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<ABSTRACT> 

Role of MR imaging for characterization of hepatic small indeterminate lesions 

on CT in patients with underlying extrahepatic carcinoma  

 

Baek Song-Ee 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Kim Ki Whang) 

 

Objective: To retrospectively assess the value of adding gadolinium-enhanced 

dynamic imaging to standard ununenhanced magnetic resonance imaging 

(MRI) for characterising hypoattenuating hepatic lesions that are too small to 

characterise with multi-detector computed tomography (MDCT).  

Methods: Informed consent was waved, and Institutional Review Board 

approvals were obtained. Three hundred and forty-six small (≤2 cm) lesions 

(63 metastatic, 283 benign) in 183 patients with underlying carcinoma who 

underwent hepatic MRI after CT were retrospectively analysed. Two 

radiologists independently reviewed images and diagnoses were graded on an 

ordinal scale from 1 (definitely benign) to 5 (definitely malignant). Receiver 
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operating characteristic analysis was used. Sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV), and accuracy, were 

also determined.  

Results: The areas under the curve of the unenhanced images alone and with 

dynamic images were 0.837 and 0.850 for reader 1 (p=0.616) and 0.771 and 

0.783 for reader 2 (p=0.700). Descriptive statistical values demonstrated 

sensitivities of 76% and 80%, specificities of 93% and 95%, PPVs of 69% 

and 79%, NPVs of 95% and 95%, and accuracies of 90% and 92%, 

respectively.  

Conclusion: The value of adding three-phase contrast-enhanced MRI to 

unenhanced imaging did not reach statistical significance for characterising 

small hypoattenuating hepatic lesions on MDCT.  
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Role of MR imaging for characterization of hepatic small indeterminate lesions 
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Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Kim Ki Whang) 

 

I. INTRODUCTION 

Computed tomography (CT) has been widely accepted as a baseline method 

for preoperative staging and follow-up of oncology patients. In daily practice, 

however, clinicians are frequently confronted with low-attenuating hepatic 

lesions that are too small to characterize 1-4. The prevalence of these lesions is 

reported to be 12.7% to 25.5%, and only a few (1.6% to 11.6%) are malignant 

1, 4-5. Therefore, in patients with underlying malignancy, magnetic resonance 

imaging (MRI) could play a role in establishing the existence of small 

hypoattenuating hepatic lesions at the time of multi-detector CT (MDCT) and 

may help to determine those that are benign.. 
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Accuracy in determining benign and metastatic lesions has a significant 

impact on patient management. However, obtaining tissue diagnoses for small 

lesions is not only technically challenging but also invasive, so a non-invasive 

technique is needed. Magnetic resonance imaging (MRI) has frequently been 

used to characterise small, hypoattenuating hepatic lesions, and some studies 

have reported a higher accuracy with contrast-enhanced MRI than with 

MDCT 4, 6. However, to our knowledge, no studies have specifically evaluated 

the value of adding gadolinium-enhanced dynamic imaging to ununenhanced 

imaging for small lesions. An objective investigation of this technique is 

required, because of the added time and expense of contrast-enhancement. 

Therefore, the purpose of this study was to investigate whether the addition of 

gadolinium-enhanced dynamic imaging could increase the accuracy of 

unenhanced T1-weighted, T2-weighted and heavily T2-weighted imaging in 

the characterization of small, indeterminate hypoattenuating hepatic lesions in 

patients with underlying extrahepatic malignancy at the time of MDCT.  
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II. MATERIALS AND METHODS 

1. Patient population 

The protocol for this study was approved by the Institutional Review Board of 

our institution, and informed consent for this retrospective study was not 

required.  

