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distal subtotal gastrectomy is splenectomy. In
the MRC and the Dutch trials, some surgeons
carried out splenectomy in distal gastrectomy.
In D2 dissection, where the left gastric artery is
ligated and divided at its origin, the blood
supply to the remnant stomach is provided by
the short gastric vessels, posterior gastric vessels
and cardio-oesophageal branch from the infe-
rior phrenic vessels. As the latter two are some-
times absent, the short gastric vessels are crucial
to the viability of the remnant. Splenectomy
should be avoided in distal gastrectomy, despite
many textbooks of surgical technique showing
all short gastric vessels ligated in distal subtotal
gastrectomy. Mortality after D2 distal gastrec-
tomy with splenectomy was 50% in the Dutch
trial. '
Another technical point is the dissection
of right cardiac nodes in distal gastrectomy.
These nodes are embedded in adipose tissue

loosely attached to the gastric wall and easily

divided from the wall without breaking the
membrane enveloping the adipose tissue. All
small branches to the gastric wall are divided,
anterior and posterior branches separately
(Figure 25.13) together with numerous small
vagal fibres. The last technical point is how to
dissect the greater curvature nodes along the left
gastroepiploic vessels. These vessels are most
commonly the last branch of the splenic vessels.

Figure 25.13. Clearance of right cardia nodes in distal gastric
resection.

SURGICAL RESECTION OF THE STOMACH WITH LYMPH NODE DISSECTION

At the tip of the pancreas, near the splenic
hilum, they arise from the inferior border of
the organ running toward the stomach in the
splenogastric ligament (Fig 25.14). Unlike
the right gastroepiploic artery and vein, these
vessels do not have a main trunk but three
or four long branches in a palm-like shape.
Sometimes, the inferior polar branch of the
splenic artery comes from the gastroepiploic
artery. In such cases, ligation of the left gas-
troepiploic artery renders a small part of the
spleen ischemic but rarely causes any serious
problems.

PPG

PPG was originally advocated by Maki [6] as
surgical treatment for benign gastric ulcer, to
avoid dumping syndrome, the most important
long-term sequela of distal gastrectomy. As a
result of the remarkable increase in early gastric
cancer in Japan, this technique was introduced
in the 1990s for early gastric cancers located
near the incisura. A 3 cm antral remnant is pre-
served and anastomosed to the proximal gastric
remnant close to the greater curvature. By pre-
serving the hepatic branch of the anterior vagal
trunk and subsequently the pyloric branch,
gastric emptying function is well preserved. As
a result, the suprapyloric nodes are not system-
atically dissected in this operation as early
gastric cancers in the middle part of the stomach
have a less than 1% risk of these nodes being
involved. Other nodal stations in D2 distal
gastrectomy can be dissected as usual. Precise
evaluation of this technique in terms of both

Figure 25.14. Identification of left gastro-epiploic vessels,
usually last branch of splenic vessels.
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Increasing body mass index in Japanese patients with gastric cancer
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Abstract

We studied the body mass index (BMI) of 986 patients who
underwent potentially curative gastrectomy for gastric cancer
at the National Cancer Center Hospital, Tokyo, in 1971, 1981,
1991, and 2001. The median BMI increased from 20.8kg/m?
in 1971 to 22.6kg/m? in 2001 (P < 0.01). The increase was
significant in both early and advanced gastric cancers, and in
males, but not in females. The proportion of overweight
patients (BMI = 25.0kg/m?) increased from 9.2% in 1971
to 24.0% in 2001. Obese patients (BMI = 30.0kg/m?) were
rare. In conclusion, surgeons at the National Cancer Center
Hospital, Tokyo, are increasingly having to operate on fat
patients, but obese patients are still utncommon compared to
the West.

Key words Body mass index - Gastric cancer - Gastrectomy -
Operative morbidity

Introduction

Operative morbidity and mortality rates for gastric can-
cer in Asian countries have been reported to be better
than those in the West [1]. Possible explanations for
this are that Western gastric cancer patients are older
and fatter, and more frequently have significant
comorbidities compared with their Asian counterparts.

While it is true that Japanese surgeons have developed -

and practiced surgical techniques in thin and fit patients,
there is a consensus that Japanese patients are becom-
ing fatter and sometimes require special caution or even
technical modifications to the D2 lymphadenectomy
and postoperative management. In order to validate
this impression, we examined the changes in body mass
index (BMI) of Japanese patients over the past three
decades.

Offprint requests to: T. Sano
Received: April 30, 2004 / Accepted: September 21, 2004

Subjects and methods

The National Cancer Center Hospital, Tokyo, is a spe-
cialized referral center, established in 1963, where more
than 10000 gastric cancer patients have undergone gas-
trectomy. The vast majority of patients are residents of
the metropolitan area. We reviewed the records of all
of the patients who underwent potentially curative gas-
trectomy (RO) at our hospital in the years 1971, 1981,
1991, and 2001 — a total of 986 patients. We excluded
patients with noncurative operations, as these patients
may have had considerable weight changes preopera-
tively due to gastrointestinal obstruction, cachexia,
ascites, or other conditions related to advanced
malignancy. The height and weight data were collected
from the preoperative summary charts or anesthetic
records. The disease was categorized as either early or
advanced according to the histological depth of tumor
invasion (pT1 vs pT2/3/4).

The BMI was calculated as the weight in kilograms
divided by the square of the height in meters (kg/m?),
and was categorized according to the WHO cutoff
points [2], ie., underweight, less than 18.5kg/m?
normal, from 185 to 24.9kg/m? and overweight,
25.0kg/m? or more. The trends of BMI and patients’ age
were statistically examined using Dunn’s test for
multiple comparisons setting the values of 1971 as the
reference.

Results and discussion

The patient demographics and BMIs are shown in Table
1. The male/female ratio was almost constant, while the
median patient age in 2001was significantly higher than
that in the other three periods in both males and fe-
males. The proportion of early gastric cancer in poten-
tially curative cases steadily increased, from 41.8% in
1971 to 61.8% in 2001.
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Table 1. Patient demographics and body mass indices

M. Kubo et al.: BMI of Japanese gastric cancer patients

Year of surgery 1971

1981 1991 2001

Number of patients 153
Age in years; median (range) 58 (19-80)
Sex ratio (M/F) 1.5

Early cancer (%) 41.8

BMI; median (range) 20.8 (14.6-31.2)
Male 20.5
Female 21.1

232 417

57.5 (27-83) 59 (31-87) 62 (26-87)
2.0 2.1 1.8
53.8 56.6 61.8
20.9 (12.0-34.2) 21.8 (14.8-35.3) 22.6 (15.0-31.8)
21.0 22.8 23.0
20.6 207 - 21.9

1971
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Fig. 1. Trend of body mass index (BMI) distribution. Dotted
bars, BMI < 18.5; gray hatched bars, normal; dark gray bars,
BMI > 25

The median BMI increased from 20.8kg/m?in 1971 to
22.6kg/m? in 2001 (P < 0.01). The increase was statisti-
cally significant in males but not in females. The median
BMI in patients with early cancer (22.1kg/m?) was
significantly higher than that in patients with advanced
cancers (21.5kg/m? Mann-Whitney U-test; P = 0.013),
possibly reflecting disease-related weight loss in the
advanced group. In both early and advanced cancers,
the patients’ median BMI increased significantly from
the first two periods to the last two periods.

