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Value of Image Subtraction for the Identification of Hepatocellular
Carcinoma Capsule on Gadoxetic Acid-Enhanced MRI
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Purpose: To evaluate value of image subtraction for identifying hepatocellular car-
cinoma (HCC) capsule on gadoxetic acid-enhanced MR images.

Materials and Methods: This study involved 108 patients at risk of HCC preopera-
tively examined using gadoxetic acid-enhanced MRI with hepatic resection between
May 2015 and February 2017. We evaluated qualities of subtraction images and
presence of capsular appearance on portal venous or transitional phases conven-
tional and subtraction images. We assessed effect of capsular appearance on sub-
traction images on HCC.

Results: After excluding 1 patient who had treated by transarterial chemoemboliza-
tion prior to surgery and 33 patients with unsatisfactory subtraction image quali-
ties, 82 focal hepatic lesions (73 HCC, 5 non-HCC malignancies, and 4 benign) from
74 patients were analyzed. Regarding detection of capsules, sensitivity, accuracy,
and area under the receiver operating characteristic curve (AUC) on subtraction im-
ages were significantly higher than those on conventional images (95.4%, 89.0%,
and 0.80, respectively; p < 0.001), though specificities were same (64.7%). For diag-
nosis of HCC, sensitivity, accuracy, and AUC on subtraction images were significant-
ly higher than on conventional images (82.2%, 79.3%, and 0.69, respectively; p =
0.011), though specificities were identical (55.6%).

Conclusion: Portal venous or transitional phase gadoxetic acid-enhanced MRI sub-
traction images could improve detection of HCC capsule.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common
cancer globally (1). HCC capsules that develop during hepato-
carcinogenesis are characteristic of nodular HCC (2). These
capsules consist of peritumoral fibrosis and prominent sinu-
soids, and are observed in about 70% of nodular HCCs (3, 4).
Therefore, the presence and identification of capsules are impor-
tant for the non-invasive diagnosis of HCC. The United Net-
work for Organ Sharing (UNOS)-Organ procurement trans-
plant network (OPTN) system and the Liver Imaging Reporting
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and Data System (LI-RADS) include an encapsulated appear-
ance as a feature of HCC (5, 6). Furthermore, the existence of an
intact capsule is associated with better survival rates and lower
recurrence rates after resection or ablative therapy (7, 8).
Contrast-enhanced MRI using dynamic contrast enhanced
T1-weighted gradient echo sequences is the most reliable tech-
nique for detecting HCC capsules (4, 9). Extracellular and hep-
atobiliary gadolinium-based contrast agents (gadoxetic acid;
Primovist or Eovist; Bayer Healthcare, Berlin, Germany) are
commonly used for liver MRI. However, since the pharmacoki-

netic and pharmacodynamics of these two contrast agents dif-
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fer, they have different effects on capsule appearances. Some in-
vestigators have reported capsular appearance of HCC is less
frequently observed and less discernable on gadoxetic acid-en-
hanced MR images due to relatively high backgrounds of he-
patic parenchymal enhancement (10-12).

Subtraction of unenhanced images from gadolinium-en-
hanced images has been reported to enable better characteriza-
tion of the enhancement patterns of focal liver lesions and to
maximize lesion visualization (13-15). In the present study, we
evaluated the usefulness of subtraction images generated from
portal or transitional phase (TP) images with respect to the de-

tection of HCC capsule on gadoxetic acid-enhanced MR images.

