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Abstract

Introduction. Imagistic examinations have an essential role in the assessment of gastric cancer both in earlier and advanced stages.
Among these, endoscopic ultrasound (EUS) especially contributes to the diagnosis by direct visualization of the tumor and to the staging
and prognosis assessment through the evaluation of the gastric wall and regional lymph nodes. Computer tomography (CT) examination
also has an important role, especially in advanced stages, in the assessment of the prognosis, contributing to TNM staging. The aim of this
study is a comparative assessment of tumor invasion degree by these two imagistic methods and the correlation of the imagistic diagnosis
with histopathologic assessment results on surgical specimens. Materials and Methods. The basis of the study was represented by a group
of 38 patients with gastric carcinoma investigated both by endoscopic ultrasound and computer tomography from which 15 cases with
surgical excision of the tumor followed by microscopic examination were selected. Studied material was represented by: patients’ medical
charts, registers for ultrasound endoscopy and CT investigation, endoscopic and CT images, surgical excision samples and pathology
reports. Tumor fragments were processed by classical histological techniques (fixation and paraffin wax embedding) and staining (HE).
Results. Comparing the CT examination with ultrasound endoscopy results showed that CT examination overestimated the invasion grade
of the gastric wall (T) but accurately defined the grade of lymph node invasion (N) and metastases (M). Comparing the results of
ultrasound endoscopic examination with those from histopathological examination showed that the first method underestimated the grade
of invasion of the gastric wall (T) while the latter correctly defined the grade of lymph node invasion (N) and metastases (M). Comparing
CT examination results with histopathological ones showed that CT overestimated both the grade of invasion of the gastric wall (T), lymph
node invasion (N) and metastases (M). Conclusions. In the preoperative assessment of the invasion stage of gastric carcinoma (TNM),
ultrasound endoscopy is the elective imagistic investigation for predicting the grade of invasion of the gastric wall while CT examination is a
more accurate assessment of lymph node extension and metastases, the precise definition of invasion stage being only the result of
histopathological examination on surgical specimens.
Keywords: gastric carcinoma, computed tomography, endoscopic ultrasonography, histopathology, TNM.

 Introduction
Gastric cancer is one of the most frequent cancers
worldwide, occupying the fourth place in terms of
general frequency and the second place, after pulmonary
cancer, in terms of mortality, despite improved advances
during the last decades in understanding its epidemiology, pathology and pathogenesis [1].
The survival in resectable gastric cancer is influenced
by two important factors: the depth of tumor invasion
within the gastric wall and the presence or absence of
regional lymph node metastases [2]. By adding the
identification of distant metastases to these two factors,
the TNM staging system was developed which still
remains the most reliable and most important instrument
of prognostic assessment in clinical practice [3].
That is why, in time, many efforts were made to
create and improve some methods for a more precise

assessment of the three parameters of the TNM system.
The most spectacular achievements were obtained in the
field of imagistic investigation.
One of the techniques that has imposed itself in
the last years is the ultrasonographic investigation of
the digestive tract, reported for the first time in 1976
by Lutz HT and Petzoldt R [4], and then in 1980
by Morgan CL et al. [5]. After fine changes and
adjustments of the devices used for gastrointestinal
ultrasonography, the lamellar structure of digestive tract
begun to be discussed so that, at the present day,
endoscopic ultrasonography (EUS) is a minimal
invasive method, and in the same time accurate, the
second after histological examination, allowing the
assessment of tumor infiltration in the gastric wall and
metastases in adjacent organs [6, 7]. EUS is beneficial
especially for the diagnosis of intraparietal tumors
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covered by normal mucosa, invisible in classic
endoscopy, as well as for the visualizing of anatomical
structures lying beyond the limit of the endoscopic field
that might lead to complications during endoscopic
treatment (large blood vessels within a polyp). In the
same time, EUS facilitates an accurate biopsy of
intraparietal pathologic formations leading to precise
staging of tumor invasion within the depth of the gastric
wall (T stage) and, finally, to the assessment of tumor
resectability [7–11].
Multispiral CT offers many conveniences for
gastrointestinal tract imagistic investigation first of all
by the assessment of local pathological processes. The
usage of narrow focusing makes possible gastric
imagistic investigation and allows the 3D visualization
by putting together the high-resolution serial sections.
Gastric wall assessment requires adequate distension of
the stomach using water as negative contrast agent. The
injection techniques of a proper contrast agent allow a
better differentiation of tumor tissue from normal
mucosa. By comparison with EUS, CT may accentuate
not only structures in close proximity to the stomach,
but also regions far away from it which could be
potential sites for dissemination such as para-aortic
lymph nodes or other abdominal and extra-abdominal
organs (liver, peritoneum, lung, adrenal glands, kidneys
or the brain) [2, 12, 13].
In histopathologic investigation also, the data
gathered in time generated a great variety of classification systems for gastric carcinomas, including the
Laurén system (1965), the Ming system (1977), the
Goseki system (1992) or, more recently, the WHO
classification system [14–17]. Their appending and
probation in current clinical practice proved that many
of these systems have a limited clinical signification,
with only the Lauren system and perhaps Goseki’s one
offering credible prognostic assessments [3]. Among
all these systems, the one which proved it’s availability
in clinical practice was the TNM staging system
for gastric cancer adapted for histopathological
examination, according to the guidelines established by
the International Association Against Cancer [18].
Starting from these premises, the goal of the present
study is to compare the results of CT and EUS
assessments for the invasion of gastric tumors detected
by endoscopic examination, followed by their correlation
with those obtained by histopathology in patients who
underwent surgery.
 Materials and Methods
Patients included in this study were selected from a
first group of 119 cases, which underwent endoscopic
examination between 2003 and 2006 in the First
Medical Clinic – Gastroenterology Emergency of
County Hospital of Craiova for clinical symptoms
suggestive of gastric neoplasia. These patients were
indexed from “1” to “119”, in chronological order,
based on the endoscopic examination.
The inclusion criteria for the patients in the studied
group and subgroups were:
▪ Histopathological diagnosis of gastric cancer on