From May 2005 to August 2006, 401 patients with extrahepatic malignancy 

underwent liver MRIs enhanced with gadobenate dimeglumine (Gd-BOPTA; 

MultiHance, Bracco Imaging SpA, Milano, Italy), within four weeks of 

contrast-enhanced MDCT. MRI was recommended for focal lesions that were 

too small to characterise or that showed atypical findings by CT. Patients were 

excluded from the study if they had lesions larger than 20 mm (n=71), had 

more than six lesions (n=84), had undergone chemotherapy and/or 

radiotherapy before or during the follow-up period (more than 12 months) 

(n=14) without malignant diagnosis at first image, or if they had no follow-up 

images taken for at least 12 months (n=60) (Fig. 1). This left 183 patients with 

346 small lesions (mean, 9.2 mm; range, 3-20 mm; SD = 0.39). The patients 

included 110 men (28-84 years old, mean = 58.5) and 73 women (32-77 years 

old, mean = 52.6) ranging from 28 to 84 years (mean age, 55.7 years, SD = 

10.98). The underlying malignancies were either colorectal cancer (n=87), 

stomach cancer (n=64), pancreatic cancer (n=9), breast cancer (n=5), or other 

(n=18). 
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Final diagnosis was established by histopathology for 16 lesions in six   

patients. Stability or growth of the lesion on serial follow-up imaging for a 

minimum of 12 months constituted an alternative diagnostic method for the 

remaining 330 lesions in 177 patients. Serial imaging was performed with 

MDCT (n=124), MRI (n=17), or a combination of MDCT and MRI (n= 36) 

for follow-up of liver lesions. A lesion was diagnosed as malignant if it 

increased in size and as benign if it was stable or spontaneously disappeared 

without treatment.  
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Figure 1. Flow diagram of the study 

MRI on lesions (≤2 cm) too small 
to characterize on CT patients 
with extrahepatic malignancy

(n=401 patients)

346 small lesions (<2 cm) in 
183 patients

239 lesions < 1 cm,

1 cm ≤ 107 lesions < 2 cm

Benign lesions

(n=283 in 155 patients)

Operation or biopsy 

(n=4 in 2 patients)

Image f/u

(n=279 in 153 patients)

Metastatic lesions

(n=63 in 28 patients)

Operation or biopsy 

(n=12 in 5 patients)

Image f/u

(n=51 in 43 patients)

More than six lesions

(n=84 patients)

Undergone chemotherapy 
and/or radiotherapy before 

or during the follow-up 
period

(n=14 patients)

No follow-up images for at 
least 12 months

(n=60 patients)

Lesions larger than 20 mm

(n=71 patients)
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2. MR Technique 

All MRI examinations were performed at  1.5 T (Gyroscan Intera, Philips 

Medical Systems Best, Netherlands) with a 33 mT/m gradient strength and a 

180 mT/m/ms slew rate and sense body coils (4 RF channel) (Synergy; Philips 

Medical Systems, Best, Netherlands). Four-hour fasting was recommended 

before the examination. The MRI protocol consisted of a breath-hold axial 

T1-weighted dual fast-gradient-recalled-echo sequence (TR/in-phase TE, 

180/4.6 msec; out-of-phase TE=2.3 msec; flip angle, 90°; field-of-view, 32–

36 × 25–29 cm; matrix, 240 × 240; section thickness, 7 mm; slice spacing, 7.7 

mm; one signal acquired; number of slices=24); a single-shot turbo spin echo 

(TR/TE, ∞/80 for conventional T2W and TR/TE, ∞/190 for heavily T2W; 

field-of-view, 32–36 × 25–29 cm; matrix, 288 × 230; section thickness, 7 mm; 

slice spacing, 5 mm) with a spectral fat suppression technique; and a breath-

hold transverse three-dimensional (3D) time-resolved T1 high resolution 

isotropic volume examination (THRIVE) (TR/TE, 3.9/1.1 msec; flip angle, 

25°; field-of-view, 32–36 × 25–36 cm; matrix, 320x224; section thickness, 3 

mm; slice spacing, 1.5 mm, slice number, 100; data acquisition  time, 15~20 

sec per phase). 

Contrast-enhanced MRI was performed using a breath-hold 3D THRIVE 

sequence following an intravenous (IV) bolus of 0.1 mmol gadobenate 

dimeglumine (Gd-BOPTA; MultiHance®, Bracco Imaging SpA, Milano, Italy) 
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per kilogram of body weight followed by a saline flush of 30 mL, given at the 

same injection rate. Arterial phase data acquisition  started five seconds after 

the contrast agent was seen in the pulmonary arteries on the bolus-tracking 

images. Portal venous images were obtained five seconds after the end of 

arterial phase and equilibrium phase images five minutes after the arterial 

phase. A mechanical power injector (Spectris MR injection system, Medrad 

Europe, Maastricht, Netherlands) operating at an injection rate of 2 mL/sec 

was used 7. 