MATERIALS AND METHODS

Patients

Our Institutional Review Board approved this retrospective
study and waived the requirement for informed consent due to
its retrospective nature (IRB No. CR316128). From May 2015
to February 2017, a total of 108 consecutive patients at risk of
HCC (91 with liver cirrhosis and 17 with chronic viral hepati-
tis) underwent preoperative gadoxetic acid-enhanced liver MRI
and hepatic resection within 3 months. One patient who had
been treated by transarterial chemoembolization prior to sur-
gery was excluded. The remaining 107 patients (71 men, 36
women; mean age, 64 years; range, 45-88 years) had 122 focal
hepatic lesions, that is; 108 HCCs, 6 cholangiocarcinomas, 2
combined HCC and cholangiocarcinoma, 1 metastatic adeno-
carcinoma, 1 high grade dysplastic nodule, 1 regenerative nod-
ule, 2 focal nodular hyperplasia-like nodules, and one intrahe-
patic splenosis. Eleven patients had multiple HCCs (9 had two
HCCs, one had three HCCs, and one had four HCCs) and one
patient had one HCC with one combined HCC and cholangio-

carcinoma.

MRI Technique

MRI was performed using a 3.0-Tesla system (Magnetom
Skyra; Siemens, Erlangen, Germany) equipped with an abdom-
inal 64-channel surface coil. Localizer images were obtained in
the supine position, and spectrally fat-suppressed breath-hold
T2-weighted turbo spin echo images [repetition time (TR) =
920 ms, echo time (TE) = 106 ms, flip angle = 120°, echo train
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length = 94, slice thickness = 5 mm] were obtained in the axial
plane. After obtaining a double-echo chemical shift gradient-
echo sequence [TR = 4.46 ms, first-echo TE = 1.42 ms (op-
posed-phase), second-echo TE = 2.85 ms (in-phase), flip angle
= 9°], dynamic studies were performed using a three-dimen-
sional gradient echo sequence (VIBE; Siemens) with ultrafast
image reconstruction using parallel imaging algorithms
(GRAPPA factor = 2) in the axial plane (TR = 4.2 ms, TE = 2.0
ms, flip angle = 13°, matrix = 352 x 192, field of view = 345 x
380 mm, slice thickness = 2.2 mm, slice spacing = 0 mm, slices
= 96) during a 20-second breath-holding period. For dynamic
studies, gadoxetic acid disodium (0.1 mL/kg) (Primovist; Bayer
Healthcare, Berlin, Germany) was administered at 2 mL/s with
a power injector as a rapid bolus immediately followed by a 30
mL saline flush. Images were acquired before and after the in-
travenous injection of gadoxetic acid disodium. The acquisition
delay for the arterial phase was usually 20-30 seconds and was
determined using a bolus-tracking technique or a test-bolus in-
jection technique. Dynamic images were obtained 30, 60 (por-
tal venous phase, PVP), 180 (TP) and 300 seconds after injec-
tion. Hepatobiliary phase images were obtained 20 minutes
after contrast injection. Unenhanced images were electronically
subtracted from arterial, portal venous, and TPs by an MRI
technologist using the system’s commercially available software.
All scans were forwarded to a picture archiving and communi-

cation system.

Image Analysis

One board-certified abdominal radiologist with 4 years of
experience, who was not involved in the subsequent image
analysis, prepared a list indicating the size and locations of his-
topathology-proven lesions to be analyzed without indicating
any imaging features.

Two board-certified abdominal radiologists (with 11 and 18
years of experience of liver MRI, respectively) blinded to final
diagnoses, independently analyzed the MR images. During the
image interpretation, the readers referred to the list indicating
the anatomic locations and sizes of target lesions to ensure cor-
rect identification. After completing the independent review,
two readers resolved discordances by discussion and achieved
consensus in all cases. Interobserver agreement was assessed

using kappa statistics.
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The two readers also analyzed the image qualities of subtrac-
tion images using the following 5-point scale (16): 1) denoted
overall nondiagnostic image quality, 2) denoted severe subtrac-
tion artifacts (maximum thickness of subtraction bands of > 5
mm or more than two-thirds of either liver margins or vascular
markings ill-defined), 3) denoted moderate subtraction arti-
facts (maximum thickness of subtraction bands of 2.5 mm, or
between one-third and two-thirds of either the liver margins
or vascular markings ill defined), 4) denoted good overall im-
age quality with minimal artifacts (maximum thickness of sub-
traction bands < 2 mm, or less than one-third of either the liver
margins or vascular markings ill-defined), and 5) denoted per-
fect overall subtraction quality without any artifacts. Grades 4
and 5 were considered to indicate satisfactory image quality for
subtraction images. Lesions with unsatisfactory image qualities
were excluded from further evaluation.

