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Abstract
From 1986 to 1990 a prospective comparative
study was undertaken to compare the relative
accuracy of computed tomography, endo-
gastric ultrasonography, and intraoperative
surgical assessment in evaluating the depth
of invasion (T category) and involvement of
lymph nodes (N category) of patients with
gastric carcinoma. One hundred and eight
consecutive patients, who were treated by total
gastrectomy and previously evaluated with
computed tomography, endogastric ultra-
sonography, and intraoperative surgical
assessment, entered the study. Results (T and
N category) were compared with those of
histopathological staging (pT and pN cate-
gory). T categories were correctly staged in
43% of cases with computed tomography, 86%
with endogastric ultrasonography, and 56%
with intraoperative surgical assessment. Com-
puted tomography scanning correctly staged
51% of all NI and N2 lymph nodes compared
with 74% for endogastric ultrasonography and
54% for intraoperative surgical assessment. In
general, computed tomography was more
accurate for advanced stages of cancer and
showed a tendency to overstage theT category
and understage N category of gastric tumours.
By contrast, endogastric ultrasonography was
equally accurate for all T categories and
showed an understaging for N categories.
Intraoperative surgical assessment overstaged
early T stages, understaged T4 tumours, and
was equally accurate for all grades of N cate-
gories. Computed tomography scanning and
intraoperative surgical assessment of T and N
categories were of little value in staging of
gastric carcinoma. Endogastric ultrasono-
graphy is more accurate than computed
tomography scanning and intraoperative
surgical assessment. Therefore endogastric
ultrasonography should be introduced in the
preoperative assessment of patients with
gastric carcinoma.
(Gut 1993; 34: 604-610)

Despite the decreasing incidence of gastric
adenocarcinoma, this dismal disease remains
one of the most common malignant human
tumours.'-3 The five year survival rate of all
patients with gastric cancer is 6-25% and
depends on tumour stage and histological type.5
In roughly 60% of the patients an operation with
curative intent is possible.8 About 15-30%
undergo only explorative laparotomy because
the tumour is found to be unresectable.9 An

accurate preeoperative classification of the most
significant prognostic factors of gastric cancer,
such as depth of invasion (T category) and
involvement of lymph nodes (N category),
would allow better planning of appropriate treat-
ment. The goal is to prevent under or over-
treatment with their inherent inadequate
morbidity and mortality.'0

In the past, staging of gastric tumours was
based on extracorporal ultrasonic and radio-
logical contrast studies. These proved to be
insufficient for the accurate determination of
operability" 12 and therefore have little influence
on the decision about adequate treatment
today. II

Computed tomography has been employed in
recent years to detect unresectable gastro-
intestinal tumours.'3 29 Among five prospective
studies2' 22 24 25 29 there are only two applying
histological (pTNM) staging as the gold stan-
dards.2' 24 The opinions as to the value of
computed tomography scanning in preoperative
assessment range between enthusiasm'3-7 20 22 25 29
and disappointment. 18-21 24 2&28

Data on the accuracy of intraoperative surgical
assessment are rare. A prospective multicentre
study that compared intraoperative surgical
assessment with pathological staging showed a
correct assessment in only one third of the
cases.30 The endoscopically guided intraluminal
application of ultrasound (endosonography)
provides a new modality for staging gastro-
intestinal tumours with high accuracy.3'-33
However, no studies to date have compared
endogastric ultrasonography with computed
tomography, intraoperative staging, and histo-
logical assessment of gastric carcinoma.

This study compares computed tomography,
endogastric ultrasonography, and intraoperative
surgical assessment with histopathological
staging for T and N categories of gastric adeno-
carcinoma in 108 patients who underwent a
gastrectomy.

Patients and methods

PATIENTS
From February 1986 to September 1990 all
inpatients with gastric carcinoma in the medical
and surgical units of the University Hospital,
Klinikum Steglitz, Free University of Berlin,
who were subjected to tumour resection, were
entered into the study. A total of 108 patients
were investigated (median age: 58, range: 29-82
years, 50 women, 58 men).
One hundred and one patients had histologic-
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Figure 1: Computed tomography scan ofan early gastric carcinoma. The tumour is located in
the subcardial region and is characterised by a slight thickening ofthe gastric wall (arrows).
L, liver; S, stomach; Sp, spleen.

