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Abstract:    The objective of this study was to investigate the endosonographic appearance of gastric linitis plastica 
(GLP) and to study the usefulness of endoscopic ultrasonography (EUS) for the T and N staging of GLP. EUS ex-
aminations of 55 patients with histologically proven GLP were retrospectively studied. In all patients, EUS showed that 
lesions involved at least one-third of the circumference of the stomach. Based on the findings of the EUS, the 55 
patients were divided into two groups. There were 32 (58.2%) patients in the first group. EUS of this group showed that 
the five sonographic layers had disappeared and had been replaced by a hypoechogenic thickening of the gastric wall. 
There were 23 (41.8%) patients in the second group. EUS of this group showed that the first three sonographic layers 
were blurred and thickened, and the fourth layer was significantly thickened. The full thickness of the gastric wall was 
significantly thicker in first than in the second group of patients (P<0.01). The incidence of perigastric lesions was 
significantly higher in the first than in the second group of patients (P<0.01). Results for the 15 patients following 
preoperative EUS were compared postoperatively with histopathologic findings for T and N staging. The overall di-
agnostic accuracy of the T stage was 73.3% and of the N stage was 60.0%. In eight patients, we used EUS to assess 
a therapeutic response. No response was observed in five patients and a partial response in three. EUS images of 
GLP are characteristic. EUS is helpful in diagnosing GLP and for assessing the T and N stages. 
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1  Introduction 
 

Gastric linitis plastica (GLP) is defined as a 
gastric cancer of the diffuse histotype (Lauren, 1965) 
that by diffuse infiltration causes thickening and 
stiffening of the gastric wall and involves at least 
one-third of the circumference of the stomach 
(Pedrazzani et al., 2012). There has been a striking 
increase in the incidence of GLP, which has risen by 
more than 400% in the USA since the 1970s (Piessen 
et al., 2009). According to recent Western studies, 
GLP comprises 32% to 70% of gastric cancer cases 
(Alberts et al., 2003; Wu et al., 2009). An increasing 

incidence of GLP has also been observed in China, 
but no epidemiological data are available for GLP in 
China. A high frequency of negative endoscopic biop-
sies makes diagnosis difficult. Endoscopic ultra-
sonography (EUS) is helpful for diagnosing GLP and 
for differentiating other diseases (Andriulli et al., 
1990; Mendis et al., 1994; Songur et al., 1995; Tio, 
1995; Chen et al., 1999; Caletti et al., 2000), but no 
systematic study has been reported. The objective of 
this study was to investigate the EUS features of GLP 
and to assess the usefulness of EUS for T and N 
staging of patients with this disease. 

 
 

2  Materials and methods 
 
A total of 55 patients with GLP were included in 

this study from June 2007 to September 2012 at the 
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First Affiliated Hospital, School of Medicine, Zhejiang 
University, China. All diagnoses were confirmed 
histologically (gastric mucosa specimens were ob-
tained from endoscopy or surgery). The patient group 
was composed of 34 males and 21 females, aged from 
19 to 84 years with a mean age of 61 years. All pa-
tients were undergoing EUS before a clear diagnosis 
was made. 

EUS was performed to determine the status of 
the lesion. A fluid interface is provided by means of a 
water-filled balloon around the transducer or by fill-
ing the stomach with water. In 12 patients, EUS ex-
aminations were performed at 7.5 MHz frequency 
using a radial scanning echo endoscope (Olympus 
GF-UM 2000). In 43 patients, EUS was performed 
with a 12 MHz miniprobe (UM-DP12-25R) passed 
through the operative channel of an endoscope. Two 
EUS experts reviewed the ultrasonic images of all 
lesions, including the location of the lesions, the depth 
of invasion, the maximum thickness of the gastric wall, 
the perigastric lymph nodes and ascites. The lesions 
and the perifocal structures were also investigated. 

Results from the 15 patients following preop-
erative EUS were compared postoperatively with 
histopathologic findings for T and N staging. Tumors 
were staged according to the TNM (tumor-node- 
metastasis) 1997 classification criteria of the Union 
Internationale Contre le Cancer (UICC). 

Lymph nodes with sharp borders and hypoechoic 
structures, and which were >10 mm in size, were 
considered as malignant. Stage N0 denotes no sign of 
metastasis. N+ denotes metastases in perigastric 
lymph nodes. 

Student’s t test was used to compare statisti-
cally the thickness of the gastric wall and the inci-
dence of perigastric lesions between the two groups. 
A P value of less than 0.01 was considered statisti-
cally significant. 
 
