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Abstract

Objective: Distal pancreatectomy is the most extensive operation to treat malignant tumors of

the left pancreas; however, malignant pancreatic tumors are prone to early invasion and

metastasis.

Methods: The clinical data of 80 patients undergoing surgical treatment for malignant tumors of

the pancreatic body or tail from January 2013 to December 2017 were retrospectively analyzed.

The main clinical variables were compared between patients undergoing laparoscopic distal

pancreatectomy (LDP) vs. open distal pancreatectomy (ODP).

Results: There were no significant differences in general patient characteristics, complications,

and postoperative survival (v2¼ 0.09) between the groups. The operation time in the LDP group

was significantly longer than that in the ODP group; however, the LDP group was superior to the

ODP group regarding the length of postoperative hospital stay, diet recovery, and rectal exhaust

and ambulation times.

Conclusion: LDP is a safe and feasible treatment for left pancreatic malignancies, with the same

surgical efficacy as ODP. LDP also has the advantages of minimally invasive surgery, such as

minimal trauma and enhanced recovery after surgery.
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Introduction

Distal pancreatectomy (DP) is the main
treatment for pancreatic body and tail
tumors. Previously, DP was performed
most often as open surgery.1 With recent
rapid developments in laparoscopy, some
pancreatic surgeries have been completed
using this approach. However, pancreatic
malignancies are prone to invade surrounding
organs and blood vessels, and these malig-
nancies are also prone to early nerve invasion
and lymph node metastasis. Therefore, the
surgical resection and long-term survival
rates with pancreatic malignancies are rela-
tively low.2 To improve the resection and
long-term survival rates, scholars have per-
formed various surgical approaches for left
pancreatic tumors. However, laparoscopic
resection of left pancreatic malignancies
remains controversial, and whether the
safety and efficacy of minimally invasive left
pancreatic surgery and open surgery are com-
parable is questionable.3,4

In this study, we retrospectively analyzed
the case data of patients undergoing lapa-
roscopic DP (LDP) and open DP (ODP),
and compared the short- and long-term
clinical effects to evaluate the safety, feasi-
bility, and clinical efficacy of LDP.

Materials and methods

Ethics statement

Because this was a retrospective study, and
patient privacy was maintained, ethics com-
mittee approval was not required in our
institution. Written informed consent was
obtained from all patients to use their
data in this study.

Case selection

Between January 2013 and December 2017,
41 LDPs and 46 ODPs were performed,
excluding “postoperative medical

examinations suggesting benign cases”
(3 cases of LDP and 2 cases of ODP) and
“transition-opening abdominal cases”
(2 cases, with a transition rate of 4.1%).

Surgical procedure

With further understanding of the immune
and hematopoietic functions of the spleen
and advancements in surgical techniques,
many surgeons have completed spleen-
preserving DP (SPDP).5,6 However, the vast
majority of patients with pancreatic cancer
are diagnosed with splenic invasion,7 and it
is difficult to clean the lymph nodes of groups
9, 10, 11, and 18 during SPDP.8 Currently,
our hospital performs DP combined with
splenectomy for patients with pancreatic
body and tail malignant tumors. The stan-
dard lymphadenectomy range for pancreatic
body and tail cancer resection is as follows:
splenic hilar lymph nodes (No. 10), splenic
artery lymph nodes (No. 11), and pancreatic
lymph nodes (No. 18). For those whose
lesions are located in the pancreatic body,
the lymph nodes around the abdominal arte-
rial trunk can be cleaned (No. 9).