the gastric biopsy sampled during endoscopic examination;
▪ The type of morphologic examination that was
performed.
The criteria for ruling-out the patients from the
studied group and subgroups were:
▪ The patient’s refusal to undergo the investigation
algorithm;
▪ Contraindication for applying different steps of the
investigation algorithm.
Thus, the following study groups were defined,
according to the type of morphological investigation:
▪ Group 1 – 40 patients who underwent EUS;
▪ Group 2 – 41 patients who underwent CT;
▪ Group 3 – 26 patients who underwent surgery in
the surgery departments of the same hospital following
their admission, followed by histopathological examination of the surgical samples (S).
Two more groups of patients were subsequently
selected from the previous three in order to compare the
results of the assessment of different components of the
TNM invasion score, namely:
▪ Group 4 – 38 patients selected from Groups 1 and
2 which were assessed both by EUS and CT;
▪ Group 5 – 15 patients selected from Groups 1, 2
and 3, assessed by all three morphological methods:
EUS, CT and histopathology.
For the above-mentioned groups the patients were
assigned the same numbers as in the initial 119 patients
group.
The studied material was represented by:
▪ Patients’ medical charts;
▪ Pathology reports;
▪ EUS images;
▪ CT scans;
▪ Surgical samples from patients who underwent
surgery.
The study was structured in four sections:
▪ EUS results analysis;
▪ CT results analysis;
▪ Histopathology results analysis;
▪ Comparison of results obtained by these three
methods of morphological investigation.
Database files with all the parameters taken into
consideration were created for the gathering of the data
using the Microsoft Access module of the Microsoft
Office XP Professional software package. These
parameters were:
▪ Invasion into gastric wall (T, pT);
▪ Invasion in regional lymph nodes (N, pN);
▪ Metastases (M, pM).
T, N and M are the three component criteria of the
WHO system used for the assessment of any tumor
proliferation, while “p” designates the histopathologic
assessment according to each of these criteria.
Upper EUS was performed using a linear ultrasound
endoscope attached to the Olympus video endoscopy
lines and to an ALOKA PRO SOUND 4000 SSD
ultrasonograph. The examination technique used the
endoscopic image for transductor positioning in the
proximity of the lesion. For discharging the air between
the transductor and the lesion, we used the “balloon”
method and water instillations.
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By linear gastric EUS, cranial structures were seen
on the left side of the screen, and caudal ones on the
right side. During gastric examination, the main
anatomic landmark was the descendant aorta placed in
front of the spine.
Patients assessed by EUS were informed regarding
the investigation objectives, being selected from those
who accepted surgery and did not have CT contraindications. In this way, we obtained the informed
consent. These patients were sedated during the
examination using adequate quantities of Midazolam,
assuring in the mean time a venous line.
CT examination was performed with an AURA
PHILIPS spiral CT scanner with one spiral and the 3D
reconstruction capacity.
The exclusion criteria for CT investigation were:
▪ Allergy to any substance detected in the patient’s
history;
▪ Presence of N retention regardless of cause,
detected by creatinin and urea levels within maximum
24 hours before the investigation;
▪ Severe status of the patient with associated
pathology which meant an investigation risk or the
inability for subsequent surgery: severe cardiac failure,
severe renal disease, multiple myeloma, unbalanced
thyroid disease, asthma;
▪ Claustrophobia.
Selected patients were informed about the type of
investigation – invasive and radiant, and CT examination was performed under the following conditions:
▪ Patients were assessed, after a 10 hours fasting;
▪ Drugs based on bismuth and any kind of barium
administration were excluded from the treatment within
a minimum of four days before CT examination;
▪ In patients with neurological disorders neuroleptic
and antidepressant medications were ceased within
48 hours before the examination;
▪ In diabetic patients Metformin therapy was replaced
three days before the investigation with Glibenclamid,
Gliclazid or Glimepirid therapy due to the increased risk
for antagonistic reactions in association with iodine
substances.
For highlighting the gastric lumen, we used
Gastromiro in oral administration as contrast substance,
just before the examination (20 mL diluted in 500 mL
of water).
For the assessment of microscopic parameters we
used gastric tissue fragments from surgical excision
samples which were processed by the classical histological technique (fixation in 10% buffered formalin and
paraffin embedding) and stained with Hematoxylin–
Eosin.
The histopathologic aspects were selected with an
Olympus CX31 microscope, using the ×4 eye-piece.
For image acquisition we used the ×4, ×10, ×20 and ×40
plan apo objectives. The most significant images were
captured with a LiveViewPro digital camera, directly
into the computer and further processed using the
AnalySIS Pro software and the FotoCanvas Lite v1.1
module from the ACDSee 4.0 software. Data processing
was performed using the Microsoft Excel module from
the Microsoft Office XP Professional software package.
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The classic four stage EUS classification was used
for the assessment of local invasion within the gastric
wall in the case of endoscopic results [7], as well as the
WHO classification for pTNM staging [18] (Table 1).
Table 1 – The assessment of gastric wall layer
invasion
Gastric wall layer invasion
Mucosa
Submucosa
Muscular layer
Subserosa or/and serosa
Peri-gastric structures

