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Abstract In recent years, laparoscopic pancreatoduo-

denectomy (LPD) has been gaining a favorable position in

the field of pancreatic surgery. However, its role still

remains unclear. This review investigates the current status

of LPD in high-volume centers. A literature search was

conducted in PubMed, and only papers written in English

containing more than 30 cases of LPD were selected.

Papers with ‘‘hybrid’’ or robotic technique were not

included in the analysis. Out of a total of 728 LPD publi-

cations, 7 publications matched the review criteria. The

total number of patients analyzed was 516, and the largest

series included 130 patients. Four of these studies come

from the United States, 1 from France, 1 from South Korea,

and 1 from India. In 6 reports, LPDs were performed only

for malignant disease. The overall pancreatic fistula rate

grades B–C were 12.7%. The overall conversion rate was

6.9%. LPD seems to be a valid alternative to the standard

open approach with similar technical and oncological

results. However, the lack of many large series, multi-in-

stitutional data, and randomized trials does not allow the

clarification of the exact role of LPD.

Keywords Laparoscopic pancreatoduodenectomy � Mini-

invasive pancreatoduodenectomy � Pancreatic surgery �
Laparoscopic pancreatic surgery � Laparoscopic Whipple

Introduction

Since widespread adoption of minimally invasive surgery

(MIS) in the late 1980s, surgical technique has undergone a

major transformation and there are very few abdominal

disease processes and operations that have not been

impacted. MIS techniques have been demonstrated to be

safe and effective in the treatment of benign and malignant

disease [1–3].

Today, the role of laparoscopic approach in pancreatic

surgery is still debated. In 1994, Cuschieri [4] reported the

first laparoscopic distal resection and, in the same year,

Gagner and Pomp [5] reported the first laparoscopic pan-

creatoduodenectomy (LPD). Two decades later, laparo-

scopic distal resection has been widely adopted and

becomes the technique of choice to treat pancreatic

pathology of the body and tail by most experienced pan-

creatic surgeons. By contrast, the diffusion of LPD remains

confined to a very few high-volume centers with no clear

advantages over open pancreaticoduodenectomy (OPD).

The slow progression of this technique is likely related to

two major aspects. First, the retroperitoneal position of the

pancreas and the close relation to major central mesenteric

vasculature make dissection difficult and potentially haz-

ardous. Second, biliary and pancreatic reconstruction is

particularly challenging, requiring advanced surgical skills

and additional time.

In the recent years, several series of LPD have been

published. However, many reports include only a small

amount of patients, are retrospective in nature, and often

include a variety of LPD procedures, such as hybrid or

combined approaches. In this review, we summarize what

is currently known about LPD from the published literature

with respect to the patients selected to undergo the
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procedure, the operative and postoperative outcomes, and

the pathologies treated.

Materials and methods

A literature review was performed using PubMed Central

with the search terms ‘‘laparoscopic pancreatoduodenec-

tomy’’, ‘‘laparoscopic Whipple’’, ‘‘minimally invasive

pancreatoduodenectomy’’, and ‘‘minimally invasive

Whipple’’. In addition, cross-referencing was performed,

and the relevant articles were reviewed. The final search

was made on May 5, 2016. Only articles written in English

were included. The minimum number of LPD reported was

30. In the case of multiple articles from the same institu-

tion, only the most recent article with the most complete

data was included to avoid any overlap in the data analysis.

Articles with ‘‘hybrid’’ technique or robotic-assisted pan-

creatoduodenectomy (PD) were excluded from our review.

The following variables were collected in all the studies:

patient demographics, including number of LPD, inclusion

period, institution, country, age, sex, body mass index

(BMI), and malignant indication; operative variables,

including operative time (OT), intraoperative estimated

blood loss (EBL), vascular resection, conversion rate, and

conversion to hybrid or robotic technique; pathological

reports, including tumor size, pathology, benign indications,

margin status (R0), and number of lymph nodes resected; and

postoperative outcomes, including overall complication,

major complication, postoperative pancreatic fistula

(POPF), delay gastric empting (DGE), postoperative pan-

creatic hemorrhage (PPH), intraabdominal abscess, hospital

length of stay (LOS), re-intervention, and mortality.

