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Abstract

Background Postoperative pancreatic fistula (POPF) is
one of the major complications after laparoscopic gas-
trectomy (LG). We investigated the impact of the
anatomical location of the pancreas, especially in relation
to the suprapancreatic lymph nodes, on the incidence of
POPF after LG.

Methods We retrospectively reviewed the preoperative
computed tomography (CT) images of 246 patients who
underwent LG with the suprapancreatic lymph node dis-
section between November 2008 and November 2015. The
length between the levels of the pancreatic body surface
and the root of the common hepatic artery (LPC) was
measured on a CT image with an axial view. A receiver
operating characteristics (ROC) curve analysis was per-
formed to determine the cutoff LPC value. A multivariate
analysis was performed to determine the predictive factors
for POPF.

Results POPF occurred in 11 patients (4.5 %). The
median LPC was significantly longer in the patients with
POPF than in those without (26 mm vs. 21 mm,
p = 0.026). The ROC curve analysis revealed that the
optimal cutoff LPC value for predicting POPF was 25 mm.
The POPF rate was significantly higher in the long LPC
group than in the short LPC group (10 vs. 1.3 %,
p = 0.002). A multivariate analysis demonstrated that a
long LPC (p = 0.018) and dissection of the lymph nodes
along the distal splenic artery (p = 0.042) were indepen-
dent predictors of POPF. The amylase level in the drainage
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fluid on postoperative day 1 was significantly higher in the
long LPC group than in the short LPC group.
Conclusions The LPC is a simple and reliable predictor
of POPF after LG. Surgeons should take the anatomical
location of the pancreas into consideration when perform-
ing LG with suprapancreatic lymph node dissection.

Keywords Gastric cancer - Laparoscopic gastrectomy -
Pancreatic fistula - Risk factor

Since its introduction, laparoscopic gastrectomy (LG) has
widely prevailed as the treatment for early gastric cancers
with a relatively low risk of lymph node metastasis,
especially in Japan and Korea [1]. A number of trials have
demonstrated several advantages of LG over open gas-
trectomy (OG), including better cosmetic results, less pain,
earlier recovery of bowel activities, shorter hospital stay,
and the early improvement in postoperative quality of life
[2—4]. Recently, the indications for LG have been extended
to advanced gastric cancer, despite a lack of solid evidence
regarding the long-term oncological outcomes [5, 6]. At the
present time, the Japanese guidelines allow for the per-
formance of LG as an investigational treatment for early
gastric cancer [7].

LG with radical lymphadenectomy involves the dissec-
tion of the suprapancreatic lymph nodes. Suprapancreatic
lymph node dissection is associated with a high degree of
technical difficulty and may cause postoperative pancreatic
fistula (POPF). Once POPF develops, it sometimes con-
tributes to other major complications, including bleeding,
anastomotic leakage, and intra-abdominal abscess.
Although the incidence of POPF after LG is reportedly
comparable with that after OG [8], several investigators
have suggested that POPF may occur more frequently after
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Table 1 Patient characteristics, perioperative data, and the incidence of POPF

