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In the twentieth century, the development of surgery was decisive in increas-
ing the survival of surgical patients with the introduction of resective tech-
niques, especially in oncologic pathology.

The improvement of anesthesia and resuscitation units have facilitated the 
better recovery of patients and the subsequent implantation of specific units 
within the surgical departments, where significant growth was experienced 
with a significant improvement in results.

In the second half of the last century, surgical techniques were fundamen-
tally performed using open approaches, with extensive abdominal resections, 
which developed significant rate of sequelae after surgery in order to achieve 
optimal oncological results.

Subsequently, it was found that less invasive techniques, with limited exci-
sion, good oncological results were achieved. The development of action pro-
tocols (such as sentinel node determination in breast tumor pathology and 
biopsies directed by harpoons) contributed to those oncological results.

The quality-of-life tests after surgery were decisive to analyze the 
implanted surgical techniques and their viability. There are multiple 
therapeutic options, independent of the surgical interventions and where  
the opinions of the patients begin to be important in the surgical decision-
making process. Endoluminal endoscopic techniques led an advance in the 
second half of the twentieth century that facilitated earlier diagnoses that 
facilitated better results after surgery, as well as the resolution of different 
issues in the area of the common bile duct, Endoscopic Retrograde 
Cholangiopancreatography (ERCP), and esophagus. They forced more 
aggressive surgeries and with worse long-term results.

In the last decade of the twentieth century, the development of laparoscopy 
began with quick implementation in developed countries. Firstly, cholecys-
tectomy was disseminated as a standard technique achieving excellent results 
in terms of lower associated costs and rapid patients’ recovery compared to 
open techniques. With dizzying speed and the support of the advancement of 
industrial technology, in optics and instrumentation, advanced laparoscopy 
was launched in areas of coloproctology with essentially the approach to 
oncological resections, obtaining good results with less morbidity and mor-
tality and greater efficiency.

In the hepatobiliary and pancreas areas, the development has become 
widespread in the last decade of the twenty-first century, taking into account 
that its implantation has been conditioned due to the high complexity of the 
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techniques and the need to find adequate development platforms such as 
robotics and 3D. It began with hand-assisted techniques in liver surgery; until 
today, the interventions are reproduced before open surgery and currently by 
full minimally invasive approach.

The improvement of other areas such as the “fastrack” protocols (multi-
modal rehabilitation) and lately the RICA route together with the optimiza-
tion of the nutritional status in surgical patients achieve a decrease in response 
to surgical stress and a more comfortable and earlier recovery. Better results, 
less associated morbidity, and more efficiency are achieved, with the conse-
quent reduction in healthcare costs and improved health outcomes. In addi-
tion, it has achieved a satisfactory view of the resources receiver, which is the 
surgical patient.

Surgical Department� Fernando Oliva Mompeán
Virgen Macarena Hospital, 
Sevilla, Spain
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Pancreatic cancer is the seventh most common cause of cancer-related death 
across the world. It has the lowest survival rate of all cancers, just 2–10% of 
those diagnosed survive for 5 years. Survival has improved for most cancers 
over the last 40 years but not for pancreatic cancer. Pancreatic cancer is nearly 
always diagnosed too late making the overall median survival for a person 
diagnosed with metastatic pancreatic cancer for 4.6 months.

The most important key to improve those statistics is the early diagnosis: 
patients who are diagnosed in time for surgery have a much higher likelihood 
of surviving for 5 years.

Only 20–30% of patients at the time of pancreatic cancer diagnosis are 
considered candidates for surgery, while 70–80% of patients eventually fail to 
receive curative treatment mainly due to systemic metastasis.

Pancreatectomy is a complex surgical procedure requiring multiple anas-
tomoses. This is reason of high postoperative morbidity rates (pancreatic 
leakage, bleeding, delayed gastric emptying), high late operative morbidity 
rates (exocrine and endocrine pancreatic insufficiency).

The previous results in survival, prognosis, and poor survival outcomes 
after curative resection have been the reason that pancreatic surgeons have 
doubts about the role of surgery as the definitive treatment for pancreatic 
cancer. There is a lack of high-level evidence in the field of pancreatic sur-
gery. Current issues in pancreatic surgery could be:

•	 standard pancreaticoduodenectomy vs. pylorus preservation
•	 standard vs. extended lymphadenectomy
•	 role of major vessel resections
•	 best reconstruction method:

–– pancreaticojejunostomy vs. pancreaticogastrostomy
–– dunking/invaginating method vs. duct-to-mucosa anastomosis
–– role of internal vs. external vs. no stent

•	 pancreatic transection in distal pancreatectomy
–– mechanical transection vs. transection with sealing devices
–– role of reinforced cartridges

•	 resectability criteria
•	 timing of surgery: upfront surgery, surgery after neoadjuvant therapy

The main objective of this book is to clarify these issues related to pancre-
atic cancer surgery, contributing to solve this lack of evidence. For this 
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proposes, the highest level of evidence (meta-analysis and systematic reviews) 
is used to answer the main questions related to this topic.

Writing a book is hard but more rewarding than I could have ever imag-
ined. None of this would have been possible without my colleagues and 
friends in Biliopancreatic Surgical Division, Gastrointestinal Surgical 
Department, Virgen de la Macarena Hospital, Seville, Spain (Angel Nogales 
Muñoz and Inmaculada Sanchez-Matamoros Martin). They have always 
given me the time and support to achieve the goals in my surgical career.

A very special thanks to all authors who have contributed to the chapters 
of this book. Their dedication and interest on this project have been extremely 
important for this idea to come true.

I’m eternally grateful to my parents. They taught me discipline, tough 
love, manners, respect, and so much more that has helped me succeed in life. 
I truly have no idea where I’d be if they haven’t given me a roof over my head.

To my wife Loli: Thanks for always being the person who gives me shine 
during the dark days. She sustained me in ways that I never knew that I 
needed. She never stopped me and only encouraged me to achieve my goal.

To my son Juan: Thanks for waiting for me awake every night when I 
come home after a hard day to play with him. Thanks for letting me spend 
time in this achievement. Without your smile we could not exist.

To my sisters, Chely and Silvia: Thank you for your understanding and 
support during all these years.

Finally, to all those who have been a part of my getting there: Aruna R 
Sharma (Book project coordinator) and Donatella riza (Executive editor).

Seville, Spain� Juan Bellido Luque   
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1Introduction to Diagnosis 
and Treatment in Pancreatic 
Neoplasms

Javier Padillo-Ruiz

1.1	� The Environment 
for Nihilism in Pancreatic 
Cancer

If we adapt the concept of nihilism to our medical 
field, we could consider it as the approach to 
knowledge from a fatalistic point of view: in the 
end, everything is reduced to nothing and, there-
fore, nothing makes sense. The first World 
Pancreatic Cancer Day, held in Spain in 2014, 
had the following headline in the media: 
“Nihilism is the usual tendency in pancreatic can-
cer” [1]. It is certainly difficult to find scientific 
articles that do not begin by describing pancreatic 
cancer as an intractable malignant tumor with a 
very poor prognosis. Unfortunately, its incidence 
is increasing and according to GLOBOCAN 
2020 [2], it is the twelfth most common cancer in 
the world, with 495,773 new cases. However, it is 
the 7th leading cause of cancer-related deaths, 
causing 466,003 deceases (4.5% of all cancer 
deaths). While mortality is declining in other 
types of cancers, it is increasing in pancreatic 
cancers. Generally, after diagnosis, only 24% of 
people survive 1 year and 9% live for 5 years [3]. 
This situation is not new and, unfortunately, there 
have not been great advances with enough impact 

on the results. The keys to this situation that 
causes nihilism are:

–– Pancreatic cancer is mainly diagnosed at an 
advanced stage. Regrettably, 80–90% of 
patients present unresectable tumors at the 
time of diagnosis [4].

–– Surgery is the only curative therapeutic option. 
However, even when resection is performed 
successfully, the overall survival as well as the 
disease-free survival rates remain very low 
due to local recurrence or distant spread [5].

Beyond the epidemiological and screening 
aspects, this chapter will address the most rele-
vant general aspects of the diagnostic and thera-
peutic approach and the possible future 
approaches to improve results.

1.2	� Key Points in the Diagnosis 
of Pancreatic Cancer

1.2.1	� Molecular Diagnosis: Toward 
the Early Diagnosis 
in Pancreatic Cancer

When the patient presents symptoms of pancre-
atic cancer, both body and head, the tumor is, in 
a high percentage of cases, advanced. This 
makes it necessary to look for other signs that 
facilitate the diagnosis in earlier stages, for 
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instance, germline mutations which are involved 
in pancreatic cancer development [6, 7]. 
According to the National Comprehensive 
Cancer Network guideline, germline testing 
must be done for any patient with confirmed 
pancreatic cancer [8].

Ductal intraepithelial neoplasia (PanIN) is 
considered the most common type of pancreatic 
adenocarcinoma precursor. There are complex 
mutational steps from this event until cancer 
dissemination that include Kras, Ckn2a, Tp53, 
or Smad4 mutations. From them, Kras gene is 
mutated in more than 90% of cases [9] and 
G12D mutation is the most commonly observed 
[10]. The severity of the cancer evolution is 
associated with the number of mutant genes. 
Recently, in a meta-analysis carried out by Zhao 
et al. [11], it was assessed that the detection of 
microRNAs was related to not only the progno-
sis of pancreatic cancer, but also the identifica-
tion of therapeutic targets [12]. Similarly, 
promising advances have been developed under 
the name of “omics”. The “omics” concept 
includes the evaluation of circulating biomark-
ers, exosomes, or cell-free DNA (cfDNA) 
through different sequencing techniques, includ-
ing transcriptomic [13].

An important key is where these markers can 
be more expressive, either in peripheral blood or 
in portal blood, where pancreatic cancer drains 

directly. In theory, the detection of circulating 
tumor cells (CTCs) in portal blood should be 
more accurate and it might be associated with a 
higher probability of liver metastases [14] 
(Fig. 1.1).

Earl et al. [15] evaluated CTC and DNA circu-
lating in peripheral blood obtaining good results 
when they were correlated with the existence of 
pancreatic cancer. However, in a preliminary 
study carried out by Padillo et  al. [16], we 
detected that CTCs in portal blood correlate bet-
ter with tumor size and neural infiltration than in 
peripheral blood.

The fact of discovering a CTC would abso-
lutely not imply the appearance of distant 
metastases since clusters of cells would be 
needed for them to occur. It remains to be 
defined which is the cut-off point for the num-
ber of CTCs from which the existence of a high 
risk of distant disease could be considered. This 
type of information is relevant to plan the 
actions to undertake.

In summary, the in-depth study of mutations 
and their early detection, as well as markers such 
as microRNA, CTC, cfDNA, or exosomes could 
allow new therapeutic targets. Due to the fact that 
a large number of biomarkers are proposed, a 
platform for the validation of the biomarkers 
used to detect early stages of pancreatic cancer 
has been proposed [17].

Peripheral blood Portal blood

Fig. 1.1  Portal vein vs. peripheral CTCs assessment. Samples from the same patient; Portal blood: 2.170 CTCs and 15 
cluster. Peripheral blood: 114 CTCs and 2 cluster

J. Padillo-Ruiz
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1.2.2	� Radiomics: Diagnostic 
Imaging as a Tool 
for Pathological Specification 
and Prognosis in Pancreatic 
Cancer

When a patient is diagnosed with pancreatic can-
cer, computerized tomography (CT) scan with 
vascular contrast is the test of choice to assess the 
location, size, local extension and possible exis-
tence of distant metastases. Today, 3D recon-
structions allow to obtain magnificent images 
that are very useful in diagnosis and treatment 
planning. However, as mentioned above, it is dif-
ficult to reach a diagnosis in the early stages of 
tumor development. Like other disciplines, radi-
ology is working to image early lesions. Another 
frequent problem is to obtain a sample significant 
enough to have a histological diagnosis after 
biopsy in order to clearly guide the treatment.

Currently, radiology is generating very rele-
vant advancements aimed at providing key pre-
operative information in relation to both the 
possible malignancy of the pancreatic lesion and 
the prediction of results after treatments. In this 
sense, the “radiomics” described by Lambin et al. 
[18] uses artificial intelligence and machine 
learning procedures in the processing of the 
images that are allowing to make approximations 
not only to the location and extension but also to 
the type of tumor and possible vascular or neural 
infiltration. Radiomics uses artificial intelligence 
and a machine learning approach to analyze a 
large amount of radiological images and extract-
ing information from them [18], taking into 
account the pathology, biomarkers, and tumor 
phenotypes [19]. Machine learning and artificial 
intelligence applications allow radiomic findings 
to be properly correlated with overall survival as 
well as with the potential response to selected 
chemotherapy [20–22].

The decision to offer either surgery or neoad-
juvant chemotherapy as the first option generates 
debates within the multidisciplinary committees 
that evaluate patients with pancreatic cancer. The 
developments of CT-based radiomic features 
have proven to be able to provide sufficiently rel-
evant tumor information to establish the progno-

sis in resectable patients with pancreatic cancer. 
These features may be really useful to stratify 
patients for neoadjuvant or alternative therapies 
[23, 24]. Clinically, there are often doubts about 
the malignancy of certain types of cystic lesions, 
especially mucinous ones, and finally, after sur-
gery, there might be up to a 30% of discrepancy 
between the pre- and postoperative diagnoses. 
Using multiphase CT radiomics and accepted 
parameters from international guidelines, Polk 
and colleagues [25] analyzed mucinous intra-
ductal papillary lesions (IPMNs) to assess the 
degree of malignancy. The authors compared the 
nomogram created using only the diagnostic 
parameters of the International Consensus 
Guidelines to the one resulted from using both 
the guidelines and radiomic images. When both 
tools (radiomics and guidelines) were used, the 
results in predicting the malignancy of the pathol-
ogy were far better. Radiomics has also been car-
ried out to assess recurrence and prognosis with 
other techniques. In fact, in a recent study, a CT 
radiomic evaluation using clinical data and tex-
tural features done in patients with advanced pan-
creatic cancer, the authors developed a predictive 
model not only for local recurrence but also for 
overall survival after Stereotactic Body 
Radiotherapy application [26, 27]. Another 
recent study by Tang et al. [28] developed a mul-
tiparametric nomogram for the preoperative 
assessment of local recurrence including clinical 
stage, and artificial intelligence applied to mag-
netic resonance imaging (MRI).

In summary, undoubtedly, radiomic tools will 
allow more precise decisions to be made, gener-
ating confidence in both patients and 
professionals.

1.3	� Key Points in the Treatment 
of Pancreatic Cancer

1.3.1	� Medical Treatment: 
Personalized and Precision 
Therapy in Pancreatic Cancer

Nowadays, chemotherapy is recommended as a 
palliative treatment and as an adjuvant therapy in 

1  Introduction to Diagnosis and Treatment in Pancreatic Neoplasms
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almost all patients after surgery. As adjuvant ther-
apy, in general, it is recommended not to delay 
the start of chemotherapy excessively, which is 
why most protocols start it in the first 3 months 
after surgery [29, 30]. At present, from the 
PRODIGE study 24, the treatment of choice in 
Western countries is the combination of modified 
FOLFIRINOX (m FOLFIRINOX) [31]. In the 
study carried out in resected patients, the results 
showed significant differences in favor of 
FOLFIRINOX versus Gemcitabine in both pan-
creatic cancer disease-free survival (21.6 vs. 12.8 
months, respectively) and overall patient survival 
(54.4 vs. 35 months, respectively).

Regarding neoadjuvant chemotherapy, cur-
rently there is no doubt about the use of neoadju-
vant therapy in  locally advanced pancreatic 
carcinoma. Some meta-analyses performed to 
evaluate FOLFIRINOX as neoadjuvant chemo-
therapy, reported a 67.8% resection rate and an 
83.9% R0 resection rate [32]. However, since no 
well-designed studies are included in this meta-
analysis, prospective randomized trials are neces-
sary to evaluate properly the role of neoadjuvant 
therapy. The role of FOLFIRINOX as neoadju-
vant therapy in resectable pancreatic cancer is 
under several studies (NCT02172976, 
NCT02562716, NCT02243007, NCT02345460). 
Although current clinical guidelines used rou-
tinely in pancreatic adenocarcinoma support the 
use of neoadjuvant chemotherapy, more prospec-
tive trials and meta-analysis including not only 
chemotherapy but also stereotactic radiotherapy 
as neoadjuvant therapy are needed to evaluate 
perioperative strategies in patients with both 
unresectable and resectable pancreatic cancer. 
However, as previously shown, despite signifi-
cantly improving the result over the established 
standard, the results are still not comparable to 
those of other tumors. Current guidelines will 
probably change, mainly those related to the 
progress in the knowledge of the tumor biology, 
which could help define the best choice of che-
motherapy. According to our research, in pancre-
atic cancer, better results are obtained when 
combinations of drugs are used [33, 34].

In the evaluation of medical treatment of pan-
creatic cancer, the biomarkers that provide rele-

vant diagnostic and prognostic information will 
have to be taken into account. From the different 
biomarkers currently being analyzed to assess 
therapeutics, possibly the most developed one is 
Circulating Tumor DNA (ctDNA) [29]. 
Detectable ctDNA before surgery has been asso-
ciated with a worse prognosis, and when detected 
after, it has been connected to local recurrence 
and a significant decrease in survival. The next 
steps to be evaluated in prospective studies 
would be whether once this measurement tech-
nique is established, the detection of ctDNA 
could be a systematic indication of the adminis-
tration of neoadjuvant. One might even wonder 
whether in patients who continue to present 
ctDNA after neoadjuvant treatment the surgery 
is suitable or not. Possibly, the answer is not only 
in the ctDNA, but in the joint evaluation with 
other biomarkers such as the measurement of 
Circulating Tumor Cells (CTCs) as previously 
mentioned [16], and the measurement of sys-
temic inflammatory markers such as neutrophil-
to-lymphocyte ratio (NLR) [35]. In these cases, 
it would be necessary to determine the cut-off 
points from which its detection is associated 
with metastases not yet visualized in CT scan 
images and with the indication of one therapy or 
another.

But in addition to using biomarkers that help 
us determine whether a patient would receive sur-
gery or chemotherapy, it is key to personalize 
cancer therapies including the predictive patho-
logical biomarkers related to the effectiveness of 
chemotherapy. This line has been specially 
worked on with Gemcitabine and 2 markers: the 
equilibrative nucleoside transporter 1 (hENT1) 
[36] and the phosphorylation by deoxycytidine 
kinase (dCK) [37]. First is the main transporter 
that allows the absorption of Gemcitabine into 
the cell, and the second facilitates the conversion 
of Gemcitabine into active metabolites. When an 
increase in the expression of hENT1 or dCK is 
detected, the permeation to Gemcitabine will be 
greater and therefore better oncological results 
could be obtained. These results must be con-
firmed in long prospective series to be incorpo-
rated into the decision algorithms in the clinical 
guidelines.

J. Padillo-Ruiz
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On the other hand, pancreatic adenocarcinoma 
presents different histopathological structures 
(angiogenesis, stroma, stellate cells, immune 
cells, etc.) that must be approached individually, 
since pancreatic adenocarcinoma does not 
express them equally in all patients. This would 
lead us to wonder whether the same group of 
drugs should be applied to all patients or not, 
when to do it, the doses, etc.

Indeed, at present, transcriptomics and bioin-
formatics are modifying the approach to these 
tumors. Based on transcriptomic profiles after 
bioinformatics analysis, five subtypes of adeno-
carcinomas have been described: “pure basal-
like,” “stroma-activated,” “desmoplastic,” 
“immune classical,” and “pure classical” [38]. As 
observed in the preliminary results of the 
COMPASS study in which the effectiveness of 
FOLFIRINOX was assessed according to the his-
tological subtype of pancreatic adenocarcinoma 
[39], this classification allowed to determine the 
best chemotherapy treatment, identifying the 
specific target in each case. Although more pro-
spective studies that include the different options 
are needed, work is being done with immuno-
modulatory, antistromal, and cytotoxic drugs 
with personalized programming based on the 
predominant molecular subtypes.

The culmination of all the above is the incor-
poration of artificial intelligence and radiomic 
machine learning together with the rest of the 
biomarkers in order to select the drug which will 
enable us to obtain the best response to chemo-
therapy treatment. In a study by Kaississ et  al. 
[40], artificial intelligence and machine learning 
associated with radiomics made it possible to 
identify the subtypes of adenocarcinoma of pan-
creas which were correlated with disease-free 
survival and overall survival according to the pre-
dicted response to Gemcitabine or FOLFIRINOX.

In summary, although the implementation of 
FOLFIRINOX has improved the results obtained 
with monotherapy, they are still substantially 
inferior to other tumors. Hence, the lines of work 
are focused on personalized therapies to the 
molecular structure of the tumor through tran-
scriptomic studies, identifying the ideal drug 
combination for the molecular composition of 

the tumor. To achieve the greatest therapeutic 
effectiveness on these molecular structures, it is 
essential to identify drug effectiveness markers 
that ensure a high level of permeation in the neo-
plastic tissue. Finally, in all this algorithm, we 
will have to take into account biological markers 
such as ctDNA that will help us define which 
patients can benefit from one type of therapy or 
another and their results.

1.3.2	� The Surgical Approach 
as a Guarantor 
of the Locoregional 
Eradication of Pancreatic 
Cancer

As with chemotherapy, the surgical approach 
does not offer the results that are obtained from 
oncological surgery in other locations. In pancre-
atic cancer, the follow-up of the patients has 
revealed a poor survival rate due to high cancer 
recurrence. Unfortunately, the rate of surgical 
margin affected (R1) remains too high, especially 
in the increasingly frequent cases of locally 
advanced tumors with prior neoadjuvant treat-
ment [41]. The technique of approaching the 
superior mesenteric artery initially (“artery-first” 
approach) has been proposed to try to reduce the 
rate of R1 [42] (Fig. 1.2). However, in the multi-
center randomized study carried out by the pan-
creas surgery groups in Spain, it has not shown 
superiority compared to the classical technique 
of approaching the hilum and portal vein in the 
first place in duodenopancreatectomy [43]. 
Regardless of the approach route, to achieve a 
complete excision of pancreatic cancer, espe-
cially in locally advanced tumors, it is necessary 
to perform a complete vascular approach with 
dissection of the spleno-porto-meseraic venous 
axis, mesenteric artery and hepatic artery-celiac 
trunk (Fig.  1.3). A complete dissection of all 
these structures is essential to be able to carry out 
vascular resections when the tumor requires it. 
These resections may be more localized and be 
reconstructed with end-to-end venous suture 
(Fig. 1.4), or more extensive when it affects the 
confluence of the ileo-ceo-colic and jejunal 
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a b

Fig. 1.2  Artery-first approach. (a) Proximal approach; 
SMA-Ao superior mesenteric artery at the bifurcation of 
aorta, LRV left renal vein, CV cava vein. (b) Distal 

approach; SMV superior mesenteric vein, SMA-Mroot 
superior mesenteric artery at mesenteric root, IMV infe-
rior mesenteric vein

Fig. 1.3  Vascular dissection in duodenopancreatectomy. 
HA hepatic artery, PV portal vein, SV splenic vein, SMV 
superior mesenteric vein, SMA superior mesenteric artery, 
SMA-Ao superior mesenteric artery at the bifurcation of 
aorta, SMA-Mroot superior mesenteric artery at mesen-
teric root, LRV left renal vein, CV cava vein

Fig. 1.4  End-to-end venous reconstruction. HA hepatic 
artery, PV portal vein, SMV superior mesenteric vein, 
SMA superior mesenteric artery, PMA porto-mesenteric 
anastomosis

venous branches in the superior mesenteric vein, 
requiring a Y prosthesis (Fig. 1.5). The relevance 
of the experience of the surgeons and the volume 
of activity of the units for this type of intervention 
and its impact on surgical and oncological results 
have been widely discussed. In a study carried 
out in hospitals in Germany and the Netherlands, 
they observed that centers with smaller volumes 
had higher mortality in pancreatic cancer inter-

ventions [44]. On the other hand, regarding onco-
logic approach, less delay in chemotherapy was 
also found in hospitals with a higher volume of 
cases [45].

In all this debate on how to optimize 
oncologic-surgical results, and even without 
reaching a clear global strategy, the minimally 
invasive surgery appears. The general benefits 
of laparoscopic surgery are indisputable, but it 
is necessary to assess them in each type of 
intervention. According to the aforementioned, 
it is obvious that it must ensure an oncological 
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Fig. 1.5  Tumoral invasion of confluence of the ileo-ceo-
colic and jejunal venous branches in the superior mesen-
teric vein, requiring a Y prosthesis. (a) HA hepatic artery, 
PV portal vein, SV splenic vein, YV jejunal vein, ICCV 
ileo-ceco-colic vein, SMA superior mesenteric artery, PC 

pancreatic cancer. (b) HA hepatic artery, PV portal vein, 
SMA superior mesenteric artery, MCA middle colic artery, 
LRV left renal vein, CV cava vein, PMph porto-mesenteric 
prosthesis

result at least equal to open surgery and main-
tain morbidity and mortality standards. Bearing 
in mind that laparoscopic surgery requires a 
specific learning curve, one might wonder if it 
is reasonable to assume even worse results in a 
pathology with surgical results still to be 
improved. In body and tail tumors, in which a 
distal pancreatectomy with lymph node cleans-
ing must be performed, there are different expe-
riences supporting the feasibility and safety of 
laparoscopic surgery [46]. Nevertheless, 
because of the reported excess mortality in the 
randomized LEOPARD-2 trial (10 vs. 2%), cur-
rently there is no consensus to recommend a 
laparoscopy approach for pancreaticoduode-
nectomy, despite an equivalent quality of exer-
esis [47]. A recent meta-analysis [48] concluded 
that, according to the level of evidence, laparo-
scopic duodenopancreatectomy has no advan-
tage when compared to open surgery. However, 
nowadays, the quality of evidence is very low 
regarding the learning curve results in this type 
of surgery. In this sense, it could be interesting 
to evaluate the learning curve with a robotic 
approach to duodenopancreatectomy that, in 

general, seems to be quite less steep than with 
the standard laparoscopic approach [49]. As a 
positive aspect of the laparoscopic approach in 
patients without severe complications, laparo-
scopic surgery allows to increase the adjuvant 
chemotherapy rate as well as to reduce the 
delay in chemotherapy, due to a prompt recov-
ery [45]. In these cases, in which the same sur-
gical oncological (R0) and morbidity and 
mortality results can be assured, these consider-
ations may be important.

One aspect that will have to be evaluated is 
the impact that minimally invasive surgery could 
have on the intraoperative spread of neoplastic 
disease. In patients with pancreatic cancer, the 
pancreas manipulation during open surgery may 
increase the tumor cell spread via the portal vein 
and thus increase the risk of liver metastasis. 
Theoretically, a non-touch isolation technique 
might reduce the circulating tumor cell (CTC) 
spread. Thus, we have designed a prospective 
multicenter randomized study to monitor the 
CTC level during open pancreaticoduodenec-
tomy in patients with carcinoma of the head of 
the pancreas [50]. In this study, non-touch and 

1  Introduction to Diagnosis and Treatment in Pancreatic Neoplasms



8

Fig. 1.6  Intraoperative use of indocyanine green. PC pancreatic cancer

artery-first approaches are compared and long-
term follow-up results will be evaluated 
according to intraoperative CTC levels. It might 
as well be interesting to develop this study 
including a laparoscopic approach that could 
reduce the tumor manipulation and, conse-
quently, the CTC spread.

Regardless of the approach route, a very 
limiting aspect of pancreatic cancer surgery is 
the high local recurrence rate. There are cur-
rently different and novel lines of research that 
seek to optimize the effects of systemic treat-
ment of pancreatic cancer by implementing the 
locoregional effect of chemotherapeutic 
agents. One of the ways is to facilitate the 
arrival of chemotherapeutic and/or immuno-
therapeutic drugs to tumor cells. For this, the 
use of various vehicles (lysosomes, exosomes, 
vectors, etc.) is proposed which, when admin-
istered systemically and loaded with drugs, 
lead them to tumor cells. However, these strat-
egies often fail in their mission to get the medi-
cation to the neoplastic cell due to the dense 
stromal matrix that pancreatic adenocarcino-
mas have. This matrix is responsible for the 
poorly vascularized and immunosuppressive 
microenvironment characteristic of this type of 
tumor. Hence, research is currently being con-
ducted on formulas that allow high concentra-
tions of chemotherapy/immunotherapy and 
antistromal medication in the tumor itself to 
generate a synergistic antineoplastic effect. 
Based on the contributions made in the field of 
peritoneal carcinomatosis, using hyperthermic 
intraoperative intraperitoneal chemotherapy 
(HIPEC), our research group has developed a 

biodevice (TARTESSUS®) (FISEVI-19004) 
that releases chemotherapy drugs on a sched-
uled basis. Applied locally after resection, this 
biodevice would release chemotherapeutic 
agents in a delayed and controlled manner to 
promote local permeation and reduce recur-
rences. These studies are currently in the devel-
opment phase.

At present, another development to reduce the 
incidence of R1 and ensure a good lymphadenec-
tomy is indocyanine green-guided surgery 
(Fig. 1.6). Fluorescent structures showed during 
operation allow the surgeon not only to identify 
potential lymphatic dissemination but also to be 
sure that resected mesopancreas tissue is free of 
tumor [51, 52]. In our experience, it has both 
served to facilitate the identification of lymph-
adenopathy or free margin, and to detect multi-
centric lesions not identified in the preoperative 
tests that have modified the expected surgical 
technique, changing the cephalic duodenopan-
createctomy for a total duodenopancreatectomy.

To sum up, navigation tools must be key to 
achieving radical goals in pancreatic cancer 
oncological surgery. In both open and laparo-
scopic or robotic surgery, they should be incorpo-
rated progressively. In the same way as in 
chemotherapeutic medical treatment, the applica-
tion of radiomics can play a crucial role in the 
personalization of treatments. The intraoperative 
incorporation of radiomics with artificial intelli-
gence and machine learning developments, 
together with the current fluorescence, should 
contribute to important advances to carry out the 
surgical approach of each patient in a personal-
ized way.
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and Angel Nogales Muñoz

Pancreatic cystic neoplasms (PCNs) are classi-
fied depending on their histology.

Due to the well-known low survival rate of 
pancreatic cancer and the increase in the preva-
lence of pancreatic cystic lesions, some of them 
precursors of it, there is a great need to improve 
the characterization of premalignant cystic 
lesions, performing surgery on those who need it 
and avoiding surveillance and unnecessary inter-
ventions, since this surgery has not negligible 
morbidity and mortality rates.

When a patient is identified with a pancreatic 
cystic lesion, the first thing to determine is their 
malignant potential; in general, they can be 
divided as shown in the classification (Table 2.1) 
into benign, malignant, and precursors, although 
in general pancreatic cysts can be classified into 
mucinous or non-mucinous, the latter will rarely 
undergo a malignant transformation unlike the 
former [1].

Pancreatic cystic neoplasms were considered 
a rare entity but are now becoming more com-
mon, accounting for 10–15% of all pancreatic 
cystic lesions and 1% of all pancreatic lesions 
[2], with variable malignant potential. In general, 

intraductal papillary mucinous neoplasia (IPMN), 
mucinous cystic neoplasia (MCN), and serous 
cystadenoma (SCA) are the most common cystic 
neoplasms of the pancreas. IPMN and MCN are 
thought to potentially lead to pancreatic ductal 
adenocarcinoma, while SCA is largely benign 
[3].

Due to increasing growth in the aging popula-
tion and the advancement of imaging techniques 
that improve the sensitivity of detection rates 
and shrinking lesions, the prevalence of pancre-
atic cystic lesions worldwide has increased dra-
matically over the past two decades [4]. If the 
prevalence is adjusted by age and gender, we 
will have in the general population approxi-
mately 2%, although it would increase exponen-
tially with age, being able to reach older people 
up to 45%.

The most frequent way to diagnose them is 
incidental, in patients who have performed imag-
ing tests for other reasons, so they can be called 
incidentalomas, although many are diagnosed in 
symptomatic patients. Depending on the tech-
nique used, the incidence rate varies, so in mag-
netic resonance imaging (MRI) it can reach up to 
19.6% [4].

Pancreatic cystic neoplasms, although they 
are generally asymptomatic, in case of presenting 
symptoms they are usually nonspecific, such as 
asthenia, nausea and vomiting, abdominal or 
back pain, jaundice, steatorrhea, pancreatitis, or 
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palpable mass. Clinical symptoms, especially 
weight loss, jaundice, and pain, are associated 
with a high risk of malignancy [5].

Currently, three guidelines are used to guide 
the follow-up and surgical referral of patients 
presenting with asymptomatic pancreatic cystic 
lesions: The 2017 International Pancreatology 
Association’s Fukuoka Guidelines [6], the 2015 
American Gastroenterological Association 
(AGA) Guidelines [7], and the 2018 European 
Evidence-Based Guidelines (EEG) [8]. The fact 
that there are different consensus guidelines in 
use indicates the imperfect state of knowledge 
about pancreatic cystic lesions and pancreatic 
cancer and the urgent need for better biological 
characterization of these lesions.

The most commonly used diagnostic tools for 
pancreatic cystic lesions include computed 
tomography (CT), MRI, and endoscopic ultra-
sound (EUS) ± fine needle aspiration, all of them 
have low sensitivity and specificity for identify-
ing high- and low-risk patients [7].

The differential diagnosis of a pancreatic cyst 
by USE will depend on the morphology and size 
of the cyst, the number of cysts present, the char-
acteristics of the wall and internal structures, cal-
cification, position in relation to the main 
pancreatic duct, and the presence of background 
lesions; these descriptors are highly dependent 
on the operator and the characterization of the 
cyst without cystic fluid analysis is limited.

Because imaging alone has limitations with 
respect to a definitive diagnosis, fine needle aspi-
ration (FNA) puncture, and cystic fluid examina-
tion by cytology and biochemical analysis, they 
have been extensively studied and demonstrated 
clinical utility in the diagnosis of pancreatic cys-
tic neoplasms.

Although FNA can be performed percutane-
ously guided by CT or ultrasonography (US), it is 
usually radioguided by EUS, because it has better 
image resolution (the tumor is closer to the trans-
ducer) and has fewer complications. Even so, it 
has an associated morbidity, so it should be justi-
fied and performed if the results of it will influ-
ence the therapeutic plan.

Table 2.1  Histological classification of pancreatic cyst 
tumors

Benign tumors
 �� 1. Serous cystoadenoma
 ��   (a) Microcystic
 ��   (b) Macrocystic
 ��   (c) Solid
 ��   (d) Von-hippel lindau syndrome associated
 ��   (e) Mixed serous-neuroendocrine neoplasm
    2. Seorus cystadenocarcinoma
    3. Low grade Glandular intraepithelial neoplasia
    4. High grade Glandular intraepithelial neoplasia
    5. �Intraductal papillary mucinous neoplasm with 

low grade intraepithelial neoplasia
    6. �Intraductal papillary mucinous neoplasm with 

high grade intraepithelial neoplasia
    7. �Intraductal papillary mucinous neoplasm with 

associated invasive carcinoma
    8. Intraductal oncocytic papillary neoplasm
    9. �Intraductal oncocytic papillary neoplasm with 

associated invasive carcinoma
 �� 10. Intraductal tubulopapillary neoplasm
 �� 11. �Intraductal tubulopapillary neoplasm with 

associated invasive carcinoma
 �� 12. �Mucinous cystic neoplasm with low grade 

intraepithelial neoplasia
 �� 13. �Mucinous cystic neoplasm with high grade 

intraepithelial neoplasia
 �� 14. �Mucinous cystic neoplasm with associated 

invasive carcinoma
Malign tumors
 �� 1. Duct adenocarcinoma
 ��   (a) Colloide carcinoma
 ��   (b) Poorly cohesive carcinoma
 ��   (c) Signet rign cell carcinoma
 ��   (d) Medullary carcinoma
 ��   (e) Adenosquamous carcinoma
 ��   (f) Epidermoid carcinoma
 ��   (g) Larg cell carcinoma with rhabdoid phenotype
 ��   (h) Carcinoma undifferenciated
 ��   (i) �Undifferenciated carcinoma with osteoclast-

like giant cell
 �� 2. Acinar cell carcinoma
 ��   (a) Acinar cell cystadenocarcinoma
 ��   (b) Mixed acinar-neuroendocrine carcinoma
 ��   (c) Mixed acinar-endocrine-ductal carcinoma
 ��   (d) Mixed acinar-ductal carcinoma
 �� 3. Pancreatoblastoma
 �� 4. �Solid pseudopapillary neoplasm with high grade 

dysplasia
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FNA should not be performed when:

–– The characteristics of the image of the cystic 
lesion are diagnostics, and performing the 
appropriate treatment of it.

–– If the lesion is symptomatic since it has indi-
cation of resection.

