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ARTICLE INFO ABSTRACT

Background: Laparoscopic pancreatic surgery still represents a challenge for surgeons. However, in recent
decades the experience is expanding. Recent systematic reviews and meta-analyses confirm that laparoscopic
pancreatic resection (LPR) is safe, feasible and worthwhile. This study analyses the first 100 consecutive LPRs in
our centre.

Methods: A retrospective analysis was conducted of the first 100 LPRs in a single supra-regional Belgian centre,
performed between January 2012 and January 2019. Pre-, peri- and postoperative data were retrieved from a
prospectively maintained database. All procedures were performed laparoscopically by two attending surgeons,
specialized in minimally invasive and hepatopancreatobiliary surgery.

Results: Of 100 procedures, 62 laparoscopic pancreatoduodenectomies (LPD) and 36 laparoscopic distal pan-
createctomies (LDP) were performed, along with 1 enucleation and 1 central pancreatectomy. Indication was
malignancy in 70%. Conversion rate was 24,2% in LPD and 11% in LDP. Median operative time was 330 min
(IQR 300-360) in LPD and 150 min (IQR 142.5-210) in LDP. Median blood loss was 200 mL (IQR 100-487.5) in
LPD and 150 mL (IQR 50-500) in LDP, transfusion rate was 22.6% and 8.3% respectively. Median length of stay
(LOS) was 13 days (IQR 10-19.25) in LPD and 9 days (IQR 9-14) in LDP. RO resection rate was 88.6% (62/70).
Major complication rate (Clavien-Dindo grade III-IV) was 12%. Thirty-day mortality was 0%, 90-day mortality
was 2%.

Conclusion: Our results confirm that LPR is a feasible and safe alternative to open pancreatic surgery. Safe
implementation with a clear strategy is fundamental to gain experience and overcome the learning curve of this
technically demanding procedures.
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1. Introduction retroperitoneal position with proximity to important vascular struc-
tures. This requires a complex dissection that is often modified by

Modern surgery is being characterized by the growing use of reason of anatomical variations. Additionally, a thorough preoperative

minimal invasive techniques. The unending endeavour to adopt them
reflects technical innovations and the increasing experience of surgeons
over the past 20 years. Numerous surgical procedures of diverse com-
plexity in several domains have successfully been implemented in daily
practice [1-5]. The principal advantages of minimal invasive techni-
ques include fewer postoperative morbidities, shortened length of
hospital stay (LOS) and consequently enhanced recovery to normal
functioning [6].

Pancreatic surgery runs a lagging course in this evolution. It is
traditionally considered to be demanding and requires high expertise.
Intra-operative technical challenges are primarily due to the organ's

workup and postoperative alertness for possible hazardous complica-
tions are as important to reduce morbidity and mortality.

Despite these challenges a natural drive remains towards further
development of minimally invasive approaches in pancreatic resection.
The role of laparoscopic pancreatic surgery has extended from a diag-
nostic tool in the early 1990s to complex resections in malignant dis-
ease with lymphadenectomy [6-8].

Recent systematic reviews and meta-analyses confirm that mini-
mally invasive pancreatic resection (MIPR) is safe, feasible and
worthwhile [6,9-12]. Some reports suggest possible advantages of
MIPR on the overall morbidity rate compared with open pancreatic
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Abbreviations

MIPR minimally invasive pancreatic resection

OPR open pancreatic resection

ISGPS International Study Group of Pancreatic Surgery
DGE delayed gastric emptying

POPF postoperative pancreatic fistula

LPD laparoscopic pancreatoduodenectomy
LDP laparoscopic distal pancreatectomy
SMV Superior mesenteric vein

IQR interquartile range

PJ pancreatojejunostomy

LOS length of hospital stay

resection (OPR) [9,13]. However, these results are mainly based on
retrospective data and lack long-term oncological follow-up results.
Randomized data has only found entrance in this domain in the last 3
years, with miscellaneous results thus far [13-16].

2. Methods

A retrospective analysis of the first 100 laparoscopic pancreatic
resections performed between 2012 and January 2019 was conducted
from a prospectively collected database in a single supra-regional
Belgian centre.

