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Laparoscopic pancreaticoduodenectomy reduces incidence 
of clinically relevant postoperative pancreatic fistula in soft pancreas 
with a smaller than 2 mm pancreatic duct
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Abstract
Background  Soft pancreas with small pancreatic duct is a known risk factor for postoperative pancreatic fistula (POPF).  
This study demonstrated the safety and feasibility of laparoscopic duct-to-mucosa pancreaticojejunostomy (PJ) and com-
pared perioperative outcomes of laparoscopic pancreaticoduodenectomy (LPD) and open pancreaticoduodenectomy (OPD) 
in patients with soft pancreas and small pancreatic duct.
Methods  From January 2014 to December 2019, 183 patients underwent LPD and 91 patients underwent OPD by a single 
surgeon. Data on patients with soft pancreas and combined small pancreatic duct (≤ 2 mm) were retrospectively reviewed. 
Clinicopathologic characteristics, and perioperative outcomes were compared between LPD and OPD. We evaluated risk 
factors affecting clinically relevant POPF (CR-POPF). We also correlated calculated risks of POPF and CR-POPF between 
the two groups.
Results  We compared 62 patients in the LPD group and 34 patients in the OPD group. Perioperative outcomes showed less 
blood loss, shorter hospital stays, and less postoperative pain score on postoperative day (POD)#1 and #5 in LPD compared 
with OPD. Postoperative complications showed no differences between LPD and OPD. LPD group showed significantly 
reduced CR-POPF rates compared to the OPD group (LPD 11.3% vs. OPD 29.4%, p = 0.026). Multivariate analysis identi-
fied obesity (BMI ≥ 25), thick pancreas parenchyma and open surgery as independent predicting factors for CR-POPF. The 
LPD group showed less CR-POPF than the OPD group according to POPF risk groups. This difference was more prominent 
in a high-risk group.
Conclusion  With appropriate laparoscopic technique, LPD is feasible and safe and reduces CR-POPF in soft pancreas with 
a small pancreatic duct.

Keywords  Pancreaticoduodenectomy · Pancreaticojejunostomy · Laparoscopic · Pancreatic fistulas · Soft pancreas · Small 
pancreatic duct

Deciding to perform laparoscopic pancreaticoduodenectomy 
(LPD) is not easy. LPD safety and feasibility are still contro-
versial around the world. PD can be divided into two phases: 
resection and reconstruction. The technical difficulty of lapa-
roscopic procedures at each phase may vary according to the 
pathologic characteristics of periampullary tumors. For pan-
creatic head cancer, endoscopic procedures, cancer-related 
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pancreatitis, cholangitis, and risk of portal vein involvement 
make laparoscopic resection more difficult and even inap-
propriate. A dilated bile duct and large pancreatic duct with 
hard pancreas make the laparoscopic reconstruction phase 
more suitable.

For benign and borderline malignant tumors of the pan-
creatic head, the laparoscopic resection phase can be more 
technically acceptable, as tumors are usually without chol-
angitis and/or pancreatitis with no risk of tumor invasion to 
the portal vein system. Nevertheless, surgeons may struggle 
with the laparoscopic reconstruction phase due to the small 
diameter of the bile and pancreatic ducts with soft remnant 
pancreas, which limit wide expansion of minimally invasive 
PD [1]. In general, soft pancreas, a thick parenchyma, and a 
small main pancreatic duct are known risk factors for post-
operative pancreatic fistula (POPF) [2].

To overcome this paradox and accomplishing the goal of 
minimally invasive surgery, some surgeons prefer laparo-
scopic resection followed by manual reconstruction through 
a small upper midline incision for hepaticojejunostomy and 
pancreaticojejunostomy (PJ) [3].

In this article, we present our technique of laparoscopic 
duct-to-mucosa PJ for soft remnant pancreas with small pan-
creatic duct (≤ 2 mm). We demonstrated the safety and fea-
sibility of our laparoscopic procedure in patients with high 
risk of postoperative pancreatic fistula (CR-POPF).