The readers determined the presence or absence of a capsular
appearance (a peripheral rim of smooth hyperenhancement)
on PVP and/or TP, and LI-RADS categories: (LR-1; definitely
benign, LR-2; probably benign, LR-3; indeterminate, LR-4;
probably HCC, LR-5; definitely HCC, LR-5V; tumor in vein,
and LR-M; probably malignant, but not specific for HCC) for
each of the 82 focal hepatic lesions. Two weeks later (to avoid a
recall bias), the readers determined the presence or absence of a
capsule on subtraction images of PVP and/or TP, and LI-RADS

categories of each of the hepatic lesions.

Statistical Analysis

The detection rates of an capsular appearance by visual as-
sessment of PVP and/or TP and using subtraction images of
PVP and/or TP were compared using receiver operating char-
acteristic (ROC) curve analysis.

To assess the clinical effects of subtraction images for the di-
agnosis of HCC using the LI-RADS diagnostic algorithm, we
compared the sensitivities, specificities, and accuracies of LR-5
or LR-5V for HCC between the following two situations: 1)
when conventionally defined capsular appearance was included
as a major feature, and 2) when capsular appearance defined on
subtracted images was included as a major feature. Pathological
results were used as reference standards.

Interobserver agreement between imaging findings (before

consensus) was determined using weighted kappa statistics.
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Levels of agreement were defined as follows: poor, x < 0.20; fair,
K = 0.21-0.40; moderate, k = 0.41-0.60; good, k = 0.61-0.80;
excellent, x = 0.81-1.00. Two-sided p values of less than 0.05
were considered to indicate statistical significance. The analysis
was performed using SAS 9.4 (SAS Institute Inc., Cary, NC,
USA), MedCalc software (MedCalc Software, Ostend, Bel-
gium), and R 3.1.0 (R Foundation for Statistical Computing,

Vienna, Austria).

RESULTS

Image Quality of Subtraction Images

Thirty-three of the 107 patients (30.8%) showed a misregis-
tration artifact (Grade 1, one patient; Grade 2, five patients; and
Grade 3, 27 patients), and the images concerned were consid-

ered unsatisfactory.

Patient and Lesion Characteristics

After excluding the 33 patients with unsatisfactory subtrac-
tion images, we finally analyzed 74 patients with 82 focal hepat-
ic lesions (73 HCCs, 2 cholangiocarcinomas, 2 combined HCC
and cholangiocarcinoma, 1 metastatic adenocarcinoma, 1 high
grade dysplastic nodule, 1 regenerative nodule, and 2 focal
nodular hyperplasia-like nodules). The baseline characteristics
of the 74 patients and 82 focal hepatic lesions are summarized
in Table 1.

Pathologically, 63 (86.3%) of the 73 HCCs and 2 (40%) of the
5 other malignancies (1 combined HCC and cholangiocarcino-
ma, 1 cholangiocarcinoma) had a fibrous capsule. None of 4

benign lesions had a capsule.

Image Analysis

Imaging evaluations of capsules revealed good agreement be-
tween the two reviewers on conventional (k = 0.68) and subtrac-
tion images (x = 0.72). Diagnostic performances of hepatocellu-
lar capsules on conventional images and subtraction images are
summarized in Table 2. The sensitivity and accuracy of detec-
tion of HCC on subtraction images were higher than those on
conventional images, but specificity did not differ. In addition,
area under ROC curve (AUC) was significantly higher for sub-
traction images than conventional images (p < 0.001) (Fig. 1).

When focal hepatic lesions were categorized using subtrac-
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tion images, the AUC of LR-5 or LR-5V for diagnosing HCC
were significantly higher than the AUC of conventional images
(0.65 and 0.69, respectively) (p = 0.011) (Table 3).