 

Table 1. MRI protocol 

 
TR 

(msec) 
TE (msec) 

Flip angle 

(°) 
Matrix 

Section 

thickness/ slice 

spacing (mm) 

Scan time (s) 

T1-weighted 

image 
180 

4.6/2.3 

(In/Out) 
90 240x240 7/7.7 20 

T2-weighted 

image 
∞ 80  288x230 7/5 20 

Heavily T2-

weighted  
∞ 190  288x230 7/5 120~180  

3D dynamic 

image  
3.9 1.1 25 320x224 3/1.5 15~20 

 

 



10 

3. Image Assessment 

Two sets of images were interpreted independently by two expert readers with 

seven and nine years of experience in abdominal MRI. The readers had 

worked at different hospitals until February 2007, and became faculty 

members at our hospital in March 2007 and so, because the latest cases were 

from 2006, they had not participated in the patient examinations. One set of 

images contained unenhanced images only (T1W, T2W and heavily T2W 

images) and the other contained three-phase dynamic images, together with 

the unenhanced images. The observers were aware that the patients had 

extrahepatic cancer but were blinded to patient histories, laboratory and 

pathological findings. The readers characterised each lesion as either benign 

or metastatic using a five-point scale of confidence. For unenhanced images, 

lesions were diagnosed as benign if they had very high signal intensity 

(similar to that of cerebrospinal fluid or higher than that of the spleen) on T2-

weighted images, with very high signal intensity on heavily T2-weighted 

images 8-10. Lesions were diagnosed as malignant if they showed moderate to 

high signal intensity (similar to or higher than that of the spleen) on T2-

weighted images and low to moderate signal intensity (lower than, or similar 

to, that of the spleen) on heavily T2-weighted images. For contrast-enhanced 

images, lesions without enhancement or those with early homogeneous 

enhancement or nodular enhancement were diagnosed as benign. If the lesions 
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showed peripheral rim enhancement, they were diagnosed as malignant9. The 

confidence scale measured whether each lesion represented metastasis. Scores 

were 1, definitely benign; 2, probably benign; 3, indeterminate; 4, probably 

metastatic; and 5, definitely metastatic. Observers were aware that for 

statistical analysis, scores of 4–5 would be considered indicative of metastatic 

lesions. After reading the pre-contrast enhancement MR images for a patient, 

the readers recorded their scores. Immediately afterward, they reviewed 

additional three-phase dynamic images for the same patient and recorded 

another interpretation. This study protocol was designed to mimic the clinical 

situation.  

To prevent lesion misallocation (mismatch), one of the authors, a third-year 

radiology resident not involved in lesion characterization, recorded the 

presence, location and size of each hepatic lesion on a schematic drawing of 

transverse sections of the entire liver. This investigator also recorded the 

interpretations of the readers and noted any disagreements, which were then 

resolved by a consensus reading. The consensus reading was used to evaluate 

descriptive statistical values, including sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV) and accuracy.  

All images were reviewed using a picture-archiving and communication 

system (PACS) (GE Healthcare Integrated Imaging Solution, Milwaukee, IL, 

USA).  
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4. Statistical Analysis 

Statistical analysis was performed for lesions ≤ 2 cm (all of the cases in our 

study) at first and additional statistical analysis was performed for lesions < 1 

cm (definitely small lesions). Receiver operating characteristic (ROC) 

analysis was performed on a lesion by lesion basis. An ROC curve was fitted 

to each reader’s confidence rating using a maximum-likelihood estimation 

program (ROCKIT 0.9B; C. E. Metz, University of Chicago, Chicago, IL, 

USA, 1998). The diagnostic performances of both methods and readers were 

estimated by calculating the area under the ROC curve (Az).  

To assess interobserver agreement, the weighted-kappa statistic was used. A 

k-value was considered to indicate excellent agreement if it was greater than 

0.60, good agreement if it was between 0.40 and 0.60, and poor agreement if 

it was less than 0.40 8, 11-12. 

