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Objective

To compare the diagnostic accuracies of Lipiodol computed
tomography (CT) and helical biphasic CT as preoperative im-
aging modalities for hepatocellular carcinoma (HCC).

Summary Background Data

Lipiodol CT after digital subtraction angiography has long
been used as a highly sensitive imaging modality for HCC.
The recent advent of helical CT has allowed scanning the en-
tire liver during both the arterial and portal venous phase of
contrast enhancement.

Methods

The authors analyzed data from 164 patients who underwent
hepatic resection for HCC to calculate the sensitivity and
specificity of these modalities. Findings of intraoperative ultra-
sonography followed by histologic confirmation were set as
the gold standard.

Results

Although sensitivity decreased with both modalities as tumors
became small and well differentiated, helical CT showed a
higher sensitivity than Lipiodol CT in detecting well-differenti-
ated HCC nodules smaller than 2 cm. In contrast, Lipiodol CT
was superior to helical CT for the detection of small but mod-
erately to poorly differentiated nodules. The overall sensitivity
of helical CT was higher than that of Lipiodol CT. These find-
ings suggest that helical CT is superior in delineating early
HCC, whereas Lipiodol CT is specific to the detection of intra-
hepatic metastases. In terms of specificity, helical CT was
superior to Lipiodol CT.

Conclusions

Helical CT and Lipiodol CT are complementary modalities. At
present, helical biphasic CT does not obviate the need for
invasive techniques such as angiography and Lipiodol CT as
preoperative examinations for HCC.

Advances in various imaging modalities including ultra-tated the detection of hepatocellular carcinoma (HCC) in a
sonography and computed tomography (CT) have facilipreclinical stagé.As a result, the resectability of HCC has
markedly increased, thereby significantly improving sur-
vival during the past two decadés:HCC nodules are often
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flow®), hepatic angiography has been widely used as aof helical CT, as a preoperative examination consisting of
imaging technique for HCE? Moreover, Lipiodol CT, 1-cm contiguous sections through the entire liver, before
which involves CT after intrahepatic arterial injection of and after intravenous infusion of 100 mL iohexol (Om-
iodized oil (Lipiodol Ultrafluid; Andre Guerbet, Aulnay- nipaque 300; Daiichi Pharmaceutical Co., Tokyo, Japan).
Soubois, France), has been reported to be the most sensitiygter the introduction of helical CT, the patients underwent
preoperative imaging modality for HCE;*°especially in  unenhanced and biphasic helical CT scanning (Hispeed
detecting intrahepatic metastatic nodutés®*° Advantage; General Electric Medical Systems), which in-
However, the recent advent of helical CT has allowedyolves the arterial and portal venous phases after intrave-
scanning of the entire liver during both the arterial and thenous infusion of contrast media, as follows. First, patients
portal venous phase of contrast enhancerfierSeveral \yere imaged with a helical CT scanner with a 7- to 10-mm
studies have shown a significant increase in the detection fg|limation and a 1:1 pitch in a cranial-caudal direction
HCC nodules with the biphasic contrast-enhanced techniqugeginning at the top of the liver. Then, 100 mL iohexol was
using helical CT compared with conventional €T>*  ;qministered at a rate of 3 mL/s. CT was initiated 30
However, consensus has not been reached as to whethglonds after infusion. The entire liver was imaged in 20 to
helical biphasic CT obviates the need for other invasives seconds (the arterial phase). Images from the second pass
imaging modalities such as digital subtraction angiography,¢ .ontrast agent through the liver were obtained beginning

(DSA) and Lipiodol CT. Likewise, the abilities of various 4 g0 15 70 seconds after infusion. Again, 20 to 30 seconds
'maging .modalmes to detect early HCCs (|_g2 cm, well - yas required to image the entire liver (the portal venous
differentiated) has not been adequately investigatéfl. phase)

This is a major clinical concern because well-differentiated
HCCs, as is frequently the case with small HCCs, are often

hypovascular and thus theoretically less detectable by these . .

