic concentration at end of NIPP
In: the arterial site 27.0 (9.0 26.0 (2.2) 30.7 (4.7) -
- 3
3 The systemic platinum con- SIn the venous site ) 21.7 (9.0) 230(47) 27.2(3.5) 8.8 (1.3)
centrations in group D are yste‘mlc venous concentration
used as synonymous with the Maximum 3.8(1.6) 3.1 (04) 2.3 (0.8) 10.4 (0.9}
pelvic venous concentrations Average 3.2 (1.3) 22 (04) 1.5(0.6) 8.4 (14)
. 1207 a0 -
=y Q. —o—Ciraup A B %0 T
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Fig. 2 Comparison of the peivic arterial platinum concentrations
when the bolus time was one {group A), two (group B) and three
(group C). *P < 0.05, #P < 0.01 and ¥P < 0.001

platinnem concentration was 37.5 (10.8) mg/l in group
A, 294 (42) mg/l in group B and 23.4 (1.8) mgl in
group C. The maximum platinum concentrations in
group A in the pelvic circulation on the arterial or
venous sides were significantly (P < 0.05) higher than
those in groups B and C. Those in group B were signifi-
cantly (P <0.05) higher than those in group C. The
average platinum concentrations {based on the serum
concentration—time relationship from 0 to 30 min after
the start of drug perfusion) in group A were signifi-
cantly (P <0.05) higher than those in group C, but
there were no significant differences between groups A
and B, or between groups B and C. With regard to plat-
inum concentration on the arterial side, although that
in group A was significantly higher than that in group B
{P < 0.05) or C (P < (.01} until 10 min after the start of
NIPP, that in group B tended to be higher than thatin
group A after 15 min and was significantly (P < 0.001)

£) springer
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Fig.3 Comparison of the peivic venous platinum concentrations
among four groups. The systemic platinum concentrations in
group D are usad as synonymous with the pelvic venous concen-
trations. Comparison among NIPP groups (P <0.05, ¥P <0.00
and "™ p < 0.001). Comparison of NIPP groups versus group D
(3P < 0.05, ¥P < 0.01, #**P < 0.001) -

higher than that group C until 20 min after the start of
NIPP. With regard to platinum concentrations on the
venous side, that in group A was significantly
(P < 0.05) higher than that in group B or C until 10 min
after the start of NIPP, that in group B was significantly
(P <0.05) higher than that in group C until 20 min
after the start of NIPP. If the systemic platinum con-
cenfrations in group D were the same as the pelvic
venous concentrations, these platinum concenirations
were significantly Jower than those in growp A
(P <005) until 20min after the start of NIPP, B
(P <0.01), or C (P<0.01) during NIPP. The serum
platinum concentration in group D was three times
lower than that in the pelvic venous circulation in
group C.
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Serum plasma platinum concentrations in the systemic
circulation

On the other hand, the maximum plasma platioum
concentrations in the systemic venous circulation
(Table 1; Fig. 4) were 3.8 (1.6) mg/l in group A, 3.1
(0.4) mg/l in group B, 2.3 {0.8) mg/lin group C and 10.4
(0.9) mg/l in group D. The average platinum concentra-
tions were 3.2 (1.3) mg/l in group A, 2.2 (0.4) mg/l in
group B, 1.5 (0.6) mg/l in growp C and 8.0 (1.4) mg/l
in group D. The systemic platinum concentration in
group D was significantly higher than that in group A
at 5 (P < 0.01), 15 (P < 0.05), 25 (£ < 0.001) and 30 min
(P <0.01), B (£ <0.05), or C (P <0.05) during NIPP
and was five times higher than that in the systemic cir-
culation in group C. However, there were no significant
differences among NIPP groups, at least within the lim-
ited number of pigs employed.

Plasma pelvic to systemic exposure ratio during NIPP

The plasma pelvic to systemic exposure ratio (Table 1)
was 15.5 (9.1):1.0 in group A, 16.0 (3.2):1.0 in group B
and 19.3 (8.4):1.0 in group C. There were no significant
differences among the three NIPP groups. However,
there was a tendency for systemic leakage to increase
as the platinum concentration in the pelvic circulation
increased.

