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ABSTRACT
Background. Intra-abdominal fat volume (IFV) has been shown to have a negative
impact on surgical outcomes in gastric cancer (GC) and other gastrointestinal surgeries.
The purpose of this study is to look into the relationship between IFV and perioperative
outcomes in GC patients using multi-detector rows computed tomography (MDCT)
and assess the importance of implementing this observation in current surgical
fellowship training programs.
Methods. Patients with GC who underwent open D2 gastrectomy between May 2015
and September 2017 were included in the study. Based on MDCT estimation, patients
were divided into high IFV (IFV ≥ 3,000 ml) and low IFV (IFV < 3,000 ml) groups.
Perioperative outcomes for cancer staging, type of gastrectomy, intraoperative blood
loss (IBL), anastomotic leakage, and hospital stay were compared between the two
groups. This study was registered as CTR2200059886.
Results. Out of 226 patients, 54 had early gastric carcinoma (EGC), while 172 had
advanced gastric carcinoma (AGC). There were 64 patients in the high IFV group
and 162 in the low IFV group. The high IFV group had significantly higher IBL mean
values (p= 0.008). Therefore, having a high IFV was a risk factor for the occurrence of
perioperative complications (p = 0.008).
Conclusions. High IFV estimated by MDCT prior to GC surgery was associated with
increased IBL and postoperative complications. Incorporating this CT-IFV estimation
into surgical fellowship programs may aid aspiring surgeons in selecting patients
during independent practice in their learning curve and surgical practice for the most
appropriate approach for treating GC patients.

Subjects Gastroenterology and Hepatology, Oncology, Radiology and Medical Imaging,
Surgery and Surgical Specialties, Science and Medical Education
Keywords Gastric cancer, D2 gastrectomy, Intra-abdominal fat volume, Blood loss, Obesity,
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INTRODUCTION
Medical education is a lifelong continuum. In 2010, Shanghai led the way in implementing
a standardized residency training program (SRT), which expanded to 44 hospitals by 2013
and is now a requirement for employment in the city (Yang-Huang et al., 2019; Zhang &
Fang, 2013). China revised its medical education system gradually with the implementation
of higher education reform in 1998 and health reform in 2009 (Zhu, Li & Chen, 2016). The
fellowship specialty training programs are favored by trainees (Yang-Huang et al., 2019),
and a 2019 survey of SRT residents highlighted the importance of a supportive environment
for better job satisfaction (Zhang et al., 2021). A systematic review demonstrates that centers
with fellowship programs have better patient outcomes (Johnston et al., 2015).

Obesity is associated with an increased risk of complications following abdominal
surgery (Moon et al., 2008; Abu-Abid, Szold & Klausner, 2002). Visceral fat estimated as
intra-abdominal fat volume (IFV) using multi-detector rows computed tomography
(MDCT) (Lv, Beeharry & Zhu, 2019; Moon et al., 2008) is reportedly a more accurate
indicator of visceral fat than the body mass index (BMI) (Yoshikawa et al., 2011; Zhu &
Yan, 2011). Gastrectomy with D2 lymphadenectomy is a commonly performed procedure
in China for gastric cancer (GC) (Japanese Gastric Cancer Association, 2021; Bonenkamp
et al., 1999; Price et al., 2006). CT-IFV estimation before surgery may be an additional
armament in selection and evaluation of patients prior to gastrectomy or other abdominal
surgeries (Liu et al., 2018; Yamada et al., 2008; Taniguchi et al., 2021).

Incorporating CT-IFV estimation to evaluate patients will add value to SRT programs
and help the trainee surgeons during their learning curve to optimize perioperative
outcomes of gastrectomy and other abdominal surgeries.

PATIENTS AND METHODS
Patients
From May 2015 to September 2017, patients with gastric carcinoma who underwent open
gastrectomy with D2 lymphadenectomy in the Department of General Surgery of Ruijin
Hospital affiliated to Shanghai Jiao Tong University School of Medicine were included in
this study. This retrospective study was registered as CTR2200059886 and approved by
the Ruijin Hospital Ethics Committee, Shanghai Jiao Tong University School of Medicine,
China (2018-151).

The same surgical fellowship trainee and team operated on the patients according to
the hospital’s protocol. Another experienced physician was responsible for dissecting and
inspecting the specimen’s lymph nodes prior to sending them to the pathology department.
The operation time, measured from skin incision to skin suturing, was noted. The volume
of intraoperative blood loss (IBL) was recorded according to the collection canister readings
and the number of gauzes used (Fig. 1).