Macroscopically, the fluid aspirated in SCA is 
usually transparent, thin, and mucin-free, unlike 
MCNs where the fluid is thick, viscous, and 
mucinous. If the biochemistry of the same is ana-
lyzed, other differences are found for mucin, for 
amylase and tumor markers (Table 2.2).

Amylase in the cystic fluid, if >5 times serum 
levels, indicates that there is a communication of 
the pancreatic duct with the cyst, so it serves to 
exclude serous cystic neoplasms and mucinoses 
[9].

The Carcinoembrionary Antigen (CEA) level 
of the cyst fluid is the most accurate test to deter-
mine whether the cyst is mucinous and to differ-
entiate a mucinous neoplasm from an SCA with 
reasonable reliability [10]; however, cystic CEA 
levels are not a reliable marker for differentiating 
benign mucinous cystic neoplasms from malig-
nant one, as it is increased in all mucinous cysts 
[11].

Cystic fluid cytology has a high specificity for 
malignancy or high-grade dysplasia, but low sen-
sitivity due to the low cellularity of the samples 
[12]; as a result, cytological examination of cys-
tic fluid is often undiagnosed. It may be useful in 

differentiating mucinous from non-mucinous 
cysts by identifying mucin-producing cells.

Endoscopic retrograde cholecistopancreatog-
raphy (ERCP) has a higher risk of adverse events 
and a lower sensitivity and specificity in identify-
ing the type of PCNs than conventional radiology 
and USE, so it should not be used for this indica-
tion [13].

To date, for pancreatic cystic neoplasms, there 
are no blood biomarkers for clinical use available 
to differentiate the type of pancreatic cyst, iden-
tify high-grade dysplasias or cancer, as well as 
for monitoring them in daily clinical practice.

Each type of pancreatic cystic neoplasm will 
have an algorithm for its treatment depending on 
the type it is and that will be seen in its corre-
sponding sections and in the case of being faced 
with a cyst of unclear etiology of <15 mm and 
without risk factors of malignancy, it will be 
reevaluated from year to year for 3 years, if dur-
ing this time it remains stable it will be followed 
every 2 years. If the cyst is >15  mm it will be 
followed every 6 months in the first year and then 
annually [14].

Because PCNs present a greater risk of malig-
nancy the larger they are in size and knowing that 
any indefinite cyst can be mucinous in nature, it 
is why surveillance is recommended in both [15].

The long-term evolution of PCN as well as 
indefinite pancreatic cysts are unknown; there-
fore, follow-up should be lifelong, unless the 
patient refuses or is not a candidate for surgery 
[8].

Table 2.2  Analysis of cyst fluid aspirate

Serous cystic neoplasms Mucinous cystic neoplasm
Sex ratio (M/F) 1:3–4 1:9
Age range (year) 60–80 30–50
Location in pancreas Variable Body/tail (90%) >> head
Characteristics of 
lesions

Multiple, small (<2 cm) microcysts, honeycombed; 
rarely a unilocular microcyst; characteristic central 
stellate calcification (30%) Rarely macrocystic

Unilocular or multiloculated 
macrocysts >2 cm, smooth 
external contour

Findings suggestive of 
malignancy

Rare <1% serous cystadenocarcinoma, invasive and/or 
metastatic lesions

10–17% Eggshell 
calcification, solid component 
or mural nodule

Communication of 
cystic area with 
pancreatic duct

Absent Absent

2  Pancreatic Cystic Neoplasms: Serous Cystadenoma, Mucinous Cystadenoma
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2.1	� Serous Cystadenoma

Benign neoplasm of the pancreas of presumed 
ductal origin but of a non-mucinous nature. It is a 
benign tumor and more frequent in women (75%) 
with an average age in resected patients of 60 
years (Table 2.3).

They represent more than 30% of pancreatic 
cystic neoplasms, 1% of non-endocrine pancre-
atic neoplasms, and about 16% of resected cystic 
tumors of the pancreas, and can be located any-
where in the pancreas [16, 17].

Very few cases of malignancy have been 
reported (less than 1%), approximately 30 cases 
have been reported in the world literature, and 
they are typically locally invasive lesions rather 
than metastatic diseases [18].

Several morphological variants have been 
described including microcystic serous cystade-
nomas, macrocystic (oligocystic), solid serous 
adenoma, and serosa cystic neoplasm associated 
with Von Hippel-Lindau (VHL) [19]. Often the 
term serous cystadenoma refers indistinctly to 
both the micro and macrocystic variants.

The microcystic (multilocular) form consists 
of innumerable small tubular structures, of differ-
ent shapes and with irregular contours, most sub-
centimetric. It is the typical and most commonly 
described form of serous cystadenoma, also 
called “honeycomb” (Table  2.3), creating a 
unique configuration diagnosis of this type of 
tumor, similar to a sponge. It is formed by multi-
ple cysts of small size, with characteristic sep-
tums and a thick fibrous wall, the cysts are lined 
with a glycogen-rich cuboidal epithelium, with 
uniform round nuclei with homogeneous dense 
chromatin and a prominent microvascular net-
work that hugs the epithelium (Fig. 2.1).

The classic radiological image in CT or MRI 
is a “spongy” or “honeycomb” multilobular mass 
and in 30% of cases with a central scar that may 
or may not be calcified and is pathognomonic of 
the microcystic variant (Fig. 2.2).

Sometimes radiological imaging can be con-
fused with an endocrine solid pancreatic neo-
plasm [20], in which case USE with biopsy and 
fluid sampling may be necessary to support the 
diagnosis.

Table 2.3  Features of SCA and MCN

Cytologic Viscosity
CEA level  
(ng/ml) Ca 19.9 Amylase Mucin

Serous cystic 
neoplasms

Negative or celular 
sheets of glycogen-
containing, cuboidal 
cells

Low Low, <5 Normal Low 
<250 U/l

None

Mucinous cystic 
neoplasm

Mucin- containing 
columnar cells

High High, >5 ↑ Low 
<250 U/l

Present

Fig. 2.1  Serous 
cystadenoma, 
microcystic type

I. Sanchez-Matamoros Martin et al.



17

Fig. 2.2  Serous cystadenoma, central stellate calcification

Macrocystics or oligocystics (uniloculars) 
forms have much larger cysts (centimeters), in 
smaller numbers (typically less than 10) [19] and 
are devoid of central fibrosis or calcification. 
They account for approximately 10% of serous 
cystadenomas. It can radiographically simulate 
intraductal papillary mucinous neoplasms, muci-
nous cystic neoplasms, and pseudocysts, espe-
cially if only one cyst is evident, so this variant 
can be much more difficult to diagnose.

The presence of small peripheral cysts on 
imaging such as USE, and the low level of CEA, 
support the diagnosis of an oligocystic serous 
cystadenoma.

Rarely, the lesions are multiple, specifically 
when associated with VHL [19].

They can cause nonspecific symptoms, such 
as epigastric abdominal pain and weight loss; 
currently, most of them are diagnosed by chance 
and are asymptomatic, except in cases located in 
the pancreatic head and/or with large tumor size, 
where they present a more aggressive behavior 
due to their mass effect, or by direct invasion to 
adjacent organs or blood vessels or metastases to 
lymph nodes or other organs. Most cases are 
treated conservatively and can be followed up 
with serial imaging tests to ensure that it does not 
have rapid growth.

Serous cystadenoma has a very slow growth 
(<5 mm/year) [21], with an estimated doubling 
time of 12 years [22]. Approximately 60% of 
SCAs remain stable in size and only 40% of them 
increase in size is observed [8]. All this means 
that having a definitive diagnosis and in small 
tumors, the treatment is surveillance and in case 
of symptomatic or large lesions, the option of 
elective treatment is surgery.

FNA diagnosis of serous neoplasms has 
proven to be challenging due to the very low 
aspiration cellularity, probably due to the cohe-
sion and adhesion of cells to tissue. Tumor cells 
are soft, cubic, and arranged in loose groups or 
monolayers and the cytoplasm is usually vacuol-
ized; however, the cells are usually stripped of 
the cytoplasm, showing only small, round nuclei 
with fine but dense and homogeneous nuclear 
chromatin [23].

Presurgical diagnosis of pancreatic cysts has 
traditionally been based on the measurement of 
cyst fluid amylase, as well as tumor markers 
CA19-9 and CEA to identify and distinguish 
mucinous neoplasms from non-mucinous lesions 
such as serous ones. However, the sensitivity and 
specificity of these markers are relatively low.

Amylase may exclude pancreatic pseudocysts, 
values <250  U/l have a sensitivity of 0.44 and 
specificity of 0.98; but no difference between 
other mucinous and non-mucinous cysts [8] 
(Table 2.2).

There is a published study showing in an 
ELISA analysis of cystic fluid and tumor tissue, 
that vascular endothelial growth factor A 
(VEGF-A) was markedly elevated in serous cys-
tic neoplasms compared to pseudocysts, papil-
lary intraductal mucinous neoplasms, mucinous 
cystic neoplasms, and pancreatic ductal adeno-
carcinoma [24]; reaching a sensitivity of 100% 
and a specificity of 97% as a marker of serous 
cystic neoplasms, which makes it a very promis-
ing biomarker for the diagnosis and distinction of 
serous cystic neoplasms from other pancreatic 
cysts, especially when used in conjunction with 
CEA [24].

The identification of cyst-specific somatic 
mutations (involving the KRAS, GNAS, RNF43, 
CTNNB1, and VHL genes) offers great promise 
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in the presurgical diagnosis of pancreatic cysts. 
KRAS and GNAS mutations have been shown to 
have 96% sensitivity and 100% specificity to dif-
ferentiate intraductal papillary mucinous neopla-
sia from serous cystic neoplasia [25].

The fluid of the serous cystadenoma is trans-
parent and watery, colorless, yellow, or blood-
stained appearance, they may even have foci of 
hemorrhage [26] (Table 2.2). It presents very low 
levels of CEA, typically <5  ng/ml, but in the 
microcystic variant (the most frequent found), it 
may be difficult to obtain; however, the oligo-
quistic variant, more infrequent in its finding, but 
more difficult in its diagnosis (radiologically 
with characteristics superimposable to mucinous 
cystic neoplasia and intraductal papillary muci-
nous neoplasia of secondary branch), the pres-
ence of peripheral small cysts in echoendoscopy 
and low levels of CEA support the diagnosis of 
oligocystic serous cystadenoma.

If we have a clear diagnosis of serous cystic 
neoplasia, with radiological evidence of it and 
asymptomatic, they should be followed for 1 
year; subsequently, follow-up based on symp-
toms is recommended. In case of having an 
uncertain diagnosis, follow-up is required [8].

Only if there is a clear diagnosis of serous cys-
tic neoplasia and in symptomatic patients in rela-
tion to compression of adjacent organs, surgery is 
the treatment of choice [8].

Solid serous adenoma is characterized by uni-
form and small nests or tubules, with minimal or 
even no light formation. They usually lack cen-
tral fibrosis and are often radiologically misinter-
preted as neuroendocrine tumors. Tumor cells 
reveal a typical glycogen-laden clear cytoplasm 
and soft, round, or oval hyperchromatic nuclei 
[27, 28].

There are other solid neoplasms such as neu-
roendocrine tumors and metastatic renal cell car-
cinoma, which can have a difficult differential 
diagnosis with solid serous adenomas, mainly if 
it is in the context of VHL, since they can occur 
at the same time.

Serum cystic neoplasms associated with VHL 
usually present as a diffuse and irregular forma-

tion in the pancreas, although they can do so as a 
localized and well-defined pancreatic mass.

Serous cystadenomas associated with VHL 
occur in 35–90% of patients with VHL and the 
most common morphological types are multiple 
serous cystadenoma and macrocystic variants, 
their course being benign.

Allelic deletions of the VHL gene (chromosome 
3p) are detected in serous cystic neoplasms of 
patients with VHL, providing molecular evidence 
of their neoplastic nature; although alterations of 
the VHL gene can also be detected in up to 40% of 
sporadic cases of serous cystadenoma [19].

2.2	� Mucinous Cystic Neoplasia 
(MCN) (Tables 2.2 and 2.3)

MCN of the pancreas is a cystic from benign to 
potentially low-degree malignant epithelial neo-
plasm, composed of cells containing intracyto-
plasmic mucin and pathologically characterized 
by an ovarian-type stroma. It takes the shape of 
spindle cells forming a compact layer under the 
epithelium (Fig. 2.3).

Fig. 2.3  Mucinous cystic neoplasm (ovarian-like stroma)
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Spindle cells are generally positive for the 
estrogen receptor and progesterone receptor. As 
the size of the MCN increases, the characteristic 
stroma may become hyalinized, not being present 
in all the cuts, so the sampling must be suffi-
ciently large to demonstrate this diagnostic crite-
rion [29].

It is a rare pancreatic disease, slow growing 
and with a single lesion that does not communi-
cate with the pancreatic duct although exceptions 
have been described [30, 31]; inside the cyst 
there is mucinous content, unlike serous cystic 
neoplasms. The size of the tumor ranges from 1 
to 30 cm and they often have a complex internal 
structure with thin-walled lobes and variable 
size, although they are sometimes unilocular.

The size rate of an MCN increase should be 
considered. There appears to be considerably 
faster growth during pregnancy, which could lead 
to tumor rupture [32]; therefore, patients with 
MCN should be closely observed during preg-
nancy [8].

Although MCN generally is asymptomatic, 
unlike serous cystic neoplasms they are more 
commonly symptomatic, possibly due to their 
larger size and their more aggressive local bio-
logical behavior; so, clinical symptoms can occur 
as systemic manifestations, back pain, and jaun-
dice, and should lead to suspicion of the presence 
of malignancy [5].

It frequently affects women (>95%) with an 
average age of 45 years and is usually located in 
the distal pancreas (>95%) [33].

It can be the origin of pancreatic adenocarci-
noma and harbor invasive carcinoma, so it is clas-
sified into:

–– MCN with low-grade dysplasia (adenoma): 
The epithelial lining takes the form of a single 
layer of cubic to columnar cells with minimal 
variation in the size and shape of the nucleus. 
It has little or no malignant potential and is 
called by some authors “non-mucinous 
cystadenoma.”

–– MCN with high-grade dysplasia (carcinoma 
in situ).

–– MCN with invasive carcinoma (Less than 20% 
of cases) [34]. Invasion in the ovarian stroma 
but not beyond the capsule.

Having a large tumor size, palpable, or visible 
solid areas, presence of mural nodules with 
marked papillary projections and asymmetrically 
thickened walls or hypervascularization, as well 
as peripheral calcification in “eggshell,” are 
known to be associated with malignancy [35].

Recurrent genetic alterations have been identi-
fied in KRAS, GNAS, and RNF43  in MCNs, 
although they are not specific, since they also appear 
in intraductal papillary mucinous neoplasms. 
Detection of these mutations, along with typical 
morphology, can facilitate diagnosis [36, 37].

Due to its malignant potential, there is an 
aggressive approach in clinical guidelines, con-
sidering resection as the treatment of choice, in 
all patients with low surgical risk.

Patients diagnosed with MCN who present 
[38] have a clear indication for surgery:

–– Symptoms
–– Size ≥ 40 mm
–– Risk factors (such as the presence of wall nod-

ules) regardless of their size

The type of surgery for these neoplasms is a 
standard oncological resection, that is, a distal 
pancreatectomy in 95% of cases, associating 
lymphadenectomy and splenectomy for MCNs 
with high-grade dysplasia or carcinoma. In cases 
of low risk of malignancy, a non-oncological 
resection, distal pancreatectomy with splenic 
preservation with or without preservation of 
splenic vessels may be performed. The approach 
route of this type of resection is recommended to 
be performed by laparoscopy, due to its demon-
strated benefits over the open approach [39].

A conservative approach with surveillance in 
patients with low-risk MCN is currently 
proposed.

Patients with MCN of <40 mm asymptomatic 
and without risk characteristics such as wall nod-
ules, will follow-up with MRI, EUS, or both, 
every 6 months in the first year and then annually 
if there are no changes, for life as long as they can 
be candidates for surgery.

For those patients with MCN between 30 and 
40 mm, other factors such as age and comorbid-
ity, as well as patient preferences, can be incorpo-
rated. For those <30  mm in size that may be 
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difficult to have a definitive diagnosis, surveil-
lance similar to intraductal papillary mucinous 
neoplasms of <3 cm is recommended.
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3Intraductal Papillary Mucinous 
Tumors Principal and Lateral 
Branch of IPMT: Preoperative 
Management, Surgical Indications, 
and Surgical Techniques

Victoria Alejandra Jiménez-García,  
Ana Argüelles-Arias, Federico Argüelles-Arias, 
Rafael Romero-Castro, and Marc Giovannini

3.1	� Definition

IPMNs of the pancreas are PCN characterized by 
adenomatous proliferation of the pancreatic duc-
tal epithelium that may affect the main duct, the 
branch ducts or both [1] and by neoplastic pro-
gression ranging from low-to-high grade dyspla-
sia to invasive carcinoma.

3.2	� Epidemiology

The first cases of IPMNs were reported in 1982 
[2]. Their incidence has been increasingly 
reported [3] after the generalized use of noninva-
sive cross-sectional imaging procedures such as 
computed tomography (CT), magnetic resonance 
imaging (MRI), and magnetic resonance cholan-
giopancreatography (MRCP). These imaging 
procedures can display incidental pancreatic 
lesions in up to 45% of patients [4–7] being usu-
ally difficult to differentiate between their types 
[8]. Many incidentally pancreatic cystic lesions 
could be IPMNs [9]. However, the real incidence 
of IPMNs remains elusive because many IPMNs 
are asymptomatic. Probably, IPMNs account for 
20–50% of pancreatic cysts and 1–3% of exo-
crine pancreatic tumors [10–12]. There has been 
observed an elevated incidence of IPMNs in 
patients who smoke cigarettes [13], have diabetes 
[14], Peutz-Jeghers syndrome [15], familial ade-
nomatous polyposis syndrome [16], or a history 
of familial pancreatic adenocarcinoma [14, 17].

3.3	� Classification

IPMNs could be both classified anatomically and 
histologically.
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	1.	 Anatomic classification. According to the 
involvement of the pancreatic duct, IPMNs 
could be classified into three subgroups:

	 (a)	 Main-duct (MD)-IPMNs: The main pan-
creatic duct is involved and can be 
diffusely or segmentally dilated without 
stenosis with intraductal enlargement of 
mucin-producing ductal cells. Most of 
MD-IPMNs arise in the pancreatic head 
and can progress distally with or without 
affecting the side branches. MD-IPMNs 
require surveillance due to the risk of pro-
gression of the disease and malignancy, 
observed in up to 50% of MD-IPMNs 
[18]. Moreover, the entire pancreatic 
parenchyma has to be displayed during 
follow-up because of the increased risk of 
developing new-onset cancer [19, 20].

	 (b)	 Branch-duct (BD)-IMPNs: The branch-
side dilated subgroup of IPMNs are usu-
ally originated from the uncinate process, 
although the tail of the pancreas may be 
also affected. The potential for malig-
nancy in this subgroup is lower, 10–15% 
[18], although, surveillance is also needed 
[21].

	 (c)	 Mixed-type (MT)-IPMNs: They present 
features of the two former subgroups with 
involvement of both the main and the side 
branches of the pancreatic duct. Its bio-
logical behavior regarding the potential 
for malignancy is the same as for 
MD-IPMNs.

Therefore, the anatomic classification has 
important practical clinical consequences in 
assessing the risk for malignancy. In a review 
of 20 studies including 3568 IPMNs, the risk 
of invasive carcinoma arising in association 
with MD-IPMNs was about 44%, while in 
BD-IPMNs was approximately 17% [22]. 
However, these figures obtained from surgical 
series may be higher if compared to radiologi-
cal series.

	2.	 Histologic classification. The epithelial lining 
of the papillary component of IPMNs can be 
classified according to morphological charac-
teristics and immunohistochemical reaction 
against mucin proteins in four distinct histo-

logic subtypes (intestinal, pancreatobiliary, 
gastric, and oncocytic type), each of them 
characterized by a different risk for developing 
dysplasia or malignancy. Invasive carcinomas 
arising from IPMNs have remarkably impor-
tant prognostic differences being classified as 
tubular (ductal), colloid, and oncocyte types.

3.4	� Pathogenesis

IPMNs have the potential to develop tumors with 
different phenotypes. So, these IPMNs present 
with a wide histological spectrum ranging from 
low, intermediate, high-grade dysplasia to inva-
sive carcinoma.

The risk of developing malignancy is strongly 
related to the duct involvement [23]. Thus, a high-
risk disease with high-grade dysplasia and inva-
sive carcinoma were found after surgical resection 
in 61.6% of MD-IPMNs and in 18.5% of 
BD-IPMNs, respectively [22]. Besides, IPMNs 
have two peculiar, worrisome characteristics such 
as the frequent finding of multifocal cystic lesions 
and the increased risk of developing another cys-
tic tumor or a pancreatic ductal adenocarcinoma 
(PDA), either synchronously or metachronously 
[23]. Moreover, malignant progression is not only 
limited to cystic lesions as flat lesions also have 
the potential to develop malignancy and they need 
to be also surveilled [24].

IPMNs follow a classic “adenoma-carcinoma 
sequence” being estimated the time of progres-
sion from low-grade dysplasia to invasive carci-
noma around 4–6 years [25]. IPMNs are the 
second most common exocrine pancreatic tumor 
after PDA. Otherwise, invasive carcinomas aris-
ing from IPMNs have important different mor-
phological and genetic features in comparison to 
the common PDA [26, 27]. So, there have been 
found several alterations in oncogenes such as 
tumor suppressor genes and epigenetic changes 
in hypermethylation and gene expression.

There are several main molecular features that 
explain the biological behavior of IPMNs and 
their complex progression pathways, KRAS and 
GNAS somatic mutations the most frequent 
genetic abnormalities found in IPMNs [28, 29].
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Table 3.1  Adapted from Nasca et al. [30]. Rate of mutations in low and high-grade IPMN

Mutations Low-grade IPMN (%) High-grade IPMN (%)
KRAS 43–89 31–71
GNAS 41–77 42–72
RNF43 10 25–75
CDKN2A <5 0–15
TP53 <5 18–20
SMAD4 <5 <5

In Table  3.1, there are expressed the rate of 
different mutations in low- and high-grade 
IPMNs according to Nasca et al. [30].

Invasive carcinomas in the pancreas with 
IPMNs may arise in two ways: in an associated/
derived manner or in a distinct/concomitant way 
[31]. Associated invasive carcinomas may have a 
poorer prognosis than concomitant ones [32]. 
Anyway, the pathways of carcinogenesis by 
which IPMNs may progress to PDA are under 
study.

These comprehensive histologic and genome 
profile studies are needed to provide insights into 
the tumorigenesis of these complex lesions 
allowing further studies and design strategies to 
accurately identify both drivers and patients at 
risk to develop invasive carcinomas and treat 
them timely and properly.

3.5	� Clinical Presentation

Most patients with IPMNs are asymptomatic, 
especially those with BD-IPMN that have been 
discovered after cross-sectional imaging modali-
ties were performed for unrelated indications. In 
surgical series the rate of symptomatic patients 
is, obviously higher, about 50% in one series, 
being abdominal pain the most common symp-
tom (41%), followed by weight loss (29%), acute 
pancreatitis 22%), and jaundice (9%) [26]. 
Nearly 80% of symptomatic patients have only 
nonspecific clinical signs such as malaise, nau-
sea, vomiting, abdominal or back pain, or weight 
loss [33]. Some patients may have pancreatitis-
like symptoms or acute pancreatitis attacks. In 
some cases, exocrine or endocrine pancreatic 
insufficiency as well as maldigestion may 
develop.

Patients with IPMNs are at risk for synchro-
nous and metachronous pancreatic carcinoma 
and extrapancreatic malignancies. Therefore, the 
symptoms and clinical signs will depend on 
localization of the tumor. In a surgical series of 
patients with IPMNs referred for surgery, recent 
onset of diabetes, diagnosed 5 years before sur-
gery, was found to be associated with a 6.9-fold 
increased risk of invasive carcinoma [34].

Routine laboratory tests are usually normal. In 
patients complaint with abdominal pain, there 
may be elevated levels of amylase or lipase, asso-
ciated or not with increased levels of bilirubin or 
cholestasis enzymes. Tumor markers such as car-
cinoembryonic antigen (CEA) or carbohydrate 
antigen 19-9 (Ca 19-9) are elevated in less than 
20% of noninvasive cases while if they are ele-
vated are suggestive of malignancy [35]. In a 
meta-analysis, elevated serum Ca 19-9 had a sen-
sitivity of 52% and a specificity of 88% in detect-
ing malignancy in IPMNs [36]. Elevated serum 
Ca 19-9 has been included in the revised consen-
sus of Fukuoka guidelines as a worrisome param-
eter [25]. However, serum elevated Ca 19-9 has 
not been proved useful in distinguishing high-
grade dysplastic lesions and its optimal cut-off 
has to be determined yet [26].

3.6	� Diagnostic Approach

The diagnosis work-up of IPMNs relies on high-
resolution cross-sectional imaging and endos-
copy techniques and has several goals [37]. 
Firstly, IPMNs should be differentiated from 
other pancreatic cystic lesions. Secondly, it has to 
be determined the type of IPMN.  Lastly, 
malignancy-related findings should be 
identified.

3  Intraductal Papillary Mucinous Tumors Principal and Lateral Branch of IPMT: Preoperative…
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Radiology  To assess accurately the subtype of 
PCN may be difficult. Gadolinium-MRI and/or 
MRCP should be the first procedure indicated 
because it can differentiate around 40–95% of 
PCN in comparison to 40–81% for multidetector 
CT scan [21] (Fig. 3.1). So, MRI/MRCP is more 
sensitive than CT for identifying communication 
between the cysts and the main pancreatic duct, 
multiple cysts, nodules, and thickened walls and 
the size of the main pancreatic duct [21, 25, 38]. 
MRI also spares patients from ionizing radiation 
of repeated CT. Nevertheless, multimodal imag-
ing procedures (additional CT, especially dual-
phase pancreatic protocol CT) should be 
performed to assess calcifications, when there is 
a suspect of malignant PCN or a concomitant 
pancreatic cancer and to rule out malignant recur-
rence after surgery for pancreatic cancer. There 
are radiologic features associated with an 
increased risk of malignancy in IPMNs: presence 
of a solid component, an enhanced mural nodule 
(<5 mm), increasing dilation of the main pancre-
atic duct, 5–9.9  mm and a large cystic diame-
ter ≥ 4 cm [21].

Endoscopy  Endoscopic retrograde cholangio-
pancreatography (ERCP) is increasingly less 
employed because of its potential associated 
risks and the more accurate diagnostic yield and 
safety profile of endoscopic ultrasound (EUS). At 
ERCP, a patulous “fish mouth” papilla extruding 
mucus could be seen with the endoscopic view in 

advanced cases (patognomonic of MD-IPMN) 
and brushing cytology and collecting pancreatic 
juice could be obtained. Anyway, current data do 
not support the routine use of ERCP [39].

EUS is the next diagnostic step in the work-
up of IPMNs after MRI and CT [25]. EUS pro-
vides accurate information on localization, 
dimensions, and characteristic features such as 
septation, number of cavities, and calcifications. 
EUS also assesses mural nodules, the cystic 
wall, and the entire pancreatic parenchyma to 
rule out associated solid lesions. EUS has the 
unique capability to perform EUS-guided fine 
needle aspiration (EUS-FNA) for solid lesions 
and cystic lesions to obtain the cystic fluid con-
tent for a comprehensive study including amy-
lase/lipase, cytology, proteins antigens, and 
molecular analyses.

EUS obtains high-resolution images of the 
entire pancreatic parenchyma and is superior to 
radiologic techniques, also in assessing mural 
nodules which are a worrisome feature and one 
of the stronger predictors of high-risk 
IPMN. However, mucin plugs could be misdiag-
nosed as mural nodules. Contrast-enhanced har-
monic EUS (CE-EUS) can display the 
microvascularization of the mural nodules and 
parenchymal perfusion helping to differentiate 
them from mucin plugs (Figs. 3.2 and 3.3) with a 
sensitivity and specificity ranging from 89 to 
96% and 64 to 88, respectively [40]. If CE-EUS 
displays hyperenhancement of a mural nodule, a 
solid mass, or septations, the concern of malig-
nant transformation is raised and EUS-FNA 
should be performed according to a European 
guideline [21]. Besides, to make clinical manage-
ment of these patients more difficult, not only 
cystic or mural nodules are worrisome features. 
Koshita et  al. diagnosed with EUS 21 patients 
with BD-IPMNs with invasive carcinoma. They 
found 12 patients with mural nodules while 9 
patients have flat-type invasive carcinomas with 
higher recurrence rates of 33 vs. 67% and a worst 
5-year survival of 76 vs. 33% in those with flat-
type IPMNs [24].

A prospective multicenter study has reported 
that needle-based confocal laser endomicroscopy 
(nCLE) performed during the EUS-FNA of a Fig. 3.1  Main duct (MD)-IPMN in the pancreatic head
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Fig. 3.2  CE-EUS showing the microvascularization of a mural nodule

Fig. 3.3  Mural nodule enhancement after intravenous administration of Sonovue® displayed by EUS. EUS-FNA of the 
mural nodule. Courtesy of Professor Marc Giovannini. Institut Paoli-Calmettes, Marseilles, France

cystic lesion may be helpful in the differential 
diagnosis between mucinous and non-mucinous 
cysts [41].

Brush cytology and forceps biopsy are not yet 
recommended in daily clinical practice requiring 
these procedures further studies [21].

Finally, in patients unfit for surgery, EUS-
guided radio frequency ablation would be a ther-
apeutic option (Fig. 3.4) [42].

Cyst Fluid Analyses  The study of cystic fluid 
obtained after EUS-FNA is evolving and remains 
investigational for the most part of their parame-
ters. However, currently available data and fur-
ther initiated research could help in differentiating 
mucinous from non-mucinous PCN and in the 
dire challenging clinical decision-making algo-
rithm in detecting high-risk IPMNs. Study of the 
cyst fluid content encomprises cytology, 
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Fig. 3.4  Mural nodule (arrow) of an IPMN treated with EUS-guided RFA. Courtesy of Professor Marc Giovannini. 
Institut Paoli-Calmettes, Marseilles, France

biochemical analyses of CEA, Ca 19-9, viscosity, 
amylase/lipase and glucose, mucin stain, and 
proteomics and molecular analyses.

Cytology of the cystic fluid is of great value in 
assessing the risk of malignancy in IPMNs, 
although its sensitivity and specificity are ham-
pered by the low volume, low cellular yield, and 
interobserver variability. The Moray micro for-
ceps biopsy employed through a 19-gauge needle 
inserted into the cyst has been statistically signifi-
cant superior to conventional analyses of the cys-
tic fluid in diagnosing the specific type of the cyst 
[43]. However, this procedure has not been 
widely accepted in daily clinical practice.

CEA is the most widely employed protein 
marker in pancreatic cyst fluid being a valuable 
tool to distinguish between mucinous from non-
mucinous lesions, although it cannot differentiate 
between benign cysts from those with high-grade 
dysplasia or invasive carcinoma [44]. CEA cut-
off values of 109.9 and 192 ng/mL have been 
found to have an accuracy value of 79% and 
86%, respectively, in detecting mucinous lesions 
[26]. The cyst fluid Ca 19-9 is not useful in distin-
guishing benign from malignant PCN [45]. The 
viscosity of IPMNs is typically thick while amy-
lase levels will be high (>250  U/L). However, 
some mucinous neoplasms may have high levels 
of CEA and amylase also. Low levels of amylase 
neither rule out malignancy [46].

DNA alterations in the cyst fluid, especially 
mutations of KRAS and GNAS analyzed by next 
generation sequencing can distinguish muci-

nous from non-mucinous cysts [47], specially 
GNAS has been reported to have a sensitivity of 
98% and a specificity of 100% in differentiated 
IPMNs from mucinous cystic neoplasms [48]. 
Different subtypes of mucin are released accord-
ing to the histopathological subtype of IPMNs 
that also corresponds to the grade of dysplasia 
[49].

Interleukins levels of IL-1b, IL-5 and IL-8 
have been found significantly higher in cysts 
with high-grade dysplasia or malignancy, being 
IL-1b the more accurate parameter in predicting 
high-risk versus low-risk with a sensitivity and 
specificity of 79% and 95%, respectively [50]. 
Prostaglandin E2 has been associated with PDA 
and has been found significantly higher in 
IPMMs compared to mucinous neoplasms 
(p < 0.05) and their levels correlated in a step-
wise manner with the degree of dysplasia of the 
IPMN in two studies [51, 52].

MicroRNA profiling using Next Generation 
Sequencing displays aberrant microRNA 
expression in PDA and pancreatic cysts, being 
miR-216 the parameter most associated with 
dysplasia with a statistical difference in high-
grade dysplasia-IPMNs and pancreatic cancer 
associated with IPMNs, when compared to low-
grade dysplastic IPMNs [53]. Therefore, 
microRNA would be of great value in stratify-
ing IPMNs [9].

Colon epithelial protein, when found in gastric 
and pancreatic epithelium, poses a risk of develop-
ing invasive carcinoma and react to the murine 
Das-1 monoclonal antibody [9, 54]. The dysplastic 
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changes arising in the epithelial lining of the cysts 
may produce specific changes in the cystic fluid 
milieu that could be studied by several methods to 
investigate panels or a combination of several 
markers in order to better distinguish between 
high-risk from low-risk lesions.

To sum up, the study of cystic fluid biomark-
ers is an evolving field aiming to obtain accurate 
information to discriminate between high- and 
low-risk IPMNs leading to a sort of personalized 
medicine. Cystic fluid biomarkers obtained by 
EUS-FNA would be integrated into the manage-
ment guidelines (based only on specific clinical, 
imaging, and laboratory parameters), helping in 
the clinical decision-making to timely send to 
surgery high-risk lesions, avoid high-risk surgi-
cal procedures in low-risk lesions that could be 
also followed-up with this combined approach 
including cyst fluid analyses.

3.7	� Clinical and Surgical 
Management According 
to Published Guidelines

IPMNs are frequently found lesions carrying the 
potential of harboring or developing malignancy 
that has to be accurately evaluated by high-
resolution imaging techniques and EUS to select 
patients for surgery and apply an adequate sur-
veillance protocol [55].

To fulfil these two goals, several guidelines 
have been published (Tables 3.2 and 3.3) [21, 25, 
38, 56], with differences between them regarding 
optimal indications for surgery, surveillance pro-
tocols, and the decision to stop follow-up [55].

Therefore, appropriate indication for surgery 
and surveillance will be based on high-risk stig-
mata/worrisome features balanced with the 
patient’s age/comorbidities.

