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The added diagnostic value of 64-row
multidetector CT combined

with contrast-enhanced US in the evaluation
of hepatocellular nodule vascularity:
implications in the diagnosis of malignancy
in patients with liver cirrhosis

Abstract The aim of this study was to
assess the added diagnostic value of
contrast-enhanced US (CEUS)
combined with 64-row multidetector
CT (CT) in the assessment of
hepatocellular nodule vascularity in
patients with liver cirrhosis. One
hundred and six cirrhotic patients

(68 male, 38 female; mean age = SD,
70=+7 years) with 121 biopsy-proven
hepatocellular nodules (72 hepatocel-
lular carcinomas, 10 dysplastic

and 15 regenerative nodules,

12 hemangiomas, and 12 other
benignancies) detected during US
surveillance were prospectively
recruited. Each nodule was scanned
by CEUS during the arterial (1040 s),
portal venous (45-90 s), and delayed
sinusoidal phase (from 100 s after
microbubble injection to microbubble
disappearance). Nodule vascularity at
CEUS, CT, and combined CEUS/CT

Introduction

was evaluated side-by-side by two
independent blinded readers who
classified nodules as benign or
malignant according to reference
diagnostic criteria. The combined
assessment of CEUS/CT provided
higher sensitivity (97%, both readers)
than did separate assessment of CEUS
(88% reader 1; 87% reader 2) and CT
(74% reader 1; 71% reader 2;
P<0.05), while no change in
specificity was provided by combined
analysis. The combined assessment of
hepatocellular nodule vascularity at
CT and CEUS improved sensitivity in
the diagnosis of malignancy in
patients with liver cirrhosis.

Keywords Ultrasound -

Liver cirrhosis - Hepatocellular
carcinoma - Microbubble
contrast agents

One of the key pathological factors for the differential
diagnosis between hepatocellular carcinoma (HCC) and
non-malignant hepatocellular lesions in cirrhotic patients is
the vascular supply to the nodule [1-3]. Both contrast-
enhanced computed tomography (CT) and magnetic res-
onance (MR) imaging are considered reliable techniques
for depicting hepatocellular nodule vascularity in the non-
invasive diagnosis of hepatocellular nodules in the cirrhotic
patient. According to the 2001 Barcelona criteria [2, 3],
evidence of coincidental arterial hypervascularity at con-
trast-enhanced CT and MR imaging in nodules >2 cm in
patients with liver cirrhosis is considered diagnostic of

HCC, and no bioptic procedure is required [2, 3]. If a
nodule >2 cm shows arterial hypervascularity and washes
out in the early or delayed venous phase, only a single
imaging investigation (contrast-enhanced CT or MR) is
required for HCC diagnosis [3]. If an equivocal pattern is
identified (e.g., iso- or hypervascularity not followed by
hypovascularity, or persistent hypovascularity) in nodules
of any size either follow-up imaging for rapid progression
or biopsy for confirmation should be performed [2, 3].
Mulidetector computed tomography (CT) after the intra-
venous bolus injection of iodinated contrast agents
currently plays a fundamental role in the diagnosis of
HCC [4-7] as a result of the marked reduction in the time
required for thin-section imaging of the entire liver relative
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to standard single-detector spiral CT. Contrast-enhanced
ultrasound (CEUS) may also reliably depict arterial
hypervascularity in the majority of hepatocellular nodules
and particularly in HCCs [8-12]. It was also recently
shown that CEUS presents a high level of concordance
with CT [13—16] and MR imaging [16, 17] in depicting the
enhancement pattern of focal liver lesions during the
arterial phase. To our knowledge, no previous study has
extensively analyzed the potential synergic diagnostic
capabilities of CEUS combined with 64-row multidetector
CT in the evaluation of hepatocellular nodule vascularity in
the cirrhotic patients.

The aim of this study was to assess the added diagnostic
value of CEUS combined with 64-row multidetector CT in
the assessment of hepatocellular nodule vascularity in
patients with liver cirrhosis.

Subjects and methods
Patients

This was a prospective open-label study. Approval was
obtained from the ethics committees (equivalent to the
Institutional Review Board) of the two participating
hospitals, and informed consent was obtained from all
patients at the time of scanning after the nature of the
procedure had been fully explained.