Descriptive statistical values including sensitivity, specificity, PPV, NPV and 

accuracy were also determined. Power analysis was also performed. 
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III. RESULTS 

Of 183 patients with 346 lesions, 28 patients had a total of 63 metastases, and 

155 patients had a total of 283 benign lesions (239 lesions < 1 cm, 1 cm ≤ 107 

lesions ≤ 2 cm). The mean number of lesions per patient was 2.6 ± 1.35. The 

mean lesion size was 0.92 cm ± 0.039 (range: 0.3 – 2.0 cm). 15 patients had 

both benign and malignant lesions.  

For lesions ≤ 2 cm, the areas under the curve of the unenhanced images alone 

and with dynamic images were 0.837 and 0.850, respectively, for reader one 

(p=0.616) and 0.771 and 0.783 for reader two (p=0.700) (Table 2), with no 

significant difference between the two sets (Figs. 2-4). The interobserver 

agreement was excellent (k-value: 0.735 for unenhanced images and 0.768 for 

the combined images) (Table 3). 

For lesions < 1 cm, the areas under the curve of the unenhanced images alone 

and with dynamic images were 0.789 and 0.823, respectively, for reader one 

(p=0.373) and 0.745 and 0.778 for reader two (p=0.499) (Table 2), with no 

significant difference between the two sets. The interobserver agreement was 

excellent (k-value: 0.904 for unenhanced images and 0.921 for the combined 

images) (Table 3). 

For lesions ≤ 2 cm, unenhanced images alone and combined images for the 

two readers demonstrated sensitivities of 76.3% and 79.7% (Fig. 4), 

specificities of 93.0% and 95.0%, PPVs of 69.2% and 78.5%, NPVs of 95.0% 
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and 95.4% and accuracies of 90.2% and 92.2%, respectively (Table 4).  

For lesions less than 1 cm, unenhanced images alone and combined images 

for the two readers demonstrated sensitivities of 68.4% and 72.5%, 

specificities of 94.0% and 95.5%, PPVs of 68.4% and 76.3%, NPVs of 94.0% 

and 94.5%, and accuracies of 90.0% and 91.6%, respectively (Table 4).  

Power analysis gave a β value over 0.8 with an α value of 0.005, so the 

sample size was adequate.  

We also analysis the diagnostic results. (Figs.5) 

 

 

Table 2. The Az values of the pre-contrast enhancement MRI set and 

the pre-contrast enhancement with dynamic MRI set, by reader 

  
Pre-contrast 

enhancement set 
Combined set p value 

Lesions <2 cm 

Reader 1 0.837 (0.77~0.90) 0.850  (0.79~0.91) 0.6162 

Reader 2 0.771 (0.70~0.84) 0.783 (0.71~0.85) 0.7004 

Lesions <1 cm 

Reader 1 0.789 (0.72~0.86) 0.823 (0.76~0.89) 0.3725 

Reader 2 0.745 (0.67~0.82) 0.778 (0.71~0.85) 0.4991 

The 95% confidence intervals are in parentheses 

Reader 1: Seven years of experience reading liver MRIs, Reader 2: 

Nine years of experience reading liver MRIs 

Pre-contrast enhancement set: Pre-contrast enhancement MRI images, 

Combined set: Pre-contrast enhancement with dynamic MRI images 
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a) 

 

b) 
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c) 

 

d) 
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e) 

 

f) 
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g) 

Figure 2. A 45-year-old female patient with non-small cell lung cancer. 

(a) CT shows a small, low-attenuating lesion. (b) A pre-contrast 

enhancement T2-weighted (TR/TE, 452/80) image shows a small, high 

signal intensity (SI) lesion at segment 6 of the liver without a 

significant signal drop on the heavily T2-weighted (TR/TE, 452/190) 

image (c) and a low SI on the T1-weighted (TR/TE,) image (d). The 

lesion was rated as definitely benign by two readers, using pre-contrast 

enhancement images. The three-phase contrast-enhanced images show 

a typical nodular and progressive enhancement pattern of a 

haemangioma, which was rated as definitely benign by all of the 

readers, using contrast-enhanced images (e, f, g). 
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a) 

 

b) 
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c) 

 

d) 
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e) 

 

f) 



22 

 

g) 

 h) 