Table 3.2  Indications for surgery, diagnostic techniques, and management

Guideline Year Possible Indications for surgery Diagnostic technique Management
IAP I [56] 2006 Symptoms

Cyst size ≥3 cm
Mural nodule MPD ≥5 mm
Positive cytology

CT scan
MRI/MRCP
EUS + FNA

Surgery

AGA [38] 2015 High risk features
 �� – Cyst size ≥3 cm
 �� – Presence of solid component
 �� – Dilated MPD
 �� – HGD or cancer on cytology

(CT scan)
MRI/MRCP
EUS + FNA

Surgery

IAP IIIa 
[25]

2017 High risk stigmata
 �� – Jaundice
 �� – Enhancing mural nodule ≥5 mm
 �� – MPD ≥10 mm
 �� – HGD or cancer on cytology

(CT scan)
MRI/MRCP

Surgery

Worrisome features
 �� – Cyst size ≥3 cm
 �� – Acute pancreatitis (due to IPMN)
 �� – Enhancing mural nodule <5 mm
 �� – �Thickened and enhancing cyst 

wall
 �� – MPD dilation 5–9 mm
 �� – �Abrupt change of MPD calibre 

with distal pancreatic atrophy
 �� – Presence of lymphadenopathy
 �� – Elevated serum CA 19–9
 �� – Cyst growth rate >5 mm/2 years

(CT scan)
MRI/MRCP
EUS + FNA: 
required after 
imaging

Surgery versus close 
surveillance

(continued)
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Guideline Year Possible Indications for surgery Diagnostic technique Management
European 
[21]

2018 Absolute indications
 �� – Jaundice
 �� – Enhancing mural nodule ≥5 mm
 �� – MPD ≥10 mm
 �� – HGD or cancer on cytology
 �� – Solid mass

(CT scan)
(EUS + FNA)
MRI/MRCP

Surgery

Relative indications
 �� – Cyst size ≥4 cm
 �� – Enhancing mural nodule <5 mm
 �� – MPD dilation 5–9.9 mm
 �� – Serum CA 19.9 ≥37 U/ml
 �� – Cyst growth rate >5 mm/years
 �� – Acute pancreatitis (due to IPMN)
 �� – New onset of diabetes

(CT scan)
(EUS + FNA)
MRI/MRCP

Surgery

Adapted from the International European and American Gastroenterological Association (AGA) guidelines [55]
CT computed tomography, EUS endoscopic ultrasound, FNA fine needle aspiration, HGD high-grade dysplasia, IAP 
International Association of Pancreatology, IPMN intraductal papillary mucinous neoplasm, MPD main pancreatic 
duct, MRCP magnetic resonance with cholangiopancreatography, MRI magnetic resonance imaging
aA second revision of the International guidelines was made in 2012; since the guidelines did not change significantly—
particularly when considering indications for surgery/surveillance—the last and updated version of the International 
guidelines has been included in this review

Table 3.2  (continued)

Table 3.3  Different surveillance strategies

Guideline Year
Indications for 
surveillance Methods of follow-up Timing

IAP I [56] 2006 BD-IPMNs ≤30 mm 
without
 �� – Symptoms
 �� – Mural nodules
 �� – Positive cytology

MRI/MRCP or CT scan Cyst size ≤20 mm
 �� • Every 6–12 monthsa

Cyst size 20–30 mm
 �� • Every 3–6 months
Lifetime surveillance
 �� • �The interval follow-up can be 

outstreched if there are no 
changes after after a period of 
2 years

AGA [38] 2015 BD-IPMNs ≤30 mm 
without
 �� – Solid component
 �� – Dilated MPD
 �� – �HGD or cancer on 

cytology

MRI Years 1, 2, 5 from initial 
diagnosis

IAP IIIb [25] 2017 No high-risk stigmata or 
worrisome features
Cyst size <10 mm

(CT scan)
MRI/MRCP

• At 6 months from diagnosis
• Every 2 years (if no change)

No high-risk stigmata or 
worrisome features

(CT scan)
MRI/MRCP

• At 6–12 months from diagnosis
• Yearly × 2 years
• Every 2 years (if no change)

No high-risk stigmata or 
worrisome features
Cyst size 20–30 mm

MRI/MRCP EUS • EUS in 3–6 months
• �Yearly follow-up alternating 

EUS and MRI
No high-risk stigmata
Presence of worrisome 
features including cyst 
size <30 mm

MRI/MRCP EUS • �Every 3–6 months alternating 
EUS and MRI

Lifetime surveillance—consider surveillance discontinuation only in patients who 
become unfit for surgery
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Guideline Year
Indications for 
surveillance Methods of follow-up Timing

European 
[21]

2018 No absolute or relative 
indications for surgery

MRI/MRCP or EUS
Serum CA 19.9

• Every 6 months for the first year
• Yearly thereafter

No absolute indications 
for surgery
One relative indication 
in patients with 
significant comorbidities

MRI/MRCP or EUS
Serum CA 19.9

• Every 6 months

Adapted from International, European, and American Gastroenterological Association (AGA) guidelines [55]
BD branch duct, CT computed tomography, EUS endoscopic ultrasound, FNA fine needle aspiration, HGD high-grade 
dysplasia, IAP International Association of Pancreatology, IPMN intraductal papillary mucinous neoplasm, MPD main 
pancreatic duct, MRCP magnetic resonance with cholangiopancreatography, MRI magnetic resonance imaging
aThe interval of follow-up can be lengthened after two years of no change
bA second revision of the International guidelines was made in 2012; since the guidelines did not change significantly—
particularly when considering indications for surgery/surveillance—the last and updated version of the International 
guidelines has been included in this review

Table 3.3  (continued)

Different studies [57, 58] have demonstrated 
that, although high-risk stigmata or worrisome 
features are not observed in the diagnosis, after a 
median follow-up of 5 years, an important num-
ber of patients can develop malignancy or high-
risk stigmata.

Finally, The addition of taking into account 
molecular markers into the management of these 
lesions would lead to a better individualized mak-
ing-decision algorithm, especially in identifying 
high-risk lesions in otherwise patients presenting 
with low-risk lesions on conventional imaging 
parameters, being needed controlled studies and 
refining techniques.
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4Pancreatic Neuroendocrine 
Tumors: Diagnosis, Management, 
and Intraoperative Techniques

Baltasar Pérez-Saborido, Martín Bailón-Cuadrado, 
Francisco Javier Tejero-Pintor,  
Ekta Choolani-Bhojwani, Pablo Marcos-Santos, 
and David Pacheco-Sánchez

4.1	� Background

Pancreatic neuroendocrine tumors (pNETs) 
represent up to 2% of all pancreatic neoplasms. 
After pancreatic ductal adenocarcinoma, they 
are the second most common primary pancre-
atic malignant tumors. Pancreatic neuroendo-
crine tumors (pNETs) are overall rare; they 
have an incidence of ≤1 case per 100,000 indi-
viduals per year and account for 1–2% of all 
pancreatic tumors. pNETs represent less than 
3% of primary pancreatic neoplasms. Incidence 
rates have been increasing over the last two 
decades, but it is mainly related to increased 
detection of asymptomatic disease on cross-
sectional imaging and endoscopy done for other 
reasons [1–3]. pNETs are classified as func-
tional when associated with hormone secretion 
and a clinical syndrome or non-functioning. 
Over 50% of pNETs are non-functional in con-
temporary studies [4–7]. The aim of this chap-

ter is to illustrate the main concepts of pNETs 
concerning diagnosis, medical management, 
and surgical approach.

4.2	� Diagnosis of pNETs: 
Imagining and Histological 
Diagnosis

Depending on the clinical presentation the diag-
nostic sequence varies, so a combination of labo-
ratory tests and imaging studies are needed for its 
diagnosis [8].

4.2.1	� Imaging Studies

4.2.1.1	� Ultrasound (US)
pNETs are visualized in abdominal ultrasound 
(US) as well as circumscribed and hypoechoic 
tumors with smooth margins and can demon-
strate a hypervascular enhancement with intra-
venous contrast [9, 10]. US can be useful to 
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perform a percutaneous needle biopsy of 
doubtful liver metastases. Ultrasound is an 
accepted first-line study in symptomatic 
patients but cannot replace other elaborate 
imaging modalities like CT or MRI, as it can-
not differentiate between different types of 
pancreatic solid tumors [11].

4.2.1.2	� Computed Tomography
Most pNETs appear as solid hypervascular neo-
plasms that often enhance on arterial or 
occasionally portal venous phase imaging [12, 
13]. Dynamic CT has a sensitivity of 64–81% for 
pNETs diagnosis [14]. Small tumors as 4 mm can 
be visualized with CT; its sensitivity is decreased 
for those smaller than 2 cm [14]. The sensitivity 
approaches almost 100% in symptomatic but 
non-functioning tumors, VIPomas, and gluca-
gonomas that present as large tumors (>3 cm) at 
the time of diagnosis [15].

4.2.1.3	� Magnetic Resonance Imaging
On Magnetic Resonance Imaging (MRI), they 
appear with low signal on T1-weighted 
sequence, intermediate to high signal on 
T2-weighted sequence, hyper-enhancing on 
post-contrast, and diffusion restricting [16]. It 
presents an overall sensitivity of 74–94% and 
specificity of 78–100% for tumor detection 
[17]. As with CT scans, early arterial phase 
imaging following the injection of gadolinium 
contrast is critical for the detection of small 
hypervascular liver metastases [18].

4.2.1.4	� Endoscopic Ultrasonography
Endoscopic ultrasonography (EUS) provides 
excellent sensitivity and specificity and it can 
detect lesions as small as 2–3 mm in diameter 
[19]. On EUS, pNETs usually appear as 
defined orbed, hypoechoic lesions with a 
homogeneous pattern and clear regular mar-
gins [20]. ENETS Consensus guidelines con-
sidered EUS as the imaging study of choice to 
be performed after other negative non-invasive 
imaging studies [21].

One of the benefits of this technique is the 
possibility to perform EUS-guided fine needle 

aspiration (FNA) biopsy of the pancreatic 
lesions for subsequent histological confirma-
tion. EUS-FNA presents a sensitivity between 
80 and 90%, specificity of 96%, and a sampling 
adequacy rate of 83–93%, therefore, this method 
is considered the primary sampling technique 
for pancreatic tumors [22]. It is important to 
assess the difficulty visualizing the pancreatic 
tail, thus a highly skilled endoscopist is often 
required.

4.2.1.5	� Somatostatin Receptor-Based 
Imaging and Positron Emission 
Tomography

Most well-differentiated pNETs express high 
levels of somatostatin receptors which make 
functional imaging tests based on the expression 
of somatostatin receptors using radiolabelled 
somatostatin analogues a good option. The first 
imaging technique to visualize somatostatin 
receptor expressing tumors used 111-In pentet-
reotide to produce a scintigraphic image 
(OctreoScan). Following the advent of Positron 
Emission Tomography/Computed Tomography 
(PET/CT) systems, the development of several 
PET tracers for somatostatin receptor imagining 
such as 68-GaDOTATE and 68-Ga DOTATOC 
and metabolic markers (18F-FDG) have improved 
the detection of staging of these tumors [23, 24].

68-Ga DOTATATE or 68-Ga DOTATOC PET/
CT is preferred for most pNETs, especially for 
staging, detection of lymph node, and bone 
metastases and identification of the primary 
tumor. Indeed, it provides a predictive clinical 
response to therapy with somatostatin analogues 
and peptide receptor radionuclide therapy and it 
can help in identifying an otherwise occult pri-
mary site [25].

Other procedures, such as digestive endos-
copy, invasive approaches, or intraoperative 
ultrasonography may be required in rare cases. 
Procedures like arterial stimulation with venous 
sampling (ASVS) or arterial stimulation with 
transhepatic portal venous sampling (THPVS) 
have turned relatively obsolete given the 
improved sensitivity of preoperative imaging, 
especially 68-Ga DOTATATE PET and EUS and 
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might be used as adjuncts of imagining in patients 
where pNETs cannot be identified or localized 
preoperatively.

Most pNETs are non-functioning, about 
30–50% of them, but they frequently synthesize a 
variety of peptide markers, including chromo-
granin A (CgA), Neuron-Specific Enolase (NSE), 
ghrelin, neurotensin, subunits of human chori-
onic gonadotropin and pancreatic polypeptide 
(PP); that may be used in the follow-up of patients 
with pancreatic neuroendocrine tumors [26]. 
CgA has been correlated with tumor mass and 
metastasis of well-differentiated PNETs, as well 
as a prognostic marker, however, CgA is sensitive 
but not specific [27]. Due to suboptimal sensitiv-
ity and specificity of these markers a confirmed 
diagnosis requires histologic analysis.

Functional pNETs typically present with spe-
cific clinical syndromes related to peptide hyper-
secretion (i.e., insulin, proinsulin, glucagon, 
gastrin, and vasoactive intestinal polypeptide) 
than can be measured. These hormone levels can 
be correlated with changes in tumor size and 
might behave as specific tumor markers [28].

4.2.2	� Histological Diagnosis

Focusing on their histopathological characteris-
tics, pNETs are a heterogeneous group of tumors. 
It was thought that these neoplasms arose from 
neuroendocrine cells that migrated from the neu-
ral crest and initially these tumors were referred 
to as islet cell tumors because of its similarity to 
the islet of Langerhans. However, it is now known 
that enteropancreatic neuroendocrine cells origi-
nated from multipotent stem cells [29].

pNETs possess electron-dense granules with 
multiple peptides/amines, neuron-specific eno-
lase, synaptophysin, and chromogranin. 
Histologically, they characteristically display 
small cells with uniform nuclei and low rates of 
mitotic figures [30].

Pancreatic endocrine tumors can present a 
variety of growth patterns like gyriform patterns; 
solid or medullary patterns and glandular pat-
terns. They may also present with sarcomatous or 

anaplastic growth patterns, and many tumors 
show multiple growth patterns. Cytologically, 
they usually are composed of monomorphic cells 
with clear to eosinophilic cytoplasm and variable 
mitotic activity. No correlation has been described 
between growth pattern and biological behavior 
or between growth pattern and functional type 
[31].

pNETs have malignant potential and it is 
necessary to predict their biological behavior 
with its pathologic characterization of tumor 
grade and cell differentiation. To assess tumor 
grading and risk for malignancy several factors 
are studied such as tumor size, mitotic rate, 
presence of metastatic disease, local invasion, 
perineural spread, angioinvasion, and Ki-67 
proliferation index. However, malignancy can 
only be confirmed by the presence of local 
spread, vascular invasion, lymphadenopathy, or 
metastasic disease [32].

4.3	� Classification

Attending to the production of metabolically 
active hormones we can divide pancreatic neuro-
endocrine tumors into two types: non-functioning 
and hyperfunctioning tumors [33]. These tumors 
are related to diverse clinical syndromes that will 
be explained ahead in this chapter.

pNETs can be stratified into two groups 
attending to its histological grade well-
differentiated tumors or pancreatic neuroendo-
crine tumors (pNETs) and poorly differentiated 
pancreatic tumors which are called pancreatic 
neuroendocrine carcinomas (pNECs) [34].

In the 2010 World Health Organization 
(WHO) classification system, pNETs were 
divided into three grades based on two factors: 
mitotic count and ki-67 labeling index. The sys-
tem also divided pNETs into well-differentiated 
tumors, made up of grades 1 and 2, and poorly 
differentiated tumors, where grade 3 was 
included. However, the development of several 
studies has proved wrong the assumption that 
poorly differentiated histology and high tumor 
grade were equivalent. The most recent 2019 
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WHO classification of NENs of the digestive sys-
tem now recognizes a category of high-grade but 
well-differentiated GEP NENs. According to the 
2019 World Health Organization consensus crite-
ria, the classification of pancreatic neoplasms is 
based on the following tumor characteristics: his-
tology, differentiation, and grade [based on 
mitotic rate and proliferative index (Ki-67%)] 
(Table 4.1) [34–36].

Although pNETs were isolated from pancre-
atic adenocarcinoma in the seventh edition of the 
AJCC staging system published in 2010, the 

same staging classification criteria in pancreatic 
adenocarcinoma were applied to pNETs. Due to 
its different biological behaviors and prognosis, 
the revised eighth edition introduced another 
classification criterion asserted by the European 
Neuroendocrine Tumour Society (ENETS). 
However, some controversies remain in this stag-
ing system and a modified ENETS (mENETS) 
staging classification was proposed by maintain-
ing the ENETS Tm N and M definitions but 
adopting the seventh AJCC edition’s staging defi-
nitions (Table 4.2) [37].

Table 4.1  Adapted from the World Health Organization’s (WHO) classification system of Pancreatic Neuroendocrine 
Neoplasm (PaNENs) [35]

Terminology Differentiation Grade
Mitotic rate 
(mitoses/2 mm2

KI-67 proliferation 
index (%)

Pancreatic neuroendocrine tumor Well differentiated Low (G1) <2 <3
Intermediated 
(G2)

2–20 3–20

High (G3) >20 >20
Pancreatic neuroendocrine 
carcinoma small-cell type

Poorly 
differentiated

High >20 >20

Pancreatic neuroendocrine 
carcinoma large-cell type

Poorly 
differentiated

High >20 >20

Pancreatic mixed neuroendocrine 
non-neuroendocrine neoplasm

Well or poorly 
differentiated

Variable Variable Variable

Table 4.2  Definitions of American Joint Committee on Cancer, European Neuroendocrine Tumor Society, and modi-
fied European Neuroendocrine Tumor Society staging for pancreatic neuroendocrine tumors

AJCC 7th staging classification AJCC 8th and ENETS staging classification mENETS
Stage T N M T N M T N M
IA T1 N0 M0 T1 N0 M0 T1 N0 M0
IB T2 N0 M0 T2 N0 M0 T2 N0 M0
IIA T3 N0 M0 T3 N0 M0 T3 N0 M0
IIB T1–T3 N1 M0 T4 N0 M0 T1–T3 N1 M0
III T4 Any N M0 Any T N1 M0 T4 Any N M0
IV Any T Any N M1 Any T Any N M1 Any T Any N M1

Adapted from Ma et al. [37]
AJCC American Joint Committee on cancer, ENETS European Neuroendocrine Tumor Society, mENETS Modified 
European neuroendocrine Tumor society
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4.4	� Neuroendocrine Syndromes

As mentioned previously in this chapter, accord-
ing to the specific hormone secretion, we divide 
these tumors into functioning pNETs which 
include insulinomas, gastrinomas, VIPomas, glu-
cagonomas, and others resulting in a myriad of 
hormonal hypersecretion syndromes. 
Nevertheless, non-functioning pNETs comprise 
the largest group of pNETs and do not produce 
syndromes of hormonal excess; rather, they cause 
morbidity and mortality by invading normal tis-
sue and metastasizing [38, 39].

We herein assemble the main pNETs features.

4.4.1	� Functioning Pancreatic 
Neuroendocrine Tumors

4.4.1.1	� Insulinoma
Insulinomas are the most common functioning 
pancreatic endocrine tumors. They are rare 
(approximately four cases per million per year) 
but are the most common cause of hyperinsulin-
emic hypoglycemia in adults. It has a slight 
female predominance, and the median age at 
diagnosis is in the fifth decade of life. Insulinomas 
are typically solitary pancreatic lesions that are 
small (90% are less than 2  cm), well-
circumscribed, and equally distributed through-
out the pancreas. Rarely, insulinomas occur as 
multiple lesions (8% of the total insulinoma 
cases); these are usually associated with MEN1.

To begin the work-up of a hyperinsulinemic 
hypoglycemia patient, Whipple’s triad must first 
be established. Patients should have symptoms of 
hypoglycemia with concomitant low blood glu-
cose levels (<50 mg/dL). In addition, symptoms 
should resolve with glucose intake or correction 
of the low blood glucose levels. Once Whipple’s 
triad is confirmed, insulin levels should be 
checked. Inappropriately normal or elevated 
insulin levels in the presence of hypoglycemia 
are typically diagnostic of insulinoma after other 
factors such as exogenous insulin or hypoglyce-
mic drugs have been ruled out [40].

4.4.1.2	� Gastrinoma
Gastrinoma is a NET of the pancreas or duode-
num that secretes gastrin and gastrin precursors 
(progastrins) that mimic the action of gastrin 
secreted by the G cells of the gastric antrum. 
Gastrinoma syndrome, also known as Zollinger-
Ellison syndrome (ZES), is a rare disease (1–3 
cases per million per year). It has a slight male 
predominance and is generally diagnosed in the 
fifth decade of life. Peptic ulcer is the most com-
mon presentation of ZES. Interestingly, diarrhea 
occurs in up to 75% of patients and is occasion-
ally the foremost complaint. Most gastrinomas 
are sporadic, but in up to 20–30% of the cases, it 
is associated with MEN1. Approximately 
50–60% of gastrinomas are in the pancreas, and 
40–50% are in the duodenum. Approximately 
60–90% of gastrinomas are malignant, and up to 
50% of patients will have distant liver metastases 
at the time of diagnosis. The 5-year survival rate 
for all gastrinoma patients ranges between 62 and 
75%.

Gastrinoma is suspected in patients with 
resistant or multiple peptic ulcers. Biochemical 
diagnosis of gastrinoma is challenging because 
gastrin levels increase for many reasons, such as 
the use of proton pump inhibitors, H. pylori 
infection, renal failure, and gastric outlet 
obstruction. Fasting gastrin level detection 
should be the first laboratory screening test. 
Normal gastrin levels rule out gastrinoma, and 
fasting gastrin levels >500 pg/mL or greater than 
fivefold the upper limit of normal suggest gastri-
noma. In addition, fasting gastrin levels 
>1000  pg/mL are highly suggestive of gastri-
noma, especially if the patient has an acidic gas-
tric pH (<2). Because many other conditions 
increase gastrin levels, a provocative test must be 
performed to confirm the diagnosis. The most 
common provocative tests use secretin or cal-
cium gluconate infusion. Secretin does not stim-
ulate gastrin release from G cells of the stomach 
but does stimulate gastrin release from gastrino-
mas. An increase in fasting gastrin level higher 
than 200 pg/mL after secretin infusion is consid-
ered diagnostic [40].
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4.4.1.3	� VIPoma
VIPoma is a vasoactive intestinal polypeptide 
(VIP)—secreting tumor that commonly arises 
from the gastrointestinal tract. VIPoma syn-
drome is also known as WDHA syndrome and 
includes watery diarrhea, hypokalemia, and 
achlorhydria. VIPomas are rare and occur at a 
rate of 1 per 10 million per year. The median age 
at diagnosis is in the fifth decade of life, and 
there is a slight female predominance. 
Approximately 90% of these tumors are located 
in the pancreas, mostly in the body or tail. 
VIPomas are usually solitary (70–80%) and have 
a diameter of 1–7  cm. Many tumors are larger 
than 2  cm at the time of diagnosis, and symp-
toms typically appear after the tumor reaches a 
certain size. Typically, these tumors are meta-
static at the time of diagnosis.

The diagnosis of VIPomas requires recogni-
tion of the VIPoma syndrome and exclusion of 
more common causes of chronic diarrhea, such 
as chronic gastrointestinal infection, inflamma-
tory bowel disease, microscopic colitis, 
malabsorption syndrome, and laxative abuse. 
Fasting VIP levels greater than 200  pg/mL are 
required to confirm the diagnosis. Most patients 
with VIPomas have much higher VIP levels, 
sometimes as high as 7000 pg/mL [40].

4.4.1.4	� Glucagonoma
Glucagonoma is a rare type of functioning 
pNETs, with an estimated incidence of 1 per 20 
million per year. Glucagonoma syndrome is 
characterized by a skin rash known as necrolytic 
migratory erythema, diabetes mellitus, weight 
loss, anemia, stomatitis, thromboembolism, gas-
trointestinal disturbances, and neuropsychiatric 
symptoms. Glucagonomas vary in size from 2 to 
25 cm and predominantly occur in the tail of the 
pancreas. Most glucagonomas have already 
metastasized to the liver at the time of 
diagnosis.

The diagnosis of glucagonoma requires a high 
index of suspicion. Non-specific elevations in 
glucagon levels are common under physiologic 
stress or in carcinoid syndrome, but glucagon 
levels are usually less than 500  pg/mL (upper 
limit of normal <100  pg/mL). Glucagonoma is 

associated with a markedly elevated serum gluca-
gon level (>500  pg/mL, mean ∼1400  pg/mL), 
and glucagon levels above 1000 pg/mL are diag-
nostic of glucagonoma if the patient has gluca-
gonoma syndrome [41].

4.4.2	� Non-functioning Pancreatic 
Neuroendocrine Tumors

Non-functioning pNETs are clinically defined as 
pNETs that are not associated with a clear hor-
monal hypersecretion syndrome. Non-
functioning pNETs produce and secrete 
hormones, but the quantity and the biological 
activity of these hormones do not produce a dis-
tinct syndrome. Non-functioning pNETs result in 
non-specific symptoms resulting from tumor 
mass effects. Sometimes, non-functioning pNETs 
are discovered incidentally during abdominal 
imaging for other purposes. Non-functioning 
pNETs are usually diagnosed in the fourth or fifth 
decades of life and have often already metasta-
sized to the liver at the time of diagnosis [42].

4.5	� Localized pNETs 
Management

Treatment decisions of pNETs are based on 
whether the tumor is or not functioning, candidacy 
for surgical therapy, and treatment of metastatic 
disease. Surgical resection remains the only cura-
tive approach and must therefore be regarded as 
the current standard of care even in many cases 
where advanced disease is found [43]. The ideal 
aim of surgical resection is removal of the primary 
tumor and any affected lymph nodes [8, 44–46].

4.5.1	� How Should Small Non-
functioning (NF) pNETs 
Be Treated?

There are no truly prospective or randomized 
investigations and all recommendations and con-
sensus are based on retrospective series and sys-
tematic reviews.
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There are some good experiences with non-
operative treatment in patients with small lesions 
(<4 cm in Mayo Clinic or <3 cm in Sloan Memorial 
Kettering Center) that remain stable on imaging 
and suggest that non-operative management could 
be an option [36, 47, 48]. Other studies are in favor 
of resection, having shown recurrence or lymph 
node involvement even in small tumors [49–51].

Size correlates with the potential for malig-
nancy [52] and incidental finding goes against the 
potential for malignancy [53, 54]. Different series 
in the literature demonstrate the low potential for 
progression, malignancy, and the presence of 
lymphatic metastases in small lesions [36, 52, 
55–57]. However, there are also studies that show 
6% of malignant tumors [52] or 8% disease 
recurrence [7] with tumors <2 cm.

A recent study combining data from 16 
European centers reviewed results of 210 patients 
undergoing surgical resection for sporadic, non-
metastatic, NF-pNETs <2 cm. 10.6% had positive 
nodes (but only 3% between patients with grade 1 
lesions) and 5.9% developed recurrence with a 
5-year survival rate of 96% with tumors <20 mm. 
Concluded that patients with ductal dilatation, 
grade 2 or 3 tumors should undergo resection, 
while in other patients with small pNETs <2 cm, 
surveillance is a reasonable strategy [58].

ENETS, the Canadian Expert National 
Group and the NCCN Clinical Practical 
Guidelines suggested that incidentally discov-
ered NF-pNETs <2  cm could be selectively 
observed [4, 59, 60]. For the Canadian Expert 
National Group is important to have low Ki-67 
and no evidence of invasion or metastatic dis-
ease could be considered for surveillance [59] 
and NCCN recommended that surgical risk, site 
of tumor, and patients morbidities be consid-
ered in deciding observation vs. resection [60]. 
Recently, The North American Neuroendocrine 
Tumor Society Consensus published that initial 
observation is an acceptable treatment strategy 
for asymptomatic patients with pNETs <1  cm 
in size. The decision in patients with pNETs 
between 1 and 2 cm in size must be individual-
ized considering criteria like age, comorbidi-
ties, tumor growth, estimated risk of symptom 
development, imaging, grade, the extent of sur-
gical resection required, patient’s wishes and 

access to long-term follow-up [59, 61, 62]. In 
selected patients when life-long surveillance is 
troublesome for them, it could be an option the 
treatment with endoscopic ultrasound-guide 
ablation with ethanol-lipiodol or radiofre-
quency. There are some good experiences pub-
lished with complete necrosis in more than 
60% of the cases [63, 64].

4.5.2	� How Should Functional 
Lesions Be Treated?

Surgical treatment is recommended for all func-
tioning pNETs regardless of their size [62, 65] 
with two goals: management of the endocrine 
syndrome to control symptoms and tumor control 
to improve survival. Two scenarios are possible: 
the PNET may be identified (localized) or not.

In the presence of a localized functional PNET 
without distant metastases, resection is indicated 
[61]. When resection is undertaken, removing the 
regional lymphatic nodes (LNs) should be 
considered, although the prognostic and thera-
peutic roles of nodal disease have been studied 
most extensively for NF-pNETs. In gastrinomas, 
LNs resection increases the chances of biochemi-
cal cure and improves overall survival [66, 67].

If the pNET is not localized preoperatively, 
exploration with intraoperative US should be per-
formed in a center where there is specialized sur-
gical expertise for this procedure and pNETs [61]. 
Experienced surgeons are able to localize >95% 
of lesions intraoperatively with the use of intraop-
erative US and hormonal testing in patients [68]. 
Partial pancreatic resection is favored once the 
tumor has been localized, total pancreatectomy 
along with splenectomy and/or duodenectomy 
may be necessary depending on tumor size or 
spread [9, 69]. While surgical exploration had 
been traditionally proposed for patients with non-
localized functional pNETs [70, 71] actually and 
blind resection is not indicated [46, 61].

In insulinomas, vipomas, and somatostino-
mas, parenchyma-sparing surgery can be per-
formed whenever possible, however, gastrinomas 
are considered more aggressive tumors and 
sparing-parenchyma surgeries are more contro-
versial [43, 72, 73].
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4.5.3	� What Is the Role 
of Parenchymal-Sparing 
Surgical Techniques (PSRs)?

The most appropriate surgical technique in each 
case is not well established, not even if it’s nec-
essary to perform standard surgical techniques 
(cephalic pancreaticoduodenectomy (PD) or 
distal pancreatectomy (DP) with or without 
splenectomy or on the other hand to count up for 
parenchymal-sparing surgical techniques [enu-
cleation or central pancreatectomies (CP)]. 
PSRs have been advocated in select pNETs 
patients in an effort to minimize morbidity and 
maintain pancreatic endocrine and exocrine 
function.

Enucleation consists of tumor excision, pre-
serving the underlying tissue. Indications for 
enucleation, compared to extended resection of 
pNETs have not been the subject of rigorous 
review. A systematic review of 838 patients hav-
ing enucleation for “benign” lesions discussed 
that tumor size >3–4  cm and the proximity of 
tumors to the main pancreatic duct were the most 
commonly accepted limitations for enucleation 
[74]. The distance from the main pancreatic duct 
should be 2–3 mm to be safe [73, 75]. In a recent 
meta-analysis that included 1148 patients, enu-
cleation demonstrated improved operative times, 
estimated blood loss, length of stay, and rates of 
postoperative endocrine and exocrine insuffi-
ciency. There were no differences in mortality, 
overall complications, or reoperation rate. Formal 
resection demonstrated a reduction in postopera-
tive pancreatic fistula [76].

For most authors, enucleation would be indi-
cated in tumors <2 cm in stage I-II according to 
the TNM classification system of the ENETS 
[73, 75, 77] but others advocate enucleation 
between 2 and 4  cm if there are no obvious 
lymph nodes [78]. The North American 
Neuroendocrine Tumor Society Consensus rec-
ommends that enucleations should be reserved 
for smaller tumors (insulinoma or NF-pNETs 
<2 cm) and localized more than 2–3 mm from 
the main pancreatic duct. For larger tumors 
with risk of LN involvement formal resection 
with lymphadenectomy should be considered 
[61].

Central pancreatectomy may be indicated 
in patients with small, low-grade pNETs 
deeply located in the neck or proximal body 
of the pancreas that cannot be enucleated due 
to proximity to the main pancreatic duct, and 
in which the left pancreatic remnant is long 
enough to maintain sufficient pancreatic func-
tion (generally about 5  cm) [61, 75]. The 
management of the two pancreatic remnants 
offers several possibilities: derivation of the 
proximal and distal remnant to a Roux-en-Y 
bowel loop, suture of the proximal remnant, 
and diversion of the distal to a Roux-en-Y 
loop or to the stomach [79]. Patients with 
larger lesions, diffuse pancreatitis, and high-
grade malignant tumors are not suitable can-
didates for CP.  Central pancreatectomy has 
obvious advantages over DP and PD by pre-
serving postoperative pancreatic endocrine 
and exocrine function but with higher morbid-
ity and risk of postoperative pancreatic fistula 
[61].

PSRs are associated with a lower rate of de 
novo diabetes, better exocrine function, lower 
intraoperative morbidity, shorter surgical time, 
lower blood loss, and shorter hospital stay, com-
pared to DP and these differences are minor with 
PD. However, they are associated with a higher 
rate of pancreatic fistula, postoperative morbid-
ity, and reoperations [7, 73, 80–82]. A recent 
systematic review and meta-analysis of 50 stud-
ies with 1305 patients undergoing CP compared 
the clinical outcomes of CP vs. DP or PD [83]. 
When CP was compared to DP, it favored CP 
with regard to less blood loss (P = 0.001), lower 
rates of endocrine (OR, 0.13; P  <  0.001), and 
exocrine insufficiency (OR, 0.38; P  <  0.001). 
There was higher morbidity with CP than DP 
(OR, 1.93) as well as a higher POPF rate (OR, 
1.5). When compared with PD the same trends 
persisted, with CP having a lower risk of endo-
crine (OR, 0.14; P < 0.001) and exocrine insuf-
ficiency (OR, 0.14; P  <  0.001), but a higher 
POPF rate (OR, 1.6; P  =  0.015). Although the 
POPF rate of CP was 35%, most cases of POPF 
were in grades A and B.

From the oncological point of view, sparing 
parenchyma surgery does not obscure the prog-
nosis, it implies a higher quality of life with pro-
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longed survival. A limitation of PSRs is the 
limited LNs sampling, however, the routine per-
formance and extent of lymphadenectomy in the 
management of pNETs are unclear. However, if 
there are malignant pNETs with lymphatic 
involvement, radical resections should be per-
formed [73, 75, 84].

4.5.4	� What Is the Role of Splenic 
Preservation During DP 
as the Management of pNETs?

Patients with low-risk sporadic pNETs are 
unlikely to have nodal metastases, patients pre-
dict to have long survival, and young patients 
with pNETs may potentially benefit from splenic 
preservation. Splenectomy may be necessary for 
many pNETs patients with distal tumors, and it is 
indicated in patients with large pNETs, chronic 
pancreatitis, tumors abutting, or invading the 
splenic vasculature, bleeding during attempting 
vessel preservation, tumor thrombus, peripancre-
atic inflammation following the effects of neoad-
juvant chemotherapy and high risk of nodal 
metastases. In the case of splenic preservation, 
there is conflicting evidence on the benefits of 
splenic vessel preservation over the Warshaw 
technique [61].

4.5.5	� What Is the Role 
of Lymphadenectomy 
in pNETs?

The extent of lymphadenectomy in the manage-
ment of pNETs remains controversial since the 
relationship between nodal metastases and sur-
vival has been inconsistent [85, 86].

The ENETS guidelines of 2016 recommended 
not to perform lymphadenectomy in insulinoma 
and always to perform it in gastrinoma (prognos-
tic value and improvement of symptoms). There 
is limited data available to discuss the need for 
lymphadenectomy in other types of functioning 
tumors, but due to the high malignant potential 
and in the presence of symptoms, lymphadenec-
tomy is recommended [62, 87–89].

Referring non-functioning tumors, there is a 
clear association with tumor size, tumors located in 
the head of the pancreas, higher grade, Ki-67 levels, 
and poor differentiation with LN involvement and 
lymphadenectomy should be done in cases of G2 
tumors (with high Ki67). In the other cases, although 
the presence of metastasis lymph nodes seems to 
indicate a worse prognosis, the role of lymphade-
nectomy is highly controversial, since the removal 
of the affected nodes does not clearly correspond to 
a global survival benefit [67, 69, 90–92]. Fernández-
Cruz et  al. propose enucleation for NF-pNETs 
≤3 cm, but always associated with a sampling of 
locoregional LNs from different lymphatic stations 
depending on the location of the tumor and com-
plete lymphadenectomy in case of appearance 
metastasis after histological analysis [93]. Recently, 
a predictive lymph node metastasis score has been 
published, applied in patients with pNETs <2 cm 
combining tumor location and Ki-67 than can be 
used to guide future strategies of treatment [94].

If formal surgical resection (PD or DP) is 
planned for pNETs, oncologic resection with 
removal of 11–15 LNs should be performed for 
accurate nodal staging. If PSRs are planned for 
smaller pNETs (<2  cm), removal of suspicious 
nodes seen on preoperative imaging is warranted, 
and LN sampling may be considered if imaging 
is negative [61].

4.5.6	� What Is the Role of Minimally 
Invasive Surgery 
in the Treatment of pNETs?

Recently, Drymousis et  al. published a system-
atic review and meta-analysis comparing resec-
tion of pNETs between open and laparoscopic 
and conclude that laparoscopy presents advan-
tages in terms of reduction of global complica-
tions, blood loss, and hospital stay, although it 
does not present differences in terms of pancre-
atic fistula, operative time or mortality [95, 96].

Level 1 evidence suggests that intra- and post-
operative parameters of the laparoscopic approach 
for DP are improved and long-term outcomes are 
comparable to an open approach for appropriately 
selected patients (T1–T2) when these operations 
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are performed in centers with appropriate exper-
tise. Patients requiring multi-visceral resection, 
larger tumors, significant lymphadenopathy, and 
significant venous tumor thrombus are currently 
more likely to be better managed by an open 
approach. Robotic PD has demonstrated equiva-
lent and even improved perioperative outcomes in 
retrospective series when compared to open PD in 
the hands of highly experienced surgeons past 
their learning curve of 80 cases. Robotic PD is 
associated with decreased conversion rates when 
compared to laparoscopic PD [61].

Similarly, a randomized controlled trial of 
robotic-assisted vs. open CP suggested that the 
robotic approach was associated with a signifi-
cantly shorter hospital stay, reduced intraoperative 
time, less intraoperative blood loss, lower clinical 
PF rate, and expedited postoperative recovery 
[97]. There are also good experiences published 
with robotic enucleation on pNETs [98].

4.5.7	� How Should We Manage 
pNETs in MEN1 Syndrome 
and Other Familial Diseases?

In patients with MEN1 and gastrinomas or 
NF-pNETs <2 cm, surveillance could be a good 
option, but with a lesion >2  cm enucleation 
remains the generally recommended surgery. In 
all patients with insulinomas without non-
resectable metastatic disease surgical exploration 
should be performed. Multicentricity of pNETs 
renders surgical decision-making complex and 
unlikely to eliminate all diseases in the long term. 
Therefore, removal of the dominant lesion and 
potentially other easily accessible lesions that 
might be present should be the goal, balanced by 
preservation of pancreatic function and reducing 
the risk of complications [61, 62].