Histology
pT

EUS
Stage
Code

pT1

M
SM
MP
SS
SE

TI
T II
T III
T IV

pT2
pT3
pT4

Malignancy criteria for lymphadenopathy revealed
by EUS were:
▪ Size larger than 1 cm;
▪ Round shape;
▪ Smooth edges;
▪ Hypoechogenous aspect.
 Results
Endoscopic ultrasound (EUS) study
EUS allowed the assessment of the three important
morphological parameters belonging to the TNM
staging system for neoplasms, namely gastric wall
invasion (T), regional lymph node invasion (N) and,
somehow, distant metastases (M).
Assessment of gastric wall invasion

Almost two thirds of the cases assessed by EUS
showed partial disruption of the hyperechogenous layer
“5” corresponding to the sub serous space and peritoneal
serosa, by a hypoechogenous area which did not extend
beyond the gastric wall (Table 2 and Figure 1b), aspect
corresponding to the stage III invasion of the “T”
staging, in other words, tumors which invaded the entire
gastric wall but with no extension beyond the serosa.
Table 2 – Case distribution according to gastric wall
invasion (T)
T stage
Code M
Type I
Code SM
Type II (Code MP)
Type III (Code SS)
Type IV (Code SE)
TOTAL

No. of cases
3
5

8
5
25
2
40

%
20
13
62
5
100

In eight cases, representing one fifth of all cases
investigated by EUS, the invasion stage was T1. In three
of these, the hypoechogenous defect extended only until
the finely hyperechogenous area detected in the second
layer (muscularis mucosae), thus suggesting that the
malignant proliferation was localized strictly within the
gastric mucosa (Table 2).
In a third group made of five cases, the hypoechogenous defect obviously disrupted the entire “third”
hyperechogenous layer (sub mucosal layer), without
involving layer “5”, aspect which corresponds to the
second stage of tumor invasion – T2 (Table 2 and
Figure 1a).
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Finally, in two cases, the hypoechogenic totally
disrupted the “5” hyperechogenic layer, also extending,
with imprecise edges, into the adjacent tissues.
In one case, the tumor extended to left hepatic lobe
(Figure 1c).
In the other case, diagnosed as plastic linitis due

Figure 1 – EUS aspects of the main stages of gastric
wall invasion (T) of studied gastric carcinomas.
Assessment of regional lymph node invasion

The status of gastric satellite lymph nodes was
assessed and noted for all the cases investigated by
endoscopy.
Lymph nodes larger than 1 cm, hypoechogenous or
round rather than elliptic nodes were considered as
being affected (Figure 3).
In more than one third of the cases, there were
between one and six peri-gastric lymph nodes per case,
under 3 cm away from the parietal tumor mass, showing
out at least one malignant criterion (Table 3).
In descending order of the frequency, these
were followed by the group with invasion in more
than 15 satellite lymph nodes, including the intraabdominal ones which can not be surgically removed
(such as para-aortic, retroperitoneal or mesenteric),
accounting for one quarter of the cases with EUS
examination. Finally, there was another group of
cases with invasion of satellite lymph nodes at more
than 3 cm from primary tumor margins or situated
on the left gastric, common hepatic, splenic or celiac
arteries.

to the absence of peristaltic activity and rigidity
of the mucosa observed at endoscopic examination
(Figure 2a) and the thickening of all the wall layers
observed at EUS examination (Figure 2b), the extension
took place within the wall of the transverse colon
(Figure 2c).

Figure 2 – Plastic linitis: endoscopic (a) and EUS
aspects (b and c).
Table 3 – Cases distribution regarding
lymph nodes invasion grade (N)

regional

N stage

No. of cases

%

N0
N1
N2
N3
TOTAL

8
15
7
10
40

20
37
18
25
100

In eight of the cases assessed by EUS (1/5 of the
cases), there was no evidence of neoplastic invasion in
satellite lymph nodes.
Assessment of distant metastases

Regarding the assessment of distant metastases from
tumor of the gastric wall, EUS has limited value,
allowing identification of secondary tumors only in two
sites: hepatic parenchyma, in a direct manner, and peritoneal serosa, in an indirect manner by identification of
ascities Only six of the cases assessed by EUS showed
secondary disseminations in those two sites (Table 4).
Table 4 – Case distribution depending on assessment
of long distance invasion
M stage
Recorded
Not recorded
TOTAL

No. of cases

%

6
34
40

15
85
100

In three of this cases, we found metastases into the
hepatic parenchyma, and in the other three cases, ascites
was present.
CT study
Figure 3 – Adenocarcinoma of the great curvature:
(a) Peritumoral lymph nodes no larger than 2.5 cm;
(b) Hypoechogenous area extended into the gastric
wall until the serosa (T3).

In the CT study, the three morphological parameters
that were followed up were the same as those
underlying the TNM staging system for malignant
neoplasms.
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Assessment of wall invasion

As CT investigation is concerned, almost 2/3 of the
cases met the imagistic criteria for including tumor
proliferations into T4 stage of invasion, that is the tumor
extended beyond the gastric wall into the adjacent tissue
structures (Table 5 and Figure 4).
Table 5 – Case distribution according to the gastric
wall invasion (T)
T stage

No. of cases

%

T1
T2
T3
T4
TOTAL

1
8
6
26
41

2
20
15
63
100

Figure 5 – Carcinoma in the antrum – stage IV:
regional lymph node involvement by the tumor;
metastasis in left hepatic lobe, ascitis.