Our previous report [6] assessed postoperative morbidity

using the expanded Accordion Severity Grading System

described by Strasberg et al. [7]. In five studies [8–12], the

postoperative complications were addressed using the

Clavien–Dindo classification system [13]; in one article

[8], only grades C3 are reported, in two [9, 12], grades 3–4

are reported, in one [11], grades[3, and in one [10], all the

grades are reported. To determine major complications, we

used grades C3 in the Clavien–Dindo classification and[3

in the Strasberg classification. The paper from Paniccia

et al. [14] did not use the standard classification for post-

operative complications. In addition, all studies used the

International Study Group of Pancreatic Surgery (ISGPS)

consensus definitions for POPF [15]. Regarding DGE [16],

the definition from the ISGPS was used in four papers

[6, 8, 10, 11], but not specified in the other papers

[9, 12, 14]. PPH [17] under the ISGPS definition was used

in three papers [6, 8, 11], and the other papers used dif-

ferent definitions of postoperative hemorrhage.

Results

Patients’ selection

In a total of 728 papers, 7 articles [6, 8–12, 14] fulfilled our

inclusion criteria for this review and included 516 patients

who underwent LPD. All studies were single center reports,

and no multi-institutional or prospective reports were

identified. The mean observational period of the studies

was 6 years (range 1–15), with reports coming from four

countries on three continents. The demographic informa-

tion for review articles is listed in Table 1.

At the turn of the century, laparoscopy for the treatment

of pancreatic disease was only for staging and palliation of

pancreatic malignancies [18, 19]. Since then, the feasibility

and safety of LPD have been clearly demonstrated.

Palanivelu et al. presented the first large series of LPD in

2007 [20], and this group was the first to propose that not

only was it possible and safe to perform LPD, but there

may also be advantages in comparison with open resec-

tion. As expected, careful patient selection was performed

during the exploration and early adoption phase of this

technique.

In 2009, the same group reported a larger series of 75

patients to demonstrate the oncological adequacy and

safety of LPD [21]. Indeed, the vast majority of LPD in the

included studies have been performed for patients with

underlying malignant disease, and no large series con-

taining treatment of benign disease by LPD in large num-

bers have been published.

Regarding the age, sex, and BMI of those undergoing

LPD, there were no differences in the recruitment of the

patients. In fact, there were no common univocal selection

or exclusion criteria for LPD amongst the studies. In our

previous report [6], regarding our personal experience with

LPD, the decision to perform LPD was not based only on

clinical factors or preoperative diagnosis. In addition, the

patients’ preferences were taken into consideration when

deciding the surgical approach. However, as common sense

dictates, large lesions with major vascular involvement or

clearly hostile abdomen were excluded from LPD. Similar

criteria were adopted by Kendrik and Cusati in their report

[22]. Song and colleagues [10] included in their series only

patients with periampullary tumors without preoperative

T4 or M1 staging, suspicion of vascular involvement, high

cardiopulmonary morbidity, severe obesity ([30 kg/m2 for

men;[35 kg/m2 for women), or expected severe adhesion

or inflammation. Delitto et al. [12] adopted similar criteria

regarding BMI, with a cutoff of BMI C40. In addition to

the previous exclusion criteria, Dokmak and colleagues [9]

proposed that further contraindications to LPD included the

need for multiple frozen sections, such as for intraductal
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papillary mucinous neoplasms or the division of a median

arcuate ligament. Only in the reports published by Croome

et al. [8], Mesleh et al. [23], and Senthilnathan et al. [11]

was vascular involvement not exclusion criteria for LPD.

Operative details

Operative variables are summarized in Table 2. The

reported OT was between 4 and 10 h. In the studies

reported by Croome et al. [8] and Delitto et al. [12], there

were no differences in OT comparing LPD vs OPD. On

the contrary, Asbun and Stauffer [6], Dokmak et al. [9],

and Song et al. [10] report that OT in LPD is greater than

in OPD. This difference is significant in all three series

with longer median OT of 139, 78, and 129 min,

respectively. However, all the series described a reduction

in the OT with increased experience. Song et al. described

that, after the initial 50 cases of LPD, OT were decreased,

becoming similar to that of OPD (15). Kendrick and

Cusati reported a mean OT of 7.7 h for the first 10

patients, which improved to 5.3 h for the last 10 patients

in their initial series of 62 patients [22]. It should also be

noted that there was a learning curve not only for the

surgeon, but also for all those involved in the procedure,

including operating room staff, anesthesia team, and

surgical assistants. Increased OT is the necessity of a

meticulous dissection and precise reconstruction in LPD

and may also be related to training new surgeons in the

performance of the procedure.

