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Abstract

Background Excessive visceral fat may be a better pre-

dictor of the development of postoperative morbidity after

gastrectomy than body mass index (BMI). The aim of the

present study was to clarify the most appropriate fat

parameter to predict pancreas-related infection and anas-

tomotic leakage following gastrectomy.

Methods The study was performed in 206 patients who

underwent curative gastrectomy at the Shizuoka Cancer

Center between April 2008 and March 2009. Relationships

between fat parameters, including visceral fat area (VFA),

and early surgical outcomes were investigated. The risk fac-

tors for pancreas-related infection and anastomotic leakage

were identified using univariate and multivariate analyses.

Results There was no strong association between any of

the fat parameters and operating time, intraoperative blood

loss, the number of lymph nodes retrieved, or the duration

of the postoperative hospital stay. Pancreas-related infec-

tion occurred in 18 patients (8.7%), whereas anastomotic

leakage was observed in 10 patients (4.9%). Of all the fat

parameters, only VFA was found to be an independent risk

factor for both pancreas-related infection and anastomotic

leakage, with odds ratios (95% confidence intervals) of

1.015 (1.005–1.025) and 1.010 (1.000–1.021), respectively.

Conclusions Excessive visceral fat, represented by the

VFA, was found to be an independent risk factor for both

pancreas-related infection and anastomotic leakage fol-

lowing gastrectomy.
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Introduction

Surgery is the only treatment strategy that offers the

hope of a cure for gastric cancer patients. In Japan, in

which the rates of gastric cancer are greater than those in

Western countries, gastrectomy with D2 lymph node

dissection is a well-established and widely accepted

procedure [1, 2]. Although two large randomized con-

trolled trials in Europe failed to demonstrate the efficacy

of this procedure, due, in part, to increased postoperative

morbidity and mortality [3, 4], recent reports suggest that

gastrectomy with D2 lymph node dissection may be

beneficial in certain patients [3–6]. One of the reasons

for the unfavorable outcomes of gastrectomy with D2

lymph node dissection in the European studies may have

been the higher proportion of obese patients in those

studies.

Body mass index (BMI) is a simple index of weight-

for-height that is commonly used to classify obesity. In

Japan, the median BMI of gastric cancer patients, as well

as that of the general population, has increased in recent

years [7]. Although a relationship between BMI and

postoperative morbidity has been reported previously, it

remains contentious whether a high BMI is really asso-

ciated with an increased rate of postoperative morbidity

[8–12]. Recently, several reports have suggested that

visceral fat area (VFA) is more strongly associated with

postoperative intra-abdominal infectious complications,

including pancreas-related infection and anastomotic

leakage, than BMI [13, 14]. However, this issue is also

contentious.
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Therefore, in the present study we investigated the rela-

tionships between various fat parameters, including VFA,

and early surgical outcomes following gastrectomy to clarify

the most appropriate fat parameter to predict the develop-

ment of pancreas-related infection and anastomotic leakage.

Methods

Patients

Between April 2008 and March 2009, a total of 217

patients underwent open distal or total gastrectomy with

curative intent for primary gastric cancer at Shizuoka

Cancer Center, Shizuoka, Japan. Patients who underwent

splenectomy, distal pancreatic resection, and cholecystec-

tomy were included in the study, whereas seven patients

who underwent combined resection of other organs (liver,

colon, and adrenal gland) and four patients who had syn-

chronous cancer in other organs (colon, rectum, and kid-

ney) were excluded from the study. Therefore, data from

206 patients were analyzed in the present study.

Lymph node station number, the degree of lymph node

dissection, and pathological stage were determined on the

basis of the Japanese classification of gastric carcinoma [15]

and the Gastric cancer treatment guidelines in Japan [16].

Gastrectomy with D2 lymph node dissection was performed

in patients with advanced gastric cancer, whereas D1 plus

beta lymph node dissection (i.e., D1 ? numbers 7, 8a, 9) was

performed in patients with early gastric cancer.

