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Introduction

Pancreaticoduodenectomy (Whipple procedure) has 
been widely known as an effective treatment for the 
pancreatic head, especially periampullary carcinoma (1).  
The traditional open approach has been used for 
pancreaticoduodenectomy, which includes the resection of 

the duodenum, thorough lymph node dissection, vascular 
resection and anastomosis, and reconstruction of the 
digestive tract. However, patients undergoing the complex 
operation tend to have a high perioperative complication 
rate and a long recovery period (2).

Gagner and Pomp first reported the surgical feasibility of 
laparoscopic pancreaticoduodenectomy (LPD) in 1994, and 

Original Article

Laparoscopic pancreaticoduodenectomy: a retrospective study of 
200 cases and the optimization of the single-center learning curve

Yi-Chen Tang, Qin-Qin Liu, Yong-Gang He, Jing Li, Xiao-Bing Huang

Department of Hepatobiliary Surgery, the Second Affiliated Hospital of Army Medical University, Chongqing, China

Contributions: (I) Conception and design: YC Tang, J Li, XB Huang; (II) Administrative support: YC Tang, XB Huang, J Li; (III) Provision of study 

materials or patients: YG He, QQ Liu, YC Tang; (IV) Collection and assembly of data: J Li, YC Tang; (V) Data analysis and interpretation: YG He, 

QQ Liu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Xiao-Bing Huang; Jing Li. Department of Hepatobiliary Surgery, The Second Affiliated Hospital of Army Medical University, No. 

183, Xinqiao High Street, Shapingba District, Chongqing 400037, China. Email: 1038915320@qq.com; xqyylj@163.com.

Background: Laparoscopic pancreaticoduodenectomy (LPD) is widely used in several centers. This 
study analyzed the postoperative complications rate curve, possible cause, and solution of LPD and open 
pancreaticoduodenectomy (OPD).
Methods: Between January 2015 and December 2019, the study included 213 and 204 patients undergoing 
OPD and LPD, respectively. Postoperative outcomes, complications, and complication risk, along with 
operation time were analyzed, and the learning curve was determined.
Results: The OPD group (378.7±8.98 min) had shorter operation time than the LPD group (402.5±7.12 min) 
(P=0.037). Blood loss was significantly lower in the LPD group (389.9±19.05 mL) than in the OPD group 
(530.1±33.55 mL) (P<0.001). The incidence of biliary-enteric anastomosis leakage was higher in the LPD 
group (2.9%) than in the OPD group (0.5%) (P=0.0495). The LPD group showed lower lung infection 
(7.4% vs. 17.4%, P=0.037), incision infection (1% vs. 8.5%, P<0.001), and anal exhaust time (3.35±0.07 
vs. 4.05±0.07 days, P<0.001) than the OPD group. The biliary-enteric anastomosis leakage was strongly 
correlated with the pancreatic fistula (B/C) (R=0.6410), intraperitoneal infection (R=0.6126) and Clavien-
Dindo Classification ≥3 (R=0.7403). According to the cumulative sum (CUSUM) curve, pancreatic fistula 
had a negative K value in 44 cases, biliary-enteric anastomosis leakage had a negative K value in 46 cases, 
and Clavien-Dindo Classification ≥3 had a negative K value in 40 cases. The learning curve for LPD has an 
inflection point in 86 cases.
Conclusions: LPD is safe and effective for patients with pancreatic cancer, and has a long learning 
curve and improved postoperative complications in 50 cases. This study’s results will help in reducing the 
complication rates of the first 50 consecutive cases of LPD.

Keywords: Pancreaticoduodenectomy; learning curve; postoperative complications

Submitted Mar 22, 2021. Accepted for publication May 21, 2021.

doi: 10.21037/tcr-21-518

View this article at: https://dx.doi.org/10.21037/tcr-21-518

3447

https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-21-518


3437Translational Cancer Research, Vol 10, No 7 July 2021

© Translational Cancer Research. All rights reserved.   Trransl Cancer Res 2021;10(7):3436-3447 | https://dx.doi.org/10.21037/tcr-21-518

they believed that laparoscopic surgery was more complex 
than open surgery (3). With the advances of operative 
techniques, great progress has been observed in LPD in 
recent years. Studies have also observed the advantages of 
LPD as follows: lesser blood loss, faster recovery of the 
gastrointestinal function, and shorter recovery periods 
compared to the open approach (4-6). Large pancreatic 
centers have also analyzed the feasibility and learning 
curve of LPD in large cohort studies (7,8). However, the 
safety and efficacy of the operation have not been assessed 
by single centers in large cohort studies (more than 200 
cases). Moreover, only little attention has been given 
to the postoperative complications rate curve, possible 
cause, and solution of LPD. Therefore, the aim of this 
retrospective study was to investigate the complications rate 
curve, possible cause in large cohort studies, and develop a 
protocol to prevent the severe postoperative complications.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-21-518).