Figure 3. A 35-year-old male patient with colon cancer. (a) CT shows 

a small, low-attenuating lesion. (b) A pre-contrast enhancement T2-

weighted (TR/TE, 452/80) image shows a small, high SI lesion at 

segment 8 of the liver with a significant signal drop on the heavily T2-

weighted (TR/TE, 452/190) image (c) and a low SI on the T1-weighted 

(TR/TE,) image (d). The lesion was rated as probably malignant by all 

of the readers, using pre-contrast enhancement images. Three-phase 

contrast-enhanced images show ring enhancement, rated as definitely 

malignant by all of the readers, using the contrast-enhanced images (e, f, 
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g). (h) He gat the liver wedge resection after 14 days, the gross 

specimen shows a metastatic lesion. 

 

a) 

 

b) 
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c) 

 

d) 
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e) 

 

f) 
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g) 

Figure 4. A 47-year-old female patient with breast cancer. (a) CT 

shows an ill-defined, low-attenuating lesion. (b) A pre-contrast 

enhancement T2-weighted (TR/TE, 452/80) image shows an ill-defined 

and irregular-shaped high SI lesion at segment 5/6 of the liver with a 

significant signal drop on the heavily T2-weighted (TR/TE, 452/190) 

image (c) and a low SI on the T1-weighted (TR/TE) image (d). The 

lesion was rated as probably malignant by two readers, using pre-

contrast enhancement images. (e, f) Arterial and portal-phase images 

show perilesional enhancement. (g) The equilibrium-phase image 

shows heterogeneous enhancement of the lesion, which was rated as 

probably benign (by reader 2) using contrast-enhanced images. This 

lesion had disappeared on the six-month follow-up CT, with 

normalisation of the previously noted peripheral eosinophilia (11.9%). 

Therefore, this lesion was diagnosed as a focal eosinophilic infiltration 

of the liver. 
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Table 3. Interobserver agreement among readers. 

k-value Lesions <2cm Lesions <1cm 

Pre-contrast enhancement set 0.735 (0.688~0.782) 0.904 (0.866~0.941) 

Combined set 0.768 (0.724~0.812) 0.921 (0.886~0.955) 

The 95% confidence intervals are in parentheses 

Pre-contrast enhancement set: Pre-contrast enhancement MR images, 

Combined set: Pre-contrast enhancement with dynamic MR images 
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Table 4. Descriptive statistical values for the diagnosis of metastasis 

 Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) 

Lesion size <2 cm <1 cm <2 cm <1 cm <2 cm <1 cm <2 cm <1 cm <2cm <1cm 

Pre-contrast 

enhancement 

set 

76.3 (45/59) 68.4 (26/38) 93.0 (267/287) 94.0 (189/201) 69.2 (45/65) 68.4 (26/38) 95.0 (267/281) 94.0 (189/201) 
90.2 

(312/346) 

90.0 

(215/239) 

CI 0.646~0.858 0.531~0.815 0.897~0.960 0.902~0.968 0.575~0.795 0.531~0.815 0.921~0.972 0.902~0.968 0.870~ 0.933 0.861~ 0.938 

Combined set 79.7 (51/64) 72.5 (29/40) 95.0 (268/282) 95.5 (190/199) 78.5(51/65) 76.3 (29/38) 95.4 (268/281) 94.5 (190/201) 
92.2 

(319/346) 
91.6 

(219/239) 

CI 0.689~0.882 0.578~0.845 0.921~0.972 0.920~0.978 0.676~0.872 0.616~0.877 0.925~0.974 0.908~0.971 0.894~ 0.950 0.881~ 0.951 

 PPV: positive predictive value, NPV: negative predictive value 

CI: confidence interval, 95% 

Pre-contrast enhancement set: Pre-contrast enhancement MR images, Combined set: Pre-contrast enhancement 

with dynamic MR images 
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Figure 5. Diagnostic results 

 

 

 

 

 

 

 

 

 

 

 

Pre contrast set

346 small lesions 
(<2 cm)

Category 1&2 : 
237

Benign

230

(97.4%)

Malignant 

7

(2.6%)

Category 3 :  50

Benign 

39

(78%)

Malignant  

11

(22%)

Category 4&5 : 
59

Benign

14

(23.7%)

Malignant 

45

(76.3%)

Combined set

346 small lesions 
(<2 cm)

Category 1&2 : 
258

Benign

250

(96.9%)

Malignant

8

(3.1%)

Category 3 :  24

Benign

20

(83.3%)

Malignant

4

(16.7%)

Category 4&5 : 
64

Benign

13

(23.9%)

Malignant

51

(76.1%)
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IV. DISCUSSION 

This study revealed that the additional value of dynamic contrast-enhanced 

MR images with unenhanced MR images for the characterisation of small 

indeterminate hypoattenuating hepatic lesions on MDCT was not significant. 

