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Purpose: To clarify the changes that occur in drainage vessels of
dysplastic nodules and hepatocellular carcinoma (HCC)
during hepatocarcinogenesis by using computed tomogra-
phy (CT) during arterial portography (CTAP) and CT dur-
ing hepatic arteriography (CTHA), with histologic findings
as the reference standard.

Materials and
Methods:

Institutional ethics committee approval and informed con-
sent were obtained. According to the findings at CTAP and
CTHA, 46 surgically resected hepatocellular nodules were
classified into three types: type A (n � 18) (equivalent or
decreased portal perfusion compared with background
liver at CTAP, decreased arterial perfusion, and no corona
enhancement [perinodular contrast material drainage] at
CTHA), type B (n � 13) (no portal perfusion, increased
arterial perfusion, and thin (�2-mm) corona enhance-
ment), or type C (n � 15) (no portal perfusion, increased
arterial perfusion, and thick (�2-mm) corona enhance-
ment). We compared the histopathologic features and mi-
croangioarchitecture between the types.

Results: Type A nodules histologically consisted of dysplastic nod-
ules and well-differentiated HCC; type B and C nodules
were moderately differentiated HCC. Replacing growth
was commonly observed in type A nodules, whereas com-
pressing growth was more frequently seen in types B and
C. Sixty percent of type C nodules had a fibrous capsule.
There were significantly fewer intranodular hepatic veins
in types B and C. Serial pathologic slices demonstrated
continuity from intranodular capillarized sinusoids to he-
patic veins in type A nodules and to surrounding hepatic
sinusoids in type B nodules. In type C nodules, intranodu-
lar capillarized sinusoids were connected to extranodular
portal veins either directly or through portal venules
within the fibrous capsule.

Conclusion: Drainage vessels of HCC change from hepatic veins to
hepatic sinusoids and then to portal veins during multistep
hepatocarcinogenesis.

� RSNA, 2009

1 From the Departments of Radiology (A.K., O.M., T.G.)
and Human Pathology (A.K., Y.Z., Y.N.), Kanazawa Univer-
sity Graduate School of Medical Science, 13-1 Takarama-
chi, Kanazawa 920-8640, Japan. Received August 10,
2008; revision requested September 24; revision received
January 7, 2009; accepted March 2; final version ac-
cepted March 16. Supported in part by Grant-in-Aid for
Cancer Research (no. 18S-01) from Ministry of Health,
Labor, and Welfare and by Health and Labor Sciences
Research Grants for Development of Novel Molecular
Markers and Imaging Modalities for Earlier Diagnosis of
Hepatocellular Carcinoma. Address correspondence to
A.K. (e-mail: kitao@rad.m.kanazawa-u.ac.jp ).

� RSNA, 2009

ORIGINAL
RESEARCH

�
VASCULAR

AND
INTERVENTIONAL

RADIOLOGY

Radiology: Volume 252: Number 2—August 2009 ▪ radiology.rsnajnls.org 605

Note: This copy is for your personal non-commercial use only. To order presentation-ready 
copies for distribution to your colleagues or clients, contact us at www.rsna.org/rsnarights.



Hepatocellular carcinoma (HCC) is
usually associated with chronic
liver disease, especially chronic

viral hepatitis and liver cirrhosis (1,2).
HCC has been proved to develop by
multistep carcinogenesis from a dys-
plastic nodule (DN), to early HCC
(highly well-differentiated HCC), and fi-
nally to overt hypervascular HCC (mod-
erately differentiated HCC) (3–10).

To understand the pathophysiol-
ogy of HCC, especially in its early
stage, the multistep changes in the
blood supply of DNs and HCC have
been well studied with radiologic tech-
niques (11,12). Computed tomography
(CT) during arterial portography
(CTAP) and CT during hepatic arteriog-
raphy (CTHA) are useful radiologic
methods for evaluating in vivo dynamics
of portal supply and arterial supply, re-
spectively, in hepatic lesions (11–17).
DNs show the same or mildly decreased
portal perfusion at CTAP and decreased
arterial perfusion at CTHA compared
with surrounding liver parenchyma. On
the other hand, moderately differenti-
ated HCC shows no portal perfusion at
CTAP and clearly increased arterial
perfusion at CTHA. In brief, the inflow
of nodules changes from a mainly portal
supply to an exclusively arterial supply
during the multistep hepatocarcinogen-
esis (12). These radiologic findings re-
flect the histologic vascular structure of
HCC (18,19).

