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Abstract
Background Fat volume and large abdominal shape are known to disrupt the procedures of lymph node retrieval used in
gastric cancer surgery. The present study examined the effect of increasing fat content on surgical outcomes, including
estimated blood loss and the number of lymph nodes retrieved during gastrectomy.
Methods Of 154 patients, 50 underwent the conventional open procedure (OPEN) and 104 underwent laparoscopy-assisted
distal gastrectomy (LADG). The BMI-related factors of total fat, subcutaneous fat, and visceral fat area, as well as the
peritoneum–celiac axis distance were calculated by computed tomography. Regression analysis was used to determine the
effects of BMI-related factors that obstruct the surgical procedures on the specific outcomes of estimated blood loss and
the number of lymph nodes retrieved.
Results In the OPEN, but not in the LADG, increases in all BMI-related factors were related to increases in estimated blood
loss. The increases in BMI, subcutaneous fat, and the peritoneum-celiac axis distances were related to decreased numbers of
retrieved lymph nodes only in the OPEN. Only the factor of visceral fat at the celiac level was modestly associated with a
decreased number of dissected lymph node in both groups.
Conclusions The present study demonstrated that increased fat content and large body shape have little effect on the number
of lymph nodes retrieved and blood loss in LADG. However, for patients undergoing conventional open distal gastrectomy,
increased fat content and large body shape do impact on the amount of blood lost and the number of lymph nodes retrieved.
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Introduction

The technical difficulties associated with conventional open
distal gastrectomy with D2 lymph node dissection of gastric
cancer are increased in patients with high body mass index
(BMI) values, since the N2 regional lymph nodes lie deep
within the fatty tissues around the major abdominal vessels,
which may be associated with hemorrhage.1 Multivariate
logistic regression analysis of a large number of patients who
underwent gastrectomy with D2 and D3 lymph node
dissection has revealed that obesity is one of major predictors
of serious surgical complications,2,3 and several studies have
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demonstrated increased postoperative morbidity and mortal-
ity after gastrectomy in obese patients.4–7,2

A person who is twice the ideal weight or who has a
BMI value >40 kg/m2 is considered to be obese.4 The
excess intraperitoneal fat tissue in obese patients often
results in a reduced field of view and difficulty in
controlling intraoperative blood loss during surgery. In
addition, both the fat volume and abdominal shape of
gastric cancer patients influence their short-term surgical
outcomes after distal gastrectomy with D2 lymph node
dissection.8 However, little is known about the individual
factors (e.g., intra-abdominal fat, subcutaneous fat, and
abdominal shape) that make lymph node dissection
difficult.

Laparoscopy-assisted distal gastrectomy (LADG), which is
increasingly used for gastric cancer surgery,9,10 is a safe and
useful technique when performed by a skilled surgeon.11

Several studies have reported lower intraoperative blood
loss9,12–14 and similar accuracy of lymph node dissection15,14

for LADG compared with conventional open distal gastrec-
tomy. Accurate lymph node dissection requires a clear
operative field without massive bleeding. Laparoscopy pro-
vides a good field of vision even in the depths of the
abdominal cavity, which facilitates lymph node dissection.
However, few studies have examined the feasibility of LADG
in obese patients.16,17

In the present study, we evaluate the influence of fat
volume such as subcutaneous fat, and visceral fat as the
respective fatty areas, and body size assessed by the
distance between the peritoneum and root of celiac axis
measured by multidetector row computed tomography
(MDCT) when performing a distal gastrectomy for gastric
cancer. Additionally, we examine these factors when the
operation is laparoscopy assisted (LADG).

Materials and Methods

Patient Characteristics

Between March 2005 and June 2006, 154 patients with
early gastric cancer underwent distal gastrectomy with
modified D2 lymph node dissection at the Department of
Gastrointestinal Surgery of the Cancer Institute, Tokyo,
Japan. The indication for LADG is limited to clinically
diagnosed early gastric cancer, which is an extra-indication
for endoscopic submucosal dissection (ESD). Of these
patients, 50 underwent distal gastrectomy with the conven-
tional open procedure (OPEN) and 104 underwent LADG
(LADG). Although the number of LADG procedures
performed in Japan is increasing gradually, LADG is not
standard therapy for early gastric cancer. Further, the
Japanese Research Society for Gastric Cancer (JRSGC)

has defined LADG as a therapeutic approach for use in
clinical trials.19 Therefore, we ask patients preoperatively
whether they are willing to undergo LADG or would prefer
the conventional open method. In the present study, the
greater number of LADG procedures was due to patient
requests. In addition, the two gastric cancer specialists
recruited to the study have extensive experience with
LADG, having performed more than 300 such procedures.
All data were collected retrospectively and the collection of
patients’ individual data was approved by an institutional
review board. The patients’ backgrounds and clinicopath-
ologic characteristics were analyzed retrospectively.

