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Abstract
AIM: To determine the accuracy of 1.5-T magnetic 
resonance imaging (MRI) in the evaluation of gastric 
wall invasion and perigastric lymph node metastasis in 
gastric adenocarcinoma.

METHODS: Twenty resected gastric specimens 
containing 20 tumors were studied with a 1.5-T MR 
system using a commercial head surface coil. MR 
scanning was performed with a T1 weighted image 
(TR/TE = 500/20), and a T2 weighted image (TR/TE = 
2500/90). MR findings were compared with pathologic 
findings.

RESULTS: A T1-weighted image demonstrated three 
layers in the normal gastric wall. All of the gastric tu-
mors were well demonstrated by lesions and location. 
In a MRI findings of gastric wall invasion, there was 
1 case of T1, 7 of T2, 11 of T3. Pathologic results of 
resected specimens included 3 cases of pT1, 4 of pT2, 
and 12 of pT3. The accuracy of T staging with MRI 
was 74% (14 of 19). MRI findings of lymph node me-

tastasis included 6 cases of N0, 13 cases of N1. The 
accuracy of the N staging with MRI was 47% (9 of 
19).

CONCLUSION: MRI has a high diagnostic accuracy 
in the evaluation of the T staging of gastric cancer in 
vitro  and thus potentially enables preoperative histo-
pathologic staging. 
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INTRODUCTION
The preoperative staging workup of  gastric carcinoma is 
performed mainly with computed tomography (CT). CT 
has been a favored method for preoperative evaluation 
and staging in patients with gastric carcinoma[1-3]. Parallel 
advances in CT equipment and scanning techniques have 
reduced scanning time and decreased motion artifacts. 
Simultaneously, rapid Ⅳ contrast administration with 
an automatic power injector has improved contrast 
enhancement of  the gastric wall and gastric cancer. 
Helical CT has advantages over conventional CT, 
including faster scanning time and fewer respiratory 
misregistration artifacts in a single breath-hold[4]. 
However, CT is limited, particularly in the diagnosis of  
lymph node metastasis, peritoneal metastasis, and small 
hematogenous metastasis[5,6]. 

Endoscopic sonography has been reported to be 
the most accurate technique for the T staging of  gastric 
carcinoma because it can define five layers of  the gastric 
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wall. But this technique cannot evaluate other factors 
such as liver metastasis and peritoneal seeding[7]. In 
addition, endoscopic sonography is an invasive technique 
dependent on the operator. 

Magnetic resonance imaging (MRI) has not become 
popular for staging because of  a number of  limitations, 
including motion artifacts, lack of  a stable contrast 
medium, and the high cost[8,9]. However, continuous 
technical improvements have been made in MRI of  
the abdomen, thereby reducing motion artifacts and 
improving image quality. These improvements include 
breath-hold fast imaging techniques, placement of  
abdominal binders, administration of  antiperistaltic 
agents, and the use of  phased array coils[10]. In vitro 
studies using 1-4.7- T MR systems have shown that MRI 
allows the depiction of  gastric wall layers and therefore, 
technically permits the evaluation of  the local tumor 
stage of  gastric carcinomas[11-13]. 

The purpose of  this study was to assess the accuracy 
of  the evaluation of  gastric carcinomas and lymph node 
metastasis in vitro by using gastrectomy specimens that 
were studied with 1.5-T MRI. 

MATERIALS AND METHODS
Subjects
Over a period of  13 mo, a total number of  20 consecutive 
patients with histopathologically proven gastric carcinoma 
underwent subtotal or total gastrectomy. There were 
twenty resected gastric specimens that were obtained from 
the patients who were diagnosed with gastric carcinoma 
histologically by fiberoptic biopsy. The patients underwent 
subtotal or total gastrectomy. They consisted of  fourteen 
men and six women [mean age, 53 years: 34-77 years 
(14 men, 6 women)]. Nineteen subtotal gastrectomy 
specimens and one total gastrectomy specimen was 
obtained and used in this study. 

