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Abstract: Although laparoscopic distal pancreatectomy (LDP) has become more popular,
the postoperative complication rate remains high. We sought to identify the risk factors for post-LDP
complications. We examined 1227 patients who underwent LDP between March 2005 and December
2015 at a single large-volume center. We used logistic regression for the analysis. The overall
(13.2%) and major (3.3%) complication rates were determined. Postoperative pancreatic fistula was
the most frequent complication, and 58 patients (4.7%) had clinically significant (grade B) pancreatic
fistulas. No 90-day mortality was recorded. Long operative time (≥200 min), large estimated
blood loss (≥320 mL), LDP performed by an inexperienced surgeon (<50 cases), and concomitant
splenectomy were identified as risk factors for overall complications using a logistic regression
model. For major complications, male sex (p = 0.020), long operative time (p = 0.005), and LDP
performed by an inexperienced surgeon (p = 0.026) were significant predictive factors. Using logistic
regression analysis, surgery-related factors, including long operative time and LDP performed by
an inexperienced surgeon, were correlated with overall and major complications of LDP. As LDP is
a technically challenging procedure, surgery-related variables emerged as the main risk factors for
postoperative complications. Appropriate patient selection and sufficient surgeon experience may be
essential to reduce the complications of LDP.

Keywords: laparoscopic distal pancreatectomy; risk factors; complication; surgery-related factors;
postoperative pancreatic fistula

1. Introduction

Laparoscopic distal pancreatectomy (LDP) has gained an increased popularity in recent years,
and numerous reports have been published on the advantages of LDP as a treatment option for
patients with left-sided pancreatic tumors. Compared with open surgery, the laparoscopic approach
has been reported to be safe and associated with less blood loss, more rapid recovery, shorter
hospital stay, and comparable oncologic outcomes [1–4]. However, postoperative complications
are the main causes of increased hospitalization time, resource use, and decreased quality of life.
The most frequent complications after distal pancreatectomy are postoperative pancreatic fistula
(POPF) and complicated fluid collection [5]; however, the determinants of post-LDP complications are
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poorly defined. It is essential to validate the risk factors for surgical morbidity using a large patient
cohort. Therefore, in this study, we used a large single-center data set to analyze the risk factors for
post-LDP complications and to determine the effects of patient characteristics, surgery-related factors,
and pathologic findings on postoperative complications in patients undergoing LDP.

2. Materials and Methods

2.1. Patients

We retrospectively reviewed the data of all patients who underwent LDP performed by five
pancreatic surgeons from March 2005 to December 2015 at a single large-volume center, after receiving
institutional review board approval (No. 2016-0612). The collected data included patient demographics,
operative variables, postoperative outcomes, and pathologic findings. Patients who underwent
neoadjuvant therapy were excluded and we identified final 1227 patients who underwent LDP between
1 March 2005 and 31 December 2015, from the electronic database of the center. We evaluated the patient
records to assess the risk factors for perioperative complications. The patients were followed up
with abdominal computed tomography (CT) scans and blood tests (including tumor markers) every
3 months for the first 2 years after LDP and every 3–6 months thereafter.

2.2. Definitions

Operative time was calculated as the time from skin incision to skin closure. Estimated blood
loss was calculated as previously described [6]. Surgical and medical complications were graded
according to the Clavien–Dindo system. Grade I and II complications were considered minor morbidity,
whereas major morbidity was defined as being complications higher than grade III [7]. We assigned
the highest-grade complication experienced by each patient as the final overall complication grade.
Placement of drains after LDP was performed as a routine procedure at our hospital. We routinely
checked the Jackson-Pratt drain amylase/lipase level on postoperative day (POD) #1 and #3 and removed
drain unless drain amylase level was high. We routinely performed postoperative CT on POD #3.
The grade of POPF and the status of postoperative fluid collection were determined on the basis of
the evaluations. POPF was defined according to the consensus definitions of the 2016 International
Study Group of Pancreas Surgery [8]. When postoperative fluid collection was combined with
leukocytosis and elevated C-reactive protein and treated with antibiotics, it was classified as a grade II
complication. Pathologic data included tumor size, histologic grade, and resection margin status.