Variables Total Without POPF (n = 235) With POPF (n = 11) p value
Age (years)” 67 (35-87) 68 (54-76) 0.650¢
Gender
Male 164 153 (93.3) 11 (6.7) 0.010°
Female 82 82 (100) 0 (0)
Cardiovascular disease
Absent 142 138 (97.2) 4(2.8) 0.125°
Present 104 97 (93.3) 7(6.7)
Diabetes mellitus
Absent 202 195 (96.5) 73.5) 0.113°
Present 44 40 (90.9) 4.1
Chronic renal failure
Absent 240 229 (95.4) 11 (4.6) 0.758°
Present 6 6 (100) 0 (0)
ASA score
1 45 44 (97.8) 1(2.2) 0.370°
2,3 201 191 (95.0) 10 (5.0)
BMI (kg/m?)
<25 196 190 (96.9) 6 (3.1) 0.050°
>25 50 45 (90) 5 (10)
Clinical stage
Stage 1A 220 210 (95.5) 10 (4.5) 0.673¢
Stage 1B, 1 26 25 (96.2) 1(3.8)
Type of resection
DG, PPG 183 176 (96.2) 7 (3.8) 0.301°¢
TG, PG, PPNTG 63 59 (93.7) 4(6.3)
Combined organ resection
No 232 221 (95.3) 11 4.7) 0.518°
Yes 14 14 (100) 0 (0)
Dissection of station no. 11p°
No 27 26 (96.3) 1(3.7) 0.655°
Yes 219 209 (95.4) 10 (4.6)
Dissection of station no. 11d°
No 237 228 (96.2) 9 (3.8) 0.055°¢
Yes 9 7 (77.8) 2 (22.2)
Duration of the operation (min)* 354 (167-566) 392 (327-616) 0.073¢
Blood loss (ml)* 75 (10-945) 130 (10-769) 0.037¢
Perioperative transfusion
No 244 233 (95.5) 11 (4.5) 0.912°¢
Yes 2 2 (100) 0 (0)
Drain amylase level on POD 1 (U/)* 466 (46-13,235) 1819 (619-49,350) <0.001¢

POPF postoperative pancreatic fistula, ASA American Society of Anesthesiologists, BMI body mass index, DG distal gastrectomy, PPG pylorus-
preserving gastrectomy, 7G total gastrectomy, PG proximal gastrectomy, PPNTG pylorus-preserving nearly total gastrectomy (ref. #11), POD
postoperative day

? Values are expressed as medians and ranges

® Indicates the lymph nodes along the proximal splenic artery
¢ Indicates the lymph nodes along the distal splenic artery

4 Indicates a value obtained from a Mann—Whitney U test

¢ Indicates a value obtained from Fisher’s exact test
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Fig. 1 Measurement of the length between the levels of the
pancreatic body surface and the root of the common hepatic artery
(LPC) and the abdominal aorta (LPA). A Top of the pancreatic body
surface and the root of the common hepatic artery (CHA) were

LG [9, 10]. During suprapancreatic lymph node dissection,
it is necessary to reach over the pancreatic body to remove
the lymph nodes; in order to do this, it is necessary to
compress and retract the pancreatic body. These procedures
have the potential to result in POPF. We therefore
hypothesized that the anatomical location of the pancreas,
especially in relation to the suprapancreatic lymph nodes,
might be associated with the incidence of POPF after LG.
In the present study, we evaluated the anatomical location
of the pancreas on a computed tomography (CT) image
with an axial view and investigated its impact on the
incidence of POPF in patients who underwent LG.

identified on a CT image with an axial view. The LPC and LPA were
then measured. B In cases where the top of the pancreatic body
surface and the root of the CHA were not located on the same slice,
the root of the CHA was marked, and the LPC was then measured

Materials and methods
Study design

Between November 2008 and November 2015, 295
patients with gastric cancer underwent LG with lym-
phadenectomy at Nara Medical University Hospital. The
medical records and operative reports of all patients were
retrospectively reviewed. Then, the following patients were
excluded: patients for whose medical records did not
include a measurement of the total amylase concentration
in the drainage fluid (d-AMY; n = 13); patients in whom
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no suprapancreatic lymph nodes were dissected (n = 28);
and patients who underwent conversion to open surgery
(n = 8). After excluding the above-mentioned patients,
246 patients remained and were analyzed in the present
study. Written informed consent was obtained from all
patients.

The following procedures were performed: laparoscopy-
assisted distal gastrectomy (LADG; n = 156), laparo-
scopy-assisted pylorus-preserving gastrectomy (LAPPG;
n = 27), laparoscopy-assisted total gastrectomy (LATG;
n = 32), laparoscopy-assisted proximal gastrectomy
(LAPG; n = 16), and laparoscopy-assisted pylorus-pre-
serving nearly total gastrectomy (LAPPNTG) [11]
(n = 15). The clinical findings were confirmed on the basis
of an upper gastrointestinal study, gastrointestinal endo-
scopy, endoscopic ultrasonography, and CT, according to
the third edition of the Japanese classification of gastric
carcinoma [12]. In our institution, the indications for
LADG are a preoperatively diagnosed depth of tumor
invasion of T1-T3 with NO or N1 lymph node metastasis.
In principle, the indication for LAPPG, LATG, LAPG, and
LAPPNTG was the presence of a clinical TINO tumor.

