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Abstract There are usually multiple caudate arteries
arising from the right, left, and middle hepatic arteries,
and they are frequently connected to each other. There-
fore, hepatocellular carcinoma (HCC) in the caudate lobe
is frequently fed by multiple branches arising from differ-
ent origins. HCC located in the Spiegel lobe is usually fed
by the caudate arteries derived from the right and/or left
hepatic artery. HCC in the paracaval portion is mainly
fed by the caudate artery derived from the right hepatic
artery; with low frequency, it is fed by the caudate artery
derived from the left hepatic artery. HCC in the caudate
process is usually fed by the caudate artery derived from
the right hepatic artery. Because of the complexity and
overlap of vascular territories, the tumor-feeding branch
of a recurrent HCC lesion in the caudate lobe frequently
changes on follow-up arteriograms. In addition, several
extrahepatic collateral vessels supply the recurrent tumor.
To perform effective transcatheter arterial chemoemboli-
zation (TACE) for HCC in the caudate lobe, radiologists
should have sufficient knowledge of vascular anatomy
supplying HCC in the caudate lobe.
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Introduction

The caudate lobe is centrally located in the liver, between
the right and left lobes. Because of this anatomical loca-
tion, hepatocellular carcinoma (HCC) arising in the
caudate lobe is difficult to treat. Surgical resection of the
caudate lobe has a high mortality rate, in addition to a
high recurrence rate of the tumor.'? Percutaneous abla-
tion therapy (e.g., radiofrequency ablation) is a useful
alternative treatment,* but the procedure might be tech-
nically difficult because of the deep tumor location and
adjacent large vessels. Therefore, transcatheter arterial
chemoembolization (TACE) plays an important role in
the treatment of HCC in the caudate lobe.*

Because there are usually multiple caudate arteries
arising from the right, left, and middle hepatic arteries,
HCC in the caudate lobe is frequently fed by multiple
branches arising from different origins.’® In addition,
the feeding branches become more complex when the
tumor recurs after TACE. These factors might make it
more difficult to control HCC in the caudate lobe by
TACE. To perform effective TACE for HCC in the
caudate lobe, radiologists should have sufficient knowl-
edge of vascular anatomy supplying HCC in the caudate
lobe.

Subsegments of the caudate lobe

The caudate lobe is divided into three subsegments
according to portal vein ramification: Spiegel lobe, para-
caval portion, caudate process. The Spiegel lobe is the
protuberant hepatic portion to the left of the intrahe-
patic vena cava.'"” The paracaval portion is in front of
the intrahepatic vena cava and is surrounded by the right
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and middle hepatic veins.'"™"" The caudate process is a
tongue-like projection between the vena cava and adja-
cent portal vein."” Theoretically, there are multiple
caudate arteries supplying these three subsegments.

Caudate artery anatomy

A cadaver dissection study by Mizumoto and Suzuki’
reported that the caudate arteries arose from the posterior
segmental artery of the right hepatic artery and left hepatic
artery in 32.1%, from the posterior segmental artery of
the right hepatic artery and middle hepatic artery in
26.4%, and from the three arteries in 20.8%. However, in
a previous angiographic observation, the incidences of the
caudate artery derived from the left hepatic artery and the
posterior segmental artery of the right hepatic artery were
low. Because the left hepatic lobe has limited depth, iden-
tification of the caudate artery is difficult even on stereo-
arteriograms.” In addition, the caudate artery derived
from the posterior segmental artery is frequently difficult
to recognize because it mimics the posterior segmental
artery of the right hepatic artery.’

With advances in digital subtraction angiography
systems and catheter technology, two or more caudate
arteries arising from the right hepatic, middle hepatic,
and/or left hepatic artery can be demonstrated in almost
all cases. In the right hepatic artery, the caudate artery
arises between the proximal portion of the right hepatic
artery and the main trunk of the anterior or posterior
segmental artery of the right hepatic artery (Figs. 1-7).
On the left side, the caudate artery usually arises between
the proximal portion and umbilical portion of the left
hepatic artery (Figs. 3, 8). The caudate artery also arises
from the proximal portion of the middle hepatic artery
or medial segmental artery (Fig. 9). It infrequently arises

with the cystic artery as a common trunk (Fig. 10).
Additionally, it infrequently arises from the proper
hepatic (Fig. 11), common hepatic, or extrahepatic
artery (Fig. 12).