In the case of familial pNETs the broad prin-
ciples in the management include parenchyma-
sparing operations, watchful surveillance when 
appropriate for low-risk tumors, enucleation or 
minimal pancreatic resection for intermediate-
risk tumors when feasible and effective, and 
reserving major pancreatic resection for locally 
invasive, anatomically difficult, or high-risk 

lesions. VHL patients with pNETs <3 cm, with 
doubling times >500 days and mutations outside 
of exon 3 can be safely observed with serial 
imaging every 1–2 years. Patients with one risk 
factor (>3  cm; doubling times <500  days or 
mutations in exon 3) should be considered for 
surgery vs. surveillance every 6 months and those 
with two or more risk factors should be consid-
ered for surgical management [61].

4.6	� Management of Metastatic 
pNETS

4.6.1	� Primary Tumor Resection 
in Patients 
with Metastatic PNET

Several papers have established the benefit of pri-
mary tumor resection in patients with metastatic 
pNETs. Zheng et al. [99] reported 1547 patients 
with NET and liver metastases (501 were pNETs). 
Primary tumor resection was performed in 33.5% 
of pNETs and it was statistically correlated to 
improved 5-year OS.  In all patients, 5-year OS 
was significantly higher in patients in whom pri-
mary tumor resection was carried out (57.0 vs. 
15.4%, P < 0.001). Keutgen et al. [100] presented 
882 patients with metastatic pNETs, of which 
34% had their primary tumor removed. In this 
group, median OS was statistically higher (65 vs. 
10 months, P < 0.0001). In multivariate analysis, 
primary tumor resection was significantly associ-
ated to longer survival (P < 0.0001). So, it seems 
that surgical removal of primary tumor has an evi-
dent benefit on survival for patients with meta-
static pNETs.

4.6.2	� Hepatic Cytoreduction

Around 64% of patients with pNETs have synchro-
nous liver metastases. In these cases, hepatic deb-
ulking decreases hormone levels, improve 
symptoms, and delays the main cause of death (liver 
failure secondary to hepatic replacement) [101]. 
However, this is not globally accepted, as most 
series are retrospective and have selection bias.
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Even when acceptable cytoreductions, recur-
rence rates are 84–95% in 5 years, probably due to 
the existence of microscopic metastases that can-
not be detected in radiology tests [102]. Ongoing 
debates about the threshold of hepatic disease you 
should resect to achieve a survival benefit exist.

Some decades ago, Foster et  al. established 
that survival benefit was achieved when more 
than 95% of liver disease was able to be resected 
[103, 104]. In 2003, Sarmiento et  al. reported 
170 patients with NETLM (31% from pNETs) 
with more than 90% cytoreduction. 5-year OS 
rate was 61%, much higher than 30–40% for 
historical series, despite 56% of interventions 
were considered incomplete [105]. This way, 
they recommend cytoreduction when you pre-
dict you may achieve this limit of 90% debulk-
ing, in order to improve survival in these 
patients.

Nevertheless, other authors defend that 70% 
cytoreduction is a reasonable threshold for 
hepatic debulking. Graff-Baker et al. observed no 
difference in PFS with more than 70% cytoreduc-
tion, in a group of patients with metastatic 
GINET, thus defending this limit for hepatic deb-
ulking [106]. Morgan et al. presented 42 patients 
with metastatic NET who underwent cytoreduc-
tion in three groups (70–90%, 90–99%, and 
100%). They concluded that there were no differ-
ences in OS or PFS among groups, adding evi-
dence to lowering cytoreduction threshold to 
more than 70% [107].

Maxwell et al. reported 108 patients with met-
astatic GEPNET in whom a cytoreduction proce-
dure was carried out. For PFS, both 70 and 90% 
limits reached statistical significance, while only 
70% threshold was significant for OS [108]. Scott 
et al. presented 188 cytoreduction procedures in 
patients with metastatic GEPNET.  They estab-
lished three groups (less than 70%, 70–90%, and 
more than 90%). Results in OS and PFS were sig-
nificantly worse in the first group, without differ-
ences between the last two groups [109].

Taking all these data into account, we might 
improve survival in these patients when more 
than 70% cytoreduction may be obtained [61]. 
Although this recommendation has a poor evi-
dence level.

4.6.3	� Liver Transplantation

Liver transplantation provides adequate survival 
rates in highly selected patients with NET with 
liver metastases (Milan criteria for liver trans-
plantation in patients with hepatic metastases 
from neuroendocrine tumors [110]). Moris et al. 
reported 1-, 3-, and 5-year overall survival was 
89%, 69%, and 63%, respectively. However, pan-
creatic origin was associated to worse survival 
[111]. This, added to the graft unavailability and 
the lack of evidence, makes this indication 
unclear and randomized studies would be neces-
sary to elucidate this question.

4.6.4	� Combined Pancreatectomy 
and Liver Debulking

When considering simultaneous pancreatectomy 
and hepatic procedure, we must consider that 
both interventions may have high complication 
rates (depending on the extension of the resec-
tion). So, combining both might increase sub-
stantially morbidity [61].

Morgan et al. presented 42 patients with meta-
static pancreatic or periampullary NET in whom 
pancreatectomy and hepatic resection were per-
formed (around 50% simultaneously and 50% in 
a staged way). There were no differences regard-
ing complications or length of stay [107]. This 
way, authors conclude that combining pancre-
atectomy and hepatic debulking might be safe in 
selected patients and in experienced centers.

If pancreatic resection consists of Whipple 
procedure, must we take into account that liver 
abscesses are more frequent after this interven-
tion, due to the existence of biliary-enteric anas-
tomosis [61]?

De Jong et al. reported 126 patients with meta-
static NET who underwent Whipple and hepatic 
procedures (resection, ablation, embolization, or 
irradiation). Forty-five percent were performed 
simultaneously and 55% in staged way (Whipple 
was carried out first in 90%). Appearance of liver 
abscesses was significantly more frequent in staged 
procedures (14.5 vs. 7%, P  <  0.05) [112]. 
Consequently, these authors recommend a simulta-
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neous approach or, in case of staged procedures, per-
form hepatic therapy before Whipple procedure.

4.6.5	� Removing Primary Tumor 
When Unresectable 
Metastatic Disease Is Present

While removing primary pNETs does increase 
the quality of life in patients with symptomatic 
tumors, there exists debate about the paper of 
resecting the primary tumor in asymptomatic 
patients, since pancreatic surgery has high com-
plication rates.

Huttner et al. reported 442 patients with met-
astatic pNETs. They observed that 5-year OS 
was significantly higher in those patients in 
whom primary tumor was resected (52.5 vs. 
20.6%) [113]. Similar results were observed by 
Ye et  al. with 392 patients with metastatic 
pNETs. Median OS was significantly higher in 
primary tumor resection group (78 vs. 21 
months, P  <  0.001) [114]. In the same way, 
Tierney et al. presented 6548 patients with meta-
static pNETs. Median OS was also higher if pri-
mary tumor was resected (63.6 vs. 14.2 months, 
P < 0.001) [115].

However, in the last two publications, only 
19.9 and 7.6% of primary tumors were resected. 
So, selection bias might decrease evidence qual-
ity about the benefit of resecting the primary 
tumor in pNETs with unresectable metastatic dis-
ease [61].

Some recent studies have observed interesting 
results in survival rates in patients in whom pri-
mary tumor resection was performed before pep-
tide receptor radionuclide therapy (PRRT) with 
90Y or 177Lu [61].

Kaemmerer et  al. reported 889 patients with 
metastatic NET (38% were pNETs). Fifty-five 
percent underwent primary tumor resection 
before PRRT and 45% only had PRRT. Median 
OS was significantly higher in resection group 
(140 vs. 58 months, P < 0.001). Median PFS was 
also better in this group (18 vs. 14 months, 
P = 0.012) [116].

4.6.6	� Primary Tumor Resection or 
Hepatic Cytoreduction When 
There Is Extrahepatic Disease

As the main cause of death in patients with 
pNETs is hepatic replacement causing liver fail-
ure, extrahepatic disease might not be an absolute 
contraindication for hepatic cytoreduction [61].

Morgan et al. reported 42 patients with pNETs 
who underwent hepatic cytoreduction. 
Extrahepatic disease was not statistically associ-
ated to OS or PFS. Most deaths were secondary to 
liver failure due to hepatic replacement [107]. 
Lewis et al. observed that 45.4% of patients with 
metastatic GINET (from the California Cancer 
Registry) had extrahepatic disease. Median OS 
was significantly higher in those in whom primary 
tumor was resected (57 vs. 12 months, P < 0.001) 
[117]. However, there exist selection bias, such as 
only 11% of patients had their primary tumors 
removed, or only 43.6% were pNETs.

However, other authors, such as Mayo et al. and 
Xiang et al., have observed that extrahepatic dis-
ease was statistically correlated to worse survival in 
patients with metastatic NET [102, 118]. Although 
less than half of these patients were pNETs.

4.7	� Systemic Therapy

Systemic treatment is required in many patients 
with advanced, recurrent, or metastatic pancre-
atic neuroendocrine tumors (pNETs) that are not 
candidates for surgical intervention (see Fig. 4.1). 
Also, there may be a benefit in R2 resections of 
symptomatic tumors. However, in patients with 
asymptomatic or non-functional disease is con-
troversial [60].

4.7.1	� Symptoms-Directed Therapy 
in pNETs

•	 Insulinoma: Food fractionation suppression of 
insulin secretion has a key role in hypoglyce-
mia control, as well as diazoxide. 
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Functional PanNets
Insulinoma
(Diazoxide),

Gastrinoma (PPIs)

Consider Debulking,
Analogues somatostatine,

PRRT, everolimus

refractory

Non-functioning
tumors, G1-G2, low
tumor burden, no

syntoms 

Observe or
Analogues

somatostatine
(lanteotride)

Everolimus, Sunitinib or
Cytotoxic chemotherapy

Non-functioning
tumors, G2, high

tumor burden,
syntoms

Cytotoxic
chemotherapy,
Everolimus or

Sunitinib 

Non-functioning
tumors, G2, high

tumor burden,
syntoms

Cytotoxic
chemotherapy
(Etoposide +

Cisplatin) 

Fig. 4.1  Systemic treatment algorithm for advanced PanNETs [119]

Approximately 30–50% of patients respond to 
somatostatin analogues, although careful 
monitoring is required due to some patients 
can paradoxically aggravate hypoglycemia 
through suppression of glucagon greater than 
insulin. Several recent studies have shown that 
everolimus manages to reduce hypoglycemic 
episodes through anti-proliferative activity, a 
reduction in insulin secretion, and by promot-
ing insulin resistance [120]. Treatment with 

sunitinib, chemoembolization, or peptide 
receptor radionuclide therapy (PRRT) has also 
shown efficacy in this setting.

•	 Gastrinoma: Proton pump inhibitors are effec-
tive in the symptomatic control of these 
patients. In exceptional cases, somatostatin 
analogues may also be useful.

•	 Glucagonoma: It is necessary to consider 
nutritional support, prophylactic anticoagula-
tion especially prior to surgery.
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•	 VIPoma: Hydration (with meticulous moni-
toring of electrolytes and acid–base balance 
before starting any surgical treatment), soma-
tostatin analogues, and glucose control are all 
important factors in the symptomatic manage-
ment of these patients.

4.7.2	� Somatostatin Analogues

Octreotide and Lanreotide have similar effects 
in terms of efficacy in symptomatic control, 
which is achieved in 40–70% of patients, 
mainly in glucagonomas or vipomas (95–100%) 
with a lesser effect in patients with somatostati-
nomas or gastrinomas [121]. The anti-prolifera-
tive efficacy of somatostatin analogue treatment 
in pNETs was confirmed in two phase III clini-
cal trials.

•	 CLARINET trial [121]: This was a phase III, 
multinational, randomized, placebo-controlled, 
double-blind study, involving 204 patients 
with well-differentiated neuroendocrine 
tumors (Ki67 antigen <10%), originating in 
the pancreas or gastrointestinal location, with 
documented disease progression. Treatment 
with Lanreotide was associated with a signifi-
cant prolonged progression-free survival, com-
pared with placebo (progression-free survival 
at 24 months: 65.1% with Lanreotide (95% CI, 
54.0–75.1 months) and 33.0% with placebo 
(95% CI, 23.0–43.3 months). However, the 
study did not prove a significant difference in 
overall survival between the active treatment 
and placebo groups.

•	 PROMID trial [122]: 85 patients with meta-
static, well-differentiated intestinal NETs 
(95% with Ki67 <2%) were included, who 
were randomized to receive monthly intramus-
cular octreotide or placebo. The mean time to 
progression (primary endpoint) was signifi-
cantly higher in the group that received octreo-
tide (14.3 vs. 6 months, RH 0.34, P = 0.00007). 
There were no differences between function-
ing (39%) and non-functioning (61%) NETs.

4.7.3	� Molecularly Targeted 
Therapies

Two agents have been shown to improve 
progression-free survival in patients with 
advanced pNETs, Sunitinib and Everolimus.

•	 Sunitinib: It is a tyrosine kinase inhibitor, 
which was approved for the treatment of pro-
gressive well-differentiated pNETs in patients 
with unresectable, locally advanced, or meta-
static disease. A phase III clinical trial reported 
increased disease-free survival and overall 
survival with sunitinib compared to placebo 
[123].

•	 Everolimus: It is a mammalian target of 
rapamycin (mTOR) inhibitor. It is usually 
used as a second-line treatment in patients 
with metastatic pNETs. RADIANT-3 is a 
phase III trial, involving 410 patients with 
pNET with disease progression treated with 
Everolimus or placebo. The Everolius arm 
seemed to be superior to placebo and had 
higher disease-free survival (11 vs. 4.6 
months, P < 0.05) [124].

4.7.4	� Cytotoxic Chemotherapy

There is no consensus on the best chemotherapy 
treatment, and drugs for patients with symptom-
atic, and/or progressive disease. The indication 
for treatment must take into consideration mul-
tiple factors, including those related to the tumor 
(degree of histological differentiation, prolifera-
tive index, location of the primary tumor, vol-
ume of metastatic disease or symptoms, growth 
rate tumor), with the patient and with the experi-
ence and/or availability of other therapeutic 
alternatives. In general, Cytotoxic chemother-
apy is preferred over Somatostatin analogues or 
targeted therapy in patients with large tumor 
volume and/or symptoms derived from it, in 
those with rapidly progressive disease, or in all 
patients with grade 3 neuroendocrine carcino-
mas [119].
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4.7.5	� Peptide Receptor 
Radionuclide Therapy (PRRT)

This therapy involves delivery of targeted radio-
therapy to malignant neuroendocrine tumor cells 
that express somatostatin receptors to cause 
tumor shrinkage.

The phase III NETTER-1 trial has shown a 
significant benefit in disease-free survival of 
treatment with 177-Lu-DOTATATE compared 
to high doses of Somatostatin analogues in 
patients with advanced intestinal NETs pro-
gressing to conventional doses of ASS [119], 
but to date there are no data from randomized 
studies comparing PRRT vs. placebo or other 
therapies in patients with pNETs. Therefore, 
the efficacy data comes from long series of 
patients treated in referral centers that include 
NETs of both pancreatic and non-pancreatic 
origin.
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5Pancreatic Adenocarcinoma: 
Current Status in Diagnostic 
Methods, Surgical Techniques, 
Complications, and Short/
Long-Term Survival

Angel Nogales Muñoz,  
Inmaculada Sanchez-Matamoros Martin, 
Juan Manuel Castillo Tuñon, and Juan Bellido-Luque

5.1	� Epidemiology and Risk 
Factors

Pancreatic adenocarcinoma (PADC) and its vari-
ants account for 90% of all pancreatic cancers 
(PC) [1]. Approximately 60–70% of them arise in 
the head and the rest are found in the body (15%) 
and tail (15%).

The latest data recorded for 2020, with 
495,773 new cases of pancreatic cancer world-
wide and 8697 in Spain, representing 2.6% of all 
cancers [2], being slightly more common in men 
(5.5 per 100,000) than in women (4.0 per 
100,000).

The incidence rate for both sexes increases 
with age [2, 3]; it is rarely diagnosed before the 
age of 55 years and can be defined as a disease of 
elderly populations because the highest incidence 
is found in people over 70 years of age [4].

To date, pancreatic cancer remains one of the 
most lethal neoplasms, with a bleak prognosis 
and a 94% mortality/incidence rate.

Due to its poor prognosis, pancreatic cancer is 
the seventh leading cause of cancer death in both 
men and women in industrialized countries [2]. 
Rates are 3–4 times higher in countries with a 
high level of development, with higher incidence 
rates in Europe, North America, and Australia/
New Zealand [2].

Given that, in the European Union, rates are 
quite stable in relation to decreasing rates of 
breast cancer, it has been estimated that, in the 
future, pancreatic cancer will overtake breast 
cancer as the third leading cause of cancer 
death [2].

The etiology of pancreatic cancer has been 
studied extensively and today we know that more 
than 80% is due to sporadic mutations, approxi-
mately 75–90% of pancreatic cancer cases 
involve a point activation mutation in the KRAS 
oncogene [5] and only a small proportion are due 
to hereditary germline mutations.

BRCA2 mutations may be the most common 
inherited genetic alteration in familial pancreatic 
cancer. Substantial progress in understanding 
pancreatic cancer genomics holds promise for 
future management of the disease. We know that 
there are a number of risk factors detected and 
well confirmed so far for this type of cancer [6] 
such as chronic pancreatitis history, Hereditary 
Pancreatitis, or Familial cancer syndromes.
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In addition, there are other related factors, such 
as Diabetes Mellitus, H. Pylori infection, history 
of gastrectomy or cholecystectomy, non-O blood 
group, consumption of red and processed meat, 
foods and beverages containing fructose, foods 
containing saturated fatty acids, or alcohol con-
sumption (more than three drinks/day) [6].

Smoking is the best-established exogenous 
cause of this disease and we know that smoking 
cessation leads to a reduction in excess risk [6].

Alcohol consumption has been studied as a 
risk factor associated with PC.  A recent meta-
analysis showed that moderate or low levels of 
consumption were not associated with an 
increased risk of PC, however, it found that high 
consumption does increase the risk of suffering 
from it by 15%, especially with the consumption 
of spirits [7].

Chronic pancreatitis has also been found to be 
an entity that increases the risk of suffering from 
PC, reaching 5% of them suffering it throughout 
their lives [8].

Obesity has become an important risk factor, 
with obese people (body mass index [BMI] of 30 
or more) being approximately 20% more likely to 
develop pancreatic cancer [6]. In addition, in 2016, 
a meta-analysis observed an increase in mortality 
related to pancreatic cancer among obese people, 
compared to patients of normal weight, so that for 
each increase of 1 kg/m2 in BMI, a 10% increase 
in mortality was associated [9].

The family history of pancreatic cancer in a first-
degree relative represents an increase in risk 9 times 
greater than the general population; people with 3 
or more first-degree relatives affected by pancreatic 
cancer, the risk increases 32-fold [10, 11].

All known risk factors can be divided into 
modifiable (tobacco, alcohol, obesity, and dietary 
factors) and non-modifiable (male sex, advanced 
age, family history of pancreatic cancer, genetic 
factors, and chronic pancreatitis) [6]. For most of 
these risk factors, the association with pancreatic 
cancer is generally modest (with a relative risk 
ranging from 1.2 to 1.8), which makes it difficult 
to identify a high-risk population group that 
could benefit from a screening program [12, 13].

The intestinal microbiota has also been associ-
ated with the development of pancreatic cancer and 
although the presence of certain intestinal flora 
profiles is associated with a high risk of pancreatic 
cancer, there is not enough evidence to establish it 
as a factor on which action can be taken [14].

More than 90% of the cancers that are located 
in the pancreas are ductal adenocarcinomas being 
often named as pancreatic cancers, however, 
there are other malignancies that affect this gland 
such as malignant neuroendocrine tumors, as 
well as acinar carcinomas of the pancreas.

The histological subtypes of pancreatic ade-
nocarcinoma (PADC) and their main pathologi-
cal characteristics according to the WHO 
classification are shown in Table 5.1 [15].

Table 5.1  Subtypes of pancreatic adenocarcinomas

Summary of the different subtypes of pancreatic ductal adenocarcinoma
Adenosquamous carcinoma Significant components of ductal/glandular and squamous differentiation (at least 

30%). Considered to have a worse prognosis than pancreatic adenocarcinoma
Colloid/mucinous carcinoma Production of copious amounts of extracellular stromal mucin. Most arise in 

association with intraductal papillary mucinous neoplasms; thought to have a more 
favorable prognosis than pancreatic adenocarcinoma

Undifferentiated/anaplastic 
carcinoma

Minimal or no differentiation; highly atypical cells which may appear spindle 
shaped or sarcomatoid, often admixed with osteoclast-like giant cells. One of the 
most aggressive forms of pancreatic cancer with extremely poor survival rates

Signet ring cell carcinoma Discohesive, singly invasive cells with intracytoplasmic mucin that may displace 
the nucleus. Similar tumors throughout the gastrointestinal tract. A very rare form 
of pancreatic cancer with a prognosis similar to that of pancreatic adenocarcinoma

Medullary carcinoma Syncytial arrangement of pleomorphic epithelial cells with associated intratumoral 
lymphoid infiltrate. Prognosis is slightly better than pancreatic adenocarcinoma

Hepatoid carcinoma Morphological similarity to hepatocellular carcinoma. May produce bile. A very 
rare tumor with a poor prognosis similar to that of pancreatic adenocarcinoma
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5.2	� Clinical Symptoms and Early 
Diagnosis

Approximately 60–70% of pancreatic adenocar-
cinomas occur in the head of the pancreas, and 
the rest is found in the body (15%) and tail (15%) 
although at diagnosis most of them are in other 
locations outside the gland and this location will 
condition the symptomatology.

The diagnosis of pancreatic cancer is a real 
challenge in the initial stages, the absence of spe-
cific symptoms means that patients often are not 
studied. Symptoms often occur lately when the 
tumor may have reached a level of development 
and spread that prevents treatment with a chance 
of success.

The most common presenting symptoms are 
pain, jaundice, and weight loss. They are often 
accompanied by steatorrhea as a sign of the com-
monly associated pancreatic insufficiency.

The initial symptomatology will be greatly 
influenced by the location of the tumor. For 
tumors in cephalic location, painless jaundice is 
the most common form of presentation associ-
ated with consumptive symptoms, abdominal 
discomfort at the epigastric or periumbilical level 
and mood alterations often labeled as depressive 
symptoms [16].

The PADCs of corporocaudal localization 
usually reach greater size since by not causing 
jaundice. They remain asymptomatic for longer 
being the abdominal pain of pancreatic character-
istics with irradiation in belt to the back the most 
common form of presentation. It is usually 
accompanied by constitutional syndrome with 
weight loss and sadness.

These symptoms usually mean progression of 
the tumor to the surrounding tissues, especially to 
the retroperitoneum and vascular structures that 
are intimately related or to distant organs, over-
shadowing the prognosis of the disease.

Accompanying this symptomatology, it is 
common to appreciate functional alterations of 
the pancreatic gland such as those derived from 
both endocrine and exocrine pancreatic insuffi-
ciency. A novo Diabetes Mellitus is not only a 
common symptom but sometimes precedes the 
onset of neoplasia and can become a warning 

sign that can lead to an earlier diagnosis of the 
disease [17].

Since the only therapeutic option with cura-
tive intent is tumor resection, resectability, and 
early diagnosis become a fundamental tool to 
improve survival. A multitude of efforts is cur-
rently aimed at finding a way to perform screen-
ing tests.

An ideal screening test for early pancreatic 
cancer would be a highly accurate blood marker 
that could be measured non-invasively. Much 
research has been done to find PC biomarkers 
and several have been proposed (CEA, CA19-9, 
CA125, microRNA, etc.), although the clinical 
applicability of these tests remains unclear [18, 
19]. Unfortunately, none to date have proven to 
be specific enough for early diagnosis of this 
disease.

The only serological marker approved by the 
US FDA for the routine management of PC is CA 
19-9  in blood, but its low positive predictive 
value detracts from its value for early diagnosis 
in screening of asymptomatic population. Several 
studies corroborate this statement, finding useful 
the elevation of CA 19-9 as a predictor of PC in 
patients who also present Diabetes Mellitus and 
elevation of bilirubin [20].

Pancreatic carcinoma has a low incidence that 
is around 1% of the population, so it would not be 
profitable to perform population screening tests 
due to its low performance and low cost effi-
ciency value. Therefore, a great effort has been 
made to identify high-risk populations to selec-
tively monitor them.

So far, a series of hereditary syndromes have 
been identified with a higher PC incidence than 
the general population [21, 22]. These are heredi-
tary breast and ovarian cancer associated with 
BCRA2, Peutz-Jegher Syndrome (STK11 gene), 
Hereditary Pancreatitis, Familiar Melanoma 
associated with CDKN2A, and Hereditary Non-
polypoid Colorectal Cancer associated with the 
MMR gene.

Another target population would be those 
patients with lesions with malignancy capacity 
such as Mucinous Cystic Neoplasms (MCN) and 
Papillary Intraductal Mucinous Neoplasms 
(PIMN).
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The risk of MCNs containing invasive carci-
noma is low, at 7–12% [23]. The risk of PIMN 
developing a carcinoma depends on the presence 
or risk characteristics such as dilation of the main 
duct greater than 10 mm, wall thickening of more 
than 5 mm, location in the pancreatic head with 
the appearance of jaundice or elevation of CA 
19-9 in blood, etc. These clinical and radiological 
criteria are used to recommend or not surgery and 
approximately 30% of resected PIMNs present 
invasive disease [24].

Regarding the imaging techniques to establish 
follow-up in the population at risk, there is no 
clear consensus since some provide greater 
advantages than others and vice versa. MRI with 
Cholangiopancreatography (C-RNM) is an excel-
lent technique for the surveillance of patients at 
high risk of PC, with high sensitivity and the 
absence of ionizing radiation. This has been 
established as the most useful imaging test in 
terms of diagnosis of PIMN, since its sensitivity 
is greater than that of the CT scan, exceeding 
88% [25]. It also overcomes the limitations of the 
CT scan and could show the communication 
between injury and duct, an essential fact in the 
PIMN, as well as the dilation of the main duct, 
which is of vital importance to stratify the risk of 
injury considering that dilations greater than 
10  mm suppose a high degree of malignancy 
[26].

There is an agreement between the findings of 
the C-RNM and those of the Endoscopic 
Ultrasonography (E-US) although the latter has a 
greater sensitivity to identify smaller lesions 
(<2 cm), to identify worrying characteristics, and 
to obtain samples for biochemical and cytologi-
cal studies, all of which are useful to better char-
acterize suspicious lesions [27].

The International Consensus Group for 
Screening of Pancreatic Cancer recommends the 
use of the combination of MRI and Eco-
Endoscopy for the surveillance of risk groups as 
well as that such screening and subsequent man-
agement should be carried out in high-volume 
centers with multidisciplinary teams, with estab-
lished protocols [27].

Recommendations in existing clinical practice 
guidelines on the early diagnosis of pancreatic 

cancer are inconsistent and based on limited evi-
dence. Most of them support the blood measure-
ment of CA 19-9 as a complementary test, but 
established that, although it is not useful for diag-
nosing early pancreatic cancer, it is recommended 
in the follow-up of operated patients. Currently, 
there are no other tumor-specific markers recom-
mended for early diagnosis of pancreatic cancer 
[28].

Awareness campaigns should be carried out to 
establish a diagnosis of suspicion in the face of 
vague and non-specific symptoms, since most of 
the patients diagnosed with PC had presented 
vague symptoms even intermittently in the previ-
ous months with frequent consultations in this 
period. The signs and symptoms except painless 
jaundice are commonly poorly specified by the 
patient so a high degree of suspicion is necessary 
to establish a correct diagnosis [29].

5.3	� Diagnostic Protocol

We should consider essential steps to treat 
patients with PC in the most successful way to 
establish a diagnosis as early as possible and 
clearly define resectability.

A high level of suspicion that includes, symp-
tomatology of the patient, family history, and risk 
factors, will lead us to a diagnosis as early as pos-
sible and more accurately.

It is important to obtain abdominal imaging 
tests, establishing an order based on their diag-
nostic profitability.

It is quite common to start studies of a picture 
of abdominal pain with the performance of an 
abdominal ultrasound. The ultrasound of the 
abdomen is an affordable test that usually yields 
a high sensitivity for the detection of dilation of 
bile ducts, as well as the observation of pancre-
atic mass (>95%) in lesions of more than 3 cm. 
The sensitivity of ultrasound increases with the 
use of specific contrasts [30].

Multidetector CT scan with contrast and pan-
creatic protocol is the most appropriate technique 
for suspected PC and to evaluate vascular inva-
sion and resectability. This CT scan should 
include pancreatic parenchymal and venous 
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phase. The sensitivity to detect PC is 85–97%, 
although it falls to 65–70% for lesions of less 
than 2 cm [31].

However, its effectiveness is less in detecting 
small liver metastases or peritoneal implants. 
Several studies have shown that MRI increases 
the sensitivity to detect liver metastases, also 
helping to characterize indeterminate lesions 
[32].

The ECO-US endoscopic ultrasonography is 
more precise, but at the same time more invasive 
to detect pancreatic lesions, especially of small 
size <2  cm with a sensitivity and specificity of 
95% in most publications. It also provides the 
advantage of being able to obtain samples for his-
tological study through a fine needle puncture 
[33]. The drawbacks of this technique are its 
invasiveness and the possible adverse effects of 
the puncture, including pancreatitis, hemorrhage, 
or infection.

A meta-analysis of 15 studies involving 1860 
patients found that overall, euS-FNA sensitivity 
for pancreatic cancer was 92%, and specificity 
was 96% [34].

There is currently a broad consensus on the 
non-need for histological confirmation in cases 
of lesions with very characteristic radiological 
findings and resectability criteria.

It is desirable to obtain histological confirma-
tion, although your absence does not rule out sur-
gery. Thus, in cases where a lesion with typical 
characteristics of PC is diagnosed and with exten-
sion studies with resectability criteria, preopera-
tive histological confirmation is not necessary to 
decide on surgical resection. Only in cases where 
systemic therapies with neoadjuvant intent are to 
be used or in unresectable cases, will it be essen-
tial [35].

Similarly, in patients in whom autoimmune 
pancreatitis is suspected (history of autoimmu-
nity) or before signs of chronic pancreatitis 
(excessive alcohol consumption, destructure of 
the entire pancreatic gland, etc.) we should try to 
histologically confirm pancreatic cancer to avoid 
unnecessary surgeries.

PET-FDG (Positron emission tomography) 
with 18-fluorodeoxyglucose can be used in asso-
ciation with CT for the study of PC. It has been 

shown to be useful in the detection of distant 
metastases and can detect 97% of these if they are 
larger than 1 cm, but fails to see smaller lesions. 
Its drawback is the false positives found in 
inflammatory lesions. There is currently no evi-
dence to recommend the use of PET for routine 
use in the diagnosis or staging of PC [36].

Years ago the study of obstructive jaundices 
was continued with the performance of an ERCP 
(endoscopic retrograde cholangiopancreatogra-
phy). At present, it has been relegated by the 
RNM with Cholangiography (C-RNM) for the 
morphological study of the bile ducts. C-RNM 
has a high sensitivity without the drawbacks of 
ERCP (need for anesthesia, complications, etc.).

ERCP continues to maintain its main role 
when it is necessary to place a prosthesis for 
decompression of the bile duct assuming that the 
placement of prostheses can artifact the assess-
ment by CT, as well as eventually produce altera-
tions of the head of the pancreas that hinder and 
increase the morbidity of subsequent surgery. It 
will be other chapters of this book that abound in 
the use and limitation of this exploration.

5.4	� Resectability Assessment

Only 10–15% of patients are diagnosed with 
resectable disease. R0 resection associated with 
preoperative systemic therapy regimens is cur-
rently the best and only cure opportunity for 
resectable and Borderline patients with a 5-year 
survival of 25% [37].

A good staging of the PC is essential to estab-
lish adequate therapeutic management. The 
National Comprehensive Cancer Network 
(NCCN) recommends a multidisciplinary team 
of pancreatic cancer management specialists. 
Decisions determining resectability status should 
be made in committees, which include radiology 
experts, cancer surgeons, gastroenterologists, 
and medical oncologists.

Katz et al. [38] studied the survival effect of 
multidisciplinary care for resectable pancreatic 
cancer. They reported a 5-year survival rate of 
27% in their patients, higher than they had previ-
ously in patients not evaluated by the multidisci-
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plinary team, and attributed the best results to the 
use of objective criteria to define resectability, 
along with a standardized, multidisciplinary 
approach to patient care; however, since then, 
few reports have examined the impact of multi-
disciplinary care on survival [38].

The detection of remote invasion especially to 
the liver and peritoneum as well as to other organs 
at a distance constitutes a cause of unresectable-
ness established unanimously included in all the 
guidelines including the NCCN in its latest ver-
sion 2.2021 [39].

Vascular infiltration is the main cause of non-
resectability in non-metastatic PC and is mainly 
due to the involvement of the superior mesenteric 
vessels both superior mesenteric vein (SMV) and 
superior mesenteric artery (SMA), celiac trunk 
(CT), inferior cava vein, or the aorta. The degree 
of circumferential involvement, as well as the 
intensity of that contact that may or may not 
deform the vascular wall are taken into account in 
these definitions.

Using this vascular involvement as well as the 
existence or not of distant metastases, the NCCN 
establishes three categories: resectable, border-
line, and unresectable [40].

The NCCN 2020.2 establishes the definition of 
resectable PC as those that in the absence of dis-
tant metastases and involvement of the SMV or 
PV (portal vein) do not exist or is less than 180°, 
without arterial involvement in case there is no 
irregularity of said wall [40].

Locally advanced unresectable PC are consid-
ered those tumors that encompass the superior 
mesenteric veins or the portal vein without the 
possibility of resection and reconstruction or any 
involvement of the superior mesenteric artery or 
the Celiac trunk of more than 180° of its circum-
ference, as well as involvement of the aorta or 
vena cava.

The definition of Border-Line PC included in 
the latest version of the NCCN Guidelines [40] is 
as follows:

For venous involvement: Tumor contacts the 
SMV or PV > 180° with irregularity of the venous 
wall or thrombosis of the vein with proximal and 
distal vein length that allows a complete and safe 
resection and reconstruction.

With regard to arterial involvement for tumors 
that are located in the head of the pancreas or 
uncinated process: Tumor that contacts the com-
mon hepatic artery without extension to the 
Celiac Trunk or the hepatic bifurcation that 
allows a safe and complete resection and recon-
struction or tumor that contacts the SMA < 180°. 
For tumors of the body and pancreatic tail, those 
that contact the CT scan less than or equal to 
180° or if the contact is greater than 180° with the 
CT but without involvement of either the Aorta or 
the Gastroduodenal Artery and that allows the 
Appleby procedure is considered.

5.5	� Staging and Prognosis

For the staging of pancreatic cancer, the 8th 
Edition of the TNM Classification of the AJCC is 
currently used [41].

Because pancreatic adenocarcinoma is usually 
diagnosed in stage III or IV, it has a very poor 
prognosis, even for those cases that can be treated 
with surgery, the 5-year survival rate is 16% [42].

During the 2014–2018 period, data from the 
US National Cancer Institute for pancreatic can-
cer, in both sexes and all races, showed that 10% 
of people were diagnosed at an early stage I, hav-
ing a 5-year survival rate of 32%. If the cancer 
was stage III, the 5-year survival rate was 12% 
and those diagnosed as stage IV (52%) had a 
5-year survival rate of 3% [42].

The American Joint Cancer Committee’s 
(AJCC) TNM staging system was updated in the 
eighth edition of 2018, where extrapancreatic 
extension (presented in the 7th edition) was 
excluded to focus directly on tumor size [41]. 
The eighth edition of the TNM staging system 
demonstrated a more equitable distribution 
between the stages and better prognostic accu-
racy in patients with resected pancreatic ductal 
adenocarcinoma compared to the seventh edition 
[43]. There is evidence to show that tumor size is 
an independent risk factor for the prognosis of 
patients with pancreatic cancer, regardless of 
extrapancreatic extent, with a lower survival in 
patients with tumors larger than 2 cm compared 
to those smaller than 2 cm [44].
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There are few studies that evaluate the value 
of the marker Ca19.9 at the time of diagnosis, as 
a prognostic factor for survival, in patients who 
have their pancreatic tumor dried.

Asaoka et al. published a study conducted in 
patients undergoing surgery for pancreatic head 
cancer and conclude that the marker Ca 
19.9 ≥ 230 U/ml can be considered an indepen-
dent prognostic factor of low survival (P = 0.025) 
[45].

Following the indications of the International 
Study Group for Pancreatic Surgery (ISGPS) the 
evaluation of resectability should be based on a 
multidetector CT scan with a three-phase tech-
nique and cuts of 1–2 mm, a specific protocol for 
the pancreas in the arterial and venous phase that 
manages to define the normal pancreas, the tumor 
and assess the hepatic parenchyma and that man-
ages to clearly identify the relationships of the 
tumor with the arterial and venous vascular struc-
tures [46].

