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Laparoscopic pancreatectomy for benign 
or low‑grade malignant pancreatic tumors: 
outcomes in a single high‑volume institution
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Abstract 

Objective:  To investigate the perioperative and long-term outcomes of laparoscopic pancreatectomy for benign and 
low-grade malignant pancreatic tumors, and further compare the outcomes between different surgical techniques.

Methods:  We retrospectively collected clinical data of consecutive patients with benign or low-grade malignant 
pancreatic tumors underwent surgery from February 2014 to February 2019. Patients were grouped and compared 
according to different surgical operations they accepted.

Results:  Totally 164 patients were reviewed and 83 patients underwent laparoscopic pylorus-preserving pancreati-
coduodenectomy (LPPPD), 41 patients underwent laparoscopic spleen-preserving distal pancreatectomy (LSPDP) and 
20 patients underwent laparoscopic central pancreatectomy (LCP) were included in this study, the rest 20 patients 
underwent laparoscopic enucleation were excluded. There were 53 male patients and 91 female patients. The median 
age of these patients was 53.0 years (IQR 39.3–63.0 years). The median BMI was 21.5 kg/m2 (IQR 19.7–24.0 kg/m2). 
The postoperative severe complication was 4.2% and the 90-days mortality was 0. Compare with LCP group, the 
LPPPD and LSPDP group had longer operation time (300.4 ± 89.7 vs. 197.5 ± 30.5 min, P < 0.001) while LSPDP group 
had shorter operation time (174.8 ± 46.4 vs. 197.5 ± 30.5 min, P = 0.027), more blood loss [140.0 (50.0–1000.0) vs. 50.0 
(20.0–200.0) ml P < 0.001 and 100.0 (20.0–300.0) vs. 50.0 (20.0–200.0 ml, P = 0.039, respectively), lower rate of clinically 
relevant postoperative pancreatic fistula [3 (3.6%) vs. 8 (40.0%), P < 0.001 and 3 (7.3%) vs. 8 (40.0%), P = 0.006, respec-
tively], lower rate of postpancreatectomy hemorrhage [0 (0%) vs. 2 (10.0%), P = 0.036 and (0%) vs. 2 (10.0%) P = 0.104, 
respectively] and lower rate of postoperative severe complications [2 (2.4%) vs.4 (20.0%), P = 0.012 and 0 (0%) vs. 4 
(20.0%), P = 0.009, respectively], higher proportion of postoperative pancreatin and insulin treatment (pancreatin: 
39.8% vs., 15% P = 0.037 and 24.4%vs. 15%, P = 0.390; insulin: 0 vs. 18.1%, P = 0.040 and 0 vs. 12.2%, P = 0.041).

Conclusions:  Overall, laparoscopic pancreatectomy could be safely performed for benign and low-grade malignant 
pancreatic tumors while the decision to perform laparoscopic central pancreatectomy should be made carefully for fit 
patients who can sustain a significant postoperative morbidity and could benefit from the excellent long-term results 
even in a high-volume center.
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Introduction
Pancreatectomy is the standard treatment for benign and 
low-grade malignant pancreatic tumors. The first lapa-
roscopic pancreatectomy for islet cell tumors of the pan-
creas was performed in 1992 [1]. During the following 
two decades, although many studies have tried to dem-
onstrate the safety and feasibility of laparoscopic pan-
createctomy [2–8]. The famous randomized controlled 
LEOPARD-2 trial was terminated early because of high 
mortality in the laparoscopic group which indicated the 
surgeon volume was significantly associated with perio-
perative outcomes [9–11]. What’s more, the only system-
atic review and meta-analysis of randomized controlled 
trials also found that laparoscopic pancreaticoduodenec-
tomy (LPD) showed no advantage over open pancreati-
coduodenectomy (OPD) and more studies should focus 
on patient safety during learning curves [12].

