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which they judged from CT scan imaging. They mentioned that degree of
fixation is an independent prognostic factor. Wanebo et al [19] proposed
a new staging system for stages TR1-2 to TRS, which are determined by
extent of invasion. A staging system that uses degree of fixation or other
prognostic factors is constructed so that treatment modalities for LRRC,
especially surgical treatment, are placed in an appropriate position.

Summary

For primary rectal cancer, there is a difference in therapy between
Western countries and Japan. In Western countries, initial surgery is total
mesorectal excision or less limited surgery plus radiotherapy. For this
reason, fibrosis caused by radiation occurs in the pelvis. On the other hand,
in Japan, although preoperative radiotherapy is not given, total mesorectal
excision or more extended surgery is performed as initial surgery, and the
intrapelvic spaces are covered with postoperative scar tissue. In identifying
an anatomic index and doing hemostasis, this scar tissue brings the surgeon
more difficulty than the fibrosis caused by radiotherapy. Approximately
half of our patients are irradiated preoperatively for recurrence. In those
patients, operation is performed under an unfavorable condition because
the fibrosis caused by radiation is added to the scar tissue caused by
dissection. Composite resection, such as TPES, has been thought to be
demanding and formidable because of high mortality and morbidity rates.
Improvement of surgical techniques has allowed TPES to be completed
with a blood loss of approximately 2000 to 3000 mL, however, which has
resulted in a favorable learning curve with low morbidity and mortality
rates.

We have excluded tumors that grow into the sacral promontory or sciatic
notch from surgical indications. If high sacral amputation is performed,
increased surgical invasiveness, more serious complications, and inevitable
walking disorders are observed; as a result, a patient may have a remarkably
deteriorated quality of life [6,9,12,19]. We have limited the level of sacral
amputation in TPES t{o the S2 lower edge or below to preserve the second
sacral nerve. Consequently, patients were able to have favorable quality of
life after TPES, except for living with double stomas and temporary pain
caused by resection of sacral nerves, and they were able to return to their
original occupations [31,35].

If oncologic outcome obtained is superior to that after multimodality
treatment, composite resection for FRT also may become an acceptable
treatment. Finally, it should be noted that when extended surgeries, such as
TPES, are performed for FRT, each of the departments concerned should
review surgical indications and the surgeries must be worked on in the form
of team medicine. One must realize that only through such process can
negative resection margins be obtained as a great boon to patients.
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Absiract

A comparative study of the microcirculatary changes in the developing liver cirrhosis between the central and peripheral parts of the main
lobe in mice. Mtroduction: To investigate whether a difference in microvascular vascular changes occurring in the peripheral and the central
area of the main liver lobe exists and if, it can exptain the liver atrophy observed predominantly in the peripheral part of the main liver lobe,
Materials and Methods: Liver cirthosis was induced in mice and the microvascular changes asserted using an intravital microscopy system
after 1,2, 3 and § weeks of treatment. Results: The mean blood velocily increased in the sinusoids; intrahepatic shunts appeared predominantly
in the peripheral area and larger sized afferent terminal portal venules were rarefied in the peripheral area, with the central area being not
affected, Discussion: The difference between the peripheral and central area shows a decreased direct and indirect reduction of the blood
flow to the periphery of the main lobe, through the reduced number of atferent terminal portal venules and the development of intrahepatic

shunting.
© 2003 Elsevier B.V. All rights reserved.

Keywards: Liver cirthosis; Experimental; Liver circulation; Liver microcirculation; Liver atrophy

1. Introduction

The developing liver ciirhosis is characterized by a com-
plex interaction of the extracellular matrix, cytogens, and the
tiver cells {1]. With advances in histological and molecular
techniques, more about the underlying pathway of fibrogen-
esis is known. Vascular changes have been studied and it has
been pointed out in animal studies that the vascular modifi-
cations are not the sole consequence of the fibrosis, but play
a major role in the developing liver cirrhosis [2]. Besides
analysis of the microvascular morphology, in more recent
works in vivo microscopy has been used to characterize the
altered blood flow in the developing liver cirrhosis [3].

However, no distinction between the blood flow in the
central parts and the peripheral parts has been done. On
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cross-sectional imaging we frequently observe an atrophy
of the liver that is more prominent in the peripheral parts
of the main lobe then in the central parts [4]. A difference
in the bloed flow distribution in cirrhotic patients between
the central and the peripheral area might explain the ob-
served difference in atrophy as suggested elsewhers [5].
A mouse model, allowing the betier visualization of the
portal venous system [6], was used to conduct our in vivo
microscopy study with the purpose to point out whether
there are differences in the blood flow in the develop-
ing liver cirrhosis between the central and the peripheral
parts of the main lobe in mice and to characterize those
differences.

2. Materials and methods
2.1. Animal model

Eighty-nine ICR mice (Saitama Jikken, Japan), 6-weeks-
old with a starting weight of 25-30 g were divided in three
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groups. Eleven mice were taken as the contro] group, 28
mice were assigned to group 1, and 51 mice to group 2.
In order to induce liver cirrhosis, groups 1 and 2 received,
respectively, 0.025 and 0.05 ml carbon tetrachloride diluted
1:1 with light white oil twice a week injected intraperi-
toneally. The two groups were subdivided in respectively
three and four subgroups according to the duration of treat-
ment. The duration of treatment was 1, 2 and 4 weeks for
group 1 and 1, 2, 4, and 8 weeks for group 2. In the two
groups respectively one and 26 animals died during the in-
duction period, most probably due to the direct toxicity
of carbon tetrachloride. In group 1, eight mice were ana-
lyzed after 1 week of treatment; 10 mice after 2 weeks and
nine mice after 4 weeks. In group 2, eight mice were ana-
lyzed after 1 week of treatment; six mice after 2 weeks; six
mice after 4 weeks and five mice after 8 weeks. A delay
of 3 days was observed between the last carbon tetrachlo-
ride injection and the analysis with the in vivo microscopy
technigue.