Histologically, all of the tumors were classified as
adenocarcinomas that had invaded the mucosa or submu-
cosa of the stomach without lymph node metastasis (cT1,
cN0). Clinical classification of tumor depth (cT) and nodal
involvement (cN) was evaluated preoperatively and intra-
operatively by barium radiography, upper gastrointestinal
tract endoscopy, abdominal ultrasonography, computed
tomography (CT), and endoscopic ultrasonography. The
indication for these surgical procedures was intramucosal or
submucosal carcinoma without lymph node metastasis
(cT1, cN0). Gender, age, BMI, preoperative complications,
and clinical staging were documented for all the patients.

Exclusion Criteria

Patients were excluded if they had cardiac (higher than
grade II in the New York Heart Association scale),
pulmonary (higher than grade II in the Hugh–Jones scale),
hepatic (Child classes B and C) or renal insufficiency.

Lymphadenectomy for Gastric Cancer

For patients in the OPEN and the LADG groups, the scope
of lymph node dissection was as described previously.18

The lymph node stations correspond to the specific lymph
node tiers designated by the Japanese Research Society for
Gastric Cancer (JRSGC).19 Lymphadenectomy of the
modified D2 dissection (D1+beta) was performed for all
patients who were diagnosed preoperatively as having
mucosal or submucosal gastric cancer. We used the recently
revised definition of second-tier nodes by the JRSGC,19

which includes the hepatoduodenal ligament (station 12a)
and the root of the superior mesenteric vein (station 14 v), in
addition to the criteria of the American Joint Committee on
Cancer (AJCC; 1987).20 Complete D2 dissection is defined
by the JRSGC as including all of the above stations. The
dissection of first-tier nodes as well as preferential lymph
nodes along the left gastric (station 7), common hepatic
(station 8a) and celiac (station 9) arteries is defined as a
modified D2 dissection, and these four stations are defined as
selective second-tier stations.
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Reconstruction

Pylorus-preserving gastrectomy (PPG) was indicated if the
cancer was located in the distal stomach, at least 5 cm proximal
to the pyloric ring. The application of PPG was restricted to
patients with cancer in the gastric body, so as to maintain a safe
distal margin (2 cm) from the lesion. The distal part of the
stomach was resected while retaining a 3-cm pyloric cuff.
LADG with Billroth I (B-I) anastomosis was indicated if the
cancer was located in the distal stomach less than 5 cm
proximal to the pyloric ring. In this instance, B-I reconstruc-
tion was performed using end-to-end anastomosis (EEA) with
a mechanical stapling device (Tyco Healthcare, Japan). All
anastomotic procedures were established extracorporealy;
therefore, this operation is not purely laparoscopic distal
gastrectomy but laparoscopic-assisted distal gastrectomy.

Clinical Data

The following parameters were recorded: operation time,
estimated blood loss, degree of lymph node dissection, and
intraoperative complications. All resected stomachs were
opened immediately after surgery, and the dissected lymph
nodes were categorized and counted by pathologist according
to the anatomic distribution and numbering of the regional
lymph nodes, based on the JRSGC classification system.19

Lymph nodes were retained for comparison of the procedures
with respect to the quality of the lymph node dissection.
Sections cut from formalin-fixed specimens were stained with
hematoxylin–eosin. Histologic determinations were made of
the depth of wall invasion, number of harvested lymph
nodes, and presence or absence of lymph node metastasis.

The following postoperative data were recorded: gastric
fullness (for cases of upper abdominal distention, remnant
stomach fullness on X-ray, and starvation longer than 24 h),
anastomotic problems (leakage, stenosis, bleeding ulcer),
ileus, early-dumping syndrome, pancreatitis and pancreatic
juice leakage, total amount of analgesic drugs up to and
including postoperative Day 3, time to first flatus, time to
first oral intake, and postoperative hospital stay.

Evaluation of Factors Related to High BMI

To estimate the BMI-related factors, subcutaneous fat, and
visceral fat were calculated from the respective fat area at
the celiac axis using MDCT with a fat area evaluation
program (Slim Vision; KGT Inc., Japan). In addition, the
distance between the peritoneum and root of the celiac axis
were measured using the Slim Vision software.