In comparison to inflow, little atten-
tion has been paid to drainage flow of
HCC and DNs, although a few radiologic
studies regarding drainage vessels of
HCC have been published (20–22).
Ueda et al (22) used single-level dynamic
CTHA to clarify the drainage vessels of
hypervascular HCC with a fibrous cap-
sule. In their study, intranodular contrast
enhancement was observed, and subse-
quently, perinodular enhancement with
bright branching structures appeared on
single-level dynamic CTHA images. They
concluded that perinodular enhance-
ment, named corona enhancement, is the
drainage area of the tumor and that the
branching structures are portal venules
corresponding to the drainage route.
However, the radiologic-pathologic corre-
lation has not been fully elucidated. In
particular, how the drainage vessels
change during multistep hepatocarcino-
genesis has not been examined.

In our study, we tried to clarify the
changes that occur in drainage vessels
during hepatocarcinogenesis from DN
to moderately differentiated HCC. We
evaluated intranodular and perinodular
hemodynamics by using CTAP and
CTHA, with a focus on the correlation
of corona enhancement at late-phase
CTHA with histopathologic features.

Materials and Methods

Patients
This retrospective study was performed
with the approval of the institutional
ethics committee, and informed consent
was obtained from patients. It focused
on 46 hepatocellular nodules in 40 pa-

tients, which were surgically resected
and were pathologically diagnosed as
DNs or HCC at our institution between
1998 and 2007. We did not include
large (�6 cm in diameter) nodules or
poorly differentiated HCCs, because
they are often associated with second-
ary changes that might influence imag-
ing (eg, necrosis, hemorrhage, invasion
of the portal or hepatic veins). All pa-
tients (mean age, 61.0 years � 8.4
[standard deviation]; men, 85%;
women, 15%) had chronic liver dis-
ease. No patient had previously under-
gone treatment (eg, ablation therapy,
transarterial chemoembolization ther-
apy, chemotherapy) for hepatocellular
nodules.

CTAP and CTHA
Both CTAP and CTHA were per-
formed in all patients before surgical
resection (mean time before surgery,
41.3 days � 17.8) because of their
extremely high sensitivity for detec-
tion of other nodular lesions (11).
CTAP and CTHA were performed with
various CT scanners (XVision SP,
Toshiba Medical Systems, Tokyo, Ja-
pan; Aquilion 64, Toshiba Medical
Systems; HiSpeed Advantage, GE
Healthcare, Milwaukee, Wis; and
LightSpeed Ultra 16, GE Healthcare).
From the femoral artery, 4-F cathe-
ters were inserted into the superior
mesenteric artery for CTAP and into
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CTAP � CT during arterial portography
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HCC � hepatocellular carcinoma
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Advances in Knowledge

� The main drainage vessels of hepa-
tocellular carcinoma (HCC) change
from hepatic veins to hepatic sinu-
soids to portal veins during multi-
step hepatocarcinogenesis.

� The thickness of corona enhance-
ment (perinodular drainage of
contrast material) of HCC at late-
phase CT during hepatic arteriog-
raphy correlates with the histo-
logic grade of tumor malignancy
and the type of drainage vessels.

� The changes in HCC drainage ves-
sels could be triggered by the early
reduction of intranodular hepatic
veins owing to tumor invasion.

Implications for Patient Care

� The grade of tumor malignancy
may be indicated by analyzing co-
rona enhancement of HCC at dy-
namic CT, dynamic MR imaging,
or contrast-enhanced US.

� Knowledge of venous drainage is
important for understanding the
pathophysiology of HCC and for
precise performance of interven-
tional therapy or surgical
resection.
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the common, proper, or replaced right
hepatic artery for CTHA.

