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Abstract

Background/purpose To date there have been only a few radiological studies of the
caudate artery. This study aimed to precisely analyze the caudate artery as well as the
relationship between the caudate arteries, the arterial plexus at the hilar plate, and the hilar
bile duct.

Methods Reconstructed three-dimensional (3D) images from 50 patients from CT during
hepatic arteriography (CTHA) were analyzed. The caudate arteries were classified as right
branches (Irs) or left branches (Ils). The communicating artery (CA) was defined as the
artery connecting the right, left, segmental, and common hepatic arteries.

Results The caudate artery was divided into 3 types: an independent branch (Type 1); the
common tract formed by Ir and Il (Type 2); and an arterial branch from the CA (Type 3).
The CA was recognized in 25 of 50 patients. There was a total of 65 arteries to the hilar bile
duct observed in 40 patients, and 24 (37%) of these 65 arteries to the hilar bile duct
originated from the caudate artery or CA.

Conclusion The caudate artery plays an important role not only in connecting the blood

supply of the right and left livers but in the blood supply to the hilar bile duct.
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Introduction

The caudate artery has been studied both anatomically and radiologically *™°. However,
since it is not easily detected radiologically, there are relatively few studies of the caudate
artery using radiological techniques *°. Recent advances in multidetector-row computed
tomography (MDCT) have made visualization of the entire small vascular system possible,
allowing for the determination of the anatomy of small vessels. It has also become possible
to reconstruct accurate and realistic 3D images at arbitrary angles **' 2. Furthermore, 3D
imaging helps correlate preoperative and intraoperative findings by identifying reliable
anatomic landmarks ****. Among many imaging modalities, CTHA is the most sensitive for
detecting the caudate artery. Moreover, CTHA can provide precise information about the
relationship between tiny vessels and adjacent structures.

HCC in the caudate lobe is difficult to treat due to its anatomical features. Recently,
however, resection of the caudate lobe has been carried out safely due to advances in
surgical technique. Therefore, it is useful for surgeons to be familiar with the precise
anatomy of the caudate lobe. Nevertheless, among most medical facilities in Japan, TACE
still plays a major role in the treatment of caudate HCC. Approximately 16—-31% of caudate
HCCs are fed by multiple arterial branches arising from different origins > ~°. Knowledge

of the precise anatomy is important for TACE as well as surgery *.

Methods
Patients

Between September 2004 and October 2008, 150 patients with hepatic tumors detected
by ultrasound examination underwent CTHA as well as CT during arterial portography
(CTAP) for preoperative evaluation, TACE, or radiofrequency ablation (RFA). Out of 150
patients, 93 patients were randomly selected for 3D image reconstruction, but 43 of 93
patients were eliminated from the analysis due to tumors adjacent to the caudate lobe,
insufficient or excessive contrast enhancement, status post- right or left hepatectomy, or

hepatic arterioportal shunt. The 50 analyzed patients had no abnormal lesions in the caudate
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lobe and hepatic hilum and sufficient contrast medium in the hepatic artery for visualization.
The 50 patients consisted of 33 men and 17 women with a median age of 70 years (range,
45 to 83 years).
Imaging

All studies were performed by using a 64-slice (32-detector) MDCT scanner (Sensation
Cardiac, Siemens, Forchheim, Germany). When obtaining digital subtraction angiograms
for preoperative evaluation or TACE, we placed a catheter in the common hepatic artery
(CHA) or proper hepatic artery (PHA). For CTHA, 35 ml of contrast material (150 mg of
iodine per ml; lopamidol 150; Schering, Berlin, Germany) was injected at a rate of 1.5
ml/sec. Data acquisition started 20 seconds after the initiation of contrast injection. All
images were obtained with 0.6 mm collimation, 1.2 pitch, 120 kV, 230 mA, and 0.5 sec
rotation time. The axial images were reconstructed with a 512 x 512 matrix, at 1-mm
thickness intervals. The 2D CT images were transferred to the workstation (SYNAPSE
VINCENT: Fujifilm Medical, Tokyo, Japan), and one of the authors (. O.) generated the
3D images. Reconstructed 3D images were independently evaluated by 3 radiologists (K.1.,
T.T., and K.N.) to confirm that the images were appropriate for analyzing the caudate
arteries and CA.
Definition of the caudate lobe, caudate artery, and CA