Methods

Study design

A total of 417 patients with pancreatic head cancer and 
periampullary tumor (common bile duct tumor and 
ampullary tumor), undergoing surgeries at Xinqiao Hospital 
from January 2015 to December 2019, were included in the 
study. All the operations were completed by a separate team, 
guided by the assigned researcher. This separate team had 
previously completed 3 cases of LPD. Moreover, 213 patients 
who underwent open pancreaticoduodenectomy (OPD) 
and 204 patients who underwent LPD were included in this 
study. LPD and OPD were running at the same time period. 
The inclusion criteria were: benign and malignant pancreatic 
tumors located at the head of the pancreas, tumors located 
at the lower part of the common bile duct and ampulla 
tumors; had not received gastrointestinal surgery; and no 
tumor invasion the coeliac trunk, common hepatic artery, 
and superior mesenteric artery. LPD and OPD had the same 
inclusion criteria. The exclusion criteria were: those who 
could not tolerate general anesthesia, and arterial invasion 
and distant metastases were considered contraindications 
for the operation. In the early stage, simple cases were 
selected for LPD, and after 60 cases, LPD and OPD had 
the same inclusion criteria, such as vascular reconstruction 
of the SMV. The study was conducted in accordance with 

the Declaration of Helsinki (as revised in 2013). This study 
had been approved by the institutional review board of 
Chongqing Xinqiao Hospital (Approval Number: AF/SC-
08/1.0; Approval Date: 2018.10.16). Each patient had signed 
the informed consent with regard to the operation and use of 
data on their status before and after the operation.

All participating surgeons had performed 50 or more 
pancreatoduodenectomies (open), completed the training 
programme in LPD. Before the operation, all patients 
had undergone the necessary clinical and laboratory 
examinations to assess the primary tumor invasion, vascular 
invasion, and distant metastasis. Computed tomography was 
performed routinely. Before the operation, percutaneous 
transhepatic cholangial drainage was performed on patients 
with serum bilirubin exceeding 200 μmol/L. According a 
preoperative risk score model to preoperatively predict the 
risk of postoperative pancreatic fistula (9). Frozen sections 
were prepared to examine the surgical margins of the 
common bile duct/pancreas, the pathologic examination to 
meet the R0 standard.

Eight-step laparoscopic operative technique (a standard 
process of pancreaticoduodenectomy)

(I) Exposure and stripping of the pancreatic head: Kocher 
maneuver and dissociate the pancreatic head completely, 
exposing the inferior vena cava, right renal vein, and 
superior mesenteric artery. (II) Exposure of pancreas and 
gastrectomy: the gastrocolic ligament was opened, the 
neck of pancreas was cut, gastrectomy was performed 
using surgical stapler (EGIAUSYND, EGIA60AVM, 
EGIA60AMT COVIDIEN). (III) Dissection of porta 
hepatis: dissect the porta hepatis along common hepatic 
artery, and divide the common hepatic duct (CHD). 
(IV) Resection of the uncinate process: cutting off the 
Treitz ligament and the jejunum, converging into the 
pancreatic head from the superior mesenteric vein and 
superior mesenteric artery, the identified blood vessels 
would be cut off until a complete resection is performed. 
(V) Reconstruction of the pancreaticojejunostomy: duct-
to-mucosa reconstruction were performed (measure 
operative time). The 3-0 Prolene (WB558 ETHICON) 
was used for the full-thickness suture of the pancreas and 
outer mucosa of the jejunum. The 5-0 PDS II (W9073 
ETHICON) was used for the interrupted suture of the 
pancreatic duct and jejunal mucosa. (VI) Reconstruction of 
hepaticojejunostomy: the 5-0 polydioxanone (VCP397H 
ETHICON), 4-0 V-loc (VLOCL0803 COVIDIEN), and 
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5-0 PDS II were chosen for hepaticojejunostomy, several 
sutures were performed to reduce the tension (measure 
operative time). (VII) Reconstruction of gastrojejunostomy: 
use a stapler to perform the gastrojejunostomy anterior to 
the mesocolon (measure operative time). (VIII) Placement 
of the drainage system and closure of the incision (Figure 1).  
The above laparoscopic operative were performed with 
a 3D laparoscopic system (26605AA, STORZ). Gen11 
intelligent energy system (ETHICON) and HARMONIC 
1100 Shears (ETHICON) were used for energy sealing and 
dissecting.

