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Abstract

Clinical Implication of Hypervascular Enhancing Foa Arterial Phase

Images of Multiphase Dynamic CT in the Cirrhoticéi

Sung Ho Hwang

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Choon Sik Yoon)

Objectivee Our purpose was to determine the significance ofallsm
hypervascular enhancing lesions exclusively on riattephase images of
dynamic CT in the cirrhotic liver.

Methods: One-hundred-sixty-nine enhancing lesions (> 5 mth<a80 mm) on
the arterial phase images of dynamic CT in 67 p#igith cirrhotic liver, not
distinguished from background hepatic parenchyma egnilibrium phase
images without hypoattenuation density on portalgghimages, were subjected
to a retrospective assessment in terms of thenegiowth in addition to the
location, size and contour of the lesions dependmghe final diagnoses of the
individual lesions.

Results: Twenty-eight (17%) of the 169 enhancing lesionsensgpatocellular
carcinomas (HCCs). All of the 43 wedge-shaped, suhdar lesions were

benign, and 126 nodular or irregular lesions welkeapsularly (benign, n = 59;



HCC, n = 11) or centrally (benign, n = 39; HCC, r1? located. Significant
differences were found between HCCs and benigrodssin terms of their
shape (p = 0.002) and location (p = 0.041), and pgbsitive and negative
predictive values (PPV, NPV) of centrally-locatedibns for diagnosing HCC
were 21% and 85%, respectively. The PPV and NPVdfagnosis of HCC
based on the lesion-growth were 90% and 93%, résphc

Conclusions. Because of the low PPV of non-wedge-shaped, cintoalated
early enhancing lesions in the diagnosis of HC@& #erial follow-up for
examining lesion growth is essential to the cordéaginosis of the small arterial

hypervascular lesions in the cirrhotic liver.

Key words : multiphase dynamic CT, cirrhotic liveepatocellular carcinoma,
arterioportal shunt
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I. Introduction

Hepatocellular carcinoma (HCC) is the most commamary hepatic
malignancy worldwide, and most of the lesions dewpeh the cirrhotic liver
from hepatitis B or C, or chronic alcohol abugontrast-enhanced dynamic
CT plays an important role in the periodic scregnim follow-up imaging of
the cirrhotic liver for early detection and chagaiation of HCCs, and the
majority of HCCs are hypervascular compared tolthekground parenchyma
during arterial phase imaging. On portal venougquilibrium phase images,
HCCs usually show decreased attenuation relativieetdiver parenchyma (also
referred to as “washout” of intralesional contrdst) For the small
hypervascular HCCs, however, an iso-attenuatingsofintense appearance
relative to the liver parenchyma on portal venoug e@quilibrium phase images
of CT or MR imaging is common and frequently presendiagnostic dilemma.

The differential diagnosis for small arterial hyyescular lesions in this setting
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includes an area of perfusion abnormality such @stamorous arterioportal
shunts (APSs), HCCs, localized fibroses and uniyshgbervascular benign or
borderline cirrhotic nodule®:

To establish a diagnostic and therapeutic stratégy the small
hypervascular lesions in the cirrhotic liver, wasw@ased that the CT features of
these early enhancing lesions would reflect thersaand clinical behavior of
the lesion. In the present study, we tried to aeitee the significance of small
hypervascular enhancing lesions in the cirrhotierliexclusively defined on
arterial phase images of multiphase dynamic CT widipg on their contour,
size and location of the lesions on the initial @Taddition to the interval

growth on the follow-up imaging studies.

[I. Materials and M ethods
1. Patientsand CT
This retrospective study was approved by our Cobamifor Clinical

Investigations and conducted according to theturiginal review board rules
for departmental review of records for researchy ariormed consent from
subjects was waived. Electronic medical recordsthef patients who were
examined in at least one session of multiphasedMrast-enhanced dynamic
CT for the assessment of focal lesions in the afichiver over a 5-year period
(from April 2000 to December 2004) were searchedpbysonnel from the

clinical information center.