Experiments were performed in compliance to the
Japanese regulations and the Guide for the Care and Use of
Laboratory Animals (National Academic Press, 1996). The
animals were kept on a standard light cycle and fed with
standard mice chow.

2.2. Intravital fluorescense microscopy

After sedation with pentobarbital injected intraperi-
toneally, the mouse was placed on an iron fray upon a
warming pad and 0.3-0.4 m! (concentrated 0.8 mg/ml) Flu-
orescein Albumin (Sigma, Japan) was injected through a
caudal vein. A medial laparatomy was performed and the
liver surface exposed. While the liver remained in sity, a
specially designed, freely movable tray was laid under the
liver to limit respiratory movements. Great care was given
to not compress or stretch any of the abdominal vessels.
The liver surface was covered with a plastic film to prevent
the drying out of the tissue. The iron tray was placed under
the flnorescence microscope (BX 60, Olympus, Japan) and
a blue fluorescence light (niba) obtained through a mercury
lamp burner was applied using the epi-illumination tech-
nique to the liver surface. Using a magnification of 100x,
200x or 400x the obtained images of the microcirculation
were captured with a 3 CCD Camera (M-3204 C, Olympus)
at a rate of 30 pictures per second.

To ensure a high quality of the image, the RGB signal
of the camera was used and the images were recorded to a
Beta Cam Recorder (UVW 14004, Sony, Japan) for off-line
analysis. The total exposure time was limited not to ex-
ceed 10min to avoid any damage through the fluorescence
light. After completing the recording, the animals were killed
through exsanguinations and the liver removed in randomly
selected 28 animals belonging to all groups except the con-
trol group for histopathological analysis. The removed liver
was analyzed by a pathologist specialized in liver pathol-
ogy in regards to the degree the extent of fibrosis (the stage

of the disease) and the activity of the necro-inflammatory
activity (the grade of the disease) [7].

2.3. Analysis

Blood flow velocity, vessel size of the afferent terminal
portal venules, sinusoids, draining efferent postsinusoidal
venules, intrahepatic shunts and patterns of distribution of
theses types of vessels were analyzed in the obtained se-
quences at a magnification of 200x or 400x. Quantitative
analysis of the blood flow velocity was done off-line using
a semi-automatic frame-to-frame technique with 60 half im-
ages of the interlaced NTSC video signal with a specially
designed analysis system (Cap Image Version 7.0, Dr. Zeintl,
Heidelberg, Germany) [3,8]. Shunts were identified as ves-
sels that run straight with few or no branches from one af-
ferent terminal portal venule to the efferent postsinusoidal
venules. .

The spatial distribution was of the vessels and shunts was
analyzed during the recording and from the tape. To this
purpose a belt shaped perimeter of the main lobe in the
central and peripheral area at a 100x magnification was
scanned. The size of the scanned area varied according to
the size of the lobe.

The peripheral area was defined as the liver tissue being
found near the hepatic capsule of the left main lobe at the
lower edge of the left lobe and the central area was defined
as being the liver tissue present near the hepatic capsule at
a distance of at least 1 cm from the lower edge of the same
lobe. If in that area an afferent terminal portal venule of a size
greater than 20 i, an efferent postsinusoidal venules or an
intrahepatic shunt was found; the blood flow of this area was
recorded. A negative finding for these vessels was noted if
those vessels types could not be found in the visualized area.

For all those vessel types, the blood flow velocity was
measured five times between two or more different frames.
The mean of the results was taken as the mean blood flow
velocity of the vessel. The diameter of the vessels was also
measured.

The blood flow velocity in the sinusoids was analyzed in
five different sinusoids in the analyzed area and the mean
velocity of the measurements was taken as the mean veloc-
ity of the sinusoids in the area. It was known that the blood
flow velocity is increased in some sinusoids, the so-called
“fast sinusoids”. This term was first employed by Sherman
et al. [9] to characterize sinusoids, which have a high blood
flow velocity of over 0.4 mm/s and still have a normal sinu-
soid appearance. Those sinusoids were included in the over-
all blood flow velocity when they were encountered in the
studied area.

2.4. Statistics
Statistical analysis was performed with Statview (SAS,

USA). Assuming the normality and homogeneity of variance
across the groups, differences in the blood flow velocity
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between the control group and the two carbon tetrachloride
exposed groups were calculated using the Student’s r-test.
The values are shown as mean = S.E. Data of the vessel
distribution were calculated with binominal values whether
a vessel type was present or not. The variance in the vessel
distributions was calculated using the chi-square test. The
significance of the observed histopathological changes was
tested against the control group using the chi-square test.
In all cases a P value of <0.05 was taken to be significant.

3. Results

A mean velocity in five sinusoids in the peripheral area
for the controls of 0.287 £ 0.12 mm/s and a mean velocity
for group 1 of 0.426 & 0.036, 0.407 = 0.021, and 0.440
0.026 mm/s (respectively, after 1, 2, and 4 weeks of treatment
with carbon tetrachloride) was found. In group 2 a mean
velocity of 0.480 £ 0.114, 0.412 & 0.021, 0.419 +: 0.015
and 0.448 £ 0.26 mm/s, respectively, after 1, 2, 4, and 8
weeks of treatment with carbon tetrachloride was measured.
A significant difference (P < 0.01) is found for all groups
and week of treatment against the control group.

In the central area the mean velocity of the blood flow
was 0.321 & 0.14 mm/s for the control group and 0.497 &
0.077 (P < 0.05), 0.474 £ 0.019, and 0.470 & 0.013 mm/s,
respectively, after 1, 2, and 4 weeks of treatment with carbon
tetrachloride for group I (except for the first week P < 0.01
as compared to the control group). In group 2 the mean blood
flow velocity was 0.392 & 0.020, 0.476 = 0.022, 0.509 =
0.038, and 0.47 = 0.032, respectively. After 1, 2, 4 and 8
weeks of treatment with carbon tetrachloride (P < 0.01
for all groups and week of treatment against the control
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group. No significant difference could be found between all
groups and week of treatment).