Among the caudate arteries derived from the right
hepatic artery, the paracaval branch runs upwardly (Fig.
4), and the Spiegel lobe branch runs to the left (Figs. 1-5,
11). These branches frequently arise as a common trunk
(Figs. 4, 13). Selective arteriography of the Spiegel lobe
branch shows a typical hepatogram indicating the
contour of the Spiegel lobe (Figs. 1, 9, 11, 13). The
caudate process branch usually mimics the posterior seg-
mental artery of the right hepatic artery (Fig. 13). Among
the caudate arteries derived from the left hepatic artery,
the Spiegel lobe branch usually mimics the lateral seg-
mental artery (Fig. 3), and the paracaval branch mimics
the medial segmental artery (Figs. 9, 13).

The caudate arteries are frequently connected to
each other as well as to the medial segmental artery
(Fig. 7). "

Hepatocellular carcinoma
HCC in the Spiegel lobe

HCC located in the Spiegel lobe is usually fed by the
caudate arteries derived from the right and/or left hepatic
artery.>® Almost all feeding branches mainly arise from
the proximal portion of the right and left hepatic artery
(Figs. 1-3). In addition, the caudate artery arising from
the proximal portion of the middle hepatic or medial
segmental artery supplies tumors in the Spiegel lobe (Fig.
9). Because the Spiegel lobe protrudes from the liver, a
large tumor is frequently found to be fed by extrahepatic
collateral vessels at the initial discovery.

Fig. 1. Hepatocellular carcinoma (HCC) in the Spiegel lobe. a
Arteriogram of the right hepatic artery shows a tumor stain in the
Spiegel lobe supplied by the caudate artery derived from the right
hepatic artery (arrow). b The caudate artery was selected, and

transcatheter arterial chemoembolization (TACE) was performed.
The contour of the Spiegel lobe is clearly seen. ¢ Computer tomog-
raphy (CT) 1 week after TACE shows dense iodized oil accumula-
tion in the tumor
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Fig. 2. HCC in the Spiegel lobe. a Arteriogram of the right hepatic
artery obtained after TACE of the anterosuperior subsegmental
artery of the right hepatic artery shows a tumor stain (arrowhead)
supplied by the caudate artery derived from the anterior segmental
artery of the right hepatic artery (arrow). b The caudate artery was
selected, and TACE was performed. The contour of the Spiegel
lobe was clearly seen. 4rrow points to the tumor. ¢ Proper hepatic
arteriogram obtained immediately after TACE shows no residual

tumor stain. d CT 1 week after TACE shows dense iodized oil
accumulation in both tumors. e Arterial phase CT 3 years after
TACE shows a recurrent tumor in the Spiegel lobe (arrow). f
Follow-up arteriogram shows a tumor stain supplied by the
caudate artery derived from the left hepatic artery (arrow) that was
not seen in ¢. g The branch was selected, and TACE was per-
formed. h CT 1 week after additional TACE shows dense iodized
oil accumulation in the tumor

Fig. 3. HCC in the Spiegel lobe. a Celiac arteriogram shows two
caudate arteries derived from the right and left hepatic artery,
respectively (arrows). b First, the caudate artery derived from the
right hepatic artery was sclected, and TACE was performed. ¢
Second, the caudate artery derived from the left hepatic artery was

HCC in the paracaval portion

When HCC is in the paracaval portion, it is mainly fed
by the caudate artery derived from the right hepatic
artery.”® Several feeding branches frequently arise
between the right hepatic artery and the proximal portion
of the anterior or posterior segmental artery of the right
hepatic artery (Fig. 6). Another feeding branch also

selected, and TACE was performed. d CT 1 week after TACE
shows dense iodized oil accumulation in the tumor. lodized oil was
also accumulated in the right adrenal gland because the right
inferior phrenic artery was subsequently embolized to treat another
tumor (not shown)

arises from the left hepatic artery (Fig. 13). The tumor
in the paracaval portion is rarely supplied by the caudate
artery derived from the left hepatic artery alone (Fig. 8).