Fat measurement

Multidetector computed tomography (MDCT) was performed

in all patients prior to surgery. Patients were examined while

in the supine position, with their arms stretched above their

heads, at the end of inspiration, using a CT scanner (Aquilion;

Toshiba Medical Systems, Tokyo, Japan). Parameters for

scanning were: tube voltage, 120 kVp; scan time, 0.5 s; and

reconstruction slice thickness, 2 mm. The tube current was

determined automatically by the CT automatic exposure

control system. The images obtained were transferred to a

Ziostation workstation (Ziosoft, Tokyo, Japan), which was

used to quantify the total fat area (TFA), subcutaneous fat area

(SFA), and VFA at the level of the umbilicus. In the present

study, relationships between early surgical outcomes follow-

ing gastrectomy and TFA, VFA, SFA, and BMI, as the fat

parameters, were investigated.

Definition of early surgical outcomes

Operating time, intraoperative blood loss, the number of

lymph nodes retrieved, postoperative morbidity and

mortality, and the duration of the postoperative hospital

stay were investigated as early surgical outcomes.

Patients with Grade II or greater complications based on

the Clavien-Dindo classification were defined as having

postoperative morbidity [17]. In the present study, pan-

creas-related infection was diagnosed on the basis of the

definitions of the International Study Group on Pancreatic

Fistula (ISGPF) [18]. Diagnosis of anastomotic leakage

was confirmed by radiological examination using contrast

media. Postoperative mortality was defined as any death

within 30 postoperative days (PODs).

Statistical analysis

Spearman’s rank correlation coefficient was used to eval-

uate relationships between individual fat parameters (BMI,

TFA, SFA, and VFA) and early surgical outcomes (oper-

ating time, intraoperative blood loss, number of lymph

nodes retrieved, postoperative hospital stay). Relationships

between individual fat parameters and the categorical

variables of pancreas-related infection and anastomotic

leakage were evaluated using logistic regression.

To identify independent risk factors for each of the

intra-abdominal infectious complications, a multivariate

logistic regression model with forward selection was used,

with BMI, TFA, SFA, VFA, age, sex, operating time,

intraoperative blood loss, number of lymph nodes

retrieved, surgical procedure (total or distal gastrectomy),

type of lymph node dissection (D2 or D1 plus beta), and

splenectomy (yes or no) included as covariates.

All statistical analyses were performed using SPSS

version 13.0 (SPSS, Chicago, IL, USA). All continuous

data are presented as medians (ranges). P \ 0.05 was

considered significant.

Results

Patients’ characteristics

The patients’ characteristics are given in Table 1. Total

gastrectomy was performed in 48 patients, 29 of whom also

underwent splenectomy for the removal of splenic hilar

lymph nodes. Additional pancreatosplenectomy was per-

formed in 2 of the 48 patients. The remaining 158 patients

underwent distal gastrectomy. D2 lymph node dissection

was performed in 111 patients, whereas 95 patients

underwent D1 plus beta lymph node dissection.

Table 2 lists the early surgical outcomes of all patients.

Postoperative complications were observed in 55 patients

(26.7%). The incidence of pancreas-related infection and

anastomotic leakage was 8.7% and 4.9%, respectively.

Five patients had both pancreas-related infection and
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anastomotic leakage. Both of the two patients who under-

went distal pancreatectomy had pancreas-related infection.

Postoperative mortality was observed in one patient

(0.5%). This patient had undergone distal gastrectomy with

D2 lymph node dissection, and anastomotic leakage

developed on POD 7. This patient died suddenly on POD 9

due to a pulmonary embolism.

Relationships between fat parameters and early surgical

outcomes

Figure 1 shows the correlations between SFA, VFA, and

BMI. Significant correlations were found between SFA and

both BMI and VFA, as well as between VFA and BMI.

