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tablishing appropriate therapeutic planning”. Endos-

Introduction copy, barium study and Contrast-enhanced computed

tomography(CT) have been used in the detection of

The prognosis of patients with gastric carcinoma  primary gastric cancer and evaluation of its staging®®.
depends on the lesion's stage and local resectability =~ Endosonography(EUS) is regarded as the most accu-
50, accurate preoperative staging is important in es-  rate preoperative method for local staging of gastric
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carcinoma”® because EUS can depict the normal
gastric wall with five-layered internal structures, the
depth of tumor penetration can be evaluated in de-
tail®®. However, EUS has a limitation in the depth
of field and is operator dependent. In preoperative
staging of gastric cancer, there are several factors oth-
er than T-staging that should be evaluated such as lym-
ph-node and metastasis and peritoneal carcinomatoss.
MRI(magnetic resonance imaging) has recently been
introduced for the staging of gastric cancer”. Initially,
MR imaging was considered to be inappropriate for
the staging of stomach cancer compared with the
CT, mainly due to the difficulty in obtaining clear
images for stomach cancer because of its variable
distensibility, active peristaltic motion and respiration.
However, recent advance of fast MR imaging tech-
nique has allowed obtaining MR imaging during sin-
gle breath hold for several seconds with less motion
artifact. There were a few reported studies that ap-
plied fast MR imaging technique to predict the local
staging of the stomach cancer'®”. At present, there
is no report what is the imaging tool for the accurate
preoperative local staging of advanced gastric carcino-
ma between rapid MR images. So, we performed this
study to evaluate the accuracy of T-staging of ad-
vanced gastric cancer with rapid MRI(with true-FISP).

Materials and Methods

From May 1996 to Mar 1997, 47 patients with a
diagnosis of advanced gastric cancer underwent ab-
dominal CT and MR. There were 33 men and 14
women raging in age from 26 to 68 years(mean + /
~ 8D, 56 + /- 10.3 years). Diagnosis was made by
endoscopic biopsy and surgery in all patients. Forty-
one patients underwent either a total or partial gas-
trectomy depending on their clinical stage and find-
ings at surgery. Remaining six patients had explola-
parotomy or palliative gastrectomy and gastrojejuno-
stomy. In patients underwent gastrectomy, the resect-
ed stomach was submitted for pathologic study, and
the area of the gastric cancer along with the sur-
rounding normal-appearing gastric wall was micros-

copically examined to determine the depth of tumor
penetration.

Pathologic T-staging was based on the interna-
tional TNM Classification' as follows : pT1, tumor
invades lamina propria or submucosal layer ; pT2, tu-
mor invades muscularis propria or submucosa(19 le-
sions) ; pT3, tumor penetrates the subseroa without
invasion of adjacent organs(23 lesions) ; and pT4, tu-
mor invades adjacent organs(5 lesions).

True-FISP(Fast-Imaging Steady-state Procession) se-
quences were used for rapid MR imaging. All pa-
tients were prepared by skipping the meal at least 4
hours before MR imaging in order to empty the sto-
mach. Incomplete emptying of the stomach was ob-
served in seven patients. Before undergoing the MR
examination, the patients drank about 400- 600ml
of spring water for gastric distension with im or iv in-
jection of 20mg of scopolamine(Buscopan, Boehr-
inger Ingelheim, Germany). All imagings were done
in the supine position, and were performed with 1.5
T superconducting magneting unit(Vision, Siemens,
Erlangen, Germany).

True-FISP(Fast-Imaging Steady-state Procession) se-
quence was the true FISP images with repetition time
of 4.7-4.8msec, an echo time of 2.3msec, a flip an-
gle of 70 degree, one acquisition and acquisition time
of 12 sec. The matrix size was 192X 256 rectangular,
and the section thickness was 5mm. The field of
view(FOV) was 248-260%300-330mm, and the
pixel was 1.29-1.35%1.17~1,29mm. We obtained
the nine to eleven images per one sequence with
one breath hold. For the full abdominal scan, we 1su-
ally three or four times of axial scan. Sometime, coron-
al or sagittal scanning were performed.