The findings of this CT scan should be stan-
dardized and ordered in a template that could 
similarly collect the findings so that the results of 
various groups can be adequately contrasted. 
These are included in the NCCN Clinical 
Guidelines [39].

5.6	� Surgical Management

Currently, surgery is the only curative option for 
Pancreatic Cancer, although only 10–20% of 
diagnosed patients can undergo surgery [47].

Cephalic duodenopancreatectomy (CPD) is 
the standard technique for the resection of tumors 
that are located in the head of the pancreas and 
uncinated process. The classical technique ini-
tially described by Whipple in 1953 has under-
gone multiple variations, especially with regard 
to the different anastomoses for the reconstruc-
tion. One of the most relevant has been the 
Pancreatic Duodenectomy with pilorus preserva-
tion that is introduced to try to avoid bile reflux 
and Dumping syndrome without compromising 
the oncological radicality.

The choice and type of reconstruction depend 
largely on personal election, and there is cur-

rently no technique superior to the rest and that 
must be recommended globally. Although many 
articles have been published comparing different 
techniques and different types of anastomosis, 
none of them has been established in a forceful 
way to be universally recommended.

Distal Pancreatectomy with Splenectomy is 
the technique of choice for PCs located in the 
body or tail of the pancreas. Splenic preservation 
in CP is not recommended as it would compro-
mise lymphadenectomy and oncological 
radicality.

Anterograde modular radical pancreato-
splenectomy (RAMPS) has appeared in recent 
decades in an attempt to improve R0 resection 
rates and oncological results by initially address-
ing splenic vessels as well as parenchymal tran-
section at the level of the pancreatic neck. 
According to several studies, this approach pres-
ents a lower blood loss, increasing the number of 
resected nodes, R0 resections and therefore with 
better oncological results [48].

In a meta-analysis that includes 285 patients 
(135 RAMPS vs. 150 PD), there are advantages 
in favor of RAMPS these do not reach statistical 
significance [49]. However, at present this 
approach is imposed in most groups mainly due 
to the rise of Laparoscopic Distal 
Pancreatectomies.

Resective surgery of pancreatic cancer, whose 
purpose is curative, should try to achieve resec-
tion with R0 margins (without micro or macro-
scopic tumor cells), since it has shown a 
significant improvement in survival with respect 
to R1 (presence of microscopic tumor cells), this 
being more evident in tumors located in the pan-
creatic head compared to those located in the 
body or tail [50].

This rate of R0 resections has increased with 
vascular resections. Venous resections allow to 
increase the percentage of R0 resections without 
increasing morbidity or mortality in the short 
term with respect to those who do not have 
venous resection when performed in reference 
centers [51].

These conclusions do not reach arterial resec-
tions whose performance increases the rates of 
complications so their indication should be eval-
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uated within trials and centers with extensive 
experience.

There are wide differences in the literature in 
the reported rates of R1 resections therefore 
incomplete from 15 to 75%. These enormous dif-
ferences are based on the great variability of the 
definitions as well as on the lack of standardiza-
tion of the pathological studies of the resection 
pieces. The dyeing of the piece in the operating 
room by the surgeon should assist the pathologist 
in the study and interpretation as it clearly defines 
the pancreatic, venous, and arterial margins [52] 
(Fig. 5.1).

The approach to the mesenteric artery in the 
first place tries on the one hand to reduce the rate 
of R1 resections as well as to facilitate venous 
resections in cases where this is necessary. Tumor 
infiltration of AMS remains a contraindication to 
pancreatic resection. The approach of this struc-
ture in an initial way allows to identify this infil-
tration early and helps the surgeon to make an 
early decision before having made irreversible 
gestures such as pancreatic transection. There are 
several types of approaches depending on the 
place through which this artery is addressed and 
that will depend on both the location of the pan-
creatic lesion and the preferences of the surgeon 
[53]. A recently published meta-analysis con-
cludes that this approach, especially by a later 
route, increases the rate of R0, decreases blood 
loss, and improves survival at 3 years [54]. 
Compared to a classic standard CPD approach, 
there appears to be a better postoperative evolu-

tion with a lower rate of transfusions, pancreatic 
fistulas, and delayed gastric emptying. In part, 
this may also be influenced by increased training 
and technical expertise of groups that systemati-
cally address AMS first [55].

The extent of lymphadenectomy in pancreatic 
cancer has also been subject to debate. Nodal 
involvement in patients with CP is an important 
predictor of survival. Extended lymphadenec-
tomy appears as an attempt to reduce nodal recur-
rences by including a greater number of nodal 
stations. Numerous publications conclude that 
this extensive dissection associates with a higher 
rate of complications without providing a signifi-
cant increase in patient survival. There has been 
intense debate about his recommendation against 
the so-called standard lymphadenectomy. At 
present and after the Consensus of the 
International Group of Studies on Pancreatic 
Surgery (ISGPS), it is established that standard 
lymphadenectomy is the one that should be rec-
ommended [56]. This consensus defines the 
extent of this standard lymphadenectomy by 
establishing the nodal stations that must be 
resected depending on the tumor location. For 
cephalic Duodenum-Pancreatectomy, the gan-
glion stations 5 (supra pyloric), 6 (infra pyloric), 
8 (common hepatic arteria), 12b–c (bile duct and 
cystic), 13 a–b (along the head of the pancreas), 
14 a–b (right part of AMS), and 17 a–b (anterior 
face of the pancreas). For cancers of the body and 
tail of the pancreas, they must be removed from 
seasons 10, 11, and 18 [56].

The retroperitoneal tissue must be completely 
removed with 360° circumferential dissection of 
the axis of the superior mesenteric vein-portal 
vein and of the right half of the 180° circumfer-
ence of the superior mesenteric artery. removal of 
lymphofast tissue from the inter aorto-cavo space 
with cranial margin of the right renal vein [57]. 
This technique requires the intraoperative study 
of the margins of both the vascular contacts and 
the pancreatic and biliary edges of the section 
(Fig. 5.2).

At least 15 nodes should be resected for proper 
staging of the disease [58].

It is controversial whether intraoperatively 
cosigned tumor involvement of the nodes for aor-

Fig. 5.1  Yellow border pancreatic section, Blue venous 
margin, Red arterial margin
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Fig. 5.2  Surgical field after resection. Blue ribbon: 
portal-mesenteric axis. Red ribbon: Proper hepatic artery. 
Common hepatic biliary stump is clamped

tic contraindicates surgical resection. Some 
teams do not perform CPD in case of positive 
involvement in the study by freezing and are 
based on the significant drop in the survival of 
patients in these cases. However, there is no inter-
national consensus to recommend CPD in case of 
positive paraaortic nodes [59, 60].

5.7	� Complications 
and Postoperative Results

The morbidity rate after pancreatic surgery is 
high, in the range of 15–65%, although mortality 
has decreased to less than 5% due to recent 
advances in surgical techniques and perioperative 
management.

The concentration and referral of these 
patients to high-volume centers have improved 
the results, hand in hand with the increase in 
experience in surgeons. Innovations in technol-
ogy and operative technique have sought to fur-
ther reduce adverse outcomes and improve 
survival [61].

Postoperative pancreatic fistula (POPF) is 
defined as outflow by draining any volume of 
fluid with an amylase level >3 times the upper 
limit of the normal value of serum amylase. It is 
one of the most serious postoperative complica-
tions after pancreatic surgery associated with a 
higher incidence of life-threatening complica-
tions, such as abscess or intra-abdominal bleed-
ing and sepsis [62].

In a systematic review of 40 studies, clinically 
relevant pancreatic fistula occurred in 13% of 
patients after pancreatic resections.

A Dutch study showed that mortality in 
patients with severe pancreatic fistula remains 
high (18%) [63].

The International Pancreatic Surgery Study 
(ISGPS) showed that postoperative pancreatic 
fistula ranges from 15 to 45% in patients under-
going pancreatic surgery. Several strategies have 
been proposed for the reduction of POPF:

•	 Pancreato-gastric anastomosis instead of the 
classic pancreatic-jejunal anastomosis.

•	 Trans-anastomotic tutors.
•	 Use of somatostatin analogues.

The results of the multiple published studies 
are inconclusive. A systematic review including 
5323 patients undergoing CPD performed by 62 
surgeons in 17 different centers found 29% of 
clinically relevant POPF. This review established 
as a pancreas high risk to present POPF those soft 
consistency pancreas with fine caliber pancreatic 
duct. In those types of pancreas, the placement of 
externalized trans-anastomotic tutors decreases 
the rate of POPF [64].

5.8	� Medical Management

Although surgical resection is the only curative 
option in PADC, a multitude of treatments have 
been tried to improve the survival of these 
patients.

The multicenter phase III TRIAL CONKO-1 
demonstrated that patients treated with adjuvant 
Gemcitabine for 6 cycles after pancreatic cancer 
surgery had longer disease-free survivals than 
those treated with surgery alone; from this 
study, the treatment would be surgical resection 
with the addition of chemotherapy in the adju-
vant environment since this strategy improves 
survival rates [65]. This study demonstrated sig-
nificantly better median disease-free survival 
(13.4 vs. 6.7 months) and 5-year overall survival 
of 20.7 vs. 10.4% and a 10-year survival of 12.2 
vs. 7.7%.
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However, despite these promising results, 
median overall survival only improved from 20 
to 23 months (P = 0.01) [65].

Subsequently there are other trials that com-
pare different adjuvant treatment protocols, but 
today adjuvant with Gemcitabine is the standard 
treatment, included by protocol in resected 
patients with pancreatic cancer.

FOLFIRINOX (irinotecan, oxaliplatin, and 
5-FU infusion) has been shown to be more effec-
tive in response rate, improvement of progression-
free survival, and overall survival against 
gemcitabine monotherapy, but is more toxic [66]. 
In patients with good general conditions, it is a 
treatment to be considered. Neoadjuvant proto-
cols in resectable cancer are currently underway 
in an attempt to improve the poor survival out-
comes that PC continues to present.

5.9	� Recurrence in Ca Pancreas

Despite surgery and subsequent adjuvant chemo-
therapy with curative intent, tumor recurrence is 
the norm in this type of cancer; relapses in up to 
80% of patients, mainly within 2 years after the 
operation [67]. For follow-up, a combination of 
serum CA 19-9 marker tests and routine imaging 
studies, such as CT or PET-CT, continues to be 
the most widely used surveillance strategy to 
assess early recurrence of the disease.

The management of recurrence at present is 
based on systemic therapies being so far accepted 
that both local and distant recurrence of CP 
should not opt for surgical treatment. However, 
there is currently a tendency to propose surgical 
resection in patients with isolated recurrence and 
in selected cases since it increases survival with 
respect to patients who in the same situation 
undergo only systemic therapies [68].

5.10	� Conclusions

There is currently a relative increase in PC in 
recent years without observing substantial 
improvements in survival. If this tendency con-

tinues, by 2040 it will become the second leading 
cause of cancer death.

Identifying risk groups and follow-up strate-
gies for early diagnosis in incipient stages of the 
disease are so far the most effective tools to 
reverse this trend.

Multidisciplinary management in high-
volume hospitals is mandatory to improve out-
comes. The expertise of teams with an interest in 
pancreatic cancer that include gastroenterolo-
gists, radiologists, surgeons, and oncologists will 
mean that at least maximum survival can be 
offered to patients with PC.
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6Role of Endoscopic Ultrasound 
and Endoscopic Retrograde 
Cholangiopancreatography 
in the Diagnosis and Treatment 
of Pancreatic Tumors

María Muñoz García-Borruel, 
María Fernanda Guerra Veloz, 
Estefanía Moreno Rincón, 
and Manuel Rodríguez-Téllez

6.1	� Introduction

Pancreatic cancer (PC) remains one of the most 
lethal malignancies with little improvement in 
survival over the past decades despite advances 
in diagnosis and treatment. The incidence of pan-
creatic cancer is increasing, with 458,918 new 
cases diagnosed worldwide and 432,242 deaths 
in 2018, according to the GLOBOCAN 2018 
estimation [1]. Most patients diagnosed with PC 
present at an advanced stage of the disease when 
surgical treatment is no longer possible. Only 
15–20% of patients present with potentially 
resectable tumors [2], but pancreatic surgery 
associates a high morbidity and mortality; thus, 
early diagnosis and accurate staging are neces-

sary. To evaluate the resectability of PC, it is 
important that lymphovascular invasion and liver 
metastasis are appropriately evaluated. When the 
cancer is unresectable, oncologic treatment such 
as chemotherapy or radiotherapy could improve 
the quality of life and enhance overall survival.

Radial EUS provides cross-sectional imaging, 
similar to computed tomography (CT) and lineal 
type shows views in the same plane as the shaft of 
the endoscope, similar to trans-abdominal 
US. With EUS, it is possible to position the trans-
ducer in direct proximity to the pancreas. The 
lesions within of pancreatic head and uncinate 
process are visualized from duodenum, whereas 
lesions in the body and tail are best assessed from 
the gastro-esophageal junction (GOJ) and the 
stomach. High-resolution images of the pancreas 
are obtained using a frequency of 5–20 MHz to 
offer the best ratio between image resolution and 
depth of the field, without the disrupting effects 
of interfering gas, fat, and bone. The procedure is 
performed under sedation and usually with the 
patient on a left lateral position.

EUS is now an accurate method for staging 
malignancies of the pancreatico-biliary system 
and other digestive malignancies. The most 
valuable role of EUS is the ability to identify 
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Table 6.1  EUS features of the main pancreatic lesions

Adenocarcinoma Neuroendocrine tumors (TNEs) Cystic neoplasms
EUS Hypoechogenic and 

heterogeneous
Hypoechoic, homogeneous, 
clearly demarcated, round

Mural thickening, 
microcalcifications, nodules, 
communication with the main 
pancreatic duct, septa, or 
microcysts

Doppler Mainly arterial-type signals Hypervascular Avascular
CE-EUS Isoenhancement or 

hypoenhancement, arterial 
irregularity, and absent venous 
vasculature

Clear hypersignal Contrast enhancement of the 
walls/septa/nodule

Elastography Blue pattern Heterogeneous/blue-green 
pattern

–

Comments 80% of all pancreatic cancers
60–70% pancreatic head
EUS-FNA: cytology/histology

Insulinomas and gastrinomas 
most common
EUS-FNA: Ki-67

10–15% of pancreatic cystic 
lesions
Heterogeneous group (IPMN, 
mucinous, cystadenoma, etc.)
EUS-FNA: cytology, amylase, 
glucose, CEA, DNA

which patients will be unlikely to have a cura-
tive surgical excision due to vascular invasion 
or regional nodal metastasis. Nowadays, EUS 
and its associated procedures, including con-
trast-enhanced EUS (CE-EUS), EUS elastogra-
phy, and EUS-guided fine needle aspiration 
(EUS-FNA) play an essential role in the clini-
cal evaluation of PC, including the detection of 
small cancers, the differential diagnosis of pan-
creatic solid or cystic lesions and the staging of 
PC (Table 6.1).

6.2	� Role of EUS for Diagnosis 
of Pancreatic Cancer

Multidetector computed tomography (MDCT) is 
the standard of care method for an initial evalua-
tion of patients with suspicion of PC. MDCT can 
detect the primary tumor, assess the presence of 
vascular involvement and identify nodal or distant 
metastasis. MRI has similar sensitivity and speci-
ficity in PC diagnosis, but is less available and 
more expensive than CT. Nevertheless, MRI pro-
vides an exceptional view of the biliary and pan-
creatic duct. Also, it is superior to CT in evaluating 
isoattenuated pancreatic lesions and the charac-
terization of indeterminate or small liver lesions.

PC without vascular involvement can receive 
surgical treatment, and a CT scan can obviate the 

need for EUS in these cases. Some authors recom-
mend EUS to provide a second staging assess-
ment to prevent major surgery. However, the EUS 
indication should not delay surgical intervention.

Multiple studies have demonstrated that EUS 
is shown more sensitive, specific, and accurate in 
detecting pancreatic lesions than high-quality 
cross-sectional imaging (sensitivity 100% for 
EUS vs. 86% for MDCT) [3–5], particularly with 
small diameter pancreatic lesions (0.5–2 cm). In 
addition, this technique can provide tissue sam-
pling by EUS-guided fine needle aspiration 
(EUS-FNA) or fine needle biopsy (EUS-FNB).

EUS imaging findings supporting a PC diag-
nosis in chronic pancreatitis settings are the fol-
lowing: mass size above 2 cm, irregular dilatation 
of the main pancreatic duct and side branch ducts, 
vascularity of the mass, absence of cysts within 
and presence of lymphadenopathy and vascular 
invasion [6, 7]. However, EUS has some limita-
tions in the differential diagnosis between PC and 
mass-forming chronic pancreatitis or autoimmune 
pancreatitis. Some ancillary techniques such as 
contrast-enhanced EUS (CE-EUS) and elastogra-
phy can improve the characterization of these 
pancreatic lesions.

CE-EUS was first reported in 1995 with an 
intra-arterial infusion of CO2. It is a technique 
that combines high-resolution endoscopy ultra-
sound waves with intravenous contrast. Contrast 
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Fig. 6.1  Malignant pancreatic mass. With elastography it shows a blue pattern

agents consist of gas-filled microbubbles of 
approximately 2–5 ml in diameter, encapsulated 
by a phospholipid or lipid shell [8]. Many con-
trast agents are commercially available 
(Levovist®, Sonovue®, Sonazoid®) [9]. CE-EUS 
generates an acoustic signal when ultrasound 
waves interact with oscillating microbubbles in 
the intravenous contrast. Therefore, these acous-
tic signals provide information about echo-
genicity and help in the assessment of vascularity 
of pancreatic lesions. PC usually shows isoen-
hancement or hypoenhancement, arterial irregu-
larity, and absent venous vasculature, while 
hyperenhanced lesions with preserved architec-
ture of both arterial and venous microvasculature 
are a sign of chronic pancreatitis. CE-EUS pro-
vides a high accuracy in the differential diagnosis 
of PC and chronic pancreatitis (sensitivity 91%, 
specificity 93%, positive predictive value 100%, 
and negative predictive value 88%) [10, 11]. It 
helps in the differential diagnosis of cystic pan-
creatic lesions, such as mucinous cystic neoplasm 
(irregular enhancement of intralesional septum 
and nodule), serous cystadenoma (enhancement 
of intracystic septation), benign intraductal papil-
lary mucinous neoplasms (IPMN) (polypoidal 
non-invasive papillary nodule) and malignancy 
IPMN (invasive and papillary mural nodule).

Elastography was first reported in 2006 [8]. It 
is a newer non-invasive technique that evaluates 
the stiffness or elasticity of a target lesion com-
pared to the surrounding normal tissue. The 
equipment can be coupled with conventional 
EUS without the need for additional devices. 

EUS transducer sends a shearing wave through 
the pancreas and generates an elastogram by cal-
culating the velocity faced by the shearing wave 
while passing through soft tissue [11]. 
Elastography may help in the differentiation 
between malignant and benign masses. The elas-
tography data can be displayed qualitatively as a 
color overlay on the standard B-mode image. 
PCs are firm lesions appearing as blue (Fig. 6.1), 
inflammatory lesions appear as green or yellow 
and soft lesions as red. Three meta-analyses have 
reported a 95–97% pooled sensitivity and 
67–76% specificity of EUS elastography in reli-
able solid PC diagnosis [12, 13].

In summary, the role of these ancillary tech-
niques could be useful in clinical practice by 
allowing the differentiation between different pan-
creatic lesions. Furthermore, they enable targeted 
biopsies in complicated diagnostic situations.

6.2.1	� EUS-Guided Tissue Diagnosis

The development of linear array endoscopes in 
the 1990s offered the possibility of performing 
fine needle aspiration biopsy during EUS (EUS-
FNA), and this is the main advantage of EUS. It 
is an efficient technique with high diagnostic 
accuracy and good safety profile. The ability to 
obtain tissue confirmation plays a critical role in 
identifying those patients unsuitable for surgical 
treatment but who would benefit from palliative 
treatment. Another important application of 
EUS-FNA is the detection of malignant lymph 

6  Role of Endoscopic Ultrasound and Endoscopic Retrograde Cholangiopancreatography in…



72

nodes. The results of EUS-FNA of pancreatic 
masses are excellent because its accuracy is 
85–92%, the sensitivity of 85–90%, and the spec-
ificity of 92–100% [11, 14].

A pathological diagnosis is needed when a 
cross-sectional imaging technique shows a pan-
creatic mass with a high suspicion of malignancy. 
Before the EUS, the acquisition of tissue was 
made by US or CT-guided percutaneous biopsy 
or ERCP-guided bile brush cytology or surgical 
exploration. Nowadays, EUS-FNA biopsy is the 
preferred method.

The needle is precisely introduced into the tar-
get lesion because it is advanced in the same plane 
as the US image (Fig.  6.2). Tissue acquisition 
from neck, body, and tail lesions can be obtained 
by positioning an echoendoscope in GOJ or prox-
imal stomach. In contrast, tissue from the unci-
nate, head and neck lesions can be performed by 
positioning echoendoscope in the duodenal bulb 
or second portion of the duodenum.

The sample can be either a cytology specimen 
obtained through a hollow needle (fine needle 
aspiration, FNA) or a fine core of tissue acquired 
through a specially designed needle (fine needle 
biopsy, FNB). These needles are available in dif-
ferent diameters, from 19 to 25 G. Small caliber 
needles (25 G) have a similar cytology yield as 
larger caliber needles (19 G) with less blood con-
tamination and greater flexibility. In the study of 
cystic pancreatic lesions, EUS-FNA can obtain 
cyst fluid analysis for cytology, mucin-containing 
goblet cells, tumor markers like carcinoembry-
onic antigen or CEA, amylase, glucose, and DNA 
genetic mutation analysis like K-ras [11], that 
may help to establish the diagnosis of cystic pan-
creatic lesions.

EUS-guided FNA targets the pancreatic 
lesion under direct vision. The recommenda-
tion is to obtain a tissue sample from different 
areas of the lesion, with the FNA needle close 
to the EUS probe. Although there is a risk of 
needle tract seeding with EUS-FNA, this is 
often not a concern because after the surgery 
the potential sites of seeding are removed and 
the patients with unresectable PC die mostly 
due to disease progression before any seeding 
is detected.

The rapid on-site evaluation (ROSE) of cytol-
ogy specimens has reduced the need for multiple 
passes. If there is no on-site cytopathologist 
available, it is recommended to do at least 5–6 
passes for pancreatic lesions and 2–3 passes for 
lymph nodes and metastasis to improve the diag-
nostic yield. The EUS-FNB provides core tissue 
with preserved architecture that could differenti-
ate malignancy from other lesions such as auto-
immune pancreatitis, chronic pancreatitis, 
pancreatic lymphoma, or tuberculosis. Besides, it 
could provide additional tissue for molecular 
profiling. The technical considerations and safety 
are the same as EUS-FNA but the diagnostic 
yield seems to be higher and it may eradicate the 
need for ROSE [11, 15].

There is consensus that it is reasonable to 
obtain a tissue diagnosis in patients with sus-
pected PC who are poor surgical candidates. 
Histologic confirmation in such patients can help 
decide on chemotherapy or radiotherapy. More 
controversial is the role of EUS-FNA in patients 
whose pancreatic lesions seem to be resectable 
on other imaging studies.

6.2.1.1	� Indications of EUS-FNA
	1.	 To exclude tumors other than ductal adeno-

carcinomas, such as lymphoma, small cell 
metastasis, or neuroendocrine tumor because 
they will require a different management 
strategy.

	2.	 To obtain cytological or histological confir-
mation of malignancy in patients with border-
line operable and inoperable tumors, before 
neoadjuvant or palliative chemotherapy.

Fig. 6.2  EUS-FNA of solid lesion in pancreatic head
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	3.	 If the patient or the surgeon desire to obtain 
histological confirmation before performing a 
major surgery.

	4.	 When the presence of malignancy is uncertain 
(e.g., fibrous nodule or an inflammatory pseu-
dotumor in chronic calcific pancreatitis).

6.2.1.2	� Safety and Complications
EUS-FNA is considered a safe procedure with a 
low rate of complications (overall 2.5%) [11]. It 
has been reported complications such as pancre-
atitis, which is the most common one (0–3.4%), 
bleeding, infection, and other rare but serious 
events such as intestinal perforation and biliary 
peritonitis. The current standard of care includes 
the administration of prophylactic antibiotics for 
patients undergoing FNA of cystic pancreatic 
lesions to decrease the risk of infection. As men-
tioned before, the risk of malignant peritoneal 
seeding is minimal compared with other tech-
niques such as percutaneous biopsy (2.2 vs. 
16.3%) [16]. The frequency and severity of these 
adverse events vary between centers and may be 
related to operator experience.

6.2.2	� Pancreatic Cancer Screening

In pancreatic carcinogenesis, the normal pancre-
atic ductal epithelium evolves into infiltrative 
carcinoma in a sequential process. There are mul-
tiple risk factors for PC such as smoking (the 
most important, with active smokers having a 
twofold increased risk of developing PC), 
Ashkenazi Jewish descent, diabetes, and factors 
related to dietary habits (obesity, alcohol, red 
meat intake, low fruit, and vegetable intake). 
Furthermore, it is estimated that 5–10% of PCs 
arise due to genetic susceptibility and (or) famil-
ial aggregation, and patients with hereditary fac-
tors constitute high-risk individuals [5].

Pancreatic cancer screening in general popu-
lation is not recommended given the low dis-
ease prevalence and lack of cost-effectiveness. 
However, some data suggest that an early 
diagnosis can lead to an increased survival 
in high-risk individuals. A recent American 
Gastroenterological Association Institute–com-

missioned clinical practice update, some experts 
describe the indications for screening for PC in 
high-risk individuals [17]:

•	 Consider PC screening in first-degree relatives 
of pancreatic cancer patients with ≥2 affected 
genetically related family members.

•	 Consider screening in patients with Peutz-
Jeghers syndrome (PJS); hereditary pancreati-
tis; CDKN2A, BRCA1, BRCA2, PALB2, or 
ATM mutations; or ≥1 first-degree relative 
with PC with Lynch syndrome.

•	 Consider genetic testing and counseling for 
familial pancreatic cancer relatives.

•	 Pursue participation in an appropriate hepato-
pancreato-biliary center or registry for high-
risk patients.

•	 Average-risk individuals do not warrant 
screening for PC.

•	 In most high-risk individuals, it advisable 
to start screening at age 50 or 10 years 
before the affected relative’s age of onset. 
In patients with CDKN2S and PRSS1 muta-
tions it advisable to start screening at age 
40 and in PJS at age 35.

AGA’s experts recommend MRI and EUS 
together as the main screening modalities. 
Screening intervals of 12 months should be con-
sidered when there are no concerning pancreatic 
lesions, with shortened intervals and (or) the per-
formance of EUS in 6–12 months directed to 
lesions determined to be low risk (by a multidis-
ciplinary team). EUS evaluation should be per-
formed within 3–6 months for indeterminate 
lesions and 3 months for high-risk lesions if sur-
gical resection is not planned. It is recommended 
to stop screening when patients are no longer 
candidates for pancreatic surgery or have signifi-
cant comorbidities.

6.3	� Role of EUS for the Staging 
of Pancreatic Cancer

The cross-sectional imaging techniques (CT and 
MRI) are useful for accurate staging of the tumor 
and remain the first-line imaging of choice 
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because of their non-invasive nature and wide-
spread availability. Approximately 85% of PCs 
are inoperable at the time of diagnosis due to the 
existence of metastatic disease or major vessel 
invasion. If there is no metastatic disease, opera-
bility depends on the extent of local disease, par-
ticularly the presence or absence of vascular and 

lymph node involvement. According to the 
American Hepato-Pancreato-Biliary Association 
consensus report, and based on imaging results, 
the disease is categorized into three groups: oper-
able, borderline operable, and locally advanced 
inoperable disease [18] (Fig. 6.3). Performance, 
nutritional status, and medical comorbidities are 

Suspicion PC
(clinical/US)

CT/MRI

Borderline Locally advanced/
unresectableResectable lesion

EUS± FNA?

Surgery EUS± FNA Jaundice?

EUS± FNA

Yes o

Drainage and
tissue sampling

by ERCP

Medical oncology
treatment

N

Fig. 6.3  Algorithm for the evaluation and management of patients with suspected pancreatic adenocarcinoma based on 
current guidelines
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Fig. 6.4  Malignant lymphadenopathy located in celiac 
plexus

Table 6.2  The 8th edition of TNM staging system of 
pancreatic cancer

T1 Limited to the pancreas, tumor diameter ≤2 cm
T2 Limited to the pancreas, tumor diameter >2 cm 

and ≤4 cm
T3 Limited to the pancreas, tumor diameter >4 cm
T4 Tumor involves the coeliac axis, SMA, or 

common hepatic artery
N0 No regional lymph node metastasis
N1 Metastasis 1–3 regional lymph nodes
N2 Metastasis in ≥4 regional lymph nodes
M0 No distant metastasis
M1 Distant metastasis

SMA Superior mesenteric artery

Table 6.3  Echoendoscopic criteria for vascular invasion

The presence of collateral veins around a pancreatic 
mass erases the usual anatomical location of a portal 
vessel
Presence of tumor in the vascular lumen
Abnormal vascular profile due to compression of a 
vessel by the pancreatic mass. Also, by a loss of the 
hyperechoic interface between the vessel and the 
parenchyma

essential factors for all patients with PC consid-
ered for any significant treatment modality (sur-
gery, chemotherapy, or radiation). Advanced age 
usually is not a contraindication for any of these 
treatments. Nowadays, PC staging is based on the 
tumor node metastasis (TNM) (Table 6.2).

EUS is now largely used in the staging of pan-
creatic adenocarcinoma. EUS can provide accu-
rate loco-regional staging and complement the 
findings of cross-sectional imaging, especially in 
cases of borderline operable disease or in cases 
where CT and MRI cannot detect a mass due to 
the enhancement pattern of the lesion. EUS also 
provides additional objective data on perivascular 
cuffing, assessment of liver masses, and local 
lymph nodes for the staging of PCs, especially in 
those individuals who have undergone prior che-
motherapy treatment. The great advantage of 
EUS is the EUS-FNA, which allows up to 95% 
diagnostic accuracy. Besides, this technique also 
permits the sampling of atypical lymph nodes 
(portocaval especially) to check for tumors with 
distant metastasis, a finding which would contra-
indicate radical resection. In addition, an 
emerging role for EUS is the detection of small, 
occult liver metastasis in patients with PC, which 
can be sampled.

T-Staging
EUS is superior to CT for T-staging with less risk 
of over staging because it is more sensitive and 
less specific than CT.  The sensitivity for both 
techniques is 86% [19]. The sensitivity and specif-
ity of EUS for detection of tumor vascular inva-

sion range from 42% to 91% and 89% to 100%, 
respectively (Table 6.3) [8]. The sensitivity of the 
technique depends on the target vessel and is 
higher than CT for portal vein (around 80%) and 
lower for celiac artery and superior mesenteric 
vessels because it is technically difficult to pro-
vide entire images of these vessels [8, 20].

N-Staging
EUS is less accurate and sensitive for N-staging. 
The diagnostic accuracy varies from 64 to 82% 
and is superior in combination with EUS-FNA 
[21]. In a meta-analysis (16 studies) the pooled 
sensitivity was 69% and the specificity was 81% 
[22]. There are some criteria for identifying 
lymph node metastasis such as spherical shape, 
hypoechoic node, well-delineated boundaries, 
and 10 mm diameter or more (Fig. 6.4), although 
these features are usually not enough to exclude 
malignancy and EUS-FNA is often needed.

M-Staging
CT and MRI are superior to EUS. However, its 
high resolution and proximity to the left lobe and 
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inferior right lobe of the liver can lead to the 
detection of small liver metastases. EUS may 
also identify and allow performing ascitic tap 
[23].

EUS has some limitations. Peritumoral inflam-
matory changes and attenuation of the ultrasound 
beam in large tumors may affect the accuracy of 
EUS staging, and, as a consequence, PC less than 
3  cm are more accurately staged with 
EUS. Structures located more than 5 cm from the 
EUS probe are challenging to assess, and EUS 
has a limited role in assessing distant lymph 
nodes or metastatic disease. Furthermore, in 
cases where the anatomy is surgically altered or 
distorted by the presence of a biliary stent, it may 
not be possible to obtain optimal imaging. 
Similarly, in patients with chronic pancreatitis, 
the presence of pancreatic calcifications can sig-
nificantly limit image quality.

In conclusion, EUS is an important tool in the 
evaluation of pancreatic lesions and should be 
considered complementary to other imaging 
modalities in establishing accurate staging of 
pancreatic cancer.

6.4	� Role of EUS in Treatment

The therapeutic spectrum of EUS has turned 
endoscopy into an integral component of pallia-
tive treatment in patients with unresectable 
PC.  There are currently emerging EUS-guided 
therapeutic techniques that play an essential role, 
providing biliary drainage, treating pain, and 
delivering implants and injections into pancreatic 
tumors.

6.4.1	� Celiac Plexus Neurolysis/Block

Pain is one of the most prevalent symptoms in PC 
and its management is sometimes challenging. 
EUS-guided celiac plexus neurolysis is a tech-
nique used in patients with unresectable PC, with 
the objective of achieving pain control and reduc-
ing the need for opioids.

EUS identifies the location of the celiac plexus 
at the junction between the celiac trunk and aorta. 

With a dedicated 20 G needle with multiple side 
holes, bupivacaine and dehydrated 98% alcohol 
or phenol are injected into the celiac plexus. 
There are central or bilateral techniques. In the 
central approach, the needle is directed centrally 
at the junction of the aorta and the celiac artery. 
In the bilateral approach, the echoendoscope is 
rotated clockwise to advance the needle adjacent 
to the celiac artery to the point of origin of SMA 
from the aorta [11].

EUS-guided celiac plexus neurolysis is a rela-
tively safe alternative compared to CT or fluoro-
scopically guided plexus neurolysis. The main 
side effects are local pain, hypotension, and 
diarrhea.

6.4.2	� EUS Fine Needle Injection 
and Radiofrequency Ablation

EUS fine needle injection (FNI) is a rapidly 
emerging technique used to deliver implants and 
injections into pancreatic lesions under direct 
EUS visualization. This technique is very safe 
and minimally invasive. EUS-guided implanta-
tion of fiducial markers into the pancreatic tumor 
or local lymph nodes enables stereotactic radio-
therapy, and direct injection of antitumor agents 
may provide localized chemotherapy. 
Furthermore, the preoperative EUS-guided injec-
tion of dye (India ink, carbon particles, or indo-
cyanine) to mark the lesion is increasingly used 
for the localization of operable pancreatic tumors.

Radiofrequency ablation is performed with an 
adapted probe designed to induce thermal necro-
sis of focal pancreatic lesions such as small PCs 
and NETs in patients who are not fit for surgery.

6.4.3	� Biliary Drainage

ERCP-guided drainage is the most used tech-
nique for biliary drainage of PCs with a success 
rate of over 90% [24]. Sometimes this procedure 
is not possible because of duodenal distorted 
anatomy, postoperative changes, or abnormal 
ampulla, representing 3–10% of failure [25]. 
Alternatives to failed ERCP are percutaneous 
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transhepatic biliary drainage or surgery, but they 
associate with a high risk of complications. EUS-
guided drainage is a promising salvage technique 
with technical and clinical success rates compa-
rable to ERCP. EUS-guided drainage presents a 
low risk of pancreatitis and longer stent patency, 
and the use of metal stents has reduced stent-
related complications. This technique is consid-
ered safer than other alternative procedures [11]. 
Complications associated with EUS-biliary 
drainage are bleeding, perforation, bile leak, stent 
migration, and infection. However, the rate of 
complications can be reduced by performing this 
procedure in expert centers.

EUS-biliary drainage can be performed with 
either extrahepatic or intrahepatic techniques 
depending on the anatomy and technical feasibil-
ity. Both approaches are similar in technical and 
clinical success rates. EUS-guided choledocho-
duodenostomy is an extrahepatic technique 
where the dilated CBD can be visualized from 
the antrum or duodenal bulb. After inserting a 
transduodenal needle into CBD, a needle track is 
created over guidewire and a transluminal or 
transpapillary stent is deployed (Fig.  6.5). The 
intrahepatic techniques are EUS-guided hepati-
cogastrostomy with antegrade stent placement, 
where the tip of the EUS scope is positioned 
along the gastric lesser curvature to visualize the 
dilated left hepatic duct. After inserting a 19 or 
22 G transgastric needle into the lumen of the left 

hepatic duct under fluoroscopic and EUS guid-
ance, the needle track is dilated over the guide-
wire with a 6.5-Fr cystotome to create a 
hepatogastric fistula and a fully covered or 
partially covered self-expandable metal stent 
(SEMS) can be deployed. A transpapillary stent 
could be deployed with antegrade advancement 
of the wire or with a EUS-guided rendezvous 
(EUS-RV) technique.