Surgery was performed by two attending surgeons, specialized in
laparoscopic and pancreatic surgery. The surgical experience of both
surgeons before implementation of MIPR in our centre was respec-
tively > 120 and > 70 OPRs. In addition, it was preceded by ob-
servational visits to the vastly experienced innovator in MIPR, Dr. M.
Kendrick, M.D. (Mayo Clinic, Rochester, Minnesota). The key technical
aspects of these surgical approaches were learned during yearly visits
between 2007 and 2012.

Indications for resection were both benign and malignant. All pa-
tients of =18 years old diagnosed with suspect lesions located in the
pancreas, ampulla, duodenum or distal bile duct were presented in the
multidisciplinary oncological team. In case of biopsy-proven malig-
nancy or clinical and radiological suspicion without confirmed malig-
nancy, surgical resection was considered, in accordance with oncolo-
gical standards [17]. Selective criteria determined the choice for the
laparoscopic approach: small tumours (< 35mm), T1/T2 tumours or
non-PDAC tumours. Exclusion criteria where neoadjuvant radio-
therapy, involvement of major vessels on preoperative imaging. Fur-
thermore, history of chronic pancreatitis and morbid obesity were also
taken into account, without defined exclusion criteria. For tumours
located in the pancreatic body or tail, the Yonsei criteria were applied
[18].

Diagnostic laparoscopy was routinely performed in malignant cases
proposed for resection, to exclude peritoneal carcinomatosis, since di-
agnostic accuracy is higher than imaging by CT or MRI. Additionally,
accurate determination of resectability and eligibility for a laparoscopic
approach was achieved during this diagnostic laparoscopy using in-
traoperative ultrasound [19].

The Clavien-Dindo classification was used for morbidity classifica-
tion [20]. The International Study Group of Pancreatic Surgery (ISGPS)
recommendations for grading delayed gastric emptying (DGE) and
postoperative pancreatic fistula (POPF) were utilized for description of
these complications [21,22]. The study was approved by the local
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ethics committee (B396201940175).

This paper has been reported in line with the PROCESS criteria for
case series [23].

Pre-, peri- and postoperative data were retrieved from a pro-
spectively maintained electronic database. Short-term follow-up con-
sisted of a routine outpatient control by the operating surgeon 4 weeks
after discharge. Additional outpatient consultations were planned ac-
cording to clinical necessity. Mid- and long-term oncological follow-up
data was collected through the local patient file system and regional
clinical network platform.

Descriptive statistical analysis was conducted with SPSS Statistics
25 software (SPSS, Inc., Chicago, Illinois).

2.1. Technique of laparoscopic pancreatoduodenectomy (LPD)

The technical approach of LPD is largely based on the technique
described by Kendrick et al. [24]. Six trocars are placed largely in a line
to adequately approach the pancreas and liver hilum. The dissection
starts with exposure of the lesser sac by division of the gastrocolic li-
gament. Kocher manoeuvre is performed after mobilisation of the he-
patic colic flexure. A tunnel is dissected at the posterior side of the
pancreatic neck at the level of the superior mesenteric vein (SMV),
identified at the inferior border. Nylon tape is placed to encircle the
pancreatic neck for identification and to lift it up. Dissection and liga-
tion of the gastroduodenal artery and right gastric artery is performed
and subsequently a 60 mm Echelon™ stapler (Ethicon, Inc., Bridge-
water, New Jersey) transects the duodenum 2 cm distal to the pylorus.
Cholecystectomy is performed, followed by ligation and transection of
the common bile duct. The proximal jejunum is mobilised and trans-
ected 15 cm distal to the ligament of Treitz with a 60 mm stapler. The
pancreatic neck is then divided using electrocautery or ultrasonic
shears. Further dissection of the pancreatic head from the retro-
peritoneum is performed with attention for tributary branches. The
specimen is placed in an endobag and extracted through an extended
infra-umbilical trocar site.

