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We studied the influence of visceral fat area (VFA) on early postoperative outcomes

separately after distal and total gastrectomy. The influence of obesity on outcomes might

differ between distal and total gastrectomy, but few studies have directly compared the

effects of VFA on early postoperative results between these 2 procedures. We reviewed

clinical records of 124 patients with gastric cancer undergoing curative distal or total

gastrectomy. Patients were classified into 2 groups: low (,100 cm2) or high (�100 cm2)

VFA. Patient characteristics and early postoperative outcomes were compared between 2

groups separately in distal or total gastrectomy. There were 77 and 47 patients who

underwent distal and total gastrectomy, respectively. After distal gastrectomy, operation

time (268 6 44 versus 239 6 39 minutes, P , 0.05) as well as blood loss (351 6 231 versus

239 6 147 mL, P , 0.05) was increased in the high VFA group (N¼ 32) compared to the

low VFA group (N ¼ 45), but morbidity rates did not differ between the 2 groups (50%

versus 36%). After total gastrectomy; operation time (285 6 42 versus 260 6 53 minutes, P

, 0.05); blood loss (427 6 326 versus 280 6 179 mL, P , 0.05); rate of morbidity (56%

versus 24%, P , 0.05); and intra-abdominal infection (17% versus 0%, P , 0.05) were

increased in the high VFA group (N¼18) compared to the low VFA group (N¼29). These

results suggest that postoperative morbidity increases after total gastrectomy but not

after distal gastrectomy in patients with excessive visceral fat.
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Obesity is considered a risk factor for the
development of malignancies including gas-

tric carcinoma.1,2 After gastric resection for gastric
cancer, obesity and especially visceral fat have been
known to affect early postoperative outcomes in
terms of intraoperative blood loss, operation time,
number of retrieved lymph nodes (LNs), postoper-
ative complications, and overall survival.3,4 The
following 3 factors should be considered when
investigating the effect of obesity on perioperative
outcomes: (1) parameters for obesity [body mass
index (BMI) and visceral fat area (VFA)]; (2)
operative procedures [distal gastrectomy (DG) or
total gastrectomy (TG)]; and (3) the operative
approach (open or laparoscopic surgery).

The use of a laparoscopic approach to gastrecto-
my for gastric cancer has increased rapidly; opera-
tion time is prolonged but intraoperative blood loss
is less in laparoscopic gastrectomy compared to
open gastrectomy.5 At our institution, a laparoscopic
gastrectomy is performed only in patients with early
gastric cancer, and accumulation of results in
enough patients is not yet available for analysis.
Therefore, the present study focused on patients
with gastric cancer who underwent open gastrecto-
my.

BMI is the best overall representative parameter
for obesity,6,7 and a BMI .25 is defined as obese in
Japan. VFA is being recognized more recently as
being even more important because of its metabolic
implications.8 VFA is measurable in the computed
tomography (CT) performed preoperatively as a
routine examination to evaluate distant and LN
metastases in patients with gastric cancer. Because
visceral fat directly affects operative handling, VFA
is likely to be more useful than BMI as a predictive
factor for early postoperative outcomes. Several
reports compared the effects of BMI and VFA on
postoperative outcomes in patients after open
gastrectomy9–12; although results are somewhat
different in each report, none has regarded BMI
better than VFA as a predictive factor. The same is
true for laparoscopic gastrectomy.13,14 Thus it is
considered generally accepted that VFA is more
useful than BMI as a predictive factor for postoper-
ative outcomes.

Regarding resection procedures for gastric cancer,
the influence of obesity on perioperative outcomes
might differ between DG and TG, but few studies
have directly compared the effects of BMI or VFA on
early postoperative results between DG and TG.

The aim of the present study was to investigate
whether the effects of visceral fat on early postop-

erative outcomes differ between DG and TG in
patients with gastric cancer who underwent open
gastrectomy.

Materials and Methods

Patients

In total, 124 patients underwent DG or TG for gastric
cancer with stage I~III diseases between January 2010
and June 2015. Patients with remnant gastric cancer
after gastrectomy were excluded. Also excluded were
those who underwent noncurative resection, neo-
adjuvant chemotherapy, and concomitant resection of
other organs due to another synchronous malignancy
other than gastric cancer. Clinical records were
reviewed retrospectively. This study was approved
by our institutional review board.