DISCUSSION

In the present study, it was found subtraction images detected

the capsular appearance of HCC more sensitively than conven-

Table 1. Clinical Characteristics of 74 Patients at Risk of HCC

Characteristic Value
Patient
Total 74 (100)
Age (years) 62 [45-86)
Sex
Male 56 (75.7)
Female 18 (24.3)
Risk factor for HCC
Hepatitis B viral liver cirrhosis 36 (48.6)
Hepatitis C viral liver cirrhosis 6(8.1)
Alcoholic liver cirrhosis 13(17.6)
Chronic hepatitis B 11 (14.9)
Chronic hepatitis C 2(27)
Other* 6(8.1)
Tumor
Total 82
Pathologic diagnosis
HCC 73(89)
Other malignancies 5 (6.1)
Benign 4(4.9)
Tumor size (cm)
HCC 2.8[0.8-11.8]
Other malignancies 47 [1.5-10.5)
Benign 2.1[0.7-43]

Data are n (%) or median [range] values of patients or focal hepatic lesions.
*|lincludes cirrhosis with nonalcoholic steatohepatitis (n= 3) or cryptogenic
cirrhosis (n=3).

HCC = hepatocellular carcinoma
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tional images (95.4% and 73.9%, respectively) without loss of
specificity (64.7% and 64.7%, respectively), and that the diag-
nostic performances of LR-5 and LR-5V, including capsular ap-
pearance as a major feature, using subtraction images was sig-
nificantly higher than that of conventional images (p = 0.011).

Histologically, HCC capsules are composed of two layers; an
inner layer rich in fibrous tissue and an outer, water-rich layer
with portal venules (or sinusoids) and newly-formed bile ducts
(3, 4). However, imaging does not always show a true fibrous
capsule; instead, a pseudocapsule consisting of peritumoral si-
nusoids and/or fibrosis may be evident (4, 17). This capsular
appearance, be it a true fibrous capsule or pseudocapsule, is one
of the specific findings of HCC, because benign nodules and
non-HCC malignancies usually do not manifest a capsular ap-
pearance (18-22).

Fibrous capsules and pseudocapsules have similar appear-
ances on dynamic MR images, and appear as enhancing rims
on PVP or TP images due to retention of contrast agent within
prominent peritumoral sinusoids and/or fibrosis (9). Approxi-
mately 50% of gadoxetic acid is uptaken by hepatocytes, and
this uptake starts with first pass through the liver; in fact, it has
been reported to become visible as early as 90 sec after injection
(23). Furthermore, this rapid uptake by hepatocytes also ex-
plains the rapid removal of gadoxetic acid from capsule sinu-
soids, and therefore, capsules are faint and not well identified
on PVP or TP images.

However, according to our results, the conspicuity of a cap-
sule or pseudocapsule is improved on subtraction images gen-
erated from PVP or TP images. One possible explanation for
this result might be that subtraction images more prominently
represent subtle differences in contrast enhancement than con-
ventional images, which in turn suggests subtraction images

better depict capsular appearance than conventional images.

Table 2. Comparison of the Diagnostic Performances of Conventional and Subtraction Images for the Detection of HCC on Gadoxetic Acid-

Enhanced MR Images

T FN FP TN

AUC
(959% Cl)

Sensitivity*
(95% Cl)

Specificity*
(95% ClI)

Accuracy*
(95% CI)

Conventional image 48 17 6 1
Subtraction image 62 3 6 1
p value (conventional vs. subtraction)

739 (61.5-84.0)
95.4 (87.1-99.0)

64.7 (38.3-85.8)
64.7 (38.3-85.8)

72.0(60.9-81.3)
89.0 (80.2-94.9)

0.69 (0.58-0.79)
0.80 (0.70-0.88)
<0.001

*Data are % (95% Cl) values.