One hundred eighty cirrhotic patients (120 male, 60
female; mean age = SD, 71+7 years) who had at least one
hepatocellular nodule identified during US surveillance
were prospectively recruited. All patients had a definite
diagnosis of liver cirrhosis (Child-Turcotte-Pugh class A or
B) related to viral infection [hepatitis B (n=85 patients),

Table 1 General features of the hepatocellular nodule histotypes

hepatitis C (n=52), or both (n=3)], or alcohol abuse (n=
40), obtained by means of biopsy or unequivocal imaging
findings including irregular liver margins and nodulations.
From 1 to 20 days after identification of the nodule(s), up to
two nodules per patient, for a total number of 195
hepatocellular nodules were selected for CEUS on the
basis of largest diameter and best visualization through the
acoustic window. All nodules were examined by contrast-
enhanced 64-row multidetector CT of the liver from 2 to
30 days after CEUS. In this study we included only those
nodules <3 cm in diameter that underwent biopsy after CT
corresponding to nodules that were not characterized based
on the Barcelona criteria [2, 3] (nodule < or >2 cm in
diameter with hypervascularity during the arterial phase
without hypovascularity in the portal venous phase, or
nodules with isovascularity during the arterial phase and
hypovascularity during the portal phase, or nodules with
persistent hypovascularity during all dynamic phases).
Those hepatocellular nodules revealing peripheral nodular
enhancement (discontinuous or continuous peripheral
nodular appearance) at contrast-enhanced CT were excluded
from the study due to the high probability of hemangioma
diagnosis.

Two reference radiologists, affiliated to the two hospitals
involved in the study, excluded 74 nodules in 74 patients
because of lack of a histologic diagnosis (n=60), technical
inadequacy of CT (n=10; incorrect time delay for the
arterial phase scanning), or CEUS examination (n=4;
failure in data storage or incomplete nodule visibility).

Therefore, the final study group consisted of 106
patients (mean age + SD, 70+7 years), including 68 men
(mean age + SD, 62+11; median age, 64; range 29—
84 years) and 38 women (mean age + SD, 60+9; median
age, 60; range 30-75 years) with 121 hepatocellular
nodules (Table 1).

Histotypes Number Mean size = SD (cm) Dimension range (cm) <2 cm >2 cm
Hepatocellular carcinomas 72 * 2.1+£0.9 1-3 41 31
Dysplastic nodules 10 ¢ 1.9+0.6 1-3 9 1
Regenerative nodules 15 1.9+0.8 1-3 12 3
Hemangiomas 12 ¢ 1.9+0.7 1-3 11 1
Other benign histotypes 3¢ 1.9+0.7 1-3 1 2
Pseudotumors 93§ 1.7+0.6 1-3 8 1
Total 121 1.9+1.1 1-3 82 39

Diagnostic features of each hepatocellular nodule histotype

*Nodules included 46 well-differentiated and 26 moderately or poorly differentiated hepatocellular carcinomas
ODysplastic nodules revealed a low- (n=7) or high-grade (n=3) pattern
iLiver hemangiomas revealed a hypervascular (n=7) or thrombotic-fibrotic (n=2) pattern at histology. The remaining hemangiomas (n=3)

revealed endothelial-lined vascular channels

#This diagnostic category included one necrotic nodule (1.5 cm), one focal nodular hyperplasia (3 cm), and one hepatocellular adenoma

(3 cm)

§Pseudotumors included intrahepatic arterio-portal non-tumorous shunts (n=5), focal fibrosis (n=2), and focal fatty infiltration (n=2)
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Contrast-enhanced US examination

The US examinations considered in the present series were
performed by board-certified diagnostic radiologists af-
filiated with the two hospitals involved in the study and
with at least 5 years of experience in liver US imaging. For
consistency the two centers used the same state-of-the-art
US equipment (Sequoia, Acuson, Siemens, Mountain
View, CA; convex array 2-4 MHz 4C1 transducer) and
the same ultrasound protocol, consisting of a preliminary
gray-scale and color or power Doppler unenhanced US
scan followed by CEUS.

The largest diameter of the nodule was measured in the
transverse or longitudinal plane at unenhanced US, and
the nodule was located in a liver segment according to the
Couinaud and Bismuth classification systems [18, 19].
Tumor vessels were imaged at low-flow settings (pulse
repetition frequencies 800-1,500 Hz, wall filter of 40—
50 Hz, high levels of color versus echo priority and color
persistence) and Doppler spectral analysis of peripheral
and intranodular vessels. Sulfur hexafluoride-filled micro-
bubbles were then manually injected as a 2.4-ml bolus
through an 18-20-gauge i.v. cannula and followed by a
10-ml normal saline flush. Each nodule was examined by
using real-time continuous insonation during normal
breathing or breath-holding, depending on which yielded
the best visualization of the nodule. The arterial phase was
timed 10-40 s after microbubble injection, the portal
venous phase from 45-90 s, and the delayed sinusoidal
phase from 100 s up to microbubble disappearance.