Reconstruction was performed with a two-layer end-to-side pan-
creatojejunostomy (PJ), preferably duct-to- mucosa anastomosis. In
case of indistinct pancreatic duct or soft pancreas, a dunking anasto-
mosis was performed. The outer layer was generally sewn with 4/0
polyglycolic acid suture Vicryl® (Ethicon, Inc., Bridgewater, New
Jersey). We recently modified the suturing material of the PJ. In the
most recent cases, both anastomoses currently consist of an outer layer
sewn with non-absorbable running 3/0V-loc™ barbed suture
(Medtronic, Inc., Fridley, Minnesota), as illustrated in Fig. 1. The

Fig. 1. Illlustration of the 2 types of pancreatojeju-
nostomy anastomoses: A. Posterior layer sewn with
running V-loc™ 3/0 suture. This is applied in both
anastomosis types. B. Duct-to-mucosa anastomosis
layer with interrupted 5/0 monofilament sutures
over a fine gastric tube that is inserted in the pan-
creatic duct. C. Anterior layer sewn with running V-
Loc™ 3/0 suture in the dunking anastomosis.
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pancreatic duct in the duct-to-mucosa anastomosis is sewn to the je-
junal stump over a fine gastric tube with 5/0 absorbable monofilament
Maxon™ (Medtronic, Inc., Fridley, Minnesota). Diameter of the gastric
tube varies from 3.5 to 8 French, depending on the diameter of the
pancreatic duct.

An end-to-side hepaticojejunostomy was standardly performed with
running or interrupted polyglycolic acid sutures Vicryl® (Ethicon, Inc.,
Bridgewater, New Jersey). In dilated hepatic ducts, we introduced re-
sorbable running 3/0 V-loc™ barbed suture (Medtronic, Inc., Fridley,
Minnesota).

Dissection was commonly performed with bipolar cautery devices
and advanced energy shears Enseal® (Ethicon, Inc., Bridgewater, New
Jersey) or LigaSure™ (Medtronic, Inc., Fridley, Minnesota). Two in-
dwelling low suction silicone drainage catheters were routinely placed,
on the anterior and posterior side of the pancreato- and hepaticojeju-
nostomy.

2.2. Technique of laparoscopic distal pancreatectomy (LDP)

LDP was generally performed in a ‘medial-to-lateral’ approach.
Dissection is started with division of the gastrocolic ligament and en-
trance of the lesser sac. The SMV is identified at the inferior border of
the pancreas. The SMV is dissected from the pancreatic body and a
tunnel is created posteriorly of the pancreatic body. After encircling
with nylon tape, the pancreas is lifted and a 60 mm Echelon™ stapler
(Ethicon, Inc., Bridgewater, New Jersey) is used for pancreas transec-
tion. Subsequently dissection from the retroperitoneum towards the tail
of the pancreas is performed using electrocautery or Ligasure™ device
(Medtronic, Inc., Fridley, Minnesota). Attention is given to ligation of
small branches of the splenic artery near the pancreatic tail. The spe-
cimen is retracted and one indwelling low suction silicone drainage
catheter was routinely placed in the lesser sac.

In malignant disease distal pancreatectomy is combined with sple-
nectomy to provide a sufficient lymphadenectomy along the splenic
artery and hilum. In benign disease preservation of the spleen is re-
commended, as it is associated with a reduction of postoperative in-
fection rate [25]. We prefer to apply the Kimura technique, which in-
volves full preservation of de splenic artery and vein to prevent
postoperative splenic infarction [26].

3. Results

Of 100 procedures, 62 LPDs and 36 LDPs were performed, along
with 1 enucleation and 1 central pancreatectomy. Patient character-
istics can be found in Table 1. Median age at the time of resection was
69 years. Peri-operative data of the LPD and LDP groups are described
in Table 2. Comorbidities were present preoperatively in 61%.

Malignancy was proven histopathologically in 70%. The detailed
pathological findings of LDP and LDP groups can be found in Table 3.
One pancreatic enucleation was performed for a small neuro-endocrine
tumour, located in the uncinate process. A central pancreatectomy was
indicated for a cystic lesion in the pancreatic body. Histopathologically
an IPMN was detected.

RO resection was considered when the tumour free margins
were > 1 mm. This was achieved in 62 of 70 malignant cases (88.6%).
Major morbidity rate (Clavien-Dindo III-IV) was 12%. Overall 30-
mortality was 0% and 90-day mortality was 2%.

