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Objective: To predict which intercostal artery supplies a tumor by examining the spatial relationship between
hepatocellular carcinoma (HCC) and the intercostal artery feeding the tumor on transverse computed tomography (CT)
images.

Materials and Methods: Between January 2000 and September 2009, 46 intercostal arteries supplying HCCs smaller than 4
cm were noted in 44 patients, and CT scans and angiograms of these patients were retrospectively reviewed. The intercostal
artery feeding the tumor was marked on the CT scan showing the center of the tumor. In addition, its spatial relationship
with the tumor center was examined. The angle of the tumor location was measured on the transverse CT scan in the
clockwise direction from the sagittal line on the virtual circle centered in the right hemithorax. Correlations between the
angle of the tumor location and the level of the tumor-feeding intercostal artery were assessed with the Spearman rank
coefficient.

Results: Of 46 intercostal arteries feeding HCC, 39 (85%) were the first ones observed from the tumor center in a
counterclockwise direction on the transverse CT image containing the tumor center. The level of the tumor-feeding
intercostal artery was significantly correlated with the angle of the tumor, as the posteriorly located tumor tends to be
supplied by lower intercostal arteries, while the laterally located tumor by upper intercostal arteries (Spearman coefficient
=-0.537; p < 0.001).

Conclusion: We can predict the tumor feeder with an accuracy of 85% as the first intercostal artery encountered from the
tumor center in a counterclockwise direction on a transverse CT image.
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Chemoembolization is widely employed as a palliative
approach in the management of unresectable hepatocellular
carcinomas (HCC) (1-4). When an HCC is advanced or
exophytic, various extrahepatic collateral arteries (inferior
phrenic artery, omental branch, adrenal artery, intercostal
artery, internal mammary artery, renal capsular artery,
gastric artery, or lumbar artery) commonly supply the
tumor (5-18). HCCs abutting the inferolateral aspect of
the diaphragm are frequently supplied by the posterior
intercostal arteries (7). Park et al. (8) mentioned that
the computed tomography (CT) findings suggestive of
a collateral blood supply from the intercostal artery are
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adhesion/invasion of the abdominal wall, delineation of the
intercostal artery within the intercostal space, or branching,
streaky lines coursing from the abdominal wall to a tumor.
The common levels of the intercostal arteries that
supply HCC are T8 to T12 (8, 19), and the selective
angiography of each intercostal artery is time-consuming
and tedious. If we can predict which intercostal artery
supplies HCCs on CT scan, we can reduce the procedure time
and radiation exposure. In this study, we evaluated the
spatial relationship between the location of HCCs and the
intercostal artery feeding the HCCs on a multi-detector CT
scan.

MATERIALS AND METHODS

From January 2000 to September 2009, 21,024 sessions
of HCC chemoembolization were performed at our
institution in 5372 patients who were referred by physicians
for the following reasons: an unresectable tumor, recurrent
tumors after curative surgery, or refusal to undergo curative
surgery. Most of the angiographic examinations were
performed by one of two interventional radiologists (with
16 years experience, or with 27 years experience). Collateral
blood supply from the intercostal artery was observed in
177 out of 5372 patients (3%). We excluded 133 patients
from the study because the tumor was larger than 4 cm
(n =119) because a large tumor is commonly supplied by
multiple intercostal arteries and it is difficult to determine
the exact location of the tumor portion supplied by the
intercostal artery on CT scan. The arbitrary size of 4 cm was
established on the basis of the experience of our institution
where more than 2500 sessions of chemoembolization are
performed every year; innumerable disseminated tumors (n
= 8) because it is impossible to determine which tumor is
supplied by the intercostal artery; extrahepatic tumors such
as chest wall metastatic deposits supplied by the intercostal
artery (n = 3); and CT scans had a section thickness of 5
mm or more (n = 3) (Fig. 1). Therefore, 44 HCC patients (M:F
= 40:4; age range, 36-85 years; mean age, 58 years) with
46 HCCs supplied by the intercostal artery were included in
this study (Table 1).

The European Association for the Study of the Liver has
demonstrated that HCCs can be diagnosed on the basis
of coincidental findings of at least two of the following
modalities, ultrasound, CT, magnetic resonance imaging, and
angiography, which show characteristic features in a focal
lesion (20). Of the 44 patients, 22 (50%) were diagnosed as
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Chemoembolization Database from January 2000 to September 2009
(n =5372)
+ using the search terms, “intercostal artery”

Y
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n =44

Fig. 1. Flowchart of study population enrollment with exclusion
criteria. MDCT = multidetector CT

HCC on the basis of characteristic findings at both dynamic
CT and angiography as well as underlying liver cirrhosis.

