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KEY POINTS

� Surgical resection is the only curative treatment of pancreatic neuroendocrine tumors
(PNETs).

� Minimally invasive procedures are a safe modality for the surgical treatment of PNETs.

� Laparoscopy does not compromise oncologic resection, and is associated with
decreased postoperative pain, better cosmetic results, a shorter hospital stay, and a
shorter postoperative recovery period.

� The overall 5-year and 10-year survival rates for all PNETs are approximately 65% and
45%, respectively.
INTRODUCTION

Pancreatic neuroendocrine tumors (PNETs) are a heterogeneous group of neoplasms
that have an incidence of 1 per 100,000 individuals per year, and account for 1% to
2% of all pancreatic neoplasms.1,2 PNETs can develop at any age, but they are
more frequently seen in patients between the fourth and sixth decades of life. Although
most tumors are considered sporadic, about 10% to 30% of cases present in patients
with familial syndromes such as multiple endocrine neoplasia type 1 (MEN1),von
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Hippel-Lindau, neurofibromatosis type 1, and tuberous sclerosis, among other more
rare syndromes.3 PNETs can be classified into functional and nonfunctional tumors.
Functional tumors are usually detected early because of the symptoms caused by hor-
monal production. Nonfunctional tumors are more common, but given the absence of
hormonal symptoms these tumors are found incidentally or in more advanced stages
of the disease, with larger tumors causing mass effect, invading surrounding tissues or
presenting with metastatic disease.4,5

Surgical resection of the primary tumor remains the treatment of choice for PNETs,
because it is associated with increased survival.4 With the advancement of minimally
invasive techniques, an increasing number of laparoscopic surgical resections for
pancreatic neuroendocrine tumors are currently performed.6 Low-risk PNETs in the
body and the tail of the pancreas are suitable for minimally invasive surgery, with
enough evidence in the literature supporting better outcomes of the laparoscopic
approach compared with open surgery.6,7 However, minimally invasive pancreatic
surgery has not yet been widely accepted as the gold standard for all pancreatic re-
sections. Most recently, robotic surgical techniques across different specialties
have slowly gained popularity, although the existing experience is only based on re-
ports of small series.8–12 This article provides an insight into well-established minimally
invasive procedures and also those that slowly have gained popularity over the last
few years. It also reviews and discusses the different minimally invasive surgical tech-
niques with their benefits and limitations.
DIAGNOSIS
Insulinoma

Insulinomas are the most common functional neuroendocrine tumors of the pancreas
as well as the most common cause of hypoglycemia related to endogenous hyperin-
sulinemia. Most insulinomas are benign, small (<2 cm) tumors with only 10% of cases
usually presenting as malignant lesions. They are typically solitary lesions distributed
evenly throughout pancreas, except in association with MEN1 syndrome, when they
tend to be multifocal. The clinical signs and symptoms of insulinomas are divided
into 2 categories. Neuroglycopenic symptoms, which are a direct result of hypoglyce-
mia, may include weakness, confusion, visual disturbances, and in extreme cases sei-
zures and comas. Autonomic symptoms, which are a consequence of catecholamine
release from hypoglycemia, include diaphoresis, palpitations, anxiety, and tremor.13,14

Establishing a diagnosis of insulinoma has classically relied on satisfying the criteria
of the Whipple triad: (1) hypoglycemia (plasma glucose level <50 mg/dL), (2) neurogly-
copenic symptoms, and (3) prompt resolution of symptoms following administration of
glucose.15 At present, biochemical measurement of plasma glucose, insulin, C pep-
tide, and proinsulin levels during a 72-hour fast can detect up to 99% of insulinomas
and has become the gold standard of diagnosis.16 However, in more than 97% of
cases, biochemical testing in conjunction with a supervised 48-hour fast is sufficient
to diagnose an insulinoma.17 Other conditions, such as the factitious use of insulin
or oral hypoglycemic agents, can be ruled out through the measurements of plasma
proinsulin, C peptide, and sulfonylurea.

Gastrinoma

Gastrinomas, along with insulinomas, account for most functional PNETs. Most of
these tumors are found sporadically, although 20% to 30% are found in conjunction
with MEN1. They are the most common pancreatic tumor found in patients with
MEN1.18 Gastrinoma syndrome, also known as Zollinger-Ellison syndrome, has a
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slight male preponderance and is most commonly diagnosed in the fifth decade of
life.19 Patients most often present with peptic ulcer disease, particularly multiple ulcers
and ulcers that are resistant to medical treatment. Up to 75% of patients present with
diarrhea, and occasionally this is the chief complaint. Most (up to 60%–90%) of these
lesions are malignant, with up to 20% to 30% presenting with liver metastasis at the
time of diagnosis. Ninety percent of gastrinomas are found within the gastrinoma tri-
angle, which is formed by the borders of the second and third portions of the duo-
denum inferiorly, the junction of the cystic and common bile duct superiorly, and
the junction between the neck and body of the pancreas medially.20

The biochemical diagnosis of gastrinomas can be difficult because many condi-
tions can cause hypersecretion of gastrin, such as the use of proton pump inhibitors,
renal failure, and gastric outlet obstruction.21 Nonetheless, initial testing should be
targeted at measuring serum gastrin levels. Increased fasting serum gastrin levels
(>500 pg/mL) should prompt further testing, whereas levels greater than 1000 pg/
mL are highly suspicious for gastrinoma. A finding of normal gastrin levels is often
sufficient to rule out the syndrome. A high fasting serum gastrin level should prompt
provocative testing to confirm the diagnosis, most commonly using secretin or cal-
cium gluconate infusion. Secretin does not stimulate the secretion of gastrin from
G cells of the stomach; however, it does lead to hypersecretion of gastrin from gas-
trinomas. An increase in fasting serum gastrin levels to more than 200 pg/mL is
assumed to be diagnostic.22

