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Introduction

Historically, surgeons have faced a predicament when 
tackling centrally located pancreatic lesions in the neck or 
genu. Such lesions pose the problem of needing to resect 
sufficient parenchyma to minimize the risk of recurrence 
while simultaneously preserving enough parenchyma 
to maintain pancreatic endocrine function (1). Central 
pancreatectomy (CP) is a parenchyma-sparing procedure 
that can be utilized in the resection of tumors of the neck or 
the proximal body of the pancreas (2). However, after the 
operation two transected surfaces of the pancreas remain, 

which leaves the patient with an increased risk of developing 
a pancreatic fistula or leak at both ends of the exposed and 
divided pancreatic duct, a major drawback (3). Other terms 
used to refer to the CP include: medial, median, segmental, 
limited conservative, middle segment, intermediate 
pancreatectomy, and pancreatic isthmusectomy (1).

Oskar Ehrhardt first described the CP in 1908, when 
he published on segmental pancreatic neck resection (4). 
Finney, the first president of the American College of 
Surgeons, followed in 1910 and described the segmental 
pancreatic neck resection of a cystic tumor (5). Additionally, 
Takada et al. credited the first CP to Honjyo in 1950. 
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However, Honjyo performed a central resection, and the 
distal pancreatic stump was not reconstructed (6). Guillemin 
and Bessot first described the concept of CP followed by 
reconstruction in 1957 (7). The authors’ patient presented 
with calcific chronic pancreatitis, and by attempting to 
visualize the main pancreatic duct they inadvertently 
transected the entire pancreatic neck and thus decided to 
drain the two pancreatic stumps with an omega jejunal loop. 
In 1984, Dagradi and Serio performed the first planned CP 
and reconstruction in order to resect an insulinoma of the 
pancreatic neck (8). This landmark operation marked the 
first use of CP (9).

Indications for CP include benign tumors between two 
and five cm in size, which typically involve the pancreatic 
duct, benign or low grade lesions at low risk of local 
regional recurrence, low grade malignant lesions such 
as neuroendocrine tumors, cystic lesions not suitable for 
enucleation especially in young patients, cysts that display 
indeterminate characteristics such as branch-duct-type 
IPMNs, symptomatic serous or mucinous cystadenomas, 
pseudopapillary tumors, focal chronic pancreatitis with 
isolated and short stenosis of Wirsung’s duct and solitary 
metastases in the pancreatic neck. Contraindications to 
this procedure include malignant tumors such as ductal 
adenocarcinomas, neoplastic involvement of other adjacent 
organs such as the stomach or colon, diffuse chronic 

pancreatitis, large lesions where it is impossible to preserve 
at least five cm of the left or distal pancreatic stump and 
distal body-tail atrophy (1,10,11).

Technique

The approach adopted by our experts at the University 
of Pittsburgh Medical Center (UPMC) is as follows. The 
patient is placed on a split-leg table in the supine position 
with the left arm extended at 90° on the arm board. An 
orogastric tube, a Foley catheter and monitoring lines are 
inserted. An optical separator is first inserted in the left 
midclavicular line to access the peritoneal cavity. Next, a  
12-mm camera port is placed in the supraumbilical midline, 
and a 5-mm port is placed in the left anterior axillary line 
for the liver retractor. Port placement is then continued with 
the insertion of two robotic 8-mm ports in the right upper 
quadrant, a 5-mm port in the right lower quadrant and  
12-mm assistant port in the left lower quadrant (Figure 1).  
The patient is then placed in reverse Trendelenburg with 
left side up. The 12-mm ports are closed with a 0-polysorb 
suture on a Carter-Thompson needle in figure-of-eight 
fashion.