Materials and methods

Patient selection

From January 2014 to December 2019, 274 consecutive 
patients underwent open or laparoscopic PD for periamp-
ullary tumors by a single surgeon in our institution. In our 
institution, selection criteria for LPD are: good general con-
dition capable of enduring prolonged pneumoperitoneum, 
absence of severe obesity (BMI ≥ 30), no anticipated com-
plex vascular resection and reconstruction, benign, low-
grade malignant tumor or periampullary cancer and resect-
able pancreatic cancer with a clear resection plane between 
the tumor and vascular interfaces. Among the 274 patients, 
we retrospectively reviewed data on patients who underwent 
LPD or OPD with soft pancreas with small pancreatic duct 
(≤ 2 mm). We evaluated the texture of pancreas and duct 
diameter intra-operatively by the surgeon after transection of 
pancreatic neck and recorded in operation record. The pan-
creatic texture and duct size in our data were based on the 
operation record. The thickness of pancreas parenchyma was 
obtained by subtracting the duct diameter from the antero-
posterior diameter at the pancreas neck level on preopera-
tive CT scan. Patients who underwent neoadjuvant therapy 
or combined resection including vascular resection were 
excluded to reduce selection bias. Patients who underwent 

Fig. 1   Patient selection. Of a 
total of 274 patients, 183 under-
went LPD and 91 underwent 
OPD. After inclusion and exclu-
sion criteria, analysis was of 96 
patients with soft remnant pan-
creas with small pancreatic duct 
(≤ 2 mm). Among 96 patients, 
62 patients were LPD group and 
34 patients were OPD group. 
LPD: laparoscopic pancreati-
coduodenectomy, OPD: open 
pancreaticoduodenectomy
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a laparoscopic approach followed by open conversion were 
included in a open PD group as reconstruction was per-
formed using an open approach. A flow diagram of patient 
selection is in Fig. 1.

Clinicopathological characteristics 
and perioperative outcomes

We compared clinicopathological characteristics and periop-
erative outcomes between the LPD and OPD groups. Ameri-
can Society of Anesthesiologist physical status classification 
(ASA) was used to assess physical status and comorbidity of 
patients prior to operation [4].

In addition, we calculated the fistula risk score (FRS) [5] 
and the alternative fistula risk score (aFRS) [6] to compare 
the potential risk of fistula formation of each group. The 
formulas used for the FRS and aFRS are as below.

The FRS formula

Fistula risk score for prediction of clinically relevant pancreatic fistula 
after pancreatoduodenectomy (Model III)

Risk factor Parameter Points*

Grand texture Firm 0
Soft 2

Pathology Pancreatic 
adenocar-
cinoma or 
pancreatitis

0

Ampullary, 
duodenal, 
cystic, islet 
cell

1

Pancreatic duct diameter, mm  ≥ 5 0
4 1
3 2
4 3
 ≤ 1 4

Intraoperative blood loss, mL  ≤ 400 0
401–700 1
701–1000 2
 > 1000 3

*Total 0 to 10 points

The FRS scoring system consists of four parameters and 
is calculated by summation of scores in each parameters. 
They assessed 2 points in soft pancreas and 0 points in hard 
pancreas. The total score ranges from 0 to 10 and four risk 
strata can be assigned: negligible risk (0 points), low risk (1 

to 2 points), intermediate risk (3 to 6 points), and high risk 
(7 to 10 points).

The aFRS formula

with P = probability, texture 1 = soft, and 0 if not soft, PD 
size = pancreatic duct size in mm (truncated at 5).

The aFRS probability is calculated by the formula above. 
The three risk groups can be identified based on the risk 
distribution: low (0 to 5%), intermediate (> 5% to 20%), 
and high (≥ 20%) risk of POPF. In this formula, 1 points 
is assessed to texture in the soft pancreas and 0 points is 
assessed in otherwise. The aFRS can be calculated auto-
matically in online site “https​://www.evide​ncio.com/model​
s/show/621”.