In 1971, only 9.2% of patients were overweight, while
22.9% were underweight. In 2001, in contrast, 24.3% of
patients were overweight, while only 7.9% were under-
weight (Fig. 1). Obese patients (BMI = 30.0kg/m?) were
rare at all times (0.7% in 1971 and 1.4% in 2001). These
results confirm that surgeons in our institution are oper-
ating, with increasing frequency, on older and fatter
patients with gastric cancer, especially in the past 20
years.

The trend seems to reflect the changes in age and
BMI of the Japanese population. The median age of the

total Japanese population has increased rapidly, from
29.1 years in 1970 to 41.4 years in 2000 {3]. The National
Nutrition Survey showed that, in the 20-year period
from 1976 to 1995, the BMIs of Japanese men in ail age
groups, and that of elderly women, increased, while
that in younger women, especially in metropolitan
areas, decreased [4]. In addition, the expansion of indi-
cations for gastrectomy in old and obese patients in
recent years may have facilitated the trend in this study,
i.e., we are now frequently operating on old or over-
weight patients, for whom gastrectomy might not have
been performed 30 years ago.

BMI does not necessarily measure the body fat vol-
ume. Interestingly, the relationship between BMI and
body fat varies considerably among ethnic groups, and
Asian people tend to have more fat for a given BMI
than Caucasians [5]; some researchers have proposed
23.0kg/m* instead of 25.0kg/m? as a BMI cutoff point of
overweight for Asians [6]. If we apply this criterion,
43.9% of our patients in 2001 were overweight com-
pared with 24.2% in 1971.

Nevertheless, the majority of our patients are still
normal or underweight according to the WHO criteria
and, as compared to Western series, we have only lim-
ited occasions to operate on obese patients (BMI =
30.0kg/m?). Barry et al. [7], in the United Kingdom,
reported that nearly half of their patients who had
undergone potentially curative gastrectomy were over-
weight, and 7% had a BMI of more than 30kg/m?.
Gretschel et al. [8], in Germany, reported that 58.8% of
their 199 patients with total gastrectomy had a BMI
of more than 25kg/m? and 18.1% had a BMI of more
than 30kg/m?. It is interesting that these two European
groups maintain that BMI does not affect operative
morbidity or survival after D2 gastrectomy, whereas
Japanese surgeons report high BMI as an important risk
factor for morbidity and recurrence [9,10]. This may
suggest that D2 gastrectomy in obese patients requires
some different surgical techniques that are not quite
familiar to Japanese surgeons.
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Abstract The Dutch Gastric Cancer Study Group Trial was
the first clinical phase III trial to be carried out in the field
of cancer surgery. In spite of the excellent quality of the
trial, it was heavily criticized for the poor quality of
the treatment itself. Actually, the hospital mortality after
the new surgical treatment (D2 lymph node dissection for
gastric cancer) was unacceptably high. In surgical trials,
special attention should be paid to quality issues specific to
surgery. The first and the most important issue is the quality
of treatment given. Reproducibility, homogeneity, and veri-
fiability are the greatest problems in surgical trials. There
are also some patient factors. If the patient is old, or fragile,
or obese, the results of the surgical treatment can easily be
affected by these factors. The surgeon can also be a prog-
nostic factor, especially in complicated procedures or those
requiring experience and training. Experience, including
postoperative care, and dexterity affect the results. If sur-
geons do not know how to manage complications, mortality
becomes very high. Because blinding is impossible in surgi-
cal trials, the treatment may easily be affected by personal
preference or prejudice. To minimize the influence of these
hampering factors, the procedures should be defined in as
detailed a way as possible. If pretrial training or a feasibility
study (phase II) is needed, it should be carried out properly
for the patients’ sake. An excellent design and excellent
statistical analysis cannot lead to meaningful results if the
quality of treatment is poor. Nonsense in, nonsense out.

Key words Clinical trials of surgical treatment - Quality
assurance of treatment - Gastric cancer - Lymph node
dissection
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The ASCO-JSCO Joint Symposium was held in Kyoto, Japan, on
October 29, 2004.

Quality control in the Dutch Gastric Cancer trial

The Dutch Gastric Cancer Study Group Trial was the first
well-designed, large-sized, randomized clinical trial (RCT)
comparing the surgical procedures in cancer treatment (Fig.
1). In this trial, randomization was carried out before sur-
gery, because the quality controller of the surgery, who
usually came from outside the hospital, should be in the
operation theater at every D2 dissection. So the group ran-
domized patients before operation, based on the clinical
staging, but they expected that some of these patients,
about 30% of them, might have peritoneal seeding, and the
operation would turn out to be non-curative in such pa-
tients. The estimated survival rates of the D1 and D2 sur-
gery arms were 20% and 32%, respectively, but with these
non-curative cases, the rates were 14% and 21% for D1 and
D2, respectively in all randomised patients. The projected
sample size was 531 in each arm.’

Not following the principles of phase III clinical trials,
even the first patient in this RCT was randomized. When
this trial started, only one Dutch surgeon knew what a D2
dissection was and had some experience of carrying out D2
gastrectomy. Although none of the other surgeons involved
had ever had experience of D2 gastrectomy, they did not
plan any feasibility study before starting a phase III study.
Instead, they invited the author (M.S.) to carry out D2
dissections and to teach them how to do it. Therefore, they
could randomize the first patient in whom he carried out a
D2 dissection for the Dutch surgeons. Inviting a surgeon
who knows well the new treatment seemed to be a good
option and was much better than letting surgeons do a new
treatment after just looking at a videotape of the procedure.
However, the tutor could not stay there to participate in all
D2 surgery during the entire period of the trial. Therefore,
in just 4 months he had to teach them how to carry out the
procedure. Surgery of this type is not easy to learn without
doing it oneself. It was obvious that he could not teach all
the participating surgeons of about 80 hospitals. This length
of time was not sufficient to teach even the 12 quality con-
trollers of the D2 surgery.” A feasibility study or intensive
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Fig. 1. Dutch trial on lym-
phadenectomy for gastric can-
cer.! Alpha =0.05, power = 0.90,
531 patients in each arm re-
quested; 5YSR, 5-year survival
rate
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Table 1. Morbidity and mortality after D2 dissection for gastric cancer

Trial Type Number of Number of patients Mortality Morbidity
patients per hospital/year
Hong Kong* RCT 30 75 3% 57%
MRC’ RCT 200 1.5 13% 46%
Dutch' RCT 331 1.0 10% 43%
Ttalian® P-T1 191 80 3% 21%
Sue-Ling et al”  Retro 142 142 5% 17%
Pacelli et al® Retro 157 15.7 4% 22%

pretrial training should have been carried out. From the
scientific and ethical points of view, this kind of setting for a
phase III trial of a new surgical technique is not allowed
anymore.