 
3  Results 
 

In this study, EUS results of all the 55 patients 
showed that lesions involved at least one-third of the 
circumference of the stomach. Based on the EUS 
results, the 55 patients were divided into two groups 
(Table 1). There were 32 (58.2%) patients in the first 
group. EUS showed that in these patients the five 

sonographic layers had disappeared and had been 
replaced by a hypoechogenic thickening of the gastric 
wall (Fig. 1a). The maximum full thickness of the 
gastric wall ranged from 8.0 to 27.0 mm, with an 
average of (15.2±4.3) mm. Perigastric ascites were 
seen in 8 (25%) and perigastric lymph nodes in 13 
(40.6%) patients (Figs. 1b and 1c). Both ascites and 
lymph nodes were seen in two patients. In total, 
59.4% of patients in the first group had perigastric 
lesions. There were 23 (41.8%) patients in the second 
group. EUS showed that the first three sonographic 
layers were blurred and thickened and the fourth layer 
was significantly thickened (Fig. 2). The maximum 
full thickness of the gastric wall ranged from 8.2 to 
17.3 mm, with an average of (12.2±2.2) mm. No 
perigastric ascites were seen and perigastric lymph 
nodes were found in only two (8.7%) patients. In total, 
8.7% of patients in the second group had perigastric 
lesions. The full thickness of the gastric wall was 
significantly thicker in first group of patients than in 
the second (P=0.0016). The incidence of perigastric 
lesions was significantly higher in the first than in the 
second group of patients (P=0.000136). 

For 15 patients, 9 from the second group and 6 
from the first, the findings from EUS were compared 
with histopathologic assessments of T and N staging. 
The diagnostic accuracy of EUS was 77.8% for T2 
staging and 66.7% for T3 staging. Eleven of 15 GLPs 
were staged correctly and the overall diagnostic ac-
curacy of the T stage was 73.3% (Table 2). Four cases 
were understaged. The diagnostic accuracy of EUS 
was 66.7% for N0 staging and 33.3% for N+ staging. 
The overall diagnostic accuracy of N staging was 
60.0% (Table 3). 

In our study, 38 patients received chemotherapy. 
For eight patients, we were able to use EUS to assess 
a therapeutic response. No response was observed in 
five patients, and a partial response in three. In two 
patients, a reduction in the thickening of the gastric 
wall and in the extent of the lesion was observed. 
Recovery of a layered structure was observed in one 
patient (Fig. 3). 
 
 
 
 
 
 

Table 1  EUS results of two groups 

Group n Thickness of  
gastric wall (mm) 

Perigastric 
lesion (%)

First  32 15.2±4.3* 59.7** 
Second  23 12.2±2.2* 8.7** 

* P=0.0016, ** P=0.000136, comparison between the two groups 
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Fig. 1  EUS findings of the first group 
(a) EUS showed that the five sonographic layers disap-
peared and were replaced by a hypoechogenic thickening of 
the gastric wall; (b) EUS showed ascites around gastric 
wall; (c) EUS showed three perigastric lymph nodes 

(a) 

(b) 

(c) 

Fig. 2  EUS findings of the second group 
EUS showed that the first three sonographic layers were 
blurred and thickened and the fourth layer was significantly 
thickened 

Table 2  Accuracy of EUS preoperative T staging in 15 
patients with GLP 

Pathologic stage EUS 
stage

n 
T2 T3 T4 

Accuracy of 
EUS (%) 

T2 9 7 2 0 77.8 

T3 6 0 4 2 66.7 

T4 0 0 0 0  

Total 15 7 6 2 73.3 

Table 3  Accuracy of EUS preoperative N staging in 15 
patients with GLP 

Pathologic stage EUS 
stage

n 
N0 N+ 

Accuracy of 
EUS (%) 

N0 12 8 4 66.7 

N+ 3 2 1 33.3 

Total 15 10 5 60.0 

Fig. 3  Recovery of a layered structure observed in one 
patient 
(a) Before receiving chemotherapy, EUS showed that the 
five sonographic layers disappeared and were replaced by a 
hypoechogenic thickening of the gastric wall; (b) After the 
12th chemotherapy, EUS showed that the first three sono-
graphic layers were thickened and three-layered structure 
was poorly preserved 

(a) 

(b) 
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4  Discussion 
 

Linitis plastica is a subset of diffuse gastric car-
cinoma. It is characterized by poorly differentiated 
tumor cells that diffusely infiltrate the gastric wall, 
thus provoking reactive fibrosis (Kodera et al., 2004). 
GLP is usually diagnosed by endoscopy with an en-
doscopic biopsy. Because of the predominant sub-
mucosal or muscular infiltration, the positive rate for 
superficial biopsies in GLP patients is low. A tissue 
biopsy can be negative in up to 30% of GLP patients, 
particularly those without mucosal lesions (Carter et 
al., 2008). In our study, all patients had negative en-
doscopic biopsies in the first gastroscopy. Forty-one 
patients were diagnosed by second and twelve by 
third endoscopic biopsies. Two patients were diag-
nosed by surgical biopsy. So, making a diagnosis is 
difficult because of the high frequency of negative 
endoscopic biopsies. The typical endoscopic ap-
pearance is characterized by thickening and stiffening 
of the gastric wall. Because of their similar endo-
scopic appearance, differential diagnosis of GLP 
includes primary gastric lymphoma (PGL), Ménétrier’s 
disease, anisakiasis and gastritis cystica profunda. 