We evaluated potential correlations among FSR, aFSR, 
and clinically relevant POPF (CR-POPF) according to a 
laparoscopic or open approach. CR-POPF refers to grade 
B or C POPF based on the 2016 update of the International 
Study Group (ISGPS) definition and grading of postopera-
tive pancreatic fistula [7]. Numerical rating scale (NRS) 
pain intensity scores on postoperative days 1, 3, 5 were also 
reviewed and ranged from 0 (no pain at all) to 10 (worst pain 
possible). Complications were graded according to Clavien-
Dindo classification and grouped into Grade I/II for minor 
complications and Grade III/IV for major complications [8]. 
We also evaluated risk factors affecting CR-POPF in univari-
ate and multivariate logistic regression models. The obesity 
mentioned in this study was based on “The Asia–Pacific 
perspective: redefining obesity and its treatment” [9] pub-
lished by WHO (World Health Organization), and BMI 25 
or higher was defined as obesity and BMI 30 or higher as 
severe obesity. This study was approved by the Institutional 
Review Board of Yonsei University College of Medicine 
(4-2017-1249).

Statistical analysis

All statistical analyses were performed using Statistical 
Package for Social Sciences version 23 (SPSS, Chicago, 
IL, USA). For each quantitative variable, the Shapiro–Wilk 
test was used as a test of normality. Values are expressed as 
means and standard deviations or medians and ranges, when 
appropriate. Categorical variables were compared using the 
Chi-Square test and reported as number (n) and percentage 
(%). Continuous variables were compared using the inde-
pendent t test or the Mann–Whitney test, as appropriate. The 
p-value for statistical significance was set at 0.05. In evalu-
ation of risk factors affecting CR-POPF, we used univariate 
binomial logistic regression models, and variables whose 

P =
exp(−3.136 + 0.947[texture] + 0.0679[BMI] − 0.385[PD size])

1 + exp(−3.136 + 0.947[texture] + 0.0679[BMI] − 0.385[PD size])

https://www.evidencio.com/models/show/621
https://www.evidencio.com/models/show/621
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p-value is under 0.100 in univariate analysis were used in 
multivariate analysis.

Technique of laparoscopic duct‑to‑mucosa 
pancreaticojejunostomy

Our institutional technique for LPD is published [10]. Lapa-
roscopic PJ with duct-to-mucosa technique is prepared by 
pulling up and approximating the proximal jejunum through 
the colonic mesentery. First, posterior interrupted sutures are 
placed between the pancreatic posterior and seromuscular 
layer of jejunum. A small jejunotomy is made after com-
pletion of the posterior interrupted suture of PJ (Fig. 2A). 
We start duct-to-mucosa anastomosis by tagging a stitch at 
6 o’clock of the pancreatic duct for safe anastomosis. The 
suture material of this stitch differs from others for easy 
distinction when manipulating sutures under a laparoscopic 
environment (Fig. 2B). Needle mounting in blunt angle 
fashion is crucial for placing lateral side stitches of duct-
to-mucosa anastomosis (Fig. 2C). After placing both lat-
eral stitches, the stitch at 6 o’clock is used to complete the 

posterior 6 o’clock part of the duct-to-mucosa anastomosis. 
After tying the 9 o’clock side suture, the short pancreatic 
stent is inserted into the anastomosis site. Before tying up 3 
o’clock side suture, an additional 12 o’clock side suture of 
the duct-to-mucosa anastomosis is placed (Fig. 2D). This 
sequence allows appropriate space for the 12 o’clock side 
duct-to-mucosa anastomosis. After tying the 12 o’clock side 
suture, the 3 o’clock side suture is tied to complete the duct-
to-mucosa anastomosis. In the final step, serial interrupted 
anterior sutures are placed for completion of the laparo-
scopic PJ with duct-to-mucosa anastomosis. The reason for 
inserting a catheter is for guidance for easier anterior duct 
anastomosis rather than POPF prevention. If the pancreatic 
duct cannot be canalized, the anastomosis is conducted with-
out insertion of catheter. The smallest catheter is a lumen of 
1 mm, and most of the cases are canalized without problem 
when it is divided from the pancreatic neck. However, if can-
nulation does not work, anastomosis may be performed after 
widening using a dilator, and there may be cases where the 
pancreatic duct needs to be resected again in consideration 
of the possibility that it was sealed up during the transection 