Subsequently, the robot is docked over the patient’s head 
with two arms on the patient’s right side. Of note, two robot 
arms can also be placed in the left upper quadrant as well. If 
there is a high chance of performing a distal pancreatectomy 
(DP) then this is the preference, but both are equally 
feasible. The standard practice at UPMC is using a Hook 
monopolar (Intuitive Surgical, Sunnyvale, CA, USA) in 
console surgeon’s right hand and a Fenestrated bipolar 
in the left hand. The third arm typically has a Cadiere or 
ProGrasp. The laparoscopic assistant typically has a blunt 
tipped 5-mm Ligasure (Covidien, Boulder, CO, USA) in 
the right hand and a suction irrigator in the left hand.

Entry to the lesser sac is achieved through the gastrocolic 
omentum below the gastroepiploic pedicle. Elevation of the 
posterior wall of the stomach and exposure of the anterior 
surface of the pancreas is done using the Mediflex (Mediflex 
Surgical Products, Islandia, NY, USA) liver retractor. 
Afterwards, an ultrasound assists in identifying the tumor 
(Figure 2A), determining the lesion’s borders and marking 
the margins of resection. The extent of the right border is 
the gastroduodenal artery. This can be mobilized 1–2 mm; 
however, going any more to the right risks injury to the 
common bile duct. The left has no anatomic border, but the 
only worth risk is of the pancreatic anastomosis if adequate 
parenchyma is spared.

Figure 1 Ports for robotic central pancreatectomy. C, 12-mm 
camera port; R1, 8-mm robotic port; R2, 8-mm robotic port; R3, 
8-mm robotic port; A1, 5-mm laparoscopic assistant port; A2,  
12-mm assistant port; LR, 5-mm liver retractor port.
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After resection, the inferior border of the pancreas is 
mobilized to elevate the pancreatic neck from the splenic 
vein-superior mesenteric vein confluence. Exposure to the 
common hepatic artery, gastroduodenal artery and portal 
vein at the superior border of the pancreas is easily achieved 
with removal of the hepatic artery (8A) lymph node. 
Following removal of this node, the superior pancreatic 
neck is dissected off the portal vein. A tunnel is created 
under the neck of the pancreas from the superior mesenteric 
vein to the portal vain. The pancreatic neck is then divided 
with a vascular stapler (Figure 2B). The neck is usually 
thin, allowing for this method of transection. Depending 
on the thickness and consistency of the pancreas, it may be 
necessary to use a larger stapler or transect with scissors. If 
the latter is necessary, the pancreatic duct is ligated with a 
4-0 polydioxanone suture and the pancreatic parenchyma 
is oversewn with 3-0 vloc (Covidien, Boulder, CO, USA) 
horizontal mattress sutures.

Taking precaution to identify and control the left gastric 
vein as necessary, the central pancreas is then elevated from 
the splenic vein and artery origin. The dissection between 
the pancreatic remnant and splenic vein is continued distally 
using the ultrasound to mark its boundaries in order to 
ensure adequate tumor surgical margins. Afterwards, the 
pancreas is transected with monopolar scissors (Figure 2C).  
The transverse pancreatic arteries are easily controlled 
using the bipolar, as sutures are not necessary along the 
transverse pancreatic vessels. Using a 12-mm EndoCatch 
(Covidien, New Haven, CT, USA) bag in the left lower 
quadrant port, the specimen is removed and frozen section 
examination of the margins is performed if necessary. If the 

consistency of the gland is very high risk: soft, friable, tiny 
duct or if the remnant is small, the CP would be aborted in 
favor of the DP. 

Several options for pancreatic reconstruction exist. In our 
early experience, we performed a pancreaticogastrostomy (PG). 
We have subsequently switched to a pancreaticojejunostomy 
(PJ). Early in the experience the PG was technically easier. 
However, the downside to a PG is that when a patient leaks, 
feeding can be problematic, thus necessitating parenteral 
nutrition. With our more robust experience performing 
robotic pancreatoduodenectomies, we have transitioned to 
the PJ. 