LDP procedure: The patient is placed in
a supine position with the trocars posi-
tioned in a “V” shape. During laparoscopy,
the parenchymal organs and omentum are
carefully examined to rule out cancer
metastasis. Separate the ligaments of the
stomach and colon to explore the pancreas
and masses with an ultrasonic knife. Next,
the gastrosplenic and gastrocolic ligaments
are cut to expose the pancreatic body.
Separate the splenic arteriovenous anasto-
mosis and clip it with a Hem-o-lok clip
(Weck Surgical Instruments, Teleflex
Medical, Durham, NC, USA) or 4-0
Prolene suture (Ethicon Inc., Somerville,
NJ, USA). Stapler closure is then used to
cut the pancreatic tissue >1 cm from the
pancreatic tumor. If there is persistent
bleeding from the pancreatic stump, suture
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and apply compression. Gradually separate
the pancreas with an ultrasonic knife along
the back of the pancreas. The short gastric
vessel above the spleen is severed, and after
the splenogastric, splenophrenic, and sple-
nocolic ligaments are gradually dissected,
the left pancreas and spleen are completely
removed. After inspecting the operative
area for hemostasis, an abdominal drain is
placed over the sectioned pancreas.

ODP procedure: Enter the abdomen
with an L-shaped incision in the upper left
abdomen or a median incision. The remain-
der of the surgical procedures are the same
as those for LDP.

Postoperative management

The postoperative treatment of the two
groups of patients was basically the same.
Amylase concentration in the drainage
fluid was measured every other day after sur-
gery. Somatostatin was routinely used to
inhibit pancreatin, and omeprazole was
used to prevent stress ulcers. If there was
no obvious bleeding in the stomach, the gas-
tric tube was removed within 1 to 2 days to
maintain a liquid diet. The abdominal drain
was removed when the amylase concentra-
tion in the drainage fluid was <125U/L and
the volume was <30mL/day. Postoperative
complications were graded I to V according
to the Clavien–Dindo grading system.9

Fistula-related complications were assessed
using the pancreatic fistula criteria estab-
lished by the International Study Group of
Pancreatic Surgery (ISGPS) in 2016.10–12

Statistical analysis

We collected the patients’ baseline data,
and operative and postoperative outcomes,
namely age, sex, body mass index (BMI),
performance status (Karnofsky score),
American Society of Anesthesiologists
(ASA) classification, New York Heart
Association (NYHA) score, and pancreatic

duct width. The intraoperative outcomes
were intraoperative blood loss, intraopera-
tive blood transfusion, and operation time.
The postoperative outcomes were patholo-
gy parameters (histopathological diagnosis,
resection margins, number of lymph nodes
retrieved, tumor-positive lymph nodes
retrieved), rectal exhaust time, time to diet
recovery, length of postoperative hospital
stay, time to resuming ambulation, inten-
sive care unit admission, postoperative
complications (postoperative pancreatic fis-
tula (POPF), postpancreatectomy hemor-
rhage, delayed gastric emptying, and
surgical site infection), and mortality
within 30 days. The definitions of POPF,
delayed gastric emptying, and postpancrea-
tectomy hemorrhage were in accordance
with the definitions of the ISGPS.2,11,12

Categorical variables were expressed as
numbers and percentages, and statistical
analysis was performed using analysis of
variance and Fisher’s exact tests.
Continuous variables were expressed as
median or mean� standard deviation (x�
s), and statistical analysis was performed
using the t test. The Kaplan–Meier
method was used for survival analysis and
to create the survival curve. All statistical
analyses were performed using SPSS ver-
sion 25.0 (IBM Corp., Armonk, NY,
USA), and P< 0.05 was considered statisti-
cally significant. The reporting of this study
conforms to the STROBE guidelines.13

Results

Patient information

Eighty patients were enrolled in the study
(36 in the LDP group and 44 in the ODP
group). Patients in the LDP group and the
ODP group were comparable regarding
age, sex, BMI, admission symptoms, ASA
score, comorbidities, pancreatic duct diam-
eter, and tumor size (Table 1).
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Surgical information

LDP surgery time was significantly longer
than for ODP (411.0 minutes vs. 355.8
minutes, respectively; P< 0.05). However,
there was no statistical difference regarding
the amount of blood loss, number of blood
transfusions, and the number of dissected
lymph nodes between the two groups
(Table 2). The mean� standard deviation
number of dissected lymph nodes in the
ODP group was 8.4� 5.8, and the propor-
tion of positive lymph nodes was 31.8%.
The mean� standard deviation number of
dissected lymph nodes in the LDP group
was 8.7� 6, and the proportion of positive
lymph nodes was 33.3%. The tumor-
metastasis-node (TMN) staging (according
to the American Joint Committee on
Cancer (AJCC) 8th edition staging system)
and the R0 resection rates were not
statistically different between the groups
(Table 3).