Correlation coefficients for each of the fat parameters and

operating time, intraoperative blood loss, number of lymph

nodes retrieved, and postoperative hospital stay are given

in Table 3. Although VFA was weakly associated with

prolonged operating time (correlation coefficient 0.304)

and increased intraoperative blood loss (correlation coef-

ficient 0.371), no significant relationships were observed

for any of the fat parameters and operation time,

Table 1 Clinocopathological characteristics of patients

Age (years) 65.9 (39–89)

Sex (male/female) 146/60

Diabetes mellitus (n) 17

Individual fat parameter

BMI (kg/m2) 23 (16.0–32.3)

TFA (cm2) 198 (6.9–505.8)

SFA (cm2) 107.4 (3.0–266.9)

VFA (cm2) 90.5 (3.6–262.5)

Surgical procedure (n)

Total gastrectomy 48

Distal gastrectomy 158

Lymph node dissection (n)

D2 111

D1 plus beta 95

Splenectomy (n)

Yes 29

No 177

Pathological stage (n)

IA 88

IB 48

II 44

IIIA 15

IIIB 9

IV 2

Unless indicated otherwise, values are means, with ranges given in

parentheses

BMI body mass index, TFA total fat area, SFA subcutaneous fat area,

VFA visceral fat area

Table 2 Early surgical outcomes of 206 patients

Operating time (min) 194 (103–489)

Intraoperative blood loss (mL) 265 (13–2606)

No. of lymph nodes retrieved 37 (8–109)

Postoperative complications 55 (26.7%)

Pancreas-related infection 18 (8.7%)

Anastomotic leakage 10 (4.9%)

Postoperative hospital deaths 1 (0.5%)

Duration of postoperative hospital stay (days) 11 (7–87)

Values are presented as either median with ranges in parentheses or as

the number of patients in each group, with percentages in parentheses

Fig. 1 Correlations between a superficial fat area (SFA) and body

mass index (BMI); R = 0.672, P \ 0.001, b visceral fat area (VFA)

and BMI; R = 0.683, P \ 0.001, and c SFA and VFA; R = 0.555,

P \ 0.001. Significant associations were observed for all comparisons
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intraoperative blood loss, the number of lymph nodes

retrieved, or the duration of the postoperative hospital stay.

Risk factors for intra-abdominal infectious

complications

Tables 4 and 5 list the results of univariate and multivariate

analyses used to identify risk factors for intra-abdominal

infectious complications. On the basis of the univariate

analysis, all fat parameters, operating time, intraoperative

blood loss, surgical procedure, type of lymph node dis-

section, and splenectomy affected the development of

pancreas-related infection. Multivariate analysis revealed

that VFA, intraoperative blood loss, and splenectomy were

independent risk factors for pancreas-related infection,

with odds ratios (95% confidence intervals) of 1.015

(1.005–1.025), 1.001 (1.000–1.003), and 7.125 (2.083–

24.372), respectively. With regard to anastomotic leakage,

both univariate and multivariate analyses revealed VFA as

a risk factor for the development of anastomotic leakage,

with an odds ratio (95% confidence interval) on multivar-

iate analysis of 1.010 (1.000–1.021).

In order to justify the use of correlation analysis to find

risk factors for the surgical complications, it was manda-

tory to prove that the fat components did not relate to

outcomes in binomial fashion. To do so, we divided the

patients into 4 groups according to the VFA (\35.8,

35.8–85.6, 85.6–126.5, and[126.5 cm2), and looked at the

incidence of surgical complications in each group. Pan-

creas-related complications were observed in 0, 2, 8, and 8

patients, respectively, in these 4 groups, showing that the

relationship between VFA and surgical complications was

not binomial.