Technical parameters were: cadence contrast pulse
sequencing as a contrast-specific technique, low transmit
power (mechanical index: 0.09-0.14), dynamic range
65 dB, temporal resolution between frames 75-100 ms
(10-13 frames per second), echo-signal gain below noise
visibility, and one focus below the level of the tumor.
Distinct digital cine-clips for the unenhanced US scan and
for the arterial, portal venous, and delayed phase of the
CEUS scan were stored on a PC (Intel, Pentium 4, Santa
Clara, CA) connected to the US equipment by a high-
performance hardware-based real-time Moving Picture

Experts Group-2 (MPEG-2) encoder (MVR1000, Media-
cruise, Canopus Corporation, San Jose, CA) and frame-
grabber software (Mediacruise, Canopus Corporation, San
Jose, CA). The cine-clips were subsequently stored on
digital video discs (DVDs) after the end of the ultrasound
examination.

CT examination

CT of the liver was performed with 64-row multi-detector
CT systems [Aquilion, Toshiba, Tokio, JA (n=71 patients);
Brilliance, Philips, Cleveland, OH (n=35)]. Patients were
instructed to hold their breath with tidal inspiration during
scanning. Technical parameters were: rotation time,
400 ms; beam collimation, 64x0.5 mm (Aquilion,
Toshiba), 64%0.625 mm (Brilliance, Philips); normalized
pitch, 1; z-axis coverage, 32 mm; reconstruction interval,
0.3-mm; tube voltage, 120-kV; tube current (effective
mAs), 180-250 mAs depending on patient size, and field of
view, 40 cm. Image reconstruction was performed in a 25—
35-cm display field of view, depending on the patient’s
physique. Studies consisted of an unenhanced CT acqui-
sition, followed by arterial, portal venous, and delayed
equilibrium phases acquired after the i.v. bolus injection of
iodinated contrast material (Iomeron 400, Bracco, Milan,
Italy; 400 mg I/ml, 5 ml/s at 2 ml/kg followed by 50 ml of
saline flush) administered with a dual-syringe power
injector (Stellant CT injector, Medrad, Indianola, PA) via
a 20-gauge catheter inserted into an antecubital vein. An
automatic bolus-tracking program (Bolus Pro Ultra; Philips
Medical Systems) was used to time the start of arterial
phase scanning after contrast material injection. The CT
number was monitored by one region-of-interest (ROI)
cursor (0.8-2.0 cm?) placed in the abdominal aorta at the
L1 vertebral body level with a trigger threshold set at
140 HU. The arterial phase started with a delay of 18 s after
the threshold had been reached [20]. Real-time, low-dose
(120 kVp, 15 mAs) serial monitoring studies began 8 s
after the start of the contrast material injection. The portal
venous phase was initiated at about 70-80 s after the start

Table 2 Analysis of nodule vascularity during the arterial phase — reader 1

Histotypes CEUS CT
Hypervascular Iso- or hypovascular Hypervascular Iso- or hypovascular
Hepatocellular carcinomas 64 8 52 20
Dysplastic nodules 2 8 2
Regenerative nodules 3 12 0 15
Hemangiomas 3 9 3 9
Other benign histotypes 2 1 2 1
Pseudotumors 3 6 4 5
Total 77 44 63 58
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Table 3 Analysis of nodule vascularity during the arterial phase — reader 2

Histotypes CEUS CT
Hypervascular Iso- or hypovascular Hypervascular Iso- or hypovascular

Hepatocellular carcinomas 63 9 51 21

Dysplastic nodules 5 5 2 8

Regenerative nodules 1 14 0 15

Hemangiomas 3 9 3 9

Other benign histotypes 2 1 2 1

Pseudotumors 4 5 4 5

Total 78 43 62 59

of contrast injection and the delayed equilibrium phase at
about 180-210 s after the start of injection of contrast
agent.

Hepatocellular nodules biopsy

Within 15 days after CT, the percutaneous US-guided biopsy
was performed with 18-20-gauge modified Menghini
needles and stained with hematoxylin/eosin and the Masson
trichrome method. A senior pathologist for each center made
the diagnosis according to the diagnostic criteria established
by the International Working Party on the terminology of
nodular hepatocellular lesions [1].