Discussion

The aims of regional chemotherapy are to increase
drug efficacy in the treated area by creating a locally
highly drug concentration and to avoid systemic toxic-
ity by decreasing the degree of systemic drug exposure.

._.
=

=

£ 121

..g. 101

&

B 8

b

B 61

4

g 4

2 |

E 2

B o v - r T . )
1] 5 10 15 20 25 30

Time {min}

Fig. 4 Comparison of systemic venous platinum concentrations
among four groups. Comparison among NIPP groups (P < 0.05,
#P < (.01 and ™ P <0.001). Comparison of NIPP groups versus
group D (*P < 0.05, ¥*P < 0,01, ¥**P < 0.001)

IPP is the only regional perfusion techmique that per-
mits delivery of a drug into the pelvic circulation at a
higher concentration than in the systemic circulation.
However, leakage of anticancer drgs can easily occur
from the pelvic into the systemic circulation during IPP
(Lawrence et al. 1961, 1963; Wile et al. 1985, 1987; Col-
lios 1989; Turk etal. 1993; Wanebo and Belliveau
1999;Wanebo etal. 1996; Bellivean etal. 2005). To
realize the full potential of IPP therapy, we devised a
novel IPP technique that allowed control of the nega-
tive-balance in—out flow rate, thus reducing drug leak-
age into the systemic circulation. This NIPP technique
makes it possible to dramatically decrease drug leak-
age from the pelvic into the systemic circalation
(Murata et al. 2005). To optimize the performance of
NIPP therapy, it is necessary to acquire data about the
correlation between the method of administration and
the concentrations of platinum In the pelvic and sys-
temic circulation.

As expected, the serizm plasma platinum concentra-
tion in the pelvic circulation on both the arterial and
venous sides tended to increase as the anticancer agent
bolus time decreased. On the other hand, the serum
plasma platinum concentration in the systemic circula-
tion tended to increase as the bolus time decreased. A
significant difference was observed between groups A
and B, or between A and C until 10 min after the start
of NIPP and between groups B and C until 20 min after
the start of NIPP. As for the systemic platinum concen-
tration in group D, it was significantly higher than that
in NIPP groups during NIPP and was five times higher
than that in group C with the same three boluses. Flow-
ever, there were no significant differences among NIPP
groups, at least within the limited number of pigs
employed. If the systemic platinum concentration in
group D was the same as the pelvic venous concentra-
tion, then this platinum concentration was significantly
lower than that in NIPP groups during NIPP. The
serum platinum concentration in group D was three
times lower thanp that in the pelvic venous circulation in
group C. Our present results suggest that a high dose of
anticancer agent can be used for NIPP therapy without
increasing the severity of complications, Consequently,
the serum platinum concentration in the pelvic circula-
tion was much higher than achievable by systemic che-
motherapy, Thus, the full potential of IPP therapy will
be realized if the NIPP method is used.

‘The most interesting result of this study was that the
plasma pelvic to systemic exposure ratic was 15.5
(9.1):1.0 in group A, 16.0 (3.2):1.0in group B and 19.3
(8.4):1.0 i group C, there being no significant differ-
ences among the three NIPP groups. This suggests that
the bolus times for NIPP therapy can be chosen
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according to the various situations of the patients, such
as the type of tumor, tumor size, grading of malig-
nancy, or general condition, especially renal function
under conditions of hydronephrosis. For example,
three or more boluses can be chosen for patients with
renal dysfunction, or one or two boluses can be chosen
depending on tumor size or grading of malignancy in
patients whose general condition is good.