6.4.4	� Role of EUS in Gastric Outlet 
Obstruction

Nonbilious vomiting, nausea, dehydration, and 
malnutrition are the initial symptoms of gas-
tric outlet obstruction (GOO). In most patients, 
the progression of PC causes GOO due to 
extrinsic duodenal compression. Palliative 
treatment is aimed to improve the nutritional 
status and to resolve symptoms of GOO. EUS-
gastrojejunostomy (GJ) is a minimally invasive 
endoscopic technique that can be an alternative 
to duodenal stenting and surgical GJ [11], and 
it should only be performed by advanced thera-
peutic endoscopists. There are two modalities, 
a balloon-assisted gastroenterostomy and direct 
EUS-gastroenterostomy [26].

EUS-GJ is a safe modality in the management 
of malignant GOO compared to surgical bypass, 
with higher technical and clinical success rates 

a b

Fig. 6.5  EUS-guided choledochoduodenostomy (a) Needle into CBD, (b) Biliary stent deployed
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and lower risk of adverse events [27]. 
Complications of EUS-GJ are perforation, bleed-
ing, peritonitis, and luminal obstruction of the 
stent due to food impaction.

6.5	� Role of ERCP in Pancreatic 
Cancer

The principal utility of ERCP in pancreatic 
tumors is centered in biliary drainage of unre-
sectable tumors and preoperative drainage in 
resectable tumors [2]. Nowadays, with the 
advancement of diagnostic imaging modalities 
and EUS, the ERCP has a minor role in the initial 
diagnosis of PC [3]. ERCP-guided biliary tissue 
sampling in diagnosing PC is suggested if a ther-
apeutic intervention during the same procedure is 
required [28].

Endoscopy is often combined with fluoros-
copy and contrast medium, permitting a detailed 
visualization of the anatomy of the pancreatico-
biliary ductal system.

6.5.1	� Indications

	1.	 In the initial diagnosis of pancreatic duct ste-
nosis, or another abnormal pancreatic duct 
finding without mass lesions, that could not 
be characterized by other imaging 
techniques.

	2.	 Preoperative endoscopic biliary drainage, in 
patients with resectable PC and active cholan-
gitis, severe symptomatic jaundice, or in those 
whom resection for cure cannot be scheduled 
within 2 weeks of diagnosis.

	3.	 Biliary drainage in patients with unresectable 
PC and jaundice.

	4.	 Palliative option in patients with gastric outlet 
obstruction due to tumor progression.

6.6	� Role of ERCP for Diagnosis 
of Pancreatic Cancer

MDCT, MRI, and EUS are recommended as a 
diagnostic tool in subjects with suspected PC [2]. 
However, ERCP can be considered pathogno-
monic when it shows a double stop on the main 
bile and pancreatic duct. Moreover, ERCP is rec-
ommended for the diagnosis of pancreatic duct 
stenosis, which is difficult to differentiate from 
inflammatory lesions by other imaging modali-
ties or could be a manifestation of early PC [29].

Recently published Asian consensus guide-
lines recommended ERCP-guided biliary sam-
pling for an unresectable mass when there is a 
concurrent need for biliary decompression, how-
ever, for resectable masses, or when ERCP tissue 
acquisition is unsuccessful, EUS-guided fine 
needle biopsy is preferred [28]. Fluoroscopy-
guided biliary brush cytology, biliary biopsy, and 
cholangioscopy-guided biopsy are the most com-
mon ERCP techniques for tissue acquisition [30].

6.6.1	� ERCP-Tissue Sampling

6.6.1.1	� Brush Cytology
This technique remains the first line and most 
used method of acquiring tissue at the time of 
ERCP with minimal risk of adverse events such 
as pancreatitis and bile duct perforation. However, 
the technique is simple and easy to perform with 
an excellent specificity, however, its sensibility is 
not adequate, ranging from 30 to 57% according 
to some studies [31].

Theoretically, cytology from pancreatic duct 
brushing and pancreatic duct juice collection 
(after the administration of intravenous secretin) 
may increase the diagnostic rate of PC, neverthe-
less, it is considered technically difficult and has 
been found to be impossible in more than 25% of 
the time because of malignancy-related duct dis-
ruption [32]. In this scenario, post-ERCP pancre-
atitis rate was assumed to be higher in cases of 
benign stricture and relatively low in cases of 
malignancy, ranging from 0 to 21.5%.

Biliary brush cytology is obtained by advanc-
ing 6 or 8 Fr cytology brush over a guidewire 
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beyond the stricture, especially biliary tree, using 
a specialized catheter. The brush is moved back 
and forth across the stricture to obtain an ade-
quate sample, approximately 10 times. The brush 
is then withdrawn into the catheter before 
removal of the endoscope as a unit. It had showed 
that removing the brush and catheter together 
improves cancer detection and prevents contami-
nation [31].

6.6.1.2	� Endobiliary Forceps Biopsy
Fluoroscopic-guided biliary biopsy improves the 
diagnostic over simple biliary brush cytology by 
obtaining biliary tissue sampling deeper to the epi-
thelial layer. Nonetheless, this remains a technically 
challenging and user-dependent procedure that is 
performed less frequently than brush cytology.

Forceps biopsy can be performed by passing 
5–10 Fr biopsy forceps at the lower edge of stric-
ture after a sphincterotomy or with an intact 
papilla. The optimum number of biopsy speci-
mens to obtain has not been established, how-
ever, some authors suggest a minimum of three 
tissue samples [33].

Using this technique, a few adverse events, 
such as bleeding and perforation of common 
hepatic duct, secondary to a variety of factors—
forceps size and stiffness, number of biopsy 
passes, and the technical capability of the endos-
copist—could be expected examples [31].

6.6.1.3	� Multimodal Tissue Sampling
Several studies have shown that the combination 
of multiple ERCP tissue sampling can improve the 
cancer detection rate. The combination of forceps 
biopsy and brush cytology has increased the sensi-
bility and specificity with a pooled sensitivity of 
63–86% and a specificity of 97–100%. Jailwala 
et  al. [34] showed that patients who underwent 
sequential brushing, endoscopic FNA, and biopsy 
sampling (always in that order) had a cancer detec-
tion rate of 62%. This author suggests that at least 
two techniques should be used to obtain samples.

Another retrospective study of triple modality 
(brush cytology, forceps biopsy sampling, and 
fluorescence in situ hybridization (FISH)) 
showed an increase in the sensitivity to 82%, 
with 100% specificity. As expected, the individ-
ual sensitivities of the techniques were low [35]. 

FISH is a cytogenetic technique for detecting and 
locating a specific DNA sequence on a chromo-
some. It is known that most solid tumors are 
aneuploid or contain an abnormal number of 
chromosomes. These molecular abnormalities 
have been identified in approximately 80% of 
biliary and PC [36].

Several other molecular techniques (flow 
cytometry, digital image analysis, and molecular 
analysis) have demonstrated promise at one time 
or another but have not gained widespread use or 
have fallen out of favor entirely.

6.6.1.4	� Cholangiopancreatoscopic-
Guided Biopsy

This technique allows direct visualization of the 
lumen of the bile and pancreatic duct. Conventionally 
it involved a “mother–baby” scope setup, which 
required two endoscopists and had issues with 
scope fragility. However, with the introduction of 
ultra-slim gastroscope loaded with anchoring bal-
loon (a slight modification in this technique) a sin-
gle operator could perform this procedure without 
issues of scope fragility [31].

The Spyglass system involves the use of a dis-
posable SpyScope with a tip-deflecting access 
catheter, working catheter, SpyBite biopsy for-
ceps, and two irrigation channels enabling a sin-
gle operator to perform the procedure.

ERCP-guided pancreatoscopy with biopsy may 
be helpful in the diagnosis of main pancreatic duct 
IPMN, particularly due to its classic, pathogno-
monic features of fish egg-like, villous, and promi-
nent mucosal protrusions. Cholangioscopy has 
shown at 88–100% sensitive and 77–92% specific 
for the diagnosis of pancreatico-biliary malignancy 
[37]. This technique has twofold higher risk of 
therefore, it should be reserved for selected cases of 
inaccessible ductal lesions [38].

6.7	� Role of ERCP in Treatment

6.7.1	� ERCP in Preoperative Biliary 
Drainage in Resectable 
Pancreatic Cancer

Surgical resection is the only option for cure for 
patients newly diagnosed with PC. The decision as 
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to whether patients with resectable pancreatic ade-
nocarcinoma require preoperative biliary drainage 
for obstructive jaundice has long been debated. 
Some studies reported an increased risk of postop-
erative infectious complications, morbidity, and 
mortality after ERCP preoperative biliary drain-
age, however, in most of them the higher rate of 
complications came from the preoperative cholan-
gitis and not from differences in postoperative 
complications related to jaundice [39].

ERCP-guided biliary drainage or decompres-
sion with transpapillary stenting is the backbone of 
management for patients with biliary obstruction 
and its related complications (Fig.  6.6). Current 
guidelines indicate preoperative biliary drainage 
(PBD) should be reserved for patients with chol-
angitis, severe symptomatic jaundice (e.g., intense 
pruritus), or delayed surgery, or for before neoad-
juvant chemotherapy in jaundiced patients [2, 40].

For preoperative biliary drainage, the use of 
self-expandable metal stents (SEMS) should be 
preferred over plastic stents since they are associ-
ated with significantly lower complication rate 
and stent dysfunction, with a similar surgical 
complication rate [41]. Same results were shown 
for neoadjuvant therapy, the use of fully covered 
SEMS resulted in a longer stent patency duration 
and fewer days of delay in neoadjuvant therapy 

compared with plastic stents and uncovered 
SEMS [42, 43]. Moreover, fully covered SEMS 
present the advantage of being removable if sur-
gical resection is finally not performed. SEMSs 
could prolong operative duration; however, these 
do not compromise R0 resection or increase the 
risk of local unresectability [44].

6.7.2	� ERCP Biliary Drainage 
in Unresectable Pancreatic 
Cancer

Biliary obstruction secondary to tumor infiltra-
tion of the bile duct is a very common complica-
tion of PC (Fig.  6.7). Obstructive jaundice is 
often the first clinical sign of the disease, limiting 
the use of chemotherapy in unresectable cases. 
Therefore, biliary drainage becomes essential at 
this stage.

Endoscopic, percutaneous, and surgical biliary 
drainage are techniques that could be used in 
patients with unresectable tumors. ERCP biliary 
stenting vs. surgical biliodigestive anastomosis 
show similar technical success rate and long-term 
efficacy [45]. However, endoscopic biliary drainage 
is associated with less complications, shorter hospi-
tal stay, better quality of life, and lower cost than the 

a b

Fig. 6.6  Biliary drainage. (a) Plastic stent, (b) Uncovered metal stent
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Fig. 6.7  Biliary stricture secondary to pancreatic cancer

a

b

c

d

Fig. 6.8  Biliary stents. (a) Plastic stent, (b) Uncovered 
metal stent, (c) Fully covered metal stent, and (d) Partially 
covered metal stent

surgical palliative approach [46]. Moreover, biliary 
stenting through ERCP vs. percutaneous transhe-
patic biliary drainage shows lower adverse event 
rate, shorter hospitalization and lower total costs, 
longer patient survival, and less frequent peritoneal/
liver recurrence [41, 47]. Biliary SEMS have a sig-
nificantly longer patency rate than do plastic stents. 
Although it has been suggested that the use of 
SEMSs should be reserved for patients whose esti-
mated survival is >3–6 months.

Current guidelines recommend that decom-
pression of malignant extrahepatic biliary 
obstruction should be performed via ERCP using 
SEMS rather than by surgery or percutaneously. 
Also, they restrict the use of EUS-guided biliary 
drainage to cases where biliary drainage using 
standard ERCP techniques has failed, as men-
tioned before [40].

Type of Stent
Both SEMS and plastic stents are commercially 
available for endoscopic biliary drainage 
(Fig. 6.8). The selection of biliary stent subtype 
depends on multiple factors including dysfunc-
tion rate and need for reinterventions, complica-
tion rate, patient survival, and costs. SEMS are 
preferred over plastic stents because of longer 
luminal patency, lower rates of stent dysfunction, 
and overall cost.

–– Plastic stents: Plastic biliary stents are usually 
made of polyethylene, polyurethane, or Teflon 
and these are available in different sized diam-
eters including 7, 8.5, 10, and 11.5  Fr and 
lengths ranging from 5 to 15 cm. These stents 
are designed into various shapes—straight, 
curved, single, or double pigtails [30]. For 
decreasing the stent occlusion, a large diame-
ter is chosen.

Plastic stents are preferred for benign lesions, 
whereas metal stents are favored in malignant 
lesions. Moreover, plastic stents offer the ben-
efit of easy deployment, abrogate the need for 
biliary sphincterotomy, and are less expensive 
in the management of individuals with shorter 
life expectancies [48]. Therefore, these are not 
recommended in patients with longer life 
expectancy, as replacement is required every 
10–12 weeks to sidestep stent occlusion.

–– Self-expanding metal stents: Endoscopic bili-
ary SEMS employ a large diameter stent 
(8–10 mm), which has been shown to signifi-
cantly reduce the risk of stent occlusion. 
SEMS are manufactured as fully covered or 
partially covered devices. For addressing the 
stent dysfunction secondary to tumor ingrowth 
or occlusive biliary sludge showed with the 
first-generation SEMS (of uncovered metal), 
second-generation SEMS were manufactured 
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as partially covered or fully covered devices 
with a polyurethane, polycaprolactone, or sili-
cone membrane [30].

These stents had a significantly lower risk of 
tumor ingrowth and reduced difficulties asso-
ciated with stent retrieval/removal, however, 
fully covered biliary SEMS present a high risk 
of stent migration and several specific ana-
tomical restrictions, primarily due to their 
covered nature.

To summarize, uncovered SEMS are associated 
with higher rates of stent dysfunction due to 
tumor ingrowth whereas covered SEMS have 
a higher rate of stent migration and a lower 
risk of sludge-mediated occlusion. There were 
no differences in adverse events such as pan-
creatitis and cholecystitis between covered 
and uncovered SEMS [49].

Safety and Complications of ERCP-Guided 
Biliary Decompression
ERCP-guided biliary drainage is a relatively 
safe, minimally invasive intervention compared 
to percutaneous or surgical biliary decompres-
sion. The degree of obstructive jaundice, previous 
gastrointestinal surgeries, and multiple comor-
bidities have been identified as risk factors for 
high rates of complications during the procedure. 
Several complications including post-ERCP pan-
creatitis, cholangitis, cholecystitis, biliary ductal 
perforation, stent migration or obstruction, liver 
abscess, and hemorrhage could be expected. The 
complication rate is about 13% after both SEMS 
and plastic stents [46]. To avoid post-ERCP pan-
creatitis, current guidelines recommend routine 
administration of 100 mg of diclofenac or indo-
methacin intrarectally immediately before or 
immediately after ERCP in every patient with no 
contraindication.

Post-ERCP biliary infection is a serious com-
plication that is fatal in 8–20% of cases and it is 
best prevented by complete biliary drainage. 
Routine antibiotic prophylaxis failed to show a 
decrease in sepsis/cholangitis after the proce-
dure, therefore, antibiotic prophylaxis adminis-
tration before biliary stenting is recommended in 
selected patients.

Identification of recurrent biliary obstruction 
due to stent occlusion is crucial. For those 
patients with a longer life expectancy a scheduled 
stent change is necessary. In case of biliary 
decompression using SEMS, a new procedure 
based on clinical criteria could be performed.

6.7.3	� Role of ERCP in Gastric Outlet 
Obstruction

As mentioned above, an estimated 15% of patients 
with PC experience mechanical GOO during their 
disease, especially if malignant lesions involve the 
gastric antrum, proximal, or distal duodenum [49]. 
Treatment options for malignant GOO include sur-
gical resection, surgical bypass, endoscopic stent-
ing, and palliative decompressive gastrostomy with 
or without feeding tube placement. Surgery is the 
preferred strategy for those patients who are poten-
tial candidates for curative resection.

Endoscopic-guided enteral stent placement 
(SEMS placement by ERCP) is an effective pal-
liative option in patients with a shorter life expec-
tancy usually less than 6 months, reporting a 
technical success rate ranged from 91 to 100%, 
and clinical success from 63 to 95% [50].

Simultaneous obstructions of both gastro-
duodenal outlet and bile duct are often found in 
patients with advanced PC (Fig.  6.9). Current 
guidelines suggest endoscopic insertion of a bili-
ary SEMS and an uncovered duodenal SEMS as 
primary treatment. The anatomical level of the 
malignant stricture helps to classify it into three 
types: type I involving proximal duodenum at the 
level of duodenal bulb or genu; type II second part 
of duodenum involving papilla; and type III or dis-
tal to papilla in the third part of duodenum. 
According to this classification in type I obstruc-
tion, ERCP biliary stenting should be performed 
prior to duodenal stent placement in cases without 
technical difficulties associated with endoscope 
passage through a duodenal stricture. In type II 
obstruction, ERCP-guided transpapillary stenting 
may be challenging due to difficulty in finding a 
papillary opening. In this situation, EUS-guided 
transmural or antegrade biliary stenting is recom-
mended and duodenal stenting could be performed 
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Fig. 6.9  Biliary and duodenal SEMS in a patient with 
pancreatic cancer and GOO

simultaneously. In type III obstruction, the 
sequence of either biliary or duodenal stent place-
ment is not relevant [49]. ERCP-guided transpap-
illary stenting is associated with poor clinical 
outcomes in patients with combined biliary and 
GOO because of risk of cholangitis from duodeno-
biliar reflux of food particles and digestive juice.

Endoscopic enteral stenting should be per-
formed in cases of a solitary malignant stricture 
without evidence of distal obstruction from the 
site of stent deployment.

Stent malfunction caused by tumor ingrowth, 
food impaction, or stent migration is the most 
reported complication and is typically managed 
by insertion of additional stents and/or clearance 
of the food impaction [50].

6.8	� Conclusions

•	 Conventional EUS plays an important role in 
identifying pancreatic masses, particularly 
those of a small size.

•	 Appropriate staging of pancreatic cancer is 
essential to provide the correct management.

•	 EUS and CT are complementary methods in 
the staging and evaluation of resectability of 
pancreatic cancer.

•	 EUS offers a better assessment of T-staging 
and certain types of vascular invasion in 
patients with suspected pancreatic cancer.

•	 The possibility of obtaining samples from sus-
picious lesions or lymphadenopathies with 
EUS-FNA makes this technique essential in 
the management of pancreatic tumors.

•	 EUS-FNA allows the diagnosis of solid pan-
creatic lesions other than ductal adenocarci-
noma, the staging of suspected or proven 
pancreatic cancer, and the cytological or histo-
logical study of unresectable pancreatic 
lesions.

•	 The diagnostic accuracy of conventional EUS 
and EUS-FNA increases with ancillary tech-
niques such as CE-EUS and elastography.

•	 ERCP plays an essential role in the manage-
ment of PC, principally in biliary drainage in 
those with resectable PC.

•	 In patients with unresectable PC, palliation 
with ERCP-guided biliary decompression by 
the placement of either plastic or self-
expanding metal stents relieves symptoms to 
improve quality of life.

•	 ERCP-guided enteral stenting is the preferred 
modality over surgical gastrojejunostomy in 
the management of GOO in patients with poor 
performance and shorter life expectancy with 
excellent technical and clinical result.
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Abbreviations

PTHC	 Transhepatic Cholangiography
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7.1	� Introduction

Surgical interventions were initially the only 
alternative for the treatment of benign or malig-
nant diseases of the bile ducts; but these proce-
dures had significant morbidity and mortality. 
These features changed with the introduction of 
interventional percutaneous techniques for the 
treatment of obstructive biliary tract pathology.

The procedures for the diagnosis and treat-
ment of biliary pathology continue to evolve with 
the advances of minimally invasive techniques, 
provided by radiologists and endoscopists. 
Imaging technical advances have made it easier 
to select the best treatment options in a multidis-
ciplinary setting. Therefore, interventional radi-
ology plays a fundamental role in the treatment 
of bile ducts obstructive pathology through the 

application of advanced imaging techniques, 
which allow the diagnosis and planning of percu-
taneous procedures when endoscopic options are 
not feasible. The primary objective is to achieve 
the permeability of the biliary tract, either as a 
step prior to surgery or as a definitive or palliative 
treatment when the surgical risk is not 
acceptable.

7.2	� Etiology

The most frequent causes of bile duct obstruction 
found in multiple series are malignant tumor 
lesions, between 75 and 84% of the published 
series [1, 2], over the benign ones [2]. Pancreatic 
head carcinoma represents the most frequent 
cause of malignant biliary obstruction and of 
these, approximately 80% are adenocarcinomas 
[3–5]. The second causes are hepatic and/or lym-
phatic metastatic involvement on the hepatic 
hilum and the third and fourth causes are cholan-
giocarcinoma [6, 7] and gallbladder carcinoma 
[8]. Other less common tumors are ampuloma, 
lymphomas, hepatocellular carcinoma, duodenal 
carcinoma, cystadenocarcinoma, and insular 
tumors of the pancreas.
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7.3	� Diagnostic Imaging

The usual noninvasive imaging technique for 
bile duct stenosis/obstruction diagnosis is ultra-
sound with a sensitivity to detect bile duct 
obstruction between 90 and 95% and specificity 
to classify benign or malignant between 30 and 
70% [9]. Multidetector CT (Computed 
Tomography) scan has a sensitivity >90% to 
detect obstruction and specificity of 60–90% to 
define benignity or malignancy [10, 11]. MR 
(Magnetic Resonance) or MR cholangiopan-
creatography [12, 13] shows sensitivity higher 
than 95% and specificity of 30–90%. When bile 
stenosis length is mandatory to identify, both 
CT and MR are superior to ultrasound with 
75% and 95%, respectively [10, 12].

7.4	� Management of Malignant 
Stenosis of the Bile Ducts

When we faced a bile duct malignant stenosis 
and the nature of the tumor is known, the first 
step is to establish the tumor stage in order to 
consider a curative surgical resection, a medical 
therapy, and/or minimally invasive palliative 
interventions. In case of opting for curative sur-
gery, in most cases a bile duct decompression is 
performed preoperatively to clinically stabilize 
the patient or in cases with associated cholangi-
tis. In studies conducted, preoperative PTBD 
(Percutaneous Transhepatic Biliary Drainage) 
is performed between 87 and 94% of cases [14, 
15]. Controversy exists regarding preoperative 
biliary drainage in different studies. Some 
authors show no improvement in morbidity and 
surgical mortality [16, 17] and that this proce-
dure can increase morbidity related to infection 
[18–20].

Other studies support preoperative PTBD, 
especially in cases of planned pancreatic head 
resection, with lower hospitalization and postop-
erative morbidity [21, 22]. PTBD is preferable to 
preoperative endoscopic drainage given the lower 
incidence of infectious complications [23].

Generally in most patients and depending on 
the experience, endoscopic biliary drainage 
(EBD) tends to be the first option, when anatomi-
cally possible.

7.5	� Biliary Drainage Technique

The placement of biliary drainage is a basic pro-
cedure to solve an obstructive jaundice and a first 
step to perform other procedures. It helps to solve 
the biliary obstruction, either in a single act or in 
several sessions. It will depend on several factors; 
some are dependent on the clinical presentation of 
obstructive jaundice and the patient (degree of 
jaundice, cholangitis, altered liver function, adju-
vant medical treatment, etc.) and others are depen-
dent on the tumor nature, stage, and therapeutic 
options to be performed.

7.5.1	� Patient Preparation

No oral intake at least 8  hours previous to the 
procedure with adequate hydration is indicated. 
Once informed consent is signed, the patient is 
taken to the radiology room. The anesthesiologist 
is part of the team that performs biliary interven-
tional techniques. Coagulation and blood test 
studies are routinely taken from the patient previ-
ously and antibiotic prophylaxis is done during 
the procedure and 2 days later according to work-
ing standards of the Spanish Society of Vascular 
and Interventional Radiology [24].

7.5.2	� Percutaneous Transhepatic 
Cholangiography

Percutaneous transhepatic cholangiography 
(PTHC) is a technique that allows to identify the 
biliary tract, as a step prior to other percutaneous 
procedures and is always performed in the same 
act with the biliary drainage is performed. The 
patient is under general anestesia and also treated 
with local anestesia in the skin and abdominal 
wall. A puncture with fine needle (22 G), under 
radioscopic and/or ultrasound control (Fig. 7.1) is 
performed. Peripheral biliary radical tract is punc-
tured in order to obtain a map of the biliary tree to 
plan the best approach. It allows to identify the 
anatomy of the biliary tract, level and length of the 
obstruction/stenosis, and presence of other associ-
ated alterations such as fistulas, abscesses, or ana-
tomical variants. Success rates are higher with 
dilated (99%) than no dilated bile duct (75%) [25].
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a b

Fig. 7.1  Cholangiography. (a) Lateral puncture right hepatic tract. (b) Bile duct opacification with distal obstruction

7.5.3	� Biliary Drainage

PTBD as external drainage was carried out in 
1952 by Leger [26] and subsequently introduced 
as clinical use by Molnar W and AE Stockum in 
1974 [27]. In the following decades, more spe-
cialized tools have been introduced and improved 
for use in the bile ducts, which currently allow to 
overcome the vast majority of biliary stenosis/
obstructions.

Once the PTHC has been performed and the 
location of the stenosis has been established, 
sometimes the punctured biliary branch is not the 
most favorable. In this case, the most suitable one 
is chosen to perform the procedure. Using 
Seldinger technique, we introduce a 0.018 guide 
caliber through a 5F catheter that allows exchange 
by thicker guides (0.035/0.038) to insert the 
Pigtail drainage catheter with calibers between 7 
and 10 F (Fig. 7.2).

Access to the bile duct can be done in both 
right and left branches. It depends on multiple 
anatomical (absence of left lobe, interposition of 
digestive tract, presence of prosthetic material in 
abdominal wall) and tumor factors (presence of 
metastases or location of biliary stenosis). The 
right access (Fig.  7.2) is performed intercostal 
through the axillar midline and is usually the 
most favorable for biliary navigation to common 
bile duct; but it has the disadvantage that it is 
more annoying for the patient. The left access is 

done through anterior abdominal wall, less 
uncomfortable for the patient but technically 
more complex. It is indicated in obstructions of 
the left ducts with permeability of the right, bilat-
eral drainages with high obstructions, and right 
tumor lesions that prevent channeling right bile 
ducts (Fig. 7.3).

Once the external catheter is placed, fixed to 
the skin, and connected to the pouch, it is left for 
several days (3–5) to decompress the bile duct, 
improving the inflammatory or infectious com-
ponent (cholangitis) and therefore the clinical 
status and laboratory tests of obstructive jaun-
dice. In the absence of cholangitis and recent 
jaundice, in the same session we proceed to the 
passage of stenosis and placement of an external–
internal drainage.

The decompression of the bile duct decreases 
the edematous component and secondarily allows 
it to overcome stenosis in most cases. The inter-
vention is performed by ensuring biliary access 
with an introducer of caliber between 8 and 
10 F. Then it is accessed with navigation catheters 
(4–5 F) and guides of 0.18″, which allows to over-
come the stenosis. Once the digestive tract is 
reached with the hydrophilic guide, the naviga-
tion catheter is passed and the guide is replaced by 
another one (Amplatz Type) being located in the 
small intestine. Subsequently, we place an exter-
nal–internal drainage multiperforated catheter, 
usually 8.5 F, leaving distal end in the intestinal 
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a b c

Fig. 7.2  Biliary drainage. (a) Navigation catheter in hepatic duct. (b) Switch to a high-support guide. (c) External 
drainage catheter placement

a b

c d

Fig. 7.3  Drainage through left hepatic duct. A 66-year-
old woman with colon carcinoma and liver and peritoneal 
metastases in treatment with chemotherapy. (a) 

Cholangiography. (b and c) Stenosis in proximal coledo-
cus. (d) MRI cholangiography with bile duct dilation and 
liver metastases
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a b

c d

Fig. 7.4  A 72-year-old man underwent hepatojejunal 
bypass due to adenocarcinoma of the pancreas, with unre-
sectable posterior recurrence. (a and b) Left external and 

internal–external drainage. (c) Prosthesis is released in 
common hepatic duct. (d) Prosthesis completely expanded

lumen. Cholangiography is performed through 
the catheter to check the proximal orifices are left 
in the bile duct above the stenosis and others dis-
tal to the stenosis. These drains allow the flow of 
bile to the intestine avoiding large loss of bile salts 
and electrolyte alterations (Fig. 7.4).

The technical success of PTDB is defined as 
the placement of a catheter into the biliary tree 
with external bile flow or the internal passage to 
the digestive tract. In the case of cholangitis, the 
clinical success is the resolution of sepsis with 
mortality rate reduction. The Tokyo Guide recom-

mends early drainage either endoscopic or percu-
taneous in the treatment of cholangitis [28].

7.5.4	� Percutaneous 
Cholecystostomy

Occasionally in patients with obstructive jaun-
dice, when the common bile duct stenosis is distal 
to the cystic duct, percutaneous cholecystostomy 
could be performed to decompress the bile duct as 
a prior step to other interventional procedures on 
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the bile duct. The procedure is performed with 
radioscopic or ultrasound control with direct tro-
car puncture or Seldinger technique, leaving 
placed external drainage catheter similar to 
PTBD.

7.6	� Indications Percutaneous 
Biliary Drainage

The main indications for PTBD and percutane-
ous cholecystostomy in case of obstructions due 
to malignant neoplasms of the bile ducts are 
described in Tables 7.1, 7.2, and Table  7.3 
describes the main contraindications.

7.7	� Biliary Drainage 
Complications

Percutaneous and endoscopic biliary drainages in 
malignant obstructions are associated with a higher 
risk of complications than in other situations [25, 
29]. Published articles suggest similar rates of mor-
tality and complications in both [29, 30]. Most rel-
evant complications include hemorrhage, biliary 
sepsis, pancreatitis, and cholecystitis [31]. When 
bleeding occurs in the PTBD, the origin is usually 
portal, due to its proximity to the bile duct, which is 
usually solved by mobilizing the catheter or chang-
ing it to a thicker one. In case of peripheral portal 
branches origin, bleeding stops spontaneously. 
Arterial injury is rare and in case of persistent 
bleeding through the catheter, selective arteriogra-
phy is necessary. The risk of pancreatitis is lower in 
percutaneous drainage (5%) than endoscopic 
drainage (15%) [25, 32]. Other complications such 
as pneumothorax or pleural effusion are less 
common.

When an external drain is maintained due to a 
failed attempt of internal drainage, electrolyte 
abnormalities, and malnutrition must be taken 
into account to correct them, until internal drain-
age is achieved.

In permanent drains, blockages or malfunc-
tions and infections are frequent, which are 
solved with periodic catheter replacements and 
pericatheter care.

Accidental catheter removal can occur 
between 3 and 9% [33]. Inserting a new catheter 
is safe and possible when there is a previous fis-
tulous tract, using 4 or 5 F catheters and hydro-
philic guides to rechannel the tract.

7.8	� Biliary Percutaneous 
Treatment in Malignant 
Neoplastic Obstructions

Percutaneous treatment of malignant obstructive 
jaundices requires a PTBD with passage of tumor 
stenosis and of self-expanding metal covered or 
uncoated stents (SEMS) placement. SEMS have 
become standard palliative treatments in the man-
agement of malignant biliary obstruction given the 

Table 7.1  Biliary drainage indications

– �Proximal obstructions of bile ducts not resectable by 
Surgery.

– �Distal obstruction not resectable by Surgery, not 
being possible retrograde endoscopic drainage.

– �Step prior to placement of self-expanding metal 
prostheses (SEMS).

– �Decompression in severe acute cholangitis if 
endoscopic papillotomy is not possible.

– �Preoperative biliary drainage and improvement of 
jaundice symptoms.

– �Optimization of bilirubin level for the administration 
of chemotherapy.

– �Endoscopic percutaneous combination therapy 
(rendezvous).

– �Percutaneous access for brachytherapy and 
phototherapy treatment.

Table 7.2  Percutaneous cholecystostomy indications

– Management of acute cholecystitis.
– �Access to the bile duct when the stenosis is distal to 

the cystic.
– �Access to biliary procedures described in Table 7.1 

(5% of cases).

Table 7.3  Percutaneous biliary drainage

Absolute contraindications
Relative 
contraindications

– �Severe bleeding disorders
– �Critically ill patient with short 

life expectancy
– �Presence of vascularized 

tumors or hydatidic cysts 
stroke

– �Reversible 
coagulopathy

– �Hemodynamic 
instability

– �Iodized contrasts 
allergy

– Ascites
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high success rates and long-term permeability. The 
placement of SEMS should be preceded by imaging 
studies, especially cholangiopancreatography by 
MRI [34], to establish the length of stenosis, loca-
tion of affected bile ducts, and tumor extension. 
There are controversies in placing SEMS above the 
papilla or transpapillary in high biliary obstructions. 

However, a retrospective review showed no signifi-
cant differences in permeability duration or occlu-
sion rates [35]. Usually, the stents are placed in a 
second session, after the PTBD or sometimes it can 
be implanted in a single act, when the general con-
ditions of the patient and absence of cholangitis 
allow it (Figs. 7.4, 7.5, and 7.6).

a b

c d

e

Fig. 7.5  A 80-year-old man with duodenum adenocarci-
noma and a previous duodenal prosthesis, presenting with 
biliary obstruction tumor. Palliative treatment. (a) Biliary 

drainage. (b) The guide is passed through the stenosis. (c) 
Catheter crosses the duodenal prosthesis. (d) Release of the 
prosthesis. (e) MPR CT scan shows biliary obstruction
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a b

c d

Fig. 7.6  A 64-year-old man with non-resectable pancreas 
adenocarcinoma. (a) Biliary drainage. (b) Prosthesis is 
released on high-support guidance. (c) 48-h control with 

adequate opening of the uncoated metal stent. (d) MR 
cholangiography prior to the biliary procedure

As a rule, it is preferable to leave the biliary 
prosthesis passing the papilla, which would 
allow, in case of obstruction, to perform an endo-
scopic approach. As for the use of balloons for 
dilation of the stenosis or prosthesis, it is usually 
preferable to wait for 24–48 h which is when the 
prostheses reach their maximum diameter 
(Figs. 7.5 and 7.6). Therefore, we leave an exter-
nal drainage for 48  h to perform transcatheter 
cholangiography and check the degree of open-
ing of the prosthesis and permeability of the 
same, not being necessary in most cases balloon 

dilations. Currently there are available stents of 
multiple lengths and calibers 8 and 10 mm…, 
which allow to select the most appropriate to the 
length of the stenosis.

In high obstructions that affect the hepatic 
ducts, it is sometimes necessary to leave two 
prostheses in place either in “T” or in “Y.” One of 
them preferably the right that reaches the papilla. 
In these cases, it may be preferable to place 
uncoated stents to preserve the permeability of 
the contralateral duct [36]. It is recommended 
stent placement in the most viable lobe, to drain 
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more than 50% of liver volume with lower chol-
angitis and greater survival [37]. A randomized 
multicenter trial in distal biliary malignant 
obstructions showed no significant differences 
between covered and uncoated stents [38].

We currently place metal stents in patients, 
where neoadjuvant therapy is indicated and the 
patient may be candidates for oncological sur-
gery, using short lengths to allow hepatic deriva-
tive surgery.

7.8.1	� Indications

The main indication for the placement of the bili-
ary prosthesis is for patients with non-resectable 
neoplasms. In patients with pancreatic cancer:

–– Approximately 50% have advanced metastatic 
disease (stage IV) and their life expectancy 
after diagnosis is 6 months. In this group, for 
those who present poor general conditions and 
large tumors the indication would be endo-
scopic plastic stents. For those with a life 
expectancy greater than 3 months, the place-
ment of a metal stent would be indicated.

–– Patients with stage III pancreatic cancer with 
locally advanced disease, non resectable and 
with survival rate greater than 12 months, if 
adequate systemic or local treatment is estab-
lished, placement of metal stents would be 
indicated.

7.8.2	� Complications of Metallic 
Stents in Malignant 
Obstruction of Bile Ducts

The most common complications of stents in 
malignant biliary obstruction are hemorrhage, 
cholangitis, cholecystitis, pancreatitis, stent 
migration, and obstruction [38].

Coated metal stents migrate more often than 
uncoated metal stents. The risk of bleeding is 
more related to the point of puncture. The more 
peripheral it is, the lower the risk of bleeding is 
[39]. Avoiding balloon dilation of the prosthesis 
minimizes the risk of bleeding [38]. Cholangitis 
is the most frequent infectious complication after 

stent placement. It is lower in PTBD than in 
endoscopic drainage [40]. Peri-procedure antibi-
otic coverage is recommended. Pancreatitis is 
more common in coated stents and usually deter-
mined by the injection of contrast into the pan-
creatic duct [41]. Cholecystitis is almost always 
caused by neoplastic involvement of the cystic or 
uncoated transcystic stent; which is resolved by 
percutaneous cholecystostomy.