Figure 2: Thickness ofthe gastric wall ofmore than 12 mm (arrows) shown by computed
tomography, indicating an advanced gastric tumour (T21T3 category). Thefat layer is still
visible. A, aorta; other abbreviations asfor Fig 1.

Figure 3: Computed tomography scan ofa gastric carcinoma with infiltration ofthe pancreas
(T4 category). P, pancreas; other abbreviations asfor Figs I and 2.

ally verified adenocarcinoma of the stomach, of
whom 62 had adenocarcinomas of the intestinal
type and 39 of the diffuse type.5 Seven patients
showed a signet ring carcinoma. Thirty seven of
these tumours were located in the fundus, 43 in
the corpus, and 28 in the antrum of the stomach.

METHODS

Computed tomography
Computed tomography was carried out no more
than 14 days before operation with a Somatom
DRG or DRH (Siemens Co, Germany), section
width 2 mm, scanning time 4-8 seconds.
All patients were given 150-250 ml Ultraquist
300 (Schering AG Berlin, Germany) contrast
medium intravenously and 100-200 ml 1-2%
Gastrografin (Schering AG Berlin, Germany)
orally immediately before scanning. In addition,
20 mg of hyoscine bromide was given intraven-
ously to reduce peristalsis. Horizontal sections at
2 mm intervals were obtained from above the
diaphragm to the level of aortic bifurcation.

In computed tomography the criteria for the
depth of tumour infiltration were: TI, intra-
luminal mass and/or localised slight thickening
of the gastric wall (>8 mm -12 mm) (Fig 1).
T2/T3, thickening of the gastric wall (> 12 mm)
but no evidence of direct tumour extension into
adjacent organs (distinguishable fat layer)
(Fig 2). T2/T3 stages were combined because
computed tomography could not differentiate
between T2 and T3 categories of infiltration. T4,
thickening of the gastric wall with evidence of
tumour extension into adjacent organs (lack of a
fat layer between gastric mass and adjacent
organ) (Fig 3).
Lymph node metastases were determined by

computed tomography as enlarged lymph nodes
of more than 8 mm in diameter.22

Endogastric ultrasonography
Endogastric ultrasonography was performed by
means of a mechanical sector scan Olympus
EU-M3 (Olympus Optical Co, Germany) with a
360° view and a rated frequency of selective 7 5
or 12 MHz.
The patients were examined in a left lateral

position after premedication with diazepam
given intravenously. The ultrasonic endoscope
was introduced and advanced into the stomach.
For optimal transmission of ultrasound, the
stomach was filled with 300 to 500 ml 0 9% NaCl
through the rinsing channel of the endoscope
during examination, which usually lasted 10 to
15 minutes. The ultrasonic aspect of tumours
and their contiguous structures were assessed by
moving the tip of the endoscope along all parts of
the stomach. The findings were recorded with a
polaroid camera.

In endosonography, tumours were identified
by thickening and disruption of the typical five
layered configuration of the parietal wall by a
hypoechoic mass.33 Dependent on the depth
of tumour infiltration into these layers the T
category was assessed as: TI, tumour has dis-
turbed echogenic layers 1 through 3 (Fig 4). T2,
tumour has disturbed echogenic layers 1 through
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4 (Fig 5). T3, tumour has disturbed echogenic
layers 1 through 5 with irregular finger like
growth into perigastric fatty tissue (Fig 6). T4,
tumour has disturbed all echogenic layers with
clear infiltration of contiguous organs (Fig 7).
A differentiation ofT2 and T3 categories is not

possible in certain regions of the stomach such
as the ligamentum gastrocolicum, ligamentum
gastrohepaticum, and the omentum major or
minor, because in these minor regions there is
fatty tissue between muscularis propria and
serosa. Therefore tumour infiltration into fatty
tissue mimics a T3 category instead of a possible
T2 category.