Fig. 2   Technique of laparoscopic duct-to-mucosa pancreaticojeju-
nostomy. A placement of posterior interrupted sutures between the 
pancreatic posterior part and seromuscular layer of jejunum followed 
by jejunotomy. B Tagging of a stitch at 6 o’clock on the pancreatic 

duct with different suture material for duct-to-mucosa anastomosis. C 
Needle mounting in blunt angle fashion. D Additional 12 o’clock side 
suture of duct-to-mucosa anastomosis following placement of PJ stent
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process. Other than that, we can consider dunking pancrea-
ticojejunostomy or transgastric pancreaticogastrostomy. 
Our laparoscopic duct-to-mucosa pancreaticojejunostomy 
technique is demonstrated in Video, Supplemental Digital 
Content 1.

Results

Of a total of 274 patients, 183 underwent LPD and 91 under-
went OPD. Intraoperative open conversion during LPD was 
noted in 22 patients (12.0%). After inclusion and exclusion 
criteria, analysis was of 96 patients with soft remnant pan-
creas with small pancreatic duct (≤ 2 mm).

Clinicopathological characteristics

Comparison of clinicopathological characteristics of the 
LPD and OPD groups is in Table 1. LPD was performed 
more frequently in younger patients with better physical 
status (age: LPD 57.5 years vs. OPD 63.7 years, p = 0.008; 
ASA class 1: LPD 8 (12.9%) vs. OPD 1 (2.9%), class 2: LPD 
37 (59.7%) vs. OPD 16 (47.1%), class 3: LPD 17 (27.4%) 
vs. OPD 17 (50.0%), p = 0.047) and more often in patients 
with benign tumors and smaller tumor size (tumor size LPD 
2.3 ± 1.3 vs. OPD 3.0 ± 1.7, p = 0.018). The thickness of pan-
creas parenchyma did not differ between two groups (LPD: 
12.4 ± 3.6 vs OPD: 13.2 ± 3.8, p = 0.330). The pathology 
of the OPD group was predominantly cancer, mainly com-
mon bile duct cancer (19 cases, 55.9%) with only 1 benign 
tumor case (pancreatic neuroendocrine tumor). In the LPD 
group, the most common pathologic result was also common 
bile duct cancer (14 cases, 22.6%), but 25 cases (40.3%) of 
benign and low-grade malignant tumors were included, a 
much larger, significantly different number than in the OPD 
group (p = 0.010).

Perioperative outcomes and complications

Comparative analysis for perioperative outcomes and com-
plications between LPD and OPD are in Table 2. No signifi-
cant difference was seen in operation time between the two 
groups (461.3 min vs. 449.1 min, p = 0.539). However, the 
LPD group showed significantly superior results to the OPD 
group with less blood loss (LPD 239.5 ml vs. OPD 492.8 ml, 
p = 0.005), shorter length of hospital stays (LPD 15.7 days 
vs. OPD 23.7 days, p = 0.010), and lower NRS pain intensity 
score on POD#1 (LPD 4.3 vs. OPD 5.6, p = 0.003), POD#5 
(LPD 2.8 vs. OPD 4.0, p = 0.002).

No difference was seen in postoperative complications 
between the two groups according to Clavien-Dindo clas-
sification (grade I-II: LPD 21 cases, 33.9% vs. OPD 15 
cases, 44.1%; grade III-IV: LPD 2 cases, 3.2% vs. OPD 2 

cases, 5.9%; p = 0.446). Grade I and II complications were 
mainly antibiotics use due to intra-abdominal surgical 
site infection, wound infection, delayed gastric emptying 
and transfusion. Grade III-IV complications of LPD were 
PTBD insertion due to obstructive cholangitis with affer-
ent loop obstruction(GradeIIIa) and EGD hemostasis fol-
lowed by ICU care due to duodenojejunostomy site ulcer 
bleeding (Grade IVa). Grade III-IV complications of OPD 
were pigtail insertion on POD#10 due to pancreaticojejunos-
tomy site leakage with fluid collection and common hepatic 
artery embolization followed by ICU care due to arterial 
active bleeding. No postoperative mortality occurred in 
either group. For CR-POPF (grade B and C), 11.3% (7 of 62 
patients) in the LPD group and 29.4% (10 of 34 patients) in 

