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Abstract
AIM: To evaluate the application value of multi-slice 
spiral computed tomography (MSCT) for imaging de-
termination of metastatic lymph nodes of gastric can-
cer and to explore reasonable diagnostic criteria.

METHODS: Sixty patients with gastric cancer under-
went 64 MSCT scans before operation. Gastric cancer 
samples and perigastric lymph nodes were obtained 
after operation, formalin fixation and haematoxylin-
eosin staining. The metastatic conditions of gastric 
cancer and perigastric lymph nodes were determined 
under a light microscope. A total of 605 lymph nodes 
were grouped and assessed according to distribution, 
size, shape and degree of lymph node enhancement. 

Then, the findings were compared with the postopera-
tive pathological results.

RESULTS: Among 605 lymph nodes, 358 were con-
firmed as metastatic, accounting for 59.2%. A total of 
535 lymph nodes were detected in original axis images 
combined with multiplanar reconstruction images of 
MSCT. The metastatic lymph nodes had specific signs 
in computed tomography. This study showed that the 
long diameter of lymph nodes ≥ 8 mm indicated me-
tastasis; the sensitivity and specificity were 79.6% and 
78.8%, respectively. The difference of the mean value 
of lymph node enhancement density ≥ 80 Hu indi-
cated metastasis; the sensitivity and specificity were 
81.6% and 75.6%, respectively. The ratio of short 
diameter to long diameter of lymph nodes ≥ 0.7 indi-
cated metastasis; the sensitivity and specificity were 
85.6% and 71.8%, respectively.

CONCLUSION: MSCT is a non-invasive and reliable 
method for preoperative examination of gastric cancer. 
Sensitivity and specificity for prediction of lymph node 
metastasis are high.

© 2013 Baishideng. All rights reserved.
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Core tip: Gastric cancer is one of the most common 
malignant tumours of the digestive system. In recent 
years, individualised surgical therapy has been applied 
for gastric cancer. This study plan explored the distri-
bution, size, shape and enhancement characteristics 
of metastatic lymph nodes. It also provided a basis for 
determining lymph node metastasis before surgery by 
retrospectively analyzing multi-slice spiral computed 
tomography manifestations of lymph nodes of patients 
with gastric cancer after surgery in the hospital. The 
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findings were compared with the pathological results.
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INTRODUCTION
Gastric cancer is one of  the most common malignant tu-
mours of  the digestive system. In recent years, individu-
alised surgical therapy has been applied for gastric cancer. 
The choice of  reasonable surgical methods for different 
stages of  gastric cancer depends on accurate preoperative 
diagnosis. The traditional diagnostic methods of  gastric 
cancer include gastrofiberscope and barium meal of  the 
upper gastrointestinal tract. However, these two methods 
have certain limitations in the diagnosis of  gastric cancer. 
They cannot clearly display the gastric wall structure, 
and their ability to determine the presence or absence 
of  adjacent organ invasion, distant metastasis and lymph 
node metastasis is limited. Multi-slice spiral computed 
tomography (MSCT) has been used to conduct TM 
preoperative staging among many patients with gastric 
cancer in recent years. Original axial images combined 
with multiplanar reconstruction (MPR) reorganised im-
ages are used to carry out preoperative assessment. The 
assessment includes the location, extent, depth of  inva-
sion of  gastric cancer, relationship with adjacent organs 
and metastasis of  abdominal organs. Satisfactory results 
have been achieved. Research on lymph node metastasis 
of  gastric cancer before surgery has shown that a uni-
fied standard for determining lymph node metastasis by 
MSCT is not available worldwide. Lymph node metastasis 
is a major metastatic mechanism of  gastric cancer. Seto 
et al[1] reported that the rate of  lymph node metastasis 
of  early gastric cancer is 5.7%-29.0%, and the rates are 
0.0%-6.4% and 9.7%-24.3% for early gastric intramuco-
sal carcinoma and gastric submucosal carcinoma, respec-
tively. Yasuda et al[2] showed that the rate of  lymph node 
metastasis of  early gastric cancer is 8.9%, and the rates 
are 2.5% and 17.6% for early gastric intramucosal car-
cinoma and gastric submucosal carcinoma, respectively. 
Okusa et al[3] proposed the concept of  metastatic lymph 
node ratio (MLR). The results of  numerous studies 
worldwide[4,5] have shown that MLR is one of  the inde-
pendent prognostic factors of  survival of  patients with 
gastric cancer, which is closely correlated with the five-
year survival rate of  patients with gastric cancer. Both the 
Union for International Cancer Control (UICC) and the 
Japanese General Rules for Gastric Cancer Study con-
sider that lymph node metastasis is an independent and 
important factor for predicting the prognosis of  patients 
with gastric cancer[6,7]. To date, radical gastrectomy of  