Independent analysis of nodule vascularity
and cine-clip interpretation

The CEUS and MDCT examinations were reviewed
independently by two radiologists with 2 and 8 years of
experience in liver imaging who were blinded to the
patients’ identification, clinical histories, biopsy results,
and other imaging findings. CEUS digital cine-clips were
randomly assigned to each reader, and all readings were
performed on the same computer (Intel, Pentium 4 with
19-inch TFT display, resolution 2,560 % 1,600 pixels, Santa
Clara, CA) by using Power-DVD software (CyberLink

Corporation, Fremont, CA). Readers were free to perform
real-time scrolling of the digital cine-clips. Two weeks later
CT images were randomly assigned to each reader, and all
readings were performed on a Picture Archiving and
Communications System (PACS), integrated workstation
(19-inch TFT display, resolution 2,560 x 1,600 pixels, Ebit
Sanita AET, Genoa, Italy) at a central location. Readers
scrolled the CT images during arterial, portal, and delayed
phase and were free to change the window level and the
window width. Transverse sections and multiplanar
reformations were used for image display.

Uniform criteria were adopted to define nodule vascu-
larity on CEUS and CT analysis. Nodules displaying
higher, similar, or lower enhancement compared to the
adjacent liver parenchyma (within 3 cm from the outer
nodule border) were defined as hyper-, iso-, or hypovascular,
respectively. Hypervascularity could be homogeneously or
heterogeneously distributed throughout the nodule. Nodules
with dot-like vascularity (tiny separate spots of enhance-
ment) were considered hypovascular. Evidence of rim-like
vascularity (continuous peripheral ring) was recorded. For
consistency in the analysis, the portal venous and delayed
phases were analyzed in combination (e.g., nodules appear-
ing isovascular in the portal phase and hypovascular in the
delayed phase were classified as hypovascular). Immediately
after analysis of the CT images, combined CEUS/CT
examinations were evaluated side by side by each reader.
Concordant vascular profiles on CEUS and CT were not

Table 4 Analysis of nodule vascularity during the portal and delayed phase — reader 1

Histotypes CEUS CT
Hyper- or isovascular Hypovascular Hyper- or isovascular Hypovascular

Hepatocellular carcinomas 39 33 15 57

Dysplastic nodules 10 0 10 0
Regenerative nodules 15 0 14 1
Hemangiomas 11 1 11 1

Other benign histotypes 2 1 2 1
Pseudotumors 9 0 9 0

Total 86 35 61 60
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Table 5 Analysis of nodule vascularity during the portal and delayed phase — reader 2

Histotypes CEUS CT
Hypovascular Hyper- or isovascular Hypovascular Hyper- or isovascular

Hepatocellular carcinomas 38 34 15 57

Dysplastic nodules 10 0 10 0

Regenerative nodules 15 0 14 1

Hemangiomas 11 1 10 2

Other benign histotypes 2 1 2 1

Pseudotumors 9 0 9 0

Total 85 36 60 61

The hepatocellular nodule vascular profiles on contrast-enhanced US (CEUS) and 64-row multidetector CT (CT)

Fig. 1 Well-differentiated he-
patocellular carcinoma (1.5 cm)
in a 46-year-old man with liver
cirrhosis related to virus C
infection. Concordance between
contrast-enhanced US and
64-row multi-detector CT. (a, b)
Contrast-enhanced US.
Transverse image of the right
lobe of the liver. The nodule
(arrow) appears homogeneously
hypervascular during the arterial
phase (a) and slightly hypervas-
cular in comparison to the
adjacent liver parenchyma
during the portal venous phase
(b). (¢, d) Transverse CT scan of
the right lobe of the liver. The
same pattern of vascularity is
observed at mulidetector CT
during the arterial (c) and portal
venous phase (d). Both readers
correctly considered the

nodule malignant (diagnostic
confidence level=4) after the
analysis of contrast-enhanced
US, CT, and combined contrast-
enhanced US/CT
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required for the purposes of the study, and the higher grade
of vascularity observed during the arterial phase was
considered decisive (e.g., nodules appearing hypervascular
on CEUS and isovascular on CT were classified as
hypervascular). In nodules appearing hypervascular during
the arterial phase, the lower grade of vascularity in the portal/
delayed phase was considered decisive (e.g., hypervascular
nodules appearing isovascular on CEUS and hypovascular
on CT during the portal/delayed phase were classified as
hypovascular).