Postoperative recovery

The intensive care unit admission rate in the
LDP group was significantly lower vs. the
ODP group (10/36 vs. 30/44, respectively;
P< 0.01). In addition, patients in the
LDP group had shorter rectal exhaust
times (1.6 days vs. 3.2 days, respectively;
P< 0.01), and time to diet recovery
(2.6 days vs. 3.2 days, respectively; P< 0.01).
Patients in the LDP group had shorter
ambulation times (4.0 days vs. 6.3 days,
respectively; P< 0.01) than the ODP
group, and postoperative hospital stay was
significantly shorter (7.9 days vs. 11.5 days,
respectively; P< 0.01). In contrast, there
was no significant difference between the
groups regarding postpancreatectomy hem-
orrhage, postoperative pancreatic fistula,
postoperative peritonitis, postoperative
pneumonia, unexpected second surgery,
and short-term mortality (within 30 days)
after surgery (Table 3). There was only

Table 1. Comparison of the general characteristic data between the two groups of patients.

LDP, n (%) ODP, n (%) P-value

Age, years, mean� SD 58.6� 11.5 58.7� 10.5 0.81

Female 13 (36.1) 17 (38.6) 0.82

BMI, kg/m2, mean� SD 21.8� 2.4 22.0� 2.4 0.98

ASA, mean� SD 2.2� 0.7 2.3� 0.7 0.20

Pancreatic duct diameter, mm, mean� SD 4.5� 1.9 4.7� 1.9 0.74

Admission symptoms 0.84

Epigastric pain 8 (22.2) 11 (25.0)

Jaundice 20 (55.6) 21 (47.7)

Epigastric pain with jaundice 5 (13.9) 9 (20.5)

Other 3 (8.3) 3 (6.8)

Comorbidities 22 (61.1) 29 (65.9) 0.66

Tumor size, cm, mean� SD 2.7� 0.9 3.0� 0.8 0.27

Pancreatic texture 0.18

Soft 13 (36.1) 15 (27.8)

Hard 13 (36.1) 30 (55.6)

Moderate 10 (27.8) 9 (16.7)

Prior abdominal surgery 10 (27.8) 16 (36.4) 0.41

LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation; BMI, body mass index;

ASA, American Society of Anesthesiologists.
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one case of Clavien–Dindo complications
grade �III, and no statistical difference in
the Clavien–Dindo complications between
the groups. Additionally, the proportion
of positive margins in the LDP group and
the ODP group was basically the same
(88.9% vs. 90.9%, respectively; P< 0.05).

Six patients were lost to follow-up
(namely, four in the ODP group and two
in the LDP group), with a total loss to
follow-up rate of 7.5%. The median
follow-up time was 44 months (95% confi-
dence interval (CI)¼ 32.5–55.5). The
median survival time for all patients was
24 months (95% CI¼ 20.2–27.8). The
median survival time of the patients in the
ODP group was 21 months (95%
CI¼ 18.8–23.2), and the median survival
time of the patients in the LDP group was
24 months (95% CI¼ 20.8–27.2). Using the
log-rank test, no statistically significant dif-
ferences in long-term mortality was found
between the groups (v2¼ 0.09) (Figure 1).