The majority of the studies report a significant decrease

in EBL when compared to OPD. This appears to be

inherent to the laparoscopic technique, where any signifi-

cant bleeding would obscure that the operative field and

decreased blood loss may be one of the greatest advantages

to LPD. EBL is directly related to a need for intraoperative

blood transfusions, and therefore, many series also show a

decreased use of blood transfusions for LPD. For patients

with malignancy, minimizing blood transfusion has been

Table 1 Patient selection

Asbun

et al. [6]

Croome

et al. [8]

Dokmak

et al. [9]

Song

et al. [10]

Paniccia

et al. [14]

Senthilnathan

et al. [11]

Delitto

et al. [12]

Number of

LPD

53 108 46 97 30 130 52

Period of

inclusion

2005–2011 Jan 2008–July

2013

Apr 2011–

Apr 2014

Jan 2007–Dec

2012

Jan 2013–Dec

2014

Mar 1999–Apr 2013 Nov 2006–

Feb 2014

Institution Mayo Clinic—

Florida

Mayo Clinic—

Rochester

Beaujon

Hospital

Ulsan

University

College

University of

Colorado

GEM Hospital and

Research Center

University of

Florida

Country USA USA France South Korea USA India USA

Age (years) 62.9 ± 14.1 66.6 ± 9.6 60 (27–85) 48.6 ± 14.1 63.1

(53.8–70.8)

54 (28–76) 65.3 ± 1.7

Male/

female,

n (%)

29 (54.7%)/24

(45.3%)

51 (47.2%)/57

(52.8%)

26 (57%)/20

(43%)

48 (49.4%)/47

(50.6%)

– 1:1.6 34 (65%)/18

(35%)

BMI (kg/

m2)

27.6 ± 7.1 27.4 ± 5.4 22.6 (17–30) 22.7 ± 2.8 – 27.9 (22.6–33.8) 26.3 ± 0.8

Malignant

n (%)

41 (77.3%) 108 (100%) 46 (100%) 97 (100%) – 130 (100%) 52 (100%)

BMI body mass index (kg/m2), LPD laparoscopic pancreatoduodenectomy

Table 2 Operative details

Asbun et al. [6] Croome

et al. [8]

Dokmak

et al. [9]

Song

et al. [10]

Paniccia

et al. [14]

Senthilnathan

et al. [11]

Delitto

et al. [12]

Operative time (min) 541 ± 88 379.4 ± 93.5 342 (240–540) 480.4 ± 116.4 340 (308–377) 310 ± 34 361 ± 7

EBL (ml) 195 ± 136 492 ± 519.3 368 (50–1200) 592 ± 376 300 (200–400) 110 ± 22 260 ± 36

Vascular resection, n (%) – 22 (20.4%) – – – 1 (0.7%) –

Conversion, n (%) 9 (15%) 7 (6.4%) 3 (6.5%) – 2 (6%) 1 (0.7%) 7 (9%)

Conversion to hybrid, n (%) 3 (5.6%) 5 (4.6%) 1 (2.2%) – – – –

EBL estimated blood loss
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reported to have a positive effect on the long-term survival

[24–30].

Despite many who would consider vascular involvement

requiring reconstruction as exclusion criteria for LPD, 2

series reports experience with vascular resections during

LPD for 22 patients [8] and 1 patient [11]. In the author’s

series comparing cost between 75 LPD and 48 OPD, there

were no differences in the rate of vein resection between

the laparoscopic (17%) and open (15%) procedures [23].

Croome et al. [31] and Palanisamy et al. [32] more recently

reported their experience demonstrating the feasibility of

major vascular resection during LPD. The description from

Palamisamy et al. [32] is a report of a single case of portal

resection with type IV vascular reconstruction. The aim of

this paper was to show the technical feasibility of this

procedure. Croome et al. [31] reported a large experience

in vascular resections (31 patients) with different types of

vascular involvement and reconstruction with a compar-

ison between laparoscopic and open vascular resections.

Laparoscopic resection had less EBL than open approach,

but with longer clamping time (LPD 46.8 ± 30.8 min vs

OPD 25.1 ± 16.2 min, p\ 0.001). No differences were

found between the two groups in terms of postoperative

outcomes.

The conversion rate is lower than 10% in all the series.