In summary, NIPP allows a high concentration of
anticancer drug to be delivered into the pelvic circula-
tion, while maintaining a low concentration in the sys-
temic circulation. The plasma platinum concentration
in the pelvic circalation tended to increase as the bolus
time of the anticancer agent decreased. On the other
hand, the platinum concentration in the systemic circu-
lation tended to increase as the bolus time decreased.
There were no significant differences in the plasma pel-
vic to sysiemic eXposure ratio among bolus times.
These results suggest that bolus times in NIPP therapy
can be chosen according to various situations in indi-
vidual patients. Based on the above findings and addi-
tional isolated dialysis of anticancer agents in the pelvic
cavity after NIPP therapy (Murata et al. 2005), we have
performed NIPP therapy in patients with inoperable or
recurrent cancer and obtained good control of tumor
progression.

Acknowledgments This study was supported by a grant from
the Thixd Term Comprehensive Control Research for Cancer,
the Program for Promotion of Fundamental Studies in Health
Sciences of the Organization for Pharmaceuticals and Medical
Devices Agency (PMDA) and the Grant-in-Aid for Cancer
Research (1, 14-5) from the Ministry of Health, Labour and
Welfare.

References

Austen WA, Monaco AP, Richardson GS, Baker WI, Shaw RS,
Raker JW (1959} Treatments of malignant pelvic tumors
by extracorporeal perfusion with chemotherapeutic agents.
N Engl J Med 261:1037-1045

Belliveau JF, Arevalo E, Griffin H, Wanebo HJF (2005) Isolated
pelvic perfusion: plasma pharmacckinetics depend primarily
on drug dosage and not the type of drug. Cancer Chemother
Pharmacol 55:318-322

@ Springer

Collins TM (1989) Pharmacologic rationale for regional drag
delivery. J Clin Oncol 2:498-504

Creech O, Krementz ET, Ryan RF, Winblad JN (1958) Chemo-
therapy of cancer: regional perfusion utilizing an extracorpo-
real circuit. Ann Surg 148:616-632

Guadagni 8, Aigner KR, Palumbo G, Cantore M, Fiorentini G,
Pozone T, Deraco M, Clerico M, Chaudhuri PK. (1998) Phar-
macokinetics of mitoraycin Cin pelvic stopflow infusion and
hypoxic pelvic perfusion with and without hemofiltration: a
pilot study of patients with recurrent unresectable rectal
cancer. J Clin Pharmacol 38(10):936-44

Lawxence W Jr, Kuehn P, Moxi § {1961) Regional perfusion of
the pelvis: considerations of the Ieakage problem. Surgery
50:248-259

Lawrence W Jr, Clarkson B, Kim M, Clapp P, Randall HT (1963)
Regional perfusion of pelvis and abdomen by an indirect
technique. Cancer 16:567-582

Murata S, Tajima H, Kusakai G, Kumazaki T, Abe Y, Onozawa S,
Komada Y, Kondo Y, Kimata Y, Himeno 8, Satake M (2005)
Reduction of drug leakage by negative-balance isolated pel-
vic pexfusion: correlation between leakage and in-out flow
rate in a pig model. J Cancer Res Clin Oncol 131:575-580

Shingleton WW, Parker RT, Mahaley S (1961} Abdominal perfu-
sion for cancer chemotherapy with hypothermia and hyper-
thermia. Surgery 50:260-265

Stehlin JS, Clark RL, White EC (1960) Regional chemotherapy
for cancer: experience with 116 perfusioms. Ann Surg
151:605-619

Turk PS, Belliveau JF, Darnowski JW, Weinberg MC, Leenen L,
‘Wanebo HJ (1993) Isolated pelvie perfusion for nnresectable
cancer using a balloon occlusion technique. Arch Surg
128:553-539

Wanebo HJ, Belliveau JF (1999) A pharmacokinetic model and
clinical pharmacology of cis-platinum, 5-fluorouracil and
mitomycin-Cinisolated pelvic perfusion. Cancer Chemother
Pharmacol 43:427-434

Wanebo HJ, Chung MD, Levy Al, Turk PS5, Vezeridis MP, Belli-
veau JE (1996) Preoperative therapy for advamced pelvic
malignancy by isolated pelvic perfusion with the balloon
occlusion technigae. Ann Surg Oncol 3:295-303

Wanebo HI, Belliveau JF, Begossi G, Levy A. (2003) Isolated
chemotherapeutic perfusion of the pelvis for advanced rectal
cancer. Colorectal Dis 5:508-514