imaging modalities than more advanced HCGEs. DSA and Lipiodol CT

In the 6 years from 1993 through 1998, we routinely We first obtained arterial portograms using the superior

carried out DSA and Lipiodpl cr ip addition.to ultlrasor?og- mesenteric artery to confirm the presence or absence of
raphy and enhanced CT (with or without helical biphasic) a3pmor thrombus in the portal vein after previous assessment

preoperatlve imaging studies to determlne resectability an ultrasound and/or CT. Next, hepatic arteriography, for
surgical procedures. In total, 164 patients underwent these, .” . . .
o r . . Iy which images were obtained through the conventional
examinations. In all cases, the final surgical decision was -
- . . method and DSA, was performed. We injected an approx-
made based on the findings of intraoperative ultrasound. In . o o
ately 5-mL suspension of iodized oil into the proper

this report, we retrospectively analyze the data collecte . . . . )
from these 164 patients to compare the diagnostic accura patic artery or selectively into each left, middle, and right
epatic artery. CT examination of the liver was performed

of helical biphasic CT, DSA, and Lipiodol CT in detecting . Co .
HCC nodules. an average of 15.3 days after intraarterial injection of io-

dized oil to evaluate areas of Lipiodol retention.

PATIENTS AND METHODS

Patients Intraoper_ative Ul'frasc_.)nography and
Pathologic Examination
Between January 1993 and December 1998, 164 patients
with HCC underwent preoperative DSA and Lipiodol CT ~ Surgery was performed on average 20.3 days after the
examination at the First Department of Surgery, Shinshd-ipiodol CT examination. The gold standard for the pres-
University School of Medicine. These patients form theence or absence of HCC lesions was provided by findings at
basis of this report. The methods that first led to the diagvisual inspection of the liver surface, bimanual palpation,
nosis of HCC were ultrasound, CT (with or without biphasicand intraoperative ultrasound (SSD 650 CL and/or SSD
contrast enhancement), and/or tumor markers such as alfab00; Aloka, Tokyo, Japan) with a 7.5-MHz linear probe.
fetoprotein and des-carboxy prothrombin. There were 121 Operators were aware of the results of all preoperative
men and 43 women, ranging in age from 21 to 82 yearsmaging studies. Lesions detected for the first time by in-
(mean 63.8). Helical biphasic CT was carried out in the lastraoperative ultrasound were resected whenever possible
69 consecutive patients; in other words, this modality wagogether with the tumors identified before surgery. If hepatic
not available when the first 95 patients were evaluated. resection of these lesions was deemed inappropriate because
of the tumor location, ultrasound-guided biopsy followed by
Enhanced CT or Helical Biphasic CT immediate histologic 'exa}mination was performgq. The tu-
mors were treated with intraoperative ethanol injection or
We used conventional CT (CT 9800; General Electricleft untreated, according to the results of histologic
Medical Systems, Milwaukee, WI), before the introduction examination.
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Data Analysis 1.62+0.96 2.75+1.90 3.45+3,00

The images for each radiologic study were interpreted by 14 -
at least two attending radiologists before surgery. The ex-
aminers were aware of the results of previously performed
imaging studies. Because retention of iodized oil is also
known to occur in hemangiomas and areas of arterioportal
shunt!®2” Lipiodol deposits in these lesions were not 10 -
counted as positive nodules if they had been detected by
other imaging techniques. 8

A comparison between preoperative imaging data andg
those from the intraoperative ultrasound and pathologicy
examinations was undertaken to determine the accuracy qf
various preoperative imaging modalities for diagnosing
HCC nodules. True-positive, false-positive, and false-neg- 4
ative nodules detected with each preoperative imaging mo-
dality were assessed according to lesion-by-lesion analysis

r=0.31 P<0.0001
by Spearman’s rank analysis

12 -
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| | ;

i ; | ?
ultrasound and pathologic examination as the gold standard. i i ’

