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Abstract
Background. The aim of this study was to examine the accuracy of laparoscopy in staging patients with gastric cancer in
comparison with preoperative computed tomography (CT)
examination.
Methods. One hundred patients out of a consecutive series
of 258 patients with gastric adenocarcinoma underwent a
preoperative staging CT followed by a staging laparoscopy.
The strengths of the agreement between the CT stage, the
laparoscopic stage, and the final histopathological stage were
determined by the weighted Kappa statistic (Kw).
Results. The strengths of agreement between the CT stage
and the final histopathological stage were Kw ⴝ 0.336 (95%
confidence interval [CI]; 0.172–0.5; P ⴝ 0.0001) for T stage
and 0.378 (95% CI; 0.226–0.53; P ⴝ 0.0001) for M stage,
compared with 0.455 (95% CI; 0.301–0.609; P ⴝ 0.0001) and
0.73 (95% CI; 0.596–0.864; P ⴝ 0.0001) for the laparoscopic T
and M stages, respectively. Unsuspected metastases that were
not detected by CT, were found in 21 patients at laparoscopy,
all of whom had T3 or T4 locally advanced tumors evident on
CT.
Conclusion. Preoperative laparoscopic staging of gastric cancer is indicated for potential surgical candidates with locally
advanced disease in the absence of metastases on CT.
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Introduction
Gastric cancer is now the second commonest cancer
worldwide, accounting for 11 000 deaths per annum in
the United Kingdom alone [1]. The stage of disease at
presentation is the most important prognostic factor.
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Despite the introduction of open access gastroscopy,
as many as one in three British patients continue to
present with advanced disease that is incurable by
means of surgery [2,3]. Thorough and accurate staging
of patients is of paramount importance in the selection
of patients for whom surgery could be potentially curative [4].
The recent large regional audit of esophagogastric
cancer in Wales revealed that many surgeons continue
to undertake small caseloads; staging laparoscopy was
performed in 16% of cases; and no fewer than 23% of
patients underwent open-and-close operations [3]. Staging protocols for patients with gastric cancer vary, not
only from hospital to hospital within the United Kingdom, but from east to west worldwide. While computed
tomography (CT) remains the most widely used imaging technique for the preoperative staging of patients
with gastric cancer, this modality is limited in its ability
to detect local invasion and lymph node metastases
[5–8]. Moreover, we have already shown that specialized radiological support improves the perceived preoperative stage of gastric cancer and reduces the rate of
open-and-shut laparotomy [9].
Although routine laparoscopy is now advocated in
the preoperative staging of gastric cancer [4], there are
discrepant results in the literature as to the clinical value
of this procedure [10]. The aims of this study therefore,
were to compare the perceived preoperative stage of
gastric cancer as determined by CT and laparoscopy,
and to compare this perceived stage with the final true
histopathological stage. It was our hypothesis that
laparoscopy would improve the accuracy of our preoperative staging process.

Patients and methods
Between October 1, 1995, and April 30, 2000, we studied 100 patients (out of a consecutive series of 258