CT-IFV estimation
The MDCT was performed using a 4-detector row CT scanner in patients who had fasted
for at least 8 h. Patients were asked tomaintain a supine position, and the localization image
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Gastric cancer 226
M=146, F=80, median age 60 y(27-90)

EGC=54, AGC=172
Total gastrectomy=53, Subtotal=173

Postoperative complications (pulmonary infection, anastomotic fistula, 
postoperative bleeding, sepsis) =27

MDCT Low IFV group 
IFV<3000 ml

IBL= 130.67±76.0 ml
complication=12/27

MDCT High IFV group 
IFV≥3000 ml 

IBL=446.79±65.1 ml
complication=15/27

Figure 1 Flow chart of patient recruitment and outcome of gastric surgery in high vs low intra-
abdominal fat volume (IFV) measured by multi-detector rows computed tomography (MDCT).

Full-size DOI: 10.7717/peerj.15156/fig-1

was first scanned using the umbilicus as a central reference point, with the scan ranging
from the upper edge of the right diaphragm to the pubic symphysis. After an unenhanced
scan of the upper abdomen, a 100 ml bolus of nonionic iodine contrast agent (Ultravist;
Schering, Germany) was injected into the antecubital vein at a flow rate of 3 ml/s via a
20-gauge needle using an automatic injector. Then, an 80 ml bolus of contrast agent was
injected at a 1 ml/s flow rate. CT acquisitions were conducted in three different phases:
arterial phase (start delay of 30 s), portal venous phase (start delay of 75 s), and equilibrium
phase (start delay of 180 s). The parameters were as follows: slice 10 mm; interlayer spacing
10 mm; pitch 1.375:1; 100 kV; 200 mA. Upon completion of the scan, original images with
slices of 10 mm were thinned out to 1.25 mm before their transfer to Research Frontier,
Syngo Via, Version VB20, Siemens Healthineer for reorganization.

The CT images were transferred to the work platform in the digital imaging and
communications in medicine (DICOM) format. The CT units (in Hounsfield units) from
−250 ± 3 to −50 ± 3 Hu was defined as adipose tissue. Histogram software (Research
Frontier, Syngo Via, Version VB20, Siemens Healthineer) was used to plot a histogram of
tissue volume. A histogram of segmented fat volume was computed by focusing on the
tissue with CT numbers from−250± 3 to−50± 3 Hu. The peak of this curve represented
the range of CT numbers with the largest proportion of fat tissue. The colored portion in
the reconstructed image, which indicated the abdominal fat tissue, was used to calculate
the intra-abdominal fat volume (IFV). The distribution of abdominal fat at different levels
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Figure 2 The intra-abdominal fat volume (IFV) measured by multi-detector rows computed tomogra-
phy (MDCT) obtained on comprehensive view at different levels in coronal, sagittal and cross-sectional
images with multiplanar reconstruction (MPR) images.

Full-size DOI: 10.7717/peerj.15156/fig-2

was comprehensively determined using the coronal, sagittal and cross-sectional images
with multiplanar reconstruction (MPR) (Fig. 2).

Variables
Since the median IFV in the patients was 3,000 ml, this value was used to stratify patients
into two groups: high IFV group (IFV ≥ 3,000 ml) and low IFV group (IFV < 3,000 ml).
Other variables such as intraoperative blood loss (IBL), operation time, postoperative
hospital time, number of dissected lymph nodes and early postoperative complications
were also compared between the two groups.

Statistical analysis
Descriptive statistics were performed to illustrate the baseline characteristics. Chi-squared
test and t -test were used to compare the different variables between the two groups, which
included: age, gender, surgical method, stage of cancer, operation time, the volume of
blood loss and operative complications. Wilcoxon rank-sum test was applied to compare
the number of dissected lymph nodes.

Statistical analyses were carried out using SAS ‘PROC GLM’ 8.0 (SAS Institute, Cary,
NC, USA). A 2-tailed p-value ≤0.05 was considered statistically significant.
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RESULTS
There were 226 GC patients, 146 males and 80 females, with a median age of 60 years
(ranging from 27 to 90 years); 54 had early EGC, and 172 had AGC. A total of 173 patients
underwent distal subtotal gastrectomy with D2 lymphadenectomy, while 53 underwent
total gastrectomy with D2 lymphadenectomy. None of the patients had received adjuvant
chemoradiotherapy.

IBL was significantly higher in the high IFV group compared to the low IFV group,
446.79 ± 65.1 ml vs. 130.67 ± 76.0 ml, p= 0.008.

There were no significant differences between the high and low IFV groups for other
variables like gender (p= 0.259), surgical method (p= 0.151) or GC stage (p= 0.428),
average age 63.66 ± 7.9 years vs. 61.19 ± 9.9 years (p= 0.644), operation time 240.55 ±
63.7 min vs. 237.92 ± 70.3 (p= 0.798) and median number of dissected lymph nodes 23
(ranging from 15 to 40) vs. 24 (ranging from 13 to 78) (Table 1).