The caudate lobe is an independent hepatic lobe that does not belong to either the right or
left hepatic lobe. In 1953, the caudate lobe was anatomically divided into 3 parts *°: the
right portion, the left portion, and the caudate process. Likewise, in 1985, Kumon also
divided the caudate lobe into 3 parts: Spiegel lobe, the caudate process, and the paracaval
portion, *. According to this definition of the caudate lobe and the classification of Kumon
17 we defined the right branch (Ir) as the branch to the right part of the caudate lobe (the
caudate process and the paracaval portion) and the left branch (Il) as the branch to the left
part of the caudate lobe (Spiegel lobe). Additionally, we defined the CA as the artery
connecting the right hepatic artery (RHA), left hepatic artery (LHA), segmental hepatic
artery, and CHA.
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Results
Avrterial supply to the caudate lobe

On average, there were 1.1 + 0.8 (range, 0 to 3) Ir and 1.5 + 0.7 (range, 1 to 4) Il arteries
(n =50).
Three variations of the caudate artery

The caudate artery arose in 3 general types (Figure 1). In Type 1, the caudate artery was
an independent branch of the hepatic artery supplying the caudate lobe. In Type 2, the
caudate artery was a common trunk originating from the hepatic artery that gave off Ir and
Il branches. In Type 3, the caudate artery was a branch from the CA. The branching patterns
in 50 patients were as follows: 15 (30%) were Type 1, 6 (12%) were Type 2, 17 (34%) were
Type 3, 4 (8%) were Type 1 + Type 2, and 8 (16%) were Type 1 + Type 3 (Table 1). The
combination of the caudate artery of the 50 patients is shown in each patient in Table 2.
Type 1: Independent caudate artery and its origin

There were 47 independent caudate arteries (22 Irs and 25 1Is) seen in 27 of 50 patients
(Table 3). Irs originated from the right posterior segmental artery (Post. A) (11 of 22 Irs;
50%), RHA (7 of 22 Irs; 32%), right anterior segmental artery (Ant. A) (3 of 22 Irs; 14%),
and middle hepatic artery (MHA) (1 of 22 Irs; 4%). The origins of the Ils included the LHA
(13 of 25 lls; 52%), Post. A (5 of 25 Ils; 20%), MHA (4 of 25 Ils; 16%), and RHA (3 of 25
lIs; 12%). An example of a Type 1 caudate artery is shown in Figure 3.
Type 2: Common trunk formed by both Ir and Il and its origin

A common trunk formed by Ir and Il was seen in 10 of 50 patients (Table 3). The
common trunk arose from the LHA in 4 patients (40%), Post. A in 2 patients (20%), RHA
in 2 patients (20%), Ant. Ain 1 patient (10%), and MHA in 1 patient (10%). An example of
a Type 2 caudate artery is shown in Figure 4.
Patterns of CA

A Type 3 caudate artery was seen in 25 of 50 patients (Table 1). Since 1 patient had 2
CAs, the total number of CA was 26. The configurations of the CA were divided into 4
groups (Figure 2). Nine (35%) of 26 were classified as Group 1 (between RHA and LHA).
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Three (12%) of 26 were classified as Group 2 (between Post. A, RHA, and LHA). Three
(12%) of 26 were classified as Group 3 (between Post. A and LHA). Eleven (42%) of 26
were classified as Group 4 (other). Each CA gave off 1 to 4 caudate arteries.

Type 3: Caudate artery arising from the CA and its origin (Table 2)

The 17 patients of the Type 3 are broken down as follows, Group 1: 1Ir, 1Il, 2 patients;
1lr, 2lls, 2 patients; 11Ir, 3lls, 1 patient; 2Irs, 2lls, 1 patient. Group 2: 11r, 111, 1 patient; 2lls
1 patient. Group 3: 1lIr, 111, 2 patients. Group 4: 1Ir, 2lls, 4 patients; 1lr, 111, 1 patient; 2Irs,
2lls, 1 patient; 3lls, 1 patient. The 8 patients of the Type 1+3 are broken down as follows.
Post. A(3Irs)+CA(Groupl; 4lls) 1 patient; RHA(LIr)+CA(Group 1; 2l1Is) 1 patient; Ant.
A(1InN+CA(Group 1; Ir, 1) +CA(Group 3; Ir, 1) 1 patient; Ant. A(1Ir)+CA(Group 2; 111), 1
patient; Post. A(1Ir)+CA(Group 4; 1l1r, 21ls) 1patient; LHA(L1)+CA(Group 4; 1Ir, 11l)
1patient; LHA(111)+CA(Group 4; 1Ir) 1patient; MHA(11r) +CA(Group 4; 1lr, 11I) 1patient.
An example of a Type 3 caudate artery is shown in Figure 5.