HCC in the caudate process

HCC in the caudate process is usually fed by the caudate
artery derived from the right hepatic artery (Fig. 4).5¢
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Fig. 4. HCC in the caudate process. a Celiac arteriogram shows a
tumor stain supplied by the hypertrophied caudate artery derived
from the right hepatic artery (arrow). b Spot radiograph obtained
during TACE showed that the Spiegel branch (arrowhead) and
paracaval branch (arrow) arose as a common trunk. ¢ Two years
later, a new lesion developed near the previous tumor site. Arte-

S =

Fig. 5. HCC in the Spiegel lobe. a Celiac arteriogram shows a
tumor stain supplied by the right hepatic artery (arrow). b The
caudate artery was selected using a shaped microcatheter. The
guidewire was advanced into the caudate artery, but the micro-

riogram of the right gastric artery shows a tumor stain supplied
by a small branch (arrow). d The branch was selected, and TACE
was performed. e CT 1 week after TACE shows dense iodized oil
accumulation in the tumor (arrow). lodized oil was also seen in the
left lobe of the liver because the left hepatic artery was subse-
quently embolized to treat other tumors (not shown)

catheter could not be advanced into it. ¢ The shaped microcatheter
was withdrawn and exchanged for a thinner flexible microcatheter.
d The microcatheter was deeply advanced into the caudate artery
using an over-the-wire technique, and TACE was completed

Fig. 6. HCC in the paracaval portion. a Common hepatic arterio-
gram shows a tumor stain supplied by two caudate arteries derived
from different sites (arrows). b First, the caudate artery derived
from the anterior segmental artery of the right hepatic artery was

selected and TACE was performed. ¢ Second, the caudate artery
derived from another anterior segmental artery of the right hepatic
artery was selected, and TACE was performed. d CT 1 week after
TACE shows dense iodized oil accumulation in the tumor
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Fig. 7. HCC in the Spiegel
lobe. a Celiac arteriogram
shows two caudate arteries
derived from the anterior
segmental artery of the right
hepatic artery (arrows). b First,
one of the caudate arteries was
selected, and TACE was
performed. ¢ Second, another
caudate artery was selected, and
TACE was started. d
Arteriogram obtained during
TACE shows the left hepatic
artery through the anastomosis
(arrow). e Then, the
microcatheter was advanced
distally to the anastomosed
branch, and TACE was
completed. f CT 1 week after
TACE shows dense iodized oil
accumulation in the tumor

Fig. 8. HCC in the paracaval
portion. a Arteriogram of the
left hepatic artery shows a
tumor stain supplied by the
caudate artery derived near
the umbilical portion of the
left hepatic artery (arrow). b
The vessel was selected, and
TACE was performed. ¢ CT
1 week after TACE shows
dense iodized oil
accumulation in the tumor

Fig. 9. HCC in the Spiegel lobe. a Arteriogram of the left hepatic
artery shows the caudate artery derived from the medial segmental
artery (arrow). b The vessel was sclected, and TACE was per-
formed. The contour of the Spiegel lobe was seen. Arrow points to
the tumor. ¢ CT | week after TACE shows dense iodized oil accu-
mulation in the tumor. d However, CT 13 months after TACE

shows a recurrent tumor (arrow). e On additional angiography, the
previously embolized caudate artery was occluded (not shown).
The tumor was supplied by the right inferior phrenic artery alone.
f The tumor-feeding branch was selected, and TACE was per-
formed. g CT 1 week after TACE shows dense iodized oil accu-
mulation in the tumor
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Fig. 10. Caudate artery derived from the cystic artery. a Common
hepatic arteriogram shows that the cystic artery derived from the
proximal portion of the right hepatic artery (arrow). b Selective
arteriogram shows that the caudate artery was derived from the
cystic artery

LY

Fig. 11. HCC in the caudate process. a Common hepatic arterio-
gram shows two caudate arteries (arrow). b First, the Spiegel lobe
branch derived from the right hepatic artery was selected, and
TACE was performed. The contour of the Spiegel lobe is clearly

Fig. 12. HCC in the Spiegel lobe. a Arteriogram of the accessory
left gastric artery shows a tumor stain supplied by a small branch
(arrow). b The branch could not be directly selected; therefore,
TACE was performed after embolization of the accessory left
gastric artery using metallic coils and n-butyl-cyanoacrylate

seen. ¢ Second, the caudate process branch derived from the
proper hepatic artery was selected, and TACE was performed.
This vessel was a main feeder of the tumor. d CT 1 week after
TACE shows dense iodized oil accumulation in the tumor (arrow)

