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Abstract

AIM: To assess hemodypamic changes in the liver under temporary occlusion of an intrahepatic portal vein.
MATERIALS and METHODS: Between February 2000 and October 2004, 16 patients with hepato-biliary disease
underwent single level dynamic computed tomography during hepatic arteriography (SLD-CTHA) under temporary
balloon occlusion of an intrahepatic portal vein. All patients needed percutaneous transhepatic portography for
"therapy of their disease. SLD-CTHA was taken to clarify the time-attenuation curve influenced by portal vein
occlusion and it was performed continuously over a period of 30 s. The difference in absolute attenuation of the liver
parenchyma in segments with occluded and non-occluded portal vein branches was determined by means of the CT
number, and the difference in absolute attenuation of the occluded and non-occluded portal veins themselves were
also evaluated.
RESULTS: SLD-CTHA demonstrated a demarcated hyperattenuation area in the corresponding distribution of
the occluded portal vein branch. The attenuation of the liver parenchyma supplied by occluded portal vein was
significantly higher than that in the non-occluded area (p<0.01). The balloon occluded portal branch enhancement in
fifteen of 16 cases (94%) appears due to arterio-portal communications. Failure to evaluate a remaining case for portal
branch enhancement was due to absence of a visualized portal branch in the scanning slice.
CONCLUSION : Under temporary occlusion of an intrahepatic portal vein, hepatic angiography produced
enhancement of the occluded portal branches and their corresponding parenchymal distribution; this finding is
considered consistent with the presence of arferio-poital commumnications.

Key words : Portal vein, stenosis or obliteration , Liver, blood supply , Liver, CT
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Introduction

Transcatheter arterial chemoembolization (TACE)
is known to be an effective palliative treatment for
unresectable hepatocellular carcinoma (HCC) (1-5).
However, histopathologic studies of HCCs resected after
TACE have shown that complete necrosis occurs in less
than 50% of lesions (6). Histopathologic investigations
have shown that most viable tissue of HCC is located
at the periphery of the tumor (6). Some researchers (7,
8) have reported that superselective TACE is useful
for treatment of small HCC because it can embolize
simultaneously over the subsegmental liver parenchyma
around the HCC. Besides, recently introduced radio
frequency ablation or percutaneous ethano] injection are
also effective treatrnents for small liver tumors less than 3
cm in diameter. As far as treatment for large liver tumors
is concerned, however, the types of therapy are limited to
those that result in complete necrosis of the tumor.

Because of this problem, some researchers (9—12) have

investigated the hemodynamic changes that oceur in
the liver and tumors under hepatic vein occlusion using
computed tomography during hepatic arteriography
(CTHA) and arterial portography. Murata et al. (11, 12)
observed that the segmental hepatic vein occluded arsa
is supplied with arterial blood alone. This suggests that
adequate embolization may be obtained during TACE
therapy with arterial control alone. However, there are
a lot of complex veno-venous communications in the
liver (9, 11). Therefore, it is difficult to obtain sufficient
embolization in huge liver tumors using the hepatic vein
balloon occlusion technique because the tumor have
other draining veins, or the hepatic veins are changed to
play a role as draining veins despite single hepatic vein
occlusion (11, 13).

When portal venous blood flow is decreased gradually
or stopped due to tumor thrombus, thromboembolus,
or compression of the portal vein, the corresponding
parenchyma appears as a hyperattenuated area with
straight borders on CTHA (14-18), as well as hepatic

vein occlusion. There is little anatomical variation
in portal veins or porto-portal venous anastomosis.
These facts suggest that sufficient embolization may be
obtained even in huge liver tumors by TACE therapy
under temporary occlusion of a portal vein branch. The
purpose of this article was to assess the hemodynamic
changes in the liver under acute temporary occlusion of
an intrahepatic portal vein.