Glucagonoma

Glucagonomas, the alpha-cell counterparts of insulinomas, are rare tumors of the
pancreas. Unlike insulinomas, these tumors are typically bulky, large malignant
lesions, often localized to the body and tail of the pancreas. Themost commonpresent-
ingsymptoms includemildglucose intolerancemanifestingasdiabetesmellitus,weight
loss, normocytic anemia, and a distinct skin rash, referred to as necrolytic migratory
erythema.23 Biochemical diagnosis is established through the serum measurement of
glucagon, with levels greater than 500 pg/mL characteristic of glucagonomas.

Vasoactive Intestinal Peptideoma

Vasoactive intestinal peptideomas (VIPomas) are exceedingly rare tumors, with an
estimated incidence of only 1 in 10 million per year.24 Approximately 70% of patients
present with malignant tumors, as shown by hepatic, distant, or lymph node metas-
tasis.25 Most tumors are at least 3 cm, with a mean of about 5 cm at initial presenta-
tion. Most tumors are found primarily in the body and tail of the pancreas; however,
tumors can be identified in the head as well as outside the pancreas. Nearly all patients
present with watery diarrhea, with most patients also presenting with hypokalemia and
achlorhydria, hence the designation of WDHA syndrome. The diagnosis is established
through the measurement of increased fasting serum vasoactive intestinal peptide
levels (75–150 pg/mL) in the setting of secretory diarrhea.26

Somatostatinoma

Neuroendocrine tumors of the pancreas secreting somatostatin are the rarest of the
PNETs, with an incidence of only 1 in 40 million people per year.1 Most tumors are
located in the head of the pancreas; however, it is common to find a lesion within the
tail or outside the pancreas. At initial presentation, tumors are large (>5 cm) and nearly
half are malignant. Somatostatinomas may lead to diarrhea and/or steatorrhea, chole-
lithiasis, and diabetes mellitus. However, most commonly patients typically present
with signs or symptoms directly related to the tumor, such as abdominal pain, weight
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loss, or intestinal obstruction.27 The diagnosis is established through measurement of
fasting plasma somatostatin levels, with a level greater than 160 pg/mL strongly
suggestive of a somatostatinoma, particularly in the presence of a mass seen on
imaging.27

PREOPERATIVE EVALUATION
Localization

Management of PNETs depends heavily on a thorough preoperative evaluation.
Various imaging studies, including MRI, computed tomography (CT), PET, endoscopic
ultrasonography (EUS), and octreotide scans play an important role in localizing the
primary tumor and identifying potential sites of metastases. Imaging is also important
to assess response to treatment and as a screening tool for recurrence. The utility of
each imaging modality differs based on the tumor type.
CT scanning is the most widely accepted and used imaging modality for localizing

and staging PNETs. Compared with nonfunctional PNETs, functional PNETs are typi-
cally small at the time of diagnosis, creating more of a challenge for proper identifica-
tion. These smaller tumors seldom alter the contour of the pancreas; therefore
obtaining thinly sliced images enhances the ability to detect smaller tumors and
should be used routinely. Fidler and colleagues28 showed that multiphasic imaging
with early and late arterial phases as well as portal venous–phase CT had a higher
sensitivity for detecting islet cell tumors. The classic CT findings of islet cell tumors
are an isodense lesion during the precontrast phase and a hyperattenuating mass in
both the arterial and portal venous phases (Fig. 1). Depending on the biology and
characteristics of the tumor, they may be more apparent during either phase.29

Insulinomas are typically small on presentation and particularly difficult to diagnose.
Up to 10% to 20% of these lesions are not identifiable during surgical exploration,
which emphasizes the importance of preoperative localization of these tumors. With
the use ofmore advanced helical, thinly sliced,multidimensional CT scanning, insulino-
masare diagnosedwith a sensitivity of 94%;combinedwith EUS, the sensitivity of iden-
tifying insulinomas in one study was 100%.30 Gastrinomas, like insulinomas, tend to be
small at presentation and are more difficult to find when they are present in extrap-
ancreatic locations. They often do not alter the contour of the pancreas. As described
earlier, 90% of gastrinomas are found within the gastrinoma triangle and careful atten-
tion should be given to this area during imaging review.29 Other functioning tumors,
namely VIPomas, somatostatinomas, and glucagonomas, as well as nonfunctioning
neuroendocrine tumors of the pancreas, are often easier to identify because they
Fig. 1. CT of the abdomen showing a 1-cm arterially enhancing lesion in the head of the
pancreas consistent with a PNET (green arrow).
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commonly present as large, malignant lesions. They tend to show central necrosis,
discrete nodular calcifications, and cystic areas.31 Unlike pancreatic adenocarci-
nomas, PNETs are hypervascular tumors and rarely cause ductal obstruction.32

MRI can play a complimentary role to CT imaging, particularly for small tumors.
Relative to the pancreas, PNETS frequently present as low-intensity lesions on
T1-weighted sequences and high-intensity lesions on T2-weighted sequences
(Fig. 2). MRI has been effective at identifying PNETs with a sensitivity of about 93%
(range, 85%–100%) and a specificity of about 88% (range, 75%–100%) among 7
studies.33 Magnetic resonance cholangiopancreatography can be included for the
local assessment of PNETs to evaluate the relation of the tumor to the pancreatic
and main bile duct.34