Laparoscopic distal pancreatectomy was safe, while 
the complications various from different center [13]. As 
a minimally invasive and parenchyma-sparing proce-
dure, laparoscopic central pancreatectomy (LCP) has 
been regarded historically as an alternative technique for 
benign or low-grade malignant tumors of the neck of the 
pancreas [14]. On the one hand, the short-term and long-
term results of central pancreatectomy (CP) were contro-
versial compared to distal pancreatectomy (DP) [15, 16]. 
On the other hand, LCP was challenge and had been rare 
reported worldwide [15].

Therefore, a high-volume center’s experience on lapa-
roscopic pancreatectomy is still less and useful for the 
development and better understanding of this technique 
[8, 17, 18]. We have finished more than 500 LPDs and 
investigated the risk factors associated with complica-
tions and assessed the learning curves associated with 
LPD and vascular resection of LPD [11]. In this study, 
we will analyze the perioperative outcomes of all laparo-
scopic pancreatectomies for benign and low-grade malig-
nant pancreatic tumors in a high-volume center in order 
to help facilitate a comprehensive and objective under-
standing of theses surgeries.

Materials and methods
From February 2014 to February 2019, a total of 164 
patients with benign or low-grade malignant pancreatic 
tumors were reviewed retrospectively in West China 
Hospital of Sichuan University. Twenty patients under-
went laparoscopic enucleation were excluded from this 

study. Data were collected from medical record in terms 
of demographic characteristics (surgical procedure, 
age, sex, body mass index (BMI), American Society of 
Anesthesiology (ASA) score, comorbidities, history of 
abdominal surgery, hemoglobin, albumin, creatinine, 
tumor size, and pathological diagnosis), intra-operative 
and post-operative variables (conversion to open sur-
gery, operative time, estimated blood loss, transfusion, 
post-operative hospital stay, and complications). Indica-
tion for surgery was based on a combination of patient 
symptoms and suspected pathology on radiological find-
ings. For patients with recurrent pancreatitis, tumor 
size > 5 cm, high BMI or previous upper abdominal sur-
gery, we adopted the policy of attempting laparoscopic 
surgery. For patients with tumors located at the neck 
of the pancreas, we will choose CP or DP and the final 
decision was made by the patient. Patients were grouped 
according to different surgical operations: laparoscopic 
pylorus-preserving pancreaticoduodenectomy (LPPPD), 
LCP and laparoscopic spleen-preserving distal pancrea-
tectomy (LSPDP). Written consent was obtained from 
the patients associated in this study and this study was 
permitted by the Ethics Committee of West China Hos-
pital, Sichuan University. The study was performed in 
accordance with the Declaration of Helsinki.

Surgical techniques
Under general anesthesia, the patient was placed in the 
supine position with legs apart. Five trocars were rou-
tinely needed. A 10-mm port was placed at the umbilicus 
for the telescope. After exploration, the other four trocars 
(three 12  mm, two 5  mm) were arranged in a V-shape 
(Fig. 1). Then open the gastrocolic ligament, procedures 
were started with tumor localization and staging. Finally, 
the specimen was removed via an enlarged trocar site 
and abdominal cavity were drained through other trocar 
sites.

LPPPD
The LPPPD technique was described previously [19, 20]. 
Briefly, the hepatic flexure of the colon was fully taken 
down. Next, an extended Kocher maneuver was per-
formed. Then, the duodenum, proximal jejunum, com-
mon hepatic duct, and pancreatic neck were dissected. 
Finally, pancreatojejunostomy was performed in Bing’s 
duct-to-mucosa manner [20] (Fig.  2) which has been 
described previously and hepaticojejunostomy was cre-
ated as an end-to-side anastomosis.