For the PG, we initially mobilize the greater curvature 
of the stomach. Next, the anterior surface of the pancreatic 
remnant is anchored to the posterior wall of the stomach 
using interrupted horizontal mattress sutures. The 
pancreatogastrostomy is created using a modified Blumgart 
technique. First, a small gastrotomy is created using cautery 
scissors and a pancreatic duct-to-gastric mucosa anastomosis 
is produced using interrupted 5-0 PDS and bridged with a 
7 French Zimmon pancreatic duct stent (Winston-Salem, 
NC, USA). The posterior surface of the anastomosis is then 
completed using the transfixion sutures already in place. In 
the end, two closed-suction drains are placed around the 
surgical field (1).

Before commencement of the PJ, we first bring up a 
roux-limb and perform a jejunojejunostomy. We then 
lift up the transverse mesocolon, identify the ligament of 
Treitz and measure 40 cm distal. At this point, we make 
a window in the mesentery and transect the bowel with a 
linear stapler. Using the Ligasure (Covidien, Boulder, CO, 

Figure 2 Intraoperative images from robotic-assisted central pancreatectomy. (A) Intraoperative ultrasound is used to identify the tumor, 
determine the lesion’s borders and mark the margins of resection; (B) stapling of pancreatic neck with a vascular stapler. The neck is usually 
thin allowing for this method of transection. Depending on the thickness and consistency of the pancreas, it may be necessary to use a larger 
stapler or transect with scissors; (C) transecting distal pancreas with scissors.
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USA), we take a couple bites in the mesentery, sparing the 
arcade. We measure another 40–50 cm for the roux-limb 
and pull this antecolic or retrocolic depending on body 
habitus, making sure it meets the pancreas without tension. 
The stapled end of the roux-limb is sutured by the pancreas 
temporarily to hold it in place. A stitch is then placed by the 
staple line of the pancreaticobiliary limb and sutured to the 
bottom portion of the roux-limb. The third hand then pulls 
this stich cranially. After, using the monopolar, a hole is 
made in the anti-mesenteric surface of both loops of bowel. 
A 60-mm stapler is then inserted and fired. The common 
enterotomy is closed using a 6-inch 4-0 vloc suture in 
running fashion with lembert stitches. 

We perform the PJ using a modified Blumgart technique 
with three 2-0 silk stitches on a V-20 cut to eight inches 
and six 5-0 PDS stitches on a CV-23 cut to five inches. We 
place full-thickness mattress stitches through the pancreas 
and seromuscular through the bowel. These are tied and 
the needles left intact. A small enterotomy is made in roux-
limb jejunum. Two posterior duct-to-mucosa PDS stitches 
are placed. A 4 or 5 French Hobbs Stent (Hobbs Medical, 
Stafford Springs, CT) is placed into duct and bowel. Then 
four anterior duct-to-mucosa stitches are placed. For these 
three rows of stitches, our standard practice is to place 
each row, then tie each row. The last row is a buttress layer 
using previously placed silk stitches. These are placed 
seromuscular in bowel and tied as they are placed.

Video clinical vignette 

This video depicts a 40-year-old male with a newly 

discovered well-differentiated pancreatic neuroendocrine 
tumor (Figure 3). He underwent an endoscopic ultrasound 
that showed a round 12 mm × 11 mm mass in the genu of 
the pancreas, with well-defined borders. Immunostains 
were positive for synaptophysin and chromogranin, and 
weakly positive for CKAE1/AE3. A Ki-67 stain shows 
a proliferative index of less than 1%. This was initially 
surveyed with an MRI that demonstrated a stable ovoid 
mass lesion in the central portion of the pancreas at the 
junction of the head and neck, measuring 12 mm × 7 mm, 
consistent with the EUS findings. Given the patient’s young 
age in face of long term surveillance, the patient underwent 
a robotic CP without any complications. The pathology 
results demonstrated a well-differentiated pancreatic 
neuroendocrine tumor, 1.4 cm, WHO grade 1. The Ki-67 
index was 1.5%, and zero mitoses per HPF. There was no 
angiolymphatic or perineural invasion. All margins were 
negative, and there was no nodal involvement. The patient 
did well postoperatively and was discharged on post-op day 
seven with no issues.