Intrahepatic shunts have been observed in several mice af-
ter exposure to carbon tetrachloride, the percentage of mice
with intrahepatic shunts in the observed area is shown in
Fig. 1. The type of shunts cbserved were all portovenous
shunts, arising from an afferent terminal portal venule and
draining through an efferent postsinusoidal venules, There
were no intrahepatic shunts visible in the control group,
whereas shunts started to appear in the first week (Fig. 2) in
both groups. After 2 weeks of treatment, there is no signifi-
cant difference observed between the groups exposed longer
than 2 weeks to carbon tetrachloride. However, shunts ob-
served in mice longer expaosed to carbon tetrachloride tended
to be less tortuous and to run straighter (Figs. 3 and 4). In-
trahepatic shunts were found more frequently in the periph-
eral part (P < 0.01) than in the central part. Intrahepatic
shunts are more often found in animals treated with a higher
dose of carbon tetrachloride after 1 week and that there is
no significant difference to be found after 2 weeks between
the two groups. The velocity of the blood flow in the shunt
vessels was 1.02 4 0.088 mm/s and hence close to the ve-
locity observed in normal afferent terminal portal venules
0.915 4 0.057 mmy/s, but the diameters of the shunts ves-
sels tended to be larger then any other vessel observed with
shunts diameters up to 133.6 wm (mean 55.3 4= 12.3 pm).
It is interesting to note, that in all mice in which an intra-
hepatic shunt was found in the central area, an intrahepatic
shunt was also present in the peripheral area.

At least one afferent terminal portal venule with a size
larger then 20 pm was found in every mouse of the control
group in the peripheral part (Figs. 5 and 6) and at least one
afferent terminal portal venule of that size could be found

Group 2; peripheral area

Group 2; central aren

C 1 z 4 8

Fig. 1. Percentage of mice with portovenous shunts observed ia the main lobe vs. the time of treatment. There are no intrahepatic shunts visible in the
control group. Shunts start first to appear in the peripheral area and at a lesser rale in the central area only after a longer time of exposure to carbon

tetrachloride (C: control group) (*P < 0.05).
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Fig. 2. Intrahepatic shunt observed in the peripheral part of the main lobe in a mouse after 1 week of treatment with 0.025 ml carbon tetrachloride
injected twice a week i.p. The shunt consists of many small branches of the same size. Arrow: afferent terminal portal venaule (magnification: 100x).

Fig. 3. Intrahepatic shunt observed in the peripheral part of the main Iobe in a mouse after exposure to 2 weeks of 0.025 ml casbon tetrachloride twice a
week i.p. Compared to the shunt in Fig. 2 there are fewer branches visible (arrowhead) and they are less homogenous in size. Arrow: afferent terminal
portal venule (magnification: 100x).
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Fig, 4. Intrahepatic shunt {arrows) observed in the peripheral part of the main lobe in a mouse after 4 weeks of treatment with 0.025 ml carbon tetrachloride
twice a week i.p. The vessels runs straighter then the shunts in Figs. 2 and 3 and there are fewer branches. (Magnification: 100x).

in 70% in the central part, too. With time of treatment, the were mice whose afferent terminal portal venules were still
number of afferent terminal portal venules of that size, which present in the peripheral part. The measured size of the affer-
were found in the peripheral area, decreased, whereas still ent terminal portal venules larger than 20 wm in all groups
many mice remained with afferent terminal portal venules did not vary from those measured in the contrel group (con-
in the central area as shown in Fig. 7. But in all groups there trol group: 24.1 wm versus 34.2-38.7 um for, respectively,

Fig. 5. Afferent portal venule (arrow) and draining efferent postsinusoidal venule (arrowhead) shown in the peripheral part of the main lobe in a mouse
of the control group ar a magnification of 100x. The splitting up of the afferent portal venule in several terminal branches is shown.
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Fig, 6. Afferent terminal portal venule (arrow) observed in the peripheral part of the main lobe in a mouse of the control group at a magnification of
200x. The splitting up of the afferent terminal portal venule in the terminal branches before entering the sinusoids is shown.

group 2, 8 weeks of exposure and group 1, 1 week of expo-
sure to carbon tetrachloride). The mean velocity in those ves-
sels did not vary either (control group: 1.033 £ 0.081 mm/s
versus 0.791 to 1.498 £ 0.222 mmy/s for, respectively, group
2, 8 weeks of exposure and group 1, 1 week of exposure to
carbon tetrachloride).

The histopathological analysis of the removed livers re-
vealed characteristic pathological changes in all groups. We
found a periportal fibrosis in two of four analyzed livers and
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a mild necro-inflammatory activity in four of four analyzed
livers after 1 week of treatment with carbon tetrachloride in
group and a bridging fibrosis in one out of four analyzed
livers with a moderate to severe necro-inflammatory activ-
ity in four out of four livers after 8 weeks of treatment with
carbon tetrachloride in group 2. The grade of the disease did
not correlate with the duration of treatment in group 1, but it
matched well with the duration of treatment in group 2 and
as expected, we found a more severe necro-inflammatory

Group 2; peripheral area

Group 2; central area

2 4 C 1 2 4 8

Weeks: C i

Fig. 7. Percentage of mice with at least one afferent terminal portal venuie with a diameter >20 pum in the central or the peripheral area of the main lobe
vs, the exposure time to carbon tetrachloride. Note a decrease of the number of mice with positive findings in the peripheral area whereas we cannot
observe such a decrease in the central area. {C: control group} (* P < 0.05).
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activity in mice of group 2 compared to those of group 1. No
correlation in the duration of treatment and the stage of the
disease was found. The decrease of afferent terminal portal

venules and the development of intrahepatic shunts matched -

well with the grade of the disease.