gastric cancer with radical lymph node excision adjacent 
to the stomach has achieved better therapeutic effects in 
the surgical therapy of  gastric cancer[8]. The presence or 
absence of  lymph node metastasis, as well as the degree 
and extent of  metastasis, is directly correlated with the 
choice of  therapeutic methods and prognostic evaluation 
of  patients with gastric cancer, which are primary indices 
for surgical approach selection. Radical excision of  meta-
static lymph nodes has important clinical significance and 
prognostic value in patients with gastric cancer. Radical 
excision of  metastatic lymph nodes may affect the im-
mune function in patients and lead to increased surgical 
trauma, which cannot improve curative effect. Therefore, 
confirming the presence or absence of  lymph node me-
tastasis of  gastric cancer before surgery is important for 
preoperative staging, formulation of  clinical therapeutic 
schedule and prognosis evaluation[9]. MSCT has the ad-
vantages of  rapid scanning speed, high resolution ratio 
and convenient image reconstruction, which can estimate 
lymph nodes by thin-layer scanning and reconstruction 
technique and direct clinical staging[10-12]. The standard for 
determining metastasis of  lymph nodes by enhancement 
characteristics and lymph node size displayed by MSCT 
is the focus of  studies and controversies among many re-
searchers. Too high or too low MSCT staging may appear 
during clinical application because of  different standards 
of  size and morphology of  lymph nodes and different 
sizes of  lymph nodes in different positions[13]. Thus, this 
study plan explored the distribution, size, shape and en-
hancement characteristics of  metastatic lymph nodes. It 
also provided a basis for determining lymph node metas-
tasis before surgery by retrospectively analyzing MSCT 
manifestations of  lymph nodes of  patients with gastric 
cancer after surgery in the hospital. The findings were 
compared with the pathological results.

MATERIALS AND METHODS
Objectives
Sixty patients with gastric cancer who were hospitalised 
in the First Affiliated Hospital of  Jilin University and 
underwent MSCT scanning before operation from Feb-
ruary 2010 to October 2011 were included the study. 
The patients comprised 48 male and 12 female with a 
mean age of  59.5 years (36-78 years). A total of  51 pa-
tients were confirmed to have metastatic lymph nodes 
of  gastric cancer after operation, whereas no metastatic 
lymph nodes were observed in nine patients. The his-
topathological types included poorly differentiated ad-
enocarcinoma (39 patients), moderately differentiated 
tubular adenocarcinoma (17 patients) and signet-ring cell 
carcinoma (4 patients).

Methods
All the patients were asked to fast for 6-8 h before scan-
ning. They were treated with intramuscular injection of  
654-2 (20 mg) and oral administration of  warm water 
10 min before scanning. The patients were scanned in 

5733 September 14, 2013|Volume 19|Issue 34|WJG|www.wjgnet.com

Dai CL et al . MSCT for metastatic lymph nodes of gastric cancer



supine position using 64-MSCT (Siemens, Germany). 
Scanning parameters were as follows: spiral collimation, 
64 × 0.625; thickness of  every layer, 5 mm; interval thick-
ness of  every layer, 5 mm; speed of  bed movement, 12 
mm/s; tube voltage, 120 kV and tube current, 260-320 
mAs. During plain, arterial and venous scanning phases, 
the extent of  scanning was from the lower oesophagus to 
the level of  inferior pole of  kidney, including the whole 
gastric area. During equilibrium phase, the extent of  
scanning was from the diaphragmatic dome to the pelvic 
cavity. Each scan was performed during a breath hold at 
the end of  inspiration. Anconal venous transfusion of  
non-ionic contrast medium (OmniPaque 300 or Ultrav-
ist 300; 80-100 mL) with high pressure injector was used 
during the enhanced scanning. The rate of  injection was 
3.0 mL/s, and the starting times of  arterial scanning, 
venous scanning and equilibrium phases were 25, 35 and 
60 s after the beginning of  injection. After scanning, the 
original data were treated with thin-slice reconstruction (1 
mm; the interval between two adjacent slices was 1 mm). 
The images of  all patients underwent MPR.