EUS should be performed in every patient in whom minimally invasive surgery is
recommended. EUS provides useful anatomic information that may influence the
operative plan, especially pertaining to the pancreatic ductal and vascular anatomy.
Fine-needle aspiration can be readily performed if indicated to assist with PNET diag-
nosis; this is especially helpful in the setting of multifocal disease. Similar to MRI, one
of the benefits of EUS is the lack of patient exposure to radiation. Ultrasonography can
now be performed with intravenous contrast enhancement using microbubbles, which
can be highly effective in depicting smaller tumors, and provides a method to perform
needle biopsies for diagnosis, if needed.35 The first study to report the efficacy of EUS
in localizing PNETs was done in 1992 by Rösch and colleagues,36 showing a sensi-
tivity and specificity of 82% and 92%, respectively, among 50 patients. EUS is partic-
ularly useful for identification of small pancreatic tumors as small as 2 to 5 mm,
particularly insulinomas and gastrinomas.36 Despite the various benefits of EUS, it is
a more invasive form of imaging study than the other modalities already listed and
is highly operator sensitive.
PET imaging has been gaining popularity but may be difficult to obtain because

most third party payers do not reimburse for PET scanning. Although the use of
PET imaging is controversial, there is emerging evidence that increased intensity,
and therefore glucose metabolism, in PNETs indicates a higher likelihood of tumor in-
vasion and metastasis, and poorer prognosis.34 One study showed that most patients
with PET-positive lesions also had early progressive disease.34 Although not yet
conclusive, PET imaging may play an important role in the future in predicting out-
comes and management of PNETs.
Fig. 2. Gadolinium-enhanced T2-weighted MRI showing a 3.2-cm subtle hypervascular
lesion with focal area of enhancement in the body of the pancreas consistent with an insu-
linoma (green arrow).
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Patient Selection and Choice of Procedure

Surgical resection is the only curative treatment of patients with PNETs. Surgery may
also alleviate symptoms from hormonal production of functioning tumors or symptoms
caused by the mass effect frequently seen with nonfunctioning tumors. The planned
surgical procedure is mainly mandated by the preoperative localization studies, but
it may change according to intraoperative findings. No consensus has been estab-
lished regarding the indications of minimally invasive surgery for the treatment of
PNETs; however, the presence of a malignant PNET could represent a relative contra-
indication for a minimally invasive approach.37 Laparoscopic surgery for small and
solitary PNETs is feasible and safe.38 Laparoscopic enucleation is generally recom-
mended in well-circumscribed lesions smaller than 3 cm, with noninvasive features
and a peripheral location without involvement of the main pancreatic duct.38,39 If the
tumor is in close proximity to the main pancreatic duct, enucleation is not recommen-
ded in light of its high incidence of pancreatic fistula.40

Solitary insulinomas are particularly amenable to laparoscopic enucleation because
of their small size and benign nature. Intraoperative laparoscopic ultrasonography is
routinely performed to confirm tumor location and its relationship to the pancreatic
duct and peripancreatic vessels, in order to plan the margin of resection before
enucleation37 (Fig. 3). If enucleation is not possible, a formal pancreatic resection is
recommended.6 In tumors involving the head of the pancreas, pancreaticoduodenec-
tomy is indicated. Pancreaticoduodenectomy has proved to be among the most com-
plex procedures in general surgery, with high rates of morbidity and mortality.41

However, many studies have shown the effectiveness and safety of this procedure
when performed through minimally invasive techniques in high-volume institutions
by experienced surgeons.42–45

In tumors that are located in the body or tail of the pancreas, which are not amenable
for enucleation, laparoscopic distal pancreatectomy (LDP) is the procedure of choice.
There are 3 variations of the distal pancreatectomy: spleen-preserving distal pancrea-
tectomy with splenic vessel preservation, spleen-preserving distal pancreatectomy
Fig. 3. Intraoperative sonographic appearance of a 3-cm insulinoma involving the pancre-
atic body and its anatomic relationship to the splenic vessels (A) without Doppler effect,
(B) with Doppler effect.
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without splenic vessel preservation, and distal pancreatectomy with splenectomy.46,47

The anatomic relationship between the tumor within the pancreatic body or tail and the
splenic vessels and hilum are factors that determine the appropriate procedure to
perform. In addition, the presence or suspicion of a malignant tumor favors a more
aggressive approach.

SURGICAL TECHNIQUE
Enucleation (Head)

Once the laparoscopic ports have been placed, exposure of the pancreas is accom-
plished by opening the gastrocolic ligament, thereby gaining access to the lesser sac.
Subsequently, intraoperative laparoscopic ultrasonography is performed to help
accurately localize the tumor, rule out the presence of additional lesions, and to iden-
tify the exact location of the tumor and its relation to the pancreatic duct and major
vessels. Special care is taken to avoid injury to the pancreatic duct and the mesen-
teric/splenic vessels during the dissection. The use of a combination of blunt dissec-
tion, electrocautery, and high-energy cautery devices are recommended to perform
the enucleation. Bleeding is common during enucleation (Fig. 4). A drain is almost
routinely left in the surgical bed.