Table 3 Relationship between fat parameters and early surgical outcome data

Intraoperative blood loss Operating time No. of lymph nodes retrieved Postoperative hospital stay

BMI 0.295 (\0.001) 0.235 (0.001) -0.196 (0.005) 0.011 (0.872)

TFA 0.322 (\0.001) 0.250 (\0.001) -0.134 (0.055) 0.103 (0.139)

SFA 0.199 (0.004) 0.153 (0.028) -0.022 (0.756) 0.025 (0.726)

VFA 0.371 (\0.001) 0.304 (\0.001) -0.197 (0.005) 0.155 (0.026)

Values are the correlation coefficients, with P values given in parentheses

BMI body mass index, TFA total fat area, SFA subcutaneous fat area, VFA visceral fat area

Table 4 Identification of risk factors for the development of pancreas-related infection and anastomotic leakage, determined using univariate

analysis

Pancreas-related infection Anastomotic leakage

Odds ratio 95% CI P Odds ratio 95% CI P

BMI (kg/m2) 1.318 1.121–1.548 0.001 1.156 0.946–1.411 0.156

TFA (cm2) 1.009 1.004–1.014 0.001 1.003 0.997–1.009 0.291

SFA (cm2) 1.008 1.001–1.016 0.035 0.999 0.987–1.010 0.802

VFA (cm2) 1.016 1.008–1.025 0.001 1.010 1.000–1.021 0.042

Age (years) 0.978 0.934–1.023 0.332 0.997 0.937–1.061 0.923

Sex (male or female) 2.335 0.655–8.323 0.191 1.681 0.346–8.158 0.519

Intraoperative blood loss (mL) 1.002 1.001–1.003 0.001 1.001 1.000–1.002 0.227

Operating time (min) 1.010 1.003–1.018 0.007 1.006 0.996–1.016 0.234

No. of lymph nodes retrieved 0.987 0.954–1.021 0.458 0.961 0.912–1.012 0.133

Surgical procedure (total or distal) 5.574 2.094–14.841 0.001 2.303 0.622–8.526 0.212

Lymph node dissection (D2 or D1) 3.555 1.137–11.110 0.029 1.300 0.356–4.751 0.692

Splenectomy (yes or no) 7.515 2.729–20.694 0.001 0.667 0.081–5.468 0.706

CI confidence interval, BMI body mass index, TFA total fat area, SFA subcutaneous fat area, VFA visceral fat area

Table 5 Multivariate analysis identification of independent risk

factors for the development of pancreas-related infection

Odds ratio 95% CI P

VFA (cm2) 1.015 1.005–1.025 0.004

Intraoperative blood loss (mL) 1.001 1.000–1.003 0.009

Splenectomy (yes or no) 7.125 2.083–24.372 0.002

CI confidence interval, VFA visceral fat area
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The cut-off value for VFA as an indicator

of pancreas-related infection

Figure 2 shows the receiver operating characteristic (ROC)

curve used to identify the appropriate cut-off value of VFA

to predict pancreas-related infection. The area under the

curve (AUC) was 0.787 and the threshold of VFA was

113.6 cm2 with sensitivity of 72.2% and specificity of

62.9%.

Discussion

The incidence of postoperative morbidity following gas-

trectomy with lymph node dissection (D2 or more) has

been reported to be 17–21% in eastern Asia [19, 20] and

21–46% in Europe [3, 4, 21–25]. Previous studies of the

risk factors for postoperative morbidity indicate that

obesity, defined as BMI [ 25 kg/m2, is one of the most

important [8–10]. The recent development of specific

computer software has enabled the easy calculation of the

amount of visceral fat, and some authors have suggested

that the VFA may be a better predictor of the development

of postoperative morbidity than the BMI [13, 14].

Of all morbidities, intra-abdominal infectious compli-

cations, including pancreas-related infection and anasto-

motic leakage, are potentially fatal complications; thus, in

the present study, we investigated independent risk factors

for both of these complications. Although Tokunaga et al.