Multiphase contrast-enhanced dynamic CT (unenhanaedral, portal,
and delay phases) was performed with a helical Canmer (HiSpeed
Advantage; General Electric Medical Systems, Milkey WI) or a
multichannel unit (Somatom Sensation 16; Siemerlangen, Germany). After
the intravenous administration of 150 mL of iodawtontrast agent (Ultravist
300; Schering AG, Berlin, Germany) given by an adtic injector
(EnVisionCT; Medrad, Pittsburgh, PA) at 3 mL/s,esidl, portal and delay
phase imaging was started after a delay of 25-80r&ks, 65-70 seconds and
150 seconds, respectively, on the helical scarnethe multichannel unit, a
15-second delay from the time of 100 Hounsfieldsuoif aortic enhancement
was set as the starting time of arterial phase imgagsing the SmartPrep
techniqué?’ followed by portal phase imaging conducted at@tbads from the
start point of arterial phase imaging. Three-mindédayed equilibrium phase
imaging was added for the triple-phase imaging. €ans were sent to the
picture archiving and communication system (PAGS)ifterpretation on the
PACS workstations.

For patient selection, two radiologists includingeaattending radiologist
with 12 years of experience in liver imaging angir@ior resident retrieved the
imaging data and conducted the PACS monitor pratnyi review together. To
be enrolled in the present study, a patient wasired to have at least one small
hypervascular enhancing lesion (larger than 5 mdhsanaller than 30 mm) on

arterial phase of dynamic CT examination but shoiseehttenuation that could



not be distinguished from the background cirrhditier on the equilibrium
phase images. There should be no lesional hypao@ien suggesting
“washout” of contrast material on the portal venqlsse images. For the
diagnosis of HCC, the lesion was verified histobadliy or by a combination of
clinical and radiological criteri&* These included increased tumor marker
levels and interval tumor growtk @ mm in the longest dimension) during the
follow-up examinations within one year. These cr@tavere used in addition to
the sustaining nodular accumulation of iodized-¢ilipiodol; Guerbet,
Aulnay-sous-Bois, France) after transcatheter iattechemoembolization
(TACE) for the hypervascular lesions defined on digtal subtraction hepatic
arteriography. For lesions larger than 1 cm, atenypervascularity with a
subsequent washout appearance on follow-up CT oritd&ying combined
with hypervascular tumor staining on hepatic aognaphy was also defined as
HCC according to the recent criteria stated by peam Association for Study
of the Liver (EASL), which were modified by a reteaview*'® The diagnosis
of hypervascular benign lesions or pseudolesions #@e&termined when the
lesion disappeared or decreased in size based switsreof serial imaging
studies within one year. Lesions stable in sizéofiow-up dynamic CT or MR
imaging study at least one year afterward wereidensd a pseudo- or benign
lesion!” To rule out the possibility of a slowly growingntor, patients with
enhancing lesions that were stable or decreasisg@on serial CT scans and

had less than 12 months of follow-up with dynamic €eans were excluded. In



addition, hypervascular lesions corresponding ¢otypical small non-tumorous
APS defined by hepatic arteriography were also misgh as a benigh.
Thirty-four patients having 77 lesions on initial Gtudies underwent hepatic
arteriography during the follow-up period. Of thdssions, 28 HCCs with
hypervascular tumor stainings were revealed in aflepts and 34 typical
non-tumorous APSs were detected in the tumor-frea auring follow-up
imaging studies in 17 patients. The remaining ljaehyascular lesions were not
defined on the hepatic arteriography. Consequerthig, study population
included 67 patients with 169 lesions (HCC, n =280 patients; benign, n =
141 in 60 patients including 13 patients having KG@incidentally), which
were marked by electronic arrows on the arterialsghimages of the initial CT,
and the images were saved for subsequent datasanalhe patient group
included 43 men and 24 women aged from 37 to 77syéaean age, 58.8

years).