A common cause of conversion is reported to be the

unexpected major vascular infiltration. Several groups

report conversion to a hybrid technique [6, 8, 9, 22].

Croome et al. [8] report the experience of five patients

undergoing LPD using robot-assisted methods as an

adjunct for reconstructions after total LPD. Some authors

suggest adopting the hybrid technique during the learning

curve to improve the MIS technique at the beginning of the

center’s experience. In addition, conversion to hybrid or

OPD should not be considered as a failure as long as is it

not at the expense of increased postoperative morbidity [6].

It is important to make the conversion before massive

bleeding occurs, or when persistent failure to progress will

result in an unreasonable and excessive increase in OT.

This concept is stressed by the authors of all the series.

Postoperative outcomes

Postoperative outcomes are summarized in Table 3. The

overall postoperative complication rate was 26.8–74%.

However, major complication rates reported for Clavien–

Dindo grades C3 [9–12] were 8.2–28%. Croome et al. [8]

only reported those patients with Clavien–Dindo grades

C3b, accounting for a major complication rate 5.6%. In our

previous report [6], using the expanded Accordion Severity

Grading System described by Strasberg et al. [7], major

complications (Clavien–Dindo grades C3) occured in 13

patients (24.5%). In general, complication rates reported in

these series are comparable to most other high-volume

centers reporting open pancreatoduodenectomy outcomes.

While it is difficult to compare the data for specific com-

plications, such as POPF, DGE, and PPH, due to incom-

plete data information, the reported rates are similar to

those reported in the previous literature, such as for the

overall morbidity. Reported rates of POPF grades B–C

were 6.3–44% in the different series. Dokmak et al. [9]

reported the incidence of the overall POPF as 48% (grade

A: 4%; grade B: 20%; grade C: 24%). In the same paper,

they report the overall POPF rate after OPD as 41% (grade

A: 9%; grade B: 26%; grade C: 6%). While there were no

significant differences between LPD and OPD in the

overall POPF rate, the rate of POPF grade C was higher in

the LPD group. The authors suggested that this resulted

from the difficult pancreatic anastomosis required for LPD

in some periampullary tumors with a soft pancreas and a

non-dilated small main pancreatic duct. However, besides

this single experience, the other series report a lower POPF

grades B and C rates for LPD ranging from 8.4 to 24%

(Table 3).

Most series report a decreased LOS for LPD except for

Dokmak et al. [9]. For PD, however, LOS is generally

predicated on the presence or absence of major complica-

tions. As major complications are generally driven by

POPF, it is worth noting that decreased LOS will be

accomplished by minimizing the POPF and major com-

plication rates. The difference in LOS seen in the included

studies may also be due to a more aggressive postoperative

management of the patients undergoing LPD in compar-

ison with OPD rather than the laparoscopic approach itself.

Several series show that patients treated by LPD had a

faster recovery, leading to an earlier start of adjuvant

therapy. Croome et al. [8] reported a median time between

surgery and adjuvant treatment of 48 (17–116) days for

LPD vs 59 (25–302) days for OPD (p = 0.001). Song et al.

[10] reported that 81.8% of the patients resected with LPD

received adjuvant treatment compared to 69.7% of patients

resected with OPD. Conversely, Nussbaum et al. [33]

reported that LPD was not associated with an earlier ini-

tiation of adjuvant chemotherapy and that the interval time

was more due to the major postoperative complications, not

the surgical approach. Similar to this study, we have

recently reported our long-term outcomes for pancreatic

ductal adenocarcinoma after LPD and note that there was

no advantage to the initiation of adjuvant therapy for LPD

(Stauffer et al. 2016 Surg Endoscopy).

In a direct cost analysis of LPD vs OPD, LPD was found

to be associated with increased costs within the operating

room due to operating time and supply costs [23]. How-

ever, the overall cost between the two techniques was

noted to be similar due to decreased postoperative admis-

sion costs for LPD.
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Pathology

Extended pathological reports are listed in Table 4. The

tumor dimensions were similar for all series, ranging from

1.2 to 4 cm. In general, LPD was associated with small-to-

moderate dimension tumors and with smaller tumor size

than OPD in most comparative series. As noted previously,

a large proportion of patients in all series underwent LPD

for malignant indications. Periampullary adenocarcinoma

is the most frequent indication for LPD, with pancreatic

ductal adenocarcinoma being the most common.