Figure 4: Endosonographic
appearance ofan early
gastric cancer (Ti category).
Note the untouched layer of
the muscularis propria
(arrows). T, tumour; other
abbreviations asfor Fig 1.

Figure 5: Gastric tumour (T)
with infiltration ofthe
muscularis propria. The
tumour is

endosonographically sharply
delineated indicating lack of
infiltration ofadjacent fatty
tissue (T2 category).
Abbreviations asfor Figs 1,
3, and 4.

Figure 6: Gastric tumour of
T3 category shown by
endosonography: the tumour
border is poorly defined due
to infiltration offatty tissue
(arrows). Abbreviations as

for Figs I and 3.

The involvement of regional lymph nodes (N
category) was shown by visualisation of peri-
gastric lymph nodes. Lymph nodes of all sizes
with a sharp margin and a hypoechoic echo-
graphic pattern were considered to be infiltrated.

Intraoperative surgical assessment
The intraoperative surgical assessment used the
standardised staging procedure described by
Rhode et al.36 Briefly, the primary tumour was
assessed with respect to location, size, multi-
plicity, degree of penetration through the
stomach wall, and invasion of contiguous struc-
tures. Also, involvement of nodes was assessed
by palpation.

Postoperative histopathological assessment
Resected tumours were assessed histopatho-
logically according to the TNM classification of
the International Union of Cancer Classification

19734 35 371 987.~

Statistical analysis
The findings from computed tomography,
endogastric ultrasonography, and intraoperative
surgical assessment were compared with the
results of postoperative histopathological assess-
ment. The simplest measure for agreement
between one procedure and the gold standard
is the ratio between the observed finding and the
real finding. This statistical method ignores the
fact of an agreement by chance. We therefore
used the weighted Kappa statistic (Kw)38 for our
data comparing the observed agreement with
chance agreement. The weighted Kappa ranges
up to 1, depending on the strength of agreement.
Kw takes the value zero (no agreement), if
observed agreement is equal to expected chance
agreement. Negative values of Kw indicate dis-
agreement and positive values agreement. We
tested the hypothesis Kw=O and assessed the
value of Kw for strength of agreement with the
guidelines of Landis and Koch.39
The validities of computed tomography,

endogastric ultrasonography, and intraoperative
surgical assessment staging with respect to the
familiar indices of sensitivity, specificity, and
positive and negative predictive values were
estimated.42 We finally used a modified
McNemar X2-test38 to prove whether a method
systematically under or overstaged the T and N
categories against the gold standard.
The study design was approved by the local

ethics committee.

Results

STAGING ACCURACY OF TUMOUR INFILTRATION
(T CATEGORY)

Computed tomography
When the accuracy of computed tomography
was compared with histopathological assess-
ment, early gastric cancers (Ti, n=22) were
staged correctly by computed tomography as TI
category in four cases, whereas six had a normal
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Figure 7: Endosonographic
aspect ofan advanced gastric
tumour with infiltration of CT scan (TO category) and 12 were overstaged as
the pancreas (black arrows).
Abbreviations asfor Figs 1, T2/3 tumours. Tumours with T2 or T3 category
3, and 4. were staged correctly in 34 out of68 cases with 14

patients understaged and 20 patients overstaged;
of 18 tumours with a T4 category eight tumours
were staged correctly. In all groups the sensi-
tivity was not higher than 0 5. Only the specifi-
ties for stage Ti and T4 achieved statistical
significance. The Kappa coefficient showed the

TABLE I Accuracy ofcomputed tomography staging of108 resected gastric tumours

Stage by Stage by pathological assessment
computed
tomography TO TI T2 T3 T4 NO NI N2

TO 6 2
T 1 4* 8 4 Computed tomography
T2/3 12 10* 24* 10 understaging
T4 12 8 8*
NO 29* 20 12
N I Computed tomography overstaging 21 24*
N2 2*

*Correct staging. Figures are numbers of patients.