4. Discussion

Many insights in the pathway of liver cirrhosis and fibro-
sis have been gained in the past years [1,10,11]. However,
studies concerning the in vivo microcirculation in the de-
veloping liver cirrhosis are rare and the issue whether a dif-

ference exists between the distribution of vascular changes

in the developing liver cirrhosis between the central and pe-
ripheral parts has not been addressed yet.

The total blood volume that passes the liver is the sum of
the blood volume of the portal vein and the hepatic artery.
The portal vein is the main vessel with the part of the hepatic
artery being variable [12]. In the developing liver cirrhosis,
portal hypertension starts to appear leading to a decrease
of the blood flow in the portal vein [13]. The blood flow
of the hepatic artery is therefore increased to maintain the
total blood flow of the liver {14]. The reserve blood flow of
the hepatic artery was found to be 22-~100% [13,14]. With
a greater decrease of the portal vein blood flow, the blood
flow of the hepaltic artery cannot be increase and therefore
the total blood volume of the liver decreases [12].

Cross-sectional imaging studies [5,15) suggest that the
blood reduction in the liver is not homogenous distributed.
To study the areas that are more affected by the reduction
of the total liver blood flow, we investigated whether there
is a difference in the microcirculatory changes between the
peripheral and central parts of the main lobe in mice.

It has been pointed out, that vascular changes in the devel-
oping liver cirthosis occur at a very early stage [3], leading
us to study the earliest stages of the developing liver cirrho-
sis. Several changes observed by using intravital microscopy
in the developing liver cirrhosis have been described, such
the appearance of fast sinusoids, the increase of the venous
space, and the appearance of intrahepatic shunts [3,9]. The
decrease of the number of afferent terminal portal venules
with a size larger then 20 wm has not been described. Affer-
ent terminal portal venules run up to the edge in normal liver
tissue in mice and there are branches of variable size. Those
branches up to the afferent terminal portal venules entering
the sinus can be visualized. The size of was 20 um cho-
sen because an afferent terminal portal venule has usually a
size greater than 20 um before splitting up in the terminal
branches [16] and because we wanted to focus on the analy-
sis of the blood flow in amount of the sinusoidal circulation.

No statistical significant difference in the distribution of
the “fast sinusoids™ between the peripheral and central area
could be found. “Fast sinusoids” started to appear already
after 1 week of treatment leading to an increase in the mean
velocity of the blood flow and thereafter no statistically sig-

nificant difference of the mean velocity of the blood passing
the sinusoids was found. This finding is concordant with re-
sults from other groups [3].

Two major differences were observed between the cen-
tral and the peripheral parts. The appearance of portove-
nous shunts was more marked in the peripheral part. Func-
tional shunts have been described before and it was thought
that they might appear because of a reduced vascular resis-
tance and being a more advanced state of the so-called “fast
sinusoids”. However, as the “fast sinusoids” appear equally
in the central and peripheral parts, then the progression of
the vascular changes must be faster in the periphery than
in the central parts, this thesis being supported by the fact
that shunts are only found in mice who have already devel-
oped “fast sinusoids”. Therefore, the development of “fast
sinusoids” represents a first step, being followed by the de-
velopment of intrahepatic shunting. Shunting representing a
functional decrease of the blood delivered to the liver tissue
and as the shunts are present mainly in the peripheral parts,
we can postulate a more marked functional decrease of the
blood flow in the peripheral parts as compared to the central
parts.

As compared to the control groups, less afferent terminal
portal venules of a size greater than 20 pm in mice with de-
veloping liver cirthosis were found. Branches of the afferent
terminal portal venules visible up to the edge are of smaller
size, but the velocity in those afferent terminal portal venules
is not different from the velocity in afferent terminal portal
venules of the same size in normal liver tissue. This same
phenomenon of reduction of middle to large sized afferent
terminal portal venules is not seen in the central part of the
liver lobe.

The decrease of the middle to large sized afferent termi-
nal portal venules and the intrahepatic shunt development
could be connected in the following ways. Through the de-
velopment of fibrosis and an increased vascular resistance of
the sinusoidal vascular bed, the blood flow is redirected to
the vessels with a smaller vascular resistance as compared
to the remaining sinusoids. Those vessels are first the “fast
sinusoids™ and then the larger shunting vessels. An increased
blood flow in the “fast sinusoids™ would further increase the
diameter and therefore will allow the development of large
shunts as a compensatory mechanism. The vascular resis-
tance of the shunts would be lower than the vascular resis-
tance of the remaining afferent terminal portal venules and
the sinusoidal vascular bed, but being a compensatory mech-
anismi, still higher than the normal vascular resistance in a
normal liver. Vollmar et al. {3] speculated, that in cirrhotic
rats, the vascular resistance of the fast sinusoids would be
lower than the resistance of the remaining normal sinusoids,
which matches with our findings. However, the throughout
visualization of the portal venous system is only possible in
mice, so that the observation and the following interpreta-
tion differs.

The differences in the observation between the central and
the peripheral part could be the consequence of an overall
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blood flow reduction due to the development of portal hy-
pertension. As portal hypertension develops and the vascular
resistance being higher in the more peripheral part due to
the more remote location (following the Hagen—Poiseuille
equation), the vascular compensatory mechanisms should
first start to appear here, which is just the case. Another
important factor might be the difference in the number of
peribiliary plexuses between the peripheral and the central
part. As there are fewer peribiliary plexuses present in the
peripheral part [17], the compensation of the reduced por-
tal venous bloed flow through the hepatic artery is hindered
and changes in the vascular resistance should have a greater
impact in the peripheral area, leading to trigger the compen-
satory mechanisms first in the peripheral part.

Therefore, the vascular changes observed in the develop-
ing liver cirrhosis are an active, compensatory process start-
ing in areas located in the most peripheral part of the liver.
The vascular changes observed are correlated to the grade
of the developing liver cirrhosis, but it is important to note
that even in several mice with no histopathological evidence
of liver cirrhosis, we found the described vascular changes.
Thus, the vascular changes could trigger or modify the fi-
brotic process, a hypothesis that has already been offered by
other groups [3].