Enucleation (Body and Tail)

Laparoscopic ports are placed and laparoscopic ultrasonography is performed for tu-
mor localization and its relationship with surrounding structures. The spleen is mobi-
lized superiorly and laterally while the splenic flexure is taken down inferiorly. When the
tumor is located anteriorly, an opening is created in the anterior visceral peritoneum of
the pancreas and careful dissection is performed between the tumor and the normal
pancreatic parenchyma until successful enucleation of the mass is accomplished. For
tumors located in the posterior aspect of the pancreatic body or the tail, the inferior
margin of the pancreas is dissected and the pancreas is mobilized and lifted up, allow-
ing exposure of the posterior pancreatic surface (Fig. 5). After enucleation, the tumor
bed must be examined for any evidence of pancreatic duct injury. Tumors located in
the distal portion of the tail of the pancreas are in close proximity to the pancreatic
duct. Therefore, if in doubt about potential ductal injury, a distal pancreatectomy
should be performed.
Fig. 4. Intraoperative complication of bleeding during laparoscopic enucleation of a PNET in
the head of the pancreas.



Fig. 5. Laparoscopic exposure of the retropancreatic space with visualization of the tail of
the pancreas and the anatomic location of the superior mesenteric vessels.
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Laparoscopic Distal Pancreatectomy (Spleen-preserving with Splenic Vessel
Preservation)

When possible, spleen-preserving distal pancreatectomy with splenic vessel preser-
vation is performed for distal tumors; however, this procedure requires more
advanced technical expertise, with separation of the splenic vessels from the pancre-
atic parenchyma (see Fig. 5), and division of the branching vessels supplying the
pancreas. As a result, this procedure is associated with a longer operating time.48,49

The pancreatic tail is exposed as described earlier. Special care is taken to preserve
the short gastric and the left gastroepiploic vessels. After mobilizing the inferior margin
of the pancreas, the pancreas is mobilized and lifted up, allowing exposure of the pos-
terior pancreatic surface (see Fig. 5).
At this time, the superior mesenteric vein (SMV) and the splenic vein can be identi-

fied forming the portal vein (Fig. 6). Blunt dissection around the splenic vein is per-
formed, with ligation of the small tributaries coming from the pancreas. After
identification and preservation of the splenic artery, the pancreas is divided to the
Fig. 6. Laparoscopic exposure of the retropancreatic space. The body and tail of the
pancreas has been lifted, allowing exposure and visualization of the splenic vessels.
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left of the SMV using an endoscopic stapler device. The body/tail of the pancreas is
then anteriorly retracted, allowing separation of remaining small bridging vessels be-
tween the pancreas and the splenic vessels. The resection is completed after reaching
the splenic hilum. A surgical drain is left in the surgical bed in proximity to the pancre-
atic stump.

Laparoscopic Distal Pancreatectomy (Spleen-preserving Distal Pancreatectomy
Without Splenic Vessel Preservation)

This procedure follows the same course mentioned earlier until obtaining visualization
of the posterior aspect of the pancreas and the confluence of the splenic vein and
SMV.
At this time, the splenic vein and artery are clipped and ligated. The pancreas is then

divided with an endoscopic stapler. The pancreatic body and tail are retracted up-
wards (along with the attached splenic artery and vein), and the vessels between
the pancreatic tail and the splenic hilum are clipped and divided. Blood supply to
the spleen depends on the short gastric and left gastroepiploic vessels; therefore,
special care is taken to preserve these vessels; this is crucial for the success of this
procedure.

Laparoscopic Distal Pancreatectomy with Splenectomy

This procedure is similar to the previous technique (spleen-preserving distal pancrea-
tectomy without splenic vessel preservation) with a few exceptions. Unlike in spleen-
preserving procedures, the short gastric and left gastroepiploic vessels can be ligated.
In addition to mobilizing the splenic flexure, the lateral attachments of the spleen are
divided up to the left crus of the diaphragm, allowing medialization of the spleen. The
splenic vessels can be divided separately if an easy plane of dissection is encountered
or along with the pancreas if separation of the vessels is difficult. The specimens are
removed en bloc from the abdominal cavity in an endoscopic specimen bag. A surgi-
cal drain is left in the surgical bed in proximity to the pancreatic stump.

Laparoscopic Central Pancreatectomy

The initial dissection is performed laparoscopically through 5 trocars. Once the ante-
rior surface of the gland is cleared from the head distal to the lesion, a tunnel over the
portal vein is created. The lesion is resected with an endoscopic stapler on the prox-
imal margin and cautery on the distal margin with care to avoid thermal injury to the
duct. The reconstruction is then performed via a pancreaticogastrostomy or with
Roux-en-Y pancreaticojejunostomy reconstruction.

Laparoscopic Pancreaticoduodenectomy

One of the largest series of laparoscopic pylorus-preserving pancreaticoduodenec-
tomy comes from 100 consecutive cases performed in Korea.42 In their first 10 cases,
reconstruction was partially performed extracorporeally, whereas the last 90 cases
were performed completely intracorporeally. The patient was positioned supine with
the surgeon on the patient’s right and the assistant and scrub technician on the left.
The operator ports were placed in the right flank area and 1 near the umbilicus with
a camera placed in between in the right lower quadrant. Assistant ports were placed
in the left flank area.
After evaluation of the abdomen, the gastrocolic omentum was dissected to allow