The author’s major task in this surgical trial was to teach
the surgeons how to do a D2 gastrectomy. He himself did 27
operations and instructed the Dutch surgeons as the first
assistant in operations for six patients. He also gave many
lectures, using videotapes of this operation; the organizers
distributed a videotape of the D2 operation on a Dutch
patient, which was filmed during this period of the trial, and
also distributed a booklet with detailed color photographs
showing the anatomy and the technique. This is all that we
did for teaching. However, this was not good enough for
many of the quality controllers to master the technique
sufficiently. Actually, in spite of all the efforts, the morbid-
ity and mortality of this trial was shockingly high for the
organizers. Postoperative hospital deaths reached nearly
10% in the D2 arm, much higher than in the D1 arm. This
was something unexpected by them before they started this
trial. Retrospectively, they should have stopped this trial
much earlier and gone back to the feasibility study for the
sake of the patients.

Causes of mortality and hospital volume

Theoretically, factors which may influence the morbidity
and mortality after this type of surgery are patient factors,

tumor factors, operative procedures, and hospital and sur-
geon factors. Obviously, older patients and obese patients
may have more morbidities. But, unexpectedly, sex actually
influenced the mortality in this trial very much. And, of
course, so did tumor location and histology, the procedures,
lymph node dissection, the type of gastrectomy (total or
distal), and combined organ resection. Postoperative hospi-
tal mortality after D2 in women was as low as that for D1
dissection, but that in male patients reached 14%, or three
times higher than that for D1.?

Table 1 shows the postoperative hospital mortalities
after D2 dissection in various reports."*® In the Dutch trial
and the MRC (Medical Research Council) trial (British
trial), each hospital had very small numbers of cases annu-
ally (hospital volume). These two trials had smaller hospital
volumes and much higher hospital mortality than in other
reports. With such a limited case load, learning how to
manage these complications was almost impossible. Actu-
ally, the mortality after major surgical complications in the
Dutch trial was significantly higher than that experienced at
the National Cancer Center Hospital Tokyo (NCCH). The
mortality after anastomotic leak and after intraabdominal
abscess or pancreatic juice leakage was 41% and 20%,
respectively, in the Dutch trial. But, in the same period,
the 1980s, the corresponding figures at the NCCH
showed much lower 14% after anastomotic leak, and only
3% after intraabdominal abscess.’ This suggests that experi-
ence is needed to manage these major adverse effects to
avoid treatment-related deaths. Even in patients with medi-
cal treatment, we should know how to manage febrile neu-



tropenia. If not, the patient may die. Greater effort and
more experience are needed in the treatment of complica-
tions after surgical treatment.

High treatment-related death (TRD) rate offsets
treatment effect

Figure 2 shows the survival curves of the Dutch trial’ The
curve of the D2 arm started at 10% below the D1 arm but
caught up with the D1 curve at about 4 years after surgery.
However, the difference between the two arms did not be-
come statistically significant at any time. As expected from
this, the hazard ratio between the two treatments changed
with time; at the beginning, three to four times higher risk
for D2 was observed, but the hazard ratio of D2/D1 became
less than 1 after 3 years, even with the upper limit of the
95% confidence interval below 1. So, after 3 years, patients
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Fig. 2. Survival curves in the Dutch trial®
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who underwent D2 had a significantly lower risk of death
than those who underwent D1. These hazard ratio curves by
time were completely different for men and women. The
curve for women showed a more or less constant hazard
ratio, suggesting the applicability of statistical methods
based on the hypothesis of a constant hazard ratio. The
most common method used to evaluate two survival curves
is the log rank test, which is based on the assumption that
the hazard ratio is roughly constant. This means that the
above statistical methods cannot be properly applied to
survival analyses in male patients.

Figure 3 shows the survival curves by treatment by sex in
the Dutch trial.® The survival curve for the female patients
in the D2 arm shows clearly better survival than that for the
female patients in the D1 arm. Although the P value of the
difference by log rank test was 0.04, this cannot be regarded
as statistically significant because of the multiplicity of the
analysis.

In summary, the conclusion which should be drawn at
the moment is that all the RCTs of lymphadenectomy for
curable gastric cancer failed to prove the effect of D2 dis-
section.’® As discussed already, however, the quality of D2
dissection in these trials was questionable, especially that in
the MRC trial. With quite small hospital volumes, each of
these trials had treatment-related death (TRD) rates after
D2 as high as 10%. The quality of postoperative care to
avoid TRD was very poor, and the high TRD rate offset the
long-term effect of treatment. This was also confirmed in
the French and German studies of squamous cell cancer,
reported at Americal Society of Clinical Oncology (ASCO)
meetings in 2002" and 2003, respectively.”” Proper D2 dis-
section is a technically demanding procedure, requiring ex-
perience in postoperative care, and should be carried out at
specialized centers, at least in low-volume areas.

Fig. 3. Survival curves by treat-
ment {D1 or D2) by sex in the
Dutch trial?
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Surgical trials with low TRD rate

The results of a Japanese trial, Japan Clinical Oncology
Group (JCOG) 9501, a study comparing standard D2 gas-
trectomy with D2 plus paraaortic lymph node dissection
(D3), made a clear contrast to these trials.”® Unlike the
Dutch trial, it was possible to randomize the patients during
surgery after confirming the absence of the peritoneal seed-
ing and negative cytology of the peritoneal washing fluid,
because every participating surgeon knew the technique
and therefore a quality controller from outside the hospital
was not needed. This randomization during surgery was
done at the central data center by telephone. The primary
endpoint was survival and morbidity/mortality, and the pro-
jected sample size was 412 at the beginning. But the sample
size was amended in June 2000, to increase the statistical
power, and we can now evaluate an 8% difference between
the two treatment arms. Five hundred twenty-three patients
were enrolled, and the results of the survival analysis in
2006 are awaited. The postoperative morbidity and mortal-
ity of this trial is shown in Table 2. The D2 arm showed 20%
morbidity, including all complications and although slightly
more complications were observed in the D3 arm, there was
no difference in mortality, at 0.8%, in the two arms. No
differences were observed in major surgical complications
such as anastomotic leak or pancreatic juice fistula, but

Table 2. Morbidity and mortality: JCOG 9501 (523 patients)

D2 D3 All
Morbidity (any*) 20.9% 28.1% 24.5%
Anastomotic leak 2.3% 1.9% 2.1%
Pancreatic fistula 53% 6.2% 4.0%
Abdominal abscess 5.3% 5.8% 5.5%
Pneumonia** 4.6% 1.5% 3.2%
Miscellaneous™*** 9.1% 20.0% 14.5%
Reoperation 1.9% 2.7% 23%
Mortality (in hospital) 0.8% 0.8% 0.8%

* P =0.067; ** P =0.0724; *** P = 0.0005 (ileus, lymphorrhea, diarrhea)

Fig. 4. Survival curve in all
patients in the Japan Clinical
Oncology Group (JCOG) 9501
trial. Actual proportion of 5 year
survivors = 71.4%
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02 p

an increased of diarrhea juice and ileus was observed
after D3.

