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Abstract

Objective: To determine the sensitivity of multiple single sections Turbo FLASH MR arterial portography (MRAP) in the
detection of hepatic neoplasms. Methods and Patients: Twelve patients with hepatic mass underwent MRAP prior to hepatic
resection. Findings of MRAP were compared with surgical specimen and intra-operative ultrasonography (US). Results: A total
of 19 separate malignant neoplastic nodules were identified in the resected specimens or intra-operative ultrasonography. The
sensitivity was 89.5% (17/19) for MRAP. MRAP depicted all neoplasms more than 1.0 cm in diameter. Two lesions not depicted
on MRAP had a diameter of 5 and 9 mm, respectively. One lesion identified by MRAP was confirmed to false positive lesion by
intra-operative US. Conclusion: Multiple single sections Turbo FLASH MRAP may be a valuable adjunct for pre-operative
detection of malignant hepatic neoplasms. © 1998 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Magnetic resonance (MR) imaging has shown con-
siderable utility in the evaluation of hepatic neoplasms
[1,2]. A variety of fast MR imagings are now available
for the detection and characterization of liver lesions
[3]. Computed tomography arterial portography
(CTAP) was first introduced by Matsui and co-workers
[4] for the precise detection of malignant hepatic neo-
plasms. Pavone et al. [5] and Soyer et al. [6] reported
the use of multislice FLASH MR imaging during arte-
rial portography (MRAP), which combines the superior
mesenteric artery injection of paramagnetic agent and
MR imaging, in the evaluation of hepatic metastases.

The purpose of this study is to determine the sensitiv-
ity of multiple single sections Turbo FLASH MRAP in
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the detection of malignant hepatic neoplasms, by com-
paring it with surgery and intra-operative ultrasono-
graphic (US) examination.

2. Methods and patients

2.1. Subjects

Twelve patients (nine men, three women), aged 54—
82 years (mean, 64.6 years) with malignant hepatic
neoplasms were planned surgical resection from April
1993 to March 1995 at our institution. All patients were
referred for preoperative CT imaging, Spin Echo MR
imaging and MRAP. All patients underwent partial
hepatectomy after intraoperative US examination. Six-
teen lesions were confirmed in the resected specimens.
Three lesions (one patient) were found outside the area
resected. These three lesions were identified by intra-op-
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erative ultrasound and confirmed by a US guided fine
needle biopsy.

The mean of malignant neoplastic nodules per pa-
tient was 1.6 (range, 1-4) and the mean neoplastic
nodule diameter was 2.45 cm (0.5-7.0 cm). Histologic
diagnoses included hepatocellular carcinoma (eight pa-
tients), and colorectal carcinoma metastases (four pa-
tients). The mean time from MRAP to surgery was 11.7
days (3-32 days). Informed consent for MRAP was
obtained from all patients.

2.2. MRAP

MR imaging was performed with a 1.0-T super con-
ducting magnet (Magnetom 42 SP; Siemens, Erlangen,
Germany). To better evaluate lesion-to-liver contrast,
phase reordering was employed for the Turbo FLASH
sequence [7-9]. Prior to MRI, all subjects underwent
conventional hepatic angiography using a 5-F end-hole
angiographic catheter with no metal parts (Terumo,
Tokyo, Japan). With the tip of the catheter placed into
the superior mesenteric artery (SMA), the patient was
transferred to the MR imaging unit. Multiple single
sections Turbo FLASH MRAP was carried out with
the following parameters: TR, 6.5 ms; TE, 3 ms; TI,
300 ms; interval delay time, 100 ms; flip angle, 8°.
Image matrix size was 128 x 256 in the coronal plane,
using a body coil and the field of view, 500 mm.
Fourteen or 17 sections of 10 mm thickness without
intersection gap were acquired within a single breath-
hold period of 17-20 s. Patients were instructed to hold
their breath during each MRAP series to eliminate
motion artifact. About S s after the start of acquisition,
0.1 mmol/kg of Gd-DTPA (Magnevist®, Nihon Scher-
ing, Osaka, Japan) was injected into the SMA, flushed
with 20 ml saline solution. Injection lasted about 10 s in
all cases. After the injection of Gd-DTPA, the 2nd-6th
consecutive dynamic acquisitions were performed with
10 s interval time.