entry into the lesser sac. The hepatic flexure was mobilized and the duodenum was
kocherized. The pancreatic dissection began at the inferior border and was continued
over the retropancreatic portal vein. The duodenum was mobilized to the ligament of
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Treitz and the duodenumwas transected 2 cm distal to the pylorus. Next, the common
bile duct was isolated within the hepatoduodenal ligament. A cholecystectomy was
performed separately. The common bile duct was divided and the common hepatic
artery was dissected from the pancreas. The gastroduodenal and right gastric arteries
were transected with 2 titanium clips and the pancreas was divided at the neck with an
endoscopic linear stapler or Harmonic scalpel. With retraction of the pancreatic head
toward the right side of the patient, the intrapancreatic portal vein was dissected. The
jejunumwas divided 10 to 15 cm distal to the ligament of Treitz with another load of the
endoscopic stapler. An endoscopic linear stapler or ultrasonic shears was used to
divide the soft tissue and arterial branches between the superior mesenteric artery
and the uncinate process to complete the resection.
For totally intracorporeal laparoscopic pancreaticoduodenectomy (LPD), a pan-

creaticojejunostomy was performed using the double-layered, end-to-side dunking
method in normal-sized ducts or using the duct-to-mucosa method in dilated pancre-
atic ducts. An intracorporeal laparoscopic choledochojejunostomy was performed us-
ing interrupted absorbable sutures and an extracorporeal knot pusher in the initial
cases and continuous suturing for later cases, except for very small ducts. An internal
stent was used if the diameter of the common bile duct was too small. Duodenojeju-
nostomies and jejunojejunostomies were performed intracorporeally or extracorpore-
ally using the specimen extraction site from the umbilical port site. Closed suction
drains were placed near the pancreaticojejunostomy and choledochojejunostomy
sites.

Robotic Surgery

Robotic systems were first introduced in the late 1990s, and since then the popularity
and number of robotic procedures has increased exponentially.10,11 Since its first re-
ported application in 2003, the appeal of robotic pancreatic surgery has increased.9

The most popular robotic-assisted minimally invasive surgical platform (da Vinci sys-
tem, Intuitive Surgical, Sunnyvale, CA) offers multiple advantages, such as, a three-
dimensional high-definition view with significant magnification of the surgical field;
elimination of tremor with improved dexterity, particularly with the use of articulating
instruments that provide 540� range of motion; stereotactic binocular visualization;
and improved surgeon comfort.50

Most series reporting their experience of robotic surgery describe similar tech-
niques to those listed earlier through the laparoscopic technique. Zeh and col-
leagues51 reported their series of 51 robotic-assisted pancreaticoduodenectomies
performed at the University of Pittsburgh, 9 of which were performed for neuroendo-
crine tumors. They emphasized the importance of teamwork in obtaining a successful
outcome. They also admitted to several limitations of robotic surgery compared with
standard laparoscopic surgery, including the difficulty of working in multiple abdom-
inal quadrants with the robot; frequent collisions between the arms of the robot
caused by their large size and suboptimal positioning; the inability to change the po-
sition of the table once the robot is docked, preventing gravity from being used as a
retractor of viscera; and the lack of tactile feedback. Future generations will potentially
address some of these issues, thus improving the flow of robotic-assisted surgery.

Radiofrequency Ablation for Pancreatic Neuroendocrine Tumors

With the goal of developing less invasive techniques, the use of radiofrequency abla-
tion (RFA) has been proposed for the treatment of PNETs, because it has been applied
for the treatment of adenocarcinomas of the pancreas.52–56 More specifically, the use
of RFA has been proposed in those patients with PNETs who are ineligible for surgical
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resection.57 Radiofrequency ablation can be performed percutaneously under ultraso-
nography guidance or intraoperatively. The available experience on this procedure is
limited and the evidence has been documented in a recent study.57 The use of RFA is
associated with known adverse effects, which include thermal-induced pancreatitis as
well as potential injuries to surrounding tumor structures such as the duodenum,
pancreatic duct, and major blood vessels.
In the only prospective pilot study currently available, the use of RFA in selective

PNETs has shown encouraging results.57 The study included 10 patients (7 women
and 3 men) aged 38 to 75 years old, with 3 functioning PNETs (1 gastrinoma and 2
insulinomas) and 7 nonfunctioning PNETs. Tumor size ranged from 0.9 to 2.9 cm in
diameter. Selective criteria to receive treatment with RFA included patients with path-
ologically confirmed PNETs, those patients ineligible for or who refused surgery, single
tumors less than or equal to 3 cm in diameter, and tumor location greater than 1 cm
from the wall of the stomach, intestine, or bile ducts. The ultrasonography-guided
RFA was performed percutaneously in 7 cases, endoscopically in 1, and intraopera-
tively in 2 patients.

Endoscopic Ultrasonography-directed Alcohol Ablation

Ethanol ablation has also been used as a treatment modality for PNETs. Ethanol has
gained interest as an ablative agent because it is inexpensive and readily available.
Alcohol ablation works by causing coagulation necrosis of the tumor as a result of
cellular dehydration, protein denaturation, and vascular occlusion.58,59 Major limita-
tions of alcohol ablation include the possibility of late recurrence, incomplete ablation,
and risk of progression during follow-up. As with RFA, ethanol ablation has the poten-
tial to cause acute pancreatitis. In a pilot study performed on 11 patients with 14
tumors by a group in Korea, 3 patients developed postoperative pancreatitis. Seven
(54%) of the 13 tumors responded to treatment, with the remainder showing residual
viable enhancing tissue at 3-month radiologic imaging follow-up.60
OUTCOMES
Laparoscopic Pancreatic Resections