3.1. Laparoscopic pancreatoduodenectony

Table 2 illustrates the peri- and postoperative characteristics. Sixty-
two LPDs were performed, with median operation time of 330 min (IQR
300-360). Estimated median blood loss was 200 cc (IQR 100-487.5),
conversion rate was 24,2%. Reason for conversion was bleeding in 4
patients and peripancreatic fibrosis in 5 patients. Other reasons were
aberrant anatomy, obesity and tumour adherence to the portal vein.
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One portal vein resection (1.6%) was required.
Pancreatojejunostomy was performed with duct-to- mucosa anasto-
mosis in 42 cases (67.7%). In all other cases a dunking anastomosis was
performed (32.3%). The median diameter of the pancreatic duct was
4.0 mm.

Postoperative complications occurred in 44 patients (71.0%), with
Clavien-Dindo = III in 10 (16.1%). Peri- and postoperative blood cell
transfusion was administered in 14 patients (22.6%), including 4 pa-
tients who received blood during the procedure. Nineteen patients
(30.6%) developed a postoperative pancreatic fistula (POPF), of whom
6 (9.7%) had grade B POPF, and 2 (3.2%) had grade C POPF, according
to the ISGPS grading system [22]. One patient died from the compli-
cations of the combination of a grade C POPF with catheter sepsis.
Clinically relevant postoperative haemorrhage occurred in 5 patients
(8.1%), and two (3.2%) of these received an urgent percutaneous
transcatheter embolisation. Five patients (8.1%) had a revision proce-
dure, in 1 case a laparoscopy was sufficient. Median LOS was 13 days
(IQR 10-19.25).

3.2. Laparoscopic distal pancreatectomy

Table 2 illustrates the peri- and postoperative characteristics. A total
of 36 LDPs were performed. Median operating time was 150 min (IQR
142.5-210), median estimated blood loss was 150 cc (IQR 50-500),
conversion rate was 11%. Reason for conversion was bleeding in 2
patients and tumour adherence to the colon mesentery in 2 other cases.
One portal vein resection (2.8%) was performed.

Postoperative complications occurred in 21 patients (58.3%). Major
complications (Clavien-Dindo =

III) were present in only 5 patients (13.9%). One patient had re-
spiratory failure with prolonged intubation (Grade IVa). One patient
had haemorrhagic shock, based on sudden, but severe varicosal
bleeding in the duodenum. Evolution to hepatic failure and fatal multi-
organ failure (Grade V). Blood cell transfusion was administered in 3
patients (8.3%), none were given intra-operatively. Fifteen POPFs were
listed, among which 2 patients with grade B POPF (5.6%) and 2 with
grade C POPF (5.6%). DGE grade A occurred in 1 patient (2.8%). No
relevant haemorrhages occurred. One exploratory laparoscopy (2.8%)
was performed in the patient with varicosal duodenal bleeding.

Median LOS was 9 days (IQR 9-14).

4. Discussion

This paper describes the experience of the first 100 minimal in-
vasive pancreatic resections in our supra-regional centre. The majority
of the procedures (62%) were LPDs, along with 36 LDPs, one pancreatic
enucleation and one central pancreatectomy. Since these procedures
have different technical aspects and indications, they have been con-
sidered separately in the following discussion.

Table 1

Patient preoperative characteristics.
Patient characteristic LPD LDP Total

N =62 N =36 N =100

Sex (M:F) 31:31 22:14 46:54
Age at surgery, median 70 68 69
ASA score, mean 1.85 1.97 1.88
Preoperative BMI, median 24.61 25.12 24.61
Smoking (%) 11 (17.7) 6 (16.7) 17
Alcohol abuse (%) 7 (11.3) 0 7
Comorbidities (%) 39 (62.9) 22 (61.1) 61
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Table 2
Peri- and postoperative characteristics of the LPD and LDP group. The central
pancreatectomy and pancreatic enucleation are not included in this table.