Discussion

After several years of progress, LDP has
been performed for symptomatic benign

and premalignant disease of the pancreatic
body or tail, and is now gradually being
used in the treatment of malignant tumors
of the left pancreas. DP remains a major
abdominal operation associated with a
30% to 50% risk of complications and
1% to 4% risk of death.14 As more and
more cases of left pancreatic malignancies
are treated with LDP, some scholars dis-
pute the therapeutic effect and safety of
LDP.15–17 There are currently several
reports comparing ODP and LDP.16,18–21

LDP has the advantages of less intraopera-
tive bleeding, faster postoperative recovery,
and shorter average postoperative hospital
stay. In addition, no significant differences
in postoperative complications, postopera-
tive pancreatic fistula, and short-term cura-
tive effects (R0 resection and lymph node
removal) have been reported between LDP
and ODP. However, the overall number of
cases in previous studies is small, and there
is a lack of prospective or large-scale case–
control studies.17,22,23

In this study, 36 cases of LDP and 44
cases of ODP were compared in the treat-
ment of distal pancreatic malignant tumors

Table 2. Comparison of the intraoperative and postoperative data and pathological staging between the
two groups of patients.

LDP, n (%) ODP, n (%) P-value

Operation time, minutes, mean� SD 411.0� 106.2 355.8� 72.7 <0.05

Intraoperative blood loss, mL, mean� SD 294.4� 247.5 338.6� 230.0 0.41

Intraoperative blood transfusion 6 (16.7) 10 (22.7) 0.5

Lymph nodes retrieved, mean� SD 8.7� 6 8.4� 5.8 0.83

TNM staging 0.79

T1N0M0 9 (25.0) 10 (22.7)

T2N0M0 15 (41.7) 20 (45.5)

T1N1M0 6 (16.7) 4 (9.1)

T2N1M0 4 (11.1) 8 (18.2)

T3N1M0 2 (5.6) 2 (4.6)

Positive lymph nodes (%) 33.3 31.8 0.89

Positive resection margins 4 (11.1) 4 (18.2) 0.76

LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation; TNM, tumor-

node-metastasis.
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regarding surgical efficacy and curative
effects. We found that the average opera-
tion time for LDP was significantly longer
than that of ODP (411.0 minutes vs. 355.8
minutes, respectively; P< 0.05). This may
be related to the short experience with,
and the difficulty of, laparoscopic pancreat-
ic surgery. The learning curve of laparo-
scopic pancreatic surgery also affects the
average operation time. However, LDP
was associated with shorter postoperative
hospital stay (7.9 days vs. 11.5 days;
P< 0.01), fewer intensive care unit admis-
sions (10/36 vs. 30/44; P< 0.01), and earlier
rectal exhaust (1.6 days vs. 3.2 days;
P< 0.01) and ambulation times (4.0 days

Table 3. Comparison of the postoperative conditions between the two groups of patients.

LDP, n (%) ODP, n (%) P-value

Intensive care unit admission 10 (27.8) 11.5 (2.7) <0.01

Rectal exhaust time, days, mean� SD 1.6� 0.8 3.2 �1.1 <0.01

Diet recovery time, days, mean� SD 2.6� 0.8 4.1� 1.1 <0.01

Ambulation time, days, mean� SD 4.0� 1.2 6.3� 1.5 <0.01

Postoperative hospital stay, days, mean� SD 7.9� 1.4 11.5� 2.7 <0.01

Postpancreatectomy hemorrhage 3 (8.3) 3 (6.8) 0.70

Grade A 1 (2.7) 2 (4.5)

Grade B 1 (2.7) 1 (2.2)

Grade C 1 (2.7) 0

Postoperative pancreatic fistula 8 (22.2) 9 (20.5) 0.71

Biochemical leak 6 (16.6) 7 (15.9)

Grade B 1 (2.8) 2 (4.5)

Grade C 1 (2.8) 0

Delayed gastric emptying 4 (11.1) 5 (11.3) 0.99

Grade A 2 (5.6) 3 (6.8)

Grade B 2 (5.6) 2 (4.5)

Grade C 0 0

Postoperative peritonitis 3 (8.3) 5 (11.4) 0.65

Postoperative pneumonia 5 (13.9) 8 (18.2) 0.60

Unexpected second surgery 1 (2.7) 1 (2.2) 0.89

Mortality within 30 days 0 1 (2.2) 0.36

Clavien–Dindo complications 0.50

Grade I 33 (91.7) 39 (88.6)

Grade II 2 (5.6) 4 (9.1)

Grade III 1 (2.7) 0

Grade IV 0 0

Grade V 0 1 (2.2)

LDP, laparoscopic distal pancreatectomy; ODP, open distal pancreatectomy; SD, standard deviation.