In eight CT assessed patients, regional lymph nodes
showed no signs of malignancy, being included in the
N0 stage.
Assessment of distant metastases

Over half of the 41 CT investigated cases had no
distant secondary tumors (Table 7).
Table 7 – Case distribution
assessment of metastases (M)

Figure 4 – Carcinoma in the antrum – stage IV:
extension in the left hepatic lobe, involvement of
regional lymph nodes, ascites.

Then, in descending order of the frequency,
these were followed by cases in T2 stage with limited
tumor invasion in the muscularis or subserosa, with
imprecise external margins. Sometimes, in some cases
we could observe small linear fascicles extending into
the peri-gastric adipose tissue. Finally, the third
significant group included cases with CT images of
invasion of all gastric wall layers. In the group,
which benefited from CT assessment, there was only
one case corresponding to stage T1 of invasion, namely
one 70-year-old patient in whom the endoscopic
investigation showed the presence of a pre-pyloric
ulceration.
Assessment of regional lymph node invasion

Regarding the assessment of the malignant process
extension in regional lymph nodes, almost 1/3 of cases
showed between one and five lymph nodes with at least
one CT criteria for malignancy, being included in the
N1 stage. The other groups included patients in N2
stage with 6–15 lymph nodes, which fulfilled at least
one of the CT criteria for malignancy, and patients in
N3 stage with more than 15 regional lymph nodes
involved (Table 6 and Figure 5).
Table 6 – Case distribution according to the
assessment of regional lymph node invasion (N)
N stage

No. of cases

%

NX
N0
N1
N2
N3
TOTAL

2
8
13
10
8
41

5
20
31
24
20
100

according

to

the

M stage

No. of cases

%

MX
M0
M1
TOTAL

6
21
14
41

15
51
34
100

Secondary tumors were detected in 14 patients.
From these, four patients had hepatic metastases
(Figure 5) and four had peritoneal metastases.
TNM stage assessment

As expected, the high percentage of tumors in stages
III and IV of invasion – 78%, the similar percentage of
cases with lymph node invasion – 75%, as well as the
significant percentage of cases with metastases – 34%,
lead to the delineation of a major group of patients
representing 2/3 of CT investigated cases which met the
criteria for stage IV TNM, in other words, the subgroup
which benefited from CT assessment was generally
made up of patients with severe conditions.
Table 8 – Case distribution according to TNM
staging performed by computer tomography
TNM stage

No. of cases

%

1
7
3
3
1
26
41

2
18
7
7
2
64
100

Stage I A
Stage I B
Stage II
Stage III A
Stage III B
Stage IV
TOTAL

Histopathologic study
Although the group of patients who underwent
surgery was smaller, only 26 cases, the fact that we had
the opportunity to process more samples from the same
case, larger than the biopsy samples, allowed a more
detailed morphologic analysis of tumors and especially
of local and regional invasion.
Assessment of wall invasion

Only in one 66-year-old patient who had a polypoid
tumor in the gastric corpus, histopathologic examination
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of the surgical sample revealed an extension of the
tumor invasion front only until the submucosal layer
(Figure 6). The rest of the surgically removed tumors
were extremely invasive (Table 9).
Thus, in seven cases, tumor invasion involved the
muscular layer (Figure 7). However, the argument in
favor of tumor aggressiveness is sustained by the fact
that almost 70% of the tumors reached the last gastric
wall layer and more than 1/3 of them extended beyond it
(Figures 8 and 9).

Table 9 – Case distribution according to the invasion
of the gastric wall (pT)
pT stage

No. of cases

%

pT1

1

3.8

pT2

7

27

pT3

9

34.6

9

34.6

26

100

pT4
TOTAL

Figure 6 – pT1 stage: mucosal (blue arrows) and submucosal invasion (red arrows) (MM = muscularis mucosa)
(tubular carcinoma).

Figure 7 – pT2 stage: muscular layer invasion (a: tubular carcinoma; b: undifferentiated carcinoma; c: “signet-ringcell” carcinoma).

Figure 8 – pT3 stage. Subserosal invasion – black
arrows: peritoneal serosa (“signet-ring cell” carcinoma
– blue and red arrows).

Figure 9 – pT4 stage. Invasion of the peri-gastric
adipose tissue.
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Assessment of the regional lymph node invasion

Another element in favor of tumor aggressiveness
was the extension of malignant proliferation, via by
lymph vessels, towards regional lymph nodes.
This was observed in 2/3 of the patients. In half of
the cases lymph node metastases involved in one to six
lymph nodes along the lesser curvature curvature, at less
than 3 cm from the tumor (Table 10).
Table 10 – Case distribution according to regional
lymph node invasion
pN stage
pN0

No. of cases
9

Assessment of distant invasion

Although, as previously mentioned (Tables 9 and
10), most of the surgically treated tumors showed an
aggressive and expansive local and regional phenotype,
distant dissemination was reported in only one case
(Table 11), namely a 50-year-old female from the rural
area.
Table 11 – Case distribution according to distant
dissemination
pM stage

No. of cases

%

%

pM0

24

92

35

pM1

1

4

49

pMx

1

4

26

100

pN1

13

pN2

3

4

pN3

1

12

26

100

TOTAL

355

Secondary proliferations within the regional lymph
nodes showed, most of the times, an extensive pattern
within the lymph node parenchyma (Figure 10 – red
arrows), with destruction of normal scattered follicles,
(Figure 10 – blue arrows) beneath the lymph node
capsule (Figure 10 – black arrows).