All the CT scans were performed in the 4-week period
before surgery. CT scans were performed using a four-
channel MDCT (LightSpeed QX/i; GEYMS, Japan) using
the following parameters: 120 kVp, 200 mAs, 10.0-mm

beam collimation, 0.75 beam pitch, 2.5-mm slice thickness,
prone position for 60 s after contrast medium (Iopamiron-
370 syringe or iopamidol; Nihon Schering, Japan) injection.

Influences of Fat Volume and Body Shape on Operation
Time, Estimated Blood Loss, and Numbers of Excised
Lymph Nodes

To evaluate the influences of fat volume and abdominal
shape on operation time, estimated blood loss, and numbers
of excised lymph nodes, we fitted separate regression
models with different slopes and different intercepts
corresponding to OPEN and LADG. The individual influ-
ences of OPEN and LADG were tested by the t test for the
regression coefficients of the slopes. The differences
between the influences of OPEN and LADG were tested
by the F test for the comparison of the two regression
coefficients of the slopes.

Statistical Analysis

All data are presented as means±SE. The results were
compared for patients undergoing OPEN and LADG.
Statistical analysis was performed using Welch’s t test to
examine the differences between the means of variables,
and the Fisher’s exact test was used to test the level of
independence between the two groups. The hypotheses
were tested with a significance level (P value) of 0.05.

Results

Clinicopathologic Characteristics of the Patients

The clinical histories were similar for all the patients
(Table 1), as were their concurrent illnesses. There were no
significant differences between the groups in terms of age,
BMI or clinical staging, although the number of females
was significantly higher in the LADG group.

The mean operation time for the OPEN procedure was
more than 45 min shorter than that for the LADG procedure
(176±6 min vs. 227±5 min; P<0.001).The mean estimated
blood loss volume for the OPEN procedure was more than
four times greater than that for the LADG procedure (167±
15 mL vs. 38±3 mL; P<0.001). The mean number of
dissected lymph nodes in the LADG group was higher than
that in the OPEN group (34±1 vs. 29±1; P<0.002).

Comparison of BMI Values, Fat Volumes, and Abdominal
Shapes between LADG and OPEN

The BMI values and BMI-related factors are summarized in
Table 2. There were no significant differences between the
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groups in terms of BMI and subcutaneous fat area. The
visceral fat areas at the celiac axis (P=0.020) were
significantly larger in the OPEN group, and the peritoneum
to root of the celiac axis distance was significantly longer in
the OPEN group (P=0.015).

Influences of Fat Volume and Abdominal Shape
on Operation Times of LADG and OPEN

The influences of fat volume and abdominal shape on
operation time were evaluated as regression coefficients.
No significant positive regression coefficients for operation
time were found for either the OPEN or LADG procedure
with respect to BMI, subcutaneous fat at the celiac level,
visceral fat at celiac level, and distance between the
peritoneum and celiac axis. A comparison of the two
regression coefficients of operation time between the
LADG and OPEN procedures did not show any significant
differences for any of the factors.

Influences of Fat Volume and Abdominal Shape
on Estimated Blood Losses during LADG
and OPEN

For the OPEN procedure, significant increased regression
coefficients were found for all factors related to fat volume
and abdominal shape, including BMI (P<0.001; Fig. 1A),
subcutaneous fat at the celiac level (P=0.029; Fig. 1B),
visceral fat at the celiac level (P<0.001; Fig. 1C) and
distance between the peritoneum and celiac axis (P<0.001;
Fig. 1D). The increases in all these factors were signifi-
cantly related to increases in estimated blood loss in the
OPEN procedure. On the other hand, no significant
increases in the regression coefficients for factors related
to fat volume and abdominal shape, including BMI (P=
0.167; Fig. 1A), subcutaneous fat at the celiac level (P=
0.573; Fig. 1B), visceral fat at the celiac level (P=0.068;
Fig. 1C), and distance between the peritoneum and celiac
axis (P=0.122; Fig. 1D), were found for estimated blood

Table 2 Fat Volumes and Body Shapes of Patients Undergoing Conventional Open Distal Gastrectomy (OPEN) and Laparoscopy-assisted Distal
Gastrectomy (LADG)

OPEN (N=50) LADG (N=104) P value

BMI (kg/m2) 22.7±3.8 22.4±0.4 0.657
Subcutaneous fat (celiac level) (m2) 55±31 59±3 0.448
Visceral fat (celiac level) (m2) 87±10 63±5 0.020*
Peritoneum–celiac axis distance (mm) 107±3 99±2 0.015*