The factors that were investigated included the patients’
age, gender, presence of cardiovascular disease, diabetes
mellitus and chronic renal failure, American Society of
Anesthesiologists score, body mass index (BMI), and the
clinical tumor stage. The surgical findings included the
type of resection, the use of combined organ resection, the
extent of lymph node dissection, the duration of the oper-
ation, the amount of operative blood loss, and the use of
perioperative transfusion. We also investigated the inci-
dence of postoperative complications. Postoperative com-
plications were defined as complications which occurred
within 30 days of surgery or during the period of hospi-
talization and were graded according to the Clavien—Dindo
classification system [13].

Evaluation of the anatomical characteristics
of the pancreas

We reviewed the preoperative abdominal CT images of all
of the patients. We first identified the top of the pancreatic
body surface and the root of the common hepatic artery
(CHA) on a CT image with an axial view. We then mea-
sured the length between the levels of the two points (LPC;
Fig. 1A). When these two points were not located on the
same slice, the root of the CHA was marked and the length
between the levels of the two points was measured
(Fig. 1B). We also measured the length between the levels
of the top of the pancreatic body surface and the abdominal
aorta (LPA) and the maximal thickness of the pancreatic
body.

@ Springer

Surgical procedures

The type of gastrectomy and the extent of lymph node
dissection were decided according to the Japanese gastric
cancer treatment guideline version 3 [7]. Five or six ports
were used. Lymph node dissection was generally carried
out with the use of ultrasonically activated coagulating
shears (SonoSurg; Olympus, Tokyo, Japan). In LADG and
LAPPG, patients with T1 and NO tumors underwent D1
plus lymph node dissection. In some patients, the lymph
nodes along the proximal splenic artery (no. 11p) were also
dissected. Patients with T2-T3 or N1 tumors underwent
LADG with D2 lymph node dissection. In LATG, LAPG,
and LAPPNTG, D1 plus lymph node dissection was prin-
cipally performed. In some patients, the dissection of
lymph nodes along the distal splenic artery (no. 11d) was
also performed based on the surgeon’s decision. Regarding
the suprapancreatic lymph nodes, the lymph nodes along
the common hepatic artery (no. 8a) and at the base of the
celiac artery (no. 9) were dissected in all 246 patients. The
lymph nodes along the proximal splenic artery (no. 11p)
and along the distal splenic artery (no. 11d) were dissected
in 219 (89 %) and 9 (3.7 %) patients, respectively.

In LADG and LAPPG, a closed drain was routinely
placed in the nearby suprapancreatic area. In LATG,
LAPG, and LAPPNTG, a closed drain was placed around
the dorsal side of the esophagojejunostomy through the
space of the suprapancreatic area. On postoperative day
(POD) 1, the drain fluid was analyzed to determine the
d-AMY level.

Definition of POPF

POPF was diagnosed based on the definition of the Inter-
national Study Group for Pancreatic Fistula (ISGPF) with
some modifications [14] because the drain was removed
before POD 3 in many of the patients. Briefly, POPF was
diagnosed when the patients fulfilled the following criteria:
(1) a d-AMY level on POD 1 of more than three times the
upper normal serum value (normal serum value: 44—132 U/1)
and (2) no evidence of anastomotic leakage. The severity of
POPF was graded, according to the ISGPF definition, as
follows: grade A, ‘transient fistula’ (no clinical impact);
grade B (requires a change in management or adjustment of
the clinical pathway); and grade C (requires a major change
in clinical management or deviation from the normal clinical
pathway) [14]. In the present study, grades B and C were
regarded as clinically significant POPF.