TOTAL

In this patient, a large size (5.5 cm) fungating antropyloric tumor was observed during surgery.
Although regional dissemination was observed in
only four of the lymph nodes from the lesser curvature
near the tumor (N1 stage), secondary tumors were
identified in the hepatic parenchyma.
In this case, the aggressivity might be justified by
undifferentiated morphological aspect of the cells and
tumor architecture, as well as by the secreting pattern of
the tumor cells.
Harder to explain is the absence of metastases in
another case, a 30-year-old woman who showed a big
infiltrating and ulcerated tumor (6 cm) on the lesser
curvature, and macroscopic morphologic changes in
many regional lymph node groups, including celiac
lymph nodes, in 26 of them showing microscopic
metastases.
TNM stage assessment

Figure 10 – Tumor invasion within a peri-gastric
lymph node.

Sometimes, the tumoral phenotype was aggressive
enough to destroy the lymph node capsule and to extend
the tumor invasion front into the connective-adipose
tissue surrounding the lymph node (Figure 11).

Because of local extension and regional lymph node
dissemination, the majority of studied and surgically
treated tumors had high scores in the TNM staging
system. Thus, even though distant metastases were
encountered only in one case, one third of all patients
were in the fourth stage and another third were in 3A
stage (Table 12).
Table 12 – Case distribution according to TNM stage
pTNM stage
1A
1B

1

No. of cases
1
4

5

%

5

2
3A
3B

3
4
TOTAL

19
8
0

8
8
26

4
15

19

31
0

31
31
100

 Discussion
Figure 11 – Tumor invasion expanding beyond the
lymph node capsule.

This extension by extracapsular contiguity is one of
the factors, which can explain the increased lymph node
size, observed both on endoscopy and CT images, and
during surgery.

CT vs. EUS assessment
Local invasion – T criterion

The assessment of gastric wall invasion (T criterion)
concurred between the two types of imagistic investigation in eight patients representing 21% of all the cases
studied (Tables 13 and 14).

D. Ghiţă et al.

356

Table 13 – Correlative distribution of local tumor
invasion grade by EUS and CT

T stage
EUS

T1
T2
T3
T4
Total

T stage CT
T3
T4

T1

T2

1

5
2
1

1
3

8

4

1

Type of CT diagnosis
Total
6
5
25
2
38

2
21
2
25

Table 14 – Distribution of the diagnosis concordance
between EUS and CT
Type of CT diagnosis

No. of cases

%

8

21

Concordant
Overrated
Underrated
TOTAL

Discordant

29
1

30

79

38

Table 16 – Diagnostic concordance between EUS
and CT examination

76.3
2.7
100

In the other 35 patients, there were differences
between gastric wall tumor invasion degree assessed
by CT and that assessed by EUS. In 34 cases, CT
examination overestimated the invasion degree
compared with EUS (Table 12 – blue cells). Thus, in
five cases (cases no. 1, 6, 26, 72 and 95), CT examination showed that the tumor extended in the muscular
layer (T2) while EUS showed that the invasion was
limited to the mucosa or submucosa (T1).
In other three cases, in which EUS investigation
revealed a tumor invasion until the muscular layer (T2),
CT examination showed that the invasion extended
beyond the muscular layer but not the serosa in case no.
78 (T3) or even beyond the serosa in cases no. 51 and
92 (T4). Finally, in 21 cases assessed by EUS as T3, CT
investigation estimated and extension beyond the serosa
(T4).
In only one case from all 35, with different results
recorded in the two investigations, gastric wall invasion
was underrated by CT examination (Table 12 – red cell)
in which the invasion score was T2 compared with a T3
score in EUS (tumor extended beyond the muscular
layer) (case no. 3).
Overall, CT investigation has and overrating trend
for tumor invasion into the depth of the gastric wall
compared to EUS, which could prove that EUS is more
accurate than CT examination in this matter.

Concordant
Discordant

No. of cases

%

35
3
38

92.1
7.9
100

Underrated
Total

Unlike gastric wall invasion assessment, the discordance between CT and EUS examination in all three
cases consisted of underestimation of invasion of
regional lymph nodes by CT (Table 15 – red cells).
In one case assessed as N1 by EUS (case no. 60),
CT investigation revealed no lymph node changes
suggestive for tumor metastases, and in the other
two cases with N3 score at EUS (cases no. 13 and 88),
CT examination revealed signs of tumor invasion in
fewer lymph nodes – N2 score.
Distant invasion – M criterion

We did not compare the assessment of distant
dissemination in the two imagistic methods because
EUS has limits in revealing metastases. EUS can
identify only the presence of ascites as an accompanying
para-neoplastic process for peritoneal tumor dissemination and the presence of liver metastases.
Out of the 38 cases with combined assessment, EUS
could reveal tumor dissemination only in seven cases.
In four cases ascites, and in three cases liver
metastases were could be seen.
CT examination confirmed both the presence of
liver metastases (Figure 12) and peritoneal ones, which
generated the ascites (Figure 13).

Figure 12 – Gastric carcinoma in the antrum with
extension to the gastric corpus – stage IV: local
lymph nodes involved, left hepatic lobe metastasis.