2.3. Operative Technique

As previously described [3,4], to safely transect the pancreas during laparoscopy, we used
endoscopic linear staplers of various heights, depending on the thickness or hardness of the pancreas.
Two endoscopic stapler cartridges, Echelon Endopath (Ethicon Endosurgery, Cincinnati, OH, USA)
and EndoGIA™ 60-mm Reload with Tri-Staple™ Technology (Covidien Medtronic, Plymouth, MN,
USA), included (i) a regular-height cartridge (3.8-mm gold Echelon Endopath or 3- to 4-mm purple
EndoGIA™ 60-mm Reload with Tri-Staple™ Technology), (ii) a long-height cartridge (4.1-mm green
Echelon Endopath or 4- to 5-mm black EndoGIA™ 60-mm Reload with Tri-Staple™ Technology),
and (iii) a short-height cartridge (3.5-mm blue Echelon Endopath).

In most cases, after transecting the pancreas, the pancreatic remnant was covered with a
fibrinogen-coated and thrombin-coated collagen sponge (TachoComb or TachoSil; Nycomed GmbH,
Konstanz, Germany) or a polyglycolic acid felt (Neoveil®) and fibrin sealant (Tissucol; Baxter GmbH,
Unterschleissheim, Germany).

2.4. Statistical Analysis

We used SPSS version 24.0 for all statistical analyses (SPSS Inc., Chicago, IL, USA). Multiple logistic
regression models were used to determine the patient characteristics, operative factors, and pathologic
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findings that were potentially related to overall and major complications. All continuous data fields
were made dichotomous around the mean value, or according to accepted cutoff points in the literature.
The results of multivariate analyses are expressed as odds ratios (=Exp(B)) with corresponding
95% confidence intervals around the means of variables that predicted an increased risk of major
complications (p < 0.05).

2.5. Evaluation Factors

We performed multivariate analyses using the candidate variables that were introduced as risk
factors for complications after distal pancreatectomy in previous studies, as discussed below [9–20].

2.5.1. Patient-Specific Factors

Age (<70 vs. ≥70 years), sex (female vs. male), and preoperative American Society of Anesthesiologists
(ASA) scores were recorded. Serum albumin levels (<3.5 vs. ≥3.5 g/dL) were determined during routine
preoperative evaluations. Preoperative body mass index ((BMI), normal vs. overweight vs. obese according
to the World Health Organization classification) was calculated as body weight in kilograms divided by
height in meters squared.

2.5.2. Surgery-Related Factors

Data on operative time (<200 vs. ≥200 min) and estimated blood loss (<320 vs. ≥320 mL) were
collected, and the presence of a concomitant splenectomy or multivisceral resection was evaluated.
Multivisceral resection was defined as a concomitant resection of one of the following: stomach,
colon, small bowel, or kidney. Surgeons who had performed <50 LDP procedures were classified as
inexperienced surgeons, whereas those who had performed ≥50 LDP procedures were considered
experienced surgeons. Every surgeon had sufficient experience of open DP, laparoscopic cholecystectomy,
and laparoscopic splenectomy before beginning LDP.

2.5.3. Pathologic Factors

The presence of a malignant disease was verified through a review of the original histopathologic
evaluation. The extent of pancreatic resection (<12 vs. ≥12 cm) was determined according to the length
of the gross pancreatic specimen. Pancreatic tumors were divided into malignant and benign.