Peri- and Postoperative Characteristic LPD LDP

N =62 N =36

330 (300-360)
200 (100-487.5)

150 (142.5-210)
150 (50-500)

Duration of surgery (mins), median (IQR)
Blood loss (mL), median (IQR)

Conversion (%) 15 (24.2) 4 (11)
Transfusion need (%) 14 (22.6) 3(8.3)
Spleen preservation (%) - 7 (19.4)
Portal vein resection (%) 1(1.6) 1(2.8)
Diameter pancreatic duct (mm), median 4.0 (2.0-6.0) -

(IQR)
Pancreaticojejunostomy type (%)

Duct-to-mucosa 42 (67.7) -

Dunking 20 (32.3) -
Postoperative complications (%) 44 (71) 21 (58.3)
Clavien-Dindo (%)

Grade I-11 34 (54.8) 15 (41.7)

Grade III 9 (14.6) 384

Grade IV - 1(2.8)

Grade V 1(1.6) 1(2.8)
POPF (%) - ISGPS 19 (30.6) 15 (41.7)

Grade A 10 (16.6) 11 (30.6)

Grade B 6 (9.7) 2 (5.6)

Grade C 2(3.2) 2 (5.6)
DGE (%) - ISGPS 13 (21%) 1(2.8)

Grade A 12 (19.4) 1(2.8)

Grade B 1(1.6) -

Grade C - -
Post-pancreatectomy haemorrhage 5(8.1) -
Embolisation 2(3.2) -
Surgical site infections (%) 2(3.2) 1(2.8)
Revision laparotomy (%) 4 (6.5) -
Relaparoscopy (%) 1Q@1.6) 1(2.8)
Length of stay (days), median (IQR) 13 (10-19.25) 9 (9-14)

Table 3

Overview of the indications, pathological outcomes and short-term mortality.
(*): 1 central pancreatectomy and 1 pancreatic enucleation are not included in
this table.

Pathology and survival LPD LDP Total*
characteristics
Pathological diagnosis N =62 N=36 N =100
Malign (%) 50 (80.6) 19 (52.8) 70*
Adenocarcinoma 46 13 59
Pancreas 29 13 42
Ampulla 10 - 10
Duodenum 4 - 4
Common bile duct 3 - 3
Neuro-endocrine carcinoma 4 4 9
Solitary metastasis - 1 1
Invasive IPMN - 1 1
Benign 12 (19.49) 17 (47.2) 30*
IPMN 4 4 9
Serous (micro)cystic adenoma - 3 3
Mucinous (cyst)adenoma 1 3 4
Pancreatitis 3 4 7
Other 4 3 7
N harvested lymph nodes, median 10 (7-12.5) 3.5 (6)
(IQR)
Maximal diameter tumor (mm), 25 (18-35) 33.5
median (IQR) (22-44)
RO resection (%) 43/50 (86) 18/19 62/70 (88.6)
(94.7)
30-day mortality 0 0 0
90-day mortality 1 1 2
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4.1. Laparoscopic pancreatoduodenectomy

Pancreatoduodenectomy remains associated with high post-
operative comorbidity rates. The tempered enthusiasm for a minimal
invasive approach of this procedure is mainly attributed to the technical
demanding issues.

Moreover, the exclusively retrospective data of the last two decades
cannot easily reproduce results that show a clear benefit of performing
LPD over OPD [27,28]. The experience and evidence of LPD is growing
increasingly, including the first published randomized controlled trials
[13-15].

A sufficient number of comparative studies confirm the feasibility
and safety of LPD [13,14,29-33]. Comparison of our results of LPD with
the available data show that these are largely in line with these find-
ings. Meta-analysis of non-randomized comparative studies indicate a
significant reduction in estimated blood loss, postoperative haemor-
rhage, transfusion rate and wound infection associated with LPD in
comparison to OPD [6]. These reports show no significant differences in
POPF, DGE and bile leakage. In addition, the PADULAP randomized
trial notes a significantly lower major complication rate (Clavien-
Dindo = III) in the LPD group [13]. In our series, severe postoperative
complications (Clavien-Dindo grade = III) were present in 16.2%, with
clinically important POPF (grade B-C) in 8 patients (12.9%), and only 1
patient with DGE (grade B).

Palanivelu et al. randomized 64 patients with periampullary tu-
mours to either LPD or OPD. They noted a significant reduction in LOS
in de LPD group. The overall complication rate was similar [14]. The
PADULAP trial confirmed this significant shorter LOS. However, sig-
nificant longer operative times were needed for the laparoscopic ap-
proach [13].

The most recently published LEOPARD-2 trial reported some wor-
risome results. The group of Besselink noted a significantly higher
complication-related mortality rate in de LPD group (LPD 10% vs OPD
2%, RR 4.90) and were forced to terminate the trial prematurely for this
reason. Major complication rate and functional recovery were com-
parable between groups [15].