Fig. 13. HCC in the paracaval portion. a Celiac arteriogram shows
two caudate arteries derived from the left hepatic artery (arrowhead)
and the posterior segmental artery of the right hepatic artery (arrow).
b Arteriogram of the posterior segmental artery of the right hepatic

artery shows a tumor stain (arrowhead). Arrow indicates the caudate
artery. ¢ Arteriogram of the caudate artery derived from the left
hepatic artery also shows the tumor stain (arrowhead). d CT 1 week
after TACE shows dense iodized oil accumulation in the tumor
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Fig. 14. Recurrent HCC in
the Spiegel lobe. a
Arteriogram of the left
gastric artery shows a tumor
(arrowhead) supplied by a
small branch (arrow). b The
branch was selected, and
TACE was performed. ¢ CT
1 week after TACE shows
dense iodized oil
accumulation in the tumor

Fig. 15. Recurrent HCC in the caudate process. a Arteriogram of
the posterosuperior pancreatoduodenal artery shows a small
tumor stain (arrowhead) supplied by the 3 o’clock and 9 o’clock

The caudate artery derived from the proper hepatic
artery also supplies tumors in the caudate process (Fig.
11).

Changes in tumor-feeding branches of recurrent tumors

Because of the presence of multiple caudate arteries and
the overlap of these vascular territories, the tumor-
feeding branch of a recurrent tumor in the caudate lobe
frequently changes on follow-up arteriograms.® Another
caudate artery arising from a different origin replaces the
tumor-feeding branch; in particular, a small feeding
branch becomes sufficiently hypertrophied to be detected
on angiography (Fig. 2).

Extrahepatic arteries frequently supply the recurrent
tumor in the caudate lobe, particularly the tumor in the
Spiegel lobe. The right inferior phrenic (Fig. 9), right or
left gastric (Figs. 4, 14), dorsal pancreatic, right adrenal,
and right renal capsular arteries are possible collateral
vessels for recurrent tumors in the Spiegel lobe. The 3
o’clock and 9 o’clock arteries are also possible collateral
vessels for recurrent tumors in the caudate process (Fig.
15). In addition, recurrent HCC in the paracaval portion
is supplied by the right inferior phrenic artery.

arteries (arrow). b The vessel was selected, and TACE was per-
formed. ¢ CT 1 week after TACE shows dense iodized oil accumu-
lation in the tumor (arrow)

Catheterization technique in the caudate artery

Owing to proximal branching of the caudate artery, non-
selective TACE is not effective for HCC in the caudate
lobe.* Because the caudate artery usually has a small
caliber, a microcatheter with a tip less than 2F facilitates
selective catheterization. As the caudate artery fre-
quently arises at an acute angle, shaping the microcath-
eter by steam-heatingis useful for selective catheterization.
When the tip of the microcatheter faces the orifice of the
caudate artery, a guidewire is inserted into the caudate
artery, and the microcatheter is then advanced into the
branch. An over-the-wire technique to exchange the
shaped microcatheter for a flexible one is also useful if
the shaped microcatheter cannot be advanced into the
caudate artery (Fig. 5). For arterial blockage distal to
the caudate artery, use of a microballoon catheter has
been reported."” In a small branch derived from extrahe-
patic collateral pathways, embolization using a metallic
coil and/or n-butyl-cyanoacrylate at the distal portion of
the small feeding branch is also useful when it cannot be
directly selected (Fig. 12).

Multiple caudate arteries frequently anastomose to
each other to form an arcade.”” ™ When the embolic
materials are injected from one of the caudate arteries,
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Fig. 16. Bile duct dilatation after TACE of the caudate artery.
a Common hepatic arteriogram shows a small tumor stain
(arrowhead) supplied by the caudate artery derived from the
anterior segmental artery of the right hepatic artery (arrow).
b The caudate artery was selected, and TACE was performed.

collateral blood flow through the other caudate arteries
reverses the blood flow in the embolized artery and
pushes back the embolic materials.”” If possible, the
microcatheter should be advanced distal to the anasto-
mosis branch to avoid inadvertent widespread emboliza-
tion (Fig. 7). Small branches supplying the main bile
duct usually arise from the caudate artery'”; therefore,
bile duct stricture may occur after TACE of the caudate
artery (Fig. 16)."* This is a rare but serious complication
of TACE through the caudate artery.