Materials and methods

Patients

Permission to carry out the study was granted by the
Ethics Committee of our university, and all patients gave
their informed consent before taking part in the study. The
study population comprised 16 patients (six women, 10
mien; age range, 29—73 years) with hepato-biliary disease
who required percutaneous transhepatic obliteration {table
1). The study was performed between February 2000
and October 2004. Thirteen of the 16 patients had liver
cizthosis [Child-Pugh B (n=11), Child-Pugh C (n=2)]
with gastric varices. The remaining three patients had
cancer of the biliary duct (n=1), cancer of the gall bladder
(n=1), or colon cancer with Hver metastases (n=1).
These three patients were scheduled to undergo extended
hepatectomy. Endoscopy and ordinary angiography were
performed on 13 patients with gastric varices to determine
the most appropriate therapy for their disease, Ordinary
angiography for hepato-biliary diseases included celiac
arteriography, superioxr mesenteric arterio-portography
and common hepatic arteriography. The intrahepatic
portal veins were visualized in all patients regardless of
hepatofagal portal venous flow.
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[ Table 1 ] Case summary
. N Portal Vein Portal Vein Artery Appearance of Portal Vein
CaseNo. Age/Sex Diagnosis Purpose for PTP Approach Site  Occlusion Site  Infusion Site _Occleded/ Non-occluded
1 46 Male LC with varices PTO P8 P6+7 PHA (140
2 67 Male LC with varices PTO P5 P2 PHA [ 2AC)
3 29 Male  LC with varices FTO Ps ) CHA @/ (7
4 66 Female 1.C with varices 2TO P5 P2 PHA [WIAQ]
5 55 Female  CBD Cancer Preoperative PTO P5+8 P3 PHA [ TAG)
[ 70 Female  LC with varices PTO P5 P3 PHA e
i 54 Male  LC with varices PIO P5+8 ] PHA QL&)
8 61 Male LC with varices PTO P2 P67 PHA. [ IAG)
9 51 Female  Gall Bladder Cancer  Preoperative PTO P8 P5+6:+7+8 CEA (31 (4)
10 73 Male HCC with AP shunt  PTO 3 P58 PHA G210
1% 68 Male LC with varices PTO P2 P2 CBA B/
12 59 Female LC with varices PTO P2 P2 CHA YO
13 64 Male  Liver Metastasis Preoperative PTO P58 Pz CHA BB
14  44Male  LC with varices PTO P58 i) CHA. H
15 57 Male LC with varices PTO P2 P2 PHA (as 1)
16 65 Female L.C with varices PTO P5 P243 PHA {3/ ()

LC:liver cirrhosis, AP shont:arterioportal shunt, PTP:percutaneons franshepatic portography, PTO:percutancous transhepatie obliteration,

CHA:common hepatic artery, PHA:proper hepatic artery,

P2:superior lateral branch, P3:inferior Jateral branch, P2+3:)eft lateral branch, P5:anterior inferior branch, P8:anterior superior branch
P5+8:anterior hranch, P6+7:posterior branch, P5+6+7+8:right portal vein

Angiographic procedures
Portal vein approach

An intrahepatic portal vein was punctured using
the percutaneous transhepatic technique gnided by
vltrasonography and a 5-Fr. sheath (Medikit, Tokyo,
Japan) was inserted into the portal vein trunk. A 5-Fr,
pig tail catheter was then inserted into the portal
vein truek and direct portography was performed for
recognition of anatomical findings. A 5-Fr. balloon
catheter (35-70-CJ-H; Clinical Supply, Tokyo, Japan) was
then introduced into an intrahepatic portal vein (lateral
superior branch of the left portal vein (n=9), lateral
inferior branch of the left portal vein (n=2), posterior
branch of the right portal vein (n=2), lateral segmental
branch (n=1), right portal vein (n=1}, anterior branch of
the right portal vein (n=1)).

Hepatic artery catheterization

After puncture of the unilateral femoral artery, a 5-Fr.
long sheath (Medikit, Tokyo, Japan) was inserted.
A 5-Fr. shepherd's crook-shaped catheter (Medikit,
Tokyo, Japan) was introduced into the celiac artery and

celiac arteriography was performed for mapping of
the anatomical findings. A 4-Fr. cobra-shaped catheter
(Medikit, Tokyo, Japan) was then introduced into the
hepatic artery (proper hepatic artery (r=10), common
hepatic artery (n=6)) and hepatic arteriography was
carried cut in all patients to determine the appropriate
injection rate for CTHA with portal vein occlusion
that would not cause backflow of contrast medium at

angiography.