The consequence of all the findings taken together is
that less blood is delivered to the sfill intact liver tissue in
the peripheral part, which might be a valid explanation for
the observed liver atrophy in advanced liver cirrhosis on
cross-sectional imaging occurring mainly in the peripheral
part of the main lobe.
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ABSTRACT

Background/Aims: Hepatic arterial infusion
chemotherapy via an implantable port system has
been widely used to treat unresectable liver neo-
plasms, Complications of the hepatic artery occlusion
following reservoir placement, however, makes it
impossible to continue the infusion therapy. The pur-
pose of our study was o assess the possibility of tran-
scatheter treatment after the hepatic artery obstruc-
tion following reservoir placement.

Methodology: Between April 1999 and May 2002,
14 patients with liver tumors had the comphcation of
hepatic artery obstruction following reservoir place-
ment. We conducted a prospective trial to assess 1)
the collateral pathways of feeding artery using

angiography, 2) the possibility of transcatheter treat-
ment or 3) re-reservoir placement for liver' tumors.
Results: 1) Angiography revealed that the main col-
lateral pathway of the feeding artery was the inferi-
or phrenic artery in 7 patients (50%), the dorsal pan-
creatic artery in 4 patients (29%) and the anastomot-
ic branch of the celiac axis in 1 patient (7%). The
main collateral pathway could not be detected in 2
patients {14%). 2) Transcatheter treatment was suc-
cessfully performed in all patients (100%). 3) Re-
reservoir placement failed in all cases.
Conclusions: These results suggest that tran-
scatheter ireatment may be possible for patients
with hepatic artery obstruction.

INTRODUCTION

For the last ten years, hepatic arterial infusion
chemotherapy via an implantable port system has

been widely used to treat unresectable malignant neo-
plasms of the liver (1-8). It has the advantage of
increased local drug concentration, resulting in a high
tumor response rate, with less systernic toxicity (1-8).
However, it often causes occlusion of the hepatic

artery; rates of occurrence of 10-40% have been

reported (9-11).

Concerning the procedures of reservoir placement,
aberrant hepatic arteries are usually embolized to per-

mit global perfusion of the liver via a single hepatic

artery that depends on development of the intrahep-
atic collateral circulation, and also the gastroduodenal
artery (GDA) including the posterior superior pancre-
aticoduodenal artery (PSPDA) is embolized for pre-

venting leakage of anticancer drug to the upper gas-
frointestinal region. The right gastric artery (RGA) is

also embolized as much as possible. The complication
of hepatic artery occlusion following reservoir place-
ment makes it impossible to continue the infusion

therapy.

We conducted a prospective trial to assess the col-
lateral pathways of feeding artery to liver tumors and
the possibility of iranscatheter treatment for liver
tumors after obstruction of the hepatic artery follow-

Hepato-Gastroenterology 2005; 52:852-856
@ H.G.E. Update Medical Publishing 5.A., Athens-Stuttgart

ing reservoir placement.

METHODOLOGY

Between April 1999 and May 2002, 74 patients
with liver tumors underwent reservoir placement.
Twenty-one of the 74 patients had the complication of
hepatic artery obstruction during hepatic arterial
infusion chemotherapy via an implantable port system
(n=18) or during procedures for performing reservoir
placement (1i=3). Fourteen of 21 patients vesulted in
tumeor response (n=11) or had a complication of the
procedures (n=3), and the subjects of our study were
these 14 patients (eight men, 6 women; age range, 42-
74 years; mean age, 61 years} with multiple liver
tumors [5 hepatocellular carcinomas (HCCs), 9
metastatic tumors: 3 from colorectal cancer, 2 from
gastric cancer, 2 from breast cancer, 1 from lung can-
cer and 1 from uterine cervical cancer] in whom we
tried to perform transcatheter treatment again.

As showm in Table 1, of the 14 patients in this
study, the GDA and the PSPDA were embolized in atl
patients, and the RGA was embolized in 12 patients
during the reservoir placement. Four patients who
had an aberrant hepatic artery underwent emboliza-
tion of the aberrant hepatic artery.

Routine angiography was performed by using a 5-
F pigtail catheter for abdominal aortic angiography, a
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Embolization site of Arieries

Patient No./ Occlusion of for implantable poxrt
Age(y)/Sex Primary hepatic artery GDA PSPDA RGA Aberrant A
1/66/M Lung ca. CHA# Done Done Done None
2/62/M Colon ca. CHA-PHAZ Done Done Done Done
3/69/F (zastric ca. CHA-PHA Done Done Done None
4/66/M Colon ca. CHA-PHA Done Done None None
B/42/F Breast ca. CHA Done Done Done Done
B/52/F Uterine cervieal ca.  CHA Done Done Done Done
HINF Gastric ca. CEA-FHA Done Daone Done None
8/50/F Breast ca. CHA Done Done Done None
974/ Colon ca. CHA-PHA Done Done Done None
10/51/ HCCs CHA-PHA Done Done Done None
11/8F HCCs CHA-PHA Done Done None Done
12/87/M HCCs CHA-PHA Done Done Done None
13/60/M HCCs CHA-FHA Done Done Done None
14/68/M FICCs CHA-PHA Done Done Done None

#commeon hepatic artery; ¥proper hepatic artery.