Figure 1. Postoperative survival curves for the
two groups of patients.
LDP, laparoscopic distal pancreatectomy; ODP,
open distal pancreatectomy.

6 Journal of International Medical Research



vs. 6.3 days; P< 0.01) compared with ODP,
respectively. In 2019, Van Hilst et al. per-
formed a propensity-score-matched study
of LDP vs. ODP involving 1212 patients
in 34 medical centers in 11 countries.18

The authors found that the median blood
loss (200mL vs. 300mL; P¼ 0.001) and
hospital stay (8 days vs. 9 days; P< 0.001)
during laparoscopic surgery were signifi-
cantly reduced compared with open sur-
gery, respectively.18,19 In the current study,
the hospital stay after laparoscopic surgery
(7.9 days vs. 11.5 days; P< 0.05) was signif-
icantly shorter than that of open surgery,
respectively, confirming that minimally
invasive surgery has the inherent advantage
of fast recovery. There was only one case of
Clavien–Dindo complications grade �III,
and no statistical difference in the
Clavien–Dindo complications per classifica-
tion grade, postoperative complication
rates, and postoperative pancreatic fistula
rate between the two groups. This shows
that LDP is safe and feasible to treat
distal pancreatic malignancies. LDP also
has the advantages of minimally invasive
surgery, such as less trauma to the abdom-
inal wall and rapid postoperative recovery.

Ensuring negative margins is the only
way to cure pancreatic malignancies. In
this study, the proportion of positive mar-
gins in the LDP group and the ODP group
was basically the same (88.9% vs. 90.9%,
respectively; P< 0.05), which was consis-
tent with most international studies. In a
multicenter controlled study, Sharpe et al.
reported a review of the National Cancer
Database in the United States. Of the 769
patients with distal pancreatic ductal ade-
nomas, 144 had undergone LDP. The
LDP group had a higher proportion of neg-
ative margins than the ODP group, but the
tumor diameter in the LDP group was
smaller than that in the ODP group.20 In
addition, the study indicated that LDP is
more frequently performed in large medical
teaching institutions.

In the 2020 ISGPS expert consensus, the

standard lymph node dissection for distal

pancreatic cancer is defined as splenic

hilar lymph nodes (group 10), splenic

artery lymph nodes (group 11), and sub-

pancreatic lymph nodes (group 18). When

the tumor is confined to the pancreatic

body, lymph nodes around the abdominal

trunk can be removed (group 9).24 The

number of lymph nodes removed in the

LDP and ODP groups in a study by Shin

et al.21 was 12 and 10, respectively. In the

current study, the mean� standard devia-

tion number of dissected lymph nodes in

the ODP group was 8.4� 5.8, and the

proportion of positive lymph nodes was

31.8%. The mean� standard deviation

number of dissected lymph nodes in the

LDP group was 8.7� 6, and the proportion

of positive lymph nodes was 33.3%. There

was no statistical difference between the

groups. Additionally, our results showed

that there was no significant difference in

the median survival time after LDP or

ODP (24 months vs. 21 months, respective-

ly; v2¼ 0.09).

Conclusion

ODP and LDP were used to treat distal

pancreatic malignancies, with the same sur-

gical expectations and positive margins, and

we found no significant difference in the

median survival time between the groups.

In addition, LDP is safe and feasible for

the treatment of distal pancreatic malignant

tumors, and LDP has the advantages of

minimally invasive surgery, such as minimal

abdominal wall trauma and fast postopera-

tive recovery. However, this study is limited

by the retrospective design and small

sample size. To obtain the most accurate

research results and verify our results, mul-

ticenter, prospective, randomized con-

trolled studies are needed.
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