TABLE II Accuracy ofendogastric ultrasonography staging of108 resected gastric tumours

Stage by Stage by pathological assessment
endogastric
ultrasonography TO TI T2 T3 T4 NO Ni N2

TO
T1 20* 2 Endogastric ultrasonography
T2 2 26* 4 understaging
T3 4 31* 2
T4 1 16*
NO 44* 16 2
NI Endogastric ultrasonography overstaging 6 28* 4
N2 8*

*Correct staging. Figures are numbers of patients.

TABLE III Accuracy ofintraoperative surgical assessment staging of 108 resected gastric
tumours

Stage by Stage by pathological assessment
tntraoperative
surgical assessment TO TI T2 T3 T4 NO Ni N2

TO 2 2
TI 14* 4 Intraoperative surgical
T2 6 10* assessment understaging
T3 16 32* 14
T4 4 4*
NO 26* 17 8
N I Intraoperative surgical assessment overstaging 20 26*
N2 4 1 6*

*Correct staging. Figures are numbers of patients.

same result, which is only a fair agreement with
the gold standard. There was no significant over
or understaging (Tables I and IV).

Endogastric ultrasonography
Evaluation of the tumour stage was possible in all
cases. Carcinomas of the stomach restricted to
the mucosa and submucosa (TI, n=22) were
staged correctly by endosonography as stage Ti
in 20 cases. Twenty six of 32 T2 tumours were
correctly staged, whereas four were overstaged
as stage T3 and two were understaged as TI. A
differentiation between T3 and T4 categories of
gastric tumours (n= 54) could be made endosono-
graphically in all but seven cases with under-
staging in six cases and overstaging in one case
(Table II). As Table IV shows, the T staging by
endogastric ultrasonography was fairly correct
compared with the gold standard. The difference
between the number of cases who were over or
understaged was also non-significant.

Intraoperative surgical assessment
In assessment of tumour stage, surgeons could
not palpate two TI tumours and overstaged six of
these as T2 tumours. Twenty two out of 32
tumours of T2 category were staged incorrectly
with six of these understaged and 16 overstaged
as T3 tumours. Four of 36 T3 tumours were
overstaged and 14 of 18 T4 tumours were
understaged (Table III). Sensitivity and specifi-
city varied to a great extent for the separate
stages. Sensitivity was high enough only for
stage T3, whereas specificity produced sufficient
values for stages T1, T2, and T4. For the
predictive values, intraoperative surgical assess-
ment produced acceptable results only for stage
Ti. Altogether intraoperative surgical assess-
ment showed a moderate agreement with the
gold standard and no significant over and under-
staging (Table IV).

STAGING ACCURACY OF LYMPH NODE
INVOLVEMENT (NI AND N2 CATEGORY)

Computed tomography
Of 44 patients with histologically verified infil-
trated lymph nodes 20 cases were understaged by
computed tomography as NO category. With
respect to the N2 category, 12 patients of 14 were
understaged as NO category. Computed tomo-
graphy correctly predicted regional lymph node
metastases (NI and N2 category) in 26 of 58 cases
(Table 1). No evidence of lymph node involve-
ment was found in 29 of 50 tumours without
histological lymph node metastasis. By statistical
analysis computed tomography showed a slight
agreement (Kw=0071) compared with histo-
pathology (Table V).

Endogastric ultrasonography
Fifty eight patients had histopathologically veri-
fied lymph node metastases, of whom 36 were
correctly detected by endosonography (Table
II). In the remaining 22 cases 18 were found to be
false negative and four as N1 instead of N2
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TABLE IV Sensitivity, specificity, and predictive values ofcomputed tomography, endogastric ultrasonography, and
intraoperative surgical assessment with respect to T categories

Predictive value

Method Categories Sensitivity Specifity Positive Negative Kw*

Computed tomography TI 0 18 0-86 0 25 0-80
T2/3 0 50 0-45 0-61 0 35 0-209
T4 0 44 0-78 0-29 0 88

Endogastric ultrasonography TI 0-91 0-98 0-91 0-98
T2 0-81 0-92 0-81 0-92 0-873
T3 0-86 0-92 0-84 0 93
T4 0-89 0.99 0 94 0-98

Intraoperative surgical assessment TI 0-64 0.95 0-78 0-91
T2 0-31 0-92 0-63 0-76 0 570
T3 0-89 0-58 0-51 0-91
T4 0-22 0-96 0 50 0-86

* Weighted Kappa.