CP outcomes

There have been various published series on open CP  
(Table 1). Among 872 open CP reported since 1993, the 
mean rate of morbidity was 43.2% and mean rate of 
mortality was 0.24%. The mean pancreatic fistula rate was 
28%. The rate of clinically significant pancreatic fistulas 
with ISGPF Grades B and C was 19%. However, ISGPF 
nomenclature was not used in all publications. The rate 
of development of post-operative diabetes mellitus was 
at 2% and the average incidence of exocrine insufficiency 
experienced by patients undergoing open CP was 4.4%. 
Finally, the mean length of hospital stay was around 15 days.

In 2003, Baca and Bokan performed the first laparoscopic CP 
on a patient with a pancreatic cystadenoma (9). Subsequently, 
there have been several published case series regarding 
laparoscopic CP since 2003 (Table 2). Recently, the addition 
of robotic assistance to laparoscopy has redefined minimally 
invasive surgery by adding the benefits of three dimensional 
binocular vision, scaling, stabilization of tremor, reduced 
operative fatigue and improved ergonomics from the 
console-surgeon interface. In 2004, Giulianotti et al. 
performed the first robot CP (2). In addition to laparoscopic 
case series, there have been a handful of published case 
series regarding robotic CP (Table 2). In total, 100 patients 

Figure 3 Technique for robotic-assisted central pancreatectomy (12).  
Available online: http://www.asvide.com/articles/1591

Video 1. Technique for robotic-assisted 
central pancreatectomy
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Table 1 Published outcomes following open central pancreatectomy

Authors/Year N
Morbidity 

(%)
Mortality 

(%)
Pancreatic fistula (% B/C 

from total n) (%)
DM (%)

Exocrine 
insufficiency (%)

Mean LOS 
(days)