Statistical analysis

The categorical variables are presented as numbers and
percentages. Groups were compared using the Chi-squared
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Table 2 Anatomical characteristics of the pancreas and the incidence of POPF

Variables Total Without POPF (n = 235) With POPF (n = 11) p value
LPC (mm)* 21 (6-40) 26 (15-30) 0.026°
LPC (mm)
<25 156 154 (98.7) 2 (1.3) 0.002¢
>25 90 81 (90) 9 (10)
LPA (mm)* 38 (12-56) 46 (33-56) <0.001°
LPA (mm)
<43 163 161 (98.8) 2(1.2) 0.001°¢
>43 83 74 (89.2) 9 (10.8)
Thickness of the pancreatic body (mm)* 14 (6-24) 16 (11-24) 0.140°

POPF postoperative pancreatic fistula, LPC the length between the levels of the pancreatic body surface and the root of the common hepatic
artery, LPA the length between the levels of the pancreatic body surface and the abdominal aorta

* Values are expressed as medians and ranges
" Indicates a value obtained from a Mann—Whitney U test

¢ Indicates a value obtained from Fisher’s exact test

Fig. 2 Receiver operating A B
characteristics curves of the
LPC (A) and LPA (B) for the 1.0 1 1.0 1
prediction of postoperative
pancreatic fistula after 08 1 08 1
laparoscopic gastrectomy ’ ’
= 2
E 0.6 1 S 0.6
=] =
3 04 1 3 04
0.2 1 0.2 1
0.0 meed— T T T | 00 T T T T ]
00 02 04 06 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity
test or Fisher’s exact test. Continuous variables are Results

expressed as medians and ranges, and the medians were
compared using the Mann—Whitney U test. To evaluate the
sensitivity and specificity of the LPC and LPA for detect-
ing the development of POPF, receiver operating charac-
teristics (ROC) curves were calculated, and the Youden
index was estimated to determine the optimal cutoff values
[15]. All variables with a p value of <0.1 in the univariate
analysis were entered into a multivariate analysis. The
multivariate analysis used a logistic regression model to
investigate the factors associated with the incidence of
POPF. p values of <0.05 were considered to indicate sta-
tistical significance. The statistical analyses were per-
formed using the SPSS software program (version 19.0;
SPSS, Chicago, IL).

Postoperative complications

The overall rate of postoperative complications was 19.9 %.
POPF occurred in 11 patients (4.5 %), including grade B
(n = 10) and grade C (n = 1). Grade II, IIla, and IIIb
complications occurred in eight patients, two patients, and
one patient, respectively. No mortalities were observed.

Risk factors for POPF
The associations between the patient characteristics, the

perioperative data, and POPF are shown in Table 1. POPF
only occurred in male patients. The median amount of
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Table 3 Results of the
multivariate analysis of risk
factors for POPF

Table 4 Relationships between
the LPC and the clinical and
perioperative variables

@ Springer

Variables QOdds ratio (95 % CI)* p value® Odds ratio (95 % CI)b P value®

BMI (kg/m?)

<25 1 0.081 1 0.181

>25 3.494 (0.856-14.254) 2.673 (0.632-11.295)
Dissection of station no. 11d°

No 1 0.042 1 0.021

Yes 8.914 (1.087-73.106) 12.034 (1.464-98.903)
Duration of the operation (min)  1.005 (0.995-1.016) 0.337 1.003 (0.992-1.013) 0.613
Blood loss (ml) 1.000 (0.996-1.005) 0.816 1.000 (0.997-1.004) 0.853
LPC (mm)

<25 1 0.018

>25 6.886 (1.395-33.999)
LPA (mm)

<43 1 0.019

>43 7.545 (1.390-40.940)

POPF postoperative pancreatic fistula, CI confidence interval, BMI body mass index, LPC the length
between the levels of the pancreatic body surface and the root of the common hepatic artery, LPA the length
between the levels of the pancreatic body surface and the abdominal aorta

# Simultaneously adjusted for BMI, dissection of station no. 11d, duration of the operation, blood loss and
LPC

b Simultaneously adjusted for BMI, dissection of station no. 11d, duration of the operation, blood loss and
LPA