In 22 patients, the histologic diagnosis was obtained with
previous surgery (n = 21) or ultrasound-guided needle
biopsy (n = 1). This study was approved by our institutional
review board, and the need to obtain informed consent was
waived because the study was retrospective.

Multi-Detector CT

All patients who underwent chemoembolization at our
institution underwent CT before each chemoembolization
session and the time interval between CT and chemo-embolization
ranged from 1 to 30 days (mean, 17 days).

AlL CT scans were performed under the full inspiration
state. CT was performed with various CT scanners: a four-
detector row unit (MX 8000; Philips Medical Systems,
Cleveland, OH) (n = 8), an eight-detector row unit (Light
Speed Ultra; GE Medical Systems, Milwaukee, WI) (n = 11),
a 16-detector row unit (Sensation 16; Siemens, Erlangen,
Germany) (n = 13), and a 64-detector row CT unit (Brilliance
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Table 1. Patient and Tumor Characteristics at Baseline

Number or Median
(Interquartile Ranges)

Sex (men/women) 40/4
Age (year) 58 (36-85)
HBs Ag (positive/negative) 32/12
HCV Ab (positive/negative) 9/35
Serum albumin (g/dL) 3.7 (3.3-4.1)
Total bilirubin (mg/dL) 1 (0.8-1.6)
Prothrombin time (%) 79 (71-91)
Ascites (present/absent) 11/33
Serum AST level (IU/L) 44 (29-64)
Serum ALT level (IU/L) 40 (21-66)

Platelet count (x 10°/L)
Serum a-fetoprotein (ng/mL)

117 (64-161)
266 (24-970)

Child-Pugh class (A/B) 31/13
Tumor size 2.7 (1.1-3.9)
Portal vein thrombosis

(present/absent) 5/39
Number of previous 8.6 (1-21)

chemoembolization session

Note.— ALT = alanine aminotransferase, AST = aspartate
aminotransferase, HBsAg = hepatitis B virus surface antigen,
HCV Ab = hepatitis C virus antibody

64; Philips Medical Systems) (n = 12).

The respective scanning parameters used for the 4-,
8-, 16-, and 64-detector row CT scanners were as follows:
detector configurations, 4 x 2.5, 8 x 1.25, 16 x 0.75, and
64 x 0.625 mm; section thicknesses, 3.2, 2.5, 3, and 3 mm;
reconstruction intervals, 3, 2.5, 3, and 2 mm; and table
speeds, 12.5, 13.5, 24, and 46 mm per rotation.

Unenhanced images were first obtained in a craniocaudal
direction. The dynamic images consisted of three phases
(i.e., hepatic arterial, portal venous, and equilibrium
phases). After acquiring unenhanced liver images, contrast
medium (iopromide [Ultravist 370; Schering, Berlin,
Germany]) was administered, followed by a 30-mL sterile
saline flush with a power injector (Multilevel CT; Medrad,
Pittsburgh, PA). Contrast medium and saline solution
were injected at 3 mL/sec through an 18-gauge plastic
intravenous catheter placed in an antecubital vein. Contrast
medium volumes varied from 100 to 120 mL. Hepatic
arterial phase scan were performed 11-17 seconds after the
descending aorta enhancement to 100 HU, as measured by
a bolus-tracking technique. The duration of portal venous
phase interscan delays were 20-30 seconds. The equilibrium
phase images were acquired 180 seconds after completion
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of contrast medium administration.

Study Definitions

The CT scans and digital subtraction angiograms of
these 44 patients were retrospectively reviewed by
consensus between two interventional radiologists, (with
2 years of experience and with 5 years of experience). All
measurements were performed at a commercially available
workstation (XW6200; Hewlett-Packard, CA) with the PACS
software (Maroview 5.4; Infinitt, Seoul, Korea). The level
of the tumor feeding intercostal artery was determined on
angiogram. Tumor size was defined as the largest diameter
on transverse CT scans, where the bisecting point of
the diameter was designated as the center of the tumor
objectively. We devised a systematic method to draw
a virtual circle to help analyze the spatial relationship
between a tumor and a tumor-feeding intercostal artery
more accurately and objectively. The center of the virtual
circle was designated on the CT transverse scan showing
the center of the tumor by drawing perpendicular bisectors
three times, which was concentric with the right hemithorax
(Fig. 2A).