Specimen preparation
We needed to distend the gastric specimens for MRI. 
During their operations, all the stomachs were not 
opened for the purpose of  this study. To distend the 
stomach of  the specimens, the duodenal resection 
border was sealed with a continuous suture before the 
specimen was filled with saline solution. The specimens 
were then placed in a plastic box that had been filled 
with 5-6 L of  saline solution. 

The proximal portion of  the gastrectomy specimen 
was hanged at the cap by strings. The box was capped and 
placed in the head coil of  a 1.5-T MRI (SMT 1.5 scanner, 
Shimazu Co., Tokyo, Japan). Then the MR examination 
was performed. The study protocol was approved by the 
Institutional Review Board, and agreement was obtained 
from each patient before surgery.

MRI protocol
The MRI obtained in this study was based on the 
following multisection spin echo sequences for T1-
weighted images, repetition time (TR) ms/echo time (TE) 
ms = 500/20, and for T2-weighted images, 2500/90. 

Two numbers of  excitation were applied in this scanning. 
The matrix size was 256 × 256. Slice thickness was 5 
mm and the intersection gap was 1 mm. Field of  view 
was 20 cm. MR scans of  the gastrectomy specimen were 
taken along the axial and sagittal planes. A head coil was 
used for scanning. 

Image analysis
The MR images of  20 resected gastric specimens 
were analyzed by two radiologists (H.S and S.K with 
3 and 10 years of  abdominal CT and MRI experience, 
respectively) in consensus before the results from the 
pathologic examination were available. The number of  
visible wall layers and their specific signal intensity (SI) 
characteristics were examined. Wall-layer correlation 
was made on the basis of  the layer thickness of  the 
visible layers in MRI compared with the ones visible 
in histology. The presence of  a tumor, defined as 
destruction of  the normal gastric wall layers, was noted. 
The tumors were examined for variations in SI. The 
depth of  infiltration was evaluated according to earlier 
publications[12,13]. A normal gastric wall was identified 
as having 3 layers. In terms of  scanning direction and 
degree of  distention of  the wall, a gastric wall that was 
more than 1 cm thick or that showed an abrupt change 
of  pattern from normal to pathologic was considered 
abnormal. The location, gross appearance, size and 
degree of  serosal invasion of  tumors were evaluated. 
Location was classified according to four areas: antrum, 
body, body and antrum, and fundus. Gross appearance 
was classified into four categories by Bormann’s 
classification for advanced gastric carcinoma[14]. T and 
N staging were based on the TNM system developed 
by the American Joint Committee on Cancer (AJCC)[15]. 
Early gastric cancer was evaluated according to the 
Japanese Research Society for Gastric Cancer[16]. The 
degree of  tumor invasion in the gastric wall according 
to the T stage was measured as follows: T1 meant that 
MR showed obliteration of  SI within the thickened 
mucosal layer and second submucosal layer, T2 meant 
that thickening of  the gastric wall and obliteration of  the 
third layer of  muscularis propria, and T3 meant irregular 
SI in the outer margin of  the third layer.

We counted the total number of  lymph nodes 
which were located in the perigastric area. A lymph 
node of  > 8 mm at the short axis was considered to be 
pathologic[17]. N staging of  lymph nodes was performed. 
N0 is defined as no regional lymph node metastasis, N1 
as metastasis in one to six regional lymph nodes, N2 
as metastasis in seven to 15 regional lymph nodes, N3 
as metastasis in more than 15 regional lymph nodes. 
Results of  MR images were compared with findings in 
pathologic specimens and a report made by pathologists.