EUS has been shown to be a good tool for the 
definition of gastric wall involvement and for the 
detection of perigastric lesions. It has been reported 
that EUS is helpful for diagnosing GLP. Our study 
showed that GLP has two characteristic EUS features. 
The first is that the five sonographic layers disappear 
and are replaced by a hypoechogenic thickening of 
the gastric wall. The second is that the first three 
sonographic layers are blurred and thickened, and the 
fourth is significantly thickened. In our study, 58.2% 
of patients showed the first kind of EUS feature and 
41.8% showed the second kind. The incidence of 
perigastric lesions and wall thickening in the first 
group was significantly higher than that in the second 
group (P<0.01). The second kind of EUS feature may 
reflect a relatively early stage and the first kind a 
relatively advanced stage of GLP.  

Songur et al. (1995) also reported that there were 
two kinds of EUS features in 15 GLP patients. In their 
study, 66.7% of patients had a thickened gastric wall 
and a well-preserved five-layered gastric wall struc-
ture, and in 33.3% of patients the five-layered struc-
ture had disappeared and the wall had thickened. 
According to our study and previous studies, there are 
three kinds of EUS features reported in GLP patients 

(Songur et al., 1995). 
Although GLP and several other diseases have a 

similar endoscopic appearance, the EUS images of 
these diseases are different. When the second layer 
alone is thickened, Ménétrier’s disease may be one of 
the possible pathologic entities, while when the third 
layer alone is abnormally enlarged, anisakiasis might 
be suspected (Maunoury et al., 1994; Okada et al., 
1994; Songur et al., 1995). The typical EUS appear-
ance of gastritis cystica profunda is an echo-poor, 
multilocular cystic mass in the thickened submucosal 
layer (Béchade et al., 2006). So, from the different 
images we can differentiate GLP from Ménétrier’s 
disease, anisakiasis and gastritis cystica profunda.  

A differential diagnosis between GLP and PGL 
is not easy. Both usually have a low frequency of 
positive endoscopic biopsies. However, the distinction 
between GLP and PGL is very important because of 
their different prognoses. Previous studies showed 
that GLP and PGL could have similar EUS images 
(Songur et al., 1995). Differential diagnosis by EUS 
is difficult, especially at an advanced stage. At an 
advanced stage, both GLP and PGL show the disap-
pearance of the five layers and their replacement by a 
hypoechogenic thickening of the gastric wall. Songur 
et al. (1995) noted that the echogenicity of PGL was 
markedly lower than that of GLP. We also noticed 
this phenomenon. We suppose that the reason is that 
PGL and GLP originate from different tissues. 
Lymphoid tissue has a lower echogenicity than 
epithelial tissue. In our center, we usually compare 
the echogenicity of lesions with that of lymph nodes. 
When the echogenicity of lesions is lower than that of 
lymph nodes, PGL is considered first. When the 
echogenicity of lesions is higher, GLP is considered 
first. In this way, no patients in our study were mis-
diagnosed as having PGL by EUS. However, the 
differentiation between GLP and other diseases on the 
basis of the echo pattern alone is not always possible 
and the final diagnosis depends on histological study.  

EUS was helpful in assessing the T and N stages 
of gastric cancer in previous studies. The accuracy of 
EUS for staging gastric cancer from different studies 
ranges from 64.8% to 92.0% for T staging and from 
50% to 90% for N staging (Tsendsuren et al., 2006). 
In the present study, EUS had a diagnostic accuracy 
of 73.3% for T staging and 60.0% for N staging. 
These accuracies are similar to those from previous 
studies (Tsendsuren et al., 2006). Catalano et al. (1994) 
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suggested that a sharp border and hypoechoic lymph 
nodes indicate malignancy, and some authors have 
suggested that a node greater than 10 mm in diameter 
is considered malignant (Grimm et al., 1993). In our 
study, the diagnostic criteria for a malignant lymph 
node included: a sharp border, hypoechoic structures, 
and a size of >10 mm. Only one (33.3%) malignant 
node in three patients with N+ staging and metastases 
in perigastric lymph nodes in 4 (33.3%) patients with 
N0 staging were confirmed by pathohistological 
findings. Therefore, the differential diagnosis be-
tween benign and malignant lymph nodes according 
to EUS features can be problematic. For these reasons, 
the only safe way to assess the real N stage is to per-
form an EUS-guided fine-needle aspiration biopsy, if 
suspicious lymph nodes are detected. 

In conclusion, EUS images of GLP are charac-
teristic and three kinds of EUS features are found in 
GLP patients. EUS is useful for the diagnosis of GLP 
and for distinguishing between the T and N stages.  
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