Rotman/1993 (13) 14 29 0 14 0 0 27.6

Ikeda/1995 (14) 24 13 0 13 0 8 NR

Partensky/1998 (15) 10 40 0 0 0 0 NR

Warshaw/1998 (16) 12 25 0 17 0 0 9.6

Iacono/1998 (17) 13 23 0 15 0 0 19

Sperti/2000 (18) 10 40 0 30 0 0 26

Celis/2001 (19) 5 0 0 0 0 0 NR

Sauvanet/2002 (20) 53 41 2 30 2 8 NR

Sugiyama/2004 (21) 5 20 0 0 0 0 NR

Balzano/2003 (22) 32 62 0 50 10 6.2 13.5

Goldstein/2004 (23) 12 25 0 0 17 0 6.5

Efron/2004 (24) 14 50 0 36 0 7 11.1

Shibata/2004 (25) 10 50 0 30 0 0 40

Iacono/2005 (11) 20 35 0 25 0 0 NR

Roggin/2006 (26) 10 60 0 30 10 0 NR

Müller/2006 (27) 40 27.5 2.5 7.5 2.5 45 14

Christein/2006 (28) 8 63 0 63 0 12.5 15

Johnsnon/2006 (29) 8 37.5 0 0 0 0 10.5

Brown/2006 (30) 10 60 0 40 0 0 9

Pratt/2006 (31) 6 83 0 100* [83] NR NR NR

Bassi/2007 (32) 61 51 0 51* [21] 0 0 NR

Crippa/2007 (33) 100 58 0 44* [17] 4 5 13

Allendorf/2007 (34) 26 31 0 7.7 0 0 6.9

Adham/2008 (35) 50 46 0 8 0 22 19.3

Lavu/2008 (36) 34 47.1 0 29.4* [12] 5 0 9.2

Varma/2008 (37) 4 50 0 25 0 0 14.3

Sudo/2010 (38) 19 53 0 47* [47] 0 6 NR

Shikano/2010 (39) 26 38 0 31* [23] 0 4 NR

DiNorcia/2010 (40) 77 39 0 20.5* [16.4] 9.1 6.5 6

LaFemina/2010 (41) 23 70 0 26* [4] 0 0 5

Du/2013 (42) 36 NR NR 42* [17] 2.8 0 NR

Goudard/2014 (43) 100 72 3 63* [44] 2 6 25

Total 872 43.2 0.24 28 [19] 2.1 4.4 15

*, post-operative pancreatic fistulas were reported using International Study Group of Pancreatic Fistula nomenclature. NR, not recorded.
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underwent either laparoscopic or robotic CP. Among 
those, the mean rate of morbidity was 37.3% and the mean 
rate of mortality was 0%. In addition, the mean rate of 
development of pancreatic fistula was 36.6%. This relatively 
high rate compared to the open case series may be due to 
the much lower sample size in series for minimally invasive 
surgery for CP. The rate of clinically significant pancreatic 
fistulas with ISGPF Grades B and C was 17%. However, 
ISGPF nomenclature was not used in all publications. The 
rate of development of post-operative diabetes mellitus 
was at 1.5%. None of the patients included in these series 
developed any postoperative exocrine insufficiency. The 
mean length of hospital stay was around 13 days. Ultimately, 
laparoscopic and robotic-assisted CP can be performed 
safely with oncologic outcomes comparable to published 
open series. In conclusion, these multiple series show that 
laparoscopic and robotic-assisted approaches to CP are safe 

and feasible and may offer better outcomes for patients. 

CP vs. DP

In recent times, the diagnosis of incidental pancreatic 
neoplasms has been on the rise due to the increased use 
of advanced cross-sectional imaging such as computed 
tomography (CT) and other imaging modalities to assess 
nonspecific abdominal symptoms (61). Surgeons may 
choose to approach such lesions differently by performing 
either a DP or a CP, among others procedures. Surgeons 
will weigh up whether to choose a parenchyma-sparing 
surgery that has a higher risk of postoperative leak and 
lower risk of long-term endocrine and exocrine insufficiency 
or a procedure with the opposite outcomes.

Ocuin et al. published a study in 2008 comparing 13 
patients who underwent CP to 19 patients who underwent 

Table 2 Published outcomes following minimally invasive central pancreatectomies

Authors/Year Type N Morbidity (%) Mortality (%)
Pancreatic Fistula (% 
B/C from total n) (%)

DM (%)
Exocrine 

insufficiency (%)
Mean LOS 

(days)