Histologic preparation
Immediately after the MR examination of  resected 
gastric specimens, the specimens were transferred to the 
department of  pathology. The time interval between 
resection and fixation of  the specimens was 2-3.5 h. 
The pathologist was not informed of  the findings of  
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the MRI. The gastrectomy specimens were cut in planes 
corresponding to MRI imaging planes. The location, 
gross appearance, tumor size, and the histologic depth 
of  invasion were determined for each specimen. 
The gastric carcinomas were staged according to the 
American Joint Committee on Cancer[15]. The diagnosed 
early gastric carcinomas (EGCs) were evaluated[16]. 
Finally, the histopathological staging of  the specimens 
were compared with the staging by MRI. The depth of  
tumor invasion was decided according to the T factor 
of  the TNM classification. Invasion of  the mucosa 
or submucosa is classified as pT1, invasion of  the 
muscularis propria as pT2, and tumor penetration of  the 
serosa as pT3.

All the lymph nodes in the perigastric area of  the 
specimens were counted and examined. Lymph nodes 
were stained with hematoxylin-eosin and examined by a 
light microscope for metastasis. Correlation between MR 
staging of  lymph node metastasis and pathologic staging 
were performed by AJCC protocol[15]. 

RESULTS
SI characteristics of normal gastric wall
On MRI, two to three layers with different SI in the 
normal gastric wall can be depicted. However, there was 

a mainly three-layered structure (multilayered pattern) 
of  the gastric wall by MRI. The inner layer showed an 
increase of  SI and was 1-3 mm thick on the T1-weighted 
images. The second had a lower SI with thickness that 
varied at different sites in the same individual. The outer 
layer showed a slightly higher SI.

On T2-weighted images, the inner and outer layers 
regularly had a low SI, and the middle layer a high SI. On 
the basis of  the comparison, the inner layer corresponds 
to the mucosa, the middle to the submucosa and the outer 
to the muscularis propria and serosal layers (Figure 1). 

Detection of primary tumor
MRI of  gastric carcinoma on resected specimens 
showed as follows: two cases of  Bormann’s type 1 
carcinoma (polypoid type), seven cases of  Bormann’s  
type 2 (ulcerative type), six cases of  Bormann’s type 
3 (ulcerative type with infiltration), and four cases 
of  Bormann’s type 4 (infiltrating type). One case of  
early gastric carcinoma with type IIc was observed, 
whose lesion was seen as a depression of  the mucosa 
with thinning of  the gastric wall on axial and sagittal 
scannings (Figure 2). Gross pathologic findings showed 
tumor lesions as follows; two cases of  Bormann’s type 
1, four of  Bormann’s type 2, nine of  Bormann’s type 
3, four of  Bormann’s type 4. One case of  early gastric 
carcinoma with type IIc was proved upon histologic 
examination.

In terms of  the classification of  gross appearance 
in the nineteen lesions detected as advanced gastric 
carcinoma, the accuracy of  MRI in the Bormann’s  
type classification was 89% (16 of  19). Differentiation 
between Bormann’s type 2 and type 3 lesions was 
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Figure 1  MRI and histology of normal gastric wall. A: T1-weighted (500/20) 
sagittal image of resected gastric wall showed three layers. The inner layer 
corresponds to the mucosa (m) and the middle layer to the submucosa (s). 
The outer layer basically consists of the muscularis propria (p) from which the 
serosa cannot be differentiated; B: T2-weighted (2500/90) MRI showed low 
SI on mucosa and muscularis propria and relatively high SI on submucosa; 
C: Light microscopic section of normal gastric wall obtained from the greater 
curvature site of stomach body showed three layers which are compatible with 
inner mucosal layer (m), middle submucosa layer (s) and outer muscularis 
propria and serosal layer (p) (HE stain; original magnification, × 1).
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s p Figure 2  MRI and histology of early gastric cancer. A: T1-weighted (500/20) 

axial image showed depression of gastric wall and obliteration of submucosal 
low SI (arrows); B: T1-weighted sagittal MRI showed depressed mucosa with 
tumor invasion to submucosa layer (arrows); C: Light microscopic section 
showed depressed mucosa with tumor invasion to submucosa (HE stain; 
original magnification, × 1).
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erroneous in three lesions.
The location of  gastric carcinoma was also identified 

on the MR images. There were nine cases of  gastric 
carcinoma involvement in the gastric antrum, three cases 
in the stomach body, seven cases in the antrum and the 
body, one case involving the entire stomach. Upon gross 
specimen examination, there was no difference between 
them and the MRIs. 