Image analysis
Two doctors with years of  experience on abdominal im-
age diagnosis analysed and treated the images. According 
to anatomic sites, original axis images combined with 
MPR were applied to observe various indices of  lymph 
nodes, including distribution, number, size, shape and de-
gree of  lymph node enhancement.

Evaluation of results
Evaluation criteria of  CT signs: The lymph nodes were 
divided into three groups according to the long diameter: 
≥ 5 mm group, ≥ 8 mm group and ≥ 10 mm group. 
Ten points of  non-cystic area in each detected lymph 
node were randomly selected in MSCT. The mean dif-
ference of  CT value during venous scanning phase and 
plain scanning was measured. Then, the lymph nodes 
were divided into three groups according to the degree 
of  enhancement: the difference of  mean value of  en-
hancement density ≥ 100 Hu group, ≥ 80 Hu group 
and ≥ 40 Hu group. The lymph nodes were divided into 
two groups according to the ratio of  short diameter to 
long diameter: ≥ 0.5 group and ≥ 0.7 group.

Pathological criteria
Gastric cancer samples and perigastric lymph nodes were 
obtained after operation, formalin fixation and haema-
toxylin-eosin staining. The metastatic conditions of  gas-
tric cancer and perigastric lymph nodes were determined 
under a light microscope.

Statistical analysis
All the data were analysed using SPSS17.0 software. K 
test was used to evaluate the consistency of  metastatic 
lymph nodes of  gastric cancer between MSCT and post-
operative pathological diagnosis. Kappa coefficient within 
0.71-1.00, 0.41-0.70 and ≤ 0.4 indicated strong, general 

and weak consistencies, respectively.

RESULTS
Comparison of  different long diameters of  lymph nodes 
displayed by MSCT and postoperative pathological results 
for determination of  lymph node metastasis. 

A total of  605 lymph nodes were cleaned up in the 
operation, among which 358 were diagnosed as metastat-
ic by postoperative pathological examination, accounting 
for 59.2%. Original axis images combined with MPR im-
ages found 535 lymph nodes. The lymph nodes could be 
analysed and determined with a group of  lymph nodes 
as a unit in MSCT images because the lymph nodes were 
excised with a group as a unit instead of  surgically oper-
ated, according to the images. A single lymph node could 
not be specifically studied. Thus, the ability of  MSCT to 
determine the specificity and sensitivity of  lymph nodes 
could be improved as a whole in the study. The data from 
the different groups were compared with the pathologi-
cal results. The consistency of  lymph node diameter ≥ 5 
mm and the postoperative pathological results was gen-
eral (K = 0.464). The consistency of  lymph node diam-
eter ≥ 8 mm and the postoperative pathological results 
was strong (K = 0.831). The consistency of  lymph node 
diameter ≥ 10 mm and the postoperative pathological 
results was weak (K = 0.232) (Table 1).

Comparison of  different degrees of  lymph node en-
hancement displayed by MSCT and postoperative patho-
logical results for determination of  lymph node metastasis. 

The consistency of  the difference of  the mean value 
of  enhancement density ≥ 80 Hu and the postoperative 
pathological results was strong (K = 0.849). The consis-
tency of  the difference of  the mean value of  enhance-
ment density ≥ 100 Hu and the postoperative pathologi-
cal results was weak. The consistency of  the difference 
of  the mean value of  enhancement density ≥ 40 Hu and 
the postoperative pathological results was weak (K < 0.40) 
(Table 1).

Comparison of  different ratios of  short diameter to 
long diameter of  lymph nodes displayed by MSCT and 
postoperative pathological results for determination of  
lymph node metastasis. 

The consistency of  the ratio of  short diameter to 
long diameter of  lymph nodes ≥ 0.7 and the postopera-
tive pathological results was strong (K = 0.873). The con-
sistency of  the ratio of  short diameter to long diameter 
of  lymph nodes > 0.5 and the postoperative pathological 
results was general (K = 0.513) (Table 1).

The diagnostic criteria of  metastatic lymph nodes 
in MSCT for patients with gastric cancer included long 
diameter of  lymph nodes ≥ 8 mm, the ratio of  short 
diameter to long diameter of  lymph nodes ≥ 0.7 and the 
difference of  the mean value of  enhancement density ≥ 
80 Hu. Compared with the postoperative pathological 
results, the sensitivities and specificities of  MSCT for de-
tection of  lymph nodes adjacent to the celiac artery and 
lesser curvature were 89.4% and 90.3%, respectively. The 
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study was performed. The long lymph node diameter of  
8 mm was determined as the threshold value of  lymph 
node metastasis after statistical analysis. Compared with 
the postoperative pathological results, the sensitivity and 
specificity were more reasonable.