AUC = area under the receiver operating characteristic curve, Cl = confidence interval, FN = false negative, FP = false positive, HCC = hepatocellular carci-

noma, TN = true negative, TP = true positive
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A

B

Fig. 1. Case of a 73-year-old woman with hepatocellular carcinoma encased by a histopathologically confirmed fibrous capsule in the right liver.
A. A conventional capsular appearance is not well visualized in the conventional TP image.
B. However, a smooth hyperintense rim is readily detected on the subtracted TP image.

TP = transitional phase

Table 3. Comparison of the Diagnostic Performances of LR-5 or LR-5V for HCC

 EN FP Sensitivity* Specificity* Accuracy® AUC
(959% Cl) (959% ClI) (959% CI) (959% Cl)
Conventional image 54 19 4 5 740 (62.4-83.5) 55.6 (21.2-86.3) 72.0 (60.9-81.3) 0.65 (0.53-0.75)
Subtraction image 60 13 4 5 82.2(715-90.2)  55.6(21.2-863) 79.3(68.9-87.4)  0.69 (0.58-0.79)
p value (conventional vs. subtraction) 0.01

*Data are % (95% Cl) values.

AUC = area under the receiver operating characteristic curve, Cl = confidence interval, FN = false negative, FP = false positive, HCC = hepatocellular carci-

noma, TN = true negative, TP = true positive

Although some investigators have found that the capsular ap-
pearance does not increase diagnostic accuracy for HCC (20),
others have asserted that a visualization of a capsule is valuable,
as it permits diagnosis of HCC without a definite washout ap-
pearance (6, 24). Furthermore, capsular appearance is included
as a major imaging feature in the LI-RADS diagnostic algorithm
and plays an important role in the diagnosis of HCC. This algo-
rithm considers a hyperintense capsular appearance during PVP
or TP as a major diagnostic feature of non-invasive HCC (6),
and diagnostic performances of LR-5 and LR-5V using capsular
appearance on subtraction images for HCC, are higher than that
of conventional imaging. Our results imply that subtraction im-

ages can perform an important compensatory role in terms of
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evaluating capsular appearance when hepatobiliary contrast
agents are used. According to recent literature, in patients at risk
of developing HCC, a combination of arterial phase hyperen-
hancement plus washout or a capsular appearance has near
100% specificity for HCC (10). However, in the present study,
the specificities of LR-5 and LR-5V for HCC were poor (55.6%),
which appeared to be related to several false positive results at-
tributed to the presence of a pseudocapsule.

Previous studies have reported the success of the subtraction
technique depends on the degree of misregistration artifact be-
tween non-enhanced and enhanced source images (13, 14).
The assessment of subtraction image quality is important be-

cause false positive diagnoses can be made for capsules when
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misregistration occurs. In our study, subtraction image quality
was unsatisfactory for 33 of the 107 patients (30.8%) showed
(Grade 1 in one patient; Grade 2 in five patients; and Grade 3 in
27 patients). Although image quality was unsatisfactory in
many patients, the accuracy of capsule detection was high when
subtraction images were of Grade 4 quality or better. There
were 6 false positive cases for capsular appearance on subtrac-
tion images, and all of these cases produced a false positive re-
sult on conventional images. Therefore, these 6 false positive
cases were considered to be due to pseudocapsules rather than
to misregistration of subtraction images. Nevertheless, un-
avoidable slice misregistration is the main pitfall of subtraction
techniques. Reliable error-correction processing methods for
subtraction imaging are needed (14).

This study has several limitations that warrant consideration.
First, the sample size was too small to permit definitive conclu-
sions, although all lesions including were confirmed histopath-
ologically. The study was powered to detect a > 10% difference
in capsule detection rates with an a of 0.05. Based on the actual
sample size, the study has a statistical power of 76.0%. Further
studies on larger populations are needed to confirm the value
of subtraction images for HCC capsule detection. Second, the
retrospective nature of the present study inherently introduces
the possibility of patient selection bias. Finally, a 2-week inter-
val may have been insufficient to avoid recall bias.

In summary, we conclude subtraction images from portal or
TP images may be helpful for detecting HCC tumor capsules

on gadoxetic acid-enhanced MR images in at-risk patients.
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