Relative Spatial Relationship between a Tumor and a
Tumor-Feeding Intercostal Artery on a Transverse CT
Image

Because the intercostal artery was seen as an enhancing
dot just below the rib, the intercostal artery feeding the
tumor was marked on the CT scan showing the center of
the tumor. The relative location of the tumor feeding the
intercostal artery from the tumor center was determined as
the direction (clockwise or counterclockwise) and the order
of the intercostal arteries (1%, 2", and so on).

Correlation between the Location of a Tumor and the
Level of the Tumor-Feeding Intercostal Artery

The location of the tumor was described at an angle
which was measured from the sagittal line to the radial line
passing the center of the tumor in the clockwise direction
on the virtual circle (Fig. 2B).

Correlations between the angle of the tumor location
and the level of the tumor-feeding intercostal artery were
assessed by the Spearman rank coefficient. A value of p
< 0.05 was considered to indicate statistical significance.
Statistical analyses were conducted using commercially
available software (SPSS 12.0 for Windows; SPSS, Chicago,
IL).
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Fig. 2. 68-year-old man with hepatocellular carcinoma who underwent 8 chemoembolization sessions.

A. Transverse CT scan in hepatic arterial phase shows small hypervascular tumor (star). Center of virtual circle was drawn using following steps:
1) select CT transverse scan showing center of tumor, 2) horizontal line (-) inscribing posterior margin of thorax is drawn, 3) line is bisected

by perpendicular line (=), which is again perpendicularly bisected by another horizontal line (=); mid-point of line (=) is defined as center of
circle (arrowhead), concentric with hemithorax. B. Radial line passing through tumor center is drawn and its angle from sagittal line is measured
as angle of tumor location (197 degrees in this case). Note 11th intercostal artery (arrow) below 11th rib. C. Selective angiography of 11th
intercostal artery showing tumor staining (arrow) supplied by tumor feeder (arrowhead).

Table 2. Angle of Tumor Location Supplied by Intercostal
Artery according to Level of Intercostal Artery

Level  Incidence (n) Range (95% CI) Mean
T8 1 267 267.0
T9 7 240-303 (250-295) 272.3
T10 23 188-265 (216-236)  226.2
T11 12 197-248 (208-227)  217.8
T12 3 194-244 214.7

Note.— CI = confidence interval

RESULTS

Tumor staining supplied by the intercostal artery was
detected during the first to the 21st (mean, 8.6 sessions;
median, 8 sessions) chemoembolization session. Tumor
sizes (maximum diameter) ranged from 11 to 39 mm (average
27 mm). The level of the intercostal artery that supplied
the HCC was: T8 (n = 1), T9 (n = 7) (Fig. 3C), T10 (n = 23),
T11 (n = 12) (Fig. 2C), and T12 (n = 3) (Table 2).

Relative Spatial Relationship between a Tumor and a
Tumor-Feeding Intercostal Artery on a Transverse CT
Image

Of the 46 intercostal arteries feeding HCC, 39 (85%) were
the first intercostal arteries observed from the tumor center
in a counterclockwise direction on the transverse CT image
showing the center of the tumor (Fig. 2B), while, 7 (15%)
intercostal arteries were not. Five (11%) intercostal arteries
feeding HCCs were the first intercostal arteries observed
from the center of the tumor in a clockwise direction (Fig. 3).
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Two (4%) intercostal arteries feeding HCCs were the second
intercostal arteries observed from the center of the tumor
in a counterclockwise direction.

Correlation between the Location of a Tumor and the
Level of Tumor-Feeding Intercostal Artery

The angle of the tumor location ranged from 188 degrees
(6 o’clock) to 303 degrees (10 o’clock) in the subcapsular
region of the liver. The level of the tumor-feeding
intercostal artery was significantly correlated with the angle
of tumor location (Spearman coefficient = -0.537; p < 0.001).
Whereas T11 and T12 intercostal arteries commonly supplied
HCC located in the posterior portion of the liver (the angle
of tumor location: from 194 to 248 degrees), T9 intercostal
artery frequently supplied HCC located in the lateral portion
of the liver (the angle of tumor location: from 240 to 303
degrees) (Table 2).

DISCUSSION

The collateral blood supply from the intercostal artery
is suspected based on the CT findings of a posterior
subcapsular location of a tumor, multiple sessions of
previous chemoembolization, and adhesion/invasion of
the abdominal wall with the angiographic findings of
missing tumor staining observed on CT (8). Though these
circumstances prompt the search for an extrahepatic
collateral supply, selective angiography of the intercostal
artery is relatively difficult and time-consuming due to
its small size and multiplicity, which can increase the
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Fig. 3. 61-year-old man with hepatocellular carcinoma who underwent 7 chemoembolization sessions.