Acute Obstruction is usually caused by hemo-
bilia with clots formation. Chronic obstruction is 
usually due to tumor overgrowth at the margins 
of the prosthesis or toward the inside of the pros-
thesis through the mesh in the uncoated ones 
[42].

7.9	� Conclusions

Palliative treatment of malignant obstruction of 
the bile ducts remains the main indication of per-
cutaneous and endoscopic treatment. The proper 
use of covered and uncoated stents on a case-by-
case basis allows to offer a clinically effective 
result and avoids necessary secondary proce-
dures. Since the survival rate in malignant tumor 
pathology of bile ducts is limited, existing tech-
nology such as SEMS, remains adequate 
permeability in most patients. In malignant 
obstructions of the bile ducts, the goal is to 
improve the survival and permeability of the bile 
duct by eliminating local tumor growth. Among 
the innovative techniques is intraductal radiofre-
quency ablation that in pilot studies have demon-
strated safety in devices for radiofrequency 
administration. Pilot studies of drug-releasing 
SEMS have shown improvements in permeabil-
ity rates, but studies to demonstrate increased 
survival are lacking.
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8Pancreatic Surgical Resections
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8.1	� Introduction

The standard operation for tumors of the pancre-
atic head is the pancreaticoduodenectomy 
(Whipple procedure). Surgical treatment for 
tumors of the pancreas body or tail is distal 
pancreatectomy.

Adjuvant chemotherapy has proven advanta-
geous in terms of prolonging overall survival, but 
different treatment regimens are still controver-
sial [1].

8.2	� The Pancreaticodu­
odenectomy (Kausch–
Whipple Procedure)

In 1910, Walter Kausch and Allan Whipple first 
performed pancreaticoduodenectomy (PD) in a 
patient with pancreatic tumor located in pancre-
atic head [2, 3].

For a long time, this surgical procedure was 
associated with high morbidity and mortality and 

a poor long-term outcome, causing the surgical 
community to be against this surgery [4, 5].

During the following years, some changes in 
the surgical steps used in the operation, with vari-
ous modifications such as vascular resections and 
extended lymphadenectomy, PD has become the 
standard operative procedure for tumors of the 
pancreatic head.

The PD is divided into three parts:

•	 Exploration: A complete intra-abdominal 
examination is performed trying to exclude 
metastasis disease. Extensive Kocher maneu-
vers should be done to check retroperitoneum 
and SMV/SMA infiltration. A tunnel is dis-
sected between the neck of the pancreas ante-
riorly and the SMV-portal vein posteriorly to 
exclude infiltration of SMV.

•	 Resection: The pancreas head-duodenum-
common bile duct is removed with lymphad-
enectomy associated.

•	 Reconstruction of the gastrointestinal continu-
ity. The gastric stump, pancreas body, and 
proximal common bile duct are then ensem-
bled into jejunal loop to reconstruct the gas-
trointestinal continuity.

•	 The digestive tract reconstruction after first 
PD consisted of pancreaticoenterostomy and 
gastroenterostomy via a proximal jejunal 
loop, with side-to-side anastomosis between 
the distal jejunum and gallbladder, and side-
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Fig. 8.1  Whipple reconstruction after PD

Fig. 8.2  Child’s reconstruction after PD

Fig. 8.3  Cattel’s reconstruction after PD

to-side anastomosis between the proximal and 
distal jejunum (Fig. 8.1).

During the following years, the reconstruction 
was made in the order of bile duct, pancreas, 
stomach, and jejunum.

In 1944, Charles Child proposed a new method 
of reconstruction, namely an anastomosis between 
the jejunal and pancreatic stump, end-to-side 
anastomosis of the common bile duct and jeju-
num, and end-to-side anastomosis of the stomach 
and jejunum, or in the sequence of pancreas, bile 
duct, stomach, and jejunum. This has since been 
known as the Child’s operation [6] (Fig. 8.2).

At around the same time, in 1943, Cattel 
designed a refinement of the operation which 
consisted of an end-to-end anastomosis between 
the proximal jejunal stump and stomach, end-to-
side anastomosis between the pancreas and jeju-
num, and end-to-side anastomosis between the 
bile duct and intestine, or the stomach-pancreas-
bile duct-jejunum sequence, which is termed the 
Cattel’s method (Fig.  8.3). The Whipple proce-
dure, Child’s operation, and Cattel’s method are 
three traditional techniques for digestive tract 
reconstruction after PD.

Recently, the most commonly used surgical 
reconstruction worldwide after PD are:

	1.	 Standard Child reconstruction (s-child) 
(Fig. 8.4)

	2.	 Child reconstruction with Braun entero-
enterostomy (BE-Child) (Fig. 8.5)

	3.	 Isolated-Roux-En-Y reconstruction (Fig. 8.6)
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Fig. 8.4  This reconstruction method is defined as pancre-
aticojejunostomy (PJ) followed by hepaticojejunostomy 
(HJ) and by gastrojejunostomy (GJ)

Fig. 8.5  BE-Child is defined as s-Child with an addi-
tional entero-enterostomy between the afferent and effer-
ent loop of the GJ to facilitate the drainage of pancreatic 
juice and bile

Fig. 8.6  The Isolated-Roux-En-Y reconstruction uses a 
jejunal loop for the biliary and the gastric anastomosis and 
an additional isolated jejunal loop to drain the pancreatic 
juice

Surgical Reconstruction After Pancreatic 
Surgery and POPF (Postoperative Pancreatic 
Fistula)
Schorn, S et  al. published a systematic review 
comparing the most common surgical recon-
struction after PD [7] in terms of postoperative 
complications. This paper showed 20.4% POPF 

grade A/B/C after pancreatic resection with 
BE-Child and 36.7% after s-Child. Nevertheless, 
no clinically relevant risk difference could be 
observed in the overall pooled meta-analysis of 
POPF grade A/B/C [8] (Table 8.1).

When Iso-Roux-En-Y vs. s-Child were com-
pared, no relevant differences regarding POPF 
grade A/B/C were identified. However, in the 
sub-analysis of POPF grade B/C, the meta-
analysis showed a twofold increased risk for 
developing POPF grade B/C in patients with 
s-Child. The subgroup analysis of RCT was not 
able to detect any relevant difference for POPF 
grade A/B/C between BE- and s-Child.

Regarding the rates of the pancreas texture, 
the main pancreatic duct, and of type of anasto-
mosis, no differences were seen when those three 
reconstructions were compared.

Surgical Reconstruction After 
Pancreatoduodenectomy Delayed Gastric 
Emptying
Schorn, S et  al. in their published metanalysis 
showed that 22.7% patients developed postopera-
tive Delayed Gastric Emptying (DGE) after 
BE-Child and 36.9% after s-Child 
reconstruction.

8  Pancreatic Surgical Resections



102

Table 8.1  Postoperative pancreatic fistula grades

Grade A Grade B Grade C
Clinical conditions Well Often well Appearing ill
Specific treatmenta No Yes/no Yes
US/CT (if obtained) Negative Negative/positive Positive
Persistent drainage (after 3 weeks) No Usually yes Yes
Reoperation No No Yes
Death related to POPF No No Possibly yes
Signs of infections No Yes Yes
Sepsis No No Yes
Readmission No Yes/no Yes/no

aPartial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition, somatostatin analogue and/or minimal 
invasive drainage. US ultrasonography, CT computed tomography, POPF postoperative pancreatic fistula

The overall pooled RR showed that BE-Child 
was associated with a slightly decreased, but 
non-significant risk for DGE compared to 
s-Child. This protective effect of a BE-Child was 
even more visible after stratifying patients into 
clinically relevant DGE grade B/C according to 
ISGPS [9]. 8.3% of patients showed DGE grade 
B/C after PD with BE-Child vs. 18.7% of patients 
after s-Child. The overall RR of 0.40 showed a 
strongly reduced risk for clinically relevant DGE 
grade B/C in patients with BE-Child.

No differences were seen when Iso-Roux-
En-Y and s-Child for DGE grade A/B/C, were 
compared [8].

No protective effect was visible in the com-
parison of Iso-Roux-En-Y vs. s-Child. The over-
all pooled RR of RCT comparing Iso-Roux-En-Y 
against s-Child was not able to detect any benefit 
of Iso-Roux-En-Y for DGE Grade A/B/C.

Reconstruction of the Gastrointestinal 
Continuity After Classical PD Versus 
Pylorus-Preserving PD

•	 Previous meta-analysis showed no effect of 
BE-Child in patients undergoing classical PD 
vs. Pylorus-Preserving PD (PPPD) [7].

•	 The meta-analysis of postoperative compli-
cations revealed a strong decreased risk for 
postoperative complications after classical 
PD and no effect was detectable in the sub-
group analysis of patients undergoing PPPD.

•	 No differences in the incidence of all kinds of 
POPF in patients undergoing classical PD or 
PPPD when BE-Child was performed.

•	 No effect of BE-Child was detectable for clin-
ically relevant POPF in patients undergoing 
PPPD.

•	 PD + BE-Child showed a strongly diminished 
risk for clinically relevant POPF.

•	 No effect was visible for all kinds of DGE in 
classical PD  +  BE-Child vs. 
PPPD + BE-Child

•	 The subgroup analysis of clinically relevant 
DGE B/C revealed a strongly reduced risk in 
patients undergoing classical PD + BE-Child 
and PPPD + BE-Child.

•	 No effect could be observed of Iso-Roux-
En-Y in patients with PD and PPPD for mor-
tality and for overall postoperative 
complications.

•	 No relevant differences were detectable in the 
analysis of overall POPF and clinically rele-
vant POPF, DGE, and clinically relevant DGE 
in PD  +  Iso-Roux-En-Y vs. PPPD  +  Iso-
Roux-En-Y [7].

8.3	� Methods for Restoration 
of Pancreatico-Enteric 
Continuity

During the first PD performed, the main pancreas 
stump was ligated and sutured without anastomo-
sis. This factor developed gradual atrophy of the 
pancreas, complete loss of endocrine and exo-
crine function, postoperative diabetes, and 
reduced quality of life. When surgeons confirmed 
those postoperative complications, they decided 
to abandon this technique.
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In 1941, pancreaticojejunostomy (PJ) was first 
used clinically for the management of pancreatic 
stump following PD. This new modification pre-
served pancreatic function and reduced POPF 
(postoperative pancreatic fistula) [10].

The basic types of PJ are:

8.3.1	� Invagination 
Pancreaticojejunostomy

Invagination Pancreaticojejunostomy (IPJ) is 
performed by invagination of the pancreatic 
stump into the intestine in either an end-to-end or 
an end-to-side manner. This anastomosis does 
not require main pancreatic duct identification.

Bassi et  al. [11], published the incidence of 
POPF rate ranged between 9.9 and 28.5% after 
IPJ, and the different definitions used in pancre-
atic leakage resulted in highly significant differ-
ences between them.

Other complications:

•	 Postoperative due to erosion of peripancreatic 
vessels by extravasated pancreatic juice, 
which has been described in 2–8% of cases 
after POPF [12]. The morbidity rate increased 
from 6 to 26% when POPF became 
manifested.

Two fashions of IPJ have been published: 
End-to-end and end-to-side IPJ.  A prospective 
study involving 295 consecutive patients who 
underwent PD showed end-to-end PJ resulted in 
more complications than end-to-side PJ with sig-
nificant differences [13]. Based on limited evi-
dence, it is still unclear which PJ technique is 
superior and there is not enough evidence to sug-
gest one over the other.

8.3.2	� Binding 
Pancreaticojejunostomy

Peng et  al. described a Binding 
Pancreaticojejunostomy (BPJ) technique in 
2004. The author published a prospective ran-
domized trial comparing conventional pancreati-

cojejunostomy (CPJ) vs. BPJ. POPF occurred in 
7.2%, while none of the 106 patients randomized 
to the BPJ group developed POPF with signifi-
cant differences [14]. Postoperative complica-
tions developed in 36.9% of the patients in the 
CPJ group, compared with 24.5% in the BPJ 
group (p  =  0.048). The author concluded that 
BPJ can be safely performed even for cases with 
a soft pancreatic texture. Three prospective stud-
ies indicated that BPJ is a safe and secure tech-
nique that decreases the rate of POPF formation 
(8.9% by Buc [15] 3.0% by Nordback [16] and 
0% by Hashimoto [17]). However, no repeatable 
RCT data about BPJ except Peng’s RCT that was 
reported in other centers which probably results 
from the technical limitations of BPJ itself.

8.3.3	� Duct-to-Mucosa 
Pancreaticojejunostomy

Duct-to-Mucosa Pancreaticojejunostomy 
(DmPJ) was first performed by Varco in 1945 
[18]. The classical duct-to-mucosa technique can 
be considered to be a two-layer anastomotic tech-
nique, with the inner layer consisting of suturing 
of Wirsung’s duct to jejunal mucosa.

Main advantages of DmPJ are:

•	 This technique allows for tight adhesion 
between the pancreatic stump and the jejunum 
enabling rapid and close adherence due to 
absence of effusion, and rapid anastomotic 
patency and exocrine function [19].

•	 DmPJ does not take into account the size of 
the residual pancreas, eliminating the prob-
lem of too loose or too tight invagination in 
IPJ.

•	 Eversion of jejunal mucosa with its accompa-
nying mucosal destruction is not required, as 
in BPJ.

Due to these benefits, DmPJ is considered to be 
safe with a low incidence of pancreatic leak [20]. 
However, DmPJ presents several drawbacks:

•	 Dead space may exist between the pancreatic 
stump and jejunal wall, resulting in retention 
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Table 8.2  RCTs comparing DmPJ and IPJ

References
Pancreatic 
fistula (%)

Morbidity 
rate (%)

Mortality 
rate (%)

Chou et al., 
1996

2 vs. 7 13 vs. 21 3 vs. 4

Bassi et al., 
2003

13 vs. 15 54 vs. 53 2 vs. 0

Langrehr 
et al., 2005

2 vs. 2 40 vs. 38 0 vs. 0

Berger 
et al., 2009

23 vs. 12 53 vs. 49 2 vs. 0

Han et al., 
2009

2 vs. 6 9 vs. 15 1 vs. 1

Table 8.3  RCTs–PG versus PJ

Study

POPF rate 
(%) (PG vs. 
PJ)

Morbidity 
rate (%)

Mortality 
rate (%)

Yeo et al., 
1995

12 vs. 11 49 vs. 43 0 vs. 0

Duffas et al., 
2005

16 vs. 20 46 vs. 47 12 vs. 10

Bassi et al., 
2005

13 vs. 16 29 vs. 39 0 vs. 1

Fernández 
et al., 2008

4 vs. 18 23 vs. 44 —

Wellner 
et al., 2012

10 vs. 12 N/A 2 vs. 2

Topal et al., 
2013

8 vs. 19.8 61.7 vs. 
59.3

N/A

Figueras J, 
2013

10.4 vs. 
34.5

N/A N/A

of pancreatic juice from the accessory or tiny 
pancreatic ducts.

•	 DmPJ is difficult and the anastomosis is likely 
to obstruct when the Wirsung’s duct has a 
smaller diameter.

To date, five RCTs have been published to 
compare DmPJ and IPJ (Table 8.2).

8.4	� Pancreaticogastrostomy

Waugh and Clagett in 1946 performed the first 
Pancreaticogastrostomy (PG) [21].

Benefits associated with PG:

•	 The stomach has a thick wall and abundant 
blood flow.

•	 The pancreatic remnant is located close to the 
dorsal side of the stomach.

•	 There is no enterokinase expression in the 
stomach. This factor is the reason for no pan-
creatic enzyme activation.

McKay et al. [22] revealed a lower incidence 
of pancreatic fistula, overall complications, and 
mortality rate for PG when compared with 
PJ.  However, A recently published multicenter 
study [23] demonstrated that the overall inci-
dence of postoperative complications did not dif-
fer significantly between PJ and PG.  However, 
PG was more efficient than PJ in reducing the 
incidence of POPF.

During the last years, there have been 7 RCTs 
that compared complication rates between PG 
and PJ (Table 8.3).

Three RCTs showed that the incidence of POPF 
was significantly higher following PJ than PG, as 
was the severity of pancreatic. The hospital read-
mission rate for complications was significantly 
lower after PG, weight loss was lower and exocrine 
function better. The rate and severity of POPF were 
significantly lower with the PG technique than with 
PJ. The remaining four randomized controlled tri-
als revealed a significant difference between PJ and 
PG with regard to intra-abdominal fluid collec-
tions, but without any significant differences in 
pancreatic fistula, overall postoperative complica-
tions, DGE, and mortality rates.

A meta-analysis [24] showed PG had signifi-
cantly lower rates of postoperative intra-
abdominal fluid collection and multiple 
intra-abdominal complications than PJ in 4 
RCTs. Twenty-two observational clinical studies 
demonstrated significant differences between PG 
and PJ in frequencies of postoperative biliary fis-
tula, intra-abdominal fluid collection, pancreatic 
fistula, morbidity, and mortality. The overall 
analysis revealed significant differences in fre-
quencies of intra-luminal hemorrhage and grade 
B/C pancreatic fistula between the two groups. 
However, the authors concluded that the current 
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literature has no adequate evidence to prove that 
PG is superior to PJ for patients undergoing PD 
in postoperative complications.

Main drawbacks of PG:

•	 Anastomotic bleeding. Fibre et  al. [25] 
reported a 12% preoperative rate due to bleed-
ing at the pancreatic margin.

•	 Pancreatic duct obstruction, atrophy, and 
destruction of endocrine and exocrine pancre-
atic function. Lemaire et  al. [26] reported a 
reduction in pancreatic exocrine function and 
a worsening of pancreatic atrophy after PG. In 
another study, PG was more frequently associ-
ated with severe steatorrhea compared with PJ 
(70 vs. 21.7%, p < 0.025) suggesting impair-
ment of fat metabolism [27].

In conclusion, both PG and PJ are safe, with 
no significant difference in complication rates. 
However, the effect of PG on digestive physiol-
ogy could lead to long-term complications.

8.5	� Ways to Decrease 
Complications After 
Pancreatic Anastomosis

•	 Use of occlusive substances: Neoprene injec-
tion [28] in the MPD to occlude the duct thus 
neutralizing exocrine pancreatic secretion is 
an option that has not reduced the rate of 
POPF according to a randomized clinical trial. 
Other studies showed that fibrin glue applica-
tion does not reduce the incidence of anasto-
motic leaks [29].

•	 Use of somatostatin: Prophylactic use of 
somatostatin and octreotide in pancreatic sur-
gery remains controversial and several meta-
analyses conclude contradictory conclusions. 
A current meta-analysis focused on the effects 
of somatostatin analogues in pancreatic sur-
gery concluded that somatostatin analogues 
reduce postoperative complications but do not 
reduce perioperative mortality, and they do 
shorten hospital stay in patients undergoing 
pancreatic surgery for malignancy [30].

•	 Wrapping: Use of the omentum or falciform 
ligament to wrap pancreaticojejunal anasto-
mosis. The main reasons of it are:
–– To avoid the autolytic effect and proteo-

lytic activity of pancreatic juice and 
infected fluids on surrounding organs, 
especially the abdominal vessels.

–– To reduce the postoperative bleeding rate.
–– To reduce the rate of PF by avoiding com-

plications arising from it.
–– The literature on wrapping in oncologic 

pancreatic surgery is rare, and usually con-
sists of retrospective studies with a low 
level of evidence. Nevertheless, it seems 
that wrapping decreases postoperative 
bleeding and POPF, and when this occurs 
is less severe than when not using wrap-
ping [31].

•	 Use of stents: The benefit of an internal or 
external stent across pancreatico-enteric anas-
tomosis remains controversial. In the study 
published by Poon et  al., the patients were 
randomized to have either an external stent 
inserted across the anastomosis to drain the 
pancreatic duct or no stent. This trial showed a 
reduction in the incidence of POPF from 20% 
in the non-stented group to 6.7% in the stented 
group [32].
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9.1	� Introduction

Radical surgical resection remains the only 
potentially curative treatment for patients with 
pancreatic cancer. Pancreatic resection followed 
by adjuvant chemotherapy is performed in about 
20% of all pancreatic ductal adenocarcinoma 
(PDAC) by the time of diagnosis [1]. Despite 
this, in the patient group considered unresectable, 
approximately one-third of the patients can be 
resected following neoadjuvant therapy [2].

The only option for the long-term survival of a 
patient with resectable PDAC is R0 radical resec-
tion with an average 5-year survival of 20–25% 
[3].

The major obstacle to improve these poor 
results is the fact that PDAC diagnosis is made 
late and in an advanced tumor stage in the major-
ity of patients. As pancreatic surgery is challeng-
ing with regard to preoperative diagnostic, 
surgical procedures as well as postoperative care 

and complication management, the value of cen-
tralization of pancreatic surgery in centers of 
excellence and high-volume institutions is 
unquestionable today.

In this setting, implying experience of the 
individual surgeon who continuously performs 
pancreatic resections and the environment with 
an interdisciplinary team of specialists to opti-
mize perioperative care and complication man-
agement, mortality rates following major 
pancreatic resections below 5% are standard 
today [4, 5].

As a result of the development of surgical 
techniques and technologies, extended opera-
tions, including vascular resections, have become 
more frequently performed in specialized 
centers.

Moore et al. performed the first superior mes-
enteric vein (SMV) resection and reconstruction 
[6]. Portal vein resection for complete removal of 
the PDAC was presented systematically by 
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Fortner [7], who first described a “regional pan-
createctomy” involving total pancreatectomy, 
radical lymph node clearance, combined portal 
vein resection, and/or combined arterial resection 
and reconstruction.

These extended surgical interventions carried 
greater morbidity and mortality than conven-
tional surgery. This was the reason why they were 
abandoned.

With the improvement of surgical technique, 
anesthesia, and critical care support, the interest 
in vascular resection in cases with isolated 
involvement of the portal vein (PV) and/or supe-
rior mesenteric vein (SMV) in locally advanced 
pancreatic cancer has gradually been renewed 
during the last decade [8].

Currently, it is accepted that pancreatoduo-
denectomy with vein resection does not 
increase the postoperative risk, but there are 
still no reliable proofs that it significantly 
improves survival. Porto-mesenteric vein 
resection is a standard procedure at high-vol-
ume pancreatic centers. Nowadays, only arte-
rial resections are still a controversial issue. 
Nevertheless, attempts at resection involving 
reconstruction of the main arteries such as the 
coeliac axis, hepatic artery, and superior mes-
enteric artery (SMA) have been reported, 
although in small case series [9].

The present review gives an overview of the 
development and current state of venous and 
arterial resections in PDAC surgery.

9.2	� Resectability of Pancreatic 
Ductal Adenocarcinomas

Selection of patients for vascular resection is 
based on the probability of obtaining complete 
surgical resection (R0). The presence and extent 
of vascular involvement are determined on high-
quality thin section images, with an anatomical 
basis for the classification of tumors as “border-
line resectable,” “locally advanced,” or metastatic 
[10]. Many classifications have been used to 
define the extent of PDAC, which is based on the 
relationship between the tumor and the venous or 

arterial axes. The most common system is the 
National Comprehensive Cancer Network’s 
(NCCN) classification, updated in November 
2018 (Table 9.1).

The notion of a “borderline” tumor has 
recently changed to take into account the ana-
tomical classification, the probability of histo-
logically incomplete resection (R1), the patient’s 
clinical status (general condition, comorbidities, 
performance status, “fragility syndrome”), and 
the “biological” status of the disease. The 
International Consensus on the definition of 
“borderline” tumors recommends to use a thresh-
old CA 19-9 rate ≥500 units/ml for the latter 
[11].

Defined patients with borderline resectable 
PDAC (BR-PDAC) according to the three dis-
tinct dimensions, anatomical, biological, and 
conditional:

	1.	 Anatomic factors include tumor contact with 
the superior mesenteric artery and/or celiac 
artery of less than 180° without showing ste-
nosis or deformity, tumor contact with the 
common hepatic artery without showing 
tumor contact with the proper hepatic artery 
and/or celiac artery, and tumor contact with 
the superior mesenteric vein and/or portal 
vein including bilateral narrowing or occlu-
sion without extending beyond the inferior 
border of the duodenum.

	2.	 Biological factors include potentially resect-
able disease based on anatomic criteria but 
with clinical findings suspicious for (but 
unproven) distant metastases or regional 
lymph node metastases diagnosed by biopsy 
or positron emission tomography-computed 
tomography. This also includes a serum car-
bohydrate antigen (CA) 19-9 level of more 
than 500 units/ml.

	3.	 Conditional factors include the patients with 
potentially resectable disease based on ana-
tomic and biologic criteria and with Eastern 
Cooperative Oncology Group (ECOG) per-
formance status of 2 or more.

The definition of BR-PDAC requires one 
or more positive dimensions.
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Table 9.1  National Comprehensive Cancer Network’s (NCCN) classification

Resectability 
status Arterial Venous
Resectable No arterial tumor contact (celiac axis [CA], 

superior mesenteric artery [SMA], or common 
hepatic artery [CHA])

No tumor contact with the superior 
mesenteric vein (SMV) or portal vein (PV) or 
≤180° contact without vein contour 
irregularity

Borderline 
Resectable [2]

Pancreatic head/uncinate process
 �� • �Solid tumor contact with CHA without 

extension to celiac axis or hepatic artery 
bifurcation allowing for safe and complete 
resection and reconstruction

 �� • Solid tumor contact with the SMA of ≤180°
 �� • �Solid tumor contact with variant arterial 

anatomy (ex: accessory right hepatic artery, 
replaced right hepatic artery, replaced CHA, 
and the orgin of replaced or accessory artery) 
and the presence and degree of tumor contact 
should be noted if present as it may affect 
surgical planning

Pancreatic body/tail
 �� • Solid tumor contact with the CA of ≤180°
 �� • �Solid tumor contact with the CA of >180° 

without involvement of the aorta and with 
intact and uninvolved gastroduodenal artery 
thereby permitting a modified Appleby 
procedure [some members prefer this criteria 
to be in the unresectable category]

 �� • �Solid tumor contact with the SMV or PV 
of >180°, contact of ≤180° with contour 
irregularity of the vein or thrombosis of 
the vein but with suitable vessel proximal 
and distal to the site of involvement 
allowing for safe and complete resection 
and vein reconstruction

 �� • �Solid tumor contact with the inferior vena 
cave (IVC)

Unresectable 
[2]

 �� • �Distant metastasis (including non-regional 
lymph node metastasis)

Head/uncinate process
 �� • Solid tumor contact with SMA >180°
 �� • Solid tumor contact with the CA >180°
 �� • �Solid tumor contact with the first jejunal 

SMA branch
Body and tail
 �� • �Solid tumor contact of >180° with the SMA 

or CA
 �� • �Solid tumor contact with the CA and aortic 

involvement

Head/uncinate process
 �� • �Unreconstructible SMV/PV due to tumor 

involvement or occlusion (can be due to 
tumor or bland thrombus)

 �� • �Contact with most proximal draining 
jejunal branch into SMV

Body and tail
 �� • �Unreconstructible SMV/PV due to tumor 

involvement or occlusion (can be due to 
tumor or bland thrombus)

PDAC resectability status

9.3	� Neoadjuvant Therapy 
and Patient Selection

The purpose of neoadjuvant therapy is to increase 
the rate of patients candidates for potentially 
curative secondary resection. A systematic review 
published in 2017 compared the pathological 
data in patients who underwent “upfront” surgery 
to those who underwent surgery after “neoadju-
vant treatment.” A significant reduction in the 
relative risk (RR) of R1 resection (RR  =  0.66) 
and other negative predictive factors (tumor size, 
lymph node metastases, perineural extension, 

and lymphatic emboli) was observed after neoad-
juvant treatment [12].

For borderline resectable PDAC, several more 
recent studies including two meta-analyses [13, 
14] have confirmed that survival was improved 
after neoadjuvant therapy followed by surgery 
than after upfront surgery followed by adjuvant 
therapy, even in an intent-to-treat analysis.

The NCCN recommendations version 1.2019 
(November 8, 2018) state that: “Immediate” 
resection of borderline tumors is no longer recom-
mended (unlike 2016 recommendations), despite 
the absence of a randomized trial (neoadjuvant 
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therapy vs. “immediate” surgery) and the defini-
tion of the “best therapeutic protocol to use” [15].

On the other hand, in patients with unresect-
able pancreatic cancer (NCCN definition) that 
were explored with the intent of pancreatectomy 
and irreversible electroporation for margin exten-
sion after neoadjuvant therapy, R0 resections 
could be achieved in 80% of the cases in non-
metastatic patients [16].

Neoadjuvant therapy was also not related to 
increased 30-day mortality and postoperative 
morbidity rates [17].

9.4	� Venous Resections 
and Reconstruction

The classification proposed by the International 
Study Group of Pancreatic Surgery divided the 
venous resection into four types depending on the 
extent of the invasion of the portal vein and supe-
rior mesenteric vein and the performed recon-
struction [18]:

•	 I: Venorrhaphy
•	 II: Patch
•	 III: Primary anastomosis (Fig. 9.1)
•	 IV: Interposition conduit

An end-end anastomosis is almost always pos-
sible with extensive mobilization of the root of 
the mesentery. Technically, an extensive Kocher 
maneuver combined with a Cattell–Braasch 
maneuver is a safe technic to perform pancreatic 
and venous resection with primary anastomosis 
(Fig. 9.2).

In type IV venous resection, if mesenteric root 
mobilization and lowering of the right liver are 
insufficient to compensate for the length of the 
vascular resection, interposed graft reconstruc-
tion may be used, including an autologous venous 
or peritoneal, a cryopreserved homologous, a 
heterologous or a prosthetic graft [19] (Fig. 9.3). 
This meta-analysis of 14 studies including 257 
venous resections with interposition grafts and 
570 without, showed that when venous recon-
struction was performed with an interposition 
graft, postoperative morbidity, mortality, and sur-
vival at 1, 3, and 5 years were comparable to 
those observed with other reconstruction tech-
niques. However, the risk of venous axis throm-
bosis was significantly higher at 6 months 
(OR = 2.75; 95% CI = 1.32–5.73; p = 0.007).

In a large multicenter retrospective review 
from the United Kingdom that included 1588 
Patients with borderline resectable tumors, 
venous resection in pancreatic cancer surgery 
was also reported as safe and feasible [20].

Ravikumar et al. published in 2014 a median 
survival of 18 months for the standard procedure 
and 18.2 months for patients undergoing venous 
resection. The in-hospital mortalities were simi-
lar in both groups [21].

One meta-analysis published in 2016 (27 
studies—9005 patients including 1587 pancre-
atectomies with venous resections) reported an 
increased risk of postoperative mortality and 
resection R1/R2 vs. R0. In addition, survival at 1, 
3, and 5 years was significantly reduced. Median 
overall survival was 14.3 months in the venous 
resection group vs. 19.5 months in the standard 
pancreatectomy group. This meta-analysis con-
cluded that neoadjuvant treatment was recom-
mended in the setting of planned venous resection 
with the level of evidence 2 [22].

Due to previous findings, if pancreatic resec-
tion with a tumor negative margin is possible, 

Fig. 9.1  Primary end-end anastomosis after venous 
resections
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Fig. 9.2  Types of venous reconstruction. (a) Patch recon-
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ligated. (c) End-end anastomosis. Splenic vein is pre-

served. (d) Interposition conduit with splenic vein 
resected. (e) Interposition conduit below splenoportal 
junction
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Fig. 9.3  Type IV venous reconstruction below spleno-
portal junction, with cryopreserved Homologous pros-
thetic graft

venous resection should be performed. Currently, 
this approach is now internationally 
well-accepted.

9.5	� Arterial Resections

Two main procedures have been published with 
arterial resections:

•	 Coeliac axis resection in left-sided pancreatic 
resections.

•	 Right-sided common hepatic artery or supe-
rior mesenteric artery resections.

Actual evidence regarding this topic sug-
gests that arterial resections should only be per-
formed in highly selected patients. The invasion 
of the common hepatic artery (CHA) or the gas-
troduodenal artery (GDA) at its origin, of the 
superior mesenteric artery (SMA), or the celiac 
axis (CA) is usually considered as a contraindi-
cation for resection due to the risks of both 
morbidity and mortality, and poor oncological 
results [23].

Nevertheless patients with no progressive or 
responding disease after neoadjuvant therapy 
could be the main indications for arterial resec-
tions [24].

A meta-analysis published in 2011 selected 26 
studies (adding up to 366 arterial resections vs. 
2243 non-arterial resection pancreatectomies) 
including only five studies with SMA resections. 
This meta-analysis reported [25]:

•	 Significantly increased risk of morbidity and 
surgical mortality.

•	 Significant reduction in survival at 1 year, 
including after exclusion of post-operative 
with no survivors at 5 years.

•	 Significantly higher operative mortality.

In 2018, the Mayo Clinic group reported 
results in 111 patients who underwent 
pancreatectomy with AR [26]. Overall 90-day 
major morbidity and mortality were 54 and 13%, 
respectively. Post-pancreatectomy hemorrhage 
was associated with major morbidity, reopera-
tion, and increased mortality. Median survival 
was 28.5 months.

Three situations can be distinguished and AR 
must be planned:

	1.	 Anatomical variants of HA:
	 (a)	 Right HA arising from the SMA: This 

situation increases the rate of common 
HA resection during PD when this artery 
is involved.

	 (b)	 The HA could not be the main liver vas-
cular flow artery: Preoperative emboliza-
tion followed by “en bloc” resection may 
be performed with no significant risks of 
liver/biliary ischemia due to development 
of intrahepatic arterial shunts.

	 (c)	 If the HA perfuses the total liver, it 
requires reconstruction of any type of 
anastomosis to ensure vascularization of 
the biliary tree and the hepaticojejunos-
tomy following PD. HA should be recon-
structed before continuing pancreatic 
resection to avoid any liver ischemia, par-
ticularly when an associated venous 
resection is needed.

	2.	 PD and resection of HA:
Most PDs with AR reported in the litera-

ture included resection of the common HA 
with posterior reconstruction. Only one 
Japanese study by Miyazaki et  al. [27] 
reported 20/21 patients who underwent HA 
resection without reconstruction. Twelve of 
these patients had received preoperative 
embolization of the common HA (CHA) for 
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collateral vessel formation. In this short series 
there was no relevant specific morbidity.

	3.	 Distal pancreatectomy (DP) with celiac axis 
resection (DP-CAR), for pancreatic carcino-
mas of the body and tail with invasion of the 
CA or the origin of the CHA: The “Appleby” 
procedure was initially described for the 
resection of gastric cancers invading the celiac 
area. Nimura et  al. [28] described this tech-
nique for body and tail pancreatic adenocarci-
nomas and showed improved survival 
compared to standard DP.

The principles of the intervention are:
	 (a)	 Increase the rate of R0 resectability.
	 (b)	 Ensure lymphatic clearance around the 

CA and its branches.
	 (c)	 Preserve the collateral circulation from 

the SMA and pancreaticoduodenal 
arcades (PDA) to the liver, the biliary 
tract, and the stomach.

	 (d)	 Avoid any arterial reconstruction with 
subsequent anastomotic complications.

This procedure is contraindicated when the 
CA is invaded at its origin on the aorta or if the 
GDA is invaded. Many authors are in favor of the 
use of preoperative occlusion of CHA of the three 
branches of the CA to ensure the development of 
arterial collaterals thus reducing the risk of bile 
ducts and gastric ischemia Embolization should 
be performed 1–2 weeks before resection. This 
procedure, which avoids any arterial reconstruc-
tion, remains controversial.

ARs are currently rarely indicated, and should 
always begin with an “artery first” approach to 
accurately evaluate any persistent arterial 
involvement confirmed by frozen section 
examination.

9.6	� Conclusions

PD with venous resection improves survival 
compared to no resection, especially after neoad-
juvant treatment. PD with arterial resection is 
associated with increased morbidity and mortal-
ity and has not been shown to be beneficial. A 

DP-CAR is associated with increased morbidity 
and mortality and the oncological benefit of this 
approach has not been clearly demonstrated.
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10.1	� Introduction

Laparoscopic pancreaticoduodenectomy (LPD) 
was first reported by Gagner in 1994 [1].

Since then, more centers have performed this 
procedure in malignant and benign diseases or 
low-grade malignant neoplasms.

LPD is still considered to be a technically 
demanding procedure due to its wide dissection 
around critical anatomical structures, that why 
this procedure has not gained uniform acceptance 
[2, 3].

Distal pancreatectomy is the fundamental sur-
gery for the treatment of body-tail tumors of the 
pancreas. Since Cuscheri et al. reported the first 
laparoscopic distal pancreatectomy (LDP) in 
1996 [4], LDP has been applied to the surgical 
treatment of pancreatic tumors have increased 
over the last decade.

10.2	� Laparoscopic Distal 
Pancreatectomy

Distal pancreatectomy is relatively suitable as a 
laparoscopic procedure because, in principle, it 
does not necessitate reconstruction. LDP has 
become common as a treatment method for not 
only benign tumors but also pancreatic ductal 
adenocarcinoma (PDAC) due to the development 
of relevant surgical instruments and techniques.