2. Image Analysis

In the analysis of the imaging features of the yearthancing lesions,
digitally stored image data were reviewed in coeree by two different
reviewers (with 5 and 14 years of experience ierliimaging, respectively)
who had not participated in the initial patientes#ion and were blinded to the
final diagnosis of the lesions. The contour (nodulevedge-shaped, or

irregular-amorphous) and the location (subcapsodasentral) of the indicated



lesions were determined by a consensus of allehiewers. The wedge-shaped
lesion was defined as a subcapsular triangulaoiegsased on the liver capsule
and centrally directed apex in the three-dimensiammsiderations. To be
distinguished from the subcapsular lesions, thierescompletely embedded in
the hepatic parenchyma were defined as centrabrigsregardless of the
distance between the lesion and the liver surfae®. radiologists participated
in the initial patient selection measured the I@gémension on a magnified
view of the axial images with electronic caliperstbe PACS monitor, and the
size of the same lesion on follow-up imaging wa® aheasured along the same
direction for direct size comparisons of each lesibhe measurement process
was repeated 14 days after the completion of tisé fileasurement session by
the same radiologists, and the mean value of tywarage measurements was
used for data description and subsequent analyeess/olume doubling time of
the lesion was calculated as t divided by 10 (log ldg @), where the lesion
diameter increased from, @b d in t days® Chi-square and logistic regression
tests were used to determine the differential \slok the various imaging
features between HCCs and pseudo- or benign lesfoRsvalue of less than

0.05 was considered statistically significant.

1. Results
The initial CT findings of the 169 small hypervalsecuenhancing lesions

are summarized in Table 1. One-hundred-and-ele@épfo) of the total 169



lesions were smaller than 10 mm, and 58 (34%) \W@nexm or larger. Eighteen
(64%) of 28 HCCs and 93 (66%) of 141 benign lesiamse smaller than
10mm in the longest dimension on the initial CTrax@tion. The mean size of
all lesions was 9.9 mm in the longest dimensiord ao significant size
difference (p = 0.44) was detected between thedusenr benign lesions (9.9
mm) and HCCs (9.7 mm) on the initial CT.

One-hundred-and-eleven (66%) of all 169 lesionseveeibcapsularly and
58 (34%) lesions were centrally located. Elever?gL0f the 111 subcapsular
lesions and 17 (29%) of 58 intrahepatic lesionsewdCCs. Considering the
contour of the lesions, 83 (49%) were nodular, 23%) showed irregular or
amorphous appearance while the other 43 (25%) showege-shape based on
the liver surface. Seven (16%) of 43 lesions shgwimegular-amorphous
appearances and 21 (25%) of 83 nodular lesionsvanel HCCs (Fig. 1 and 2).
All 43 wedge-shaped subcapsular lesions were beAigignificant difference
was detected in the shape (p = 0.002) and theidocgp = 0.041) between
HCCs and benign lesions on the first dynamic CT nemation. If the
non-wedge shaped and intrahepatic hypervasculmmkesvere assumed to be
HCCs, the positive and negative predictive vall@B\, NPV) for diagnosing
HCC were 21% and 85%, respectively.

Besides the 10 HCCs immediately diagnosed by isexaerum alpha

fetoprotein levels, arterial hypervascularity ire tdynamic CT and hepatic

arteriography, and sustaining accumulation of iediril on follow-up CT



studies after transcatheter arterial chemoemb@izal 59 lesions in 59 patients
had multiple comparable serial follow-up CT datanfe of length of last
follow-up, 12-60 months; mean, 24 months). On thwalf follow-up CT
examinations, 20 lesions were increased in sizeen@ined stable, and 131
were decreased in size or no longer visible (Fign@ 4). Eighteen (90%) of 20
lesions with interval growth during the follow-upeniod were HCCs and
displayed a washout appearance on portal and/ay de#tase images of the
enlarged lesions (> 1cm in long dimension) (Figard 2). In 18 HCCs with
interval growth, the mean interval time from thiiah baseline CT scan and the
follow up CT examination showing subsequent washgpearance for the first
time was 6.2 months (range of interval time, 2-1dnths). Six of 18 HCCs
displayed both interval growth and subsequent watshb the first follow-up
CT examination less than 3 months after the iniigdeline examination. In ten
of 18 HCCs with interval growth, the subsequent hoas appearance was
concurrently noted at the second follow-up CT exmtion less than 6 months
after the initial examination. Two angiographicaNsgrified APSs showing
centrally located irregular hypervascularity on ithigal CT were also increased
in size on the final follow-up dynamic CT scan, lolid not show a washout
appearance on portal or delay phase images (Figri® PPV and NPV for
diagnosis of HCC on the basis of lesion growth w&@®%6 and 93%,
respectively, and the mean volume doubling timeéHGfCs that had multiple

follow-up CT examinations was 4 months (with a i@of 1-14 months).
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Fig 1.—A 71-year-old man with a hepatocellular carcinotinat increased in
size during a 12-month follow-up.