Perioperative care

The nasogastric tube was pulled out 1–3 days after the 
operation, whereas the abdominal drainage tube was pulled 
out 3–6 days after the operation. A continuous injection 
of somatostatin (6 mg) via a micropump was started 24 h 
before the abdominal drainage tube was pulled out. Patients 
began to eat food 2–5 days after operation, depending on 
their conditions. Subcutaneous unfractionated or fractioned 
heparin was used for thromboembolic prophylaxis.

Biostatistics and statistical analysis

We collected clinicopathological characteristics of patients, 
operative outcomes (operative time, estimated blood 
loss, histopathological characteristics) and postoperative 

complications [pancreatic fistulas were diagnosed and 
classified (9)].

All continuous data were presented as median and mean 
± standard deviation (SD), and frequencies were presented 
when appropriate for the type of data. The mean values 
of the continuous variables were compared with a two-
tailed Student’s t-test. Nonparametric statistical tests were 
used if the variables did not follow a normal distribution. 
Categorical variables were presented as numbers and 
percentages and were compared using Pearson’s χ2 test or 
Fisher’s exact test for contingency tables. For all analyses, 
a P value <0.05 was considered statistically significant. 
Moreover, Spearman’s rank correlation coefficients were 
used to analyze relationships of the operative complication. 
Statistical analyses were carried out using Statistical Product 
and Service Solutions (SPSS) version 21.0 software (SPSS 
Inc., IBM, Armonk, NY, USA). The learning curve for 
LPD and its operative complication rate were evaluated 
using cumulative sum (CUSUM). CUSUM was conducted 
using the Intercooled Stata 13.0 statistical software package. 
GraphPad (7.01 GraphPad Software, San Diego, CA, USA) 
software was used for plotting.

Results

Patient characteristics

The study included a total of 417 patients undergoing 
pancreaticoduodenectomy in our center, and they were 

Figure 1 Eight-step laparoscopic operative technique. (A) Exposure and stripping of the pancreatic head; (B) exposure of pancreas and 
gastrectomy; (C) dissection of porta hepatis; (D) resection of the uncinate process; (E) reconstruction of the pancreaticojejunostomy; (F) 
reconstruction of hepaticojejunostomy; (G) reconstruction of gastrojejunostomy; (H) placement of the drainage system and closure of the 
incision.
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classified into two groups, based on their respective 
operative methods: OPD group (213 patients) and LPD 
group (204 patients) (Table 1). The two groups did not 
differ in age, sex, body mass index (BMI), American 
Society of Anesthesiology (ASA) physical status, symptom, 
tumor size on imaging, preoperative biliary drainage, 
percutaneous transhepatic cholangial drainage, endoscopic 
retrograde biliary drainage, the number of pancreatic 
ductal adenocarcinoma (PDAC) patients and high risk 
for postoperative pancreatic fistula. Fewer patients 
have a history of abdominal surgery in the LPD group 
compared to those in the OPD group (17.9% vs. 22.4%). 
Furthermore, more patients with preoperative biliary 
drainage by percutaneous transhepatic cholangiodrainage 
(PTCD) were observed in the LPD group than in the OPD 
group (34.3% vs. 25.4%). Differences in the two clinical 

characteristics were statistically significant (P<0.05).

Histopathological characteristics and operative outcomes

In terms of operative outcomes (Table 2), the median 
operative time of the OPD group was 378.7±8.98 min, 
whereas that of the LPD group was 402.5±7.12 min. 
Therefore, the OPD group had shorter operative time than 
the LPD group (P=0.037). We analyzed the corresponding 
operative time according to the operative step. In the 
operative data of the 200 cases, the pancreaticoduodenectomy 
time in the OPD group was 256.5±8.31 min, which is shorter 
than that (287.4±6.56 min) in the LPD group (P=0.004). 
The pancreaticojejunostomy time in the OPD group 
was 29.35±0.41 min, which is significantly shorter than 
that (33.81±0.50 min) in the LPD group (P<0.001). The 

Table 1 Clinicopathological characteristics of patients (n=417)

Characteristics OPD (n=213) LPD (n=204) P value

Age, mean ± SD, y 56.42±1.07 58.37±0.88 0.159

Sex, n (%)

Male 130 (61.0) 120 (58.8)

Female 83 (38.9) 84 (41.2) 0.645

BMI, mean ± SD 1.616±0.015 1.582±0.019 0.171

Abdominal surgery in medical history, n (%) 52 (24.4) 36 (17.9) 0.016*

ASA physical status, n (%)