Single-level dynamic CTHA

A pre-contrast computed tomography scan (RADIX-1
PRIMA; Hitachi Medical System, Tokyo, Japan)
was obtained of the liver with a single acquisition to
determine the scanning slice for single level dynamic
CTHA (SLD-CTHA). The balloon in the portal
branch was inflated with contrast medium diluted in
physiological saline. SLD-CTHA was then performed
immediately in all patients to clarify the time attenuation
curve influenced by temporary occlusion of the portal
vein with a balloon catheter.

Using a 3-mm collimated beam, SLD-CTHA was
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initiated simultaneously with the injection of diluted
nonionic contrast medinm (100 mg iodine/ml diluted
with physiological saline) via the hepatic artery, and
performed continuously over a period of 30 s with a
single acquisition with oxygen mask. The rate of image
acquisition for SLD-CTHA was one image per second.
The injection rate was 1.5-2.0 ml/s when the catheter tip
was located in the proper hepatic artery and 2.0-2.5 ml/s
when the tip was located in the common hepatic artery;
the injection was continued for 10 s.
Data analysis
Visual evaluation

Thirty images of SLD-CTHA with temporary portal
vein occlusion were analyzed visually with special
attention paid to the contrast enhancement of portal
branches with balloon occlusion or nop-occlusion, and the
marginal area during occlusion and non-occlusion. Image
analysis was performed by two radiologists (8.M., H.T.)
with consensus who were blinded as to any of patient
information.

Absolute CT number evaluation

The CT number (Hounsficld units) in the region of
interest was measured in the balloon-occluded and
non-occluded segments of each image, with vascular
structures avoided as much as possible. As far as the
non-occluded area was concerned, the CT number was
determined in three different segments of each image
and the average value was calculated. The difference in
absolute CT number of the liver parenchyma between
occluded and non-occluded portal veins in each image
was evaluated. All data are shown as means + SD. Resalts
were compared by Tukey's range test and the Student's
t-test. Differences at P<0.05 were considered statistically
significant.

Results

Visual evaluation
1) Portal vein branches

In all 10 patients who underwent injection of contrast
material via the proper hepatic artery, SLD-CTHA with
temporary portal vein occlusion demonstrated contrast
enhancement of the balloon-occluded portal vein branch.
Portal vein parallel to scanning slice (two of 10 cases)
was clearly enhanced from proximal to distal in the
portal vein branch (Fig. 1, 2). Conversely, there was no
enhancement of the non-occluded portal branches in
any of the 10 cases. Of the six patients in whom contrast
material was injcctéd via the common hepatic artery,
five showed enhancement of the balloon-occluded
portal branch on SLD-CTHA with temporary portal
vein occlusion (Fig. 3). In the remaining case where
the occluded portal branch could not be enhanced, no
portal branches could be identified in the occluded area.
Therefore, it is uncertain whether they were enhanced
or not. Concerning the non-occluded portal branches,
these were slightly enhanced in six cases mainly because
contrast material passed into the portal vein via the

gastroduodenal artery.

2) The territories of the occluded and non-occluded
vessels

SLD-CTHA revealed a well-demarcated area of
hyperattenuation consistent with the area of portal vein
occlusion in 14 of 16 patients, and a poorly demarcated
area of hyperattenuation in the remaining two patients.
These two patients had severe liver cirrhosis (Child-
Pugh C), and the marginal area was only partly identified.
The enhancement in the area of portal vein occlusion
was prolonged over 30 s compared with that in the non-
occluded area in all 16 patients.
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Figure 1. Fifty-five-year-old ferale with common bile duct cancer.

SLD-CTHA images with balloon occlusion of the inferior lateral branch of the portal vein. The catheter
tip is located in the proper hepatic artery. SLD-CTHA images at 3, 14, 18 and 27 s after the onset of
injection of contrast medium show that the inferior lateral subsegment is enhanced in a well-demarcated
hyperattenuated area. The inferior lateral branch of the portal vein is clearly enhanced from proximal
(arrows) to distal (arrow heads) in images at 18 s and 27 s in spite of occlusion of the same portal vein.
Alphabet T indicates bile duct cancer.

Figure 2, Sixty-five-year-old female with gastric varicose veins caused by liver cirrhosis.