Figure 4 shows the survival curve for all the patients in
JCOG 9501. The investigators do not know yet how are the
survival curves for the two treatment arms, but the survival
curve for all the patients is quite good, considering the T
stage of the patients. So far, from this result, it can be said
that morbidity and mortality after extended surgery did not
increase much, if the surgery was done by experienced sur-
geons in countries of high incidence. The incidence of the
major complications was the same in both arms, with a
slight increase of minor complications in the D3 arm. D3
increased the operation time by 60min and the blood loss
by 230ml. Unlike the two trials in Europe (Dutch trial' and
MRC trial’), postoperative mortality will not affect the
results in the long term.

The only clinical phase II trial of D2 dissection was
carried out by the Italian Gastric Cancer Study Group in
Turin.® This was carried out to confirm the feasibility of D2
carried out by Italian surgeons after the reports of the
Dutch' and MRC’ trials. The Italian group achieved 3%
mortality. In the Dutch trial, the number of participating
hospitals was 80 and the number of D2 dissections per year
per hospital was just 1, while in the Italian trial, the number
of hospitals was 9 and the number of D2 dissections per year
was 7. The hospital volume differred enormously between
these two trials. Another important difference that may

-have affected the morbidity and mortality was the indica-

tion for pancreas tail resection. In the Dutch trial, a total
gastrectomy was always combined with pancreatico-
splenectomy, but in the Italian trial, the pancreas was
preserved in principle.

After achieving this 3% mortality, the Italian group
started a phase III trial, comparing D1 versus D2 dissection.
However, they have actually had much difficulty in enroll-
ing patients. As there was no difference between the
mortality rates of D1 and D2, some surgeons had
refrained from enrolling patients with a preference for D2.
The feeling was, why should they go back to D1 when there
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is a low mortality for D2 in their hands. If they do enroll
patients, it is questionable whether D1 performed by such
surgeons can be real DI1. If the mortality rates after
pancreatico-duodenectomy or three-field dissection for
esophageal cancer (major surgery) at specialist institutes in
Japan, and in Western countries are compared, they are less
than 5%.

Why did the Dutch and the MRC trials have higher
mortality than pancreatico-duodenectomy or three-field
dissection? Radical pancreatico-duodenectomy is usually
more aggressive than D2 gastrectomy. The only difference
was that the patients with esophageal or pancreatic cancer
were treated at specialist centers, while those with gastric
cancer were treated at general hospitals. In both the
MRC and the Dutch trials, many hospitals had very low
hospital volumes. On the other hand, in the Japanese JCOG
trial, both procedures (i.e., D2 and D3 gastrectomy) have
commonly been carried out, and all participants had high
hospital volumes. Besides, in this trial, together with strict
patient selection and quality assurance, according to the
number of dissected nodes, each participant showed
their operative procedure on videotapes in regular group
meetings.

Factors hampering surgical trials

There are several factors which make clinical trials in sur-
gery difficult.**" First of all, skill and experience affect the
results. In this aspect, all surgeons cannot be the same. So
inter-surgeon variation is unavoidable; some are dexterous
and some are “all thumbs” by nature, and techniques suit-
able only for dexterous surgeons exist. Experience is also a
very important factor — knowledge, familiarity, and knacks
included. There is a learning curve for most surgical tech-
niques. Surgery is usually followed by sequelae, and, there-
fore, quality-of-life evaluation is essential in surgical trials
when comparing surgical techniques. However, there is
no well-established measurement to assess these sequelae.
Unlike medical treatment, masking of the allocated arm is
impossible, and auditing the treatment given is very difficult
in surgical trials.

In the past, we surgeons have experienced the introduc-
tion of laparoscopic cholecystectomy, and in this procedure,
we heard for the first time, the term, “learning curve”. Many
articles state that at least 30 cases are needed to reach the
plateau of the curve, while some argue that 250 cases are
needed. We also observed expansions of indications of this
procedure. At the beginning, this technique was not indi-
cated for gallstone disease with acute cholecystitis, or for
patients with previous operations in the upper abdomen,
or during pregnancy. But actually, many surgeons are now
doing laparoscopic cholecystectomy, even in patients with
these conditions. Finally, in regard to laparoscopic chole-
cystectomy, RCTs were carried out, but they were only
small trials and the results were reported only after an NTH
consensus meeting, and, actually, these RCTs did not have
any impact on clinical practice.'®
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Quality of surgical trials

The quality of surgical trials can be summarized in two
categories. One category is quality issues that are common
to all clinical trials. Indicators of the quality of a trial are, for
example, the randomizing of patients (either by the enve-
lope method or by a central computer system), the blinding
of the arms, the proportion of excluded cases or protocol
violations, sample size projection, the quality and indepen-
dence of the data center and respect for multiplicity in the
analysis, the prospective setting of the interim analysis, and
the existence of an independent monitoring committee. If
all these factors are fulfilled, the quality of the trial itself
should be regarded as excellent. The South West Onco-
logy Group (SWOG), the East Clinical Oncology Group
(ECOG), the European Organization for Reseach and
Treatment of Cancer (EORTC) and the JCOG are good
examples of organizations which support various subgroups
of different specialties and can carry out high-quality clini-
cal trials.

The second category is specific to surgical trials. First,
and most important, is the quality of treatment given. Re-
producibility, homogeneity and verifiability are the greatest
problems in surgical trials. There are also some patient
factors. If the patient is old, or fragile, or obese, the results
of the surgical treatment can easily be affected by these
patient factors. Some surgery in obese patients is much
more difficult than in slim patients. The surgeon can also be
a prognostic factor, especially in complicated procedures or
those requiring experience and training.

In surgical trials, quality control should include postop-
erative care as well. If surgeons do not know how to manage
complications, mortality becomes very high, especially
in intra-abdominal or intra-thoracic surgery. Therefore,
experience and hospital volume are very important factors
in surgical trials. Because blinding is impossible in surgical
trials, the treatment may easily be affected by personal
preference or prejudice. When surgical trials are planned,
details of each procedure in each arm should be defined
carefully after discussion among the participants to avoid
unacceptable heterogeneity. For example, the Gastric Sur-
gery Division of the JCOG now is carrying out an RCT of
total gastrectomy with or without splenectomy, and there
are several possible techniques in each procedure to be
decided among the participants. They had to decide
whether or not mobilization of the spleen was allowed for
dissection of lymph nodes along the distal pancreas,
whether or not a frozen section for splenic hilum node was
acceptable, and where the splenic artery and vein should be
divided, and also the indications for splenectomy in the
spleen-preserving arm. This is because the spleen occasion-
ally has to be taken out if it is injured, to control bleeding,
even if the patient is allocated to the spleen-preserving arm.
When these details are decided, leading surgeons should
demonstrate to all participants, the procedures in detail on
a videotape and each step of the procedures should be
decided as precisely as possible. Even after starting the trial,
it is recommended that the participating surgeons should
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visit reciprocally to see others’ operations. At each regular
meeting among the participants, some of them, perhaps
three or four, demonstrate their operation on videotape and
discuss the technical details, repeatedly. Each participating
center should demonstrate the technique at least once in the
course of a trial, and any technical issue should be reevalu-
ated, if needed, even after starting the trial, which may lead
to protocol revision. Another difficult issue in surgical trials
is how to audit the treatment given. Videotape recording
for every patient is the best way. But, as this is not realistic,
an onsite visit by referees is also another good way of audit-
ing, but this is also very difficult to perform. Checking a
close-up photograph of the operation field after dissection is
one of the possible options. Actually, the Colorectal Sur-
gery Division of the JCOG is adopting this method for an
ongoing trial of rectal surgery. Close and intensive assess-
ment of resected material, including lymph nodes, is a fea-
sible technique if collaboration of pathologists is available,
and was adopted in the Dutch trial on rectal surgery. All
these methods to evaluate the quality of surgery become
effective when proper feedback of the results to the opera-
tors is given regularly.