1 52 (24.4) 66 (32.4)

2 127 (59.6) 110 (53.9)

3 34 (16.0) 28 (13.7) 0.229

Symptoms, n (%)

Abdominal pain, n (%) 145 (68.1) 151 (74.0) 0.181

Jaundice, n (%) 143 (67.1) 127 (62.3) 0.297

General weakness, n (%) 31 (14.6) 20 (9.8) 0.139

Tumor size on imaging, mean ± SD, mm 26.68±1.34 24.01±1.01 0.110

Preoperative biliary drainage, n (%) 67 (31.5) 77 (37.7) 0.177

Endoscopic retrograde biliary drainage, n (%) 13 (6.1) 7 (3.4) 0.202

Percutaneous transhepatic cholangial drainage, n (%) 54 (25.4) 70 (34.3) 0.045*

High risk for postoperative pancreatic fistula, n (%) 46 (21.6) 52 (25.5) 0.348

PDAC patients, n (%) 99 (46.5) 76 (37.3) 0.056

Data are mean ± SD and n (%). *, P<0.05 as statistically significant. OPD, open pancreaticoduodenectomy; LPD, laparoscopic 
pancreaticoduodenectomy; SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiology; PDAC, pancreatic 
ductal adenocarcinoma.



3440 Tang et al. LPD

© Translational Cancer Research. All rights reserved.   Trransl Cancer Res 2021;10(7):3436-3447 | https://dx.doi.org/10.21037/tcr-21-518

Table 2 Operative outcomes and histopathological characteristics

Clinical characteristics OPD (n=213) LPD (n=204) P value

Operative time, mean ± SD, min 378.7±8.98 402.5±7.12 0.037*

51–204 cases: operative time, mean ± SD, min 375.3±9.31 384.7±6.42 0.459

Pancreaticoduodenectomy time, mean ± SD, min 256.5±8.31 287.4±6.56 0.004*

Pancreaticojejunostomy time, mean ± SD, min 29.35±0.41 33.81±0.50 <0.001*

Hepaticojejunostomy time, mean ± SD, min 24.81±0.48 25.47±0.47 0.313

Gastrojejunostomy time, mean ± SD, min 23.82±0.41 24.84±0.40 0.072

Drainage placement and closure time, mean ± SD, min 48.33±0.50 24.32±0.70 <0.001*

Estimated blood loss, mean ± SD, mL 530.1±33.55 389.9±19.05 <0.001*

Tumor size (mm) 24.95±1.30 22.06±0.88 0.062

Pancreas duct size (mm) 4.29±0.13 4.08±0.13 0.271

Pancreas texture (soft:hard) 113 (53.1):100 127 (62.3):77 0.057

Pathological diagnosis, n (%) 0.094

PDAC 87 (40.8) 60 (29.4)

Neuroendocrine tumor 6 (2.8) 8 (3.9)

Intraductal papillary mucinous neoplasm 13 (6.1) 9 (4.4)

Common bile duct cancer 53 (24.9) 52 (25.6)

Ampulla of Vater cancer 31 (14.6) 46 (22.5)

Others 23 (10.8) 29 (14.2)

Bile duct size (mm) 13.38±0.40 14.24±0.39 0.132

Margin status (R0:R1) 188 (88.3):25 190 (93.1):14 0.087

LN harvest, mean ± SD, n (%) 10.69±0.51 10.84±0.41 0.818

Vascular resection, n (%) 22 (10.3) 14 (6.9) 0.208

Malignancy, n (%) 170 (79.8) 175 (85.8) 0.107

Conversion from laparoscopy to open, n (%) – 14 (6.9)

Data are mean ± SD and n (%). *, P<0.05 as statistically significant. Others include spindle cell tumors, duodenal cancer, ampulla of 
Vater adenoma, solid pseudopapillary tumor. OPD, open pancreaticoduodenectomy; LPD, laparoscopic pancreaticoduodenectomy; SD, 
standard deviation; PDAC, pancreatic ductal adenocarcinoma; LN, lymph node.

drainage placement and closure time in the LPD group was 
24.32±0.70 min, which is shorter than that (48.33±0.50 min)  
in the OPD group (P<0.001). However, no statistical 
difference was observed between the two groups with regard 
to the hepaticojejunostomy time and gastrojejunostomy 
time. The blood loss in the LPD group was 389.9±19.05 mL, 
which is significantly lower than that (530.1±33.55 mL) in 
the OPD group (P<0.001). Conversion to OPD happened 
in 14 (6.86%) of the 204 cases undergoing LPD. In terms 
of histopathological characteristics, no statistical difference 
was found between the two groups regarding tumor size, 

pancreatic duct size, pancreas texture, pathological diagnosis, 
bile duct size, R0 resection rate, lymph node dissection, 
vascular resection and reconstruction rate, and proportion of 
malignancy.