‘Watkins E Jr, Hering AC, Luna R, Adams HD (1960) The use of
intravascular balloon catheters for isolation of the pelvic bed
during pump oxygenerator perfusion of ¢ancer chemothera-
peutic agents. Surg Gynecol Obstet 111:464-468

Wile AG, Smolin M (1987) Hyperthermic pelvic isolation-perfu-
sion in the freatment of refractory pelvic cancer. Arch Surg
122:1321-1325

Wile AG, Stemmer EA, Andrews PA, Murphy MF, Abramson IS,
Howell SB {1985) Pharmacokinetics of S-fluorouracil during
hyperthermic pelvic isolation-perfusion. J Clin Oncol 3:849-852

145



Abstracts of the Alumni Association Mediczl Research Fund Prize Memorial Lecture (2)

Innovative Therapeutic Development of Isolated Liver Perfusion:

Applicability to the Treatment of Hepatic Malignancy

Satoru Murata'® Hiroyuki Tajima'?, Yutaka Abe'? Shiro Onozawa®,
Fumio Uchiyama', Tatsuo Kumazaki' and Kazuhiro Nomura®

'Departments of Radiology, Nippon Medical School
*Center for Advanced Medical Technology, Nippon Medical School
*National Cancer Center Hospital

Purpose

To evaluate the effect of total isolated liver perfusion on hepatic circulation and the feasibility of
a percutaneous approach in a pig model

Materials and Methods

In twenty-five pigs undergoing total isclated liver perfusion (Fig. 1), the unilateral common fernoral artery and
the bilateral common femoral veins and the right jugular vein were exposed through a cut-down incision, and
sheaths (8 Fr, 12 Fr, 9 Fr. and 9 Fr. each) were inserted into each of them. The thyrocervical artery was
exposed, and a 5 Fr. cannula sheath was inserted te monitor blood pressure during the procedure. Arterial
blood pressure were recorded before, and 0, 5, 10, 15, 20, 25, and 30 minutes after the start of perfusion.
Catheters were placed in the proper hepatic artery and the inferior vena cava (IVC). The portal vein branch
was punctured by a PTCD needle under ultrasonographic gnidance, and a 12 Fr. sheath was inserted. Then, a
balloon catheter was inserted into the portal vein trunk. We developed two kinds of balloon catheters, a first
version (0=19) and a second version (a=6). They had specially designed side arms to zliow high flow and to keep
the pressure in the pump-system low during withdrawal and return of the blood through the catheter. After
systemnic heparinization (1201/kg), balloons were used to oeclude the proper hepatic and the portal vein trunk
and the infrahepatic and suprabepatic IVC. Blood was withdrawn from the portal vein with one rotary pump
{120m!/min) and returned to the proper hepatic artery (120mi/min) with contrast medium or cisplatin (25mg/
kg) through the balioon catheter with ancther rotary pump. To maintain blood pressure blood was withdrawn
from the infrahepatic IVC with one rotary pump and returned to the jugular vein through the sheath with
another rotary pump. Blood was withdrawn from the superior mesenteric vein and returned to the jugular vein
through the sheath with a rotary pump. Perfusion was carried out for 30 min.

Results

The 19 pigs with the first version of the balloon catheter were hemodynamically unstable. It was impossible
to assess the effect of the new isolated liver perfusion system. The remaining 6 pigs with the second version of
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the balloon catheter were hemodynamically stable. During complete occlusion of hepatic veins contrast medium
was seen to drain in a reverse direction into the portal vein in 6 pigs. Collateral vessels could not be
demonstrated. Concentrations of cisplatin in the hepatic artery, the portal vein, and the systemic circulation are
shown in Fig. 2.

Conclusion

Total isolated perfusion accomplished by occlusion of the IVC and the portal vein in combination with
aspiration applied in the portal circulation results in rapid and extensive arterioportal shunting without
visualization of collateral vessels. This percutaneous approach is technically feasible, but its hemodynamic safety
must be evaluated before clinical application.
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