How to set up clinical trials in surgery

When surgical trials are set up, the following points should
be considered. First, when to start phase III trial should be
decided. For some surgical techniques that are complicated
and surgically demanding, a feasibility study is absolutely
needed, because there is usually a learning curve. Assess-
ment of the experience of each participant is also important.
Even if the procedures in each arm of a study are familiar to
the surgeons, each participant’s experience of each tech-
nique has to be assessed. A phase III trial should be started
after sufficient experience of the procedures. In this regard,
a phase III trial comparing two commonly performed op-
erations is much easier than a comparison of old and new
techniques. Open colon surgery versus laparoscopic colon
surgery for colon cancer is a good example of a difficult
trial, because the learning curve is a serious issue for
laparoscopic colectomy. Selection of participants is also
very important. The more institutes are involved, the faster
is the accrual. On the other hand, the more institutes are
involved, the more difficult is the quality control of surgery.
Careful selection of participating hospitals which have ac-
ceptable quality of surgery is essential. The two procedures
compared in a trial should be defined in every detail and in
each technical point. Some method to verify the treatment

given should be included, and the maximum effort should
be made to avoid personal preferences affecting the results.
Quality-of-life evaluation (ie., a quality-of-life score or
symptom score) should be included in most surgical trials.
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Abstract

Background. European clinical trials of gastrectomy have
shown that pancreas-related complications are the major
cause of mortality. The aim of this stndy was to determine
the risk factors for pancreas-related abscess after gastrectomy
and to evaluate the effects of the abscess on postoperative
mortality.

Metrhods. Between 1992 and 1999, 663 consecutive patients
with gastric carcinoma underwent total gastrectomy. Data
from these patients were analyzed, to identify the predictors
of pancreas-related abscess caused by pancreatic juice leak-
age, by a multiple logistic regression model.

Results. On multivariate analysis, increasing age (P = 0.018)
and body mass index (P = 0.006) were independent preopera-
tive risk factors. Dissection along the distal splenic artery was
an intraoperative risk factor. The hazard ratios were increased
9.13-fold (P = 0.000) with a pancreas-preserving operation
and 16.72-fold (P = 0.000) by distal pancreatectomy. Patients
with the abscess had a higher postoperative mortality rate
(P = 0.008), and a higher re-operation rate (P < 0.001) than
patients without the abscess.

Conclusion. Pancreas-related abscess is more likely to occur
in older, obese patients undergoing node dissection along the
distal splenic artery. Abscess formation is associated with a
higher mortality and re-operation rate. Spleen preservation
should be evalnated in Japan.

Key words Gastric cancer - Morbidity

Introduction

The most frequent major complication after gastrec-
tomy with extended dissection is pancreatic juice leak-
age [1], because recently, the incidence of anastomotic
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leakage has decreased remarkably [2]. Pancreatic juice
leakage is often followed by contamination, resulting in
a peripancreatic abscess. Secondary hemorrhage from
major arteries damaged by contamination can be fatal.
European clinical trials of gastrectomy have shown that
pancreas-related complications are a major cause of
mortality [3,4].

The prediction and early detection of pancreas-
related complications may be helpful. The aim of this
study was to determine risk factors for pancreas-related
abscess after gastrectomy, caused by pancreatic juice
leakage, and to evaluate the effects of the abscess on
postoperative mortality.

Patients and methods

Six hundred and sixty-three consecutive patients with
gastric carcinoma underwent total gastrectomy, be-
tween 1992 and 1999, at the National Cancer Center
Hospital, Tokyo. Data for these patients were analyzed
to identify the predictors of pancreas-related abscess
caused by pancreatic juice leakage, using a multivariate
logistic regression model.

The diagnosis of a pancreas-related abscess was made
when purulent fluid containing turbid necrotic debris
drained from the peripancreatic area for more than 7
days. The abscess cavity was assessed by computed to-
mography (CT) scan and contrast study through drains.
We recorded an abscess regardless of its cavity size.
When we found anastomotic leakage radiologically on
initial diagnosis of the abscess, we excluded these pa-
tients from the pancreas-related abscess group.

The preoperative and perioperative data were col-
lected from the patients’ records and stored on our
gastric surgical database.
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Operative techniques

Total gastrectomy with Roux-en-Y esophagojejunos-
tomy was performed in 623 patients (94.0%), as the
standard operation. Forty patients (6.0%) underwent
jejunal interposition. Pouch formations were added in 7
patients (1.1%). The extent of nodal dissection along
the distal splenic artery and splenic hilum varied, in-
cluding no dissection of these nodes. Distal pancreatec-
tomy or the Maruyama pancreas-preserving method [5]
was usually performed for advanced tumor (T2, T3, and
'T4). The splenic arteries were sacrificed distally to the
dorsal pancreatic arteries, in all patients, when we per-
formed pancreas-preserving total gastrectomy. At least
one drainage tube was applied in the left subphrenic
space in all patients. In most cases, the amylase level of
the drainage fluid was determined on the first postop-
erative day. All patients received antibiotic prophylaxis
for the same period.

Statistical methods

Univariate analyses were performed in order to pre-
dict those preoperative and perioperative variables
that were associated with a pancreas-related abscess.
Fischer’s exact test and the Mann-Whitney test were
used as appropriate.

To develop a model for predicting postoperative
pancreas-related abscess in terms of pre- and periopera-
tive variables, three preoperative and six perioperative
variables were entered in multiple logistic regression
analysis. All the statistical procedures were performed
with the SPSS 11.5 statistical package (SPSS Japan,
Tokyo, Japan). The limit for statistical significance was
P <0.05.

Results

The overall incidence of pancreas-related abscess was
11.5%. The median amylase level of the drainage fluid
on the first postoperative day was 1942 I/l (range, 22—
387000) U/l overall, and it was 1682 (22-303 800) U/l in
patients without abscess and 6590 (96-387000) U/l in
patients with abscess.

The male-to-female ratio was 2.5:1, and the mean
age was 59.9 + 11.6 years. The proportion of patients
with early gastric cancer (T1) was 21.1%. Operation
with curative intent was performed in 82.5% of the
patients. Nodal dissection along the distal splenic
artery was performed in 68.0% of the patients and
D2 dissection or more was carried out in 67.6 % of
the patients. The median operation time was 263 min
(90-580min). Median blood loss was 567ml (250-
4457 ml).
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Univariate analysis identified several preoperative
patient-related factors as having a high association
with pancreas-related abscess. The preoperative
demographic data are shown in Table 1, for patients
with and without the abscess. Increasing age (P =0.004)
and increasing body mass index (P = 0.008) had a
strong association with postoperative pancreas-related
abscess.