CTAP scans were obtained at
5–7-mm section thickness and 5–7-mm
collimation to cover the entire liver in a
single breath hold. To increase the
blood flow and decrease the laminar
flow of the portal vein, 5 �g of prosta-
glandin E1 (Palux; Taisho, Tokyo, Ja-
pan) was injected into the superior mes-
enteric artery before contrast material
infusion. Helical scanning began 25 sec-
onds after the infusion of 50–70 mL of
iohexol (320–350 milligrams of iodine
per milliliter) (Omnipaque; Daiichi, To-
kyo, Japan) at a rate of 1.8 mL/sec by
using a power injector was started.

CTHA scans were obtained at 3–5-mm
section thickness and 3–5-mm collima-
tion. Helical scanning was started 7 sec-
onds after the beginning of an infusion
of iohexol (320–350 milligrams of io-
dine per milliliter) into the common,
proper, or replaced hepatic artery at a
rate of 1.8 mL/sec. The infusion of con-
trast material was continued until 5 sec-
onds after early-phase CTHA scanning
was completed. The scanning time var-
ied according to the individual liver size
(about 20–25 seconds). The total amount
of contrast medium varied according to
the following equation: (early-phase
scanning time � 12 seconds) � injection
rate. Thirty seconds after contrast ma-
terial infusion finished (about 62–67
seconds after the infusion began), late-
phase scanning commenced.

Radiologic Classification of Hepatocellular
Nodules
The nodules were retrospectively classi-
fied into three types according to the find-
ings at CTAP and CTHA in consensus by
two radiologists (A.K. and O.M., with 8
and 38 years experience, respectively)
who were blinded to any pathologic infor-
mation. The classifications were deter-
mined on the basis of past reports about
the findings of CTAP and CTHA.

We defined a type A nodule as a nod-
ular lesion that showed equivalent or de-
creased portal perfusion as compared
with background liver on CTAP images,
decreased arterial perfusion compared
with background liver on early-phase
CTHA images, and no perinodular stain-

Figure 1

Figure 1: Typical CTAP (top row), early-phase CTHA (middle row), and late-phase CTHA (bottom row)
findings for the three nodule types (arrows). Type A nodule (left column) has equivalent-to-decreased portal
perfusion on CTAP imaging, decreased arterial perfusion on early-phase CTHA images, and no corona en-
hancement on late-phase CTHA images. Type B nodule (middle column) has portal perfusion defect and in-
creased arterial perfusion with thin corona enhancement. Type C nodule (right column) has portal perfusion
defect, increased arterial perfusion, and thicker corona enhancement.

Clinical Features by Tumor Type

Clinical Feature Type A Type B Type C

No. of tumors 18 13 15
Resected tumor size (cm)* 2.0 � 1.2 (0.9–4.8) 2.7 � 1.6 (1.2–5.2) 2.6 � 1.2 (1.6–5.5)
Age (y)* 58.9 � 6.6 (47–70) 62.6 � 8.9 (53–71) 62.7 � 9.6 (53–76)
Male-to-female ratio 14:4 10:3 14:1
Underlying disease process

Chronic hepatitis 6 3 6
Hepatitis B virus 2 0 1
Hepatitis C virus 4 3 4
Hepatitis B and C viruses 0 0 1

Liver cirrhosis 12 10 9
Hepatitis B virus 3 4 5
Hepatitis C virus 7 5 3
Cryptogenic 2 1 1

Note.—Unless otherwise specified, data are numbers of patients.

* Data are means � standard deviations, with ranges in parentheses.
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ing corona enhancement on late-phase
CTHA images. Type B nodules showed no
portal perfusion, clearly increased arte-
rial perfusion compared with background
liver, and thin corona enhancement. Thin
corona enhancement was defined as flat
perinodular enhancement on late-phase
CTAP images that was less than or equal
to 2 mm thick. Type C nodules showed
no portal perfusion, clearly increased
arterial perfusion compared with back-

ground liver, and thick corona enhance-
ment on late-phase CTHA images.
Thick corona enhancement was defined
as perinodular enhancement with or
without irregular protrusions that was
greater than 2 mm thick. We set this
2-mm threshold because we clinically
observed that smooth or flat corona en-
hancement was exclusively less than 2
mm thick, and in contrast, irregular or
protruding corona enhancement was al-
most always more than 2 mm thick.