Minimally invasive surgery continues to gain popularity as surgeons become more
comfortable with and realize the benefits of such techniques. Laparoscopic and ro-
botic surgeries for pancreatic resections are among the slowest to evolve given the
complexity of these procedures and fear of suboptimal oncologic resection. Although
surgeons continue to extend the limits of what is possible, only a limited number of re-
ported series exist within the literature for minimally invasive pancreatic surgery,
particularly for neuroendocrine tumors. Clinicians have yet to reach a consensus on
the efficacy and safety of minimally invasive techniques for PNETs; however, several
studies describing the outcomes of these operations currently exist and are discussed
here.
LDP was first performed in 1994 by Cuschieri61 in a case of benign disease. Gagner

and colleagues62 subsequently reported on their experience with LDP for the specific
treatment of islet cell tumors. Since these initial studies, several series have been re-
ported, with only a few involving more than 30 patients and even a smaller number of
malignant cases described.63–65 The first LPD was reported in 1994 by Gagner and
Pomp.66 Since then, more than 285 cases have been reported in the literature,
including hand-assisted and robotic-assisted cases.67

LDP seems to be more popular than LPD, perhaps because of the lack of anasto-
moses and the ability to more easily control major sources of intraoperative
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hemorrhage, if encountered. Published data, although limited, show that the LDP
might be performed with superior results to the open approach in patients with benign
disease, resulting in shorter hospital stays, reduced blood loss, and equivalent rates of
complications.68–70 At present, almost all surgical resections for PNETs of the body or
tail of the pancreas are performed laparoscopically or through other minimally invasive
techniques.38,40,71,72

An early report on 17 cases of laparoscopically treated PNETs showed a perioper-
ative complication rate of 23%, and a postoperative pancreatic fistula (POPF) rate of
15.3%. No mortality or recurrence was seen, although this series did not include pa-
tients with malignant neuroendocrine tumors.46 In the same study the investigators
reviewed the literature and reported the outcomes on an additional 93 reported cases
of laparoscopically managed PNETs, showing an overall perioperative complication
rate of 28% and a POPF rate of 17.9%. Following enucleation, the fistula rate was
higher than that following distal pancreatectomy (30.7% vs 5.1%, respectively). No
mortality was observed in this study.46

A group from the University of Barcelona reported their series in 2008. Among 49
patients undergoing laparoscopic surgery for PNETs, a higher perioperative complica-
tion rate was seen in patients undergoing laparoscopic enucleation compared with
those who underwent LDP (42.8% vs 22%, respectively; P<.001).72 The main compli-
cation was POPF, which also occurred more frequently in the enucleation group (38%
vs 8.7%; P<.001). However, all fistulas following enucleation were successfully
managed conservatively. No perioperative mortality was shown.
DiNorcia and colleagues7 reported on a total 85 open and 45 laparoscopic proce-

dures for PNETs performed at the same institution. This study showed no statistically
significant difference in overall morbidity, mortality, or survival rate between the two
groups. However, complications were more prevalent in the open surgery group
(11.1% vs 28.2%; P 5 .03). No perioperative mortality was seen in the laparoscopic
group, whereas in patients who underwent open surgery, the perioperative mortality
was 3.5% (P 5 .55). Length of hospital stay was shorter in the laparoscopic group
(6 days vs 9 days; P 5 .01). Within the 25.4-month follow-up period, a 4.4% (2 pa-
tients) recurrence rate was seen in the laparoscopic group, compared with a
15.3% (13 patients) recurrence rate after a median follow-up of 42.7 months in the
open surgery group. Nonetheless, a statistically significant difference was observed
with regard to pathologic characteristics of the tumors, with the laparoscopically
operated group having smaller, lower-grade tumors, with less local and lymph
node invasion.
In a recently published series, 75 laparoscopic procedures for PNETs were docu-

mented, of which 65 pancreatic resections or enucleations were performed.38 The
most common operation performed was distal pancreatectomy with splenectomy
(n 5 28), followed by distal pancreatectomy without splenectomy (n 5 23). Enucle-
ation of a PNET of the head was performed in 7 cases, and of the body or tail in
another 7 patients. The most common surgical complication was POPF, occurring
in 21% of patients. This complication was more common in patients undergoing
enucleation (7 of 14 [50%]), with a reported incidence of 13% to 50% following
enucleation.38,40,71 Other nonfistula surgical complications had an incidence of
21%, but no perioperative mortality was shown. In this study, the 5-year disease-
specific survival was 90%.
Laparoscopic central pancreatectomy has not been studied extensively, probably

because of 2 main factors: first, dual pancreatic transected surfaces could be at an
increased risk of leak if handled laparoscopically; and second, lesions of the pancre-
atic neck that do not require distal pancreatectomy are rare. However, the potential
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benefits of decreasing or avoiding the incidence of surgically induced diabetes and
exocrine insufficiency attributable to loss of pancreatic parenchyma added to the
possible benefits of laparoscopy have led to a small number of reports on the sub-
ject.73 Sa Cunha and colleagues74 and Rotellar and colleagues75 reported on the 2
largest series of 6 and 9 patients, respectively.74,75 Experience was fairly similar be-
tween the two groups, with median blood loss of 125mL and less than 100mL respec-
tively. The median operating times were 225 minutes and 435 minutes; this large
discrepancy is probably related to the difference in pancreatic anastomoses, because
the first group performed a pancreaticogastrostomy, whereas the second performed a
Roux-en-Y reconstruction with a sutured pancreaticojejunostomy and stapled jejuno-
jejunostomy. Median hospital length of stay (LOS) was 13 and 18 days, and the fistula
rates were 33% and 22%, respectively.74,75