Patient No./ Occlusion of Involvement of Arteries TAE
Age(y)/Sex  Primary hepatic artery IPA ITA DPA Periportal Others or TAI
1/66/M Lung ca. CHA#* Negative Nepative Positive* Negative Negative TAE
2/62/M Colon ca. CHA-PHA? Negative Negative Pogitive" Negative anastomotic br. TAL
3/69/F Gastric ca. CHA-PHA Negative Right Positive® Positive Negative TAR
4/66/M Colon ca. CHA-PHA Right Negative Positive Positive Negative TAT
5/42/F Breast ca. CIHA Negative Right Negative Positive Anastomotic br.” TAE
6/52/F Uterine CHA Negative Negative Positive* Positive Negative TAE
cervical ca,
I0/F Gastric ca. CHA-PHA Right* Negative Positive Positive Duodenal br. TAR
8/50/F Breast ca. CHA Right Nepative Negative Positive Negative TAT
974/ Colon ca. CHA-PHA Right® Negative Negative Negative Nepgative TAE
10/51/M HCCs CHA-PHA Bilateral® Negative Negative Negative Negative TAE
i1/67F HCCs CHA-PHA Right” Negative Negative Negative Negative TAE
12/67M BCCs CHA-PHA Right* Negative Negative Positive Negative TAR
13/60AM HCCs CHA-PHA Right® Negative Negative Negative Negative TAE
14/68M HCCs CHA-PHA Right" Negative Negative Positive Negative TAE

#common hepatic artery; proper hepatic artery, *main feeding artery.

5-F shephard hook catheter for celiac, superior mesen-
teric and inferior phrenic arteriography and a 5-F
headhunter catheter for internal thoracic arteriogra-
phy. When the 5-F catheter could not be inserted into
the targeted artery, a 0.016-inch guidewire (Transend
TM EX, Boston Scientific TARGET, US) was inserted
into the targeted artery, and a 2.3-F microcatheter
(Rapid Transit, Cordis, US) was advanced to it along
the guidewire,

After performing routine angiography, tumor ves-
sels, tumor stains and feeding arteries were evaluated
by two radiclogists (SM., Y.A). After reaching a con-
sensus regarding the feeding arteries to Liver tumors,
we tried to advance a microcatheter to them for treat-
ment. ’

Concerning transéatheter treatment, transcath-
- eter infusion therapy (TAT) was performed in cases in
which the periportal collateral arteries were the main
feeding arteries because of preventing side effects such
as cholangitis or gastrointestinal damage caused by

embolization, or in the cases in which the main feed-
ing artery was not revealed. Tramnscatheter arterial
chemoembolization (TACE) with iodized poppy seed
oil for HCCs or Amilomer (Spherex, Yakult Honsha
Co.Ltd., Japan) with mitomyein C and contrast mate-
rial for metastatic liver tumors was performed in the
remaining cases. Then, when a microcatheter was
advanced into the hepatic artery, we {ried to place the
long tapering type catheter (Anthron P-U catheter,
Toray Medical Co., Ltd., Japan, Piolax W Spindle
catheter, Piolax Medieal Devices, INC., Japan) for an
implantable port system. Informed consent was
obtained from all patients.

RESULTS

These results are shown in Table 2.

Angiography revealed that: the main collateral
pathway of the feeding artery was the inferior phrenic
artery (IPA) in 7 of 14 patients (50%)}, the dorsal pan-
creatic artery (DPA) in 4 of 14 patients (20%) and the
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FIGURE 1

A B6-year-old man with liver metastases from luag
cancer, (A} Arteriography via the DPA demonsirates the
proper hepatic artery via the anastomosis of the DPA.

(B) A microcatheter is advanced to the proper hepatic
artery via the anastomosis of the DPA, and arteriography
shows the gfobal perfusion in the liver. We tried to change
the microcatheter for the long tapered type catheter, but it
failad because the long tapered type catheier coufd not ba
inserted ino the anastomotic branch between the DPA ard
the proper hepatic artery.

1“ o g - :ﬁ‘
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FIGURE 2 A B2-year-oid man with Jiver metastases from colon cancer. (A} Geliac arteriography shows the common hepatic and the proper hepatic artery occlusion,

and opacified intrahepatic colfaterals. The catheter {Anthron PU catheter} is placed in the GDA for raservoir placement, (B) Angiography via the DPA demonstrates the
intrahepatic collaterals via the pancreas arcade. {C) A microcatheter is advanced into the collateral artery near the intrahepatic arieries, and arteriography shows the
infrahepatic arteries, not collaterals to the gastrointestinal area.

anastomotic branch of the celiac axis in 1 of 14
patients (7%). The main collateral pathway could not
be detected in 2 of 14 patients (14%). Transcatheter
treatment was successfully performed in all patients
{100%). TACE was performed in eleven of 14 patients
{79%) and TAI in the remaining 3 patients.

These results were shown in detail as follows:

Liver Metastases (n=9)
1) Collateral pathways of feeding artery

Main feeding arteries: the DPA (Figures 1 and 2)
was in 4 of 9 patients, the right IPA was in 2 of 9
patients (Figure 3) and the anastomotic branch via
the celiac axis was in 1 of 9 patients. The main collat-
eral pathway could not be detected in 2 of 9 patients.

Other feeding arteries: the DPA was in 2 patients,
the right IPA was in 2 patients, the right internal tho-
racie artery (ITA) was in 2 patients, the periportal col-
laterals was in 6 patients, the anastomotic branch via
the celiac axis was in 1 patient and the duodenal
branch in 1 patient.

2} Transcathetfer treatment

Six of 9 patients successfully underwent TACE via
the DPA in 3 patients, via the right TPA in 2 patients
and via the anastomotic branch through the celiac axis
in 1 patient. In the cases with TACE performed via the
DPA and via the anastomotic branch, it was possible
to advance a microcatheter into the proper hepatic
artery (n=2) or the right hepatic artery (n=1) or the
left hepatic artery (n==1) through the DPA or the

e L s :

FIGURE 3 A 70-year-old woman with fiver melastases from gasfric cancer. (A) Selective right IPA arteriography reveals that the right IPA feeds the liver metastases.

(B) A microcatheter is advanced to the distal site of the right IPA and TAE was performed via this site using Amilormer with mitoraycin C and contrast matsrial.
{C) Nonenhanced CT image obtained after TAE shows accumulation of contrast material in the fumor.
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anastomotic branch. In the remaining 3 patients, TAT
was performed via both the DPA and the right IPA in
1 patient, via both the right IPA and the periportal col-
laterals in 1 patient and via the DPA in 1 patient.
There were no complications related to TACE and
TAIL
3) Re-reservoir placement

We tried to advance the long tapered type catheter
for reservoir placement to one of the hepatic arteries
via the collateral pathway in 4 cases, but it failed in all
€ases.