Artery supplying the hilar bile duct and its origin

The artery supplying the hilar bile duct was observed in 40 of 50 patients (Table 4). The
arterial supply was detected by an enhancement in the wall of the hilar bile duct.
Additionally, when an artery is attached to the enhanced hilar bile duct, we considered it to
be the artery supplying the hilar bile duct. Arteries in the 3 o’clock and 9 o’clock positions
close to the hilar bile duct were detected in 22 patients (55%) and in 25 patients (63%),
respectively. Most 3 o’clock (13/22, 59%) and 9 o’clock arteries (19/25, 76%) originated
from the RHA. The rest of the 3 o’clock and 9 o’clock arteries arose from the Post. A, LHA,
CA Ir, or Il. When the wall in the hilar bile duct was enhanced without the presence of both
3 and 9 o’clock arteries, the arterial supply was considered to originate from the peribiliary
plexus. In the 18 patients where the hilar bile duct was supplied by the peribiliary plexus,
the hilar bile duct with wall enhancement was located close to the CA (6/18), Ir (4/18), Il
(3/18), common trunk (2/18), MHA (2/18), and LHA (1/18). In short, a total of 15 (83%) in
18 peribiliary plexuses originated from the caudate artery or the CA. An example of Type 3

caudate arteries and 3 and 9 o’clock arteries arising from the CA is shown in Figure 5.
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Discussion

MDCT with 3D imaging has the ability to demonstrate complex anatomic relationships
in hepatobiliary disease that are difficult to appreciate with 2D axial images ******°. To
our knowledge, this is the first study to retrospectively analyze the origin and course of the
caudate artery using 3D images reconstructed from CTHA.

In this study, we originally classified the origin of the caudate artery (Figure 1). Stapleton
et al. * described that the caudate lobe received branches from both the right and left hepatic
arteries but the patterns were different in each subject. Two main patterns were recognized,
a ‘tree’ pattern and an “arcade’ pattern. In the tree pattern, the caudate lobe was supplied by
a single main artery arising centrally, either from the proximal RHA or the LHA. In the
arcade pattern, the caudate lobe arterial supply consisted of an artery that ran along the
cranial aspect of the hepatic duct confluence and represented a fusion of similarly-sized
vessels arising from the distal LHA and RHA. In our study, accordingly to the classification
proposed by Stapleton et al. 3, the independent branch (Type 1) and the common trunk
(Type 2) might be consistent with the tree pattern, while the branch from CA (Type 3)
might be consistent with the arcade pattern.

There have been several studies that have focused on the arterial supply to the hilar bile
duct that is closely associated with the caudate artery and CA in the hilar plate %%,
Vellar * described, with injection studies, that the hilar arterial plexus is not only involved in
the blood supply of the confluence of the bile ducts but also the most important collateral
between the RHA and LHA. In addition, the majority of branches to the hilar plate plexus
originated from the RHA and LHA supplied the caudate lobe. Similarly, in our 25 of 50
cases, several arteries arising from the RHA, LHA, and segmental hepatic artery connected
to each other in the hilar plate, supplied the hilar bile duct, and also gave off branches
supplying the caudate lobe. Therefore, the vessel we called the CA in our study was the

equivalent of a major artery in the arterial plexus in previous studies.

Biliary complication rates of up to 34% remain a serious problem in living-related liver
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transplantation; ischemia of the biliary tract is the most important factor contributing to
biliary strictures or anastomotic leakage *. Histologic examination of the failed duct-to-duct
reconstructions often showed the loss of the 3 o’clock and 9 o’clock arteries on the recipient
side 2. However, methods to preserve the blood supply of the donor graft bile duct are less

clear. Gunji et al. %

stated that division of the origin of the CA during graft donation might
lead to biliary ischemia. We agree with their suggestion because, in our findings, the origin
of the CA and the caudate artery certainly were near the proximal RHA, LHA, and

segmental hepatic arteries in the hilar plate.

Although HCC arising in the caudate lobe is difficult to treat, TACE potentially improves
the prognosis of caudate HCC 8. 16-31% of caudate HCCs are fed by multiple arterial
branches arising from different origins® . These factors might make it more difficult to
control caudate HCC using TACE. Therefore we consider that knowledge of the precise
anatomy of the caudate artery may be helpful for the effective TACE. In contrast, it has
been reported that the incidence of main bile duct necrosis by selective TACE of Al, A4
was approximately 6% **. The reason why bile duct complications occur after TACE is
that the biliary tree is supplied primarily by arterial blood alone 2*. When embolic
materials are injected into a tumor-feeding caudate artery, they may flow into another
vessel supplying the bile duct through the CA. As supporting evidence, our findings
indicated that the CA and the caudate artery, such as Ir, Il, and the common trunk, supply
the hilar bile duct. We should recognize the arterial network in the hilar plate and take
care injecting embolic materials into the artery supplying the bile duct when performing
the TACE. As a result, we may be able to prevent the bile duct ischemia and necrosis.

