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Risk factors for pancreas-related abscess after total gastrectomy
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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 study was to determine
the risk factors for pancreas-related absecess after gastrectomy
and to evalnate the effects of the abscess on postoperative
mortality.

Merhods. Between 1992 and 1999, 663 consecutive patients
with gastric carcinoma vnderwent 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.

Resulrs. On multivariate analysis, increasing age (P = 0.018)
and body mass index (P = 0.006) were independent preopera-
tive risk factoxs. 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 pancreatectomry. 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 nndergoing node dissection along the
distal splenic artery. Abscess formation is associated with a
higher mortality and re-operation rate. Spleen preservation
shounld be evaluated 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

Offprint requests to: H. Katat
Received: August 9, 2004 / Accepted: January 20, 2005

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 <0.0s5.

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 1/ (range, 22—
387000) U/l overall, and it was1682 (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).

H. Katai et al.: Pancreas-related abscess after total gastrectomy

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 (922%) 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%)
5. 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

*Median values, with ranges in parentheses

Table 2. Muliivariate predictors of pancreas-related abscess

95% Confidence

Variables P value Odds ratio interval of odds ratio
Preoperative variables
Age (continuous) 0.018 1414 - 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 éplenic 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 (53%) 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 S5-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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Gastric cancer may or may not be changing. According
to the estimate by the International Agency for Re-
search on Cancer, the worldwide incidence of gastric
cancer in 2002 was 933,937, of which no less than 56% of
cases were from East Asia (China, Japan, and Korea)
alone. Interestingly, gastric cancer in this high-incidence
area is not, or only very slowly, undergoing the phenom-
enon of “proximal shift” of tumors, which today is a
definite trend in gastric cancer in the West. The differ-
ence between East and West in terms of tumor biology
as well as treatment modality seems to be becoming
greater over the years. Now many physicians and

researchers in both hemispheres are wondering if
they are fighting against the same disease that the other
side is. ’

In such a situation, the role of the International
Gastric Cancer Association (IGCA) is particularly im-
portant. It provides opportunities for worldwide spe-
cialists to meet and discuss the disease. Our journal,
Gastric Cancer, should also be a forum for global discus-
sion as the only international journal specialized in this
malignancy.

Since its first publication in 1998, Gastric Cancer has
maintained some unique features as the joint official
journal of IGCA and the Japanese Gastric Cancer
Association (JGCA). The editorial board consists of
the same number of members from both associations,
and any submitted manuscript is reviewed by a team
composed of referees from both associations. Even the
position of Editor-in-Chief has been shared; Professor
J. Riidiger Siewert from IGCA and Dz. Oichiro Kobori
from JGCA formed a good partnership to develop a
high-quality peer-review system. '

Now I have succeeded Dr. Kobori to undertake the
JGCA'’s part as an Editor-in-Chief. My task is clear: to
further expand the journal’s scope as a forum for global
discussion and to enhance the journal’s status in the
field of oncology. ’

Both Professor Siéwert and I are surgeons. Appro-
ximately 80% of the JGCA and IGCA members are
also surgeons. However, our journal is not a surgical
journal. Our editorial board has prominent medical
oncologists and scientists to welcome any category of
papers related to gastric cancer. Our goal is comprehen-
sive understanding and consequent conquest of gastric
cancer.

In 2004, a total of 1,450 English papers having the
keyword “stomach neoplasms” were published, accord-
ing to the PubMed database. Of these, 513 papers
(35.4%) were from Japanese institutions or had at least
one Japanese author. Considering the high incidence of
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the disease in Japan, this high proportion is understand-
able. Gastric Cancer is a quarterly journal, and we pub-
lished 41 papers in 2004. This accounted only for 2.8%
of the above-mentioned 1,450, and I would aim at dou-
bling this within 3 years. Of all 268 papers published
in volumes 1 to 7 of Gastric Cancer, 207 (77.2%) were
from Japanese institutions. Although this high propor-
tion is due largely to the fact that the membership ratio
of JGCA to IGCA is 6 to 1, I hope we will receive more
papers from outside Japan to make our journal a truly
international forum.

As a gastric surgeon, I have visited 22 countries either
for giving lectures or live demonstrations of surgery. As
a host at the National Cancer Center Hospital, Tokyo, 1
have received visitors from an additional 21 countries
and had intensive discussions with all of them. I believe
I am part of a global network of gastric cancer special-
ists, on a personal level, and I intend to make full use of
that network to increase the value of the journal.

Dear colleagues: Please do not hesitate. You have
good reasons to write papers for Gastric Cancer:

1. Your paper will be sent directly to 6,000 worldwide
specialists of gastric cancer.

2. The abstract of your paper is immediately listed in
Medline and PubMed.

3. The PDF file of your paper is uploaded on the
Springer website and can be downloaded through
their 4,500 worldwide access sites in addition to
downloading by our 6,000 subscribers.

4. Your paper may be selected for the Nishi Award of
the JGCA (the best three papers each year) and you
will be awarded US$2,000.

I am looking forward to your participation in this
international forum for gastric cancer.

Takeshi Sano
Editor-in-Chief
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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.

Results: 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 obesn:y

should be considered when planning surgery.
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introduction

Despite a declining incidence in Western Furope! 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 curative surgery, this
does not necessarily apply to disease in the regional
lymph nodes, which can be dissected en bloc with the
primary lesion%7. 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 dissection might increase the

Copyright © 2005 British Journal of Surgery Society Ltd
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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

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 potential survival benefit of D3
over D2 dissection!®. This trial has provided the oppor-
tunity to evaluate prospectively collected data on gastric
cancer sutgery in Japan. The present study represents a
detailed analysis of risk factors for overall and surgical -
complications following D2 and D3 resections.

British Journal of Surgery 2005; 92: 1103-1109
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Patients and methods

Between June 1995 and April 2001, 523 patients registered
in the JCOG 9501 study were allocated randomly to either
D2 (263 patients) or D3 (D2 plus para-aortic lymph node
dissection; 260 patents) resection. Eligibility criteria and
the method of randomization have already been reported
in detail'3. 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 laparotomy, 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 participate. The patients were
allocated randomly to either D2 or D3 resection by the
minimizadon method of balancing the groups according to
T stage (T2 versus 'T3/14), 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 direct invasion 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 16b1) were dissected. The mode of reconstruction
following resection was not specified.

Copyright © 2005 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

Y. Kodera, M. Sasako, 8. Yamamoto, T. Sano, A. Nashimoto and A. Kurita

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 p14), 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 multivariate 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 patients and proximal gastrectomy in four;

Table 1 Complications
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