Postoperative complications and oncologic outcomes

After comparing the postoperative complications in the 
OPD group (213 cases) and LPD group (204 cases), 
we found that (Table 3) the two groups did not differ in 
Clavien-Dindo Classification, surgical re-intervention, 
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pancreatic fistula, post-pancreatectomy site hemorrhage, 
gastrointestinal hemorrhage, intraperitoneal infection, 
or time of postoperative hospital stay. Among the 
postoperative complications, the incidence of biliary-enteric 
anastomosis leakage in the LPD group was 2.9%, which 
is higher than that (0.5%) in the OPD group (P=0.0495); 
on the other hand, the incidence of lung infection in the 
LPD group was 7.4%, which is lower than that (17.4%) 
in the OPD group (P=0.037). Incision infection was found 
in only 2 (1%) patients undergoing LPD and 18 (8.5%) 
patients undergoing OPD, therefore the LPD group had 
significantly lower incision infection than the OPD group 
(P<0.001). Furthermore, significantly earlier anal exhaust 
was observed in the LPD group than in the OPD group 
(3.35±0.07 vs. 4.05±0.07 days, P<0.001). We analyzed the 
correlation between Clavien-Dindo Classification ≥3 and 
severe postoperative complications by chi-square test. 
Biliary-enteric anastomosis leakage and intraperitoneal 
infection were independent factors leading to severe 
postoperative complications (P<0.001) (Table 4).

Interestingly, the delayed gastric emptying was observed 
in 34 (16.7%) patients of the LPD group, and in 21 (9.9%) 

patients of the OPD group, P=0.035. To explain this 
phenomenon, we also extracted and compared the relevant 
clinical data [operative time, blood loss, the severity of 
complications, postoperative pancreatic fistula (B/C), 
number of days after the nasogastric tube was pulled out, 
number of days with postoperative activities, postoperative 
albumin, postoperative pain score, and procalcitonin] of the 
34 patients with delayed gastric emptying in the LPD group 
and the 170 patients without delayed gastric emptying 
in the LPD group (Table 5). The grade of complication, 
according to the Clavien-Dindo Classification (P=0.03) 
and postoperative pancreatic fistula (B/C) (P<0.001), 
were higher in the group with delayed gastric emptying 
than in the control group. We also found that removing 
the nasogastric tube too early (less than 3 days) after the 
operation was strongly associated with the delayed gastric 
emptying [odds ratio (OR): 0.058, 95% confidence interval 
(CI): 0.024–0.141, P<0.001] and might be the critical factor 
in delaying gastric emptying.

We analyzed the overall survival of LPD and OPD. We 
excluded 18 cases in the survival analysis [lost to follow-
up (14 cases), 30-day postoperative deaths (4 cases)]. There 

Table 3 Postoperative complications

Postoperative complications OPD (n=213) LPD (n=204) P value

Clavien-Dindo Classification, n (%)

<3 196 (92.0) 186 (91.2)

≥3 17 (8.0) 18 (8.8) 0.757

Surgical re-intervention, n (%) 7 (3.3) 6 (2.9) 0.840

Pancreatic fistula (B/C), n (%) 16 (7.5) 14 (6.9)

B 13 (6.1) 10 (4.9)

C 3 (1.4) 4 (2.0) 0.815

Biliary-enteric anastomosis leakage, n (%) 1 (0.5) 6 (2.9) 0.049*

Post-pancreatectomy site hemorrhage, n (%) 22 (10.3) 12 (5.9) 0.097

Gastrointestinal hemorrhage, n (%) 21 (9.9) 21 (10.3) 1.000

Intraperitoneal infection, n (%) 21 (9.9) 19 (9.3) 0.850

Lung infection, n (%) 37 (17.4) 15 (7.4) 0.037*

Incision infection, n (%) 18 (8.5) 2 (1.0) <0.001*

Anal exhaust time, mean ± SD, day 4.05±0.07 3.35±0.07 <0.001*

Delayed gastric emptying, n (%) 21 (9.9) 34 (16.7) 0.035*

Postoperative hospital stay, mean ± SD, day 13.48±0.56 12.91±0.65 0.314

Data are mean ± SD and n (%). *, P<0.05 as statistically significant. OPD, open pancreaticoduodenectomy; LPD, laparoscopic 
pancreaticoduodenectomy; SD, standard deviation.
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Table 4 Chi-square test was used to analyze the correlation between Clavien-Dindo Classification ≥3 and severe postoperative complications