A, Arterial phase contrast enhanced dynamic CT sb&ined at the initial CT
examination shows a 0.6-cm-diameter, irregularyeanhancing lesion (arrow
head) in the dome of cirrhotic liver.

B, Arterial phase contrast enhanced dynamic CT stdsined 6 months later
shows that the lesion (arrow head) has increassidén

C, Portal phase contrast enhanced dynamic CT sctaineld 6 months later
shows a low-attenuation lesion (arrow head), whish indicative of

hepatocellular carcinoma.
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Fig 2.— 55;year—old maﬁ with a hepatocellular carcinothat increased in
size during a 12-month follow-up.

A, Arterial phase contrast enhanced dynamic CT sb&ined at the initial CT
examination shows a 0.9-cm-diameter, nodular eamlyancing lesion (arrow)
in the subcapsular portion of cirrhotic liver.

B, Arterial phase contrast enhanced dynamic CT sbésined 12 months later
shows that the lesion (arrow) has increased in size

C, Portal phase contrast enhanced dynamic CT sc&ineld 12 months later

shows a low-attenuation lesion (arrow), which igative of HCC.
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Fig 3—A 40-year-old man with a non-tumorous arteriopodiaunt verified
angiographically.

A, Arterial phase contrast enhanced dynamic CT sctair@a at the initial CT
examination shows a nodular lesion (arrow) in thkecapsular portion of the
liver.

B, Hepatic arteriography obtained 2 weeks later shbresiching or dotlike
vascular structures (arrow) that appeared eartiigrarterial phase followed by
focal parenchymal contrast enhancement in the tdreer area, which is
compatible with the arterioportal shunt.

C, A follow-up dynamic CT scan obtained 1 month |latkows the lesion has

disappeared.
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Fig. 4—A 70 year-old man with small early enhancing hiepédsions that
disappeared during a 12 month follow-up.

A, Arterial phase contrast enhanced dynamic CT sb#aired at the initial CT
examination shows irregular or nodular early enlmant¢esions at the central
portion of liver.

B, Arterial phase contrast enhanced dynamic CT sbéaired 12 months later
shows that previously detected abnormalities haisapgeared, which is

indicative of a perfusional pseudolesion.
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Fig 5.—70-year-old man with a non-tumorous arteriopastaint showing

instability of size during follow-up the period.
A, Arterial phase contrast enhanced dynamic CT sbaaireed at the initial CT

examination shows an irregular early enhancingte&rrow) at the central

15



portion of cirrhotic liver.

B, Arterial phase contrast enhanced dynamic CT sbtaireed 3 months later
shows that the lesion (arrow) has decreased inwizieh is indicative of a
pseudolesion.

C, Arterial phase contrast enhanced dynamic CT sbgaireed 12 months later
shows the lesion (arrow) has increased in size.

D, The lesions was not distinguished from backgraugphtic parenchyma on
the equilibrium phase of dynamic CT scan obtairgdhbnths.

E, Based on hepatic arteriography obtained 12 moatks this lesion (arrow

head) is diagnosed as a non-tumorous arteriopsirtat.
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Table | Initial CT Features of 169 Early-Enhancing Lesions in 67 Patients
Final Diameter (mm) Shape Location
Diagnosis,
No.of <10 10-30 Nodular Irregular  Wedge Central  Subcapsular
Cases(%)
HCC,

18 (64) 10 (36) 21 (75) 7(25) 0 17 (61) 11 (39)
28 (17)
Benign,

93 (66) 48 (34) 62 (44) 36 (26) 43 (30) 41 (29) 100 (71)
141 (83)
Total,

111 (66) 58 (34) 83 (49) 43 (25) 43 (25) 58 (34) 111 (66)
169 (100)

Note.-

HCC = hepatocellular carcinoma

Numbers in the parentheses are percentages of the each diagnosis out of all 169

lesions
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I'V. Discussion

The goal of screening patients with chronic livesedse is to detect
HCCs while they are small, asymptomatic, and patytcurable’®
HCC is one of the representative hypervascular tanamd imaging
diagnosis is mostly dependent upon the arteriaéhwygscularity detected
by dynamic imaging studies. Unfortunately, howev&mnall areas of
enhancement seen only on arterial phase imagingaanenon and rather
nonspecifically demonstrated, especially in theigoé$ with cirrhotic
liver.