Methods

We studied sex, age, VFA, BMI, resection procedure,
reconstruction method, degree of LN dissection, and
pathologic stage. We also investigated intraopera-
tive blood loss, operation time, number of retrieved
LNs, and postoperative morbidity as early postop-
erative outcomes. Morbidity was defined according
to Clavien-Dindo classification,15 as well as overall
grade II through V morbidity. Anastomotic leakage
and intra-abdominal abscess were defined as post-
operative, intra-abdominal infection. Patients were
classified into 2 groups: VFA , 100 cm2 (low VFA
group) or VFA � 100 cm2 (high VFA group). Patient
characteristics and early postoperative outcomes
were compared between low and high VFA groups
in patients undergoing DG and TG separately. The
degree of LN dissection (D2, D1þ, D1) and patho-
logic stage of the gastric cancer were described
based on the Japanese classification of gastric
carcinoma16 and the gastric cancer treatment guide-
lines in Japan.17 All patients underwent preopera-
tive CT for diagnosis of distant and LN metastasis,
and VFA was measured with commercial software
(FatScan, N2 systems, Osaka, Japan) at the level of
the umbilicus.

Statistical analysis

Values are shown in mean 6 SD. Mann-Whitney’s
U-test was used for comparison of intraoperative
blood loss, operation time, and number of retrieved
LNs. We used v2 test to compare distribution of
degree of LN dissection, stage, and form of
operative reconstruction, and morbidity between
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the groups. A value of P , 0.05 was regarded as
significant.

Results

Patient characteristics

DG and TG were performed in 77 and 47 patients,
respectively (Table 1). After DG, 41 of the 77 patients
underwent Billroth-I gastroduodenostomy for re-
construction, while 33 underwent Roux-en-Y (RY)
gastrojejunostomy; the remaining 3 patients under-
went Billroth-II gastrojejunostomy with a Braun
anastomosis. After TG, conventional RY esophago-
jejunostomy was performed in 45 patients, and 2
underwent RY with pouch reconstruction. The rate
of patients who underwent D2 LN dissection in DG
(52/77¼ 67%) was greater than that in TG (11/47¼
23%, P , 0.05). Overall postoperative morbidity was
observed in 32 of 77 (42%) in DG and 17 of 47 (36%)
in TG. Grade II through IV morbidity was identified
in 19 of 77 (25%) in DG and 9 of 47 (19%) in TG.
Intra-abdominal infection was observed in 1 patient
after DG and 3 after TG.

Effects of VFA on perioperative outcomes after DG

Table 2 shows early postoperative results in the low
and high VFA groups. There were 45 and 32 patients
in the low and high VFA groups, respectively. In 32
patients of the high VFA group, BMI was greater
than 25 in17 patients (53%). BMI as well as VFA was
greater in the high VFA group than in the low VFA
group (P , 0.05). The characteristics of patients
undergoing DG did not differ between the low and
high VFA groups. In patients with high VFA,
however, blood loss was somewhat greater than
patients with low VFA as was operation time (P ,

0.05). Number of retrieved LN was not different
between the 2 groups. Rates of overall and grade II
through V postoperative morbidities did not differ
between the low and high VFA groups. Because
there was only 1 patient who had an intra-
abdominal infection after DG, VFA was not consid-
ered associated with intra-abdominal infection.

Effects of VFA on perioperative outcomes after TG

There were 29 and 18 patients in the low and high
VFA groups, respectively (Table 3). BMI was greater
than 25 in 13 of 18 patients (72%) in the high VFA
group. There were no differences in patient charac-
teristics between the low and high VFA groups
(Table 3). In the high VFA group, intraoperative
blood loss (427 6 326 versus 280 6 179 mL, P ,

0.05) and operation time (285 6 42 versus 260 6 53
minutes, P , 0.05), but not number of retrieved LNs,

Table 1 Patient characteristics

DG (N ¼ 77) TG (N ¼ 47)

Male/female 49/28 33/14
Age (range) 68 6 9 (51–83) 68 6 11 (41–91)
BMI (range) 23.3 6 3.2 (17.1–34.0) 23.3 6 3.9 (16.5–30.0)
VFA (range) 93.1 6 50.4 (13.0–211.3) 83.6 6 51.2 (5.0–211.2)
LN dissection, D2:D1, D1þ 52:27 11:36
Stage, I:II:III 38:15:24 21:9:17
Intraoperative blood loss, mL (range) 285 6 193 (40–945) 336 6 264 (70–1625)
Operation time, min (range) 251 6 44 (145–364) 270 6 50 (184–427)
Retrieved LN, n (range) 30.3 6 14.2 (6–68) 29.8 6 14.0 (9–79)
Overall morbidity 32 (42%) 17 (36%)
Morbidity grades II–IV, n (%) 19 (25) 9 (19)
Intra-abdominal infection, n 1 3

Values are mean 6 SD.