Conclusion

The caudate artery usually arises from the proximal portion
of the hepatic artery. The vascular supply to HCC in the
caudate lobe is complex because of the presence of multiple
caudate arteries and their overlapped vascular territories.
In addition, several extrahepatic collateral vessels feed
recurrent tumors in the caudate lobe. Identification of the
tumor-feeding caudate artery and selective catheterization
is essential to perform effective TACE.
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Abstract The inferior phrenic artery (IPA) is the most
common extrahepatic collateral vessel to hepatocellular
carcinoma (HCC); however, there are many anatomical
variations in its origin and branches. In addition, the
IPA is frequently reconstructed through several path-
ways, mainly through the retroperitoneal network,
because of the occlusion of its orifice due to atheroscle-
rosis or previous catheter manipulation. Infrequently,
selective catheterization into the IPA is impossible even
using a microcatheter, particularly in the IPA that origi-
nates from the proximal or distal portion of the celiac
trunk or from the aorta with an acute angle. In this
article, we describe anatomical variations of the IPA and
catheterization techniques, such as a catheter with a
large side hole and a catheter with a cleft, to facilitate
catheterization into the IPA that is difficult using a con-
ventional coaxial technique. Radiologists should have
sufficient knowledge of such variations and catheteriza-
tion techniques to perform transcatheter arterial chemo-
embolization for HCCs through the IPA effectively and
safely.
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Introduction

The inferior phrenic arteries (IPAs) are the major blood
source to the diaphragm. There is close contact between
the posterior portion of the liver and diaphragm at the
bare area and branches of the IPA that are in direct
contact with the liver.' In addition, the left IPA has the
potential to communicate with intrahepatic arteries of
the lateral segment of the liver.! Therefore, hepatocel-
lular carcinoma (HCC) located near the diaphragm fre-
quently receives its blood supply from the IPA, especially
when the hepatic arterial circulation is interrupted by
repeated transcatheter arterial chemoembolization
(TACE) or placement of the catheter for infusion che-
motherapy.”™ Furthermore, IPA parasitization is also
seen even at the initial TACE for tumors located bare
area of the liver.”* The right IPA is the most common
extrahepatic collateral supplying HCCs™; therefore,

. TACE of the IPA is necessary during the subsequent

course of treatment for an HCC in most cases.

The IPAs and their branches have several anatomical
variations and pathological conditions,®” and several
catheterization techniques are required in some cases in
which the IPA has a difficult branching pattern.’* "
Therefore, radiologists should have sufficient knowledge
of such variations and catheterization techniques to
perform TACE through the IPA effectively and safely.

Anatomical variations of IPAs

The IPAs originate with almost equal frequency from the
aorta and celiac axis, either as a common trunk or inde-
pendently.® These vessels may also arise from the renal
(15.7%), left gastric (3.7%), hepatic (2.1%) (Fig. 1), supe-
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rior mesenteric (0.3%), or spermatic arteries.® In 58% of
cases, the right IPA originates directly from the aorta,
and the most common level of origin is the supraceliac
aorta, followed by the aorta between the celiac trunk and
superior mesenteric artery, and the juxtaceliac aorta with
the celiac trunk."" The independent right IPA usuaLLY
ARISES FROM THE RIGHT SIDE OF THE MAJOR ARTERY OR a0T1a;
however, rarely it arises from the left renal artery (Fig. 2).°

Variations of IPA branches
Figure 3 shows the major branches derived from the

IPAs. The right and left IPAs give rise to anterior
(ascending), posterior (descending), superior suprarenal,

Fig. 1. Posterior branch of the left inferior phrenic artery (IPA)
arises from the left hepatic artery (arrow), and the accessory left
gastric artery arises from the left hepatic artery (arrowhead).
Tumor stain in the caudate lobe of the liver is also seen (7)

and middle suprarenal branches. In addition, the right
IPA gives rise to the inferior vena caval (Fig. 4) and
diaphragmatic branches (Fig. 5); and the left IPA gives
rise to gastric, esophageal (Fig. 6), and accessory splenic