Our analysis was partly performed in the context of the worrisome
results of the LEOPARD-2 trial. Our short-term mortality rate is ac-
ceptable, with none at 30 days and 1 case described above at 90 days.
Along with our major complication rate (16.1%) and conversion rate
(24.2%), we considered our first experience as feasible and safe.
Matched comparison of LPD and OPD is the next step in validation of
our results.

Besides, the Belgian Federal Government recently started with
centralisation of pancreatic surgery. Since July 2019 our centre, along
with 14 other centres, is recognized as reference centre for pancreatic
surgery in Belgium. The Federal Government strictly monitors the peri-
and postoperative results and short-term follow-up results (90-days) per
centre. Re-evaluation is planned after 3 years, with reallocation of the
reference centres.

We recently modified our PJ technique, by using the polybutester V-
loc™ 3/0 barbed suture (Medtronic, Inc., Fridley, Minnesota) in the
outer layer, instead of polyglycolic acid sutures. Since a few years, at-
tention has been given to the suturing material, used in this difficult
anastomosis. Studies are being conducted to compare different surgical
strategies of the PJ, in an attempt to minimize the burden of POPFs. The
role of suture material on the rate of POPF is not entirely clear yet. It is
believed that pancreatic juice and bile may have harmful effects on the
suturing material and give mechanical dehiscence. The Verona group
recently published a propensity score-matched comparison of poly-
dioxanone and polyester sutures in PJ. Their risk-adjusted analysis il-
lustrates a significant lower POPF rate (p = 0.02), when PJ was per-
formed with polyester sutures [34]. A possible additional effect of a
barbed polyester suture is the distributed tension over the length of the
suture, which allows application in soft pancreatic tissue.

The clinically relevant POPF rate in our LPD series is acceptable
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with 12.9%. We believe this suture choice can improve our results in
the future.

Negative margins (R0O) were achieved in 86% in our series. Two
meta-analyses suggest that LPD tends to have higher RO resection rate
and more lymph nodes harvested [6,35]. This could be interpreted as
an advantage of the magnified view during laparoscopy. It is suggested
that the tumour size of LPD groups is - although often not significantly-
smaller compared to OPD groups. In our series we selected patients
with small tumours (< 35 mm), T1/T2 tumours and non-PDAC tumours
for laparoscopic approach. This could indicate a potential bias that may
account for the higher RO resection rates. However, the first rando-
mized studies note similar tumour sizes, lymph node harvests and RO
resection rates [13,36].

Regarding resection margins, a possible bias must be considered,
because definitions of RO resection differ in the literature [37]. Pa-
thologists in our centre concluded to RO resection when > 1 mm tu-
mour free margin was achieved. Standardization is required to avoid
incorrect interpretation of this oncological outcome.

4.2. Laparoscopic distal pancreatectomy

LDP has gained popularity among gastrointestinal surgeons because
the procedure does not require anastomosis or other reconstruction and
presents fewer challenges than pancreatoduodenectomy.

Similarly to LPD, the literature of LDP exclusively consisted of ret-
rospective comparative studies until recently. This data demonstrates
the growing experience, safety and feasibility of performing LDP in
both malignant and benign pathologies [7,38-40]. Oncologic outcomes
between LDP and ODP performed for malignancy appear similar as
well, but these data are limited [39,41].

Results of a recent meta-analysis indicate that LDP did not adversely
affect long-term survival in PDAC patients [39]. In addition, this non-
randomized data suggests a possible advantage of LDP, in terms of es-
timated blood loss, complication rate, shorter LOS, and oncological
outcomes [39,42]. The presumed oncological advantage is, similarly to
LPD, mainly based on significant higher RO resection rates and non-
significant larger number of harvested lymph nodes [39]. These pos-
sible advantages must be interpreted with caution, since these analyses
exclusively contain non-randomized studies. Again, randomized trials
with long-term oncological outcomes are required to validate these
presumptions.

To date, the LEOPARD-trial is the solitary randomized controlled
trial comparing LDP and ODP, with attention to functional recovery. It
confirmed a significant shorter time to functional recovery in LDP, with
a comparable overall complication rate in the two groups [16]. These
are auspicious results that need to be validated by more randomized
data.