Depth of tumor invasion
Degree of  invasion was evaluated in the nineteen cases 
of  advanced gastric carcinoma (Table 1). MRIs of  
gastric carcinoma in resected specimens showed various 
findings, including thickening of  the gastric wall with 
irregularity in the mucosal SI obliteration, thickening of  
the gastric wall with first and second layer SI obliteration, 
diffuse thickening of  the gastric wall with third layer SI 
obliteration and irregularity with ulceration as well.

T1-weighted images showed intermediate SI in 
regions affected by gastric carcinoma compared to the 
surrounding normal mucosa and muscularis propria 
SI. T2-weighted images showed low SI in the gastric 
carcinoma. Most tumors had a homogenous SI. 
However, in some cases necrosis and calcification caused 
an inhomogeneous SI. It is not possible to differentiate 
between the muscularis propria, subserosa, and serosa. 
The reason for this inability was that we considered 
the subserosa and serosa as being located on the outer 
border of  the joint layer representing the muscularis 
propria, subserosa, and serosa. If  an infiltration was 
visible, the tumor was classified as T2 as long as it did 
not reach the outer border. Penetration of  the external 
margin meant at once infiltration of  the serosa, and 
the tumor was staged as a T3 carcinoma. A tumor 
infiltrating the subserosa without penetrating the serosa 
was still considered T2, according to the AJCC[5]. The 
MRI findings of  gastric wall invasion included 1 case 
of  T1, 7 of  T2 (Figure 3), and 11 of  T3 (Figure 4).  
Pathologic results of  resected specimens included 3 
cases of  pT1, 4 of  pT2, and 12 of  pT3. Differentiation 
between T1 and T2 classifications was not difficult 
in cases displaying a distinction between three layers. 
However, two cases of  pT1 were over staged as T2. One 
case of  pT2 was over staged as T3. Two cases of  pT3 
were understaged as T2. Differentiation between T2 
and T3 lesions was difficult due to the outer muscularis 
propria and serosal layer’s thinness and could not 
always be demonstrated by MRIs. The level of  accuracy 

in determining the T factor according to the TNM 
classification was 74% (14 of  19 lesions).

Regional lymph node metastasis
The lymph nodes presented with intermediate SI on 
T1-weighted images, intermediate SI on T2-weighted 
images. The sizes were measured as being from 0.35 cm 
to 3.5 cm. We counted 34 lymph nodes in the MRIs. 
Only 1 lymph node was measured as less than 0.8 cm 
on its short axis and the other 33 lymph nodes were 
measured as more than 0.8 cm on their short axis. 

One hundred forty lymph nodes were removed from 
19 cases of  resected gastric specimens. The short axis 
of  resected nodes proved malignant upon pathologic 
examination ranging from 0.3 to 3.5 cm. Overall 
metastasis was found in 60 lymph nodes. Degree of  
lymph node metastasis was also evaluated in 19 cases of  
gastric carcinoma (Table 2). MRI findings of  lymph node 
metastasis included 6 cases of  N0, and 13 of  N1 (Figure 5).  
Pathologic findings of  lymph node metastasis included 6 
cases of  pN0, 10 of  pN1 and 3 of  pN2 (Figure 6). Four 
cases of  pN0 were over staged as N1 on the MR images. 
Three cases of  pN1 were understaged as N0. Three cases 
of  pN2 were understaged as N1 and N0. The accuracy of  
N staging by MRI was 47% (9 of  19).