Robotic Pancreaticoduodenectomy

The first reported case of a robotic-assisted pancreatic resection of a PNET was
described in 2003 by Melvin and colleagues.9 One the earliest series included 8 pa-
tients who underwent robotic pancreaticoduodenectomy (RAPD),76 and outcomes
were compared with open operations at the same institution. The robotic operations
took considerably more time (mean, 718 minutes vs 420 min minutes) but the blood
loss was less, with a mean of 153 mL versus 210 mL. The R0 resection was 100%
in their small series. Fistulas occurred in 2 patients and there were no perioperative
deaths. LOS was higher than average at 16 days. No short-term or long-term survival
data were described.
Buchs and Giulianotti and colleagues77–80 evaluated important facets of pancreatic

surgery, including robotic versus open outcomes, surgery in the elderly, and the feasi-
bility of the robotic approach in cases of vascular involvement. Buchs and col-
leagues77 performed 44 RAPDs and compared these patients with a group who
underwent open surgery (n 5 39). Patients within the robotic group were older, had
higher body mass indices (BMIs), and higher American Society of Anesthesiologists
(ASA) scores than patients in the open group. The robotic group had a significantly
shorter operative time (444 minutes vs 559 minutes), less blood loss (387 mL vs
827 mL), and a higher number of lymph nodes harvested (16.8 vs 11) than the open
group. No difference was found between the 2 groups in terms of complications, peri-
operative mortality, or LOS.
In the series by Giulianotti and colleagues,80 the rate of conversion of robotic to

open surgery was 7.7% to 18.3%. The overall fistula rate was 36.5%. Mean LOS
was 21.8 days in the Italian group and ranged from 9.3 days to 14.3 days in the US
cohorts. The mortality at 90 days was 4.5%. Oncologic outcomes were similar to
those of large open studies: R0 resection of 90% to 92% with 14 to 21 lymph nodes
harvested. In patients with adenocarcinoma of the pancreatic head (n 5 27), 2 pa-
tients died in the perioperative period, 8 were lost to follow-up, 5 died within 2 years,
3 were alive with recurrences at 1 year, and 9 patients were disease free at a mean
follow-up of 16.8 months. Fifteen patients with ampullary carcinoma were followed
up for a mean of 50 months. Three patients died within 3 years, but only 1 as a result
of disease recurrence. The other 10 patients were disease free at follow-up. These
follow-up data preclude meaningful conclusions on long-term outcomes after
RAPD because of the small numbers of patients. The group also compared RAPD
performed in patients greater than 70 years of age (n 5 15) with RAPD performed
in younger patients (n 5 26). Perioperative complications, morbidity, and mortality
were equivalent, suggesting that elderly patients can safely undergo complex robotic
procedures.77
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The University of Pittsburg has also published its experience on robotic pancreatec-
tomies.51,81–83 In a series of 50 RAPDs for periampullary lesions, the patients included
had a mean age of 68 years, an average BMI of 27% and 56%, and a mean ASA score
of 3. The operating time was higher than in the Giulianotti experience,80 with a median
operative duration of 568 minutes. Median blood loss was 350 mL. Of the RAPDs,
16% were converted to an open procedure. The fistula rate was 22% with a prepon-
derance of soft glands (73%), and a median pancreatic duct diameter of 3 mm. LOS
was 10 days and 90-day mortality was 2% (1 patient). The series showed an 87% R0
resection rate with a median of 18 lymph nodes resected, compared with the Johns
Hopkins R0 resection rate of 58%. Of 15 patients who qualified for adjuvant chemo-
therapy, 11 (73%) received this treatment within 11 weeks of surgery. Long-term out-
comes are pending.
In conclusion, both of the large RAPD series discussed earlier compare well with re-

ported laparoscopic and open data. RAPD does not seem to result in increased
morbidity or mortality, or compromise short-term oncologic outcomes of margin-
negative resection and lymph node harvest. However, these data awaits long-term
survival follow-up. It is important to highlight that reported fistula rates for laparo-
scopic and robotic resections seem to be considerably higher than the rates reported
by the group from Johns Hopkins. This finding might reflect heightened awareness by
surgeons in detecting leaks (via consistent assessment of drain output and amylase
levels) with these new platforms. Moreover, it was only in 2005 that a consensus
was reached on stringent guidelines for defining and detecting postoperative fistulas.
Even with these criteria some studies only report clinically important fistulas.84 It is
also noteworthy that there is probably a selection bias within the fistula data pre-
sented. For example, there were a disproportionate number of soft glands with smaller
duct size reported within their series. Furthermore, this leak rate might represent the
learning curve for robotic-assisted pancreatic anastomoses. The long operative times
will probably improve with newer generations of the robotic platform, providing a retic-
ulating ligation energy device and reticulating stapler, which will enable reduced
dissection times.

Robotic Distal Pancreatectomies

The data for robotic distal pancreatectomy (RDP) are also limited.79,80,85–88Waters and
colleagues88 evaluated their series of 77 distal pancreatectomies between 2008 and
2009 for both outcome and cost, comparing open distal pancreatectomy (ODP;
n 5 32) with LDP (n 5 28) and RADP (n 5 17). The operative times were longer in the
RADP group, with a mean of 298 minutes versus 245 minutes in the ODP cohort and
222 minutes in the LDP cohort. Blood loss was less in the RADP group, with a mean
of 279 mL versus 681 mL and 661 mL in the ODP and LDP groups, respectively,
although this value was not statistically significant. The spleen was preserved in 65%
of RADP procedures versus only 29% in the LDP group and 12% in the ODP group.
No fistulas were found in the patients who underwent RADP versus 11% in the LDP
group and 18% in the ODP cohort. LOS was significantly less in the RADP group,
with an average hospital stay of 4 days versus 8 days and 6 days in the LDP and
ODP groups, respectively. Oncologic outcomes were similar, with R0 resection in
100%, 82%, and 100% of patients in the RADP, LDP, and ODP groups, respectively.
Note that the differences in mean lymph node harvest approached statistical signifi-
cance, with fewer harvested in the robotic cohort than in the LDP or ODP groups (5
vs 14 and 11). The potential major confounder in this study was that the RADP group
had much smaller lesions and no invasive cancers compared with patients treated
with the other techniques; patients who underwent LDP resection similarly had smaller
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lesions than those who underwent ODP (3 cm vs 5 cm and 2 cm for LDP, ODP, and
RADP, respectively).
Giulianotti and colleagues80 published a series of 46 patients undergoing RADP.