Perioperative data are also presented in Table 1.
Univariate analysis showed that depth of tumor inva-
sion (P = 0.007), operation time (P = 0.024), extent of
dissection (P = 0.000), and dissection along the distal
splenic artery (P = 0.000) were all associated with a
greater incidence of abscess formation. The method of
dissection along the distal splenic artery was catego-
rized into one of five variations.

Multivariate analysis identified three independent
factors as predictors of postoperative pancreas-related
abscess formation (Table 2). Increasing age and increas-
ing body mass index increased the risk of the abscess by
1.4- and 1.1-fold, respectively.

Dissection of nodes along the distal splenic artery and
in the splenic hilum was an intraoperative risk factor. If
the relative risk for the abscess was set at 1 for patients
with neither splenectomy nor pancreatectomy, the haz-
ard ratios were 9.1 for pancreas-preserving operation
and 16.7 for distal pancreatectomy.

The postoperative outcomes of the patients with
and without pancreas-related abscess were compared
(Table 3). The patients with the abscess had a higher
postoperative mortality rate. Patients with pancreas-
related abscess had 7.6-fold increased mortality com-
pared to patients without the abscess. The re-operation
rate for patients with pancreas-related abscess was
32-fold greater than that for patients without the
abscess.

Discussion

Increasing body mass index increases the risks of
pancreas-related abscess. The literature also reports fat
volume as being a risk factor in increasing postoperative
complications [6,7]. Nodal dissection along the distal
pancreas and in the splenic hilum in obese patients is a
difficult task, even in the hands of experienced surgeons
specializing in the treatment of gastric carcinoma.

Patients in the West usually have a higher body mass
index than those in Japan [8]. The observed high mor-
bidity rates in Western randomized trials for D2 dissec-
tion may be related to the greater obesity of these
patients.

Increasing age also increases the risk of abscess for-
mation. Patients in the West receiving gastrectomies are
usually older than those in Japan, as well as having a
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Table 1. Univariate analysis of variables associated with pancreas-related abscess
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P value;
No abscess Abscess patients with vs
(n = 587) (n=176) without abscess
Preoperative variables
Sex
Male 413 (87.1%) 61 (12.9%) 0.080
Female 174 (92.1%) 15 (7.9%)
Age (years) 59.5 (22-91) 62.8 (44-84) 0.004
Body mass index (kg/m?) 21.7 (12.2-37.7) 22.6 (15.0-31.5) 0.008
Perioperative variables
Depth of tumor invasion
Early (T1) 133 (95.0%) 7 (5.0%) 0.007
Advanced (T2, T3, T4) 454 (86.8%) 69 (13.2%) :
Curability of operation
Curative (R0) 480 (87.8%) 67 (12.2%) 0.200
Noncurative (R = 1) 107 (92.2%) 9 (7.8%)
Operation time (min) 260 (90-580)* 286 (140-540) 0.024
Blood loss (ml) 565 (25-3776) 587.5 (70~4457) 0.123
Extent of dissection
DO, D1 207 (96.3%) 8 (3.7%) 0.000
D2, D3 380 (84.8%) 68 (15.2%)
Dissection methods for nodes along the distal splenic artery
Dissection
Distal along distal
Splenectomy pancreatectomy splenic artery
1. No -No No 155 (98.1%) 3 (1.9%) 0.000
2. Yes No No 49 (90.7%) 5(9.3%)
3. No No Yes 10 (83.3%) 2 (16.7%)
4. Yes No Yes 309 (86.3%) 49 (13.7%)
3. Yes Yes Yes 64 (79.0%) 17 (21.0%)

Splenectomy (yes), pancreatectomy (no), dissection along distal splenic artery (yes) indicates pancreas-preserving total gastrectomy method

2Median values, with ranges in parentheses

Table 2. Multivariate predictors of pancreas-related abscess

95% Confidence

Variables P value Odds ratio interval of odds ratio
Preoperative variables
Age (continuous) 0.018 1.414 1.060-1.886
Body mass index (continuous) 0.006 1.126 1.035-1.225
Perioperative variables
Dissection methods for nodes along the distal splenic artery
Dissection
Distal along distal
Splenectomy pancreatectomy splenic artery

1. No No No 1
2. Yes No No 0.012 6.601 1.505-28.953
3. No No Yes 0.011 11.973 1.760-81.468
4. Yes No Yes 0.000 9.130 2.791-29.864
5. Yes Yes Yes 0.000 16.724 4.675-59.823
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Table 3. Relationship of postoperative events to pancreas-related abscess

No abscess Abscess
Variables (n=587) (n=176) P value
Re-operation 4 (0.7%) 17 (22.4%) < 0.001
Operation-related death 4 (0.7%) 4 (5.3%) 0.008

higher body mass index [9,10]. The observed high mor-
bidity rates in Western trials were related to the age
distribution [11], similar to our findings here.

Our study shows that the dissection of nodes along-
side the distal splenic artery and nodes in the splenic
hilum is an intraoperative risk factor. Distal pan-
createctomy with splenectomy had the highest odds
ratio. However, even when we performed pancreas-
preserving total gastrectomy to avoid pancreas-related
complications, there was still a considerably higher odds
ratio of abscess formation. Pancreas-preserving sple-
nectomy is part of the standard operation in specialized
centers in Japan. Splenectomy without dissection along
the distal splenic artery also had a high risk of abscess
formation.

Japanese retrospective studies have shown that 20%-—
30% of patients with advanced cancer in the proximal
stomach have nodal metastasis in the splenic hilum, and
that gastrectomy with resection of these nodes can yield
a S-year survival of 20%-25% [12]. Consequently, in
Japan, dissection of nodes in these areas is performed
routinely.

Although mortality rates from gastrectomy compli-
cated by pancreas-related abscess are lower in Japan
than those reported in Western series [3,4], pancreas-
related abscess formation remains a strong factor in the
mortality and morbidity rates in both Japanese and
Western centers.

Evaluation of the role of splenectomy for proximal

gastric cancer is important. Spleen preservation, avoid-
ing thorough nodal dissection in the splenic hilum as
well as in the distal splenic artery, as described by
groups in the United Kingdom [13,14], should be evalu-
ated in Japan. The Japan Clinical Oncology Group have
recently started a randomized controlled trial to evalu-
ate the effect of splenectomy on postoperative morbid-
ity and longterm cancer-free survival [15].

Conclusions

Pancreas-related abscess after gastrectomy is more
likely to occur in older, obese patients undergoing node
dissection along the distal splenic artery. Because the
abscesses are associated with high mortality and re-
operation rates, the role and oncologic value of splenec-

tomy has to be considered more carefully. This now
forms the basis of a nationwide trial.
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Identification of risk factors for the development
of complications following extended and superextended
lymphadenectomies for gastric cancer
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Background: Extended lymphadenectomy for gastric carcinoma has been associated with high mortality
and morbidity rates in several multicentre randomized trials.