3. Results

3.1. Patients’ Demographics and Tumor Factors

The characteristics of all patients and tumors are shown in Table 1. Of the 1227 patients included,
498 were men and 729 were women. The mean age at the time of surgery was 52.9 years (standard
deviation (SD), 14 years). The mean tumor size was 3.6 cm (SD, 2.3 cm). Of the lesions, 978 (79.7%)
were benign or borderline malignant and 249 (20.3%) were malignant at the time of resection. The most
common indication for resection was an intraductal papillary mucinous neoplasm (n = 238, 19.4%),
followed by pancreatic cancer (n = 218, 17.8%) and a solid pseudopapillary neoplasm (n = 178, 14.5%).

Table 1. Patient demographics and pathologic data.

Characteristic

Patients, n 1227
Age, years, mean ± SD 52.9 ± 14

Sex, female:male (n) 729:498
BMI, kg/m2, mean ± SD 23.7 ± 3.1
ASA score, mean ± SD 1.8 (0.5)

Tumor size, cm, mean ± SD 3.6 ± 2.3
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Table 1. Cont.

Characteristic

Diagnosis n %
Pancreatic cancer 218 17.8

Pancreatic ductal adenocarcinoma 196
Intraductal papillary mucinous carcinoma 12

Adenosquamous cancer 3
Mixed acinar-neuroendocrine carcinoma 2

Sarcomatoid cancer 2
Anaplastic carcinoma 1

Intraductal papillary mucinous neoplasm (IPMN) 238 19.4
IPMN low-grade dysplasia 122

IPMN intermediate-grade dysplasia 99
IPMN high-grade dysplasia 17

Pancreatic neuroendocrine tumor (PNET) 122 9.9
PNET grade 1 64
PNET grade 2 26
PNET grade 3 7

PNET unknown grade 25
Solid pseudopapillary neoplasm 178 14.5

Mucinous cyst neoplasm 168 13.7
Serous cyst neoplasm 142 11.6

Pancreatitis (with or without pseudocyst) 78 6.4
Other pancreatic tumors 35 2.9

SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists.

3.2. Surgical Technique and Operative Details

The operative data are summarized in Table 2. Of the 1227 patients who underwent LDP,
573 (46.7%) underwent spleen-preserving-LDP (SP-LDP): 417 with main splenic vessel preservation
and 156 with preservation of short gastric and gastroepiploic vessels (Warshaw technique). A total of
176 patients underwent LDP combined with other operations. The mean operative time was 197 min
(SD, 64.7 min). The mean length of hospital stay (LOS) was 9 days (SD, 6.5 days). On average, a normal
diet was resumed 2.1 days (SD, 1.3 days) after the surgery.

Table 2. Types of laparoscopic distal pancreatectomy.

Procedure
Patients (N = 1227)

n %

LDPS 654 53.3
LDPS only 539 43.9

LDPS with combined operation 115 9.4
LDPS + Lap.SWR 19

LDPS + Lap.SWR + Lap.CR 2
LDPS + Lap.CR 11

LDPS + Lap.CR + LC 2
LDPS + Lap.CR + LC + Lap. ovarian resection 1

LDPS + LC 67
LDPS + Lap. ovarian resection 2

LDPS + Lap. partial nephrectomy 1
LDPS + Lap. portal vein resection 3
LDPS + Lap. liver resection + LC 2

LDPS + Lap. liver resection 1
LDPS + Lap.SBR 4
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Table 2. Cont.

Procedure
Patients (N = 1227)

n %

SP-LDP 573 46.7
SVP-SP-LDP 417 33.7

SVP-SP-LDP only 367
SVP-SP-LDP with combined operation 50

SVP-SP-LDP + LC 41
SVP-SP-LDP +LDG 3

SVP-SP-LDP + Lap-liver resection + LC 1
SVP-SP-LDP + Lap-resection of hepatic cyst 2

SVP-SP-LDP + Lap-ovarian resection 1
SVP-SP-LDP + Lap-appendectomy 2

SP-LDP with splenic vessels ligation (Lap-Warshaw) 156 12.6
Lap-Warshaw only 145

Lap-Warshaw with combined operation 11
Lap-Warshaw + LC 10

Lap-Warshaw + Lap-ovarian resection 1

LDPS, laparoscopic distal pancreatectomy with splenectomy; SP-LDP, spleen-preserving laparoscopic distal
pancreatectomy; LC, laparoscopic cholecystectomy; Lap.CR, laparoscopic colectomy; Lap.SWR, laparoscopic
stomach wedge resection; Lap.SBR, laparoscopic small-bowel resection.