Ayav/2005 (44) Lap 1 NR NR NR NR NR NR

Orsenigo/2006 (45) Lap 1 0 0 0 0 0 10

Sa Cunha/2007 (46) Lap 6 33 0 33 0 0 18

Rotellar/2008 (47) Lap 9 33 0 22 0 0 13.5

Sucandy/2010 (48) Lap 1 100 0 100 0 0 9

Gumbs/2011 (49) Lap 2 50 0 50 NR NR NR

Gonzalez/2013 (50) Lap 1 0 0 0 NR NR 6

Dokmak/2014 (51) Lap 13 77 0 69* [31] 0 0 NR

Machado/2013 (52) Lap 3 33 0 33* (0) 0 0 7

Zhang/2014 (53) Lap 1 0 0 0 0 0 8

Chen/2014 (54) Lap 10 20 0 20* (0) 0 0 13.1

Senthilnathan/2015 (55) Lap 14 0 0 14* [14] 14 0 8

Giulianotti/2010 (2) Robotic 3 33 0 33 0 0 15

Kang/2011 (56) Robotic 5 20 0 20* [20] 0 0 12

Addeo/2011 (57) Robotic 1 0 0 0* (0) 0 0 15

Boggi/2012 (58) Robotic 3 66.6 0 66.6* [33.3] 0 0 14.3

Cheng/2013 (59) Robotic 7 86 0 71* [71] 0 0 21

Abood/2013 (1) Robotic 9 89 0 78* [22] 0 0 10

Zhang/2015 (60) Robotic 10 30 0 50* [30] 10 0 19.9

Total – 100 37.3 0 36.6 [17] 1.5 0 12.5

*, post-operative pancreatic fistulas were reported using International Study Group of Pancreatic Fistula nomenclature. NR, not recorded.
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an extended left pancreatectomy or DP. It was found that 
CP patients were significantly more likely to experience 
complications than those undergoing DP (92% vs. 39%, 
P=0.003) (61). The likelihood of a major complication 
was only 21% greater in the CP group, but the rate of 
development of a pancreatic fistula was significantly higher 
(62% vs. 11%, P=0.003). Of those developing a pancreatic 
fistula, the rate of clinically significant fistulas (ISGPF grade 
B and C) was 38% in the CP group vs. 5.5% in the DP 
group (P=0.22). However, the DP group had a 17% higher 
rate of exocrine insufficiency requiring pancreatic enzyme 
supplementation and had a significantly higher incidence 
of new-onset diabetes mellitus (57% vs. 11%, P=0.04). 
The only case of new-onset diabetes in the CP group was 
managed with diet only compared to the patients in the DP 
group who required medical therapy (61).

Iacono et al. performed a meta-analysis of patients who 
underwent a CP vs. patients who underwent a DP. Their 
study included 359 patients treated by CP and 480 patients 
treated by DP. Similar to the study performed by Ocuin et al., 
the overall morbidity was significantly higher after a CP, as 
was the incidence of pancreatic fistula. However in the Iacono 
study, CP was found to be associated with a significantly 
reduced risk of reoperation. The study also found a significant 
reduction in the incidence of long term endocrine failure after 
CP, but the reduction in exocrine failure was of only marginal 
significance (62). Furthermore, Müller et al. compared 
patients undergoing CP to patients undergoing a standard 
pancreaticoduodenectomy (PD) in addition to patients 
undergoing a DP. The pancreatic fistula rates for patients 
undergoing CP, DP and PD were 7.5%, 10% and 2.5%, 
respectively, although these results were non-significant. 
However, their study showed a significantly lower rate of 
endocrine insufficiency in the CP group (15% vs. 42% for 
DP, 29% for PD, P<0.05) (27). This study gave proof to the 
safety and feasibility of CP in comparison to other procedures 
for selected patients with benign or low malignant lesions. 
Finally, Crippa et al. compared 100 patients undergoing CP 
over a 15-year period and found that CP was associated with 
higher morbidity (51% vs. 36%, P=NS) but a lower incidence 
of long-term endocrine and exocrine insufficiency when 
compared to patients who underwent DP (33).

Conclusions

In summary, the major motivation behind CP performance 
is parenchymal conservation. As a result, this procedure 
should reduce the risk of postoperative diabetes and 

exocrine insufficiency and allow for the preservation of the 
spleen and its immunological properties, thus providing 
good long-term quality of life. Standard procedures such as 
DP and PD are associated with lower rates of short-term 
morbidity such as pancreatic fistula development but are 
also accompanied with a higher rate of long-term endocrine 
and exocrine insufficiency due to the significant loss of 
normal pancreatic parenchyma when compared to CP. 
Minimally invasive surgery such as laparoscopy or robotic-
assisted laparoscopy reduces the risk of postoperative 
morbidity usually encountered with open surgery. The 
robotic interface offers many technical advantages that 
overcome the limitations of laparoscopic surgery, such 
as 2-dimensional imaging, limited range of instrument 
motion and poor surgeon ergonomics, while permitting a 
meticulous dissection and reconstruction. It can be inferred, 
albeit from limited and small retrospective studies and case 
reports, that conventional and robotic-assisted laparoscopic 
approaches to CP are safe and feasible in highly specialized 
centers. However, robotic surgery imposes significant cost 
and a long learning curve for surgeons training to adopt 
this new technology. There is a need to further perform 
comparative studies on the efficacy of minimally invasive 
approaches with larger population samples.
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