Their results showed that 6.3% of operations were converted to an open procedure
and fistulas occurred in 20% of patients. Thirty nine percent of patients underwent
RADP for malignancy, with 6 of these for adenocarcinoma. Other, smaller case reports
have shown similar results to the series mentioned earlier regarding duration of oper-
ation, blood loss, and short-term oncologic outcomes (R0 resection and lymph node
harvest) with longer operative duration seen in malignant cases.9

In a retrospective review of 45 patients who underwent laparoscopic or robotic-
assisted surgery at Yonsei University, Seoul, South Korea, from 2006 to 2010, Kang
and colleagues87 identified 20 patients who underwent RADP and 25 who underwent
LDP.86 Mean operation length was greater in the RADP group than in the LDP group
(258 minutes vs 348 min), which was statistically significant. Mean blood loss was
greater in the LDP group than in the RADP group (420 mL vs 372 mL) but did not reach
significance, and LOS was the same. Neither fistula rate nor details of the complica-
tions were given, and the cumulative mortality was zero in both groups. The investiga-
tors did note a superior splenic conservation rate of 95% (19 of 20) in the robotic
cohort compared with 64% (16 of 25) in the laparoscopic group (P 5 .027). Operative
time was longer for RADP than for LDP, and the LOS reported by Kang and col-
leagues87 was longer than that reported by Waters and colleagues.88

Investigators from the University of Pittsburgh compared their experience in the first
30 cases of RADP (performed between 2008 and 2011) with a historical control group
of 94 laparoscopic cases (2004–2007).85 The length of hospital stay after surgery and
rates of pancreatic fistula, blood transfusion, and readmission were not significantly
different. The mean time to complete RADP (including time to dock the robot) was
significantly shorter than for LDP (293 minutes vs 371 minutes; P<.01). No conversions
to open surgery occurred in the RADP group compared with 16% in the LDP group
(P<.05). More pancreatic ductal adenocarcinomas were approached robotically
than laparoscopically (43% vs 15%; P<.05). Oncologic outcomes were superior for
the RADP group compared with the LDP group, with higher rates of margin-
negative resection and improved lymph node yield for both benign and malignant le-
sions (P<.01). RADP was equivalent to LDP in nearly all measures of outcome and
safety but significantly reduced the risk of conversion to open resection despite a sta-
tistically greater probability of malignancy in the robotic cohort.
In conclusion, RADP seems to have similar results to LDP in the short term. The ro-

botic approach seems to have lower blood loss and higher splenic preservation,
although the operative time is higher. Similar to RAPD, limited data are available on
long-term follow-up.

Robotic Central Pancreatectomies

Very limited data are available to date on robotic central pancreatectomy (RCP) for
PNETs. Giulianotti and colleagues89 presented their experience in 3 cases. The
mean operating time was 320 minutes with 233 mL of blood loss. One patient devel-
oped a fistula. Mean LOS was 15 days with no perioperative mortalities. R0 resection
was obtained in all 3 patients. The patients showed neither endocrine nor exocrine de-
ficiencies during a mean follow-up of 44 months. In the largest published series, which
included 5 patients, Kang and colleagues90 report a mean operating time of 480 mi-
nutes with blood loss of 200 mL. One patient developed a fistula. Mean LOS was
12 days. No patients reported endocrine dysfunction during the follow-up period of
almost 2 years. The investigators compared this experience with 10 open central
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pancreatectomies that were performed at their institution. Within this small series
comparison, tumors were significantly larger and blood loss significantly greater in
the open cohort; however, operating times were significantly longer in the robotic
group.

Overall Prognosis

The 5-year and 10-year survival rates for all PNETs are about 65% and 45%, respec-
tively.91,92 The 5-year survival rate for functioning PNETs is about 80%, whereas the
5-year and 10-year survival rates for nonfunctioning PNETs are about 60% and
30%, respectively.92,93 Curative surgical resection of the primary tumor, absence of
liver metastases, metachronous liver metastases, and aggressive treatment of the
liver metastases are all favorable effect factors of long-term survival in patients with
PNETs.94
SUMMARY

Minimally invasive procedures are a safe modality for the surgical treatment of PNETs.
Multiple studies have shown a lower overall complication rate among benign, small tu-
mors (<2 cm) undergoing minimally invasive surgery compared with the open tech-
nique. In malignant PNETs, laparoscopy, although requiring advanced surgical
skills, is not associated with a compromise in terms of oncologic resection, and pro-
vides the benefits of decreased postoperative pain, better cosmetic results, shorter
hospital stay, and a shorter postoperative recovery period. Further prospective, multi-
center, randomized trials are required for the analysis of these minimally invasive sur-
gical techniques for the treatment of PNETs and their comparison with traditional open
pancreatic surgery.
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