: . S h 2 4
by setting nodules confirmed to be HCC with intraoperative
Thus, sensitivity and positive predictive value were calcu- 0 -

lated in this study population, lesion by lesion, as follows:
sensitivity = true-positive nodules/(true-positive nodules
false-negative nodules), and positive predictive vaite well moderately poorly

true-positive nodules/(true-positive nodules false-posi- i o , , ,
Figure 1. The relationship between tumor size and cellular differenti-

tive nOdUIeS)‘ . . ation of hepatocellular carcinoma nodules. Tumors become less differ-
Because true-negative nodules could not be defined bas@gkiated as the their size increases. Values are expressed as mean =

on lesion-by-lesion analysis, true-negative cases were detandard deviation (cm).
fined based on patient-by-patient analysis as any patient in

whom the area without HCC was correctly predicted bytumors became less differentiated as their size increased (

preoperative imaging. Then, the specificity of each imaging_ 0.31, P < .0001, by Spearman rank analysis), 36%

modality was calculated, patient by patient, as true-negativ?lZ/gg) of poorly differentiated nodules were smaller than 2
cases/(true-negative casesfalse-positive cases). cm in diameter

The sensitivity and specificity of the imaging modalities In the lesion-by-lesion and patient-by-patient analyses

were compgred by _the I_:|sher eXaCt test. We also CondUCte(Cfables 1 and 2), all robust probability values by the gen-
the generalized estimating equation approach to account fcgralized estimating equation approach were virtually the

the correlation in results from the same lesion, considerin%ame as the naive ones calculated by the Fisher exact test

that su_ch a correla'_cion may overestimate the differencq.hus, data were expressed as naive values calculated by
determined by the Fisher exact teBt<< .05 was accepted Fisher exact tests. Table 1 shows the sensitivities of the

as a significant difference. various imaging modalities according to tumor size and the
degree of tumor differentiation. In general, the sensitivity of
RESULTS either imaging method depreased as the tumors becgme
smaller and better differentiated. Nonetheless, the sensitiv-
Intraoperative ultrasound followed by histologic confir- ity of helical CT in detecting fairly small£2 cm), well-
mation identified 268 HCC nodules in 164 patients. Of thesalifferentiated HCC nodules was significantly higher (50%
patients, 108 had one tumor, 29 had two tumors, 14 haébr nodules=1cm, 89% for those 1-2 cm) than that of DSA
three tumors, and 12 had four or more tumors. The mea% for noduless1cm,P < .01; 57% for those 1-2 cni®
diameter of these nodules was 25.8 mm (range 2-135+ NS) or that of Lipiodol CT (7% for noduleslcm,P <
median 20). There were 66 well-differentiated nodules, 16505; 48% for those 1-2 cnR < .05). On the contrary,
moderately differentiated nodules, and 37 poorly differen-Lipiodol CT showed higher sensitivity than DSA and heli-
tiated nodules. Figure 1 shows the relationship betweewal CT for the detection of moderately to poorly differen-
tumor size and cellular differentiation of HCC nodules. Thetiated HCC nodules with a diameter of 1 cm or less (74%,
diameters of well-differentiated, moderately differentiated,52%, and 33%, respectivelfp, < .05 for Lipiodol CT vs.
and poorly differentiated HCC nodules (meanSD) were  helical CT). The overall sensitivities of DSA, Lipiodol CT,
1.62+ 0.96, 2.75+ 1.9, and 3.45+ 3.0 cm, respectively. and helical CT in detecting HCC were 69%, 78%, and 87%,
Likewise, median diameters of these three groups of HCGespectively. The differences in sensitivity between DSA
nodules were 1.4, 2.5, and 2.5 cm, respectively. Althougland Lipiodol CT P < .05) and between helical CT and

Cell differentiation
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Table 1. SENSITIVITY OF IMAGING MODALITIES

<1cm 1-2cm 2-3 cm >3 cm Total

Imaging

Modality n % n % n % n % n %
Well-differentiated HCC

DSA 1/27 3.7 12/21 57.1 7712 58.3 6/6 100 26/66 39.4

Lipiodol CT 2/27 7.4 10/21 47.6 8/12 66.7 6/6 100 26/66 39.4

Helical CT 4/8 50.0""9 8/9 88.99 4/4 100 2/2 100 18/23 78.3"91
Moderately or poorly differentiated HCC