A. Transverse CT scan in hepatic arterial phase showing multiple small hypervascular tumors (arrow and open arrowheads). Note 9th intercostal
artery below 9th rib. B. Celiac angiography performed during 8th chemoembolization session shows multiple small hypervascular tumor stainings
(arrowheads) in liver. Tumor indicated by arrow in A is not evident on this celiac angiogram. C. Selective angiography of 9th intercostal artery
shows tumor staining (arrow) supplied by tumor feeder (arrowhead), which makes sharp upward turn at costochondral junction. D. Spot image
obtained during chemoembolization shows compact retention of iodized oil within tumor (arrow) and microcatheter tip (arrowhead) within tumor

feeder.

complication rate, the amount of contrast media, and the
dose of radiation. If we can predict the tumor feeding
intercostal artery and obtain a spherical tumor staining
corresponding to the finding of transverse CT image in

the first selective intercostal arterial angiography, the
chemoembolization might be performed immediately and
further search for tumor feeding intercostal arteries would
not be an obligation but an option to take depending

on the patient’s condition and feasibility of intercostal
arterial selection. In this manner, we think reduction of the
procedure time, usage of contrast media, and radiation dose
is possible. The reduction of contrast media usage might be
especially important when the patient has decreased renal
function. However, tumor feeders of the intercostal arteries
were visualized on the CT scans in only 57% of patients
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with tumor staining supplied by the intercostal artery,
even in the multi-detector CT era (21). Thus, there is a
need for better CT features that can predict the level of the
intercostal artery supplying a tumor.

Tumor feeders of the intercostal artery always pass the
insertion site of the diaphragm to the thoracic cage and
supply HCC abutting the diaphragm, making a sharp upward
turn near the costochondral junction (8). Because the
angle of the upward course of the feeder is steeper than
that of the original intercostal artery, a tumor supplied by
the intercostal artery tends to be anterior (in a clockwise
direction) to the parent intercostal artery on the transverse
CT scan showing the center of the tumor. In our study, 85%
of intercostal arteries were the first intercostal arteries
observed from the tumor center in a counterclockwise
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Fig. 4. Relationship between angle of tumor location and level
of intercostal artery supplying tumor.

direction on the transverse CT scan. The spatial relationship
between the tumor in the liver and the intercostal arteries
in the thoracic wall can vary greatly depending on the
state of breath; however, this can be considered relatively
constant in this study because all CT scans were performed
in the full inspiration state.

Although the angle of tumor location and the level of
intercostal artery supplying a tumor showed a statistically
significant correlation, its clinical impact might be
trivial because the range of the angle of tumor location
significantly overlapped between the levels of intercostal
arteries supplying tumors. However, T9 intercostal arteries
are not likely to supply a tumor whose angular location
is less than 240 degrees, whereas T11 or T12 intercostal
arteries are not likely to supply a tumor whose angular
location is greater than 240 degrees (Fig. 4) (Table 2).

Some limitations of the present study require
consideration. First, this study was not prospective, and
we performed intercostal angiography only in patients
suspected of having a blood supply from the intercostal
artery to a tumor. Thus, this study probably has a selection
bias. Second, various multi-detector CT scanners and
scanning parameters were used. Third, the study was
performed only in tumors smaller than 4 cm. However,
the findings of this study, i.e., the first intercostal artery
observed from the tumor center in a counterclockwise
direction on the transverse CT scan is the most probable
intercostal artery supplying the tumor, can be applied to
tumors larger than 4 cm. Fourth, the findings on the CT
scans and digital subtraction angiograms were interpreted
by the same radiologists. Fifth, the application of the
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result from this study should be limited to CT examinations
performed at the full-inspiration state. During expiration,
intercostal arteries go down with the accompanying ribs,
while liver tumors rise with the elevating diaphragm and
consequently the distance between the intercostal artery
and the tumor in the z-axis increases. Thus, a spatial
correlation between them at full-expiration should be
changed from that at the full-inspiration state.

In conclusion, the first intercostal artery observed from
the tumor center in a counterclockwise direction on the
transverse CT scan is the most probable one supplying
the tumor, with an accuracy of 85% if the intercostal
artery supply to the small tumors (smaller than 4 cm) is
suspected. Thus, when a HCC is encountered in the right
posterior or lateral subcapsular area after multiple sessions
of chemoembolization, and the tumor staining is defective
or missing on celiac and right inferior phrenic angiography,
selective angiography should be performed on the first
intercostal artery observed from the tumor center in a
counterclockwise direction.
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