DISCUSSION
Imaging modalit ies, such as CT and endoscopic 
sonography are performed for the staging of  gastric 
carcinoma. However, the accuracy of  staging gastric 
carcinoma is stil l controversial in any diagnostic 
modality and a definitive diagnostic modality has not 
been established yet. Preoperative staging of  gastric 
carcinoma is limited by the fact that available imaging 
modalities do not enable accurate evaluation of  depth 
of  infiltration of  the gastric wall[18-21]. CT imaging is still 
evaluated for gastric wall invasion and staging of  gastric 
carcinoma. However, the results of  CT in local tumor 
staging are also insufficient, particularly because no 
reliable anatomic layer differentiation of  the gastric wall 
can be achieved[20]. Without depiction of  the wall layers, 
a secure distinction between T1, T2 and T3 tumors 
cannot be achieved. Results of  early studies concerning 
CT diagnosis of  gastric carcinoma were encouraging; 
however, findings in later articles were pessimistic 
about the ability of  CT to enable staging of  gastric 
carcinoma[7,9]. Recently, spiral CT has been founded to 
be more accurate than previous CT studies[22,23]. 
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Table 1  Magnetic resonance imaging (MRI) and pathologic 
correlation of tumor invasion in gastric wall

Diagnosis at histologic examination

Diagnosis’ at MR pT0 pT1 pT2 pT3 Total

T0
T1 1   1
T2 2 3   2   7
T3 1 10 11

3 4 12 19

Table 2  MRI and pathologic correlation of lymph node 
metastasis

Diagnosis at histologic examination

Diagnosis at MR pN0 pN1 pN2 Total

N0 2   3 1   6
N1 4   7 2 13
N2

6 10 3 19
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Endoscopic sonography is effective for detection 
of  lymph node involvement in the perigastric area[24]. 
Moreover, Botet et al[7] reported the accuracy of  the N 
factor and overall staging with endoscopic sonography 
to be 78% (39 of  50), which is significantly higher 
to that examined with the conventional dynamic CT 
technique. However, there are limitations to endoscopic 
sonography in the evaluation of  distant perigastric 
lymph node metastasis. Another problem is that 
endoscopic sonography is invasive and the results are 
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Figure 3  MRI and histology of T2 gastric cancer. A: T1-weighted (500/20) 
sagittal image showed diffuse thickening of gastric wall with obliteration of 
mucosa, submucosa and muscularis propria SI in antrum and lower body, 
while preserved outer marginal SI (arrows); B: T2-weighted (2000/90) sagittal 
MRI showed ill defined lesion with minimal increased and same SI compared 
to surrounding normal gastric wall (arrows); C: Light microscopic section 
demonstrate proper muscle invasion of gastric cancer (HE stain; original 
magnification, × 1).
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→→

→→

Figure 4  MRI and histology of T3 gastric adenocarcinoma. A: T1-weighted 
(500/20) sagittal image showed thickening of gastric wall with all three layer SI 
change in lesser and greater curvature site of stomach body (arrows); B: T2-
weighted (2000/90) sagittal MRI showed minimal increase of SI on lesion site 
and poor delineation of gastric wall SI at out layer margin compared to normal 
gastric wall (arrows); C: Light microscopic section showed extension of tumor 
invasion to serosal layer (HE stain; original magnification, × 1).
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Figure 5  MRI of N1 gastric adenocarcinoma. A: T1-weighted (500/20) MR 
image showed single lymph node on lesser curvature site of stomach body 
(arrow); B: T2-weighted (2000/90) MRI showed intermediated signal SI of lymph 
node (arrow).
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Figure 6  MRI and histology of N2 gastric adenocarcinoma. A: T1-weighted 
(500/20) MRI showed two lymph nodes in lesser curvature site of stomach antrum 
(arrows). Eight lymph nodes are detected in total in perigastric area (not shown); B: 
T2-weighted (2000/90) MRI showed intermediate SI in the lymph nodes (arrows); 
C: Light microscopic section showed two lymph nodes in lesser curvature site of 
gastric antrum (arrows) (HE stain; original magnification, × 1).
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highly operator-dependent. 
Interest in the use of  MRI for the staging of  gastric 

carcinoma is increasing, but most clinical studies stage 
the local tumor situation without the differentiation of  
gastric wall layers[4,8-10]. Studies that use depiction of  
gastric wall layers as a basis for local tumor staging and 
lymph node metastasis are rare[13,25].