Liver transplantation is feasible in patients wHICCs (stage | or Il
disease), since it can be curateAccording to the American Liver
Tumor Study Group Modified Tumor-Node-Metastasisagsig
classification, stage | tumors are those with amadr nodule less than
2.0 cm in diameter. Stage Il tumors are those wither one nodule
2-5cm in diameter or up to three nodules eachtlems 3cm in diameter.
Therefore, if one mass less than 5cm in diametarpoto three masses
each less than 3cm in diameter are present initeewithout evidence
of extrahepatic metastases, transplantation carpdséormed® The
problem of small HCC detection is particularly innfamt when the

patient is in the waiting list for liver transplation.
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There have been several reports mainly regardingifd&ying of
small hypervascular pseudolesions in cirrhotic riffé"?! Ito, et af*
reported that hypervascular pseudolesions tend htmw sprolonged
enhancement during the arterial phases compareud hipervascular
HCCs on multiarterial phase contrast-enhanced dimanR imaging.
For CT, however, the excessive radiation exposndetlae use of a large
amount of contrast material at CT make limitatidnnaultiple arterial
phase imaging of the whole liver. There was onlg oeport regarding
small hypervascular nodules on dynamic € However, the previous
report only dealt with nodular lesions and couldkenaa bias for
evaluation of all small hypervascualr lesions on B omitting the
irregular or amorphous lesions as well as the wetgged lesion<.

For the mechanism of arterial hypervascularity,allyc activated
transvasal or transplexal communications between gmall hepatic
arteries and portal veins have been suggested k@ rngpervascular
enhancing pseudolesions. This activation dependsthan intrinsic
changes related to cirrhosis itself or traumatiterayportal fistula from
extrinsic factors in addition to congenital vamets>*>2° Early-enhancing
lesions on arterial phase images showing a wedggeshappearance in

the subcapsular portion commonly suggested non+msoAPS in prior
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reports>’® Besides the typical APSs of wedge-shaped subaapsul
lesions, 28 (22.2%) of 126 non-wedge-shaped foagewbtagnosed as
HCCs and 11 (9.9%) of 111 subcapsular early-enhgriesions seen on
CT scans were confirmed to be HCCs in the presentysHowever,
many of the subcapsular arterial hypervasculaotesivere smaller than
10 mm on the initial CT, which indicated that it whd be rather difficult

to recognize the wedge-shaped appearance evercalfegully observing
several contiguous CT imadé&dvioreover, regardless of the location of
the lesions, somewhat nodular or irregular lesiars develop due to the
parenchymal distortion in the advanced cirrhotied]

Several authoP$®?’ have suggested that most subcapsular
enhancing lesions in cirrhotic livers were pseusioles rather than true
HCCs. On the basis of our study results, however, realized that
besides the typical wedge-shaped subcapsular pesialts, the contour
or the location of early-enhancing lesions on Cdnsccould not reliably
differentiate HCCs from other pseudo- or benigioles, or vice versa, in
the cirrhotic liver. Other studi&s™ dealing with the small (< 20 mm)
early-enhancing nodules on contrast-enhanced MRgiimga have
previously reported that the majority of thesedasiwere pseudolesions

rather than hypervascular HCCs. Because of theicudliies in
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confidently diagnosing small HCCs based on imagsigdies, the
follow-up of small arterial phase-enhancing lesiotgs been
recommended to assess tumor growth. Follow-up M&jing data from
these studiéd ! of small HCCs were similar to the data in the prgs
study using CT, which is more generally used ingm&s undergoing
surveillance for cirrhosis. On the follow-up CT, shoof the HCCs
showed a washout appearance of relative hypoatienuan the portal or
delayed phase images.