Methods: Using data from 523 patients registered for a prospective randomized trial comparing
extended (D2) and superextended (D3) lymphadenectomies, risk factors for overall complications and
major surgical complications (anastomotic leakage, intra-abdominal abscess and pancreatic fistula) were
identified by multivariate logistic regression analysis.

Resuits: Mortality and morbidity rates were 0-8 per cent (four of 523) and 24.5 per cent (128 of 523)
respectively. Pancreatectomy (relative risk 5-62 (95 per cent confidence interval (c.i.) 1.94 to 16-27)) and
prolonged operating time (relative risk 2-65 (95 per cent confidence interval 1-34 to 5.23)) were the most
important risk factors for overall complications. A body mass index of 25 kg/m? or above, pancreatectomy
and age greater than 65 years were significant predictors of major surgical complications.

Conclusion: Pancreatectomy should be reserved for patients with stage T4 disease. Age and obesity
should be considered when planning surgery.
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introduction chance of cure, but is inappropriate if the cancer has spread
systemically.
In Japan, gastrectomy plus extended systematic lym-

phadenectomy (D2 resection) has long been the standard

Despite a declining incidence in Western Europe! and the
USA?, gastric carcinoma remains the second commonest

cause of cancer death worldwide, with over 600 000 deaths
per year®. Given the poor outcome of irresectable disease
treated by other therapeutic modalities in phase II and
I trials*’, the curative treatment of gastric carcinoma
remains primarily surgical. Although the presence of
distant metastases usually precludes curatve surgery, this
does not necessarily apply to disease in the regional
lymph nodes, which can be dissected en bloc with the
primary lesion®’. This type of resection may allow
cure, provided that metastases are within the margins
of dissection. Removal of a wider range of lymph nodes

by extended lymph node dissecdon might increase the

Copyright © 2005 British Journal of Surgery Society Ltd
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treatment, even for superficial cancers®. Success with D2
resection has led to the evolution of a superextended
lymphadenectomy (D3 resection) and several feasibility
studies evaluating dissection of para-aortic lymph nodes
have been performed®~!2. A randomized trial (Japan Clin-
ical Oncology Group JCOG) 9501) was launched in 1995,
primarily to explore the potental survival benefit of D3
over D2 dissection!. This trial has provided the oppor-
tunity to evaluate prospectively collected data on gastric
cancer surgery in Japan. The present study represents a
detailed analysis of risk factors for overall and surgical
complications following D2 and D3 resections.
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Patients and methods

Between June 1995 and April 2001, 523 patents registered
in the JCOG 9501 study were allocated randomly to either
D2 (263 patients) or D3 (D2 plus para-aortic lymph node
dissection; 260 patients) resection. Eligibility criteria and
the method of randomization have already been reported
in detail'. In brief, patients aged less than 75 years of age
with histologically proven and resectable primary gastric
carcinoma with an estimated depth of SS (penetrating the
muscle layer), SE (penetrating the serosa) or SI (invasion
to an adjacent organ) were recruited after giving informed
consent. Patients found positive for free cancer cells by
cytological examination of peritoneal washes and those
with Borrmann type 4 tumours (linitis plastica type) were
excluded. Twelve institutions participated in the trial
initially and 12 other institutions were added to increase
patient recruitment.

After Japarotomy, cytological examination of peritoneal
washes was performed, followed by gross examination of
the abdominal cavity and the primary lesion. Only patients
who were negative for free cancer cells in the abdominal
cavity and without evidence of gross para-aortic lymph
node spread, peritoneal carcinomatosis or other distant
metastasis were eligible to partcipate. The patients were
allocated randomly to either D2 or D3 resection by the
minimization method of balancing the groups according to
T stage (T2 versus T3/T4), gross appearance (Borrmann
types 1 and 2 versus Borrmann types 3 and 5) and institution.
The surgeons were notified immediately of the allocation
results and completed the operation accordingly.

Patients underwent appropriate gastrectomy with sys-
tematic lymphadenectomy as allocated. Perigastric lymph
nodes (nodal stations 1, 3, 4, 5 and 6 according to the
Japanese Classification of Gastric Cancer!'#) and nodes at
the base of the left gastric artery (7), along the common
hepatic artery (8) and at the base of the splenic artery
(11) were resected routinely. Lymph nodes along the hep-
atoduodenal ligament and behind the pancreatic head (12
and 13) were resected when the primary lesion was located
in the lower third of the stomach. Lymph nodes along
the left side of the cardia (2), within the splenogastric
ligament (4sa) and at the splenic hilum (10) were resected
with the spleen when total or proximal gastrectomy was
performed. Concurrent resecton of the pancreatic tail
was not routine during either D2 or D3 resection and was
reserved for patients with directinvasion to the pancreas. In
patients randomized to superextended lymphadenectomy,
para-aortic lymph nodes from the level of the coeliac trunk
down to the root of the inferior mesenteric artery (16a2
and 16bl) were dissected. The mode of reconstruction
following resection was not specified.

Copyright © 2005 British Journal of Surgery Society Ltd
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All information on complications was extracted from the
case-report forms for the trial. Anastomotic leakage, intra-
abdominal abscess and pancreatic fistula were considered
to be major surgical complications. Anastomotic leakage
was defined as dehiscence confirmed by radiographic
examination using contrast medium. Pancreatic fistula
was diagnosed if there was prolonged purulent discharge
containing pancreatic juice from the drainage tube.

Factors that might affect the risk of overall and major
surgical complications were evaluated by univariate analysis
using cross-tabulations. Variables analysed included extent
of lymphadenectomy, splenectomy, pancreatectomy, type
of gastrectomy, pathological (p) T category (pT2 and pT3
versus pl'4), sex, age, body mass index (BMI), operating
time, amount of blood loss and need for autologous blood
transfusion. Operating time and blood loss were divided
into tertiles for analysis. Two factors associated with
surgical experience were also evaluated: institutions that
enrolled over 20 patients versus those with fewer patients
and first and second halves of the trial (1995-1998 versus
1999-2001). The ¥’ test was used to assess differences
in proportions. The independent contribution of various
factors was assessed by multivariate logistic regression
analysis, with mutual adjustment of potential risk factors for
complications. All factors analysed in the univariate analysis
were included as variables in the multvariate analysis.
Two-sided P values are presented. Statistical analysis was
performed using SAS® version 8.12 (SAS Institute, Tokyo,
Japan).