Keywords:  Laparoscope, Pancreatectomy, Outcomes, Benign and low-grade malignant pancreatic tumors, Surgical 
techniques
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LCP
The superior and inferior edges of the pancreas were 
mobilized to visualize the common hepatic artery (CHA), 
splenic artery (SA), superior mesenteric vein (SMV) and 
portal vein (PV). Laparoscopic ultrasonography was used 
to locate the tumor and mark the proximal and distal 
resection lines with a safety margin of 1–2  cm. Gener-
ally, a posterior pancreatic tunnel was created anterior 
to the PV. After transection the proximal pancreas with 
endoscopic linear stapler, the central part was carefully 

separated from the splenic vessels. The distal pancreas 
was transected with ultrasonic scalpel while the main 
pancreatic duct was transected with scissors. Finally, an 
end-to-side pancreaticojejunostomy (PJ) was also per-
formed using the technique of Bing’s anastomosis which 
have been previously described [20].

LSPDP
The distal stomach was hanged with a rubber band which 
was retracted out of abdominal cavity from subxiphoid. 
Dissection was then continued at the inferior border 
of the pancreas in which the SMV was identified and a 
post-pancreatic neck tunnel was partially created. Then, 
the dissection was carried on at the superior border of 
pancreas in order to identify and isolate the CHA and 
SA and both were hanged with rubber band. The tail of 
the pancreas was mobilized from the splenic hilum until 
the splenic vein (SV) was identified and isolated. The 
patients underwent LSPDP in this study retained SA and 
SV according to the techniques described by Kimura. 
Pancreas was transected using linear stapler and then the 
proximal side of SA and distal side of SV were occluded 
with laparoscopic bulldogs (Fig.  3). Dissection was car-
ried on from right to left between the tail of pancreas and 
splenic vessels using ultrasonic scalpel. Medium sized 
vessels were clipped and divided. Finally, the dissection 
was continued all the way to the splenic hilum.

Definition  Operation time was defined as the interval 
from the first skin incision to the final skin closure. Mor-
tality was defined as death that occurred within 90 days 
of surgery. Postoperative complications such as postop-
erative pancreatic fistula (POPF), delayed gastric empty-
ing (DGE), and postpancreatectomy hemorrhage (PPH) 
were defined according to the International Study Group 
of Pancreatic Surgery (ISGPS) [21–23], whereas severe 

Fig. 1  The routine distribution of five trocars

Fig. 2  The second layer of Bing’s duct-to-mucosa manner, a 
figure-eight suture is performed between the posterior wall of the 
main pancreatic duct and the full layer of the jejunum

Fig. 3  Dual-occlusion technique in laparoscopic spleen-preserving 
distal pancreatectomy: the proximal side of splenic artery and distal 
side of the splenic vein were occluded with laparoscopic bulldogs
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complications were defined as Clavien–Dindo ≥ Grade 3 
[24].

Statistical analysis
The quantitative data results are expressed as mean 
(standard deviation) or median and interquartile range 
(IQR). The categorical data results are expressed as num-
bers and percentages of cases. Categorical variables were 
compared using the χ2 or Fisher exact test. Comparisons 
of continuous data were performed using the Student t 
test for normally distributed data; otherwise, the Mann–
Whitney U test was used. All tests were two- tailed, and 
P < 0.05 was considered significant.

Results
The demographic characteristics of the 144 patients 
were shown in Table 1. There were 53 male patients and 
91 female patients in this study. There were 83 patients 
underwent LPPPD, 41 patients underwent LSPDP and 
20 patients underwent LCP. The pylorus-preserving and 
spleen-preserving rate were 100%. The median age of 
these patients was 53.0 years (IQR 39.3–63.0 years). The 
median BMI was 21.5 kg/m2 (IQR 19.7–24.0 kg/m2). The 
pathologic diagnosis of these patients included 24 (16.7%) 
cases of solid pseudopapillary tumors, 39 (27.1%) cases 
of pancreatic intraductal papillary mucinous tumors, 
29 (20.1%) cases of pancreatic neuroendocrine tumors, 
18 (12.5%) cases of serous cystadenoma and 34 (23.6%) 
cases of mucinous cystadenoma. The median diameter of 
tumor was 3.4 cm (IQR 2.8–4.0 cm).