Local lymph node invasion – N criterion

The assessment of regional lymph node invasion
(N criterion) in CT and EUS concurred in 35 patients,
representing 92% of cases (Tables 15 and 16).
Differences between the two methods of investigation
were recorded in only three of the cases.
Table 15 – Correlative distribution of the diagnosis
of lymph node invasion degree by EUS and CT

N stage
EUS

N0
N0
N1
N2
N3
Total

7
1

8

N stage CT
N1
N2
N3
13

13

7
2
9

8
8

Total
7
14
7
10
38

Figure 13 – Carcinoma of the gastric corpus – stage
IV: local lymph nodes involved, ascites.

CT assessment
surgical samples

vs.

histopathology

on

Local invasion – T criterion

The assessment of invasion in the gastric corpus
(T criterion) was in concordance between the two
methods in seven patients, representing 46.7% of all the
cases (Tables 17 and 18).
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T2

–
–
–
–
0

1
2
1
–
4

T stage CT
T3
T4
–
1
1
–
2

Total

–
1
4
4
9

1
4
6
4
15

Table 18 – Diagnostic concordance between CT and
histopathologic examination of the surgical sample.
Type of CT diagnosis

No. of cases

%

7

46.7
46.7
53.3
6.6
100

Concordant
Discordant

Overrated
Underrated
Total

7
1

8
15

In the other eight patients, there were differences
between tumor invasion assessed by CT and that
assessed by histopathology (Table 18). In seven cases,
CT overestimated the invasion degree in comparison
to histopathology (Table 17 – blue cells). In one case
(case no. 6), where histopathology showed gastric wall
invasion only in the mucosa, CT examination revealed
that the tumor invaded also the muscular layer. In other
two cases with histopathologic reports as tumor
invasion until the muscular layer (T2 invasion score),
CT examination revealed invasion into the muscular
layer (T3 invasion score) in case no. 78, or extension
beyond the gastric wall (T4 invasion score), in case
no. 83.
Finally, in four cases, histopathology showed the
presence of tumor inflammatory infiltrate reaching the
subserosa (T3 invasion score), while CT investigation
estimated the invasion beyond the serosa, outside the
gastric wall (T4 invasion score).
In case no. 3, CT examination underestimated the
extension degree of the tumor compared to the
histopathologic examination, the first revealing a T2
invasion score T2, while the second identified isolated
groups of tumor cells in the subserosal space (T3
invasion score) (Table 17 – red cell).
Overall, as for the comparison between the
assessment of gastric wall invasion by CT and EUS, in a
significant number of cases, CT had and overrating
trend for the gastric wall invasion compared to
histopathology, suggesting that histopathology has a
higher accuracy than CT in assessing the gastric wall
invasion by the tumor.
Local lymph node invasion – N criterion

The assessment of regional lymph node invasion
(N criterion) concurred between the above-mentioned
methods of morphological investigation in 10 patients,
representing 2/3 of all cases (Tables 19 and 20).
In the other five patients, there are differences
between the methods in assessing the tumor extension
within regional lymph nodes. In four of these patients,
CT overestimated the invasion degree within regional
lymph node groups compared to the observations on
histopathology samples (Table 19 – blue cells).

N stage HP
PO

T1
T2
T3
T4
Total

T1

Table 19 – Correlative distribution of local lymph
node invasion degree diagnosis by CT and histopathology on surgical samples

N0
N1
N2
N3
Total

N0

N1

4
–
–
–
4

1
5
–
–
6

N stage CT
N2
N3
–
2
1
1
4

Total

–
1
–
–
1

5
8
1
1
15

Table 20 – Distribution of diagnostic concordance
between CT and histopathology on surgical samples
Type of CT diagnosis

No. of cases

%

10

66.7

Concordant
Discordant

Overrated
Underrated
Total

4
1

5

26.7
6.6

33.3

15

100

In one case (case no. 81) in which histopathologic
examination of surgically removed lymph nodes did not
highlight the presence of tumor cells within the lymph
node parenchyma (N0 invasion score), CT detected
suggestive signs for lymph node invasion in several
peri-gastric lymph nodes (N1 invasion score). In other
three cases, in which the lymph node invasion score
established by histopathology was N1, CT overestimated regional lymph node involvement, with an N2
score in two patients (cases no. 77 and 117) and N3 in
case 116.
In one case (no. 88) CT underestimated the degree
of extension within regional lymph nodes compared to
histopathologic examination (Table 19 – red cell),
the first method assessing an N2 invasion score, and the
second one detecting lymph node metastases in over 15
surgically removed lymph nodes (N3 invasion score).
Altogether, we could say that there was a significant
concordance between the two morphological investigation methods in assessing lymph node invasion by the
primary gastric malignant proliferation, and when
results were discordant this was due to an overestimation of the invasion within regional lymph nodes
by CT.
Distant invasion – M criterion

Regarding the assessment of distant metastases
(score M of invasion) the results concurred between the
two methods in 13 out of 15 patients with combined
investigation, representing almost 87% from all cases
(Tables 21 and 22). In 11 of these cases, none of the
methods detected metastatic dissemination.
Table 21 – Correlative distribution of the metastasis
degree diagnosis by CT and histopathological
examination on surgical samples
M stage CT

M stage
HP PO

T stage HP
PO

Table 17 – Correlative distribution of tumoral
invasion grade diagnosis by CT and histopathology
of surgical specimen.
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M0

M1

MX

Total

M0

11

1

1

13
1

M1

–

1

–

MX

–

–

1

1

Total

11

2

2

15
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Table 22 – Distribution of diagnostic concordance
between CT and histopathology on surgical samples
Type of CT diagnosis
Concordant
Discordant