Results

Total gastrectomy was performed in 199 (38.0 per cent)
of 523 padents and proximal gastrectomy in four,

Table 1 Complications

Severe abdominal complications

Pancreatic fistula 30
Abdominal abscess 29
Anastomotic leakage 11
Other complications
Pneumonia 16
Anastomotic stenosis 14
Bowel obstruction/ileus 16
Lymphorrhoea 10
Thoragic effusion requiring thoracic drainage 7
Severe feeding problem requiring prolonged hyperalimentation 6
Wound abscess 5
Postoperative bleeding 3
Severe diarrhoea 3
Urinary tract infection 3
Catheter-induced sepsis 3
Pulmonary embolism 2
Cardiac failure 1
Cholecystitis requiring percutaneous drainage 1
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Extended lymphadenectomy for gastric carcinoma

the remaining patients underwent distal gastrectomy.
Splenectomy was performed in 191 patients (36-5 per cent)
and distal pancreatectomy in 22 (4-2 per cent). There was
no significant difference in the type of gastrectomy and
incidence of combined resection between the two groups.
Details of patient demographics and tumour stages have
been reported previously!®.

There were four hospital deaths (0-8 per cent), two
in each group. Two patents suffered from rapid
disease progression and died 3 and S months after

1105

surgery without being discharged from hospital. One
patient died from pneumonia at 46 days and another
died from massive bleeding from the gastroduode-
nal artery 24 days after operation. Complications were
identified in 128 padents (24-5 percent) and major
surgical complications in 49 patients (9-4 per cent)
(Table 1).

The results of univariate analyses of risk factors
for overall postoperative complications are summarized
in Tuble 2. Only pancreatic resection (P = 0-001) and

Table 2 Univariate and multivariate analysis of risk factors for overall complications

Extent of lymphadenectomy

D2 263 55 1 1

D3 260 73 1-48 (0-99, 2.21) 0-057 0-93 (0-58, 1-51) 0-776
Splenectomy

No 332 64 1 1

Yes 191 64 2-11 (1-41, 3-17) < 0-001 2.05 (0-52, 8.01) 0-304
Pancreatectomy

No 501 115 1 1

Yes 22 13 4.85 (2-02, 11-63) <0-001 562 (1-94, 16-27) 0-001
Extent of gastrectomy

Distal 320 62 1 1

Total or proximal 203 66 2:01 (1-34, 3-00) < 0-001 0-84 (0-22, 3-27) 0-804
Invasion to adjacent organs

T2, T3 501 123 1 1

T4 22 5 0-90 (0-383, 2.50) 0-846 0-37 (0-11, 1-24) 0.107
Sex

M 358 94 1 1

F 165 34 0.73'(0-47, 1-14) 0-163 0-73 (0-45, 1.19) 0-207
Age (years)

<56 160 33 1 1

56-65 207 48 1-16 (0-70, 1.92) 0.557 1.26 {0-73,2.17) 0-403

>65 156 47 1.66 (0-99, 2.77) 0-053 1.63 (0-92, 2.89) 0-092
Body mass index

<25 4486 101 1 1

>25 77 27 1-85(1-10, 3-10) 0.019 1.75 (0-99, 3-08) 0-054
Operating time (min)

<240 167 23 1 1

240~297 179 43 1-98 (113, 3-46) 0016 1.77 {0-96, 3-25) 0-068

>297 177 62 3.38 (1.97, 5.78) <0-001 2.65 (1.34, 5.23) 0-005
Blood loss (ml)

<395 174 27 1 1

395-710 174 42 1.73(1.01,2.97) 0-045 1.05 (0-58, 1-90) 0-886

>710 175 59 2-77 (1-65, 4-64) <0-001 1.11 (0-58,2:12) 0.754
Biood transfusion

Yes 408 87 1 1

No 115 41 2-04 (1-31, 3-20) 0-002 1.58 {0-92, 2-56) 0102
Case volume”

<20 147 M 1 1

>20 376 87 0.78 (0-51, 1.20) 0-256 0-83 (0-51, 1-34) 0-437
Period

1995-1998 295 75 1 1

1999-2001 228 58 0.9 (0-59, 1-33) 0-566 0-87 (0-56, 1-35) 0.539

Values in parentheses are 95 per cent confidence intervals. *No. of patients registered.
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Table 3 Univariate and multivariate analysis of risk factors for major surgical complications

Extent of lymphadenectomy

D2 263 23

D3 260 26
Splenectomy

No 332 20

Yes 191 29
Pancreatectomy

No 501 43

Yes 22 6
Extent of gastrectomy

Distal 320 19

Total or proximal 203 30
Invasion to adjacent organs

T2, T3 501 47

T4 22 2
Sex

M 358 38

F 165 11
Age (years)

<56 160 7

56-65 207 20

> 65 156 22
Body mass index

<25 446 34

=25 77 15
Operating time (min)

<240 167 8

240-297 179 14

>297 177 27
Blood loss (ml)

<395 174 10

395--710 174 "

>710 175 28
Blood transfusion

Yes 408 29

No 115 20
Case volume*

<20 147 16

>20 376 33
Period

1995-1998 295 30

1999-2001 228 19

1

1
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1.16 (0-64, 2.09) 0-623 0-67 (0-32, 1.-39) 0279
1 1 :

2.79 (1-53, 5.09) <0001 1.08 (0-15, 7.56) 0.941
1 1

3.99 (1.49, 10.74) 0-003 6-90 (1-86, 25.58) 0.004
1 1

2.74 (150, 5.03) <0-001 2.15 (031, 15.20) 0442
1 1

0-97 (022, 4-26) 0-964 0-37 (0-067, 2-01) 0-246
1 1

0-60 (0-30, 1-21) 0-150 0-57 (0-25, 1.27) 0-169
1 1

2.34 (0-96, 5.67) 0.061 8.06 (1-15, 8-20) 0-026
3.59 (1-49, 8.66) 0.005 4.04 (148, 11.02) 0-006
1 1

2.93 (1.51, 5.69) 0001 3.82 (154, 7-12) 0.002
1 1

1.69 (0-69, 4.13) 0-252 1.60 (0-60, 4-27) 0.350
3.58 (1-58, 8-12) 0-002 2.96 (103, 8.55) 0-045
1 1

111 (0-46, 2.68) 0.822 0-47 (0-17, 1.30) 0-145
3.12(1-47, 6.65) 0.003 0-86 (0-32, 2.31) 0.767
1 1

2.75 (1.49, 5.08) <0001 1.99 (0-97, 4.08) 0.061
1 1

0.79 (0-42, 1.48) 0457 076 (0-36, 1.57) 0.454
1 1

0-80 (0-44, 1.47) 0475 0.83 (0-43, 1.61) 0.575

Values in parentheses are 95 per cent confidence intervals. *No. of patients registered.

prolonged operating time (patents in the upper tertile
for whom the operating time was more than 297 min;
P = 0-005) were identified as significant independent risk
factors for overall complicatons (Tuble 2). A BMI of 25 or
more was close to significance (P = 0-054).

The results of univariate analyses of risk fac-
tors for major surgical complications are summarized
in Table 3. Multivariate analysis identified BMI (P =
0-002), pancreatic resection (P = 0-004), age (56—65 years,
P = 0-026; over 65 years, P = 0-006) and operatng time
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over 297 min (P = 0-045) as significant independent risk

factors for major surgical complications (Tsble 3).

Discussion

Gastrectomy plus extended systemic lymphadenectomy
(D2 resection) is the standard procedure for gastric
carcinoma in Japan. This approach has resulted in
superior stage-by-stage survival than that observed in
most Western countries and has led to cure for a
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