¢ Indicates the lymph nodes along the distal splenic artery

Variables LPC p value
<25 mm >25 mm
(n = 156, %) (n =90, %)
Gender
Male 98 (62.8) 66 (73.3) 0.092¢
Female 58 (37.2) 24 (26.7)
BMI (kg/m?)
<25 131 (84) 65 (72.2) 0.027¢
>25 25 (16) 25 (27.8)
Dissection of station no. 11d*
No 151 (96.8) 86 (95.6) 0.431¢
Yes 5@3.2) 4 (4.4)
Duration of the operation (min)b 349.5 (167-566) 368 (226-616) 0.030°
Blood loss (ml)° 68.5 (10-945) 100.5 (10-769) 0.004°
Drain amylase level on POD 1 (U/1)°® 430 (46-49,350) 646 (60-15,384) 0.003°
LPA (mm)
<43 126 (80.8) 37 (41.1) <0.001°¢
>43 30 (19.2) 53 (58.9)

LPC the length between the levels of the pancreatic body surface and the root of the common hepatic artery,
BMI body mass index, POD postoperative day, LPA the length between the levels of the pancreatic body
surface and the abdominal aorta

# Indicates the lymph nodes along the distal splenic artery

® Values are expressed as medians and ranges

¢ Indicates a value obtained from a Chi-squared test
Indicates a value obtained from Fisher’s exact test

¢ Indicates a value obtained from a Mann—-Whitney U test
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operative blood loss was significantly greater in the
patients with POPF than in those without (p = 0.037).
POPF tended to occur more frequently in the patients who
underwent the dissection of station no. 11d than in those
who did not (p = 0.055).

Table 2 shows the anatomical characteristics of the
pancreas and POPF. The median LPC and LPA of all
patients were 22 mm (range 6—40 mm) and 39 mm (range
12-56 mm), respectively. The median LPC (p = 0.026)
and LPA (p <0.001) were significantly longer in the
patients with POPF than in those without. There was no
significant difference between the groups in the thickness
of the pancreatic body. Using the incidence of POPF as an
endpoint, the areas under the curve for the LPC and LPA
were found to be 0.699 and 0.803, respectively (Fig. 2).
When the LPC was 25 mm, the Youden index was maxi-
mal, with a sensitivity of 81.8 % and a specificity of
65.5 %. When the LPA was 43 mm, the Youden index was
maximal, with a sensitivity of 81.8 % and a specificity of
68.5 %. Therefore, the cutoff values of the LPC and LPA
were set at 25 mm and 43 mm, respectively. POPF
occurred more frequently in the patients with an LPC of
>25 mm (p = 0.002) and an LPA of >43 mm (p = 0.001;
Table 2).

The multivariate analysis demonstrated that the LPC
(»p = 0.018) and the dissection of station no. 11d
(p = 0.042) were independent risk factors for POPF
(Table 3). The LPA was also identified as an independent
predictor of POPF according to another multivariate
analysis.

The influence of the cranial-caudal relationship
between the pancreas and the suprapancreatic
lymph nodes on the incidence of POPF

We further investigated the cranial-caudal relationship
between the pancreas and the suprapancreatic lymph nodes,
and evaluated its influence on the incidence of POPF. The
top of the pancreatic body surface and the root of the CHA
were located on the same CT slice in 87 (35.4 %) patients
(group A) (Fig. 1A); these two points were located on
different slices in 159 (64.6 %) patients (group B; Fig. 1B).
Among the group B patients, the root of the CHA was
located cranial to the pancreatic body in 155 patients and
caudal to the pancreatic body in four patients. Overall,
there was no difference in the POPF rates of the patients in
groups A and B (5.7 vs. 3.8 %, p = 0.474). However, the
incidence of POPF was significantly higher in the group A
patients with an LPC of >25 mm than in other patients.
The POPF rate was 2.1 % in the group B patients with an
LPC of <25 mm, 0 % in the group A patients with an LPC
of <25 mm, 6.3 % in the group B patients with an LPC of

>25 mm, and 18.5 % in the group A patients with an LPC
of >25 mm (p = 0.001).