Postoperative complications
Clavien-Dindo Classification <3 

(n=186)
Clavien-Dindo Classification ≥3 

(n=18)
P value

Pancreatic fistula (B/C), n 11 3 0.085

Post-pancreatectomy site hemorrhage, n 10 2 0.323

Gastrointestinal hemorrhage, n 20 1 0.449

Intraperitoneal infection, n 10 9 <0.001

Biliary-enteric anastomosis leakage, n (%) 1 (8.2) 5 (20.6) <0.001

P<0.001 as statistically significant.

Table 5 Bootstrap replications in the univariate analyses of the factors related to clinically relevant postoperative delayed gastric emptying (n=34) 
following LPD

Clinical characteristics Control (n=170) Delayed gastric emptying (n=34) OR (95% CI) P value

Operative time, mean ± SD, min 396.1±7.66 429.3±17.3 0.081

Estimated blood loss, mean ± SD, mL 386.7±22.43 451.4±45.30 0.237

Clavien-Dindo Classification, n (%)

<3 156 (91.8) 27 (79.4)

≥3 14 (8.2) 7 (20.6) 2.889 (1.068–7.814) 0.030*

Postoperative activities, n (%)

≤3 days 64 (37.6) 15 (44.1)

>3 days 106 (63.4) 19 (55.9) 0.500

Postoperative albumin, n (%)

<35 mmol/L 81 (47.6) 17 (50.0)

>35 mmol/L 89 (52.4) 17 (50.0) 0.802

Postoperative pain score, n (%)

≤3 132 (77.6) 21 (61.8)

>3 38 (22.4) 13 (38.2) 0.051

Procalcitonin, n (%)

<0.25 mmol/L 91 (53.5) 17 (50.0)

≥0.25 mmol/L 79 (46.5) 17 (50.0) 0.706

Pull out the stomach tube, n (%)

<3 days 13 (7.6) 20 (58.8)

≥3 days 157 (92.4) 14 (41.2) 0.058 (0.024–0.141) <0.001*

Pancreatic fistula (B/C), n (%) 3 (1.8) 11 (32.4) 1.452 (1.150–1.834) <0.001*

Data are mean ± SD and n (%). *, P<0.05 as statistically significant. LPD, laparoscopic pancreaticoduodenectomy; OR, odds ratio; CI, 
confidence interval; SD, standard deviation.
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were no significant difference in overall survival rate 
between LPD (25±1.6 months) and OPD (25 ±3.1 months) 
(P=0.991) (Figure 2).

CUSUM analysis of the complication rate and learning 
curve

We used the CUSUM to analyze the major postoperative 
complication rate. The average complication rate in 

204 patients after LPD was used to judge successes and 
failures. In the learning curve with a good coefficient of 
determination, the following were observed: R2=0.9752 
for pancreat ic  f i s tula  with a  negative K value in  
44 cases; R2=0.9949 for biliary-enteric anastomosis leakage 
with a negative K value in 46 cases; and Clavien-Dindo 
Classification ≥3 (R2=0.9266) with a negative K value in 
40 cases. However, poor-fitting (R2<0.9) was observed for 
post-pancreatectomy site hemorrhage, gastrointestinal 
hemorrhage, and intraperitoneal infection; therefore, the 
results were excluded (Figure 3).

CUSUM analysis was performed to determine inflection 
points for any decrease in the operative time for LPD. 
We also investigated the risk-adjusted CUSUM plot. The 
coefficient of determination, R2=0.9891, shows the high 
fitting. The learning curve comprised three periods based 
on the changes of consecutive successes or failures (Figure 4).

Discussion

As LPD techniques advance, LPD or RPD (10-12) have 
been widely used in more centers. Although LPD has 
been basically known by the industry for its thoroughness, 
its safety is still being questioned further. Moreover, the 

Figure 3 CUSUM analysis the major postoperative complication rate for LPD. (A) CUSUM analysis of pancreatic fistula rate for LPD; (B) 
CUSUM analysis of biliary-enteric anastomosis leakage rate for LPD; (C) CUSUM analysis of ≥3 of Clavien-Dindo Classification a rate for 
LPD. The black line is fitted curve. CUSUM, cumulative sum; LPD, laparoscopic pancreaticoduodenectomy.