Hepatocellular Carcinomas (n=>5)
1) Collateral pathways of feeding artery

Main feeding artery: the right IPA was in 4
patients and the bilateral IPAs were in 1 patient.

Other feeding arteries: the periportal collaterals
were in 2 patients, :
2) Transcatheter treatment

TACE was successfully performed only via the IPA
in 4 patients and via the bilateral IPAs in 1 patient.
Three of 5 patients had a complication of pleural effu-
sion after TACE. However, pleural effusion dimin-
ished within 4 weeks in all 3 patients.

DISCUSSION

Obstruction of the hepatic artery after reservoir
placement has been one of the most diffieult problems
of infusion chemotherapy. In this situation, the pan-
creaticoduodenal arcade thought to become a feeding
ariery in cases of obstruction of the common hepatic
artery had been embolized already and also the aber-
rant hepatic artery had been embolized. Therefore,
there are few pathways for advancing a catheter into
the feeding artery to the turmors. Generally, systemic
chemotherapy is the next step of treatment for liver
tumors following such an obstruction of the hepatic
artery. To our knowledge, there were no reports of
transcatheter treatment in cases of obstruction of the
hepatic artery after reservoir placement.

It is well known that the IPAs often play a role as
feeding arteries in the patients with liver twmors adja-
cent to the liver surface (12,13). When HCCs are locat-
ed in the ventral hepatic areas directly beneath the
diaphragm, the ITAs serve as feeding arteries after
hepatic artery occlusion caused by repeated TACE
{14), Takeuchi et al. reported that the liver was sup-
plied by the TPAs, by the superior mesenteric artery
{SMA), by the celiac axis and the left gastric artery
under temporary balloon ocelusion of the proper
hepatic artery (15). In our present cases, the GDA, the
PSPDA and the RGA were already embolized by coils.
Then, the SMA. and the left gastric artery might be
thought to become a feeding artery with lower fre-
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reatments for hepatocellular car-
cinoma have conventionally been
divided into curative and pallia-
tive. Recently, percutaneous
ablation as palliative tteatment was shown to
induce complete response in a high pro-
portion of patients with nonadvanced small
hepatocellular carcinoma. In patients with
unreseciable hepatocellular carcinoma, how-
ever, franscatheter arterial chemoemboliza-
tion is the most widely used palliative
freatment.

Microscopic arterjovenous shunts usually
are present in hepatocellular carcinomas f13.
Hepatocellular carcinoma tends to spread in
the portal veins and, to a lesser extent, in the
hepatic vein [1]. Involvement of intraportal and
hepatic veins allows arteriovencus shunts to
develop. Development of hepatic arterio-
venous shunts prevents effective embolization
of the tumor because anticancer drugs or mix-
tures of iodized oil and anticancer drugs easily
£o through the shunts {2]. Consequently, con-
ventional transcatheter arterial chemoembo-
lization causes liver dysfunction in patients
with hepatocellular carcinoma with arteriopor-
tal venous shunts, because embolization of the

portal veins induces ischemda of nontumorous
liver parenchyma, or causes pulmonary embo-
lism in patients with hepatocellular carcinoma
with arteriohepatic vein shunts [3-5]. There-
fore, a wseful treatment for liver tumors with
significant arteriovenous shunts is needed. We
report successful transcatheter arterial che-
moembolization using temporary occlusion of
two hepatic veins for treatment of a huge hepa-
tocellular carcinoma with significant intratu-
moral arteriohepatic vein shunts.

Subject and Methods

A 68-year-old man was admitted to our hospital
for treatment of a liver tumor. His medical history
was significant for hepatitis C, and he had been un-
dergoing follow-up for 9 years. His a-fetoprotein
level was 542 ng/ml. (normal < 20 ng/mL).

A contrast-enhanced CT scan was obtained,
and' it revealed a 6-cm-diameter hepatocellular
carcinoma at the upper portion of the superoante-
rior segment and bone metastases of the right ribs.
The patient then underwent eangiographic exami-
nation for further evalnation, CT during arteriog-
raphy showed a hepatocellular carcinoma with an
intratumoral arterichepatic vein shunt and re-
vealed that contrast medism drained directly from
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the hepatoceliatar carcinoma into the right hepatic
vein during the early arterial phase (Fig. 1A). For
CT arteriography, a total volume of 40 mL of di-
Iuted nonionic contrast material (100 mg I/mlL. di-
luted with physiologic saline) was injected into
the proper hepatic artery at a rate of 2.0 mE/sec.
CT arteriography was performed 5 sec after the
onset of injection (table speed, 7 mm/sec). Selec-
tive proper hepatic arteriography showed the mod-
erately hypervascular hepatocellular carcinoma
with an intratumoral hepatic vein shunt during the
early arterial phase (Fig. 1B).

For transcatheter arterial chemoembolization,
we injected mixtures of iodized oil (total volume =
tumor diameter [cm] + I mL; Lipiodol UF, Nihon
Schering) and doxorubicin (40 mg) through a mi-
crocatheter (Rapid Transit, Cordis) into the ante-
rior segmental branch of the hepatic artery. After
that injection, particles of gelatin sponge {1 mm?)
were injected. On fluoroscopy, the accumulation
of iodized cil in the hepatocellular carcinoma was
poor, ard iodized oil went through the arteriohe-
patic shunt into the inferior vena cava during the
injection. Then, transcatheter arterial chemoembo-
lization was stopped, and a small amount of parti-
cles of gelatin sponge was injected through the
microcatheter. Proper hepatic arteriography after
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embolization with gelatin sponge pariicles de-
picted an obstruction of the anterior segmental
branch of the hepatic artery.