Negative margins were achieved in 60–100%, with four

series reaching C90% R0 margin rate. Delitto et al. [12]

reported higher negative margins for LPD compared to

OPD (90.4 vs 74%, p = 0.03), and there may be a potential

advantage with a precise dissection performed under direct

magnified vision. The mean lymph node retrieval after

LPD was 15–23 lymph nodes. Our series for patients with

pancreatic adenocarcinoma showed higher lymph node

retrieval for patients undergoing LPD compared to OPD,

although this was related to the time period in which these

operations were performed [34].

The lack of prospective or randomized trials and the

relatively short follow-up prevents definitive conclusions

regarding the overall long-term survival of patients with

malignant disease treated with LPD. The results presented

by Senthilnathan et al. [11] represent the largest series with

the longest follow-up of patients undergoing LPD for

periampullary malignancy. They describe 130 LPD from

1999 to 2013 with a median survival rate of 33 months.

This survival rate was lower than that reported in their

previous experience (24). The authors justify this decreased

survival rate with the widened criteria of patient selection

for LPD with growing expertise, as compared with highly

selective cases in earlier series. The 5-year survival rate

was 29.42% [11]. Our group recently reported our long-

term survival for patients undergoing LPD for pancreatic

ductal adenocarcinoma. Five-year survival was noted to be

32%, comparing favorably, but statistically similar, to OPD

(15%) [34].

Discussion

Despite the increasing number of publications and interest

regarding LPD, few large series are available and experi-

ence is still limited to a small number of highly specialized

surgeons and institutions. In the majority of these centers

and when performed by experienced surgeons, LPD has

been proven to be feasible and safe with no inferiority to

the open technique and in certain aspects, showing some

benefits, such as EBL. This, however, may not be the case

when analyzing results at lower volume centers. Sharpe

and colleagues [35] analyzed the US National Cancer

Database and found that LPD was performed for pancreatic

ductal adenocarcinoma for 9% of patients (384 LPD vs

4037 OPD) in 2010 and 2011, 75.7% of hospitals per-

formed OPD only, 23.3% performed \10 LPD, and 1%

Table 3 Postoperative outcomes

Asbun et al. [6] Croome

et al. [8]

Dokmak

et al. [9]

Song et al. [10] Paniccia

et al. [14]

Senthilnathan

et al. [11]

Delitto

et al. [12]

Overall complications 25 (47.2%) – 34 (74%) 26 (26.8%) – 29.7% –

Major complications 13 (24.5%)a 6 (5.6%)b 13 (28%) 8 (8.2%) – 14 (10.7%) 13 (25%)

POPF (%)

A 3 (7.1%) – 2 (4%) 23 (24.2%) 8 (27%)d – 3 (6%)

B 1 (2.4%) 12 (11%) 9 (20%) 6 (6.3%) 5 (17%)d 6 (4.6%) 6 (12%)

C 3 (7.1%) 11 (24%) 0 (0%) 2 (7%)d 5 (3.8%)

DGE (%) 6 (11.3%) 10 (9%) 8 (17%) 15 (15.4%) 10 (33%)d 14 (10.7%) –

PPH (%) 5 (9.4%) 8 (7%) 11 (24%)c – 3 (10%)d 6 (4.6%) 5 (10%)c

Intraabdominal abscess 10 (18.9%) – 2 (4%) – 6 (20%) 2 (1.5%) –

LOS 8 ± 3.2 6 (4–118) 25 (6–104) 14.1 ± 7.7 11 (8–15) 8.1 ± 8.6 9 ± 0.7

Re-operation 2 (3.8%) – 2 (4.3%) – – 5 (3.8%) –

Mortality 3 (5.7%) 1 (1%) 1 (2%) 1 (1%) 0 2 (1.5%) 1 (2%)

DGE delay gastric emptying, LOS length of stay, POPF postoperative pancreatic fistula, PPH postpancreatectomy hemorrhage, Major com-

plications Clavien–Dindo classification grades C3
a Accordion Severity Grading System described by Strasberg grades 3–5
b Clavien–Dindo classification grade C3b
c Non-International Study Group of Pancreatic Surgery definition of PPH
d Nonspecified criteria of POPF, DGE, and PPH
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performed C10 LPD. Interestingly, the majority of LPD

procedures (96.2%) were performed in low-volume centers

(\10 LPD/year). Subgroup analysis revealed an alarming

finding of a high mortality (7.5%) for low-volume centers

performing LPD, underscoring the potential risks of this

operation possibly resulting from being performed without

the appropriate training or experience [35].