226

G.R.J.C. Blackshaw et al.: Laparoscopy and gastric cancer staging

patients) who underwent both preoperative spiral
CT and operative assessment. Of the remaining 158
patients, 102 had either clinical or radiological evidence
of metastatic disease or were unfit for surgery. Fifty-six
patients underwent surgery without preoperative
staging laparoscopy, as CT had shown T1 or T2, N0M0
disease. Each patient had a preoperative histological
diagnosis of gastric adenocarcinoma established by gastroscopy and biopsy. Of the 100 patients undergoing
laparoscopy, the median age was 70 years (range, 35
to 86 years). Fifty-nine were male and 41 were female.
The CT examinations were performed on a Siemens
Somatom plus four CT system (Munich, Germany). All
patients underwent a contrast-enhanced spiral CT
within 3 weeks of operation as per the following protocol: 30min before CT, after an overnight fast, patients
were asked to drink 250 ml of Microcat contrast medium
(Guernet, 95943 Roissy DdCr Cedex, France) to
opacify the small bowel. All patients were then asked to
take as much of a 1000-ml water load as they could
tolerate. One hundred ml of intravenous sodium
iothalamate (Niopam 300; Merck Pharmaceuticals,
Middlesex, UK) was delivered by power injector, at a
rate of 3 ml per s, through a cannula in the antecubital
fossa. All patients were examined in the supine position.
Initially, a volume acquisition of the thorax was performed, using 10-mm slice thicknesses, a reconstruction
index of 8mm, and a table speed of 10 mm per s. A
second volume acquisition of the abdomen, from the
dome of the diaphragm to the pelvic brim, was performed, using 10-mm slice thicknesses with a reconstruction index of 5mm. This meant that slices were
acquired every 10mm, but reconstructed at 5-mm intervals, which produced overlapping slices. The second
volume was timed to begin liver imaging 60–70s after
the onset of the injection of contrast medium.
Patients were allocated to the next available consultant radiologist’s CT list. For the purposes of this study,
adjacent organs were considered to be involved if
there was CT evidence of direct spread of the tumor
into adjacent organs. Specific areas of fat plane effacement were also compared with adjacent evidence of
fat plane preservation. Lymph nodes were considered
to be involved if they were greater than 1 cm in diameter
[11–13]. A radiological audit meeting was held prior
to the start of this study in order to review the
accuracy of CT as a staging investigation for patients
with gastric cancer at the Royal Gwent Hospital. At this
time, all of the consultant radiologists were informed
of the TNM pathological staging classification [14,15]
and asked to construct their reports in this structured
fashion.
One hundred patients who were considered on CT
criteria to have advanced stage disease (T3 or T4, N1
or N2, and equivocal M1) underwent a preoperative

staging laparoscopy. No patients received preoperative
neoadjuvant chemotherapy. Forty-six of these patients
subsequently underwent a potentially curative radical
D2 gastrectomy, 5 underwent a palliative resection, and
the remaining 49 patients underwent either laparoscopy
alone with biopsy (n ⫽ 34), palliative bypasses (n ⫽ 7),
or laparotomy only (n ⫽ 8). All patients underwent
operative assessment, as suggested by Rohde et al. [16].
In the course of 11 operations, en-bloc splenectomy
(n ⫽ 5), distal pancreatectomy (n ⫽ 3), and transverse
colectomy (n ⫽ 7) were performed.
Technique of laparoscopy
Laparoscopy was performed with the patient under
general anesthetic. The patient was positioned as for an
open upper abdominal procedure, and the operating
table was repositioned according to the intraabdominal
region to be examined. A 1-cm subumbilical incision
was made and carbon dioxide insufflation was performed through a Veress needle to an insufflation pressure of 12mmHg. A 10-mm disposable cannula was
inserted and laparoscopy was performed using a 0° telescope. A supplementary disposable 5-mm cannula was
inserted in the patient’s left upper quadrant to allow the
use of grasping and biopsy forceps. A thorough inspection of all four quadrants of the peritoneal cavity was
performed, and biopsies were taken from any tissue
suspected to be tumor. The lesser sac was not inspected
routinely. No patients underwent laparoscopic ultrasound examination.
Statistical analysis
The findings from CT and staging laparoscopy were
compared with the final stage. The final stage was based
on the combination of intraoperative surgical assessment and postoperative histopathological stage.
Agreement between the perceived preoperative stage
of gastric cancer as determined by CT, laparoscopy,
and the final stage was determined using the weighted
Kappa statistic (Kw) [17]. The value of Kappa has a
maximum of 1.00 when agreement is perfect, a value of
zero indicates no agreement better than chance, and
negative values show worse than chance agreement. We
tested the hypothesis Kw ⫽ 0 and assessed the value of
Kw for strength of agreement according to the guidelines of Landis and Koch (a value between zero and 0.2
is defined as being poor agreement, between 0.2 and 0.4
is termed fair agreement, 0.4 to 0.6 moderate, 0.6 to
0.8 good, and 0.8 to 1 is very good agreement) [18].
The sensitivity and specificity, positive predictive value
(PPV), and negative predictive value (NPV) were also
calculated. Categorical data were further analyzed by
means of the χ2 distribution [17]. Data analysis was car-
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The strengths of agreement between the perceived M
stage and the final histopathological stage were fair
(Kw ⫽ 0.378; 95% CI, 0.226 to 0.53; P ⫽ 0.0001) for CT,