Table 1   Baseline clinicopathologic characteristics

LPD laparoscopic pancreaticoduodenectomy, OPD open pancrea-
ticoduodenectomy, FRS fistula risk score, PDAC pancreatic ductal 
adenocarcinoma, NET neuroendocrine tumor, SPN solid pseudopapil-
lary neoplasm, IPMN intraductal papillary mucinous neoplasm, GIST 
gastrointestinal stromal tumor, SCN serous cystic neoplasm

Variables LPD (N = 62) OPD (N = 34) p-value

Age (years) 57.5 ± 13.1 63.7 ± 9.0 0.008*
Male gender 30 (48.4%) 21 (61.8%) 0.209
BMI (kg/m2) 24.06 ± 3.24 23.17 ± 2.50 0.164
ASA class
1 8 (12.9%) 1 (2.9%) 0.047*
2 37 (59.7%) 16 (47.1%)
3 17 (27.4%) 17 (50.0%)
Previous operation history 7 (11.3%) 5 (14.7%) 0.749
Malignant diagnosis 37 (59.7%) 33 (97.1%) 0.010*
 CBD cancer 14 (22.6%) 19 (55.9%)
 AoV cancer 13 (21.0%) 3 (8.8%)
 PDAC 8 (12.9%) 7 (20.6%)
 Duodenal cancer 2 (3.2%) 3 (8.8%)

Metastasis 0 (0.0%) 1 (2.9%)
Benign/Low-grade malig-

nant
25 (40.3%) 1 (2.9%)

 NET 9 (14.5%) 1 (2.9%)
 SPN ` 0 (0.0%)
 IPMN 4 (6.5%) 0 (0.0%)
 AoV adenoma 3 (4.8%) 0 (0.0%)
 Chronic pancreatitis 1 (1.6%) 0 (0.0%)
 GIST 1 (1.6%) 0 (0.0%)
 SCN 1 (1.6%) 0 (0.0%)

Tumor size (cm) 2.3 ± 1.3 3.0 ± 1.7 0.018*
Pancreas parenchyma thick-

ness
12.4 ± 3.6 13.2 ± 3.8 0.330

Fistula risk score 6.35 ± 0.75 6.79 ± 1.12 0.046*
 Bleeding 0.19 ± 0.60 0.71 ± 1.03 0.011*
 Other criteria 6.16 ± 0.58 6.09 ± 0.51 0.540

Alternative FRS 23.63 ± 5.32% 23.13 ± 5.60% 0.674
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the OPD group had CR-POPF, showing that the OPD group 
had significantly more association with CR-POPF than the 
LPD group (p = 0.026).

Risk factors of CR‑POPF

The superiority of LPD over OPD for CR-POPF was also 
seen in univariate and multivariate analyses of clinical fac-
tors to predict CR-POPF. In univariate analysis, the OPD 
group had higher risk of POPF than the LPD group with 
odds ratio 3.274 (1.114–9.624, p = 0.031). Patients with obe-
sity (BMI ≥ 25) showed higher risk of CR-POPF with odds 
ratio 2.915 (0.998–8.514, p = 0.050) than BMI less than 25. 
The thickness of pancreas parenchyma was also significant 
risk factor with odds ratio of 1.216 (1.046–1.413, p = 0.011). 
Multivariate analysis showed similar results, with open sur-
gery, obesity and the thick parenchyma of pancreas as risk 
factors for CR-POPF. (OR: 5.334, p = 0.012; OR: 5.099, 
p = 0.015; OR: 1.228, p = 0.018, respectively) (Table 3).