No. of cases

%

13
2
15

86.7
13.3
100

Overrated
Total

In one case (no. 116), CT pointed out and histopathologic examination confirmed the presence of one
metastasis within the hepatic parenchyma. In another
case, the concordance consisted in the fact that it was
not possible to assess distant dissemination by any of
the two methods. Of the two cases with discordant
results after the assessment by the two methods, in
case no. 77 CT examination pointed out a peritoneal
metastasis which was not confirmed by histopathology,
and in case no. 81, CT could not assessed the presence
of distant metastases and histopathology did not
distinguish isolated or groups of tumor cells in none
of the suspicious tissues sampled during surgery.
Altogether, CT is very useful for detecting possible
secondary tumors, its reliability being completed by
histopathology on tissue fragments sampled from areas
highlighted by the imagistic investigation.
TNM stage

Global assessment of tumor invasion by establishing
the stages of evolution after cumulating the scores for
T, N and M, both by CT and histopathology, was in
accordance between the two methods of morphologic
investigation in seven patients, representing 46.7%
from the cases with combined investigation. In eight
patients, there were differences between the two types
of morphological assessment for TNM stage of tumors
(Tables 23 and 24).

TNM stage
HP

Table 23 – Correlative distribution of TNM stage
assessment by CT and histopathology on surgical
samples

1A
1B
2
3A
4
Total

1A

1B

–
–
–
–
–
0

1
2
1
–
–
4

TNM stage CT
3A
4
2
–
–
–
–
0

–
–
1
1
–
2

Total

–
–
1
4
4
9

1
2
3
5
4
15

Table 24 – Distribution of diagnostic concordance
for TNM stage between CT and histopathology on
surgical samples
Type of CT diagnosis

No. of cases

%

7

46.7

Concordant
Discordant

Overrated
Underrated
Total

7
1

8
15

46.7
6.6

53.3
100

In seven cases, the discordance consisted of
overestimation of the TNM stage assessment obtained
by CT and histopathology also (Table 23 – blue cells).
Thus, in case no. 6, with a T2N0M0 score after CT
exploration, included in stage 1B, histopathologic
investigation reduced the T score to T1 (mucosal
invasion), the new stage being 1A. In another two cases,

the TNM score calculated by CT was T3N1M0, stage
3A (case no. 78), and T4N1M0, stage 4 (case no. 83)
respectively. In both patients, histopathologic examination decreased the T score at T2 (invasion only until
the muscular layer), with a final T2 stage.
Finally, in four patients (cases no. 77, 81, 92 and
107) the TNM stage established by CT was “4”, all of
them showing a parietal invasion score of T4 and N1, in
case no. 77 being suggested also a peritoneal metastasis,
as we mentioned above. The histopathologic investigation excluded the presence of the metastasis in case no.
77 decreased the invasion score form T1 to T4 in cases
no. 77, 92 and 117, and the lymph node invasion score
from N2 to N1 in cases no. 77 and 117, and from N1 to
N0 in case no. 81, all this patients being included in
stage 3A.
The TNM staging established by CT was inferior to
that established by histopathology in one patient (case
no. 3) in which, as mentioned above, CT investigation
showed that parietal invasion extended only up to the
muscular layer, while histopathology revealed tumor
cells in the subserous space (Table 23 – red cell).
Altogether, in a significant percentage of cases, CT
overestimated the tumor stage compared to histopathology, mainly due to excessive and wrong assessment of
gastric wall invasion and, to a lesser extent, to the
wrong assessment of a more extended lymph node
invasion.
EUS assessment vs. histopathology on
surgical samples
Local invasion – T criterion

Gastric wall invasion assessment (T criterion) was
concordant between the two morphological methods
in seven patients, representing 46.7% of cases with
combined investigation. In the other eight patients, there
were differences between tumor invasion degree of the
gastric wall assessed by EUS and that assessed by
histopathology (Tables 25 and 26).
Table 25 – Correlative distribution of local tumor
invasion degree diagnosis by EUS and histopathology

T stage HP
PO
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T1
T2
T3
T4
Total

T1

T2

1
2
–
–
3

–
1
1
1
3

T stage EUS
T3
T4
–
1
5
3
9

Total

–
–
–
–
0

1
4
6
4
15

In seven patients, the diagnostic discordance
consisted of underestimation of tumor invasion degree
of the gastric wall by EUS compared to that assessed
histopathologically after surgery (Table 25 – blue cells).
Table 26 – Distribution of diagnostic concordance
between EUS and histopathology
Type of EUS diagnosis

No. of cases

%

7

46.7

Concordant
Discordant

Overrated
Underrated
Total

1
7

8
15

6.6
46.7

53.3
100

Invasion assessment in gastric carcinoma – imagistic and histopathologic combined study

Thus, in cases no. 1 and 72, EUS revealed that the
tumor invasion front reached only the submucosa in
case no. 1 and the muscularis mucosae in case no. 72,
with an invasion score of T1 for both cases, while
histopathology on surgical samples showed in both
cases clusters of tumor cells infiltrating the muscular
layer, thus the real score being T2. In patient no. 92, the
EUS tumor invasion front reached only the muscular
layer – T2 score, while histopathology on surgical
samples revealed isolated or clusters of tumor cells in
the subserous space leading to a T3 real invasion score.
In patient 51, EUS invasion score was assessed as T2,
while at histopathology, there were isolated or clustered
tumor cells beyond the peritoneal serosa, the real
invasion score being T4. Finally, in cases no. 30, 81 and
88, EUS tumor invasion front reached the subserous
space – T3 score, while histopathology revealed isolated
or clustered tumor cells beyond the peritoneal serosa,
within the peri-gastric adipose tissue, with a T4 final
invasion score. In case no. 83, the discordance consisted
of overestimation of tumor invasion within the gastric