3.3. In-Hospital Complications

In-hospital complications graded using the Clavien–Dindo classification are summarized in
Table 3. The overall complication rate was 13.2%. Most patients experienced either no (n = 1065, 86.8%)
or minor (n = 121, 9.9%) Clavien–Dindo I/II events. Major morbidity (Clavien–Dindo III/IV/V) occurred
in 41 patients (3.4%), of which POPF was most frequent, and 58 patients (4.7%) had clinically significant
(grade B) fistulas. A total of 32 patients had grade B POPF and required endoscopic ultrasound-guided
or percutaneous drainage. The most common life-threatening postoperative complication was bleeding
(n = 5, 0.4%). One case of bleeding was treated angiographically by embolization and four were treated
surgically. The postoperative complications necessitated reoperation in seven patients (0.6%): four
patients for postoperative bleeding, two for mechanical ileus, and one for common bile duct injury.
No 90-day mortality was recorded.

Table 3. In-hospital complications in patients who underwent LDP.

Surgical Complications with Clavien Classification N=1227 %

No. 1065 86.8
Grade I 6 0.5

Chylous ascites with low long-chain triglyceride diet 3
Superficial wound infection with bedside care 2

Atelectasis 1
Grade II 115 9.4

Pancreatic fistula or intra-abdominal fluid collection with antibiotic therapy 97
Ileus 6

Postoperative bleeding with transfusion 5
Delayed gastric emptying 2

Tractitis (drain insertion site) 1
Portal vein thrombus with anticoagulant therapy 1

Wound dehiscence 1
Postoperative delirium 1

Cerebral infarction with anticoagulant therapy 1
Grade III 41 3.4
Grade IIIa 34 2.8
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Table 3. Cont.

Surgical Complications with Clavien Classification N=1227 %

Pancreatic fistula grade B with intervention therapy 32
EUS-guided gastrocystostomy 16

Percutaneous drainage 11
ERPD or ENPD insertion 5

Intra-abdominal fluid collection with drainage 1
Splenic artery aneurysmal bleeding with embolization 1

Grade IIIb 7 0.6
Postoperative bleeding with reoperation 4

Mechanical ileus with reoperation 2
Common bile duct injury with reoperation 1

2016 International Study Group Pancreatic Fistula
No 681 55.5

Biochemical leak 488 39.8
Grade B 58 4.7

EUS, endoscopic ultrasonography; ERPD, endoscopic retrograde pancreatic drainage; ENPD, endoscopic
nasopancreatic drainage.

3.4. Logistic Regression Analysis of Risk Factors for Post-LDP Complications

To identify the risk factors for perioperative complications after LDP, we retrospectively analyzed
the clinicopathologic and operative variables of 1227 patients who underwent LDP. On the basis of
a logistic regression model, long operative time (≥200 min), large estimated blood loss (≥320 mL),
LDP performed by an inexperienced surgeon (<50 cases), and concomitant splenectomy were identified
as significant factors for overall complications. For major complications, male sex (p = 0.020),
long operative time (p = 0.005), and LDP performed by an inexperienced surgeon (p = 0.026) were
significant predictive factors (Table 4).

Table 4. Logistic regression analysis of variables affecting postoperative complications in patients after
laparoscopic distal pancreatectomy.