The data compiled in this review were highly selected to

avoid the inclusion of a heterogeneous group of patients.

There are many publications with smaller numbers of

patients, as well as series that include hybrid or a com-

posite of MIS techniques. A systematic review on robotic

PD written by Cirocchi and colleagues [36] demonstrated

how in different studies, there were a variety of techniques

reported in a single group of patients. The authors con-

cluded that the paper reported no difference in outcomes

and safety in patients undergoing standard open, laparo-

scopic, or robotic PD. A recent paper published by Boggi

et al. [37] described the safety and feasibility of pancreatic

robotic resection in 200 consecutive robotic resections

performed in 7 years. Within this patient group, the results

of 83 robotic PD were reported with similar outcomes

between open and robotic approach [37]. Zureikat et al.

have recently reported a large multi-institutional series of

robotic PD vs OPD [38] and found that many of the

advantages and disadvantages of LPD are similar to the

robotic approach. They found no difference for mortality,

POPF, and length of stay, but found less major complica-

tions for the robotic platform.

In selected papers, case-matched controlled analysis was

used to better compare LPD to OPD [9, 10]. Other authors

used national or administrative database registries to

evaluate the current status of minimally invasive PD

[35, 39]. These studies have a larger number of patients

with statistical power, but they miss the granular details of

the patient’s actual surgical treatment and risk studying

patients undergoing operations at low-volume centers

without appropriate pancreatic surgical experience. Even

though the conclusions of these studies are valid, one

should keep in mind that this can lead to drawing flawed

conclusions from skewed data resulting from inexperienced

surgeons. Unfortunately, no prospective or multicenter

studies comparing LPD with ODP were available.

In conclusion, experience with LPD is increasing

worldwide, but more time is needed to draw a definite

conclusion. Data available in the literature suggest that

LPD is safe, feasible, and associated with similar postop-

erative and oncological outcomes to OPD. LPD should be

implemented in high-volume centers with appropriately

trained and experienced pancreatic surgeons to achieve the

safest results. Randomized, controlled trials and multicen-

ter studies are necessary to solidify the potential advan-

tages of LPD. Even though it is clear that LPD is here to

stay, its role still needs to be better defined. Time will shed

more light on this issue, as more surgeons obtain experi-

enced in the procedure, and improved studies are pub-

lished. What is clear is that today, there is no role for a

surgeon to embark in minimal access pancreatoduodenec-

tomy, either laparoscopic or robotic assisted, without the

appropriate training. There are now several centers in

which these techniques are well established and the pro-

cedures are being done safely and efficiently.

Table 4 Pathology

Asbun et al.

[6]

Croome et al.

[8]

Dokmak

et al. [9]

Song et al.

[10]

Paniccia et al.

[14]

Senthilnathan

et al. [11]

Delitto et al.

[12]

Tumor size (cm) 2.74 ± 1.6 3.3 ± 1.0 2.82

(1.2–4.0)

3.1 ± 1.4 – 3.13 ± 1.21 25 ± 0.1

Ampullary

adenocarcinoma, n (%)

8 (15.1%) – 12 (26%) – – 41 (31.5%) 13 (25%)

PDAC, n (%) 22 (41.5%) 108 (100%) 15 (32%) – – 58 (44.6%) 28 (54%)

IPMN, n (%) 8 (15.1%) – 6 (13%) 42 (43.3%) – – –

Neuroendocrine, n (%) 6 (11.3%) – 6 (13%) 18 (18.6%) – – –

Miscellaneous malignant,

n (%)

5 (%) – 7 (16%) 24 (24.8%) – 31 (23.8%) 11 (21%)

Benign, n (%) 4 (%) – – 13 (13.4%) – – –

Margin negative rate (R0),

n (%)

37 (94.9%) 84 (77.8%) 9 (60%)a – 30 (100%) 90.8% 47 (90.4%)

Lymph nodes 23.4 ± 10.1 21.4 ± 8.1 20 (8–59)a – – 18.2 ± 4.7 23 ± 1.2

Data are reported with mean and standard deviation or mean and range

IPMN intraductal papillary mucinous neoplasms, PDAC pancreatic adenocarcinoma
a Data regarding only PDAC patients
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