Type A nodules corresponded to
DNs or well-differentiated HCCs, and
type B and C nodules were part of well-

differentiated HCCs or, mainly, moder-
ately differentiated HCCs (11–17). There
was no case that showed apparent reduc-
tion of portal perfusion of the liver on
CTAP images. Typical CTAP and CTHA
findings for the three types of nodules are
shown in Figure 1.

Pathologic Examinations
Liver specimens were fixed with neutral
formalin, and 4-mm-thick paraffin-em-
bedded tissue slices were prepared
from each nodule. Hematoxylin-eosin
staining was performed. To clearly dif-
ferentiate each vessel, double immuno-

Figure 2

Figure 2: Bar graph of percentage of each tu-
mor differentiation grade by tumor type. Blue �
DN (n � 10), green � well-differentiated HCC
(n � 9), orange � moderately differentiated HCC
without fibrous capsule (n � 16), red � moder-
ately differentiated HCC with fibrous capsule
(n � 11).

Figure 3

Figure 3: Bar graph of percentage of each his-
tologic growth pattern by tumor type. Blue � re-
placing growth, red � compressing growth with-
out fibrous capsule, green � compressing growth
with fibrous capsule.

Figure 4

Figure 4: Bar graphs of density of intranodular vessels by nodule type compared with that in the back-
ground liver tissue (Back) for (a) arteries, (b) portal vein, and (c) hepatic vein. Mean value � standard devia-
tion is given under each bar. � � P � .05 with multiple comparison test. (d) Bar graph of percentage of area of
capillarized sinusoids by nodule type shows progressive increase in percentage of capillarized area in type A
versus type B versus type C nodules (P � .05 with Kruskal-Wallis test). Blue � 1�, green � 2�, orange �
3�, red � 4�.
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staining with CD34 (a vascular endothe-
lial cell marker) and �–smooth muscle
actin (a smooth muscle cell marker) was
performed in all nodules. Two patholo-
gists (Y.Z. and Y.N., with 11 and 37
years experience, respectively) and one
radiologist (A.K.), who were blinded to
all imaging information, evaluated the
three nodule types in consensus for tu-
mor differentiation, fibrous capsule for-
mation, tumor growth pattern, back-
ground liver tissue (chronic hepatitis or
liver cirrhosis), and number of vessels.

Tumor differentiation and fibrous
capsule.—We classified each nodule
into one of four grades for tumor differ-
entiation according to the classifica-
tions proposed by the International
Working Party (8) and the World
Health Organization (23): DN, well-
differentiated HCC, moderately differ-
entiated HCC without fibrous capsule,
and moderately differentiated HCC
with fibrous capsule. A DN was defined
as a small nodular lesion of hepatocytes
with mild nuclear and cytoplasmic
atypia, cellular density increase, and no
evidence of malignancy (eg, stromal or
vessel invasion). In our study, the DN
category included both low- and high-
grade DNs because they both show sim-
ilar findings on CTAP and CTHA images
(17). Well-differentiated HCC was de-

Figure 5

Figure 5: Bar graphs of density of perinodular vessels by nodule type compared with that in the background liver tissue (Back) for (a) arteries, (b) portal vein, and
(c) hepatic vein. Mean value � standard deviation is given under each bar. � � P � .05 with (a, b) multiple comparison or (c) unpaired t test.