compared with good (Kw ⫽ 0.73; 95% CI, 0.596 to
0.864; P ⫽ 0.0001) for laparoscopy. The strengths of
agreement between the perceived M stage with respect
to liver metastases were good (Kw ⫽ 0.704; 95% CI,
0.482–0.926; P ⫽ 0.0001) for CT, compared with very
good (Kw ⫽ 0.813; 95% CI, 0.635–0.991; P ⫽ 0.0001) for
laparoscopy. The strengths of agreement between the
perceived M stage with respect to peritoneal metastases
were fair (Kw ⫽ 0.375; 95% CI, 0.199–0.551; P ⫽
0.0001) for CT, compared with good (Kw ⫽ 0.724;
95% CI, 0.574–0.874; P ⫽ 0.0001) for laparoscopy.
Twenty patients were found to have distant metastases
on laparoscopy that were undetected by CT (15 peritoneum alone, 2 liver alone, 3 liver and peritoneum). One
patient was found to have posterior invasion precluding
resection. Of the 19 patients with missed peritoneal
disease or local invasion, 4 patients were staged as T3/
4N0M0 and 15 patients were staged as T3/4N1/2M0.
Of the 5 patients with missed liver metastases on CT, 1
patient was staged as T4N0M0, and the other 4 patients
were staged as T3/4N1/2M0.

Table 1. Accuracy of computed tomographic and laparoscopic staging of tumor infiltration (T stage)

Table 3. Accuracy of computed tomographic and laparoscopic staging of distant metastases (M stage)

Final histopathological/operative stage

Final histopathological/operative stage

ried out with the Statistical Package for Social Sciences
(SPSS) version 11 (SPSS, Chicago, IL, USA).
Results
Accuracy of staging of tumor infiltration (T stage)
(Tables 1 and 2)
By statistical analysis, the strengths of agreement
between the perceived T stage on CT and the final
histopathological stage were fair (Kw ⫽ 0.336; 95%
confidence interval [CI], 0.172 to 0.50; P ⫽ 0.0001) for
CT, compared with moderate (Kw ⫽ 0.455; 95% CI,
0.301 to 0.609; P ⫽ 0.0001) for laparoscopy.
Accuracy of staging of distant metastases (M stage)
(Tables 2 and 3)

Stage by CT

T1/2
7a
4
4

T1/2
T3
T4

T3
2
24a
12

T4
1
17
29a

Stage by CT

Final histopathological/operative stage
Stage by
laparoscopy

T1/2
8a
8
0

T1/2
T3
T4

T3
2
33a
19

M0
57a
0
0

M0
M1P
M1L

M1L
6
9a

Final histopathological/operative stage

T4
0
4
26a

Stage by
laparoscopy

Figures are numbers of patients
a
Correct staging

M0
57a
0
0

M0
M1P
M1L

M1P
11
1a

M1L
3
11a

Figures are numbers of patients
M0, no distant metastases; M1P, peritoneal metastases; M1L, liver
metastases
a
Correct staging

Table 2. Sensitivity, specificity, predictive values, and accuracy of computed tomographic and laparoscopic staging
Computed tomography

T1/2
T3
T4
M1
M1P
M1L

M1P
23
11a

Laparoscopy

Sens.

Spec.

PPV

NPV

Acc.

Sens.

Spec.

PPV

NPV

Acc.