DSA 22/42 52.4 34/46 73.9 44/51 86.3 59/63 93.7 159/202 78.7

Lipiodol CT 31/42 73.8t 39/46 84.8 50/51 98.0 63/63 100 183/202 90.6**

Helical CT 3/9 338.3 24/26 92.3 22/22 100 19/19 100 68/76 89.5**
AllHCC

DSA 23/69 33.3 46/67 68.7 51/63 81.0 65/69 94.2 185/268 69.0

Lipiodol CT 33/69 47.8 49/67 731 58/63 92.1 69/69 100 209/268 78.0*

Helical CT 717 41.2 32/35 91.4*q 26/26 100* 21/21 100 86/99 86.9**

HCC, hepatocellular carcinoma; DSA, digital subtraction angiography; CT, computed tomography.
* Significantly higher than DSA (P < .05).

** Significantly higher than DSA (P < .01).

9] Significantly higher than Lipiodol CT (P < .05).

911 Significantly higher than Lipiodol CT (P < .01).

T Significantly higher than helical CT (P < .05).

DSA (P < .01) were statistically significant. Although the Lipiodol CT (83%) was significantly lower than that of
difference in overall sensitivity between Lipiodol CT and DSA (92%) and helical CT (93%)(< .05, respectively).
helical CT was not statistically significant by the Fisher The positive predictive values according to lesion-by-
exact test, the McNemar test on data exclusively from thdesion analysis were as follows: DSA, 93%; Lipiodol CT,
last 69 consecutive patients who underwent both of thes85%; and helical CT, 95%. The differences between Lipi-
modalities showed a significant difference in sensitivitiesodol CT and DSA and that between Lipiodol CT and helical
(78% vs. 87%, respectivelyp < .05). CT were statistically significant(< .05).

DSA examination resulted in 15 false-positive nodules in Figure 2 shows a representative patients in whom the
164 patients: one nodule was diagnosed as hemangioma B{CC nodule was correctly identified by Lipiodol CT but not
intraoperative ultrasound and histologic examination, andy helical CT. Figure 3 shows another patient in whom
the remaining 14 were not identified by ultrasound. The 3éhelical CT identified the HCC nodule not detected by Lipi-
false-positive nodules by Lipiodol CT included seven hem-odol CT.
angiomas, two regenerative nodules, one arterioportal
shunt, and 26 deposits not identified by ultrasound. Helical
CT examination resulted in five false-positive nodules in 69DISCUSSION
patients. All five were defined as false positive because ) o
intraoperative ultrasound could not detect them. Table 2 Several studies have evaluated the accuracy of Lipiodol

P, e imaqi i CT imaging in detecting HCC noduléd>1928=33The
shows the specificities of various imaging modalities ac- ging 9 y

cording to patient-by-patient analysis. The specificity ofused histologic assessment of liver biopsy speciméns,
liver parenchyma taken by partial liver resectign>8°

or explanted liver at the time of liver transplantation as

reference€ 33 and have reported a wide variety of sensi-
Table 2. S'ﬁggﬁ;ﬁgég F IMAGING tivities (40% to >909%)1315-1928-335yj|| the question of
whether Lipiodol CT provides information beyond that ob-
Specificity tained with other noninvasive modalities, as preoperative
evaluation in the era of helical biphasic CT, remains to be
Imaging Modality n % addressed. Although a few studies have assessed the diag-
DSA 150/164 91.5" nostic accuracy of helical blpha§|c ;T in comparison with
Lipiodol CT 136/164 829 that of Lipiodol CT, they set the findings of Lipiodol CT as
Helical CT 64/69 92.8~  the gold standard—3°With these in mind, we reviewed our
institutional experiences with DSA, Lipiodol CT, and heli-
DSA, digital subtraction angiography; CT, computed tomography. cal biphasic CT performed before liver resection for HCC.