The surgical outcomes and operative details of these 
patients were shown in Table 2. One patient (0.7%) con-
verted to open pancreaticoduodenectomy due to uncon-
trolled bleeding from first jejunal vein. The median 
operative time was 230  min (IQR 190–298.8  min). 
The median estimated blood loss was 100  ml (range 
20–1000 ml). Only two patients in LPPPD group require 
blood transfusion. The median postoperative hospi-
tal stay was 10 days (IQR 9–14 days). The postoperative 
severe complication was 4.2%. No patients suffered from 
bile leakage. Fourteen patients (9.7%) suffered from pan-
creatic fistula (grade B, 14 cases; grade C 0 case). Nine 
patients (6.3%) suffered from delayed gastric emptying 
and was cured by conservative therapy. Two patients 
(1.4%) suffered from PPH and one was cured by interven-
tional embolization and the other patient need reopera-
tion. The 90-days mortality was 0.

The comparison of demographic characteristics 
among three groups were shown in Table  3. Compar-
ing with patients in LCP group, the patients in LPPPD 
group and LSPDP group had lower BMI (21.5 ± 3.2 vs. 
24.0 ± 3.7 kg/m2, P = 0.004 and 22.0 ± 2.7 vs. 24.0 ± 3.7, 

P = 0.024, respectively). The patients in LPPPD 
group had lower level of hemoglobin (124.2 ± 19.4 
vs.131.8 ± 7.6  g/L, P = 0.048). The rest variables were 
comparable among three groups (all P > 0.05).

The comparison of surgical outcomes and postopera-
tive details among three groups were shown in Table 4. 
Comparing with LCP group, the LPPPD group had 
longer operation time (300.4 ± 89.7 vs. 197.5 ± 30.5 min, 
P < 0.001) while LSPDP group had shorter operation 
time (174.8 ± 46.4 vs. 197.5 ± 30.5  min, P = 0.027). 
Compare with LCP group, the LPPPD and LSPDP 
group had more blood loss [140.0 (50.0–1000.0) vs. 
50.0 (20.0–200.0) ml P < 0.001 and 100.0 (20.0–300.0) 
vs. 50.0 (20.0–200.0 ml, P = 0.039, respectively], shorter 
postoperative hospital stays [11.0 (9.0–14.0) vs. 14.5 
(12.3–23.0) d, P < 0.001 and 10.0 (9.0–11.0) vs. 14.5 
(12.3–23.0), P < 0.001, respectively], lower rate of clini-
cally relevant POPF [3 (3.6%) vs. 8 (40.0%), P < 0.001 

Table 1  The demographic characteristics of all patients

SD standard deviation, IQR interquartile range, LPPPD laparoscopic pylorus-
preserving pancreaticoduodenectomy, LSPDP laparoscopic spleen-preserving 
distal pancreatectomy, LCP laparoscopic central pancreatectomy, BMI body mass 
index, ASA score American Society of Anesthesiologists classification score

*Comorbidities including chronic obstructive pulmonary disease, hypertension, 
diabetes and cardiovascular disease
† History of abdominal surgery including cholecystectomy, appendectomy, 
biliary tract and gastric surgery
‡ Only including low-grade and moderate-grade dysplasia
§ Only including G1 and G2

Variables Mean ± SD or median 
(IQR) or case number

Cases (Total) 144

 LPPPD 83 (57.6%)

 LSPDP 41 (28.5%)

 LCP 20 (13.9%)

Sex (male/female) 53/91

Age (years, IQR) 53.0 (39.3–63.0)

BMI (Kg/m2, IQR) 21.5 (19.7–24.0)

ASA score

 II (n, %) 134 (93.1%)

 III (n, %) 10 (6.9%)

Comorbidities* (n, %) 36 (25.0%)

History of abdominal surgery† (n, %) 27 (18.8%)

Hemoglobin (g/L, mean ± SD) 126.2 ± 16.8

Albumin (g/L, mean ± SD) 41.8 ± 3.7

Creatinine (μmol/L, IQR) 87.0 (69.0–98.0)