In each reading session, both readers expressed diag-
nostic confidence on a five-level scale: (1) definitely
benign (nodules appearing persistently isovascular or also
nodules with peripheral nodular vascularity with centrip-

etal fill-in); (2) probably benign (nodules appearing
hypovascular during the arterial phase and isovascular
during the portal and delayed phase); (3) indeterminate
(nodules appearing persistently hypovascular or nodules
appearing isovascular during the arterial phase and
hypovascular during the portal and delayed phase); (4)
probably malignant (nodules appearing hypervascular
during the arterial phase and iso- or hypervascular during
the portal and delayed phase or nodules appearing
persistently hypovascular with evidence of peripheral
rim-like enhancement); (5) definitely malignant (nodules
appearing hypervascular during the arterial phase and
hypovascular during the portal and delayed phase with or
without peripheral vascular rim).

Fig. 2 Well-differentiated hepatocellular carcinoma (2 cm) in a
75-year-old man with liver cirrhosis related to virus B infection.
Concordance between contrast-enhanced US and 64-row multi-
detector CT. (a) Unenhanced US. Transverse image of the right lobe
of the liver. A hypoechoic nodule (arrow) with posterior acoustic
shadowing is evident near the diaphragm. (b, ¢) Contrast-enhanced
US. The nodule appears hypovascular both during the arterial (b)
and portal venous phase (c). (d, e) Transverse CT scan of the right

lobe of the liver. The same nodule appears hypovascular during the
arterial (d) and portal venous phase also with evidence of a
peripheral hyperdense rim (e). The nodule was correctly considered
malignant (diagnostic confidence level=4) by the second reader
after evaluation of CT and combined contrast-enhanced US/CT
images due to the peripheral hyperdense rim, whereas the same
nodule was interpreted as indeterminate (diagnostic confidence level=
3) by the first reader
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Statistical analysis

A Diostatistician participated in the statistical analysis
performed by a computer software package (Analyse-it,
version 1.63, Analyse-it-software, Leeds, UK). Retro-
spective benign or malignant diagnosis was considered as
true positive (lesion correctly assessed as malignant,
confidence levels 4 or 5), false negative (malignant lesions
incorrectly assessed as benign, confidence levels 1, 2, or
assessed as indeterminate, confidence level 3), true nega-
tive (lesion correctly assessed as benign, confidence levels
1, 2), or false positive (benign lesions incorrectly assessed
as malignant, confidence levels 4 or 5, or assessed as
indeterminate, confidence level 3). The McNemar test was
used to compare the sensitivity and specificity of
unenhanced US and CEUS, whereas improvement in
diagnostic confidence was assessed by ROC curve analysis
by plotting the sensitivity (true-positive fraction) against

Fig. 3 Well-differentiated he-
patocellular carcinoma (15 mm)
in a 56-year-old woman with
liver cirrhosis related to virus C
infection. Discordance between
contrast-enhanced US and
64-row multi-detector CT during
the arterial phase. (a, b) Contrast-
enhanced US. The nodule (arrow)
appears isovascular to the adja-
cent liver parenchyma both
during the arterial (a) and the
portal venous phase (b). (c, d)
Transverse CT scan of the right
lobe of the liver. The nodule
appears hypervascular during the
arterial phase (c) and slightly
hypervascular during the portal
venous phase (d). Both readers
considered the nodule benign
(diagnostic confidence level=1)
after the analysis of contrast-
enhanced US, while they
correctly classified the nodule as
malignant (diagnostic confidence
level=4) after CT and combined
contrast-enhanced US/CT analysis

1-specificity (false-positive fraction). The area under each
ROC curve was calculated by using a non-parametric
method [21], and the method proposed by Hanley and
McNeil [22] was employed to compare areas under each
ROC curve. A P value<0.05 was considered to indicate a
statistically significant difference.

Weighted k statistics were calculated to assess inter-
reader agreement in the visual analysis. Agreement was
graded as poor (k value<0.20), moderate (>0.20 and
<0.40), fair (>0.40 and <0.60), good (>0.60 and <0.80),
and very good (>0.8-1).

Results

Tables 2, 3, 4, and 5 show the different vascularity profiles
observed in the different histotypes according to reader 1

- bl P
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and 2. A concordant vascularity profile on CEUS and CT
(Figs. 1 and 2) was observed in the majority of hepatocel-
lular nodules, whereas discordant vascularity profiles were
observed in a limited number of nodules (Figs. 3, 4, 5, and
6). Discordance between CEUS and CT in depicting
hepatocellular nodule vascularity during the arterial phase
was observed in 16/121 hepatocellular nodules (<2 cm, 14
nodules, or >2 cm, 2 nodules), including 12 HCCs
(according to both readers), 3 regenerative nodules, and 1
pseudotumor (according to reader 1) or 1 regenerative
nodule and 3 dysplastic nodules (reader 2). Those hepa-
tocellular nodules appearing isovascular on CEUS and
hypervascular on CT during the arterial phase (n=2
nodules according to both readers) had deep locations in
the liver near the diaphragm or the heart (Fig. 3). Those
hepatocellular nodules appearing hypervascular on CEUS
and iso- or hypovascular on CT during the arterial phase

(n=16 nodules according to both readers) were located in
the anterior segments of the liver (Fig. 5).