The high quality of  soft-tissue imaging of  MR sys-
tems enables the depiction of  anatomic wall layers. Auh 
et al[11] studied the gastric wall using an experimental 
4.7-T system whereas Lubienski et al[12] used an ex-
perimental 2.4-T system. Both groups proved that the 
depiction of  gastric-wall layers is technically possible. 
Auh et al[11] depicted 3 layers whereas Lubienski et al[12] 
was able to differentiate 4 layers and correlated them 
to the mucosa, lamina muscularis mucosa, submucosa 
and muscularis propria. Typically 3 gastric wall layers 
are visible. The inner layer corresponds to the mucosa 
and lamina muscularis mucosa and the middle layer to 
the submucosa. The outer layer showed the same SI as 
the muscularis propria in the study of  Lubinski’s et al[12] 
study and therefore mainly consisted of  muscle tissue 
and serosal layers. Palmowski et al[13] demonstrated that a 
reliable depiction of  gastric-wall layers can be achieved 
by a conventional 1-T MRI. As no subserosa and serosa 
could be depicted, it must be presumed that they were 
located on the outer side of  the third layer. So the third 
layer represented the muscularis propria, subserosa, and 
serosa together[13]. We could demonstrate that the inner 
and outer layers as hyperintense and the middle layer as 
hypointense at 1.5-MRI. When the three layers were de-
picted in the gastric wall, the mucosa and the muscularis 
propria were clearly different from the intervening sub-
mucosal layer on T1-weighted images. The distinction 
among the layers is based mainly on the lower SI of  the 
submucosa compared with that of  the mucosa or mus-
cularis propria. The difference between the three layers 
was also depicted in the T2-weighted images. 

In this study, gastric carcinomas appeared as masses 
with destruction of  the normal structure of  the gastric 
wall or diffuse thickening of  the gastric wall and showed 
intermediate SI compared to surrounding normal 
gastric walls on T1-weighted images and low SI on T2-
weighted images. Both sequences were useful for tumor 
localization and complement each other because some 
carcinomas in the study could only be recognized by 
deviating signal behavior in one of  the 2 sequences. 
In our study, signal characteristics of  the carcinoma 
depending on the MR sequence were not analyzed. 
Palmowski et al[13] reported that carcinomas show an 
intermediate SI on T1-weighted images, a low SI on 
T2-weighted images and a high SI on opposed phase 
images. Opposed phase images were not obtained in 
our study, but Dux et al[25] demonstrated that opposed 
phase images show a very high SI in gastric tumors and 
insisted that this was useful for the staging of  gastric 
carcinoma. In this study, the infiltration of  gastric 
carcinoma was correctly defined in 74% of  the cases. 
This was not different from that of  CT images that had 
an accuracy rate of  50%-85% and that of  MR images 

that had an accuracy rate of  73%[4,7,26]. Yamada et al[27] 
reported that gastric specimens that were imaged after 
fixation in formalin and then MR imaged could also 
depict early gastric carcinoma. In this study, one case 
of  early gastric carcinoma was depicted on MRI with 
a shallow depressed wall. This was made possible by 
adequate distention of  the resected stomach with saline. 
To our knowledge, this is the first MRI depiction of  
early gastric carcinoma using gastric specimens without 
fixation in formalin. In this study, unfortunately, cases 
with pathologic T4 were not included because most 
patients who were diagnosed as T4 on preoperative 
imaging studies did not undergo surgery. 