Figure 6

Figure 6: Serial pathologic slices show continuity of vessels at the border (dotted line) of a type A
nodule (DN). (a, b) Intranodular preexisting hepatic vein (HV, white arrows) and extranodular hepatic
veins (black arrows). (c, d) Intranodular capillarized sinusoid (arrowheads) continues into hepatic vein
(white arrows) at nodule border and then into extranodular hepatic vein (black arrows). NT � not tumor,
T � tumor. (Double immunostaining with CD34 [brown] and �–smooth muscle actin [red]; magnifica-
tion, �200.)
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fined as a nodular lesion consisting of
malignant hepatocytes that showed evi-
dent nuclear and cytoplasmic atypia and
higher cellular density. Intranodular
portal tracts were relatively preserved.
Moderately differentiated HCC was
composed of malignant hepatocytes
proliferating in trabecular, pseudoglan-
dular, and solid patterns. We defined a
fibrous capsule as fibrous tissue that
was greater than 0.2 mm thick and sur-
rounded more than two-thirds of the
tumor circumference.

Tumor growth pattern.—Nodule
growth patterns were classified into two
types: replacing and compressing. In
the nodules with replacing growth, tu-
mor cells proliferated by replacing sur-
rounding hepatic parenchyma, and the
margin between nodules and back-
ground liver tissue was indistinct. Com-
pressing-growth nodules had a discrete
margin and pushed out the surrounding
hepatic parenchyma.

Underlying disease process.—For
each nodule type, we compared the pro-
portion of patients with chronic hepati-
tis with that of patients with liver cir-
rhosis to analyze the influence of the
underlying disease process on back-
ground liver tissue.

Number of vessels.—We counted
the numbers of vessels twice. The num-
ber of arteries (both hepatic and neo-
vascularized unpaired arteries), portal
veins, and hepatic veins were counted
in three areas: within tumor paren-
chyma, not including the fibrous septa
or fibrous capsule; in the perinodular
area less than 2 mm from the nodule
border; and in the background liver
away from the nodule. Intranodular and
background liver vessels were counted
in the largest square we could draw in
the respective areas of the tissue slices.
Perinodular vessels were counted in 10
random fields within 2 mm of the tumor
border (magnification, �100) or within
as many fields as possible on small
slices. Then, we divided the number of
vessels by the area to calculate vessel
density (per square centimeter).

We also measured the area of in-
tranodular capillarized sinusoids cov-
ered by endothelial cells expressing
CD34 and compared it with the whole

Figure 7

Figure 7: Continuities of intranodular capillarized sinusoids (brown) and extranodular hepatic sinusoids
are diffusely observed at the border of a type B nodule (moderately differentiated HCC with replacing growth).
NT � not tumor, T � tumor. (CD34 and �–smooth muscle actin; magnification, �200.)

Figure 8

Figure 8: Continuities of vessels at border (dotted line) of a type C nodule (moderately differentiated HCC
without fibrous capsule). Intranodular capillarized sinusoids (arrowheads) connect to extranodular portal
veins (PV) (a, b) directly and (c, d) indirectly (through portal venules within the fibrous septum). Portal
venules are accompanied by hepatic arteries (HA) and bile ducts (BD). NT � not tumor, T � tumor. (CD34
and �–smooth muscle actin; magnification, �200.)
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area of the nodule in the same slice
(18,24). Capillarized area in each nod-
ule was semiquantitatively rated as
follows: 1� � 0%–25%, 2� � 26%–
50%, 3� � 51%–75%, and 4� �
76%–100%.

Continuity of vessels at nodule bor-
der.—To clarify the continuity between
intranodular vascular structures and ex-
tranodular drainage vessels at the bor-
der of the nodule, more than 200 serial
slices were prepared from one tumor of
each type (ie, A, B, and C). By using
double immunostaining with CD34 and
�–smooth muscle actin, we examined
continuities between intranodular and
extranodular vascular structures on se-
rial slices.

Statistical Analysis
The data were expressed as means �
standard deviations. Statistical signif-
icance was evaluated by using the
Kruskal-Wallis test for the compari-
son of tumor differentiation, tumor
growth pattern, and the area of in-
tranodular capillarized sinusoids; un-
paired t test for the comparison of the
number of perinodular hepatic veins
between tumor types; and multiple
comparison test (Dunnet procedure)
for the analysis of the number of other
vessels. P values less than .05 were
considered to indicate statistical sig-
nificance.