The degree of  lymph node enhancement is an im-
portant index to determine lymph node metastasis. The 
perigastric lymph nodes have a specific blood supply, and 
this blood supply is abundant when metastasis of  lymph 
nodes occurs. After MSCT enhancement, obvious lymph 
node enhancement is displayed, but the non-metastatic 
lymph nodes exhibit absence of  enhancement or mild 
enhancement. Fukuya et al[19] posited that high density or 
peripheral high density and central low density of  meta-
static lymph nodes of  gastric cancer show moderate or 
obvious enhancement, but non-metastatic lymph nodes 
show no enhancement or mild enhancement. Some re-
searchers believe that CT value ≥ 25 Hu during plain 
scanning phase, CT value ≥ 70 Hu during arterial scan-
ning phase or CT value ≥ 80 Hu during venous scanning 
phase is a criterion of  positive lymph nodes, which can 
significantly improve the diagnostic rate of  lymph node 
metastasis[20,21]. In this study, the consistency of  the dif-
ference of  the mean value of  enhancement density ≥ 80 
Hu and the postoperative pathological results was strong 
(K = 0.849). The sensitivity and specificity were 81.6% 
and 75.6%, respectively. Selecting 80 Hu is recommended 
to determine the threshold value of  metastatic lymph 
nodes of  gastric cancer.

The morphology of  lymph nodes displayed by MSCT 
is also an important index to determine lymph node 
metastasis. Certain exogenous and expansible growth 
characteristics are shown in lymph nodes when lymph 
node metastasis occurs. These characteristics contribute 
to the round or oval morphology of  lymph nodes, and 
the expansible growth of  lymph nodes is not balanced so 
the margin of  metastatic lymph nodes is irregular and ap-
pears blurred. Thus, the morphology of  lymph nodes is 
one of  the references in determining lymph node metas-
tasis by imaging. Fukuya et al[19] posited that the ratio of  
short diameter to long diameter of  lymph node metas-
tasis of  gastric cancer was (0.81 ± 0.15), but the ratio of  
short diameter to long diameter of  lymph node metasta-
sis of  gastric cancer was (0.57 ± 0.15). This study showed 

detection rates of  lymph nodes in the right area of  the 
cardiac orifice and adjacent to the greater curvature were 
57.8% and 45.0%, respectively (Table 2).

DISCUSSION
Tumour-node-metastasis staging system is one of  the 
most commonly used staging systems, and is accepted 
and maintained by the UICC and the American Joint 
Committee on Cancer[14]. Lymph node metastasis is a 
major metastatic pathway of  gastric cancer. The meta-
static rates of  lymph nodes in gastric cancer at early and 
progressive stages are 10% and 74.8%, respectively[15]. 
The lymph node size determines the lymph node metas-
tasis. Lymph node diameter > 10 mm is used as one of  
the criteria to diagnose lymph node metastasis of  gastric 
cancer by MSCT. Some researchers have suggested that 
the lymph node diameter > 5 mm can be used as a crite-
rion of  lymph node metastasis of  gastric cancer[16,17]. Dux 
proposed that all the lymph nodes detected by MSCT 
could be considered as lymph node metastasis. Some 
researchers have considered that the short diameter of  
perigastric lymph nodes > 6 mm or the short diameter of  
lymph nodes adjacent to the stomach > 8 mm should be 
regarded as metastasis[18]. Moreover, other researchers be-
lieve that determining lymph node metastasis by imaging 
is not sufficient because the sensitivity of  revealing small 
lymph nodes by imaging is low. This study selected 5, 8 
and 10 mm (long diameter of  lymph nodes) as threshold 
values of  lymph node metastasis, and then a comparative 

Number of lymph nodes detected by MSCT K value Sensitivity Specificity 

  Diameter of lymph nodes ≥ 5 mm 470 0.464 88.5% 60.1%
≥ 8 mm 317 0.831 79.6% 78.8%
≥ 10 mm 128 0.232 48.6% 93.5%

  Difference of enhancement of lymph nodes ≥ 40 Hu 495 0.397 89.3% 65.5%
≥ 80 Hu 379 0.849 81.6% 75.6%
≥ 100 Hu 197 0.335 53.8% 95.5%

  Ratio of short diameter to long diameter of lymph nodes ≥ 0.5 447 0.513 94.3% 57.3%
≥ 0.7 375 0.873 85.6% 71.8%

Table 1  Comparison of different long diameters of lymph nodes displayed, degrees of lymph node enhancement displayed and 
ratios of short diameter to long diameter of lymph nodes displayed by multi-slice spiral computed tomography and postoperative 
pathological results for determination of lymph node metastasis

MSCT: Multi-slice spiral computed tomography.