Tables 6 and 7 show the diagnostic performance and
confidence of the two readers for CEUS, CT, and
combined CEUS/CT analysis, respectively. The evalua-
tion of CEUS provided 8 (according to reader 1) or 9
(reader 2) false-negative findings, and 15 (according to
reader 1) or 18 (reader 2) false-positive findings. The
evaluation of CT provided 19 (according to reader 1) or
21 (reader 2) false-negative findings and 14 (both
readers) false-positive findings. False-negative findings
corresponded to HCCs appearing iso- or hypovascular
during the arterial phase and isovascular in the portal
and delayed phase and interpreted as benignancies, or
persistently hypovascular HCCs that were considered
indeterminate on both CEUS and CT. False-positive
findings corresponded to dysplastic nodules and hyper-

Fig. 4 Well-differentiated hepatocellular carcinoma (2.5 cm) in a
53-year-old man with liver cirrhosis related to virus B infection.
Discordance between contrast-enhanced US and 64-row multi-
detector CT during the portal venous phase. (a, b) Contrast-
enhanced US. Transverse image of the right lobe of the liver. The
nodule (arrow) appears homogeneously hypervascular during the
arterial phase 25 s after microbubble injection (a) and hypovascular
in comparison to the adjacent liver parenchyma during the portal
venous phase 80 s after microbubble injection (b), also with
evidence of peripheral vascular rim. (c, d) Transverse CT scan of the

right lobe of the liver. The same pattern of vascularity is observed at
CT during the arterial phase (c), while the nodule appears
isovascular to the adjacent liver with evidence of peripheral rim
during the portal venous phase (d). Both readers correctly
considered the nodule malignant (diagnostic confidence level=4)
after the analysis of CT, even though they were more confident after
contrast-enhanced US and combined contrast-enhanced US/CT
analysis (diagnostic confidence level=5) due to nodule hypovascu-
larity during the portal venous phase after microbubble contrast
agent injection
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Fig. 5 Low-grade dysplastic
nodule (1 cm) in a 42-year-old
man with liver cirrhosis

related to virus B infection.
Discordance between contrast-
enhanced US and 64-row
multi-detector CT during the
arterial phase. (a, b) Contrast-
enhanced US. Transverse image
of the right lobe of the liver.
The nodule (arrow) appears
homogeneously hypervascular
35 s after microbubble injection
during the arterial phase (a).
Evidence of nodule isovascular-
ity to the adjacent liver during
the portal venous phase 80 s
after microbubble injection (b).
(c, d) Transverse CT scan of the
right lobe of the liver. The same
nodule (arrow) appears isovas-
cular on CT during the arterial
(c) and portal venous phase (d).
The nodule was misinterpreted
as malignant by both readers
after the contrast-enhanced US
and combined contrast-
enhanced US/CT analysis
(diagnostic confidence level=4)
due to the nodule hypervascu-
larity during the arterial phase
after microbubble contrast agent
injection

vascular benignancies that appeared hypervascular dur-
ing the arterial phase and hypo- or isovascular in the
portal venous and delayed phase. The combined CEUS/
CT analysis produced two false-negative findings
(according to both readers) corresponding to HCCs
that appeared persistently hypovascular at both CEUS
and CT (Fig. 2). Despite the reduction in the false-
negative findings, the combined CEUS/CT analysis
produced 14 (according to reader 1) or 15 (reader 2)
false-positive findings corresponding to hypervascular
benignancies that appeared hypervascular during the
arterial phase and isovascular in the portal venous and
delayed phase at both CEUS and CT (Fig. 5).

The analysis of the arterial phase produced a good inter-
reader agreement for CEUS and CT (k value=0.7 and
0.75) and very good agreement for combined CEUS/CT
(k value=0.9). The analysis of the portal phase produced a
very good inter-reader agreement for both CEUS and CT
(k value=0.85 and 0.90) and for combined CEUS/CT

(k value=0.95). The ROC analysis (Fig. 7) revealed a
clear-cut increase in diagnostic confidence at the combined
CEUS/CT analysis.