There were 27 cases (12.3%) of postoperative complications; seven patients had
pulmonary infections (3.1%), seven patients had anastomotic fistula (3.1%), six patients
had postoperative bleeding (2.7%), and five patients had sepsis (2.2%) (Table 2). Among
the 27 patients that had complications, 15 were in high IFV patients compared to 12 in the
low IFV group (p= 0.008) (Tables 2 and 3).

DISCUSSION
In the present study, the multivariate analysis revealed that high IFV patients had more
blood loss during surgery (p= 0.008). This might be related to more extensive fat and
vascular supply destruction, resulting in increased intraoperative bleeding in high IFV
patients (Makino et al., 2008).

Our findings show a higher incidence of overall complications in patients with high
IFV in contrast to patients with low IFV, 15 vs. 12 (p= 0.008). Similarly, previous
studies have shown that patients with a larger amount of visceral fat had a higher risk
of early postoperative complications (Tokunaga et al., 2009; Inagawa et al., 2000). The
most common postoperative complication is intra-abdominal infection (9.6%) followed
by anastomotic leakage (4.4%), especially in patients undergoing gastrectomy with Roux-
en-Y anastomosis. This could be because performing esophagojejunal anastomosis becomes
more difficult in patients with a large amount of abdominal fat covering the mesentery and
omentum. Taken together, these findings may reflect worse operability in patients with a
high IFV compared to those with low IFV.

The BMI is a widely used and accepted indicator of obesity (World Health Organization,
2021). General obesity is more common in Western countries, while visceral obesity is
predominant in China and the Asian population (Sjöström et al., 1986). However, BMI
does not accurately reflect the effect of visceral obesity on the outcome of gastric cancer
surgery (Zhu & Yan, 2011). Reports have shown that high IFV patients and obese patients
undergoing extensive abdominal surgery have more complications, longer hospital stay
and higher medical costs compared to low IFV patients (Makino et al., 2008; Tokunaga et
al., 2009).
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Table 1 Association between Intra-abdominal fat volume (IFV) and age, gender, surgical method,
peri-operative outcome of gastrectomy for gastric cancer.

High IFV
(n= 64)

Low IFV
(n= 162)

p value

Age (y) 63.66± 7.9 62.60± 10.1 0.644
Gender 0.259

Male 45 101
Female 19 61

Surgical Method 0.151
Total Gastrectomy 14 39
Subtotal Gastrectomy 50 123

Stage 0.4275
Early Gastric Cancer 13 41
Advanced Gastric Cancer 51 121

Dissected Lymph Nodes (n) 23 (15–40) 24 (13–78) 0.376
Operation Time (min) 240.55± 63.7 237.92± 70.3 0.798
Volume of blood loss (ml) 446.79± 65.1 130.67± 76.0 0.008

Table 2 Postoperative complications of gastric cancer in patients who underwent D2 gastrectomy.

Total Male Female

Pulmonary Infection 7 (3.1%) 6 1
Postoperative Bleeding 6 (2.7%) 4 2
Incision Infection 1 (0.44%) 0 1
Anastomotic Fistula 7 (3.1%) 4 3
Sepsis 5 (2.2%) 4 1
Deep Vein Thrombosis 1 (0.44%) 0 1
Total 27 (12.3%) 18 9

Table 3 Association between IFV and postoperative complications of gastric cancer following D2 gas-
trectomy.

Postoperative complication X2 value P value

Yes (n= 27) No (n= 199)

IFV 11.2 0.008
High IFV 15 49
Low IFV 12 150

Fellowship training, built on the foundation of residency training, is a proven method
for developing independent specialists capable of performing standardized diagnosis and
treatment of the diseases in their fields of study. China revised its medical education
system with the implementation of higher education reform in 1998 and health reform
in 2009 (Zhu, Li & Chen, 2016). In 2010, Shanghai took the initiative in developing and
implementing a standardized residency training (SRT) program that is now required for
employment in the city (Yang-Huang et al., 2019; Zhang & Fang, 2013). Residents have the
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option of selecting a training hospital and must pass hospital-level entrance examinations
prior to enrollment. SRT allows for a customizable program to accommodate graduateswith
varying educational and clinical experience, including those with bachelor’s, master’s, and
doctoral degrees, by allowing them to complete three, two, or one year of residency training,
respectively. The SRT incorporates sub-specialty training paths that residents can choose
fromwith different weighted credits according to the departments to prepare them for their
specialization. Although fellowship specialty training programs are preferred (Yang-Huang
et al., 2019), it also requires proper consideration from hospital management to provide
a supportive work environment that addresses the residents’ exhausting schedule and
anxiety, as highlighted in a 2019 survey of SRT residents at Guizhou Provincial People’s
Hospital, China (Zhang et al., 2021).