The MR images were analyzed with the consent
of two radiologist preoperatively. Thickness of the
gastric wall in cancerous and normal portion were ar-
bitrarily classified into 3 groups ; less than 3mm, 3~
7mm, and thicker than 7mm, when measured at the
thickest point on its images. With surgicopathologic
correlation, we observed signal intensities and the lay-
ers in cancerous and normal wall on true-FISP im-
ages. For analysis of the signal intensities of the gas-

- 180 —



tric wall, we used the region of interest(ROI), at
least 1x 1mm’. And it was also measured at the cen-
tral portion of cancerous and normal gastric wall on
FISP images using ROI cursor. Measured signal in-
tensity was expressed as the signal-to-noise ration
(SNR). With measured SNR, we evaluated the diff-
erence between the cancerous and normal gastric
wall by means of statistical method(2-test).

Degree of local invasion of the advanced gastric
cancer seen at MR imaging was classified into MRT
2(clear continued outer low signal intensity line, or
enhanced cancerous portion not penetrating the out-
er low signal line), MRT3(Interrupted outer low sig-
nal intensity line or enhancing cancerous portion pene-
trating the outer low signal line), or MRT4(Continu-
ous extension of the cancerous portion to the ad-
jacent organs with or without interrupted low signal
intensity line)'""?.

T staging obtained from MR imaging was cor-
related with the surgicopathologic specimen.

Results

We could predict gastric cancer by measuring the
thickness of the gastric wall in 34,/47(72%) patients
on FISP(Table 1). But, it is not significant statistical-
ly(p>>0.05, 2-test). The preoperative predictability of

Table 1. The thickness cancerous and normal gastric
wall measured at the thickest portion

Normal wall Cancerous wall
< 3mm 28 7
3-7mm 17 27
> 7mm 2 13

(p>0.05, y-test)

Table 2. Relation between preoperative staging and his-
topathologic staging at T-Factor in AGC

Preoperative T-staging determined
rapid MRI(FISP)

Histopathologic

T-staging mT2 mT3 mT4
pT2 14 5
pT3 3 18 2
pT4 2 3

(p>0.05, y>test)

Fig. 1. Postoperative changes of MPT in thyroplasty type 1
and arytenoid adduction cases(N=22).

Fig. 1. 58-year-old man with advanced gastric cancer(pT2).
Axial image shows a large polypoid tumor(white ar-
rows) at the anterior wall of the lower body with
perigastric lymph node(black arrowhead). On this
MR images, we also found that the outer low sig-
nal intensity band is somewhat interrupted(thin ar-
row), which had erroneouly suggested that the gas-
tric tumor has penetrated the gastric serosa.

Fig. 2. 25-year-old woman with advanced gastric cancer
(pT3). Axial image shows diffusely thickened wali
of the gastric body with protruding-out appearance
{thin arrows), with interrupting the outer low signal
intensity band(arrowhead). -
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MRT determined by true-FISP image were as fol-
lows(Table 2). Preoperative MR T-stagings were well-
correlated with the postoperative pathologic T-stag-
ing, and it is significant statistically(p <0.05, 2-test).
We could predict pT2(Fig. 1) by presence of low sig-
nal intensity band in 14 /19(73.7% on FISP. We
could predict the extraserosal invasion(pT3, Fig. 2)
by the disrupted low signal intensity band or irreg-
ular perigastric margins in 18 /23(78.3%) on FISP.
We could also predict the perigastric adjacent organ
invasion(pT4, Fig. 3) by the tumorous continuation
in 3/5(60%) on FISP.

Discussion

Incremental dynamic or spiral CT of the stomach
with bolus IV injection of contrast medium after in-
take of water have been used for the preoperative
evaluation of the stomach cancer staging. Cho, et al’
and Minami, et al® studied the dynamic CT-deter-
mined tumor T staging with the histopathologic find-
ings with stomach cancer and reported that the ac-
curacy of dynamic CT according in determining the
depth of tumor invasion was 65%, 80% and the de-
gree of serosal invasion was 83%, 80%, respectively.
With spiral CT, Rho, et al” reported preoperative T-
staging of the gastric cancer as 76%. And there have
been few studies about the staging with the MR im-
aging 7-10; some of them showed that the accu-
racy of T staging of advanced gastric cancer with MR
imaging was equal or superior to the results with use
of CT. In this CT studies, the normal gastric wall
showed a two- or three-layered(multi-layered) struc-
ture, which is correspond to an inner mucosal layer
with marked enhancement, an outer submucosal lay-
¢r with lower attenuation, and another outer mus-
cular-serosal layer with moderate enhancement™. Pre-
vious study” performed with contrast-enhanced MR
imaging have been reported that the gastric tumor
was markedly enhanced in all patients. Because the
distribution of gadopentetate dimeglumine(DTPA) in
the body is similar to that of the contrast media us-
ing CT, stomach cancer was strongly enhanced in

earlier period on dynamic and delayed MR imaging.
Normal wall showed two-layered structure in all cases,
on the other hand, the cancerous wall showed two-
(5/46) or three-layered(41 /46)structure with IV Gd-
DTPA administration in our preliminary report.