SLD-CTHA images with balloon occlusion of the lateral branch of the portal vein. The catheter tip is
located in the proper hepatic artery. The white arrowhead indicates an inflated balloon with contrast
medium. White arrow indicares the inferior lateral branch of the left hepatic artery, SLD-CTHA images
before the onset of injection of contrast medium, and 5, 10 and 15 s after the onset of injection of contrast
medium show that the lateral segment is enhanced. The Jateral branch of the left portal vein is obviously
enhanced from proximal (black arrows) to distal (black arrowhead) in images at 5, 10 and 15 s in spite
of occlusior of the same portal vein branch. In particular, the image at 10 s clearly shows that the lateral
branch of the left portal vein runs in parallel with the lateral segrnental artery.
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Figure 3. Fifty-one-year-old fermale with cancer of the gall bladder involving the Hver. )
SL.D-CTHA images with balloon occlusion of the right portal vein. The catheter tip is located in the
common hepatic artery. The white arrowhead indicates a balloon, Black arrowheads jndicate the right
hepatic artery. The SLD-CTHA images were taken just before the onset of injection of contrast medium,
and 5, 10, 15, 20 and 30 s after the onset of injection of contrast medium. The right lobe is shown a well-
demarcated, hyperattenuated area from 10 s afier the onset of injection, and the enhancement continued
until 30 s after injection. The right portal vein (arrows) is obvicusly exhanced in the images at 10 s x0d 15s
in spite of occlusion of the same portal vein.
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Figure 4, Time-density curve between occluded and non-occluded area

Absolate CT number evaluation (table 2)

—a— accluded area
~C-non-occluded area

CT number in the occluded area was significantly
higher than that in the non-occluded area from 4-
30 s in all cases. A time density curve (Fig. 4) showed

that the peak of contrast enhancement in the occluded
and non-occluded areas was 14.3 £ 4.7 sand 15.2 =

5.6 s, respectively; this difference was not statistically
significant. The difference in CT number between that
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Figure 5. Fifty-five-year-old female with common bile duct cancer. - '
Proper hepatic arteriography without (a) and with (b) occlusion of the right portal vein branch.

Proper hepatic arteriography (b) with occlusion of the right portal vein branch shows increase opacity of the right lobe and decrease
opacity of the left Iobe in the liver compared with (2). Arrowheads () indicate bile duct cancer and arrow (b) indicates an inflated

balloon with contrast medium.

at 0-y und at peak enhancement was 103.4 = 51.0 HU
tn the occluded area and 21.8 + 11.8 HU in the non-
occluded area; this difference was statistically significant
(i<01.01). The difference in CT number between that at
peak and at 30 s was 49.8 + 59.4 HU in the occluded area
and 8.9 £ 5.9 HU in the non-occluded area; once again
this difference was statistically significant (P<0.05).
The contiast enhancement effect was very high in the
vectuded ares und very low in the non-occluded area.
‘t'herapy after SLD-CTHA

After examination, 13 of the 16 patients, who all had
gastric varices, underwent embolization of the extra-
hepatic hepatofugal circulation for the gastric varicose
vein and balloon-occluded retrograde transvenous
obliteration. Additionaily, the left gastric artery was
embolized using coils to decrease blood flow into
the gastric vein in 10 of 13 patients. The remaining
three patients with hepato-biliary cancer underwent
embolization of the adequate intra-hepatic portal branch
(Fig.5) in prepazation for extended hepatic resection.

[ ‘Table 2 ] The difference in CT number of the liver parenchyma

Feak 1ime Maximum Difference between Difference between
(Av/SD) (Av/SD) Mipimum and Maxigium  Maximum and 30 s (Av/SD)
Occluded Area 14.3/7 4.7 (s) 176.3 / 90.5 (HU)** 103.4 / 51.0 (HU)** 49.8 / 59.4 (HIN*
Non-occluded Area 152/ 5.6 (s) 94.4/17.9 (BU) 21.8 /11.8 (HU) 8.9/ 5.9 (HD)

Av:average, SD:standard deviation, HU:Hounsfield Unit, * p<0.65, ** p<@.41,
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Discussion