Discussion

This retrospective study was performed to analyze the
potential added diagnostic performance of combined
CEUS and 64-row multidetector CT in the characterization
of hepatocellular nodules in cirrhotic patients. In our study
the combined assessment of CEUS and CT improved
diagnostic accuracy in the diagnosis of malignancy. This
study confirms the results of previous studies [13—15]
revealing the general concordance of CEUS with CT in
depicting arterial hypervascularity in the majority of
hepatocellular nodules and particularly in HCCs. The
level of discordance between CEUS and CT in depicting
hepatocellular nodule vascularity in cirrhotic patients was
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«qFig. 6 Regenerative nodule (15 mm) in a 57-year-old man with
liver cirrhosis related to virus C infection. Discordance between
contrast-enhanced US and 64-row multi-detector row CT during the
portal venous phase. (a) Unenhanced US, longitudinal scan. The
nodule (arrow) is hyperechoic and located near the hepatic dome.
(b - d) Contrast-enhanced US. Longitudinal image of the right lobe
of the liver. The nodule appears hypovascular 35 s after microbubble
injection during the arterial phase (b) and 60 s after microbubble
injection during the portal venous phase (c). Evidence of nodule
isovascularity to the adjacent liver during the delayed sinusoidal
phase 160 s after microbubble injection (d). (e-g) Transverse CT
scan of the right lobe of the liver. The same nodule appears
hypovascular on multidetector CT during the arterial (¢) and portal
venous phase (f) and also on the delayed phase (g). The nodule was
correctly interpreted as benign by both readers (diagnostic
confidence level=2) after the contrast-enhanced US and combined
contrast-enhanced US/CT analysis based on the isovascularity
evident on contrast-enhanced US during the delayed sinusoidal
phase, while the same nodule was considered indeterminate
(diagnostic confidence level=3) after CT analysis

reported as 19%, and 22% in hepatocellular nodules <2 cm
[14]. In our study the lower level of discordance between
CEUS and CT during the arterial phase was probably due
to the greater capability of 64-row multidetector CT in
depicting nodule vascularity. A higher level of discordance
was observed in the portal venous phase, which may reflect
the tendency of CT and MR contrast agents, unlike
microbubbles, to diffuse into interstitium.

In our study the most important improvement in
diagnosis provided by the combined assessment of
CEUS/CT was the reduction of false-negative findings.
This means that HCCs are more correctly characterized by
the combination of the two techniques than by the separate
techniques. Most HCCs that appeared persistently iso-
vascular at CEUS or CT were correctly interpreted at
combined CEUS and CT since they revealed unequivocal
hypervascularity during the arterial phase and/or hypovas-

Table 6 Independent cine-clip interpretation - reader 1

Reader 1

CEUS CT CEUS and CT
Sensitivity 88 (64/72) 74 (53/72) 97 (70/72)
Specificity 69 (34/49) 71 (35/49) 71 (35/49)
PPV 81 (64/79) 79 (53/67) 83 (70/84)
NPV 80 (34/42) 64 (35/54) 94 (35/37)
Accuracy 80 (98/121) 72 (88/121) 86 (105/121)
Confidence * 0.906 0.885 0.969

(0.853 — 0.959) (0.827 — 0.944) (0.945 — 0.993)

Table 7 Independent cine-clip interpretation - reader 2

Reader 2

CEUS CT CEUS and CT
Sensitivity 87 (63/72) 71 (51/72) 97 (70/72)
Specificity 63 (31/49) 71 (35/49) 69 (34/49)
PPV 77 (63/81) 78 (51/65) 82 (70/85)
NPV 77 (31/40) 62 (35/56) 94 (34/36)
Accuracy 77 (94/121) 71 (86/121) 85 (104/121)
Confidence * 0.876 0.892 0.960

(0.815 — 0.937) (0.835 — 0.949) (0.932 — 0.988)

Independent analysis. Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accuracy after
review of contrast-enhanced US (CEUS), multidetector CT (CT),
and combined CEUS and CT for reader 1 (a) and reader 2 (b).
Numbers are expressed as percentages, and the numbers from which
percentages were calculated are reported in brackets, except for
diagnostic confidence (*) expressed as areas - A, - under the ROC
curves where numbers are real values with 95% confidential values
between brackets. All differences among CEUS, CT, and combined
CEUS and CT were statistically significant (P<0.05).