TABLE V Sensitivity, specificity, and predictive values ofcomputed tomography, endogastric ultrasonography, and
intraoperative surgical assessment with respect toN categories

Predictive value

Method Categonres Sensitivity Specifity Positive Negative Kw*

Computed tomography NO 0 58 0 45 0-48 0.55
N1 0 55 0-67 0-53 0-68 0 071
N2 0-14 1-00 1-00 0-89

Endogastric ultrasonography NO 0-88 0-69 0-71 0-87
NI 0-64 0-84 0 74 0 77 0 597
N2 0 57 1i00 1O00 0-94

Intraoperative surgical assessment NO 0 52 0-57 0 50 0-58
N1 0 59 0-69 0-56 0-71 0-183
N2 0 54 0-92 0 43 0 95

* Weighted Kappa.

TABLE VI Staging ofgastric carcinoma by computed tomography (results ofcomparative studies with the TNM classification)

Author Study design Standard Criteria ofstaging Correct staging

Ruf et al'4 Prospective Histology pTNM T= 56%, N=55%
Schrbder et alt2 Retrospective Operation+histology TNM T=90%, N=50%
Mason et a'2 9 Prospective Operation TNM T+N=48%
Sussmann et alt Retrospective Operation+ histology TNM T+N+M=53%
Stoltzing et at2' Prospective Histology pTNM T=45%, N=42%

category. The absence of lymph node metastases
was classified correctly in 44 out of 50 cases. In
the remaining six cases, the findings were false
positive predicting an NI category of lymph
node involvement. The strength of agreement
with the gold standard was moderate (Table V).

Intraoperative surgical assessment
Among 58 patients with infiltrated lymph nodes,
25 patients were understaged and one patient
was overstaged (Table III). Of 50 patients with-
out lymph node involvement, 26 patients were
staged correctly. For the N categories, sensitivi-
ties of all staging methods tested had only a
moderate strength of agreement except com-
puted tomography with a very low value for N2
stage and endogastric ultrasonography with a
value greater than 0-8 for NO stage. The predic-
tive values in all stages were greater than 0 7 only
for endogastric ultrasonography (Table V).

Discussion
Our study shows that of the techniques tested,
endosonography is the most reliable procedure
for preoperative staging of gastric carcinoma.
With endosonography it was possible to assess
correctly the depth of tumour infiltration (T
stage) in 86% (Table II) with the highest pre-
dictive values (Table IV), while computed tomo-
graphy only allowed a correct classification in

43% (Table I). Intraoperative assessment
allowed prediction of tumour stage in only 56%
of the cases (Table III). Endosonography also
showed metastatic involvement of regional
lymph nodes (N stage) with higher predictive
values than computed tomography and intra-
operative surgical assessment (Table V).
The prognosis of gastric carcinoma mainly

depends on the tumour stage. The five year
survival rate after gastrectomy is 85%-90% at
stage I (TI, NO, MO), 45%-55% in stage II
(T2-3, N0, MO), 5%-20% in stage III (TI-3,
NI-3, MO), and 3% in stage IV (TI-4, NI-3,
MI).43 Selection of surgical treatment proce-
dures for gastric carcinoma depends on pre-
operative tumour staging, because morbidity
and survival differ significantly depending on
resection for cure, resection for palliation, by-
pass procedures, or laparotomy alone. Therefore
accurate pre intraoperative assessment concern-
ing the TNM stage is of major importance to
avoid operative procedures inappropriate for
the stage of the tumour. Abdominal computed
tomography has been widely used in staging
tumours of the stomach. The size and location
of a gastric mass can be documented as areas of
gastric wall thickening, with the normal thick-
ness in a distended stomach defined as less
than 8 mm. Furthermore, a lack of the fat layer
between the gastric mass and an adjacent organ
indicates direct invasion. On the other hand,
computed tomography cannot differentiate
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between single layers of the intestinal wall.k
This limits the use of computed tomography in
separating early (T1) from advanced tumour
stages (T2/T3).