Figure 2  Kaplan-Meier survival  curve of patients with 
PDAC. PDAC, pancreatic ductal adenocarcinoma; OPD, 
o p e n  p a n c r e a t i c o d u o d e n e c t o m y ;  L P D ,  l a p a r o s c o p i c 
pancreaticoduodenectomy; MD, mean difference.

Kaplan-Meier survival curve of patients with PADC (n=132)

OPD MD 25±3.1 m (n=73)

0 20 40 60 80 100

LPD MD 25±1.6 m (n=59)

Month

O
ve

ra
ll 

su
rv

iv
al

 r
at

e 
(%

) 100

80

60

40

20

0

  20 40 60 80 100 120 140 160 180 200   20 40 60 80 100 120 140 160 180 200

  20 40 60 80 100 120 140 160 180 200

Y = 3.097E − 5X3 − 0.01261X2 + 0.9238X − 5.171

Y = 3.069E − 5X3 − 0.01255X2 + 0.8186X − 3.775

Y = 3.078E − 5X3 − 0.01262X2 + 0.9433X − 5.455
R2=0.9752

R2=0.9266

R2=0.9949

Case number (n) Case number (n)

Case number (n)

C
U

S
U

M
-P

an
cr

ea
tic

 fi
st

ul
a

C
U

S
U

M
-C

la
vi

en
-D

in
do

 
C

la
ss

ifi
ca

tio
n 

≥3

C
U

S
U

M
-B

ili
ar

y-
en

te
ric

 
an

as
to

m
os

is
 le

ak
ag

e

50

0

−50

−100

50

0

−50

−100

50

0

−50

−100

A

C

B



3444 Tang et al. LPD

© Translational Cancer Research. All rights reserved.   Trransl Cancer Res 2021;10(7):3436-3447 | https://dx.doi.org/10.21037/tcr-21-518

correlation between the postoperative complications and 
prognosis should be further investigated. In our study, the 
operative time was retrospectively analyzed first. Overall, 
the operative time for OPD was shorter than that for LPD. 
This may be associated with the early period of the process 
of LPD which was time-consuming. Previous studies (13-15)  
support this finding, but the number of cases increases, the 
operative time for LPD will not differ significantly with 
that for OPD after passing the learning curve of LPD. We 
divided the operation into eight standard processes and 
found that LPD is more time-consuming than OPD during 
the pancreas duodenum resection and biliary-intestinal 
anastomosis. However, LPD is significantly less time-
consuming than OPD during the drainage tube placement 
and abdominal closure. Therefore, the operative time after 
passing the learning curve did not differ between LPD 
and OPD. LPD had significantly less intraoperative blood 
loss than OPD, there was no clear difference between the 
two surgical methods during the lymph node dissection. 
As we have seen, both RPD and LPD have less blood loss 
and fewer complications compared to OPD. LPD and 
RPD have similar learning curves and operative time. The 
author personally think that RPD is better than LPD in 
gastrointestinal reconstruction, but worse than LPD in 
surgical field of vision (16). This result may be related to 
the robot-assisted pancreaticoduodenectomy field of vision. 
LPD was converted to OPD in 14 patients, of which 10 

had severe lymph node metastases in the coeliac trunk 
and around the superior mesenteric artery, 3 had colon 
invasion, and 1 had severe intraperitoneal adhesion after the 
operation.

In terms of postoperative complications, LPD showed 
lower lung infection, lower incision infection, and faster 
gastrointestinal exhaust than OPD. These results are 
consistent with the study of Nassour et al. (17-20). However, 
no significant difference was found in severe postoperative 
complication, pancreatic fistula, hemorrhage, postoperative 
abdominal infection, and time of postoperative hospital 
stay, but it is worth noting that biliary-enteric anastomosis 
leakage was found in six patients undergoing LPD. This 
surgical complication is very rare in OPD and indicates 
a pancreatic fistula and abdominal infection. Using 
the chi-square test, we found that the biliary-enteric 
anastomosis leakage was strongly associated with the 
severe complications observed after LPD. Continuous 
polydioxanone suture was applied in five of the six patients 
who underwent LPD and developed biliary-enteric 
anastomosis leakage. We suspected that the polydioxanone 
might damage the bile duct with the thin wall or the 
infected bile duct so that the duct jejunum anastomotic 
stoma does not heal, thus resulting in an anastomotic fistula. 
The 5-0 PDS II was chosen for CJ in the last 154 cases, 
biliary-enteric anastomosis leakage was no recurrence.