Pathological diagnosis

 Intraductal papillary mucinous neoplasm‡ 39 (27.1%)

 Solid pseudopapillary tumor 24 (16.7%)

 Cystadenoma (mucinous/serous) 52 (34/18, 36.1%)

 Neuroendocrine tumor§ 29 (20.1%)
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and 3 (7.3%) vs. 8 (40.0%), P = 0.006, respectively], 
lower rate of PPH [0 (0%) vs. 2 (10.0%), P = 0.036 and 
(0%) vs. 2 (10.0%) P = 0.104, respectively] and lower 

rate of postoperative severe complications [2 (2.4%) vs. 
4 (20.0%), P = 0.012 and 0 (0%) vs. 4 (20.0%), P = 0.009, 
respectively]. Two patients in LCP groups suffered 
PPH, one of them was found a vascular clamp falling 
off 8 h after the operation and the vascular stump was 
ligated by reoperation and the other patient suffered 
from abdominal pain and intraperitoneal hemorrhage 
9  days after discharge, which was found to be a small 
branch of pancreaticoduodenal artery by angiography 
and cured by interventional embolization.

The patients were followed up by telephone interviews. 
Five patients in LPPPD group and 2 patients in LCP 
group developed postoperative pancreatitis after surgery. 
There were no significant differences (P = 0.889). LCP 
group had lower proportion of postoperative pancreatin 
and insulin treatment compared to LPPPD group and 
LSPDP group (pancreatin: 15% vs. 39.8%, P = 0.037, 15% 
vs. 24.4%, P = 0.390; insulin: 0 vs. 18.1%, P = 0.040, 0 vs. 
12.2%, P = 0.041) (Table 4).

Discussion
In this study, we found laparoscopic pancreatectomy 
could be safely performed for benign and low-grade 
malignant pancreatic tumors in a high-volume center 
as the postoperative severe complication was 4.2%, the 
90-days mortality was 0 and the conversion rate was 0.7%. 
In our center, we usually do pylorus-preserving pancrea-
toduodenectomy and spleen-preserving distal pancrea-
tectomy for benign and low-grade malignant pancreatic 
tumors and the preserving rates were 100% in our report. 
However, organ-preserving surgery were controversial 

Table 2  The surgical outcomes and postoperative details of all 
patients

PPH post-pancreatectomy hemorrhage, DGE delayed gastric emptying

*Reoperation: only including open surgery, laparoscopic surgery and 
interventional surgery
† Data was indicated with median and range

Variables Median (IQR) or case number

No. of patients 144

Tumor size (cm, IQR) 3.4 (2.8–4.0)

Operative time (min) 230.0 (190.0–298.8)

Estimated blood loss (ml) 100.0 (20.0–1000.0)†

Conversion to open surgery (n, %) 1 (0.7%)

Blood transfusion (n, %) 2 (1.4%)

Complications (Clavien-Dindo ≥ Grade 
3)

6 (4.2%)

Chylous leakage 1 (0.7%)

Bile leakage 0 (0%)

Pancreatic fistula (n, %)

 Biochemical leak 35 (24.3%)

 Grade B 14 (9.7%)

 Grade C 0 (0%)

PPH (n, %) 2 (1.4%)

DGE 9 (6.3%)

Reoperation* (n, %) 1 (0.7%)

90-Day mortality (n, %) 0 (0%)

Postoperative hospital stay (days) 10 (9–14)

Table 3  The demographic characteristics of three groups

Bold value indicates statistical significance (P < 0.05; P1: LPPPD group vs. LCP group; P2: LSPDP group vs. LCP group)

LPPPD laparoscopic pylorus-preserving pancreaticoduodenectomy, LSPDP laparoscopic spleen-preserving distal pancreatectomy, LCP laparoscopic central 
pancreatectomy, BMI body mass index, ASA score American Society of Anesthesiologists classification score