Results

Clinical Features by Nodule Type
Eighteen nodules were classified as type
A; 13, as type B; and 15, as type C. The
clinical features of the patients and the
tumor sizes are listed by type in the Table.
As determined from resected specimens,
the mean size of all hepatocellular nodules
was 2.4 cm � 1.3.

Pathologic Features by Nodule Type
Tumor differentiation and fibrous cap-
sule.—At histologic analysis (Fig 2),
type A nodules consisted of 10 DNs and
eight well-differentiated HCCs. Type B
nodules comprised one well-differenti-
ated HCC and 12 (92%) moderately dif-
ferentiated HCCs, 10 (83%) of which

did not have a fibrous capsule. All 15
type C nodules were moderately differ-
entiated HCCs, nine (60%) of which
had a fibrous capsule (Kruskal-Wallis
test, P � .05).

Tumor growth pattern.—Histologic
growth patterns for each type are
shown in Figure 3. All of the type A
nodules showed a replacing growth pat-
tern. Half of type B nodules had replac-
ing growth, and the other half had com-
pressing growth. Almost all type C nod-
ules (93%) showed compressing growth
(Kruskal-Wallis test, P � .05). The pro-
portion of nodules with compressing
pattern was higher in type C than in
type B (93% vs 54%).

Underlying disease process.—No
significant difference with regard to his-
tologic findings in the liver was observed
between the three types of nodules. The
percentages of chronic hepatitis and
liver cirrhosis were 33% versus 67%,
respectively, for type A nodules; 23%
versus 77%, respectively, for type B

nodules; and 33% versus 67%, respec-
tively, for type C nodules.

Intranodular vessels.—Compared with
the that in the background liver, the
density of intranodular arteries was de-
creased in type A nodules and increased
in type B and C nodules (all P � .05)
(Fig 4). There was no statistically signif-
icant difference in the density of arter-
ies between type B and C nodules. The
density of intranodular portal veins was
also decreased in type A nodules com-
pared with the background liver and
was decreased in type B and C nodules
compared with type A nodules (all P �
.05). The density of hepatic veins was
similarly decreased (P � .05). The per-
centage of the nodule occupied by in-
tranodular capillarized sinusoids pro-
gressively increased in type A versus B
versus C nodules (Fig 4).

Perinodular vessels.—As shown in
Figure 5, the density of perinodular ar-
teries and portal veins was increased in
type A nodules compared with the back-

Figure 9

Figure 9: (a–d) Continuities of vessels at the border of a type C nodule (moderately differentiated HCC
with fibrous capsule [fc]). Intranodular capillarized sinusoid (arrowhead, a) connects to portal venules
(1, a) and drains into extranodular portal veins (1– 4, b–d). BD � bile duct, HA � hepatic arteries, NT � not
tumor, T � tumor. (CD34 and �–smooth muscle actin; magnification, �100.)

VASCULAR AND INTERVENTIONAL RADIOLOGY: Hepatocarcinogenesis: Drainage Vessel Changes at CT Kitao et al

Radiology: Volume 252: Number 2—August 2009 ▪ radiology.rsnajnls.org 611



ground liver (P � .05 with the multiple
comparison test). In addition, type B
and C nodules had higher densities of
arteries and portal veins than did type A
nodules (P � .05 with the multiple com-
parison test). In contrast, the density of
hepatic veins around type B and C nod-
ules was decreased compared with type
A nodules (P � .05 with unpaired t
test). No significant difference was ob-
served in the density of any perinodular
vessels between type B and type C nod-
ules (P � .05).

Continuity of vessels at nodule bor-
der.—In the type A nodule, which was a
DN, serial pathologic slices revealed the
continuity between intranodular preex-
isting hepatic veins and extranodular
hepatic veins (Fig 6a, 6b). In addition,
intranodular capillarized sinusoids con-
tinued into extranodular hepatic veins
(Fig 6c, 6d).