2.3. Image analysis

Three radiologists (H.U., H.Y., A.K.) evaluated in
conference before surgery, with knowledge of the CT
and MR imaging findings. Lesion size was subdivided
into three categories (< 1.0, 1.0-2.0 and >2.0 cm).
Criteria of hepatic neoplasm based on MRAP imaging
was focal parenchymal perfusion defects. Defects of
any shape other than a peripheral wedge and flat-
shaped defect were considered neoplasms [10]. Perfu-
sion defects around the gall bladder and porta hepatis,
or those of the anterior medial aspect of the medial
segment of left lobe were not considered to be neo-
plasms [11-14]. A focal hepatic malignant neoplasm
visible on MRAP was scored as a true positive lesion
only if it corresponded in location to a lesion found on

the resected specimens or intra-operative US. Nodular
lesions that were depicted by MRAP but not confirmed
by pathologic analysis or intra-operative US were
defined as false-positives. A focal low intensity lesion
on MRAP was scored as a benign hepatic lesions such
as hepatic cysts only if it corresponded in location to a
cysts found on CT or MRL

3. Results

All MRAP studies were successfully performed. Dur-
ing the first portal circulation of the blood containing
the Gd-DTPA, maximum liver parenchymal enhance-
ment was obtained. We evaluated these phase images.
The sensitivity was 89.5% (17/19 malignant neoplastic
nodules) for MRAP (Fig. 1). The percentage of lesions
detected in relation to three categories is listed in Table
1. MRAP depicted all neoplasms more than 1.0 cm in
diameter. MRAP depicted a lesion of 7 mm in diame-
ter, which did not show up with CT or MR imaging.
One lesion identified in Segment 8 at MRAP was
confirmed to be false positive lesion by intra-operative
US. Two lesions missed at MRAP had a diameter of 5
and 9 mm diameters, respectively. Three defects of
peripheral wedge shape in two patients were confirmed
to be pseudolesions by intra-operative US.

4. Discussion and conclusion

The Turbo FLASH sequence enables the acquisition
of an image in a fraction of a second [7]. Usually,
MRAP using multislice FLASH techniques involve ac-
quisition of several slices during each TR [5,6]. This is
advantageous for abdominal imaging, to avoid respira-
tory and peristaltic artifacts. Recently, various data
acquisition schemes of Turbo FLASH imaging have
been proposed to improve contrast between tumor and
normal structures, which is probably the most impor-
tant factor for detection of focal liver lesions.

For sub-second imaging, reordered phase encoding
produced improved image contrast over that of stan-
dard Turbo FLASH [8,9]. To maximize contrast be-
tween lesion and enhanced liver parenchyma in MRAP,
we selected a TI (inversion time) of 300 ms in this
study.

Some investigators have reported about Helical or
Spiral CTAP [15-19]. The reported sensitivities of this
method were 72 [16], 94 [17] and 88% [19]. In this study,
comparison between multiple single sections Turbo
FLASH MRAP and CTAP was not performed. Such a
comparative study was not feasible in our institution
because the conventional CT scanner does not allow for
complete imaging of the whole liver in one breath-hold-
ing period. However, even though CTAP comparative
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(b)

Fig. 1. MRAP images in an 82-year-old man with pathologically confirmed moderately differentiated hepatocellular carcinoma in segment 7 of
the liver (diameter 3.5 cm). (a) MRAP images (6.5/3/300, with 8° flip angle) show significant increase in liver parenchymal signal intensity with
no change in lesional signal intensity (arrow). (b) Delayed contrast enhanced CT image of the same patient.

data was not available, our results clearly indicate that
MRAP is a modality to be seriously considered.
In conclusion, this study demonstrates that multiple

Table 1
Correlation between size of hepatic neoplasms and detectability with
MRAP

Diameter of neoplasms (cm) No. depicted/total no.

<1.0 3/5 (60)

1.0-2.0 5/5 (100)
>2.0 9/9 (100)
Total 17/19 (89.5)

Numbers in parentheses are percentages indicating sensitivity.

single sections Turbo FLASH MRAP is a feasible and
available imaging that can be used successfully. MRAP
would be valuable to the readers with knowledge of the
preoperative CT and MR imaging findings, to know
additional true positive lesions. The choice between
multiple single sections Turbo FLASH MRAP and
CTAP can be determined according to availability of
these imaging techniques.
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