CT was performed to evaluate the efficacy of
transcatheter arterial chemoembolization 3 weeks
after treatment, It showed that the hepatocellular
carcinoma had progressed (8 cm in diameter).
Therefore, we attempted a second transcatheter ar-
terial chemoembolization procedure with balloon

Fig. 1.—68-year-ald man with huge hepatocellular carcinoma with intratumoral arteriohepatic vein anastomoses.

Murata et al.

occlusion of the right hepatic vein as a draining
vein. We punctured the right fernoral vein and in-
serted an 8-French sheath. The balloon catheter had
a 6-French shait and 20-mm-diameter balloon at
the tip. We inserted it into the right hepatic vein and
inflated the balloon by hand using 4 mL of diluted
nonionic contrast material. Our method of confir-
mation of the right hepatic vein was that right and
middle hepatic venography was performed by hand

C

injection using occlusion of each hepatic vein with
the patient in the right obligue position, and then
the right hepatic vein was confirmed. Selective
proper hepatic arteriography under balloon occlu-
sion of the right hepatic vein, however, revealed the
middle hepatic vein as a draining vein in the early
arterial phase, a finding that angiography did not
show without hepatic vein occlusion. Next, we
punctured the left femoral vein and inserted a bal-

A, UT scan obtained during arteriography reveals 6-cm-giameter hepatoceltular carcinoma {arrows) at upper portion of supereanterior segment with intratumoral hepatic
vein shunts. Contrast medium is shown to drain directly from hepatocellular carginoma inta right hepatic vein (arrowhead).

B, Celiac artericgraph shews moderately hypervascular hepatoceHular carcinoma with significant intratumoral arterishepatic vein shung (arrow).

£, Selective proper hepatic arteriograph with balloan occlusion of both right and middle kepatic veins shows no intratumoral arteriohepatic vein shunts. Arrows indicate two

halloons.

D, Selective proper hepatic arteriograph 1 month after transeatheter arterial chemoembolization with hepatic vein ocelusion shows disappearance of intratumoral arterio-

hepatic vein shunts.
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loon catheter for ocelusion of the middle hepatic
vein. Transcatheter arterial chemoembolization
was performed with occlusion of the two hepatic
veins (Fig. 1C), and it achieved a good accumula-
tion of iodized oil in the hepatocellular carcinorma.
At that same time, we also performed superselec-
tive transcatheter arterial chemoembolization for
the bone metastases of the right ribs.

One monih later, we tried to perform transcath-
eter arterial chemoembolization again to ireat re-
sidual hepatocellular carcinoma. Selective proper
hepatic arteriography revealed the absence of the
intratumoral arteriohepatic vein shunts (Fig. 1D),
and transcatheter arterial chemoembolization was
performed without occlusion of the hepatic veins.

The patient was invited to come to our outpatient
clinic for follow-up once a month. CT of the abde-
men was performed every month for 3 months and
then once every 3 months or when clinically indi-
cated. When we identified regrowth of the tumo,
transcatheter arterial chemoembolization was per-
formed again considering the systemic conditions.
After 1 year, conventional transcatheter arerial
chemoembolization was performed a fourth fime.
The patient was alive 21 months after the first tran-
scatheter arterial chemoembolization with hepatic
ver:ous ecclusion.

Discussion

Development of hepatic arteriovenous
shunts is one of the main impediments for
successful transcatheter arterial chemoembo-
lization therapy because anticancer drugs or
mixiures of iodized oil and anticancer drugs
easily go through the shunts. In patients with
a significant arteriovenous shunt, transcathe-
ter arterial chemoembolization sometimes
canges liver dysfunction because of exten-
sive embolization of the portal veins or
causes pulmonary embolism, especially in
patients with arteriohepatic vein shunts [3-
5]. Therefore, conventional transcatheter ar-
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terial chemoernbolization is not effective and
is harmful for patients with these shunts.
Although radiofrequency ablation is a
useful treatment for small liver tumors, we
could not perform radiofrequency ablation
becanse our patient had a huge hepatocellu-
lar carcinoma with significant intratumoral
arteriohepatic vein shunts. To overcome
such a disadvantage, we tried to perform
transcatheter arterial chemoembolization of
the feeding arteries under occlusion of the
right hepatic vein as a draining vein, which
angiography and CT revealed. However, se-
lective proper hepatic arteriography under
occlusion of the right hepatic vein revealed
that the middle hepatic vein was another
draining vein, a finding that angiography did
not show without hepatic vein occlusion.
This phenomenon was not surprising be-
cause hepatic venovenous anastomoses usu-
ally exist in the liver {6-7] and the middle
hepatic vein played a role in draining blood
into the systemic circulation through the tu-
mor and the right hepatic vein was occluded
by a balloon catheter. Therefore, transcathe-
ter arterial chemoembolization was per-
formed under occlusion of the two hepatic
veins: the right and middle hepatic veins.
Using this temporary-occlusion procedure,
we obtained good accumulation of iodized
oil in the hepatocellular carcinoma. Surpris-
ingly, hepatic arteriography after transcathe-
ter arterial chemoembolization showed the
absence of intratimoral arteriohepatic vein
shunts, Consequently, we performed conven-
tional franscatheter arterial chemoemboliza-
tion five times and obtained good control of
tumor growth. The reason for the disappear-
ance of the intratumoral arteriohepatic vein
shunts was that enough embolization was
achieved not only of the tumor but also of
portions of the intratumoral arterichepatic
vein shunts by means of balloon occlusion

of the two hepatic veins that were the drain-
ing veins of the tumor.

In conclusion, we performed transcatheter
arferial chemoembolization using temporary
oceclusion of two hepatic veins for treatment
of a patient with a huge hepatocellular carci-
noma with significant intratumoral arterio-
hepatic vein shunts. Disappearance of the
shunts and good tumor growth contrel were
achieved with this method, and it may be a
useful therapy for patients with liver tumors
with significant intratumoral arteriohepatic
vein shuonts.
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