Due to the small number of hypervascular pseudmbasihat finally
enlarged in size, the growth of the lesion was faélm distinguishing
the small HCCs from the pseudolesions in the ptestexdy (PPV, 90%;
NPV, 93%). Regarding the nature of the reciprocaimunications
between the artery and portal vein in APSs, howeer extent of the
arterial enhancement of the hepatic parenchymariable depending on
the arterial perfusion pressure at the timing oage acquisitiori. This
hemodynamic instability could cause the size viamst of the
APS-induced hypervascular foci observed on theakeiollow-up
dynamic imaging studies. From this viewpoint, thege enlargement of
hypervascular lesions on follow-up imaging canna énough to

characterize HCC in the cirrhotic liver.
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For the lesions that showed no hypervascular sigimr shunt
vessels on hepatic arteriography or those that itely disappeared
on the follow-up CT, there would still be a poskipi of arterial
hypervascularity on the initial CT studies. Somewlwalized small
hepatic venous or portal venous thrombosis coule lieveloped due to
the sluggish flow from portal hypertension. The pemarily occluded
hepatic vein could increase the sinusoidal pressum@ reverse the
pressure gradient between the sinusoidal and pegtak resulting in a
kind of transsinusoidal APS. In such cases, thdapaein branches
cannot be well demonstrated during the early phagehepatic
arteriography. In the thrombotic cases of smalltgorvenules, the
compensatory increase of arterial flow can also W&ble as a
hypervascular lesion on the dynamic CT, but noingated as a direct
APS on the hepatic arteriography. The small tempob&nign venous
thromboses might be easily resolved and tend twobed inconstantly on
the follow-up CT. Another possible explanation le ttheory of small
subclinical inflammation suggested by Kamura, é% ah which small
portal or hepatic venules could be obliterated temaply due to
inflammatory cell infiltrations around the pyogeiibscess or along the

portal tract® The inflammation-induced increase in arterial
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hypervascularity would be the only finding indicati of the
inflammatory lesions which would then easily disapp after the
inflammation was resolvedf: *!

This study had several limitations. Due to theagective nature of
this study, pathologic proofs of HCC were not aafalié and angiographic
evidence of pseudo- or benign lesions were ingafficin many of the
cases. In the evaluation of small hypervasculaoissexclusively seen
on arterial phase images, we routinely recommetiodvieup CT or MR
imaging rather than an immediate additional conrditicre study. After
verification of the growth of the lesions and thaslvout appearance on
portal or equilibrium phase images, hepatic artgephy is generally
performed for additional imaging information andJB. A percutaneous
biopsy is reserved for the gradually enlarged aygbtascular lesions in
the cirrhotic liver. Although the majority of pseatdor benign lesions
would create a non-tumorous condition verified bgams of follow-up
imaging, the possibility of an extremely slow-grogi small
hypervascular tumor still exists. However, mosthed non-HCC lesions
were decreased in size or even disappeared, apcdiniited number of
stable lesions were detected during the followsmaging studies. We

believe that the limited possibility of the extrdyneslowly growing
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hypervascular HCC could not change our results.

V. Conclusion

In conclusion, although the majority of hypervasculesions
exclusively defined on the arterial phase imagifhglynamic CT were
pseudo- or benign lesions, due to the limited vabfiethe PPV of
centrally located hypervascular lesions in the wmis of HCC, we
could not reliably differentiate HCCs from benigonditions by means
of the initial CT findings of the shape or locatsoexcept for the typical
wedge-shaped subcapsular pseudolesions. Intengabnigrowth is
highly predictive of HCC, however, due to the itslity of the
APS-induced pseudolesions, a temporary enlargemetite size of a
hypervascular lesion itself would have a limitedueato confirm the
diagnosis of HCC. We suggest that lesion growthukkhbe monitored in
conjunction with the washout appearance on porta&agoilibrium phase
images on the follow-up CT studies to confirm thraging diagnosis of
HCC. In the present study, the mean volume doubling of small
hypervascular HCCs that initially showed no washappearance on
portal or delayed phase imaging was 4 months, wiimkld be a suitable

interval to arrive at the correct diagnosis and agament of
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subcentimeter HCCs. When small hepatic arterial spfehancing
lesions on dynamic CT scan are observed, a selasle follow-up of the

lesions is still essential for correct diagnosis.
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