Factors No. of Patients Univariate (p) Odds Ratio (95% CI) Multivariate (p)

Overall complication

Age (years)
0.715<70 1086 (88.5%)

≥70 141 (11.5%)

Sex 0.003 0.124
Female 729 (59.4%)
Male 498 (40.6%) 1.317 (0.927–1.872)

ASA score 0.516
1 262 (21.4%)
2 923 (75.2%) 0.827
3 42 (3.4%) 0.260

BMI 0.210
Normal 799 (65.1%)

Overweight 350 (28.5%) 0.165
Obese 36 (2.9%) 0.200

Preoperative albumin level 0.109
<3.5 g/dL 163 (13.3%)
≥3.5 g/dL 1064 (86.7%)

Operative time <0.001 <0.001
<200 min 691 (56.3%)
≥200 min 536 (43.7%) 1.915 (1.341–2.735)

Estimated blood loss
<0.001 0.002<320 mL 1135 (92.5%)

≥320 mL 92 (7.5%) 2.201 (1.322–3.664)
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Table 4. Cont.

Factors No. of Patients Univariate (p) Odds Ratio (95% CI) Multivariate (p)

Surgeon’s experience
<0.001 <0.001Inexperienced 189 (15.4%)

Experienced 1038 (84.6%) 0.442 (0.297–0.658)

Splenectomy
<0.001 <0.001Yes 654 (53.3%)

No 573 (46.7%) 0.460 (0.314–0.673)

Multivisceral resection
0.432No 1180 (96.2%)

Yes 47 (3.8%)

Length of resection
0.702<12 cm 979 (79.8%)

≥12 cm 241 (19.6%)

Malignancy
0.136Benign 978 (79.7%)

Malignant 249 (20.3%)

Major complication

Age (years)
0.723<70 1086 (88.5%)

≥70 141 (11.5%)

Sex
0.009 0.020Female 729 (59.4%)

Male 498 (40.6%) 2.142 (1.125–4.079)

ASA score 0.733
1 262 (21.4%)
2 923 (75.2%) 0.431
3 42 (3.4%) 0.998

BMI 0.752
Normal 799 (65.1%)

Overweight 350 (28.5%) 0.837
Obese 36 (2.9%) 0.490

Preoperative albumin level 0.102
<3.5 g/dL 163 (13.3%)
≥3.5 g/dL 1064 (86.7%)

Operative time
0.002 0.005<200 min 691 (56.3%)

≥200 min 536 (43.7%) 2.648 (1.352–5.189)

Estimated blood loss
0.023 0.230<320 mL 1135 (92.5%)

≥320 mL 92 (7.5%) 1.718 (0.711–4.154)

Surgeon’s experience
0.015 0.026Inexperienced 189 (15.4%)

Experienced 1038 (84.6%) 0.453 (0.225–0.912)

Splenectomy
0.026 0.337Yes 654 (53.3%)

No 573 (46.7%) 0.702 (0.341–1.446)

Multivisceral resection
0.247No 1180 (96.2%)

Yes 47 (3.8%)

Length of resection
0.968<12 cm 979 (79.8%)

≥12 cm 241 (19.6%)

Malignancy
0.150Benign 978 (79.7%)

Malignant 249 (20.3%)

HR, hazard ratio; CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists.
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4. Discussion

LDP is an alternative to open distal pancreatectomy (ODP) and is performed for benign
and malignant tumors in the pancreatic body and tail. The perioperative and long-term oncologic
outcomes of LDP, as currently practiced, are comparable to those of ODP [1,21–24]. Several reports
have attempted to identify the risk factors for the development of complications, including POPF,
after ODP [10–12,14,25]. However, few data are currently available to clarify the risk factors associated
with post-LDP complications in a larger cohort.

From March 2005 to December 2015, a total of 1227 LDP procedures were performed by
five hepatobiliary pancreatic surgeons at a single large-volume center. After LDP, 162 patients
(13.2%) developed postoperative complications, including 58 patients (4.7%) with clinically relevant
POPF. Of these, 41 complications (3.3%) were considered major complications according to
the Clavien–Dindo classification.