359

wall by EUS compared to histopathology (Table 25 –
blue cell). Thus, the score assessed by EUS was T3 with
the invasion reaching the subserous space, while at
histopathology there were clusters of tumor cells, which
did not extended beyond the muscular layer – T2 score.
Overall, unlike the comparison between CT examination and histopathology, in a significant number of
cases EUS had a tendency to underestimate the tumor
invasion degree within the depth of the gastric wall
compared with histopathology, thus proving that histopathology examination is more accurate than EUS in
assessing the gastric wall invasion by the tumor.
The explanation is that the resolution of the ultrasound fascicle determined by the oscillation amplitude
of the wave does not allow the visualization of small
groups or isolated tumor cells from the main front of
tumor invasion visualized at histopathology. Such an
example is the one shown in Figure 14 where one can
see “signet ring” tumor cells disposed somehow in
groups between the fibers of the muscular layer and
also, isolated cells in the submucosa.

Figure 14 – “Signet-ring cell” carcinoma: invasion of the muscularis mucosa and submucosa (pT1).
Local lymph node Invasion – N criterion

Invasion assessment within regional lymph node
groups (N criterion) was concordant between the two
morphological methods in 11 patients representing 73%
of studied cases with combined investigation. In the
other four patients differences between the two methods
of investigation in assessing the tumor extension degree
within regional lymph nodes were recorded, which,
unlike the assessment of gastric wall invasion, consisted
of overestimation of invasion in regional lymph nodes
by EUS (Table 27 – blue cells and Table 28).

N stage HP
PO

Table 27 – Correlative distribution of lymph node
invasion diagnosis by EUS and histopathology

N0
N1
N2
N3
Total

N0

N1

4

1
5

4

6

N stage EUS
N2
N3
2
1
3

1
1
2

Total
5
8
1
1
15

Table 28 – Distribution of diagnostic concordance
between EUS and histopathology
Type of EUS diagnosis
Concordant
Overrated

Discordant
Total

No. of cases

%

11

73.3%

4

26.7

15

100

Thus, in case no. 81, with histopathology reporting
no lymph node invasion (N0 score), EUS revealed
evocative signs for lymph node invasion within few
peri-gastric lymph nodes (N1 score). In other three
cases with N1 histopathologic lymph node invasion
score, EUS overestimated regional lymphadenopathies,
in two patients (cases no. 77 and 117) the score being
N2 and N3 in case no. 116. The explanation of this
overestimating trend of regional lymph node tumor
invasion by EUS consist in that not all compact cell
groups distinguished within the lymph node parenchyma
by the ultrasound fascicle are malignant. Figure 15 shows
very well this limitation of EUS.
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CT is the main choice, EUS having some limitations
regarding the covering area of the ultrasound fascicle
(CT>EUS). Histopathologic investigation, although
with the highest accuracy, has limitations regarding the
sampling possibility from areas in which CT identifies
possible metastases. In conclusion, for an accurate TNM
staging of a gastric carcinoma, the complete assessment
algorithm should include the following steps:
▪ EUS investigation for orientative assessment of
gastric parietal invasion and mainly of peri-gastric
regional lymph node involvement;
▪ CT investigation mainly for lymph node metastases
assessment and metastases within distant organs;
▪ Histopatologic investigation of gastric surgical
samples, regional lymph nodes and, within the possibilities, of distant metastases.
The only limitations for applying this algorithm are
the contraindications for each of the three methods.
Figure 15 – Lymph node parenchyma with reactive
follicles (a and b) and gastric adenocarcinoma
metastasis.

If in images “c” and “d” the cell group indicated
by the red arrows is a real gastric adenocarcinoma
metastasis, in images “a” and “b” the compact group of
cells showed by the blue arrows is only a follicle
with intense cellular reaction detected in another area
of the same lymph node where the above-mentioned
metastasis was also seen.
Distant invasion – M criterion

Even here, we did not perform the comparison
between distant dissemination assessments of tumors
between the two morphological methods because of the
visualization limitations of EUS. As we mentioned
above, EUS can only reveal the presence of ascites as an
accompanying paraneoplastic phenomenon of tumor
dissemination within the peritoneum and of liver
metastases. In the group of 15 patients in which we
could compare the EUS and histopathology results, EUS
revealed nothing.
 Conclusions
Comparative analysis of gastric wall invasion
assessment by two imagistic methods – EUS and CT –
together with histopathologic examination of surgical
samples showed that histopathology offers a more
precise evaluation of gastric wall invasion, followed by
EUS and CT in descending order of accuracy. Both
imagistic methods have the tendency to overestimate
(CT) or underestimate (EUS) gastric wall invasion
(EUS<HP<CT) due to resolution limitations, thus
leading to a wrong definition of the T stage, especially
by underestimation. For peri-gastric lymph node
invasion also, histopathologic examination offers the
most precise assessment. This time, both imagistic
investigation have the tendency to overestimate the
invasion (HP<CT<EUS) because of the same technical
limitations which diagnose in a wrong way reactive
proliferations with compact dispositions of normal cells
within the lymph node parenchyma as neoplastic cell
clusters. For the assessment of distant tumor invasion,
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