The detectability of tumors is strongly influenced
by their size, T-staging, enhancing pattern of gastric
wall during dynamic MR images. We could easily de-
tect early cancer(MT1) in cases of elevated lesions by
observing the enhancement pattern and thickness of
the gastric wall(Fig. 1). However, partial volume ef-
fect prevented us from detecting one of four early
cancers that were small(3mm in size).

We also found that early advanced cancer(pT2)
could not be distinguished from early cancer(pT1)
on true-FISP MR images, particularly when the tu-
morous wall representing as a two-layered pattern
was located in regions scanned obliquely, such as the
gastric angle. Therefore, we considered the differen-
tiation between pT1 and pT2 lesion(Fig. 3) to be dif-
ficult with MR image. Previous studies with enhanc-
ed CT*™ reported that an enhanced thickened wall
with low-attenuation stripe, which is probably caused
by edematous change or fat deposit in the submu-
cosal layer, usually did not represent tumor infiltra-
tion. But, on our MR images, we could also observe
middle intermediate-signal layers at the cancerous wall,
in cases of advanced gastric cancer.

Various oral contrast agents have been reported in
gastrointestinal MR imaging. Like CT, water also act
as a negative contrast agent on true-FISP images ob-
tained with the parameters employed in our study be-
cause it depends only on longitudinal magnetization.
In our study, a large amount of spring water was
used to distend the stomach. Water does not produce
susceptibility artifacts and washes out gastric juice at-
tached to the gastric wall and is also safe. Thus, the
water-filling method have been thought to be ap-
propriate for gastrointestinal MR imaging’.

In the previous report, the normal gastric wall thick-
ness was variable, less than 5— 10mm, when stomach

1012

is well-distended by air or water®'™? and relative ear-

ly enhanced with IV contrast material on CT?'9,
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In our study, the definite cut-off thickness between
the normal and cancerous gastric wall did not existed,
because the gastric wall could not be sufficiently dis-
tended by 600cc spring water occasionally. In ad-
vanced gastric cancer invading beyond the muscularis
mucosa, the infiltrated wall is well visualized with
MR imaging as a thickened area and can be easily
demarcated from normal wall.

The primary benefit of MR imaging has been re-
ported to be visualized the low-signal-intensity band
occurring as a chemical shift or a phase cancellation
artifact between fat and water'®. The signal intensity
of this band is lower than that of the gastric wall or
fat in the perigastrium, and its width is nearly con-
stant. Based on our result, the interrupted low-signal-
intensity band on MR can be observed in gastric
cancer with extraserosal invasion(pT3), which is cor-
responding to previous report'. And, the enhancing
tumorous area through the low-signal-intensity band
will be the additional finding to predict the T3 stag-
ing of the advanced gastric cancer(Fig. 2). In one pa-
tients(Fig. 1), however, extraserosal invasion was ab-
sent, even in the presence of interrupted low-signal-
intensity band with well-enhanced outer layer. In gas-
tric cancers associated with perigastric inflammation,
the degree of serosal invasion were overestimated be-
cause of strong enhancement of the inflammatory le-
sion in previous study™.

We can readily diagnose perigastric organ invasion,
especially pancreas, because of the obscuring fat sig-
nal between stomach and perigastric organ(Fig. 4). In-
vasion of the transverse colon was also readily diag-
nosed by subsiding the peristalsis by the IV Buscopan
and breath-holding technique. Invasion of the left
lobe of the liver could be predicted by observing the
interrupted low signal between liver and stomach,
which is the phase cancellation artifact.

In summary, with disrupted low signal intensity
band or irregular perigastric margin on rapid MR,
especially FISP and enhanced FLASH sequences, T3
staging can be preoperatively predicted in advanced
gastric cancer.
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