The evaluation of  lymph node metastasis on MRIs 
had some limitation in this study, since the size criteria 
was used only on MRIs and there was no trial of  
contrast enhancement because of  in vitro study of  gastric 
carcinoma. Lymph node borders and signal intensity were 
not also evaluated for diagnosis of  lymph node metastasis. 
But some cases of  lymph nodes showed intermediate SI 
on T1 and T2-weighted images in the tumor infiltration 
region and this was correctly correlated with the histology. 
One-to-one pathologic-to-radiologic correlation on each 
lymph node was not performed in our study. According 
to Dux et al[25] study, lymph nodes showed a high SI on 
opposed phased images. MRI had low rate in depicting 
lymph node metastasis, with an accuracy of  47%. 
However, the result was similar to the other reports[25,27]. 
Further study is needed to increase accuracy in the finding 
of  lymph node metastasis in gastric carcinoma.

In conclusion, the present study demonstrated that 
MRI can reliably depict several anatomical layers of  the 
gastric wall and also MRI of  gastric carcinoma could 
enable accurate diagnosis of  location, gross appearance, 
degree of  gastric wall invasion of  the tumors and 
delineation of  regional lymph node metastasis. A 
clear image of  the tumor can be achieved. Therefore, 
an evaluation of  the local tumor stage of  gastric 
carcinoma and perigastric lymph node metastasis based 
on morphologic criteria is technically possible. This 
study, using a conventional 1.5-T MRI in combination 
with standard sequences, demonstrated the potential 
of  MRI in the staging of  gastric carcinomas. Although 
the result obtained in N-staging was not acceptable, it 
should be explored further. However, we were able to 
show not only MR findings of  gastric wall invasion but 
also perigastric lymph node involvement in the gastric 
carcinoma. The results of  our study cannot, at this time, 
be transferred to clinical practice, because conventional 
imaging acquisition techniques do not provide an 
image quality comparable to that of  those taken of  in 
vitro specimens. Advances in the variation of  sequence 
techniques, as well as application of  ultrafast imaging 
techniques, may in the future allow preoperative staging 
of  gastric carcinomas by MRI.

COMMENTS
Background
The preoperative staging workup of gastric cancer is performed mainly with 
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computed tomography (CT). Magnetic resonance imaging (MRI) has not 
become popular for staging because of a number of limitations, including 
motion artifacts, lack of a suitable oral contrast medium, and the high cost. 
However, continuous technical improvements have been made in MRI of the 
abdomen, thereby reducing motion artifacts and improving image quality.
Research frontiers
MRI has not yet reached clinical importance because of some limitations. 
However, in vitro studies using experimental 2.4-4.7-T MR systems have shown 
that MRI allows the depiction of gastric wall layers and therefore technically 
permits the evaluation of the local tumor stage of gastric cancer. 
Innovations and breakthroughs
MRI in the staging of gastric cancer is not usually applied in clinical practice. Its 
results are the same or inferior to CT in accuracy. There are many MRI in vitro 
and clinical imaging gastric cancer studies. In vitro MRI systems demonstrate 
well gastric wall layers and tumor invasion well and MRI has shown tumor 
invasion and lymph node metastasis in some clinical studies as well. However, 
normal gastric wall depiction and tumor invasion of the gastric wall are 
important to tumor staging, as are demonstrations of perigastric lymph node 
metastasis. The authors studied resected gastric specimens for the accurate 
depiction of normal gastric walls, tumor invasion and lymph node metastasis 
using 1.5-T MRI.
Applications
The study results suggest that MRI could be useful in gastric wall invasion in 
the staging of gastric cancer. However, further study in the staging of lymph 
node metastasis is still needed. 
Peer review
The authors successfully demonstrated normal gastric wall layers and tumor 
invasion in their in vitro study using 1.5-T MRI. The results suggest that MRI is 
a potential diagnostic tool in the staging of gastric cancer. 
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