* Significantly higher than Lipiodol CT (P < .05).

In this study, intraoperative ultrasound findings, followed
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Figure 2. A 68-year-old woman in whom an hepatocellular carcinoma (HCC) nodule was correctly
identified by Lipiodol computed tomography (CT) but not by helical CT. (A) Helical CT scan during the arterial
phase shows a 1.5-cm hypervascular tumor in S8 (arrowhead). (B) Digital subtraction angiography con-
firmed the helical CT findings (arrowheads). (C) Lipiodol deposits were identified in S7 (arrowhead) in
addition to S8. Both lesions were confirmed to be HCC by intraoperative ultrasound and postoperative
histologic evaluation.

by histologic confirmation, served as the gold standard. Thi$iCC as small as 3 mm, provided that the nodule is hyper-
procedure is thought to be appropriate from the practicalVascular. It is not possible to discriminate completely be-
viewpoint of preoperative evaluation because it is acceptetiveen daughter (i.e., intrahepatic metastatic) and multifocal
that liver resection is the mainstay of HCC treatment anchodules based solely on imaging or pathologic findings.
that intraoperative ultrasound is the most sensitive imaginglowever, it is generally accepted that a tumor becomes less
technique currently availabfe!® differentiated (i.e., well to moderately or poorly) as its size
There are several notable findings in this investigatiorincrease® (also shown in Fig. 1), whereas daughter nod-
pertaining to both advantages and disadvantages of Lipiodalles are small but their grade of differentiation is moderate
CT (see Table 1). First, there is a general trend towardo poor?>4° In light of these considerations, the present
reduced detection ability with both imaging techniques asesults strongly suggest that helical CT is superior to Lipi-
the tumors become smaller and more differentiated. Thi®dol CT in delineating early HCC nodules, but the latter
observation is in line with that reported by Spreafico & al method is superior for detecting intrahepatic metastatic
for Lipiodol CT and by Ohashi et # for dynamic incre- lesions.
mental CT. Nonetheless, the sensitivity of helical CT for Despite several studies that reported the sensitivity of
well-differentiated HCC is superior to that of Lipiodol CT various imaging modalities including Lipiodol C#;*>~
or DSA, especially when tumors are small, whereas Lipi-19,28-33few if any have referred to the specificity of detect-
odol CT shows sensitivity superior to that of helical CT in ing lesions with these techniqu&s.The present results
detecting small but moderately to poorly differentiatedindicate the inferior specificity of Lipiodol CT compared
HCCs. This finding agrees with those of Ohashi & ahd  with DSA or helical CT, even after what were presumed to
Raby et af® who reported that Lipiodol CT could detect be nonspecific Lipiodol deposits had been ruled out. This
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Figure 3. A 78-old-year man in whom helical computed tomography (CT) identified an hepatocellular
carcinoma nodule not detected by Lipiodol CT. (A, B) A nodule measuring 2.3 cm in diameter (arrowhead)
was depicted in the caudate lobe as a low-density lesion during both the arterial (A) and the portal venous
(B) phase by helical CT. (C) This lesion was not detected by digital subtraction angiography. (D) No Lipiodol
deposit was seen in the lesion (arrowhead). This lesion was confirmed to be well-differentiated hepatocel-
lular carcinoma by postoperative histologic examination.

inferior specificity should be kept in mind when interpreting firmed by their clinical courses and later imaging studies as
Lipiodol CT images. being “true positives.”

Although the overall sensitivity and specificity of Lipi-  In conclusion, although the overall ability of helical bi-
odol CT were inferior to those of helical biphasic CT in the phasic CT scan to detect HCC nodules is superior to that of
present study, these modalities have diagnostic values spkipiodol CT, these modalities appear to be complementary.
cific to different clinical entities and are thought to be At present, helical biphasic CT does not obviate the need for

complementary. Detection of intrahepatic metastases hd3SA and subsequent Lipiodol CT as a preoperative exam-

major clinical importance because this has been the factdpation for HCC.

most consistently reported to be indicative of a poor prog-
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