Fig. 2. Right IPA arises from the left upper polar renal branch.
(From Miayama et al.,’ with permission)

Fig. 3. Major branches derived from the IPAs. /, anterior branch;
2, posterior branch; 3, superior suprarenal branch; 4, middle
suprarenal branches; 5, gastric branch; 6, diaphragmatic branch;
7, esophageal branch

Fig. 4. a The tumor was mainly supplied by the branch of the
posterior inferior subsegmental artery of the right hepatic artery,
and the branch was embolized (not shown). Arteriography of the
right IPA obtained after transarterial chemoembolization (TACE)
of the hepatic arterial branch shows a residual tumor stain (arrow-
head) supplied by a small branch (arrow). b The branch was
selected, and TACE was performed. The branch was one of the

inferior vena caval branches, therefore, iodized oil accumulation
along the inferior vena cava (IVC) was demonstrated during
TACE. ¢ On a computed tomography (CT) scan obtained | week
after TACE, iodized oil accumulation is seen in the IVC wall
(arrow). lodized oil is also accumulated in the right adrenal gland
because the suprarenal branch was sequentially embolized during
the TACE procedure (not shown). Arrowhead indicates the tumor
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Fig. 5. a Computed tomography during arterial portography
shows a tumor thrombus in the IVC (arrow). b Arteriography of
the bilateral IPAs shows the tumor stain supplied by the diaphrag-
matic branch of the right IPA (arrow). The branch was selected,

Fig. 6. Esophageal branch arises from the left TPA (arrow)

Fig. 7. Gastric branch (arrow) and left suprarenal branch (arrow-
head) arise from the right IPA arising from the aorta

branches." In our experience, the gastric and esophageal
branches have several anatomical variations. The gastric
branch infrequently arises from the right IPA (Fig. 7) or
superior mesenteric artery (Fig. 8); or it may indepen-

and TACE was performed (not shown). ¢ Arterial phase CT scan
obtained 1 year after TACE shows that the tumor thrombus is
decreased in size, with dense iodized oil accumulation

dently arise from the aorta (Fig. 9). In addition, anasto-
mosis between the right IPA and the esophageal branch
is also seen.

The anterior and posterior branches of the left IPA
frequently arise from separate origins (Figs. 1, 10-12).
The anterior branch of the left IPA frequently arises
from the right IPA (Figs. 10, 11).” In such a branching
pattern, the posterior branch of the left IPA arises either
as a common trunk (Fig. 11) or independently. In addi-
tion, the posterior branch of the left IPA infrequently
arises from the left hepatic artery (Fig. 1).

Two or three inferior vena caval branches derive from
the right IPA," and these branches supply HCCs adja-
cent to the inferior vena cava (IVC) (Fig. 4). The inferior
vena caval and diaphragmatic branches are also the
major blood source to the tumor thrombus of an HCC
in the IVC (Fig. 5)."

The right IPA communicates with the pericardiaco-
phrenic artery arising from the right internal mammary
artery. A vascular blush caused by transpleural sys-
temic—pulmonary arterial anastomosis from the IPA is
frequently seen in patients with chronic pleural and/or
pulmonary inflammation (Fig. 13).°

Variations of reconstructed pathways of occluded IPAs

Stenosis or occlusion of the orifice of the IPA may occur
owing to atherosclerotic change or previous catheter
manipulation.' Arcuate ligament compression may also
cause stenosis or occlusion of the IPA orifice. The IPA
has many anastomoses between the contralateral IPA,
internal mammary, posterior intercostal and lumbar, left
gastric, dorsal pancreatic, and adrenal arteries; there-
fore, it is reconstructed from various vessels when the
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Fig. 8. a Bilateral IPAs arise from the
celiac trunk. The gastric branch is not
derived from the left IPA. b Gastric
branch arises from the superior
mesenteric artery

Fig. 9. a Bilateral IPAs directly arise
from the aorta. The gastric branch is not
derived from the left IPA. b Gastric
branch independently arises from the
aorta