Early computed tomography studies were
focused primarily on visualisation and develop-
ment of diagnostic criteria for gastric masses.'4 '5
Moss et al were the first to develop computed
tomography criteria for staging gastric carci-
noma16 and found the procedure to be useful
in predicting resectability. Further retrospec-
tive'7 18 20 27 28 and prospective22 2S studies were
done to clarify the sensitivity of computed tomo-
graphy scans with respect to infiltration of
adjacent organs. All these studies used as a
gold standard the intraoperative assessment of
tumour stage without consideration of the histo-
pathological TNM classification. Since then the
accuracy of intraoperative surgical assessment
has been called into question, as shown by Thon
and Rhode45 I and in this study. Therefore
studies with intraoperative surgical assessment
as gold standard are of questionable reliability.
Ruf and co-workers performed the first prospec-
tive comparative study with the pTNM state as
gold standard.24 They found that computed
tomography correctly predicts the T category in
56% and theN category in 55% of the cases.
One other study investigated the validity of

computed tomography both under study condi-
tions and routine clinical conditions.2' For the T
categories a validity of 45% was found in the
study group v 43% in the routine clinical group,
and for the N categories a validity of 42% v 55%
(Table VI). The results of both studies are
comparable with our findings.
The intraoperative estimations of tumour

infiltration and lymph node metastases usually
serve as major points for the decision about
which operation should be performed in a
patient with gastric carcinoma. The intra-
operative surgical staging fails to diagnose the
exact tumour stage, however, in about 50% of
the cases.4345 These prospective studies have
shown that the T stage was underestimated
whereas the N stage was overestimated. There-
fore, as confirmed in our study, intraoperative
staging alone does not allow the selection of the
best surgical procedure for an individual patient.

Surgical procedures based on intraoperative
histology of standardised frozen sections of
lymph nodes and resection lines may improve
determination of both T and N categories.'
Also, intraoperative surgical assessment may
be supplemented by intraoperative ultrasonic
examination for most distant metastasis - for
example, in the liver.
The clinical usefulness of endosonography
shown in our study is based on the higher
resolution leading to differentiation of various
histological structures of the intestinal wall.
Endogastric ultrasonography may penetrate
with a good resolution about 6-8 cm into the
tumour and the adjacent organs. Also, artefacts
due to body movement do not disturb endo-
gastric ultrasonography as they do in computed
tomography. In accordance with our results Tio
et al found an overall accuracy for endogastric
ultrasonography of 83% for the T category and
66% for the N category in 80 patients with gastric

carcinomas, when endogastric ultrasonography
was compared with histological assessment of
resected specimens.3 In advanced stages gastric
tumours may become stenotic and prevent entry
of the endosonoscope. In these cases endo-
sonography can only visualise the proximal part
of these tumours. Therefore endosonographical
staging may be limited. In our study only two
patients had tumour stenoses that could not be
passed by the instrument. Despite this fact the
tumour stages were defined correctly as T3 NI
and as T4 Ni.

Similar results were obtained recently from
our group with endogastric ultrasonography in
preoperative staging of oesophageal carcinoma.47
There are certain regions ofthe stomach where

it is difficult to distinguish the muscular layer
from the serosal layer by endosonography. In
these areas the serosa is separated from the
muscularis by fatty tissue as mentioned under
methods. As a result T2 categories may be
overstaged as T3 categories. This is not of
clinical relevance, however, as the surgical treat-
ment is the same for T2 and T3 carcinomas.

In summary, our study has shown that endo-
gastric ultrasonography is superior to computed
tomography and intraoperative surgical assess-
ment in staging T and N categories of malignant
gastric tumours. Computed tomography is of
little value for preoperative decision making.
As endogastric ultrasonography has by far the
highest sensitivity and specificity for correct TN
classification, the introduction of this technique
in the preoperative diagnostic programme allows
much better selection of inoperable patients.
This method may therefore avoid unnecessary
and potentially risky operations.
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