This is an important point that we must keep in mind.

Tohmaetal. °

clarified, in evaluations with CT and angiography during temporary
balloon occlusion of the RHA or LHA, that the communicating arterial arcade was
consistently present in the hilar plate. The communicating arterial arcade has been

recognized as one of the most important collateral pathways into the liver **** %, From
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the report of Miyazaki et al. ©, when the interlobar hepatic artery running into the
Glissonian sheath around the hepatic duct confluence is preserved, one major lobar branch
of the hepatic artery involved by tumor invasion could be safely resected without
reconstruction. The interlobar hepatic artery referred to in this report corresponds to the
CAin our study. Therefore, the recognition of the arterial network in the hilar plate helps
not only in reducing intraoperative bleeding but also in performing successful surgery for

extrahepatic cholangiocarcinoma without inducing postoperative hepatic failure.

Several limitations of this study need to be addressed. One potential weakness of this
study is that there was a possibility of missing some small caudate arteries because not all
of the caudate arteries could be visualized by CTHA in each patient. This study is also
limited by the small number of patients. The results of our study will need to be confirmed
in studies with more patients.
Conclusions
In conclusion, 3D imaging reconstructed by CTHA showed that the caudate artery plays
an important role not only in the arterial collateral system of the liver but also in the blood
supply to the hilar bile duct. The recognition of this vascular anatomy is clinically useful for
performing liver resection for extrahepatic cholangiocarcinoma, living-related liver

transplantation, and effective TACE for HCC.
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FIGURE LEGENDS

Fig. 1

The caudate artery arose in 3 general patterns. The caudate artery was found to be either an
independent arterial branch (Type 1), a common trunk that branched into a right caudate
artery (Ir) and a left caudate artery (I1) (Type 2), or an arterial branch arising from
communicating artery (CA) (solid black line) (Type 3). RHA = right hepatic artery, MHA =
middle hepatic artery, LHA = left hepatic artery

Fig. 2

Communicating patterns of the communicating artery (CA) (solid black line) were divided
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into 4 groups. CAs between the right hepatic artery (RHA) and left hepatic artery (LHA)
were classified as Group 1. CAs between the right posterior segmental artery (Post. A),
RHA, and LHA were classified as Group 2. CAs between the Post. A and LHA were
classified as Group 3. CAs between other arteries were classified as Group 4. MHA =

middle hepatic artery

Fig. 3

CTHA shows that the left caudate artery (Il) arose independently from the left hepatic artery
(LHA). Xis the origin of 1l (A) (B). Three-dimensional imaging helps clarify the structure
of the Type 1 caudate artery and its origin. X is the origin of Il (C) (D). RHA = right hepatic
artery, MHA = middle hepatic artery, PHA = proper hepatic artery

Fig. 4

CTHA shows that the common trunk which branches into the right caudate artery (Ir) and
the left caudate artery (II) arises from the right anterior segmental artery (Ant. A). X is the
origin of the common trunk of Ir and Il (A). Three-dimensional imaging helps clarify the
origin and course of the Type 2 caudate artery. X is the origin of the common trunk (D).
Post. A = right posterior segmental artery, MHA = middle hepatic artery, LHA = left hepatic
artery, PHA = proper hepatic artery, RHA= right hepatic artery

Fig. 5

CTHA shows that the communicating artery (CA) was located between the right posterior
segmental artery (Post. A), middle hepatic artery (MHA), and left hepatic artery (LHA),
cranial to the portal bifurcation, and close to the hilar bile duct (BD). In this patient, the CA
was classified as Group 4. Two left caudate arteries (lls) arose from the CA. X1 and X2 are
the origins of the Ils, respectively. Y1 is the origin of the CA arising from the LHA. Y2 is
the origin of the CA arising from the Post. A. Y3 is the origin of the CA arising from the
MHA. Z is the junction where the CA arises from the LHA, the Post. A, and the MHA (A)
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(B) (C) (D). Three-dimensional imaging yields precise information on the structure of the
portal vein, hilar BD, Type 3 caudate artery, CA between the Post. A, MHA, and LHA as
well as the origins of the CA and the Type 3 caudate artery (E) (F).