Compared with the available evidence, the results of our series of
LDP are in line in terms of perioperative parameters and postoperative
complications.

4.3. Implementation of minimal invasive pancreatic surgery

Considering the technically demanding character of pancreatic
surgery, with therefore a steep learning curve, attention was given to
safely implement this approach. Today our team consists of two at-
tending surgeons with large experience with pancreatic surgery and
laparoscopic techniques. The implementation of both LDP and LPD was
introduced in 2012. The early phase of implementation leaned on the
experience of one senior surgeon (F.V.), considered “pioneer”, ac-
cording to the IDEAL framework [41]. The second HPB surgeon (M.D.)
was trained by the senior attending and can be considered “early
adopter” [43].

The implementation of LPD in our center was preceded by gaining
understanding of this approach from M. Kendrick, M.D. (Mayo Clinic,
Rochester, Minnesota), who published on LPD as an innovator [24].
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Since 2007, annual observational visits provided crucial insights of the
peri- and postoperative aspects of LPD. At the start of implementation
in 2012, hepatopancreatobiliary surgical pathology was temporarily
split up in the team, allowing one surgeon to focus on LPD and one
surgeon on complex laparoscopic liver surgery. This created higher
volumes per surgeon per surgical pathology and shortened the learning
curve in time.

Studies suggest that 30 to 40 procedures are required to overcome
the learning curve of LPD [44,45]. The experience was passed on from
pioneer to early adopter after performance of 45 cases by the pioneer.
From that moment all procedures were performed with both surgeons
at the operating table. This strategy provides a minimizing learning
curve for the early adopter and increases the safety of implementation.

Analysis of the first procedures shows that these were immediately
performed for malignant indications. In fact, the first 8 LPDs performed
were all pancreatic ductal adenocarcinomas. Comparison of the first 10
and last 10 LPDs shows a shorter median duration of the procedure of
50 min in the last 10 LPDs (387.5min vs 337.5min). This suggests a
favorable evolution in our learning curve. Postoperative complication
rate, median LOS and tumour diameter were comparable between this
early and recent groups.

LDPs were routinely performed by both surgeons by oneself. No
measures were taken to overcome any learning curve for this proce-
dure, which is substantially less complex than LPD. The learning curve
for LDP seems to be considerably shorter than for LPD, suggested as few
as 10 to 17 cases [46-48]. These were relatively small studies. The
study group of Southampton, however, advocated that the learning
curve is overcome after 30 performed LDPs, since a signification re-
duction of postoperative complications (Clavien-Dindo = III) from 30%
to 5% was seen after 30 cases performed [49].

4.4. Limitations

The first important limitation is that this series of MIPR consists of
both distal pancreatectomy and pancreatoduodenectomy, along with
one pancreatic enucleation and one central pancreatectomy.

These are separate entities with their own characteristics, especially
regarding technical performance. Moreover, all indications are com-
bined in this analysis.

Secondly, this study was conducted in a retrospective manner with
only short-term follow-up data thus far. Data is being prospectively
maintained further and consequently long-term outcomes are on their
way. Our intention is to perform a comparative study between LPD and
OPD through propensity score-matching, which is believed to provide
valuable and timely insights in the absence of a randomized study de-
sign [38].

Nevertheless, more randomized controlled trials are required to
validate clear advantages of MIPR over OPR. The results of the
LEOPARD-2 trial can't be ignored and emphasize the potential ha-
zardous complications, associated with pancreatic surgery. OPR will
remain present, regardless of a growing place for MIPR. Resection of a
tumour with vascular involvement of the mesenteric axis considerably
increases the technical complexity and risk for major bleeding. Few
studies are available describing major vessel reconstruction during
MIPR [50,51]. This requires advanced laparoscopic skills to complete
such procedures safely. It is not justified to implement major vessel
reconstruction in routine practice yet.

5. Conclusion

Implementation of LPD and LDP in our centre was feasible and safe.
A stepwise strategy from innovator to pioneer to early adopter allowed
shortening of the learning curve. The added value of MIPR over OPR is
put forward, but is waiting to be confirmed with randomized clinical
trials and robust prospective comparative studies.
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