cularity during the portal venous phase. Evidence of
hypovascularity in the portal venous phase was considered
as a supportive feature in the diagnosis of malignancy,
whereas evidence of isovascularity in the portal venous
phase in nodules appearing hypervascular during the
arterial phase did not exclude malignancy. This was due
to the diagnostic criteria adopted in the present study,
which were derived from the 2001 Barcelona criteria [2, 3]
that considered hepatocellular nodule hypervascularity
during the arterial phase as the principal landmark for a
diagnosis of malignancy. Concordant findings on CEUS
and CT were not requested in our study, and the combined
assessment was performed to increase the diagnostic
accuracy of each technique. In a few nodules some
technical difficulties due to US beam attenuation (nodules
near the diaphragm or the heart) limited the visibility of
nodule enhancement after microbubble injection. This
observation is in agreement with a previous study in which
7% of 60 HCCs scanned after air-filled microbubble
injection displayed no vascular signal because of their deep
location [23].

In our series several benign hepatocellular nodules
revealed arterial-phase hypervascularity on both CEUS and
CT and were incorrectly interpreted as malignancies. In
fact, despite the reduction in false-negative findings, there
were a persisting number of false-positive findings, i.e.,
hypervascular benign lesions considered malignant (14
reader 1 and 15 reader 2, out of 120) even after combined
CEUS/CT interpretation. This confirms the results of
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Fig. 7 (a, b) Receiver operating characteristic (ROC) analysis for
the first reader (2 years of experience) (a) and the second reader
(8 years of experience) (b). CEUS = Contrast- enhanced US. CT =
Mulidetector CT

previous studies [24-28] that have shown that a large
portion of the false-positive diagnoses of HCC are due to
enhancing benign lesions and that the use of a suspicious
pattern only (arterial contrast uptake regardless of washout)
increases the number of false positives compared with the
use of conclusive definitions (arterial uptake followed by
washout) [29]. Most regenerative and dysplastic nodules

appeared iso- or hypovascular in the arterial phase and
isovascular in the portal venous phase because of the
prevalent portal blood supply and were correctly interpreted
as benign. However, those benign nodules appearing iso- or
hypervascular in the arterial phase and hypovascular in the
portal venous phase were misclassifed as malignant.
CEUS may potentially further increase the percentage of
benign nodules appearing hypervascular in the arterial
phase, owing to the very high sensitivity of contrast-
specific US techniques to the harmonic signals produced
by microbubble insonation and may increase the number
of'benign nodules deemed malignant undergoing biopsy or
interventional procedures with potential morbidity and
incremental costs. On the other hand, this study showed
that CEUS presents some clear limitations in depicting
hepatocellular nodule vascularity in those hepatocellular
nodules with a deep location in the liver, which limits the
visibility of the nodule enhancement after microbubble
injection due to echo-signal attenuation [23].

The diagnostic performance and confidence of indepen-
dent analysis revealed a very high inter-reader agreement,
even though the readers had different levels of experience.
This result is explained by the characteristic vascular patterns
observed in most nodules both at CEUS and at CT. However,
an inevitable inter-reader variability accounts for the
difference in diagnostic performance and confidence.

According to the results of the present study, CEUS
should be considered a preliminary examination after
unenhanced US to exclude malignancy and a reliable
additional imaging technique to CT or MR imaging for
characterizing those hepatocellular nodules detected during
US surveillance given that the diagnostic criteria developed
for CEUS are similar to those proposed by the Barcelona
committee for CT and MR imaging [2, 3]. When a typical
enhancement pattern is identified (hypervascularity during
the arterial phase and hypovascularity in the portal venous
phase, or hyper- or isovascularity during the arterial phase
and isovascularity in the portal venous phase in nodules
>2 cm), these diagnostic criteria allow the characterization
of most malignant hepatocellular nodules. At CT proper
timing of the arterial phase is crucial to identify hypervas-
cular nodules and requires the use of a test dose injection or
a bolus tracking system to initiate scanning at an optimal
phase of opacification. MR imaging [30, 31], also with the
use of liver-specific contrast agents (including hepatocyte-
targeted agents and reticuloendothelial system-targeted
agents), may be useful to clarify questionable cases owing
to the ability to show the changes in hepatobiliary function
or Kuppfer cell content associated with malignancy. The
principal limitation of this study is represented by the strict
inclusion criteria, which led to the exclusion of a significant
number of nodules without a histological diagnosis.

In conclusion, the combined assessment of hepatocellular
nodule vascularity at multiphasic 64-row multidetector CT
and CEUS improved sensitivity in the diagnosis of malig-
nancy in patients with liver cirrhosis.
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