*Comorbidities including chronic obstructive pulmonary disease, hypertension, diabetes and cardiovascular disease
† History of abdominal surgery including cholecystectomy, appendectomy, biliary tract and gastric surgery

Variables LPPPD n = 83 LCP n = 20 LSPDP n = 41 P value

P1 P2

Age (years) 54.8 ± 13.4 48.8 ± 15.7 45.3 ± 14.4 0.084 0.466

Gender (male/female) 36/47 7/13 10/31 0.495 0.386

BMI (kg/m2) 21.5 ± 3.2 24.0 ± 3.7 22.0 ± 2.7 0.004 0.024
ASA score

 II (n, %) 80 (96.4%) 17 (85.0%) 37 (90.2%) 0.086 0.674

 III (n, %) 3 (3.6%) 3 (15.0%) 4 (9.8%)

Comorbidities* (n, %) 16 (19.3%) 7 (35.0%) 13 (31.7%) 0.224 0.797

History of abdominal surgery† 13 (15.7%) 4 (20.0%) 10 (24.4%) 0.894 0.953

Hemoglobin (g/L) 124.2 ± 19.4 131.8 ± 7.6 127.5 ± 11.1 0.048 0.192

Albumin (g/L) 41.9 ± 3.7 42.5 ± 3.4 41.3 ± 4.1 0.484 0.229

Creatinine (μmol/L) 87.0 (72.0–98.0) 83.0 (57.5–98.8) 87.0 (67.0–98.5) 0.496 0.585
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and more researches were need to prove the advantages 
[25, 26].

Then we carried out a subgroup analysis based on dif-
ferent surgical operations. Although LPPPD, which has 
the longest operation time and highest intraoperative 
blood loss as shown in Table  4, was considered to be 
the most complex operation compared with LCP and 
LSPDP [27]. LPPPD has the lowest incidence of clini-
cally relevant POPF (3.6%). This may because we use the 
technique of Bing’s duct-to-mucosa manner for pancrea-
tojejunostomy which could reduce the incidence of clini-
cally relevant POPF [20].

LCP is an alternative technique for benign or low-grade 
malignant tumors of the neck of the pancreas. Most 
studies agreed that CP was superior to DP regarding the 
preservation of pancreatic function [28]. While Lee’s 
[16] report came up with different opinions through an 
interesting study using pancreatic volumetry to evalua-
tion of pancreatic exocrine function. This may because 
most patients (81.8%) underwent pancreaticogastros-
tomy (PG) in Lee’s report which could affect the function 
of pancreas [16, 29]. We believes as parenchyma-sparing 
procedure, LCP can preserve long-term endocrine and 

exocrine functions, which could be more important for 
patients’ quality of life compared with LPPPD and LSPDP 
[30]. However, a major drawback is that two transected 
surfaces of the pancreas remain after LCP, thereby expos-
ing patients to an increased risk of POPF [15]. At present, 
the major approaches to pancreatic reconstruction are 
oversewing of the cephalic pancreatic stump and pan-
creatic anastomosis to the distal stump [31]. The latter 
approach is technically challenging in LCP because of 
the softness of the pancreas tissue and the small size of 
the pancreatic duct, which may also increase the risk of 
leakage [31, 32]. Despite advances in surgical techniques 
and perioperative management, the rate of postoperative 
POPF remains as high as 40–70% [33–35]. In our report, 
the rate of POPF was 40% which was comparable to the 
literature while much higher than that in LPPPD and 
LSPDP.