We also examined the serial patho-
logic slices of a type B nodule, which

was a moderately differentiated HCC
without a fibrous capsule that had a re-
placing growth pattern, for continuity of
intranodular capillarized sinusoids and
surrounding hepatic sinusoids (Fig 7).
Intranodular and perinodular hepatic
veins were rarely observed; therefore,
their continuity was not confirmed.

We used two type C moderately dif-
ferentiated HCCs to examine the conti-
nuity of vessels at the tumor border.
One demonstrated compressing growth
without a fibrous capsule, and the other
showed compressing growth with a fi-
brous capsule. We observed many por-
tal venules within the intranodular fi-
brous septa and the fibrous capsule, ac-
companied by hepatic arteries and bile
ducts. In the nodule without a fibrous
capsule, intranodular capillarized sinu-
soids connected to extranodular portal
veins directly (Fig 8a, 8b). In addition,
intranodular capillarized sinusoids con-
nected to portal venules within the fi-

brous septum, and these portal venules
continued into extranodular portal veins
(Fig 8c, 8d). In the nodule with a fibrous
capsule, intranodular capillarized sinu-
soids connected to portal venules within
the fibrous capsule, with these venules
connecting to extranodular portal veins
(Fig 9).

Discussion

The different radiologic appearances of
type A, B, and C nodules seem to be the
direct result of several histologic fea-
tures: the grade of tumor differentia-
tion, fibrous capsule formation, and tu-
mor growth pattern. According to the
theory of multistep hepatocarcinogen-
esis, we think that these histologic fea-
tures change as the nodules progress
from type A (DN or well-differentiated
HCC) to type B to type C (both moder-
ately differentiated HCC). The results of
our study suggest that the main drain-
age vessels change from hepatic veins
(type A) to hepatic sinusoids (type B)
and then to portal veins (type C) during
this progression.

On the basis of our findings, a
mechanism for how the drainage ves-
sels of HCC change during multistep
hepatocarcinogenesis can be postu-
lated (Fig 10). As the tumor cells be-
come more atypical and proliferate
more rapidly, they first invade the in-
tranodular hepatic veins because they
are not accompanied by fibrous tissue
(eg, Glisson’s sheath surrounding por-
tal veins). In the perinodular area, he-
patic veins are similarly collapsed by
tumor compression. Therefore, in-
tranodular and perinodular hepatic
veins disappear earlier than do portal
veins. When the drainage through he-
patic veins is blocked, drainage flows
mainly into surrounding hepatic sinu-
soids and partially into portal veins
according to the blood pressure gradi-
ent. As the intranodular cellular den-
sity increases, the tumor growth pat-
tern changes from replacing growth to
compressing growth, and a thick fi-
brous capsule is formed by the com-
pressed perinodular liver tissue (25).
At this stage, perinodular hepatic si-
nusoids are collapsed, and the conti-

Figure 10

Figure 10: Diagram of the mechanism underlying changes in drainage vessels (top) and histologic fea-
tures (bottom) of HCC during multistep hepatocarcinogenesis. Top: Direction of arrow � direction of flow for
that vessel type. Thickness of arrow � volume through that vessel. Wavy lines through arrow � disruption of
flow. Gray area � nodule.
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nuity of intranodular and extranodular
sinusoids is interrupted by fibrous
capsule formation. Therefore, drain-
age blood flow has no outlet other than
through portal veins, accompanied by
a marked increase in arterial blood
supply. Although the total number of in-
tranodular portal veins is decreased, por-
tal venules are relatively well preserved in
the fibrous septa and capsule. These
patent portal venules could become the
drainage vessels of an established encap-
sulated HCC.

The direction of hepatic arterial
flow is afferent, while that of hepatic
venous flow is efferent owing to the
pressure gradient. In contrast, the di-
rection of portal flow to nodules is vari-
able and can be determined by using the
combination of CTAP and histologic
findings. Type C nodules showed no
portal perfusion at CTAP, and direct
connections between intranodular cap-
illarized sinusoids and portal venules
were confirmed with histologic findings.
We believe that the direction of portal
flow would be efferent in type C nod-
ules. That is, blood flow in portal veins
seems to dramatically change during
multistep hepatocarcinogenesis from af-
ferent flow in type A nodules to efferent
flow in type C nodules.