Component analysis of calculated FRS

We evaluated FRS and aFRS to predict potential pancre-
atic fistula risk for the groups. The calculated FRS for both 
groups showed intermediate risk of pancreatic fistula. The 
OPD group showed significantly higher risk scores than the 
LPD group (LPD 6.35 vs. 6.79 OPD, p = 0.046). This dif-
ference was mainly due to intraoperative bleeding scores 
for the two groups (LPD 0.19 vs. 0.71 OPD, p- = 0.011). 
Other criteria included in FRS (gland texture, pathology, 
pancreatic duct diameter) showed almost identical scores 
(LPD 6.16 vs. OPD 6.09, p = 0.54). For aFRS not includ-
ing intraoperative bleeding, the criteria also showed similar 

Table 2   Perioperative and postoperative outcomes

LPD laparoscopic pancreaticoduodenectomy, OPD open pancreati-
coduodenectomy

Variables LPD (N = 62) OPD (N = 34) p-value

Operation time (min) 461.3 449.1 0.539
Estimated blood loss (ml) 239.5 492.8 0.005*
Intraoperative
transfusion

1 (1.6%) 0 (0.0%) 0.305

Length of hospital stay 
(days)

15.7 23.7 0.01

NRS pain intensity score
POD #1 4.3 5.6 0.003*
POD #3 3.5 4.1 0.091
POD #5 2.8 4 0.002*
Clavien-Dindo Classifica-

tion
Grade I-II 21 (33.9%) 15 (44.1%) 0.446
Grade III-IV 2 (3.2%) 2 (5.9%)
POPF
Non-POPF + 
BL

55 (88.7%) 24 (70.6%) p = 0.026*

CR-POPF 7 (11.3%) 10 (29.4%)

Table 3   Logistic regression 
analysis of factors influencing 
clinically relevant POPF, 
univariate and multivariate 
analysis

BMI body mass index, FRS fistula risk score

Variables Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value

Age 1.018 0.973–1.066 0.432
Female gender 0.406 0.131–1.261 0.119
Obesity (BMI ≥ 25) 2.915 0.998–8.514 0.050* 5.099 1.368–19.011 0.015*
ASA class
1 Reference
2 2.6 0.297–22.79 0.388
3 0.774 0.071–8.474 0.834
Diagnosis
Benign/Borderline Reference
Malignant 1.917 0.503–7.306 0.341
Estimated blood loss 1.001 1.000–1.002 0.221
Operation method
Laparoscopic Reference
Open 3.274 1.114–9.624 0.031* 5.334 1.443–19.713 0.012*
FRS 1.207 0.700–2.082 0.498
Alternative FRS 1.079 0.986–1.181 0.097 1.025 0.926–1.134 0.636
Pancreas parenchyma thickness 1.216 1.046–1.413 0.011* 1.228 1.036–1.456 0.018*
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probabilities of fistula between the two groups (LPD 23.63% 
vs. OPD 23.13%, p = 0.674) (Table 1).

Potential correlation between FRS, aFRS, 
and CR‑POPF

Using the FRS and aFRS scoring systems, we correlated 
categorized risk of POPF and CR-POPF according to 
laparoscopic or open approach. for FRS, 57 patients had 
intermediate risk and 39 had high risk. In the intermediate 
risk group, the incidence of CR-POPF was 15.8% (9 of 57 
patients). Among these patients, the LPD group was 12.5% 
(5 of 40 patients) and the OPD group was 23.5% (4 of 17 
patients) and CR-POPF was without significant difference 
(p = 0.428). In the high-risk group, overall CR-POPF was 
20.5% (8 of 39 patients) including 9.1% for CR-POPF in the 
LPD group (2 of 22 patients) and 35.3% in the OPD group (6 
of 17 patients) with a tendency toward significant difference 
(p = 0.059). No significant difference was seen for total CR-
POPF for intermediate- and high-risk groups (p = 0.552).