Fig. 10. Anterior branch of the left IPA arises from the right IPA
(arrow)

orifice is occluded (Figs. 14-18).>*'*"" The occluded IPA
is mainly opacified through the retroperitoneal network;
the dorsal pancreatic artery is the most common col-
lateral to the IPAs (Figs. 14, 15), followed by the right
adrenal arteries (Fig. 16), left gastric artery (Figs. 14, 15),
and contralateral IPA." The IPAs are also reconstructed
through an unnamed small branch arising from the
celiac trunk (Fig. 17) or renal artery (Fig. 18). In addi-

Fig. 11. Anterior branch of the left IPA arises from the right IPA
(arrow). Posterior branch of the left TPA arises with a common
trunk (arrowhead)

tion, the IPAs are frequently opacified through more
than two individual arteries (Fig. 14, 15)."
Catheterization technique into IPAs

With advances in the technology of catheters and guide-
wires, almost all IPAs can be selected.* However, cath-
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Fig. 12. a Celiac arteriogram. b Anterior branch of the left IPA arises with the right IPA as a common trunk from the celiac artery. ¢

Posterior branch of the left IPA arises from the left gastric artery

Fig. 13. Right IPA communicates with the pericardiacophrenic
artery arising from the right internal mammary artery (arrow).
Vascular blush caused by a transpleural systemic-pulmonary arte-
rial anastomosis from the left IPA is also seen (arrowhead)

eterization into several types of IPA remains impossible
even using a conventional coaxial technique. An IPA
that arises from the proximal portion of the celiac trunk
or from the aorta with an acute angle at the orifice is
difficult to catheterize. Using a catheter with a large side
hole or turn-back technique is useful when selecting
IPAs arising from the proximal portion of the celiac
trunk.*® For IPAs arising from the aorta with an acute
angle, a catheter with a cleft facilitates catheterization
(Fig. 19)." Both the large side hole and the cleft can
easily be created on a conventional angiographic cath-
eter during the procedure according to the individual
circumstances.*' In addition, selective catheterization
into the IPA arising from the distal portion of the celiac
trunk is frequently difficult because the tip of the angio-
graphic catheter does not closely face the IPA orifice.

For selective catheterization into such IPAs, a catheter
with a large side hole is useful (Fig. 20). Shaping a non-
braided microcatheter by steam-heating is also useful for
selective catheterization.

For TACE through a reconstructed IPA supplying an
HCC, selection of a less tortuous root is key to successful
catheterization and TACE when the IPA is demon-
strated through more than two separate arteries. The
anastomotic branch should be selected using a micro-
catheter with a tip of less than 2F because the anasto-
motic branch is usually small and tortuous. When the
anastomotic branch cannot be directly selected, emboli-
zation of the parent artery using metallic coils at a level
distal to the anastomotic branch is also useful for avoid-
ing nontarget embolization (Fig. 14).°

Direct catheterization into the stenotic vessel is pos-
sible in some cases when the IPA orifice can be demon-
strated during the TACE procedure (Fig. 15)."

TACE techniques to avoid complications

The gastric and esophageal branches of the IPA should
not be embolized. Inflow of embolic material into the
pulmonary vessels through the shunt may cause pleural
effusion, basal atelectasis, and infrequently systemic
embolization. Patients with advanced liver disease are
likely to have a pulmonary arteriovenous shunt; and a
right-to-left shunt from the IPA to the pulmonary vas-
culature is a possible route causing cerebral embolism of
iodized oil,"” a rare but severe complication of TACE.
Therefore, the tumor-feeding branch should be selec-
tively embolized when obvious pleural and pulmonary
staining is demonstrated (Fig. 21). Embolization of the
branch toward the pleural and pulmonary staining using
metallic coils before TACE is useful if the tumor-feeding
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Fig. 14. a Celiac arteriography shows a tumor stain (arrowhead)
supplied by the reconstructed right IPA through the left gastric
artery (arrow). b Superior mesenteric arteriography also shows the
reconstructed right IPA through the dorsal pancreatic artery
(arrow). Because the anastomotic branch derived from the dorsal
pancreatic artery was tortuous, catheterization through the left

gastric artery was attempted. However, catheterization into the
anastomotic branch was impossible because of acute angle branch-
ing. ¢ TACE was performed after coil embolization of the left
gastric artery distal to the anastomotic branch. Arrow indicates the
anastomotic branch