The liver is an unusual organ from the point of view
of its bloed supply because of the dual blood supply of
the portal vein and hepatic artery. Knowledge of this dual
blood supply plays an important role in the diagnosis
and treatment of liver tumors. Many researchers have
investigated the correlation between the portal vein and
the hepatic artery, especially communication systems
including transvasal and transplexal routes (18-20), and
the hemodynamic changes of dual blood flow. There are
several communication systems between both vessels.
Among them, the most prominent system is transplexal
via the peribiliary plexus in the normal liver. On the
other hand, changes in portal venous blood fiow produce
inverse changes in flow in the hepatic artery. It is
considered that a decrease in portal vein blood flow (less
washout of adenosine) leads to an increased concentration
of adenosine, which in turn causes hepatic arterial
dilation and hepatic arterial blood flow increases in the
corresponding area (21-23).

When portal venous flow stoppage occurs chronically
in various conditions, including portal vein obstruction
due to tumor thrombus and portal vein compression by
intra~ and extrahepatic tumors, hepatic arterial blood
flow is increased mainly through the peribiliary plexus
{18-20). The present study showed a corresponding
hyperattenuated area with portal vein occlusion in all
patients. This suggests that when portal venous flow
stoppage occurs chronically or acutely, hepatic arterial
blood flow is increased as well as adenosine washout (21
—23).

The most interesting result of the current study was
that SLD-CTHA with portal vein occlusion resulted in
contrast enbancement of the balloon-occluded portal
branch in all 10 cases with contrast material injection
via the proper hepatic artery. While the non-occluded
portal branches in these 10 cases were never enhanced.
Before starting this study, it was considered that conirast
enhancement of the balloon-occluded portal branch
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would not be demonstrated in the proximal site of the
portal branch by arferio-portal communications because
arterio-portal communications occur in the distal site
of the portal vein, namely the terminal portal venules.
Arterial blood supply in the normal liver parenchyma
is provided by four different types of arterio-portal
commumications (24—-26): the first type is the peﬁbilia.ry
plexus, which is the most abundant type of arterial blood
supply to the liver parenchyma. These plexases drain into
the portal venules (the most common pathway) or into
the periportal sinusoids. The second type is the terminal
arterio-portal twigs, which also drain into the periportal
sinusoids, The third is the vasa vasorum, which only has
a limited contribution, and the fourth are direct arterio-
portal communications, which are either few or non-
existent (14). The phenomenon of conirast enhancement
of the balloon-cccluded portal branch in the present
study could be explained as follows: first is that contrast
medinm flowed into the portal venules via the arterio-
portal communications and then flowed backwards to the
proximal site of the occluded portal vein because bloed
pressure in the occluded portal vein was lower than that
in the non-occluded veins; second is that under special
circumstances such as acute portal vein occlusion, direct
arterio-portal communications, which are either few
or non-existent, might be forced open. Indeed, portal
vein parallel to scanning slice (three of 16 cases) was
clearly enhanced from proximal to distal in the portal
vein branch. This result suggested the latter explanation.
In addition, experimental studies with rats using in vivo
microscopy and angiography show the same phenomenon
(27). To our best knowledge, this is the first report to
demonstrate this phenomenon in clinical cases. However,
there is currently no other evidence to support this latter
explanation.

The present study revealed that arterial blood flowed
into the corresponding liver parenchyma via the portal
vein site as well as via the ordinary arterial site under
temporary portal vein occlusion, Unlike the hepatic veins,
there are few anatomical variations in the portal veins
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and porto-portal venous anastomoses. This suggesis
that TACE under temporary occlusion of the portal
vein could embolize an unresectable liver tumor in the
corresponding area. With these results in mind, we have
started to perform TACE under temporary occlusion of
the portal vein for unresectable HCC. It consists of two
procedures, First, we insert a 5-Fr. balloon catheter into
the intrahapatic portal branch corresponding to localized
tumor using percutanous transhepatic portography
technique. Secondly, we insert a 4-Fr. Cobra-shaped
catheter or a microcatheter into the feeding artery of
the tumor and carry out injection of an emulsion of
Lipiodol and anticancer agents, and also gelatin sponge
via the feeding artery under teraporary occlusion of the
corresponding portal vein branch.

In conclusion, we have demonstrated significant
enhancement of liver parenchyma and poital veins in the
distribution of occluded portal vein branches following
hepatic arteriography.
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