For aFRS, 31 patients had intermediate risk and 65 
patients had high risk. The overall incidence of CR-POPF 
was 3.2% (1 of 31 patients) in the intermediate risk group 
and 24.6% (16 of 65 patients) in the high-risk group, which 
was a significant difference (p = 0.010*). In an intermediate 
group, LPD showed no POPF (0 of 17 patients). OPD was 
7.1% of CR-POPF (1 of 14 patients) without significant dif-
ference (p = 0.452). In a high-risk group, CR-POPF for LPD 
group was 15.6% (7 of 45 patients) and for the OPD group 
was 45% (9 of 20 patients) with significance (p = 0.026).

By both scoring systems, the LPD group showed less 
CR-POPF than the OPD group within identical risk groups. 
These differences in CR-POPF were more prominent in the 
high-risk group, especially in aFRS analysis. These results 
are summarized in Fig. 3.

Discussion

In our study of multivariate analysis affecting CR-POPF, 
obesity with BMI 25 or higher, open surgery and the thick 
parenchyma of pancreas were found to be significant risk 
factors. Obesity is also shown in previous papers to be a risk 
for CR-POPF due to accompanying obesity-related comor-
bidity or difficulty in surgical approach. The most notable 
result in our study is that open surgery was a significant risk 
factor for CR-POPF, and an LPD group had a significantly 
lower CR-POPF ratio than an OPD group. This finding was 
contrary to the prediction that laparoscopic anastomosis 
would not be superior to an open approach because of its 
technical difficulties. We focused on differences in intraop-
erative bleeding between the two groups. FRS for the OPD 
group was significantly higher than for the LPD group (LPD: 

6.35 vs. OPD: 6.79, p = 0.046), mainly due to differences 
in intraoperative bleeding score (LPD: 0.19 vs. OPD: 0.71, 
p: 0.011). The sums of other criteria scores (gland texture, 
pathology, pancreatic duct diameter) were almost identical 
for the groups (LPD: 6.16 vs. OPD: 6.09, p = 0.54). This 
result was also seen for aFRS, which did not contain an 
intraoperative bleeding score that was different between the 
two groups (LPD: 23.63% vs. OPD: 23.13%, p = 0.674). In 
univariate analysis, FRS, aFRS, and intraoperative bleeding 
did not directly affect occurrence of POPF. The difference 
in bleeding can affect FRS and subsequently affect attenu-
ation of POPF risk. This risk reduction effect of LPD was 
also observed in clinical correlation analysis for FRS/aFRS 
and CR-POPF. The LPD group showed consistently lower 
CR-POPF ratios than the OPD group within identical risk 
groups. This risk reduction effect was more prominent in 
a high-risk group (p = 0.026 in high-risk group for aFRS).

Sugimoto et  al. [2] suggested a thick parenchyma 
(≥ 10 mm) and fatty infiltration as a risk factor of CR-POPF 
in addition to soft pancreas and small main pancreatic duct. 
In a total of 96 patients of our study, the average thickness 
of pancreas parenchyma was 12.7 mm (range 5-23 mm). 
Among them, 76 patients had thick pancreas paren-
chyma ≥ 10 mm, high risk) and 20 patients had less than 
10 mm (low risk). CR-POPF occurred in 17 patients out of 
76 patients in high risk group, however, none of the patients 
had CR-POPF in low risk group (p = 0.019). Univariate 
and multivariate analysis shows the thickness of pancreas 
parenchyma as significant risk factor of CR-POPF. Even 
in 76 patients with high risk parenchyma (≥ 10 mm), LPD 
showed superior result to OPD in CR-POPF significantly 
(LPD: 14.3% vs OPD: 37.0%, p = 0.023).