The relationships between the LPC and the clinical
and perioperative data

We finally investigated the relationship of the LPC with the
clinical and perioperative findings (Table 4). The patients
with an LPC of >25 mm were significantly more likely to
have a BMI of >25 kg/m* (p = 0.027), a longer duration
operation (p = 0.03), and a greater amount of operative
blood loss (p = 0.004) in comparison with those with an
LPC of <25 mm. The median d-AMY level on POD 1 was
significantly higher in the patients with an LPC of >25 mm
than in those with an LPC of <25 mm (p = 0.003). In
addition, a significant association was found between the
LPC and the LPA (p < 0.001).

Discussion

In the present study, we evaluated risk factors for POPF
after LG, focusing on the anatomical location of the pan-
creas, especially on its relationship with the suprapancre-
atic lymph nodes. The incidence of POPF after LG is
reported to range from 1.7 to 7.2 % [6, 8—10, 16, 17]. In the
present study, the POPF rate was 4.5 %. Some authors
have compared the incidence of POPF between LG and
OG. Obama et al. reported that the POPF rate after LG was
7.2 %, while that after OG was 2.1 % [9]. Fujita et al. [10]
reported that the POPF rate after LG was 5.3 %, while that
after OG was 0 %. Although there were no significant
differences between the groups in the rate of POPF, the
d-AMY level after LG was significantly higher than that
after OG in both studies. This indicates that potential risk
of POPF development may be higher after LG than after
OG. Previous studies have shown various risk factors for
POPF in LG, including male gender, age, high BMI,
operative time, and the number of retrieved lymph nodes;
these risk factors are similar to those reported in OG [16-
19]. However, the risk factors for POPF after LG may
differ from those after OG. In the present study, the
anatomical relationship between the pancreas and the
suprapancreatic lymph nodes was evaluated on a CT image
with an axial view in the patients who underwent LG. We
first identified the top of the pancreatic body surface and
the root of the CHA, as a landmark of the suprapancreatic
lymph nodes. Then, the length between the levels of these
two points (LPC) was measured. We found that the inci-
dence of POPF was significantly higher in the patients with
an LPC of >25 mm than in those with an LPC of <25 mm.
Importantly, the multivariate analysis demonstrated that a
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long LPC was an independent predictor of POPF after LG.
We further measured the LPA, as another marker of the
anatomical location of the pancreas, which could be
obtained more easily. We observed a significant correlation
between the LPC and the LPA. A long LPA was also an
independent predictor of POPF in another multivariate
analysis. These findings indicate that the LPC and LPA can
predict POPF after LG.

The present study clearly demonstrated that the patients
with a long LPC had a greater degree of pancreatic damage
than those with a short LPC. The disadvantages of LG, in
comparison with OG, include the limited mobility of long
straight forceps and inconvenient surgical positioning [20].
In addition to thermal injuries which occur in association
with the use of energized devices, the compression and
mobilization of the pancreas may cause parenchymal
damage to the pancreas, potentially resulting in POPF [9,
10, 21]. In order to create a better surgical field and dissect
the posterior side of the suprapancreatic lymph nodes,
some degree of pancreatic body compression may be
unavoidable [9]. In the present study, we found that the
d-AMY level on POD 1 was significantly higher in the
patients with a long LPC than in those with a short LPC.
These findings indicate that the patients in whom the
pancreatic body was located more ventral to the supra-
pancreatic lymph nodes might suffer more excessive pan-
creatic damage during suprapancreatic lymph node
dissection from the operating surgeon’s and assistant’s
forceps.

In the present study, the impact of the cranial-caudal
relationship between the pancreas and the suprapancreatic
lymph nodes on the incidence of POPF was also evaluated.
Among the long LPC group, the patients in whom the top
of the pancreatic body surface and the root of the CHA
were located on the same CT slice were found to have a
significantly higher POPF rate than the other patients.
These results suggest that the potential for damage to the
pancreas may be highest if the LPC is long and in cases in
which the two points are located on the same slice.