70
53
64
84
73
69

91
75
67
64
71
90

47
63
62
36
32
60

96
66
70
95
93
93

89
65
66
68
70
86

80
73
58
94
88
79

91
62
93
80
83
93

50
61
87
71
68
73

98
74
73
96
95
95

90
67
77
85
85
90

Figures are percentages
Sens., sensitivity; Spec., specificity; PPV, positive predictive value; NPV, negative predictive value;
Acc., accuracy; M1P, peritoneal metastases; M1L, liver metastases
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Outcome after false-negative laparoscopy
Eight patients who had undergone laparoscopy underwent open-and-close laparotomy due to unsuspected
inoperable disease. Unsuspected posterior local tumor
invasion was found in 5 patients, while undetected liver
metastases were discovered in 3 patients at laparotomy.
None of the 100 patients who underwent laparoscopy
suffered any significant postoperative morbidity or
mortality.
Outcome in patients undergoing surgery without
preoperative staging laparoscopy
Of the 56 patients who underwent surgery without
having a preoperative staging laparoscopy, 49 underwent operative resection (38 R0 D2 resections), 1
patient underwent a planned bypass, and 6 patients underwent open-and-close laparotomies. All 6 patients
had locally advanced T4 disease on CT, 2 of them being
staged T4N0M0, and the other 4 patients were staged as
T4N2M0.
Discussion
Routine staging laparoscopy is now advocated following
CT and endoluminal ultrasound prior to consideration
of radical surgery in patients with gastric cancer [4,19–
21]. Nevertheless, the role of laparoscopy as a routine
staging strategy remains controversial, and none of the
above reports have assessed the true statistical accuracy
of laparoscopy when compared with CT and the final
histopathological stages of patients’ tumors. The principal findings of this study were that both CT and
laparoscopy agreed significantly with histopathological
stages. Laparoscopy held a modest (20%) advantage
over CT in assessing T stage, and a statistically significant twofold advantage over CT in assessing the
presence of peritoneal metastases. The corresponding
clinical benefit was that 21 patients were found to have
distant metastases on laparoscopy that were undetected
on CT, and were saved unnecessary laparotomies.
The most important goal of preoperative staging investigations is the detection of distant metastases. Liver
metastases are reported to be relatively uncommon at
presentation in patients with gastric cancer (8%–10%),
although as many as one in two metastases are missed
on CT alone [10,22]. Furthermore, interobserver variation exists, even among experienced radiologists, in the
interpretation of subtle radiological signs on CT [9,10].
The ideal noninvasive staging protocol for patients with
gastric cancer is obtained with a combination of helical
CT and endogastric ultrasound examination. As far as
we are aware, however, there are no reports of the
added benefit of laparoscopy in this context.

The striking feature of the major published reports
regarding the value of laparoscopy in staging patients
with gastric cancer is the extreme variability of the results. Most of the data have emerged from centers with
a high incidence of advanced gastric cancer. In Japan,
where more than 60% of the gastric cancers diagnosed are early tumors, staging laparoscopy remains
very rare. By contrast, advanced disease precluding
curative surgical resection undetected by preoperative
CT has been described in 2%–37% of patients in the
Western world [23–37]. The reported overall accuracy
of the perceived preoperative stage of gastric cancer, as
determined by laparoscopy allied to CT, ranges from
83% to 98%, with alterations in management described
in 6%–42% of patients. A metaanalysis of the 17 major
reported series, examining 2512 patients, reveals a
significant correlation between the accuracy of staging
CT and the diagnostic yield of laparoscopy (r ⫽ ⫺0.573;
P ⫽ 0.041).
More recently, laparoscopic ultrasound examination
in addition to CT and laparoscopy has been championed by some authors, as a further benefical staging
modality [38,39]. Previously undetected liver metastases
have been detected in as many as 8% of patients [38],
although the literature does not support this view universally [40]. In our experience, the overall accuracy of
the perceived preoperative stage of gastric cancer as
determined by the combination of laparoscopy and CT
was 92%, with alterations in management occurring in
21% of patients. Three patients in this series were found
to have liver metastases that were missed by both CT
and laparoscopy. Arguably, these lesions may have
been detected by laparoscopic ultrasound, which would
therefore have influenced management in a further 3%
of patients.
In conclusion, optimal preoperative staging of gastric
cancer, using helical CT followed by laparoscopy where
appropriate, selects patients for whom radical surgery
can be potentially curative. The true added value of
laparoscopy can only be unequivocally proven by a
prospective randomized controlled trial in patients with
tumors presumed to be of stage III and IV on CT criteria, which, if the findings of this study are representative, may be difficult to justify on ethical grounds.
However, it is apparent that the judicious use of
laparoscopy can improve the perceived preoperative
stage of gastric cancer two-fold when compared with CT
alone, and, until the sensitivity and specificity of radiological imaging modalities approach 100%, laparoscopy
will continue to provide upper gastrointestinal surgeons
with important additional staging information.
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