In this study, the potential risk factors for overall and major complications were identified using
binary logistic regression analyses. Previous reports have indicated that increased operative time is
independently associated with an increased risk of complications after laparoscopic surgery [26,27].
On multivariate analysis in the present study, longer operative time (≥200 min) was associated with
postoperative complications after LDP. Although the exact mechanism of the association between
complications and long operative time is not fully understood, a prolonged operative duration can be
attributable to various time-related factors such as prolonged microbial exposure and increased tissue
retraction, leading to tissue ischemia and necrosis. In addition, longer operative times can be indicative
of more complex or difficult surgeries, which would expectedly yield higher rates of complications.
A large volume of blood loss was also identified as a risk factor for overall complications, using a logistic
regression model. The negative impacts of prolonged surgery and increased blood loss are predictable
because they likely serve as surrogate markers of technical difficulties that surgeons experience.
Surgeons and surgical staff can positively influence patient outcomes by improving their technical skills
and operative efficiency to reduce the operative time and blood loss. Surgeon-specific factors are known
to affect postoperative outcomes. Surgeons in high-volume centers can achieve better outcomes than
their counterparts in low-volume centers [28,29]. LDP is considered an advanced surgical approach
because of its associated technical difficulties and prolonged learning curve. Even surgeons with
extensive experience in performing ODP experience a high morbidity rate during their first few
LDP procedures. We assessed the relationship between the surgeon’s experience and perioperative
outcomes. In the present study, an inexperienced surgeon was defined as a surgeon who had
performed <50 LDP procedures, whereas an experienced surgeon was defined as a surgeon who had
performed ≥50 LDP procedures. We found that inexperienced surgeons had a 2.3-fold higher risk of
complications than experienced surgeons. The operator learning curve therefore seems important for
preventing post-LDP complications. In conclusion, surgery-related factors such as long operative time
(≥200 min), large volume of estimated blood loss (≥320 mL), and LDP performed by an inexperienced
surgeon (<50 cases) were major risk factors for postoperative complications. To reduce the risk of
complications, surgeons should use expeditious surgical techniques and optimize patient selection to
avoid immoderate surgery for LDP.

In the present study, SP-LDP was performed in 573 patients (46.7%). Spleen preservation during
LDP remains controversial based on the various indications for pancreatic resection. Preservation
of the spleen during distal pancreatectomy for ductal adenocarcinoma of the pancreas is formally
contraindicated because it is an incomplete oncologic surgery, especially when lymph nodes along
the splenic vessels and hilum are removed. However, as the role of the spleen has become better
understood over the recent decades, SP-LDP has emerged as a first-choice operation for benign
or low-grade malignant tumors located within the body or tail of the pancreas. Several studies
showed higher complication rates after distal pancreatectomy with concomitant splenectomy [30–32].
In the present study, concomitant splenectomy was associated with more post-LDP complications.
This may be due to devascularization of the pancreatic remnant in patients with concomitant
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splenectomy and delayed wound healing in the pancreatic stump. SP-LDP is considered an acceptable
procedure for benign pancreatic tumors. However, some surgeons may not agree with the value of
retaining the spleen in adult patients. In addition, SP-LDP (especially the Kimura technique) is a
more tedious procedure with a greater chance of adjacent vascular injury and bleeding. Considering
the technical demands of SP-LDP compared with conventional surgery, some may argue against efforts
to preserve the spleen in adults during distal pancreatectomy. Therefore, more studies are needed to
identify how splenectomy affects postoperative complications after LDP.