[13] have reported that excessive visceral fat is a risk factor

for postoperative intra-abdominal infectious complications

and Tanaka et al. [14] have reported that the amount of

visceral fat affects the development of pancreas-related

infection, independent risk factors for both complications

had not been investigated simultaneously in previous

studies. In the present study, we determined the factors

affecting the development of both pancreas-related infec-

tion and anastomotic leakage.

The results of the present study indicate that a high VFA

is associated with the development of both pancreas-related

infection and anastomotic leakage following gastrectomy.

To date, the risk factors for anastomotic leakage after

gastrectomy have not been completely clarified [26]. Both

Ser et al. [27] and Kang et al. [28] have reported that

anastomotic leakage may occur in cases in which there is

excess tension and pressure on the anastomotic site and that

these conditions are more frequently observed in patients

with excessive visceral fat because the thick mesentery

creates tension on the anastomosis. In addition, a deeper

surgical field in these patients, and preoperative comor-

bidities, such as cardiovascular disease or diabetes melli-

tus, which are frequently seen in obese patients, may affect

the development of anastomotic leakage [29–31].

In the present study, pancreas-related infections were

observed in 18 patients (8.7%), with splenectomy, intra-

operative blood loss, and VFA identified as independent

risk factors. Splenectomy is a well-known and widely

accepted risk factor, because manipulation of the tail of the

pancreas during the procedure increases the risk of pan-

creas-related infection [6, 14, 31]. In Europe, the final

results of the Dutch D1D2 trial recommended D2 gas-

trectomy. However, they also recommended that the spleen

should be preserved, because of increased morbidity and

mortality after splenectomy [32]. In Japan, though the

current standard treatment for upper-third gastric cancer is

a total gastrectomy with splenectomy, a recent randomized

controlled trial revealed a high incidence of postoperative

complications after splenectomy [33]. We should await

final survival analysis of this study before we conclude

whether or not the spleen has to be preserved. Distal pan-

createctomy has been thought to be correlated with pan-

creas-related complications. In the present study, actually,

both of the two patients with pancreatectomy had this

complication. However, the number was so small that

further analysis could not be done.

In the present study, excessive visceral fat also increased

the incidence of pancreas-related infection. It has been

proposed that excessive visceral fat makes it difficult to

find the border between the pancreas and lymph nodes,

which may result in intraoperative pancreatic injury [13,

14]. Our ROC analysis revealed that a VFA of 113.6 cm2

Fig. 2 Receiver operating characteristic (ROC) curve to identify the

appropriate cut-off value of VFA to predict pancreas-related infec-

tion. The area under the curve (AUC) was 0.787 and the threshold of

VFA was 113.6 cm3 with sensitivity of 72.2% and specificity of

62.9%
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was an appropriate cut-off value. Careful surgery will be

required particularly in these patients having a VFA of

113.6 cm2 or more.

Although the present study identified a significant rela-

tionship between intraoperative blood loss and pancreas-

related infection, others have reported that increased

bleeding does not affect the incidence of pancreas-related

infection [34, 35]. We believe that increased bleeding may

have created difficulties in identifying the border between

the pancreas and lymph nodes, as occurs in patients with

excessive visceral fat, thus contributing to an increased

incidence of pancreas-related infection.

Preoperative co-morbidities have also been considered

to affect the incidence of postoperative complications.

Also, poor nutritional status due to advanced primary

gastric cancer may be associated with a high incidence of

postoperative complications. However, in the present

study, the patients’ preoperative nutritional status (perfor-

mance status, serum albumin level) and co-morbidities

(diabetes mellitus, hypertension) were not associated with

the incidence of intra-abdominal infectious complications

(data not shown).

In conclusion, excessive visceral fat, represented by the

VFA, was found to be an independent risk factor for both

pancreas-related infection and anastomotic leakage fol-

lowing gastrectomy. Greater diligence during surgery is

necessary for patients with excessive visceral fat, particu-

larly if splenectomy has to be performed simultaneously.
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