Moreover, we analyzed the cumulative curve of high 
fitting complications. The severe complications after 
LPD included pancreatic fistula (6.9%) and biliary-enteric 
anastomosis leakage (2.9%). The severe complication rate 
was 9%, which is relatively low in the industry (21-23). 
Therefore, we used our own complication rate as a reference 
value in the CUSUM of successes. The CUSUM curve 
of pancreatic fistula had an inflection point in 44 cases, 
whereas the inflection point of the severe complication 
curve occurred in 40 cases, which are consistent with the 
previous studies on LPD reported by Lancet and others 
(24-26). This means that relatively severe complications 
may be reduced after 50 cases or more. Many articles on 
the study of LPD have mentioned that it may be the key for 
the successful promotion of LPD to encourage surgeons 
to learn more about, as well as gain more experience in, 
the early stage of LPD (27,28). Biliary-enteric anastomosis 
leakage was emphasized in our study since it often indicates 
biliary fistula, pancreatic fistula, and intestinal leakage. 
Also a high probability of subsequent abdominal infection, 
hemorrhage, and pulmonary infection was observed. The 
incidence of biliary-enteric anastomosis leakage in the LPD 

Figure 4 CUSUM analysis of operative time for LPD (the black 
line is fitted curve). (I) Period 1: study (1–61 cases); (II) period 2: 
accumulation (62–86 cases). If the slope K is negative from case 87, 
it indicates the start of period 3 (87–200 cases); (III) period 3: the 
operative time for complete lymph node dissection, vein resection, 
or pancreatic head tumor resection tends to be lower than the 
mean operative time. The black line is fitted curve. CUSUM, 
cumulative sum; LPD, laparoscopic pancreaticoduodenectomy.
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group significantly higher than the OPD group, and biliary-
enteric anastomosis leakage was mostly present in the 
first 50 cases of LPD. Therefore, we believe that biliary-
enteric anastomosis leakage may be the worst complication 
observed in early stage of LPD, and its prevention could be 
an important issue to be considered regarding the patient’s 
safety after LPD.

Interestingly, the postoperative gastrointestinal emptying 
disorder was more noticeable in patients undergoing 
LPD than in patients undergoing OPD. Moreover, this 
is in contrast with our previous finding that the time of 
postoperative intestinal exhaust was shorter for LPD than 
that for OPD (29). Therefore, we performed a single-factor 
regression analysis on the conditions of the patients with 
gastrointestinal emptying disorder after LPD and found 
that in addition to the severe postoperative complication, 
the premature removal (<2 days) of the nasogastric tube 
was an independent factor causing the gastric emptying 
disorder. It could also be possible that the gastrointestinal 
decompression was stopped too early for patients 
undergoing LPD. Furthermore, the 3–4 days after PD 
may be long enough to pull out the nasogastric tube from 
patients.

We analyzed the learning curve of LPD. Apart from 
this, the doctors studied their experience from the first 
61 consecutive cases. During this period, the cases with 
relatively simple medical histories were chosen. Many 
factors may lead to a prolonged operative time or change 
of operative method. Moreover, the doctors gained a stable 
surgical experience from 62–86 cases. The inflection point 
occurred after 87 cases, whereas the operative time was 
shortened. As surgeons are more experienced, performing 
some of the difficult operations became more feasible, 
such as pancreatic head cancer operations. More complex 
operations, such as superior mesenteric vein vascular 
reconstruction, were performed only after 107 cases. 
Furthermore, the learning curve of this study was consistent 
with the findings of van Workum (30). The learning curve 
of LPD had an inflection point in 80–100 cases.

In summary, after more than 4 years of study on 
LPD in over 200 cases, we have confirmed the safety 
and efficacy of LPD. Studies have shown that LPD can 
achieve effective resection without increasing the risk of 
complications. However, LPD has a longer learning curve 
than OPD. The learning curve for LPD has an inflection 
point in 80–100 cases. After passing the learning curve, 
surgeons would summarize a standard process. The severe 
complication rate after LPD will be significantly reduced 

after 50 cases. A high risk of biliary-enteric anastomosis 
leakage may be observed in the early stage of LPD. 
After the analysis, we found that the best way to prevent 
biliary-enteric anastomosis leakage is to avoid damaging 
(such as being cut by a polydioxanone) the bile duct as 
far as possible; moreover, the surgeon’s familiarity with 
anastomosis is another important factor. We recommend 
separate training laparoscopic hepaticojejunostomy, in 
order to be trained in performing the procedure and pass 
the learning curve before performing LPD. We hope that 
this study can contribute in the decline of the complication 
rate in the first 50 consecutive cases of LPD. Further 
discussions regarding the results of this prospective study 
will also be included in subsequent research.
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