Several previous studies 6, 13-18 have reported that dynamic contrast-

enhanced T1-weighted MRI is superior to unenhanced T1- and T2-weighted 

MRI in the characterisation of hepatic tumours. These studies included 

diverse patient populations, with cirrhosis, elevated liver enzymes, underlying 

malignancies, and lesions detected by either ultrasound or CT, with no other 

underlying disease. For lesions in patients with underlying hepatic disease or 

incidentally detected lesions, such as hepatocellular carcinoma or focal 

nodular hyperplasia, extracellular or intracellular contrast agents can be 

helpful for characterisation, and their use has been advocated 13-18. However, 

for a patient population that includes only those with an underlying 

malignancy without liver cirrhosis, the results of our study showed that 

gadolinium-enhanced MRI has no significant additional effect on the 

characterisation of small lesions. We divided lesions into two groups, those 

<1cm and those <2cm. Initial analysis was performed for the all lesions of 

<2cm and additional statistical analysis for small lesions of < 1cm was added. 

Like the initial analysis, the statistical result for the lesion group of <1cm was 

insignificant between the unenhanced image set and the dynamic images 
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combined set.  

Previous studies have investigated the differentiation of metastasis from 

hemangioma 19-20. Benett et al. 20 reported that the routine use of 

gadolinium enhancement is not necessary for differentiating haemangioma 

from metastasis when using optimised T2-weighted images. Hemangiomas 

are known to show higher signal intensity on T2-weighted images and less 

signal drop on heavily T2-weighted images than metastatic lesions 20. 

Therefore, T2-weighted with heavily T2-weighted imaging may provide a 

high degree of accuracy for differentiating hemangiomas from metastases 15, 

19-22. Our study also used T2-weighted imaging with a heavily T2-weighted 

sequence (TR/TE, ∞/80 and 190), which was effective for discriminating 

cysts and hemangiomas from metastases.  

All descriptive statistical values in this study showed similar, extremely high 

results for specificity, NPV and accuracy. PPV and sensitivity were relatively 

low. Given our results of extremely high specificity and NPV, as well as the 

large proportion of benign lesions (approximately 82%), we believe that the 

primary role of MRI in the characterisation of small hypoattenuating 

indeterminate lesions on MDCT in patients with underlying malignancy might 

be to establish benign status, rather than to confirm metastasis.  

The addition of contrast agent in this study improved the sensitivity from 76.3% 

to 79.7%. Nonetheless, the sensitivity value was poor, probably because of a 
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high proportion of patients with colorectal and stomach cancer in this study, 

which resulted in a higher incidence of mucinous carcinoma. Hepatic 

metastasis from mucinous or other cystic carcinomas may mimic 

hemangiomas because of high signal intensity similar to those of 

hemangiomas or cysts on T2-weighted images, leading to a misdiagnosis of a 

benign carcinoma 23-27. For mucinous carcinomas, contrast-enhanced MRI 

may be more reliable 24-25, 27 (Fig. 6). Occasionally, rim enhancement is too 

weak to detect in mucinous carcinomas, resulting in misdiagnosis, even 

though dynamic imaging may be added 28. 

Our study had several limitations. First, the criteria for the recommendation of 

MRI based on MDCT were not clearly defined because this was a 

retrospective study and the experience of the MDCT readers was variable. 

Second, we could not find pathological proof of diagnosis in most of the 

patients. However, this was expected in most circumstances because the 

lesions were small. Third, we did not include the value of the delayed 

hepatobiliary phase because it was not obtained for some of the patients. 