Fig. 15. a Arteriography of the left gastric artery shows a tumor-
feeding branch (arrow) and an anastomotic branch between the
left gastric artery and the left IPA (arrowhead). TACE was per-
formed after coil embolization of the left gastric artery distal to
the tumor-feeding branch (not shown). b Bilateral IPAs are opaci-
fied through the dorsal pancreatic artery (arrow) derived from the
superior mesenteric artery obtained after TACE of the left gastric

artery. Arrowhead indicates the metallic coils in the left gastric
artery. ¢ Right TPA is also opacified through the right inferior
adrenal artery (arrow). d This anastomotic branch was selected,
and TACE was performed. During TACE, the stenosed orifice of
the common trunk of the bilateral IPAs was demonstrated (arrow).
e Selective catheterization into the stenosed orifice of the common
trunk was possible. Arrow indicates the catheter tip
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Fig. 16. a Tumor in the caudate lobe of the liver is supplied by the
right IPA arising from the aorta. TACE was performed through
the right IPA. b At 2 years 1 month later, the tumor has recurred
(arrowhead), supplied by the reconstructed right IPA through the

Fig. 17. a Bilateral IPAs are
reconstructed through a small branch
arising from the celiac trunk (arrow).
b The branch is successfully selected

Fig. 18. a Arteriography of the left
renal artery shows that the right IPA
(arrowhead) is opacified through a small
branch arising at the proximal portion
(arrow). b Selective arteriography of the
branch shows the right IPA (arrow) and
gastric branch (arrowhead) through a
retroperitoneal fine network

branch cannot be selected (Fig. 22). Bland embolization
without iodized oil and anticancer drugs is a less risky
alternative.

Embolic materials injected with slight force at the
distal level may flow into the other extrahepatic collat-

right inferior adrenal artery (arrow). ¢ Spot radiograph obtained
during the procedure. The anastomotic branch was selected, and
TACE was performed

eral vessels through the anastomosis and may cause
unexpected nontarget embolization.'® Careful observa-
tion is needed during injection of embolic materials. In
addition, the dosage of infused iodized oil and anti-
-cancer drugs should be properly reduced compared with
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Fig. 19. a Common trunk of the bilateral IPAs turns downward,
with an acute angle at the orifice. b Microcatheter is successfully
introduced into the right IPA through the cleft at the caudal aspect

Fig. 20. a Celiac arteriogram shows the
bilateral IPA (arrowheads) arising from
the distal portion of the celiac trunk
(arrow). b The microcatheter is
successfully introduced into the right
IPA through a large side hole of the
catheter (arrow). ¢ The left IPA is also
selected successfully through the side
hole (arrow). d Photograph of a
catheter with a large side hole and a
microcatheter. Arrow indicates the side
hole

that used for TACE of the hepatic artery* (i.e., to almost
half the dosage).

Conclusion

The IPA, although a small vessel, is the most common
extrahepatic collateral vessel supplying HCCs. Because

(arrowhead). ¢ Photograph of a cleft catheter and a microcatheter.
Arrow indicates the cleft

in addition to the complexity of reconstructed pathways
frequently the origin of the IPA and its branches varies,
thorough knowledge of the vascular anatomy and varia-
tions of the IPA is critical to transcatheter management
of HCCs. Several techniques may facilitate effective, safe
TACE through an IPA that is difficult to select by the
conventional coaxial technique; such techniques can
reduce both the procedural time and the incidence of
complications.
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Fig. 21. a Arteriography of the right
IPA arising from the right superior polar
renal artery shows a tumor stain (arrow)
supplied by a small branch derived from
the anterior branch (arrowhead). Pleural
and pulmonary staining and pulmonary
vessel are also seen. b The small vessel
was successfully selected, and TACE was
performed. Arrow indicates the catheter

tip

Fig. 22. a Arteriography of the right
IPA shows a tumor stain (arrow) and
pulmonary staining (arrowheads) from
the posterior branch. b The tumor-
feeding branch was small and could not
be selected. TACE was performed after
coil embolization of the posterior branch
distal to the feeding branch. Arrow
indicates iodized oil accumulation in the
tumor. Arrowhead shows the tumor that

was simultaneously embolized through
the hepatic branch
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