13



Table 4. Number of arteries supplying the hilar bile duct and their origins (40/50 patients)

Origin

Artery

supplying No.of Post. Ant.
) ) RHA MHA LHA CA Ir
the hilar  arteries A

common unknown

bile duct
3 o'clock
22 0 0 13 0 2 4 1 1 0 1
artery
9 o'clock
25 1 0 19 0 1 3 0 O 0 1
artery
Peribiliary
0 0 0 2 1 6 4 3 2 0
plexus
Total 65 1 0 32 2 4 13 5 4 2 2

Post. A, right posterior segmental artery; Ant. A, right anterior segmental artery; RHA, right hepatic

artery; MHA, middle hepatic artery; LHA, left hepatic artery; CA, communicating artery; Ir, right

caudate artery; Il, left caudate artery; common, common trunk formed by Ir and Il



Table 1. Branching patterns of the caudate artery

No. of Typel Type 2 Type3 Typel+Type2 Typel+ Type3

patients (%) (%) (%) (%) (%)

50 15 (30%) 6 (12%) 17 (34%) 4 (8%) 8 (16%)




Table 2. The combination of the caudate artery in 50 patients

Combination

Number of
patients

Type 1
15 patients

Post. A(1InN+LHA(LII)
LHA(LII)

Post. A(1InN+RHA(1II)
RHA(LID+LHA(LI)
RHA(2Irs)+LHA(II)
RHA(21rs)+MHA(2lIs)
RHA(LIr, 111)
MHA(LII)

Post. A(2lls)

Post. A(3lls)

3

Type 2
6 patients

RHA (common; 11r, 31Is)
RHA (common; 1lr, 111)
Post. A (common; 1Ir, 3lIs)
MHA (common; 2Irs, 2lls)
LHA (common; 2Irs, 2lls)
LHA (common; 1Ir, 111)

N e i e el I T T = S S N SN S Ot

Type 3
17 patients

Group 1
1lr, 111
1Ir, 2lls
1lr, 3lls
21Irs, 2lls

Group 2
1lr, 111
2lls

Group 3
1lr, 111

Group 4
1Ir, 2lls
1lr, 111
21Irs, 2lls
3lls

P NN

N = = N




Post. A(1Ir)+LHA(common; 1lr, 2lls)
Type 1+Type2  RHA(1Ir)+LHA(common; 1Ir, 11I)
4 patients LHA(L1)+Post.A(common; 1lr, 111)
LHA(LI)+Ant. A(common; 1lr, 111)

Post. A(3Irs)+CA(Group 1; 4lls)
RHA(1Ir)+CA(Group 1; 2lls)
Ant. A(1Irn)+CA(Group 1;Ir, Il) +CA(Group 3;lr, 1)

Type 1+Type3  Ant. A(1Ir)+CA(Group 2; 11I)

8 patients Post. A(1Ir)+CA(Group 4; 1lr, 21ls)
LHA(LIN+CA(Group 4; 1ir, 11I)
LHA(LI)+CA(Group 4; 1Ir)

MHA(1Ir) +CA(Group 4; 1Ir, 11I)

el T T e e O T T = =

[

Post. A, right posterior segmental artery; Ir, right caudate artery; LHA, left hepatic
artery; Il, left caudate artery; RHA, right hepatic artery; MHA, middle hepatic artery;
common, common trunk formed by Ir and Il; Ant. A, right anterior segmental artery;
CA, communicating artery



Table 3. Number of independent caudate arteries (Type 1) and common trunks formed by Ir and I

(Type 2) and their origins

Origin
Caudate
n Post. A Ant. A RHA MHA LHA
artery
(%) (%) (%) (%) (%)
Type 1
a7 16 (34%) 3 (6%) 10 (21%) 5 (11%) 13 (28%)
Total
Ir 22 11 (50%) 3 (14%) 7 (32%) 1 (4%) 0
I 25 5 (20%) 0 3 (12%) 4 (16%) 13 (52%)
Type 2 10 2 (20%) 1 (10%) 2 (20%) 1 (10%) 4 (40%)

Post. A, right posterior segmental artery; Ant. A, right anterior segmental artery; RHA, right hepatic
artery; MHA, middle hepatic artery; LHA, left hepatic artery
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Fig. 1



Ant. A MHA Ant. A MHA Ant. A Ant. A

POSt A RHA Post A rRHA Post A phA K

Group 1 Group 2 Group 3 Group 4
RHA-LHA  Post A-RHA-LHA Post. A-LHA Other
9 (35%) 3 (12%) 3 (12%) 11 (42%)

Fig. 2
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