  Positions of lymph nodes Specificity Sensitivity

  Right area of cardiac orifice 79.2% 57.8%
  Left area of cardiac orifice 81.3% 73.5%
  Lesser curvature 79.6% 90.3%
  Greater curvature 87.5% 45.0%
  Superior area of pylorus 88.1% 76.7%
  Inferior area of pylorus 78.0% 81.9%
  Adjacent to left gastric artery, common 
  hepatic artery, and arteria coeliaca

83.2% 89.4%

Table 2  Comparison of sensitivities and specificities of meta-
static lymph nodes in different groups displayed by multi-slice 
spiral computed tomography
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that the consistency of  the ratio of  short diameter to 
long diameter of  lymph nodes ≥ 0.7 and the postopera-
tive pathological results was strong (K = 0.873). When 
the ratio of  short diameter to long diameter of  lymph 
node metastasis of  gastric cancer ≥ 0.7 was selected as 
a criterion, the sensitivity and specificity were 85.6% and 
71.8%, respectively. This result showed that the ratio of  
short diameter to long diameter of  lymph node metasta-
sis of  gastric cancer ≥ 0.7 in MSCT is more reasonable 
as a criterion.

The detection rate of  lymph nodes in MSCT is cor-
related with the location of  lymph nodes. Some stud-
ies have reported that the detection rates of  MSCT for 
mesenteric lymph nodes and lymph nodes adjacent to 
the aorta were the highest, followed by the lymph nodes 
adjacent to the lesser curvature and celiac artery. The de-
tection rates of  MSCT for lymph nodes adjacent to the 
ligamentum hepatoduodenale and common hepatic ar-
tery were relatively low, and the detection rate of  MSCT 
for lymph nodes adjacent to the nidi was low[6]. The sta-
tistical results of  the study showed that the sensitivities 
of  MSCT for lymph nodes adjacent to the celiac artery 
and lesser curvature were 89.4% and 90.3%, respectively. 
However, the detection rates of  MSCT for lymph nodes 
adjacent to the right area of  cardiac orifice and greater 
curvature were relatively low, especially the lymph nodes 
adjacent to the greater curvature (45.0%). These results 
were attributed to the lymph nodes adjacent to the lesser 
curvature, which were near the stomach wall. The lymph 
nodes showed soft tissue density; after filling the stom-
ach with water, the lymph nodes were easily foiled. The 
lymph nodes adjacent to the celiac artery were near the 
vessels, and lymph node enhancement and vascular en-
hancement were not significantly co-gradient. They were 
easily distinguished according to density; thus, the sen-
sitivity of  lymph nodes adjacent to the celiac artery was 
high. The perigastric fat content is one of  the important 
factors affecting the detection rate of  lymph nodes by 
MSCT. In this study, the stomachs of  the patients were 
filled after drinking water, thereby reducing the fat ad-
jacent to the greater curvature and surrounding organs. 
This phenomenon caused the surrounding lymph nodes 
not to be displayed, which was one of  the main reasons 
for the low detection rate of  lymph nodes adjacent to 
the greater curvature. In addition, the resolution ratio 
of  MSCT for lymph nodes adjacent to the pancreas was 
relatively low because most of  the patients with gastric 
cancer were elderly. Their pancreas atrophied, showing 
nodositas. The densities of  lymph nodes adjacent to the 
pancreas during plain scanning and enhancement scan-
ning were similar to the density of  pancreatic substance. 
The lymph nodes were easily diagnosed as swelling lymph 
nodes, so determining swelling lymph nodes adjacent to 
the pancreas by MSCT has a certain limitation.

In conclusion, conducting MSCT examination before 
operation among patients with gastric cancer, as well as 
observing and measuring the size, degree of  enhance-
ment and morphology of  lymph nodes, is helpful in 

determining lymph node metastasis before operation. 
The results will provide references for staging of  gastric 
cancer before operation and for choosing a therapeutic 
schedule.
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