Obesity increases the risk inherent to major gastrointestinal surgeries [33] and is a confounding risk
factor for surgical morbidity in patients undergoing pancreatic resection [15,34]. More precisely, visceral
obesity is a major factor that increases postoperative complications [35,36]. Difficult manipulation,
poor laparoscopic view, prolonged operative time, and the presence of a fatty or friable pancreas are
related to visceral obesity and can be risk factors for postoperative complications [37,38]. In the present
study, high BMI did not emerge as a risk factor for post-LDP complications. However, male patients
had a 2.1-fold higher risk of developing major complications after LDP than female patients. Men have
more intra-abdominal visceral adipose tissue than women [39]. Similar to our study, a past investigation
found that male sex was a significant predictor of increased operative time, length of stay, transfusions,
blood loss, and postoperative surgical-site infections [9]. Male sex is a risk factor for morbidity after
LDP owing to the increased likelihood of visceral obesity and the technical difficulty associated with
operating on patients with visceral obesity. However, to reach a clearer conclusion, visceral obesity
should be precisely measured and its relationship with the likelihood of future complications should
be evaluated.

Several techniques are used to close the pancreatic stump, and numerous techniques have
been developed with the goal of reducing the incidence of POPF; however, the superiority of any
particular closure technique has not been convincingly demonstrated [18,40]. In our center, transection
and occlusion of the pancreas are achieved using an endoscopic linear stapler in most cases. We select
the optimal cartridge height and use the parenchymal flattening technique [41] to reduce pancreatic
damage during LDP. The mechanical jaw of the stapler should be closed gently, and the pancreas
should be cut slowly to avoid causing any tissue damage. Furthermore, the stapler should not be
released immediately after firing to prevent immediate bleeding from the pancreatic stump. A friable
pancreas can be associated with POPF [26]. Some published papers have discussed the relationship
between the thickness of the pancreatic stump and POPF [42]. A thick pancreas is more likely to be
crushed during the procedure, causing the parenchyma to tear when it is compressed by the stapler.
This might be a major risk factor for POPF. We selected the height of the cartridge of the stapler
according to the thickness on the cutting line, as assessed intraoperatively. Regular-height cartridges
were used in 984 patients (80.2%); long-height cartridges and suture reinforcement were also used
if the pancreas was too thick, as was the case in 193 patients (15.7%); and a short-height cartridge
was used in 50 patients (4.1%). In the present study, we did not include the texture and thickness for
analysis. Because of the retrospective nature of the study, most data were incomplete for the evaluation
of the texture and thickness of the pancreas. Therefore, this study has the limitation of not considering
the thickness and texture of the pancreas as potential risk factors.

Theoretically, pathophysiologic events that occur secondary to an advanced malignancy, such as
malnutrition and hypoalbuminemia, may contribute to impaired tissue healing, thereby increasing
the likelihood of pancreatic fistulas; however, our data did not show a substantial impact of these factors
on postoperative complications. We also assessed the correlation between postoperative complications
and resected pancreatic length, and found no clear association.

In this study, we demonstrated a reduced rate of POPF compared to previous studies.
This encouraging result seems to be due to the following four reasons. First, we used a slow
parenchymal flattening technique when compressing and transecting the pancreas using an endoscopic
linear stapler. This technique has been reported to reduce pancreatic damage [41]. Second, we usually
remove abdominal drain on POD #3 unless drain amylase level is high. Several reports have proved
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that early removal of drain reduces POPF [43–45]. Third, operators in this study are highly experienced.
As shown in the result, the more experienced operators can perform LDP with better postoperative
outcomes. Finally, Asian people generally have a lower BMI compared to Western people, and thus
soft and fatty pancreatic parenchyma, which are risk factors of POPF, are less common in Asian people
than in Western people.

5. Conclusions

In conclusion, LDP is a technically feasible procedure that can be performed with acceptable
operative morbidity and mortality. However, potential risk factors for overall and major surgical
morbidities were identified on multivariate logistic regression analyses, including surgery-related
factors such as long operative time and LDP performed by an inexperienced surgeon. As LDP
is a technically challenging procedure, these surgery-related factors seem to increase the risk of
postoperative complications. Appropriate patient selection and sufficient surgeon experience may be
essential to reduce the complications of LDP.
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