Postoperative hemorrhage is another sever complica-
tion after pancreatectomy as it is associated with a high 
mortality. Only two (1.4%) patients in the LCP groups 
had PPH, of which 1 (0.7%) patient met the diagnosed of 
late PPH according to the ISGPS definition (i.e., occur-
ring > 24  h after pancreatic resection) [22] We have a 

Table 4  The outcomes and postoperative details of three groups

Bold value indicates statistical significance (P < 0.05; P1: LPPPD group vs. LCP group; P2: LSPDP group vs. LCP group)

LPPPD laparoscopic pylorus-preserving pancreaticoduodenectomy, LSPDP laparoscopic spleen-preserving distal pancreatectomy, LCP laparoscopic central 
Pancreatectomy, OT operative time, EBL estimated blood loss, BT blood transfusion, POHS post-operative hospital stay, CR-POPF clinically relevant postoperative 
pancreatic fistula, PPH post-pancreatectomy hemorrhage, DGE delayed gastric emptying, CL Chylous leakage

*Reoperation: only including open surgery, laparoscopic surgery and interventional surgery
† NA: Not Applicable

Variables LPPPD n = 83 LCP n = 20 LSPDP n = 41 P value

P1 P2

Tumor size (cm) 3.8 ± 1.1 2.8 ± 0.8 3.6 ± 2.2 < 0.001 0.060

OT (min) 300.4 ± 89.7 197.5 ± 30.5 174.8 ± 46.4 < 0.001 0.027
Conversion (n, %) 1 (1.2%) 0 (0%) 0 (0%) 1.000 NA†

EBL (mL) 140.0 (50.0–1000.0) 50.0 (20.0–200.0) 100.0 (20.0–300.0) < 0.001 0.039
BT (n, %) 2 (2.4%) 0 (0%) 0 (0%) 1.000 NA†

POHS (days) 11.0 (9.0–14.0) 14.5 (12.3–23.0) 10.0 (9.0–11.0) < 0.001 < 0.001
CR-POPF (n, %) 3 (3.6%) 8 (40.0%) 3 (7.3%) < 0.001 0.006
PPH (n, %) 0 (0%) 2 (10.0%) 0 (0%) 0.036 0.104

DGE (n, %) 5 (6.0%) 3 (15.0%) 1 (2.4%) 0.378 0.090

Reoperation* 0 (0%) 1 (5.0%) 0 (0%) 0.194 0.328

CL (n, %) 1 (1.2%) 0 (0%) 0 (0%) 1.000 NA†

Biliary fistula 0 (0%) 0 (0%) 0 (0%) NA† NA†

Complications (Clavien—
Dindo ≥ Grade 3)

2 (2.4%) 4 (20.0%) 0 (0%) 0.012 0.009

90-Day mortality 0 (0.0%) 0 (0%) 0 (0%) NA† NA†

Follow-up

 Postoperative pancreatitis 5 (6.0%) 2 (10.0%) 0 (0%) 0.889 0.104

 Pancreatin treatment 33 (39.8%) 3 (15.0%) 10 (24.4%) 0.037 0.390

 Insulin treatment 15 (18.1%) 0 (0%) 5 (12.2%) 0.040 0.041
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lower rate of PPH compare to the literature which the 
incidence of late PPH ranged from 3 to 16% [36]. The 
main reason for late PPH was POPF, as we have a low 
rate of POPF and we also adopt covering of GDA stumps 
and CHA with the round ligament to prevent PPH after 
LPPPD. Gastroduodenal artery stump (GDA) was the 
most frequent origin of the hemorrhage, followed by the 
CHA and SA [36]. Interventional angiography, which was 
also successful in our report, appears to be associated to 
lower mortality as compared to relaparotomy and endos-
copy as first intervention for late PPH [36].

Our study has several limitations, including lack of 
open data comparison and long-term outcomes. None-
theless, these cases were consecutive patients from a 
single high-volume institution, thereby possibly eliminat-
ing some potential biases. Finally, the safety and the fea-
sibility of this technique should be verified by additional 
prospective randomized controlled trials at different 
institutions.

Conclusion
Overall, laparoscopic pancreatectomy could be safely 
performed for benign and low-grade malignant pancre-
atic tumors while the decision to perform laparoscopic 
central pancreatectomy should be made carefully for fit 
patients who can sustain a significant postoperative mor-
bidity and could benefit from the excellent long-term 
results even in a high-volume center.
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