In addition, the present study showed that the operations
of the patients in the long LPC group were more compli-
cated than those of the patients in the short LPC group. In
the long LPC group, the operation time was significantly
longer and the amount of operative blood loss was signif-
icantly greater than in the short LPC group. Furthermore,
the patients in the long LPC group more frequently had a
BMI of >25 kg/m? than the short LPC group. In obese
patients, the borderline between the upper edge of the
pancreas and the fat tissue is not clear, and bleeding and
lymph leakage can easily occur from the cut edge of the fat
tissue. Thus, suprapancreatic lymph node dissection is
sometimes technically difficult, and the chance of injuring
the pancreas may be increased in obese patients [22].
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Indeed, previous studies have identified a high BMI as the
risk factor for POPF after LG [16, 17]. These results sug-
gest that the LPC may reflect the likelihood of surgical
difficulties during suprapancreatic lymph node dissection
and that a long LPC therefore increases the risk of POPF,
although the precise mechanisms for this remain unclear.

Given the higher rate of POPF, some measures to pre-
vent this complication are required in patients with a long
LPC. One measure may be to insert an additional port for
the operating surgeon’s right hand at a level close to the
upper edge of the pancreatic body, during suprapancreatic
lymph node dissection. The additional port might reduce
the compression and thermal damage caused to the pan-
creas by the surgeon’s instruments. In addition, an increase
in the pneumoperitoneum pressure and the extreme rotation
of the operative table may improve the surgical view of the
suprapancreatic lymph node area [23]. It is, of course,
important to exercise the utmost care in order to avoid
injury to the pancreas [16, 18]. Another measure to prevent
POPF may be the use of a surgical robot. Surgical robots
have been developed to overcome some of the disadvan-
tages of the laparoscopic surgery [21, 24]. Surgical robots
provide a greater degree of freedom with articulating sur-
gical instruments and filter the tremor of the surgeon’s
hands. Suda et al. [21] demonstrated no cases of POPF in
88 robotic gastrectomies and found that the incidence of
POPF was significantly higher in LG than in robotic gas-
trectomy. Seo et al. [20] also showed that POPF occurred
more frequently after LG than after robotic gastrectomy
and that LG was an independent risk factor for POPF. The
use of surgical robots may therefore reduce the damage and
injury of the pancreas and prevent POPF after gastrectomy.
Further trials are needed to clarify whether the use of
surgical robots can reduce POPF after gastrectomy.

The extent of lymphadenectomy could directly affect
the incidence of POPF. A previous report identified the
dissection of the lymph nodes along the distal splenic
artery as a risk factor for POPF after open TG [18]. Sim-
ilarly, the present study found that the dissection of these
lymph nodes was an independent risk factor for POPF,
although no association between the dissection of the
lymph nodes along the proximal splenic artery and the
incidence of POPF was found. Surgeons should pay more
attention to the incidence of POPF when dissecting these
lymph nodes.

The present study is associated with some limitations.
First, the present study was a retrospective analysis which
used preoperative CT images. We could not evaluate the
individual port position and surgical view under pneu-
moperitoneum. These factors may have affected the extent
of the compression and mobilization of the pancreas during
suprapancreatic lymph node dissection. Second, the present
study did not measure the exact cranial-caudal length
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between the top of the pancreatic body surface and the root
of the CHA. This could influence the incidence of POPF. A
combined axial and sagittal view may allow us to evaluate
the more precise relationship between the pancreas and the
suprapancreatic lymph nodes. Nevertheless, our results
have suggested that the LPC and LPA were easily obtained
and that they were reliable predictors of POPF after LG.
Further large-scale investigations are required to validate
our results.

In conclusion, the present study demonstrated the sig-
nificant involvement of the anatomical location of the
pancreas in the incidence of POPF after LG. The LPC and
LPA are easily obtained and were found to be reliable
predictors of this complication. Surgeons should take the
anatomical location of the pancreas into consideration
when performing LG with the suprapancreatic lymph node
dissection.
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