For a specialist surgeon, strong emphasis should be placed on honing specialized surgical
techniques. A specialist surgeon is expected to perform more complex surgical procedures
and be capable of operating independently, which is one of the important criteria used to
assess the ability of a general surgeon. In this study, IFV was accurately measured using
MDCT and was associated with a better clinical outcome in patients with lower IFV. This
may serve as an additional reference for aspiring specialists during their fellowship training
program, assisting them in performing a more thorough patient evaluation and planning
for the necessary surgical procedures.

Obesity has been on the rise in recent years, partly as a result of rising living standards
and westernization of the Chinese population’s diet, becoming one of the leading causes
of chronic diseases such as hypertension, diabetes, cardiovascular disease, and colon
cancer (Abu-Abid, Szold & Klausner, 2002). Studies have previously shown that the Chinese
visceral adiposity index (CVAI) is a predictor for Type-2 diabetesmellitus and hypertension
(Han et al., 2021a; Han et al., 2021b).

The development of MDCT has made it possible to measure adipose tissue volume and
estimate the amount and distribution of visceral fat (Makino et al., 2008). The MDCT has
several advantages, including accurate localization and quantification, repeatability, and
high-density resolution, thus reducing the time taken to measure and improving accuracy
without requiring additional testing or expense.

In general, the upper abdomen has a concentrated area of fat tissue. Excess visceral
fat has previously been considered an accurate predictor for operability and surgical
complications (Moon et al., 2008; Lv, Beeharry & Zhu, 2019; Yamada et al., 2008; Taniguchi
et al., 2021).

Studies have shown an increased incidence of postoperative pancreatic fistula in patients
with a larger amount of intra-abdominal fat (Tanaka et al., 2009). This might be due to the
increased fragility of intra-abdominal fat and difficulty in exposing the pancreas during
surgery. This added difficulty in distinguishing between healthy pancreatic tissue and
peripancreatic fat may further increase the risk of damaging normal pancreatic tissue.
Studies have demonstrated a possible correlation between the difficulty of surgery and the
distribution of abdominal fat (Yamada et al., 2008; Taniguchi et al., 2021; Seki et al., 2007;
Tsujinaka et al., 2008). These findings underscore the importance of a targeted, stepwise
training program to train future doctors in patient selection and treatment strategy
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decisions to minimize complications and improve the overall surgical outcome of GC
patients. In this study, we found that there were significantly more IBL and complications
in patients with high IFV compared to patients in the low IFV group.

In patients with high IFV, the synthesis and release of adipokines, such as TNF-a, leptin,
lipocalin, interleukin-6, and angiotensin were significantly increased. Interestingly, the
occurrence of postoperative inflammatory response syndrome in gastric cancer patients
is closely related to the excessive release of adipokines (Tsujinaka et al., 2007; Bastard et
al., 2006). The mode and location of fat storage vary between populations or individuals;
for example, Asian men tend to store fat predominantly in the abdominal cavity, whereas
Asian women store fat predominantly in the lower abdomen, buttocks, and thighs (Nauli
& Matin, 2019).

Our findings revealed a significant correlation between increased complication rates in
GC patients undergoing surgery and technical difficulties associated with operating on high
IFV patients and obese patients. This is critical to keep in mind during the postgraduate
surgery fellowship program for gastrointestinal surgery, particularly for upper abdomen
surgery involving the stomach and surrounding organs. Along with the extent of surgery,
aspiring doctors should take into consideration the IFV status and obesity while selecting
patients for surgery as part of the learning curve of the surgery fellowship training program.
Importantly, IFV and obesity are important factors that should warrant more attention
from surgeons to minimize postoperative complications and mortality.

CONCLUSION
This study shows that the high intra-abdominal fat volume (IFV) measured by multi-
detector rows computed tomography (MDCT) in gastric cancer patients had higher
intraoperative blood loss and postoperative complications than low IFV patients.
The IFV-CT protocol may raise awareness and prepare the surgical trainees for the
possible difficulties during surgery in order to minimize high IFV-related postoperative
complications and mortality.

Abbreviations

IFV Intra-abdominal fat volume
GC Gastric cancer
MDCT Multi-detector rows computed tomography
IBL Intraoperative blood loss
EGC Early gastric carcinoma
AGC Advanced gastric carcinoma
SRT Standardized residency training program
BMI Body mass index
DICOM Digital imaging and communications in medicine
MPR Multiplanar reconstruction
CVAI Chinese visceral adiposity index
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