Data are presented as means±SE. BMI body weight/height2 (kg/m2 ). An unpaired t test was used to test the equality between the two means of
the variables. *P<0.05 was considered statistically significant

Table 1 Characteristics of Patients Undergoing Conventional Open Distal Gastrectomy (OPEN) or Laparoscopy-assisted Distal Gastrectomy
(LADG)

OPEN LADG P value

N 50 104
Sex Male/female 34/16 49/55 0.024*
Age Average (year) 60±1 60±1 0.600

Range (year) 35–79 34–86
Preoperative complication
Diabetes 2 (4%) 3 (3%) 0.828
Ischemic heart disease 1 (2%) 1 (1%) 0.588
Hypertension 5 (10%) 8 (8%) 0.911
Clinical staging
IA 44 (88%) 94 (90%) 0.863
IB 4 (8%) 8 (8%) 0.799
II 2 (4%) 1 (1%) 0.513
IIIA 0 (0%) 1 (1%) 0.707
Mean operation time (min) 176±6 227±5 <0.001*
Mean estimated blood loss (mL) 167±15 38±3 <0.001*
Mean number of retrieved lymph nodes 29±1 34±1 <0.002*

Data are presented as means±SE. An unpaired t test was used to test the equality between the two means of the variables. The Fisher exact test or
χ2 test was used to test the independence between the two groups. *P=0.050 was considered statistically significant
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loss in the LADG procedure. Comparison of the regression
coefficients for estimated blood loss between the LADG
and OPEN procedures showed significant differences,
albeit not for the factor of subcutaneous fat (P=0.125).

Influences of Fat Volume and Abdominal Shape
on Numbers of Dissected Lymph Nodes of LADG
and OPEN

For the OPEN procedure, negative regression coefficients
for the numbers of dissected lymph nodes were found for
BMI (P=0.010; Fig. 2A), subcutaneous fat at the celiac
level (P=0.018; Fig. 2B), and distance between the
peritoneum and celiac axis (P<0.001; Fig. 2D). The factor
of visceral fat at the celiac level (P=0.133; Fig. 2C) showed
only modest influence on the numbers of dissected lymph
nodes for the OPEN procedure. In contrast to the data
obtained for the OPEN procedure, no negative regression
coefficients were found for any of the factors in the LADG
group. However, the factor of visceral fat at the celiac level
(P=0.142; Fig. 2C) showed modest influence on the
numbers of dissected lymph nodes. Comparison of the

regression coefficients for numbers of dissected lymph
nodes between the LADG and OPEN procedures showed
significant differences for BMI (P=0.050), subcutaneous
fat at the celiac level (P=0.049), and distance between the
peritoneum and celiac axis (P<0.001).

Discussion

Since 1996, the use of LADG has increased rapidly in Japan,21

and many retrospective22–24,13 and prospective9,25 studies
have shown the safety, efficacy, and feasibility of laparosco-
py-assisted gastrectomy. However, LADG with extended
lymph node dissection for gastric cancer is generally
considered to be more complicated than the conventional
open procedure, owing to the complexity of lymph node
dissection.26,25 Additional technical difficulties, including
high conversion or extension of incisions and prolonged
operation time, have been noted for LADG in heavier
patients.16 Open gastric surgery also shows higher rates of
postoperative complications, longer operation times, greater
estimated blood loss volumes, and lower numbers of

Figure 1 Influence of fat
volume and abdominal shape
on estimated blood loss. To
evaluate the influences of fat
volume and abdominal shape on
estimated blood loss, separate
regression models were fitted
with different slopes and
different intercepts
corresponding to OPEN and
LADG. Data are presented as
the regression coefficients and
corresponding P values. The
individual influences of OPEN
and LADG are tested by the
t test for their regression
coefficients of the slopes. The
differences in the influences of
OPEN and LADG are tested by
the F test for the comparison of
two regression coefficients of
the slopes. BMI Body weight/
height2. P values<0.05 are
considered to indicate statistical
significance. Effects on
estimated blood loss of: a BMI,
b subcutaneous fat volume at
the celiac level, c visceral fat
volume at the celiac level; and
d distance between the
peritoneum and celiac axis on
estimated blood loss.
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dissected lymph nodes in obese patients than in non-obese
patients.5–7 However, in several studies of laparoscopic
cholecystectomy27,28 and LADG,17 no significant differences
have been found between obese and non-obese patients in
terms of operating time, conversion rate to open surgery,
postoperative complication rate or length of hospital stay.
Therefore, we propose that LADG can be used to treat obese
patients if the surgeon is skilled.