Previously, perinodular contrast en-
hancement was thought to represent the
presence of a fibrous capsule (26,27).
However, as shown in type C nodules,
corona enhancement was frequently
broader than the histologically con-
firmed fibrous capsule and included a
protruding portion. Moreover, corona
enhancement was also seen in nonen-
capsulated type B and C HCC nodules.
Therefore, we conclude that corona en-
hancement consists of staining of mainly
the perinodular parenchyma, although
it might contain staining of the fibrous
capsule, as well. However, the drainage
area of type B nodules was thinner and
smoother than that of type C nodules.
This difference might be explained by
the fact that the draining blood pressure
or speed through surrounding hepatic
sinusoids (type B nodules) might be
lower than that through portal veins
(type C nodules). Drainage area of type
A nodules could not be observed be-

cause contrast material drained di-
rectly into the hepatic vein and did not
pass through perinodular hepatic sinu-
soids. The corona enhancement find-
ings at late-phase CTHA are surmised
to closely correlate with the histologic
changes of drainage vessels.

As has been previously reported
(11–17), pathologic changes of arteries
and portal veins in DNs and HCC are
closely correlated with the radiologic
findings. We should keep in mind that
the background liver previous studies
and ours used as the control does not
represent normal liver (mainly chronic
liver disease). In comparison to back-
ground liver, type A nodules had de-
creased intranodular arteries, and types
B and C had significantly increased in-
tranodular arteries and capillarized si-
nusoids. The findings on early-phase
CTHA images reflected the histologic
findings. In contrast, the density of in-
tranodular portal veins decreased from
type A to type B and C nodules, which
corresponds to the findings on CTAP
images.

In addition, we found an interesting
pathologic feature; similar to intranodu-
lar portal veins, the density of intran-
odular hepatic veins markedly de-
creased from type A to type B and C
nodules. Density of perinodular hepatic
veins was also decreased in type B and
C nodules, probably owing to tumor
compression, whereas the densities of
perinodular portal veins and hepatic ar-
teries were increased. As mentioned
above, hepatic veins might more readily
collapse than would portal veins be-
cause of the absence of perivascular
connective tissue. This impairment of
blood flow through the hepatic veins
could possibly trigger the dramatic
change of drainage blood flow into the
portal veins.

On the basis of the radiologic find-
ings of our study, particularly corona
enhancement, imaging can be used to
provide insight into the grade of malig-
nancy or drainage vessels of hepatocel-
lular nodules. Drainage vessels seem to
be a main factor in determining tumor
progression, therefore understanding
the drainage routes of HCC has implica-
tions for interventional therapy (eg,

transarterial chemoembolization or ab-
lation) and surgical resection (18,28).
At transarterial chemoembolization of
hypervascular HCCs, outflow of iodized
oil into perinodular portal veins or sur-
rounding parenchyma is often observed
(29,30). This finding suggests that the
drainage vessels are portal veins or
sinusoids. Nodule drainage has been
shown to influence the treatment effi-
cacy of transarterial chemoemboliza-
tion (31).

Our study had several limitations.
First, serial slices of only four nodules
were used to evaluate the continuity of
vessels at the nodule border. In the re-
maining nodules the drainage route was
surmised from the number of vessels in
the tumor and surrounding liver in corre-
lation with the CTAP and CTHA findings.
Second, quantitative analysis of all drain-
age vessels was not feasible. Therefore, in
the case of mixed drainage routes (eg,
portal veins and surrounding hepatic si-
nusoids), the main route could not be ac-
curately determined. However, we do not
believe these factors negate the new con-
cept proposed in our study.

In conclusion, the main drainage
vessels of hepatocellular nodules change
from hepatic veins to surrounding he-
patic sinusoids and then to portal veins
during multistep hepatocarcinogenesis.
This change seems to be triggered by
the early disappearance of intranodular
and perinodular hepatic veins. This no-
tion is important for understanding
pathophysiologic and radiologic fea-
tures of DN, early HCC, and moderately
differentiated HCC.
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