In the last two decades, minimally invasive surgery (MIS) 
has been introduced into various fields of surgery. Research 
had shown the superiority of MIS for postoperative compli-
cations without degrading oncologic outcomes compared to 
conventional surgery. As a result of these efforts, MIS such 
as laparoscopic surgery has replaced open surgery as a stand-
ard procedure in some fields. Articles have demonstrated the 
oncologic and surgical stability of minimally invasive pan-
creatic surgery. A Chinese group reported that robotic pan-
creaticoduodenectomy (RPD) is associated with decreased 
CR-POPF by comparing 405 OPD and 460 RPD cases in 
2019 [11]. Korean researchers in 2020 showed better or at 
least similar early perioperative outcomes and equivalent 
midterm survival outcomes for MIS compared to OPD [12]. 
According to the literature on POPF following open PJ in 
remnant soft pancreas, overall POPF rate was 29.3% (range 
24.6–68.6%) and CR-POPF (grade B and C) was noted to be 
23.4% (range 14.7–30.4%, Table 4). Patients in this study all 
had high risk of POPF from small pancreatic duct with soft 
remnant pancreas. In our results for OPD, POPF rates were 
similar to previously reports and a superior outcome was 
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noted for LPD. LPD is highly likely to become a safe and 
useful surgical method in the near future, as the number of 
low-grade tumors increases due to screening examinations.

The operating surgeon in this study conducted more than 
200 laparoscopic cases until October 2020, and about 100 
open cases before the first laparoscopic case in 2007. In the 
first laparoscopic case, resection was performed by laparo-
scopic approach, and anastomosis was performed through 
mini-laparotomy with manual reconstruction. Some authors 
reported learning curves of laparoscopic PPPD as 40 to 80 
cases [13–17]. Recently reported randomized controlled trial 
comparing laparoscopic and open PPPD mentioned pro-
longed operating times and technical complexity as the dis-
couraging factors for use of laparoscopic PPPD [18]. There 
should be about 80 to 100 cases of long learning curves in 
the true sense that can have superiority compared to open 

surgery. A specific guidance by expert laparoscopic surgeons 
and education system can reduce the learning curve [13]. 
Our institution has developed a porcine model for duct‐to‐
mucosa PJ (Yonsei‐PJD™) [19] that enables new pancreatic 
surgeons to conduct effective laparoscopic PJ techniques. 
In laparoscopic surgery, no studies have been reported that 
open surgery experts can be more beneficial than begin-
ners without significant experience. From the experience, 
surgical approach and techniques are different from open 
and laparoscopy, and it may be difficult to proceed with the 
concept fixed to the open procedure. However, in the case 
of open conversion, there is an advantage to recover with a 
skillful technique, which can be advantageous in terms of 
patient safety.

The limitations of this study are mainly relatively small 
number of cases and the retrospective design that limits 

Fig. 3   Clinical correlation 
between FRS/ aFRS and CR-
POPF. None: no POPF, BL: 
biochemical leak, Grade B, C: 
CR-POPF, FRS: fistula risk 
score, aFRS: alternative fistula 
risk score, LPD: laparoscopic 
pancreaticoduodenectomy, 
OPD: open pancreaticoduo-
denectomy
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interpretation of the results. There is a probability of occur-
ring type II error statistically due to the small sample size. 
Through exclusion criteria, we tried to reduce the selection 
bias inherent in the study design. However, clinicopathologi-
cal characteristics between LPD and OPD showed signifi-
cant differences in age, ASA class and pathologic diagno-
sis. Patients with LPD were more fit for operations in their 
physical status. To overcome this limitation and show the 
feasibility and safety of MIS in pancreatic surgery, in the 
near future, we hope a well-designed randomized clinical 
trials (RCT) comparing open and laparoscopic PJ (duct-to-
mucosa) will address this issue. Some practical problems 
such as technical standardization, controversies about safety 
issues, and few available surgeons capable of this technique 
are challenges to accomplishing a successful RCT. Alterna-
tively, multicenter retrospective data with propensity score 
matching analysis may be an option to overcome these 
problems.

In conclusion, LPD for remnant soft pancreas with pan-
creatic duct ≤ 2 mm did not have higher morbidity and even 
had a better outcome for CR-POPF. LPD had less postopera-
tive pain and intraoperative blood loss and shorter hospital 
stays. With appropriate laparoscopic techniques, risky pan-
creas can also be a good candidate for LPD.
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