Actually we analyzed the added value of hepatobiliary phase eventhough it 

was obtained in some of the cases. However, the added value was not 

significant. And in some institutions, Mulithance is used as the same as other 

gadolinium agents without obtaining hepatobiliary phase. Therefore, we 

would like to focus on the added value of contrast enhanced study using 
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general gadolinium agents not liver specific agents even though we used 

Multihance. Forth, we did not obtain diffusion weighted sequence in this 

study population. If we added DWI, we could make more accurate diagnosis 

without contrast agent 29-30. 
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a) 

 

b) 



35 

 

c) 

 

d) 
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e) 

 

f) 
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g) 

Figure 6. A 56-year-old male patient with rectal cancer, 

adenocarcinoma with mucin pool formation. (a) CT shows a small, 

cystic density lesion in Rt. Lobe and two low attenuating lesions in Lt. 

lobe. One lesion in central side is hemangioma and outer side lesion is 

cyst. Rt lobe lesion is intermediate lesion to characterisation in CT. (b) 

A pre-contrast enhancement T2-weighted (TR/TE, 452/80) image 

shows a high SI lesion at segment 8 of the liver without a significant 

signal drop on the heavily T2-weighted (TR/TE, 452/190) image (c) 

and a low SI on the T1-weighted (TR/TE) image (d). This lesion was 

scaled as possibly malignant by two readers using pre-contrast 

enhancement images (e, f, g). Three-phase contrast-enhanced images 

show rim enhancement. The lesion was scaled as possibly malignant 

(by reader 2) and probably malignant (by reader 1) using contrast-

enhanced images. This lesion was metastasis of an adenocarcinoma 

with mucin pool formation. 
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V. CONCLUSION 

The addition of three-phase contrast-enhanced MRI to unenhanced imaging 

did not add significant value to the characterisation of small hypoattenuating 

hepatic lesions at MDCT. Therefore, non-contrast-enhanced MRI without the 

use of gadolinium chelate in patients who cannot receive gadolinium contrast 

agent is still quite effective.   
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< ABSTRACT(IN KOREAN)> 

간외 원발암이 있는 환자군에서 전산화단층촬영상 불분명한 작은 
간 병변의 감별진단에서 MRI의 역할  

 

<지도교수 김기황> 
 

연세대학교 대학원  의학과 
 

백 송 이 
 

목적 : 간 외에 암이 있는 환자에 있어서, MDCT에서 발견된 작은 
낮은 감쇠를 보이는 간 병변을 감별하는데 MRI 가 어떤 역할을 
할 수 있고, gadolinium 을 이용한 역동적 조영 증강 영상이 조영 
전 T1 강조 영상과 T2 강조 영상에 비해 정말 더 효과적인가를 
알아보고자 한다. 

 

연구방법 : 상기 연구는 연세대학교 intritutional review board에서 
심의를 완료 후 진행하였다. 간외암이 있는 183명의 환자에서 CT를 
찍고, MRI를 찍은 경우 2cm보다 작은 병변 346개 (63 전이성, 283 
양성)를 후향적으로 분석하였다. 두명의 영상의학과 의사가 각자 
영상을 분석하고, 각 병변에 대해서 1점 ( 확실한 양성)부터 5점 
(확실한 악성)까지 점수를 매겼다. 통계분석은 receiver operating 
characteristic analysis를 구하였고 민감도, 특이도, 양성 예측치, 음성 
예측치 그리고 정확도를 구하였다. 
 

결과 : 검토자 1의 조영 전 영상에서 ROC값은 0.837, 조영 증강 
영상에서 0.850 (p=0.616)나왔고, 검토자 2의 조영 전 영상에서 
ROC값은 0.771, 조영 증강 영상에서 0.783 (p=0.700)이 나왔다. 
각각의 서술적 통계결과는 다음과 같았다. 민감도 76% & 80%, 
특이도 93% & 95%, 양성예측도 69% & 79%, 음성예측도 95% & 95%, 
정확도 90% & 92%. 
 

결론 : 조영 전 MR 영상에 조영 증강 MR 영상을 더 추가하는 것은 
MDCT에서 보인 작고 낮은 감쇠를 보이는 병변을 감별하는데 
있어서 통계적으로 유의한 차이는 없다. 
 
---------------------------------------------------------------------------------------------- 
핵심 되는 말 : 간외암, 작은 간병변, 조영 전 MRI  