Table 2 Comparison of perioperative results after DG between low and

high VFA

Low VFA
(N ¼ 45)

High VFA
(N ¼ 32)

Age (male:female) 67 6 9 (25:20) 71 6 9 (24:8)
BMI 21.7 6 2.6 25.5 6 2.7*
VFA 58.6 6 28.8 141.6 6 29.8*
LN dissection, D2:D1, D1þ 28:17 24:8
Stage, I:II:III 25:8:12 13:7:12
Reconstruction, B-I:RY:B-II 27:15:3 14:18:0
Intraoperative blood loss, mL 239 6 147 351 6 231*
Operation time, min 239 6 39 268 6 44*
Retrieved LN, n 32.5 6 15.2 27.1 6 12.5
Overall morbidity, n (%) 16 (36) 16 (50)
Morbidity grades II–IV, n (%) 10 (22) 9 (28)
Intra-abdominal infection, n 0 1

Values are mean 6 SD

* P , 0.05 compared to low VFA
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were greater (Table 3). Postoperative morbidity rate
in the high VFA group was greater than that in the
low VFA group [10/18 (56%) versus 7/29 (24%) for
overall rate and 7/18 (39%) versus 2/29 (7%) for
grades II through V, P , 0.05 each, Table 3]. The rate
of intra-abdominal infection was also increased in
high VFA group [3/18 (17%)] compared with the
low VFA (0/29) group (P , 0.05, Table 3).

Discussion

Our data suggested that the influence of obesity on
early postoperative outcomes is more obvious in
patients after TG than DG. In the high VFA group,
operation time and blood loss were increased com-
pared to the low VFA group; these effects were seen
regardless of type of gastric resection, DG, or TG. The
effects of obesity on postoperative morbidity, however,
were different between DG and TG. While the rates of
overall and grade II through V morbidity in the high
VFA group were greater than that in the low VFA
group after TG, after DG, VFA did not affect overall
and grade II through V morbidity. These results
suggest that postoperative morbidity is more likely
to occur after TG as appeared to DG in patients with
excessive visceral fat. Our results showing an
increased rate of intra-abdominal infection after TG
but not after DG in the high VFA group also support
our conclusions above. The rate of patients whose BMI
was more than 25 in the high VFA group after TG
(72%) was greater than that after DG (53%); this fact
may be associated with a high morbidity rate after TG.

One study in patients after DG showed that BMI
did not affect the rate of postoperative complication,

but BMI was associated with blood loss and
operation time.18 In contrast, studies in patients
after TG showed that an increased BMI was
associated with greater blood loss, longer operation
times, and increased rate of postoperative morbid-
ity.19,20 Although all of these studies used BMI alone
without measurement of VFA as a parameter for
obesity, results in these studies support our findings
above. We consider that visceral fat is likely to have
crucial influence on operative procedures during TG
rather than DG. Esophagojejunostomy in TG is a
much more difficult and risky anastomosis than
gastroduodenostomy and gastrojejunostomy in DG,
and visceral fat may further increase the difficulty
and complications related to this high risk anasto-
mosis.

Several previous reports concluded that VFA was
more useful than BMI for predicting perioperative
outcomes after gastrectomy for gastric cancer.13,14,21

We also showed that VFA appears to be a risk factor
for postoperative morbidities, intraoperative blood
loss, and operation time. However, the measure-
ment of VFA on CT requires unique software, and a
more simple predictive factor is awaited that is
much easier to measure and as useful as VFA.

A limitation in this study is that this is retrospec-
tive. As long as we have investigated, however,
there has been no study that reported the differing
effects of VFA on early postoperative outcomes
between DG and TG. When we clinically determine
the operative procedure, DG or TG, our results
indicate that, in patients with excessive visceral fat,
DG rather than TG should be chosen as long as DG
does not impair curability.

In conclusion, our results suggest that visceral fat
may be associated with increased intraoperative
blood loss and operation time. and postoperative
morbidity is increased after TG but not after DG in
patients with excessive visceral fat.
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