Early operative outcomes are assessed using the param-
eters of operation time, estimated blood loss volume, and
number of dissected lymph nodes.15,12 Although some
studies have demonstrated significantly higher numbers of
dissected lymph node in OPEN procedures compared to
LADG procedures,14,12,29 we have previously demonstrated
that the quality of lymph node dissection in LADG is
comparable to that in OPEN procedures15 if the surgeon is
skilled and experienced. In the present study, there was less
blood loss and more lymph nodes dissected in the LADG
group compared with the OPEN group. Both of these
outcomes can be explained by the better accessibility of the
laparoscopic view in deep lesions in the abdominal cavity
afforded by LADG and better control of bleeding because
of the improved view, even in abundant adipose tissues.

The proportion of males was higher in the OPEN group
than in the LADG group. Visceral fat and larger abdominal
shape are recognized more often in male patients than in
female patients with same BMI. The analysis of BMI-
related factors revealed different body compositions, such
as significantly more visceral fat and longer peritoneum to
celiac axis distance, in the OPEN group. These factors
might disrupt the operative procedures, resulting in poor
surgical outcomes in the OPEN group, such as greater
blood loss and fewer dissected lymph nodes.

To reveal the BMI-related factors that disrupt the
operative procedure and give poorer operative outcomes
in the OPEN group, regression analysis was performed to
evaluate the influences of these BMI-related factors on the
operative outcomes as continuous variables. The operative
time in both groups was not extended without affecting the
degree of obesity and large abdominal shape. The effect on
estimated blood loss was significantly different between the
two procedures. Although BMI-related factors affected
blood loss in the OPEN group, none of the BMI-related
factors were associated with blood loss in the LADG group.
Further multivariate analysis identified a strong association
between peritoneum to celiac distance and increased

Figure 2 Influence of fat
volume and abdominal shape
on numbers of excised lymph
nodes. To evaluate the
influences of fat volume and
abdominal shapes on the
numbers of excised lymph
nodes, separate regression
models were fitted with the
different slopes and different
intercepts corresponding to
OPEN and LADG. Data are
presented as the regression
coefficients and corresponding
P values. The individual
influences of OPEN and LADG
are tested by the t test for their
regression coefficients of the
slopes. The differences in the
influences of OPEN and LADG
are tested by the F test for the
comparison of two regression
coefficients of the slopes. BMI
weight/height2. P values<0.05
are considered to indicate
statistical significance. Effects
on numbers of excised
lymph nodes of: a BMI,
b subcutaneous fat volume at
the celiac level, c visceral fat
volume at the celiac level, and
d distance between the
peritoneum and celiac axis.
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estimated blood loss during the OPEN procedure (data not
shown). Among all the BMI-related factors, factors related
to abdominal shape were the most disruptive for the OPEN
procedure. The advantages of LADG for obese and large-
bodied patients, i.e., ensuring accessibility and reducing
bleeding, may account for the reduced blood loss during
LADG, as compared to the OPEN procedure.

For the OPEN procedure, BMI, subcutaneous fat, and
distance between the peritoneum and celiac axis were
associated with a decreased number of dissected lymph nodes.
On the other hand, there were no influences of these BMI-
related factors on lymph node dissection in the LADG
procedure. Only the factor of visceral fat at the celiac level
was modestly associated with a decreased number of dissected
lymph node in both groups. These data suggest that lymph
node dissection in obese and large-bodied patients is more
disrupted by the OPEN procedure than by the LADG
procedure. However, it should be noted that intra-abdominal
obesity may disturb lymph node dissection even in the LADG.

Several studies have pointed out that for patients who are
undergoing OPEN gastrectomy, being overweight increases
the risk of surgical complications.2,3,5,6,8 In the present
study, no influence of BMI-related factors on complication
rate was detected for either group (data not shown). As this
was a single institutional trial with a limited number of
patients, the overall complication rate was not as high as
that seen in other studies with high numbers of patients.

In conclusion, the present study clearly demonstrates that
increasing fat content and body size have little effect on
bleeding and lymph nodes retrieved in LADG, whereas
increasing fat content and body size disturbs the precise lymph
nodes dissection and increase the blood loss in purely
conventional open distal gastrectomy probably due to the high
level of accessibility and clear view of the operative field
conferred by the laparoscope and laparoscopic grasper forceps.
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