There are different surgical options for LDP 
(Table 10.1).

Laparoscopic distal pancreatectomy is usually 
performed for benign conditions, borderline 
tumors, and other conditions such as pancreatitis 
and islet cell tumors. The indications for laparo-
scopic left distal pancreatectomy are summarized 
in Table 10.2.
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Table 10.1  Surgical procedures for LDP

Laparoscopic distal pancreatectomy with 
splenectomy

LDP

Laparoscopic spleen preserving distal 
pancreatectomy (Warshaw technique) [5]

LSpDP

Laparoscopic spleen and vessel preserving 
distal pancreatectomy

LSVpDP

Laparoscopic-assisted distal 
pancreatectomy

LADP

Single incision distal pancreatectomy SIDP
Robotic distal pancreatectomy RDP

Table 10.2  Indications for laparoscopic distal 
pancreatectomy

Benign Borderline Malignant
Acute/chronic 
pancreatitis

Neuroendocrine 
tumors

Invasive 
carcinoma

Trauma Mucinous cystic 
neoplasia

Metastatic 
renal cell 
carcinoma

Serous cystic 
neoplasia

IPMN (intraductal 
mucinous 
neoplasm)

Transplantation 
for the live donor

5 mm

12 mm

10 mm

12 mm
5 mm

Specimen retrieval incision

Fig. 10.1  Trocar placement in LDP. Suprapubic incision 
for specimen retrieval

Fig. 10.2  Gastrocolic ligament division using Ligasure® 
5 mm

10.3	� Laparoscopic Distal 
Pancreatectomy (LDP) 
with Splenectomy

	1.	 Patient position and trocar placement:
The patient is positioned either in supine 

or left lateral decubitus position, depending 
on where the tumor is located. The pneumo-
peritoneum is performed using a Veress 
needle in the left hypochondrium. Once 
14  mm Hg intraabdominal pressure is 
achieved, one 10 mm trocar in supraumbili-
cal position for 10 mm/30° scope and two 
12 mm trocars in left and right vacium are 
placed respectively. Two 5  mm trocars are 
placed in epigastric and left hypochondrium 
(Fig. 10.1).

	2.	 Division of gastrocolic and gastrosplenic liga-
ments (Fig. 10.2).

The liver is retracted by a grasper through 
the epigastric 5 mm trocar. The

gastrocolic ligament is opened using a ves-
sel sealer and posterior aspect of the stomach 
is exposed.

Short gastric vessels are sectioned in the 
same fashion (Short gastric

vessels are preserved if the Warshaw pro-
cedure is going to be

performed).
	3.	 Dissection of inferior pancreatic margin 

(Fig. 10.3).
The inferior margin of the pancreas is dis-

sected medially and the anterior aspect of the 
superior mesenteric vein is identified and 
exposed. A tunnel is created above this vein 
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Fig. 10.3  Inferior pancreatic margin is identified and 
dissected

Fig. 10.4  The body of the pancreas is lifted using a 
vaseloop

Fig. 10.5  Splenic artery is dissected and transected using 
a vascular endostapler

and a tape is placed through the tunnel and the 
pancreas is completely encircled and lifted 
using the tape (Fig. 10.4).

	4.	 Transection Splenic artery and vein (Figs. 10.5 
and 10.6).

Splenic artery is transected previously 
using a vascular endostapler, clips, or hemo-
looks. After the first vascular control of the 
artery, the splenic vein is progressively dis-
sected. The lack of arterial vascularization of 
the spleen will quickly decrease the flow of 
the splenic vein, enabling safe dissection and 
vein transection. When it is performed, its 
diameter is only 1 or 2 mm and it can be con-
trolled easily with clips. Completeness of the 

spleen’s vascular control can then be checked 
as the ischemic nature of the splenic tissue is 
easy to identify.

	5.	 Pancreas transection (Fig. 10.7).
After dissection of the inferior margin of 

the pancreas and splenic vessels ligation, pan-
creatic parenchyma is transected. The transec-
tion is usually done by a stapler with a staple 
height of 3.8–3.5 mm. However, in very thick 
cases, it can be transected by an energy device 
instead.

	6.	 Specimen retrieval.
The specimen is removed from suprapubic 

incision due to its good aesthetic results and 
low incisional hernia rates.

Several meta-analyses and review articles 
have been published comparing open distal 
pancreatectomy (ODP) to LDP [6–9]. They 
concluded that LDP is safe, feasible, and 
associated with less blood loss, fewer overall 
complications, a shorter time to oral intake, 
and a shorter postoperative hospital stay com-
pared with ODP.
LDP in PDAC is still under debate, especially 

the R0 resection rate and long-term survival out-
come. Ricci et  al. [10] reported in their meta-
analysis that the R0 resection rates of LDP and 
ODP were similar (86.3 vs. 80.7%), and there 
was no statistical difference regarding the num-
ber of harvested lymph nodes (12.9 vs. 12.8%). 
Finally, no difference was found in terms of over-
all survival.
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a b

Fig. 10.6  (a) Splenomesenteric axis. (b) Splenic vein is transected at the origin using a vascular endostapler

Fig. 10.7  Pancreas body is transected with violet car-
tridge endostapler

10.4	� Laparoscopic 
Pancreaticoduodenectomy 
(LPD)

Pancreaticoduodenectomy is a highly demanding 
procedure even in the hands of skilled surgeons 
with specific training. Gagner and Pomp [1] first 
reported on LPD in 1994; during the following 
years, this procedure has not been widespread 
due to its complexity. Recent advances in laparo-
scopic procedures and technological innovations, 
LPD have all contributed to the increased popu-
larity and acceptance.

10.4.1	� Indications for LPD

The main contraindications of LPD are patients 
who require concomitant vessel reconstruction 
because these cases are presumed to have high 
complication and mortality rates. At the begin-
ning of the LPD, best indications were small, 
benign, or low-grade tumors of the pancreatic 
head, duodenal ampulla, and distal common bile 
duct. Recently, the indications have been expanded 
to carcinomas located at the pancreatic head and 
uncinate process of the pancreas, duodenum, and 
duodenal ampulla. Patients with Mucinous cystic 
neoplasms and intraductal papillary mucinous 
neoplasms (IPMN) located in the pancreatic head 
are also good candidates for LPD [11].

	 1.	 Patient position and trocar placement.
The patient is positioned in supine with 

legs and arms opened. The surgeon stands 
between the legs. Once the pneumoperito-
neum is performed, one 10  mm trocar in 
supraumbilical position for 10 mm/30° scope 
and two 12  mm trocars in left and right 
vacium are placed, respectively. Two 5 mm 
trocars are placed in the epigastric and right 
hypochondrium, and one 12 mm in left hypo-
chondrium (Fig. 10.8).

	 2.	 Lesser sac opening.
The lesser sac is entered by creating a 

window into the gastrocolic omentum using 
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5 mm

12 mm

10 mm

12 mm

12 mm

Specimen retrieval incision

5 mm

Fig. 10.8  Trocar placement in LPD

Fig. 10.9  Gastrocolic ligament is sectioned using a seal-
ing device

Fig. 10.10  Hepatic flexure is taken down, exposing the 
duodenum

a vessel sealer. The gastrocolic ligament is 
completely transected, avoiding injury to the 
gastroepiploic vessels (Fig. 10.9).

The right gastroepiploic vessels are sta-
pled or clipped. The gastric antrum is tran-
sected using an Endostapler 60 mm.

	 3.	 Colon hepatic flexure mobilization.
The dissection is continued by mobilizing 

the hepatic flexure of the colon and part of 
the right colon to achieve appropriate expo-
sure of the pancreatic head and the duode-
num (Fig. 10.10).

	 4.	 Kocher maneuver.
The duodenum is completely freed from 

the retroperitoneal attachments (Fig. 10.11). 

The cava vein and aorta are exposed. Inter-
aortocava limph nodes are removed.

	 5.	 Division of pyloric and gastroduodenal 
arteries.

The hepatic and gastroduodenal arteries are 
exposed. Excision of lymph node 8 A facili-
tates the exposure of the hepatic artery. The 
gastroduodenal artery is carefully dissected 
free and ligated and divided (Fig. 10.12).

	 6.	 Common bile duct transection:
The common bile duct is identified in 

hepatoduodenal ligament, dissected at 360°, 
and is transected sharply, leaving the poste-
rior wall slightly longer than the anterior 
wall to facilitate later reconstruction 
(Fig. 10.13a, b). A Bulldog clamp is used to 
decrease bile spillage.

	 7.	 Retropancreatic window.
The inferior aspect of the pancreas is 

retracted upward and downward pressure on 
the transverse mesocolon is placed. An avas-
cular plane is identified between the anterior 
superior mesenteric vein (SMV) and the pos-
terior aspect of the pancreatic neck, creating 
a window (Fig. 10.14).

	 8.	 Treitz Ligament dissection and division of 
the distal bowel:

The ligament of Treitz is divided from the 
right side, the jejunum is divided with a lapa-
roscopic stapler and the proximal jejunum is 
brought back behind the superior mesenteric 
vessels. By maintaining the dissection close 
to the bowel and opening the peritoneal win-
dow widely.
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Fig. 10.11  Duodenum full medial mobilization

Fig. 10.12  Pyloric artery is clipped and transected. 
Gastroduodenal artery is identified

a b

Fig. 10.13  (a) Common bile duct is identified and encircled. (b) Common bile duct is transected and the lymphatic 
tissue is resected

Fig. 10.14  Window is created between the pancreas neck 
and SMV. The pancreas is lifted using a vaseloop

Fig. 10.15  Uncinate process dissection. Mesopancreas is 
excised using vessel sealer

	 9.	 Uncinate process dissection and mesopan-
creas excision:

The uncinate process is carefully dis-
sected from the lateral aspect of the SMV 
while clipping small vessels. The SMV is 
retracted medially. The SMA dissection is 
carried out using a vessel-sealing device. The 

inferior pancreaticoduodenal artery is usually 
clipped and divided. A complete, en bloc 
excision of the uncinate process and meso-
pancreas is confirmed (Fig. 10.15).

	10.	 Pancreatic transection:
It is performed with ultrasonic shears. The 

duct is then transected sharply with cold scis-
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Fig. 10.16  Pancreas 
neck transection with 
vessel sealer

a b

Fig. 10.17  (a) Tutor placed through the pancreaticojejunal anastomosis. (b) Running suture between anterior aspect of 
the pancreas and the jejunum

sors 2–3 mm to the right of the parenchymal 
transection line to leave a stump that will 
facilitate the future duct-to-mucosa recon-
struction (Fig. 10.16).

	11.	 Specimen removal.
The specimen is placed inside a bag and 

extracted through a suprapubic incision. It is 
retrieved and sent for pathological analysis.

	12.	 Reconstruction.

10.4.2	� Pancreaticoyeyunostomy 
(Duc-to-Mucosa Anastomosis)

A running suture is carried out between the pos-
terior aspect of the pancreas and the seromuscu-
lar layer of the jejunum using a barbed suture 4.0. 
An opening is created in the jejunum with cau-
tery. One or two interrupted sutures are placed 

using absorbable 4.0 monofilament suture per-
forming the posterior face of the anastomosis. A 
tutor is placed from the pancreas duct to the jeju-
num and the anterior face of the anastomosis is 
done with other 3–4 sutures (Fig. 10.17a, b).

A running suture with long absorbable barbed 
suture 4.0 is placed between the anterior aspect 
of the pancreas and the seromuscular layer of the 
jejunum.

10.4.3	� Hepaticojejunostomy

An end-to-side hepaticojejunostomy is per-
formed using running barbed suture. The surgeon 
moves to the left side of the patient. Posterior and 
anterior wall anastomosis are done with two run-
ning sutures from the right side to the left side of 
the patient (Fig. 10.18).
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Fig. 10.18  Hepaticojejunostomy with running barbed 
4.0 suture

Fig. 10.19  Mechanical Gastrojejunal anastomosis

10.4.4	� Gastrojejunostomy

An antecolic side-to-side gastrojejunostomy is 
constructed using an EndoGIA 60 blue cartridge. 
The orifice is closed with a running barbed 4.0 
suture (Fig. 10.19). The Endogia orifice is closed 
using a running barbed suture.

Two 19-Fr Blake drains are placed in proxim-
ity of the hepaticojejunostomy/pancreaticojeju-
nostomy and treitz ligament.

At present, the evidence is conflicting as 
regards the safety and reproducibility of 
LPD.  The majority of retrospective studies and 
three of the published RCTs have reported equiv-
alent short-term outcomes with LPD as compared 
to the OPD (open pancreaticoduodenectomy).

Palanivelu et al. showed that LPD was associ-
ated with longer operative time but reduced intra-
operative blood loss. Hospital stay was shorter 
with LPD (7 vs. 13 days; P = 0.001) as compared 
with OPD.  Short-term perioperative outcomes, 
including major morbidity, mortality, rates of 
postoperative pancreatic fistula, delayed gastric 

emptying, and postoperative hemorrhage were 
comparable [12].

Poves et al. (2018) confirmed that longer oper-
ative time and shorter hospital stays were 
observed in the LPD arm (13.5 vs. 17 days; 
P  =  0.024). Fewer Clavien-Dindo grade III or 
higher complications were reported in the LPD 
Group; however, pancreas-specific complications 
were comparable between both groups. The 
lymph node yield and R0 resection rates were 
similar [3].

van Hilst J et  al. evaluated LPD versus 
OPD. The study was prematurely terminated by 
the data and safety monitoring board because of a 
difference in 90-day complication-related mor-
tality. The mortality in the LPD group was 10% 
(n = 5/50) as compared to 2% (n = 1/49) in the 
OPD group. Causes of mortality included bowel 
ischemia from intraoperative vascular damage, 
post-pancreatectomy hemorrhage, and POPF. The 
authors concluded that these safety concerns 
were unexpected and worrisome, especially in 
the setting of trained surgeons working in centers 
performing 20 or more PDs annually [13].

Wang M et al. compared LPD and OPD per-
formed by experienced surgeons who had already 
done at least 104 LPD procedures individually. 
Two hundred ninety-seven patients in each arm 
were compared. The postoperative length of stay 
was significantly shorter for patients in the LPD 
group (median 15 vs. 16 days; P  =  0.02) and 
90-day mortality was similar in both groups 
(2%). The authors concluded that LPD offers 
equal perioperative safety with a reduction in the 
length of hospital stay in experienced hands. 
However, the clinical benefit of LPD over OPD 
was marginal, despite extensive procedural 
expertise and future research should focus to 
identify patient groups who would benefit most 
from LPD [14].

10.5	� Robotic 
Pancreaticoduodenectomy

Due to the inherent advantages of the 
robotic platforms over laparoscopy, Robotic 
Pancreaticoduodenectomy (RPD) became 
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increasingly popular since its first description in 
2003 [15]. In general, the available retrospective 
data thus far shows comparable perioperative 
and short-term oncological outcomes with RPD, 
LPD, and OPD.

Zureikat et al. compared 211 RPDs with 817 
OPDs for perioperative outcomes. The study 
demonstrated that post-learning curve, RPD, and 
OPD are comparable in safety and short-term 
oncologic efficacy. However, OPD patients had a 
higher percentage of PDAC cases and a greater 
proportion of non-dilated (<3  mm) pancreatic 
ducts. RPD was associated with longer operative 
times, reduced blood loss, and a smaller number 
of major complications [16].

Torphy RJ et  al. compared OPD with LPD/
RPD for short and long-term outcomes over 5 
years (2010–2015). The 90-day mortality and 
unplanned 30-day readmissions were equivalent 
between MIPD and OPD.  Mortality, despite 
being comparable in the groups, was high (6.7% 
in OPD and 5% in the LPD). A high conversion 
rate of 15% with RPD and 25% with LPD was 
noted. RPD cases that required conversion had a 
significantly increased odds of 90-day mortality 
(OR, 3.99; 95% CI: 1.27–12.51) as compared to 
the completed RPD cases. LPD cases that 
required conversion to open did not show any 
higher odds for mortality. Of concern, 38.6% of 
OPDs and 35.6% of MIPDs were performed at 
low-volume centers, despite a known inverse PD 
hospital volume and mortality association, which 
was also confirmed in this study. R0 resection, 
lymph nodes yield, and receipt of adjuvant che-
motherapy were equivalent between the groups 
[17].
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11Quality Standards in Pancreatic 
Surgery

Jose-María Álamo, Miguel-Angel Gómez-Bravo, 
Carmen Bernal-Bellido, Gonzalo Suárez-Artacho, 
and Javier Padillo-Ruiz

11.1	� Introduction

With the advent of super-specialization and cen-
tralization of surgical procedures, the need to define 
quality standards in the different surgical tech-
niques and processes has become a fundamental 
objective to improve health outcomes. In the area 
of general surgery, the treatment of colorectal can-
cer [1] or breast cancer [2]. They have published in 
recent years numerous studies focused on unifying 
these quality standards. However, pancreatic can-
cer has not been able to promote these studies, with 
very few articles published in this regard.

The main objectives of major pancreatic resec-
tions for pancreatic cancer should be, in principle, 
not to cause the death of the patient and to achieve 
the longest disease-free time if not its cure. To do 
this, the radical nature of the resection must be as 
complete as possible, depending on how advanced 
the tumor is, and the choice of the reconstruction 

technique must be the most correct. Obviously, in 
achieving these two objectives, factors that are 
beyond the surgeon come into play. On the one 
hand, regarding the curative efficacy of resection, 
oncological factors such as the biology and kinet-
ics of the excised cancer (vascular, lymphatic and 
perineural invasion, histological pathway, etc.) and 
the response to chemotherapy treatment. On the 
other hand, regarding the morbidity and mortality 
of the surgical intervention, the patient’s comor-
bidity is a factor to take into account when indicat-
ing resection, and it is a well-analyzed fact with 
different morbidity scores (ASA, POSSUM, etc.).

In this chapter, we will focus on those factors 
associated with surgery that could have an impact 
on both previously described objectives: postoper-
ative survival of the patient and long-term survival 
in cancer terms. Regarding postoperative morbid-
ity, the terms used should be described according to 
well-defined and agreed standards [3–5].

The selection of quality indicators is based on 
clinical practice guidelines [6–12], consensus 
conferences [13–16], and review papers on the 
quality of pancreatic cancer surgery and the 
development of indicators [17–22].

11.2	� Mortality

Mortality is considered by far one of the most 
important indicators of quality in surgery, and this 
holds true for pancreatic surgery. Postoperative 
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mortality must be minimized regardless of the 
surgical technique. A recent meta-analysis explor-
ing volume–outcome relationship in pancreatic 
surgery reported a strong inverse association 
between hospital volume and postoperative mor-
tality is considered by far one of the most impor-
tant indicators of quality in surgery, and this holds 
true for pancreatic surgery. Postoperative mortal-
ity must be minimized regardless of the surgical 
technique. A meta-analysis exploring volume–
outcome relationship [23] in pancreatic surgery 
reported a strong inverse association between 
hospital volume and postoperative mortality.

Depending on the extent of pancreatic resec-
tion, mortality is subject to variations. In a recent 
complete survey of pancreatic resections in 
Germany [24], in-hospital mortality differs 
between 7 and 23% depending on the extent of 
pancreatic resections. This confirms the meta-
analysis of the current international literature. As 
already outlined, there is also a strong volume–
outcome relationship in pancreatic surgery. This 
effect is stronger than in all other areas of 
surgery.

In the published Spanish series, mortality 
ranges from 0.0% of Fernández-Cruz et al. [25] 
to 14.35% of Balsells-Valls et  al. [26]. The 
acceptable quality indicator should be <10%.

11.3	� Postoperative Bleeding

Postoperative bleeding is a relatively common 
complication in major pancreatic cancer surgery. 
The most common is undoubtedly gastrointesti-
nal bleeding associated with the gastrojejunal 
anastomosis line, and in most cases it can be 
solved by hemostatic endoscopic treatment. 
Gastrointestinal bleeding sequential to intestinal 
anastomosis is less frequent and usually resolves 
with conservative treatment. The most lethal, 
however, is usually intra-abdominal hemorrhage 
secondary to a gastroduodenal artery pseudoan-
eurysm. In our experience, treatment by percuta-
neous embolization is the treatment of choice, 
and if it is not possible, it is a surgical emergency, 
although, in both cases, hepatic artery thrombosis 
may be the side effect.

In the published series, the incidence of post-
operative bleeding, without specifying the origin, 
ranges between 2% in Fernández-Cruz et al. and 
16% in Figueras et al. The acceptable quality indi-
cator should be <10%. We must take into account 
that postoperative bleeding will influence the 
postoperative survival of the patient, but not long-
term survival according to a study carried out by 
our group with 220 analyzed patients (Table 11.1).

11.4	� Pancreatic Fistula

Unlike hemorrhage, the appearance of a pan-
creatic fistula does not usually compromise the 
life of the patient except in the few cases of 
grade C fistula following the International 
Study Group of Pancreatic Fistula (ISGPF clas-
sification), which is usually avoided with the 
correct placement of intra-abdominal drains. In 
our series, its appearance is not associated with 
long-term survival in relation to the appearance 
of distant metastasis or recurrence (Table 11.1). 
That is why, despite being a frequently used 
indicator in pancreatic surgery, its real rele-
vance should be questioned, since it is only 
indicative of a longer hospital stay. And this, as 
we discussed in the introduction, is not part of 
the two main objectives of major pancreatic 
resections for cancer, that is, guaranteeing the 
life of the patient and prolonging the disease-
free time if not its cure.

However, it is an indicator to take into account 
regarding the technical quality of pancreatic flow 
reconstruction. The published series offer 

Table 11.1  Associated factors in recurrence of pancre-
atic cancer

Indicator Tumoral recurrence (p)
Diabetes 0.001
Smoking 0.033
Alcoholism 0.737
Vascular resection 0.999
R1 resection 0.002
Lymph metastasis 0.000
Pancreatic fistula 0.647
Postoperatory bleeding 0.345

Multivariant analysis
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percentages of postsurgical fistula that range 
from 6.25% of Sabaté et al. to 34.8% of Sánchez 
Cabú et  al. There is consensus that the desired 
quality indicator is between 10 and 18% and 
always less than 30% [27, 28].

Logically, this indicator should be composed 
mostly of grade A and B fistulas, although this 
subclassification has not been analyzed in any 
study or meta-analysis.

11.5	� Surgical Reintervention

The surgical reintervention rate is highly vari-
able. The most frequent cause of early reopera-
tion is sepsis due to suture dehiscence and 
intra-abdominal or gastrointestinal bleeding. 
Spanish series ranges between 1.85% of 
Fernández-Cruz et  al. [25] and 14.53% of 
Domínguez Comesaña et al. [29]. The desirable 
indicator should be around 10% and should not 
go beyond 20%.

11.6	� Quality of Oncological 
Resection

Indicators of quality of radical resection comprise 
nodal retrieval and resection margin status. These 
can be effectively understood only after proper 
preoperative staging and accurate pathological 
examination. Accurate lymphadenectomy pro-
vides a high nodal retrieval that is associated with 
better disease staging and prognostic stratification 
and must always be carried out to a high standard. 
Equally important is to obtain maximum clear-
ance at the resection margins since margin posi-
tivity has been recognized universally as a 
prognostic factor, especially by applying the 
1-mm clearance to define a radical resection.

In our series analyzed, the presence of meta-
static lymphadenopathy and R1 resection is 
clearly associated with lower survival, so an R0 
resection that prevents recurrence and a correct 
lymphadenectomy that serves as oncological 
staging are essential (Fig. 11.1).
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Fig. 11.1  Kaplan Meyer survival curve. Lymphatic node metastasis in resection block
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To achieve R0 resection, it is essential to have 
an adequate rate of venous resections of the 
mesenteric-portal trunk. This fact is not clearly 
defined in the scientific literature, but what is 
clear is that the rate of vascular resections should 
never be 0. A higher rate is a quality indicator of 
a correct oncological resection of pancreatic can-
cer (Fig. 11.2).

11.7	� Other Indicators

The surgical waiting list should be of a maximum 
of 30 days (but preferably much shorter), with 
strict scheduling of patients based on surgical 
indication. Of note, those requiring restaging 
after neoadjuvant therapy should follow a dedi-
cated, structured pathway. Every patient should 
undergo an elective preoperative multidisci-
plinary evaluation underlining and managing all 
possible factors that might decrease the surgical 
risk and improve outcome.

Radiologists should have expertise in all pan-
creatic imaging procedures including contrast-
enhanced ultrasound, computed tomography, 

magnetic resonance imaging, interventional 
angiography, and percutaneous intervention.

The gastrointestinal endoscopy service should 
ensure both diagnostic and operative procedures. 
All such diagnostic and interventional services 
should be available at the hospital with adequate 
staff, to ensure rapid on-site evaluation and 
treatment.

Finally, it has been shown that the mortality 
rate, long-term survival, and resectability rates are 
directly related to the volume of pancreatic sur-
gery performed at the hospital. That is why a qual-
ity indicator should be a volume of no less than 20 
major pancreatectomies per year [30, 31].
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12Postoperative Complications 
Management in Pancreatic 
Surgery

Pablo Parra-Membrives, Darío Martínez-Baena, 
José Manuel Lorente-Herce, 
and Granada Jiménez-Riera

12.1	� Introduction

Despite the remarkable scientific advances of the 
last century, a high incidence of surgical compli-
cations is invariably associated with pancreatic 
surgery. Allen Whipple performed his first pan-
creatic resection in 1934 on a patient who died 2 
days later from a pancreatic fistula. He came to 
perform only 37 of the procedures that bear his 
name. Almost a century after this first procedure, 
pancreatic surgery still presents a not negligible 
morbidity rate of 58% and a mortality rate of 4% 
in best hands. The acceptable quality limit of 
complications has been established in around 
73% of operated patients and tolerable mortality 
extends to 10% [1, 2].

The surgeon facing a pancreatic resection 
must assume the potential appearance of four 
immediate complications (pancreatic fistula, 

postoperative bleeding, delayed gastric empty-
ing, and remnant pancreatitis) and four late com-
plications (exocrine and endocrine pancreatic 
insufficiency, long-term cholangitis, and again 
acute pancreatitis). The incidence and severity of 
all of them vary according to the characteristics 
of each group of patients, the experience of the 
surgeon, and depending on the location of the 
resection (head, body, or pancreatic tail). The 
definition of each complication and the available 
evidence about its diagnosis and the best treat-
ment option will be analyzed below.

12.2	� Pancreatic Fistula

A fistula is defined as any abnormal communica-
tion between a pancreatic duct and another epi-
thelial surface with the extravasation of fluid rich 
in pancreatic enzymes. In 2005, an international 
expert panel (International Study Group for 
Pancreatic Fistula—ISGPF) established the first 
consensus criteria to diagnose and classify them. 
These criteria have been universally accepted and 
have been used since then in most publications 
[3]. An updated version of these criteria has been 
recently published [4].

Thus, a pancreatic fistula is defined as the exit 
through a surgical or percutaneous drainage of a 
measurable volume of fluid containing levels of 
amylase three times higher than the normal 
plasma values when it appears on the third post-
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operative day or thereafter. Prior to biochemical 
measurement, the experienced pancreatic surgeon 
will be able to suspect the oncoming of this 
feared complication if the fluid discharged 
through the drain is transparent or rather rusty. At 
this point, the appearance of clinical symptoms 
related to the appearance of a pancreatic fistula as 
abdominal pain, fever, delayed gastric emptying, 
and decline of general appearance must be 
closely supervised. Common biochemical find-
ings include leukocytosis and elevation of inflam-
matory markers, especially C-reactive protein 
and procalcitonin. The onset of symptoms is 
often insidious, and the patient goes from being 
in perfect condition to alert the surgeon to feel 
that something is wrong. Finally, some of these 
patients end up offering a sensation of being 
severely ill in the following hours or days with 
the development of a septic shock, particularly in 
cases of wide dehiscence of the pancreatoenteric 
suture.

Although the diagnosis of a pancreatic fistula 
is made by biochemical determination of abdom-
inal drainage, confirmation of the leak and its 
severity is established after the patient underwent 
any abdominal imaging test, usually by CT scan 

with intravenous contrast [1]. Current technology 
allows detecting of even slight anastomotic leaks 
with anatomical precision. The finding of juxta-
anastomotic fluid collections should point out the 
possibility of extravasated pancreatic fluid 
(Fig. 12.1). The updated classification of severity 
and clinical impact of pancreatic fistulas estab-
lished three degrees of pancreatic fistulas. Grade 
A has been defined as a biochemical fistula and is 
not referred to as a true pancreatic fistula. It 
exclusively involves the detection of high amy-
lase levels in drain output fluid in the setting of an 
asymptomatic patient with no need for therapeu-
tic intervention. A persistent drainage exceeding 
3 weeks, the presence of relevant clinical changes 
(e.g., signs of infection without organ failure) or 
the need for endoscopic, radiological, or angio-
graphic therapeutic intervention determine the 
existence of a grade B fistula. Finally, those 
patients who require a surgical reintervention or 
those who develop organ failure or die are classi-
fied as grade C pancreatic fistula patients. Grades 
B and C are collectively called clinically relevant 
pancreatic fistulas (Fig. 12.2).

The risk of suffering a pancreatic fistula varies 
clearly depending on the pancreatic resection 

a b

Fig. 12.1  CT scan revealing a leaking anastomosis after 
pancreaticoduodenectomy. (a) Complete leakage of a 
pancreatico-jejunal anastomosis. Pancreatic fluid is 
located subdiaphragmatic and in the lesser sac. Absence 
of contact between the remnant gland and pancreatic duct 
with the anastomotic limb is evident. (b) Postoperative CT 
scan after pancreaticoduodenectomy. The arrows indicate 
a slight disruption of the pancreatico-jejunal anastomosis, 

a collection of peripancreatic fluid and a gastric dilation 
reactive to the inflammatory process, leading to delayed 
gastric emptying. From Parra Membrives P, Martínez 
Baena D, Lorente Herce J, Jiménez Riera G, Sánchez 
Gálvez MÁ, Martín Balbuena R, et al. Diagnóstico y trata-
miento de las complicaciones y secuelas de la cirugía pan-
creática. Evidencias y desavenencias. Cir Andal. 
2019;30(2):186–94
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Grade B Pancreatic Fistula

Grade C Pancreatic Fistula
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- Sings of infection without organ failure

Amylase> 3 times upper limit of institutional
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Reoperation
Organ Failure

Death
(Related with pancreatic fistula)

Fig. 12.2  Modified ISGPF classification for pancreatic fistulas (2016)

procedure that is performed. The overall inci-
dence of fistulas, including biochemical leaks, is 
more elevated after distal pancreatectomy. 
However, the clinical impact is higher when a fis-
tula develops following pancreatic head resec-
tions. Since pancreaticoduodenectomy involves 
the opening of a jejunal loop for reconstruction, 
pancreatic fluid spillage throughout a leaking 
anastomosis is almost always infected. The inci-
dence of clinically relevant fistulas after distal 
pancreatectomy is 23%. Carrying out a pancreati-
coduodenectomy increases this risk to a little 
over 27%. More than half of the patients who 
undergo enucleation of a pancreatic lesion will 
present a pancreatic fistula, 37% of them clini-
cally relevant (grades B and C). Finally, patients 
who undergo central pancreatectomy have the 
summative risk of a double pancreatic remnant 
with enteric anastomosis and will develop a grade 
B or C fistula in 60% of cases [5].

The benefit of leaving abdominal drains fol-
lowing pancreatic surgery has been extensively 

analyzed. On the one hand, the suction effect of 
the drainage and the inflammatory process 
induced by a perianastomotic foreign body that is 
placed for a prolonged period could facilitate, 
rather than prevent, the development of a pancre-
atic fistula. On the other hand, avoiding abdomi-
nal drain placement following pancreatic 
resection has been shown to increase morbidity 
and quadruple postoperative mortality [6].

Thus, early withdrawal of the drain has been 
suggested as an intermediate approach. Many 
efforts have been made to predict which patients 
will develop a pancreatic fistula and which will 
not. The rationale behind this approach is to keep 
the drains in those patients who will really need 
them to extract leaking fluid but early remove any 
foreign body to avoid favoring fistula develop-
ment. The detection of elevated amylase in the 
drainage fluid on the first postoperative day has 
shown to have a high positive predictive value for 
the prediction of pancreatic fistula occurrence. 
Several studies have tried to determine the opti-
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mal cut-off point, establishing that values of 
amylase higher than 2000–5000  u/l represent a 
high risk of developing a pancreatic fistula [6, 7]. 
A value of 600 u/l on the first postoperative day 
may have a sufficient negative predictive value to 
allow the removal of the drain [8]. In addition to 
amylase, the early elevation of C-reactive protein 
following surgery has also been shown to predict 
the development of a pancreatic fistula [9, 10].

Biochemical leak management only requires 
patience to wait for the discharge of the drain to 
cease and many of these patients can be con-
trolled on an outpatient basis. Symptomatic 
patients require close monitoring and usually a 
long hospital stay. As noted previously, patients 
developing a pancreatic fistula after pancreati-
coduodenectomy present greater severity, a 
higher rate of infectious complications, a longer 
hospital stay, and a greater requirement for 
intensive care support than those whose index 
procedure was a distal pancreatectomy. In gen-
eral, patients who develop pancreatic fistula 
enter a hypercatabolic state and require supple-
mentary nutritional support. The nutrient 
demand is considerably increased by the surgi-
cal healing process itself, the significant protein 
loss through the enzyme-rich fistula output, and 
the resource consumption in response to a local 
or systemic septic process [11]. The enteral 
nutrition is the preferred way to deliver nutri-
tional support whenever the gastrointestinal 
tract is functional. Enteral feeding increases the 
probability of closure of the fistula twice, dimin-
ishes the closure time, and allows a shorter hos-
pital stay with fewer complications [12].

Somatostatin and somatostatin analogues 
have been routinely employed to prevent fistula 
formation following pancreatic surgery and to 
accelerate fistula closure after development. 
However, there is no solid evidence that soma-
tostatin analogues result in a higher closure rate 
of pancreatic fistula compared with other treat-
ments. Evidence about the beneficial effect on 
the reduction in the volume of the debit or over 
the fistula closure time is also lacking [13]. 
Conversely, a recent study reveals that soma-
tostatin analogues may even favor fistulas forma-
tion instead of preventing them, by reducing 

splanchnic flow and therefore also perfusion of 
the anastomotic ends [14]. Despite this, most 
centers performing pancreatic surgery continue 
to use somatostatin and its analogues in daily 
practice both in the prevention and treatment of 
pancreatic fistulas [15].

Adequate antibiotic coverage is of paramount 
importance. Leaking fluid after pancreatoenteric 
anastomosis must be assumed as infected. 
Patients who present fever, leukocytosis, or ele-
vated inflammatory markers require broad-
spectrum antibiotic therapy. As in any other 
intra-abdominal infectious focus, a sample for 
culture by percutaneous aspiration of the detected 
collections should be taken as soon as possible to 
de-escalate to a targeted antibiotic therapy [11].

The most frequent indication for reoperation 
is poor control of the infectious process leading 
to progressive clinical deterioration. The pres-
ence of generalized peritonitis, necrosis of intes-
tinal segments, or simply the development of 
infected collections that cannot be drained percu-
taneously are further indications for surgery. 
There is no single or standard surgical procedure 
that can be recommended for the time of the sec-
ond surgery. Each patient may require a different 
technique. However, there is a growing trend to 
perform what has come to be called pancreatic 
conservative surgery. When operative findings 
are limited to undrained infected fluid collections 
or minimal leakage of pancreatoenteric anasto-
mosis, then debridement, lavage of the collec-
tions, and new drain placement may be sufficient. 
Generally, attempting to repair an anastomosis 
with a partial disruption may seem tempting, but 
it is not recommended. Any efforts to suture the 
leakage point lead more often to increase it than 
to close it. The application of liquid or sheet seal-
ants is more part of a ritual or a surgical supersti-
tion than an intervention with real efficacy [8].

When a major anastomotic leakage is stated, 
assure the postoperative drainage of the intestinal 
and pancreatic effluent is more complex. The sur-
geon should consider undoing the anastomosis. 
In this case, there are at least five possible techni-
cal available procedures, which ordered in 
increasing complexity are (a) close the jejunal 
anastomotic end with a mechanical stapler and 
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ensure drainage of the gland by intubating the 
pancreatic duct or placing a proximity drain, (b) 
Closure of the jejunal loop in addition to sealing 
of the pancreatic duct, (c) complete a new 
pancreatico-enterostomy, (d) reconvert the anas-
tomosis to a pancreatico-gastrostomy, and (e) 
complete the remnant pancreatectomy [11]. This 
last procedure counts to be the most aggressive of 
all and carries a morbidity rate of about 80%, 
reoperation in one in three patients, and a mortal-
ity of more than 40%. As a result, at present less 
than 5% of patients who require reoperation end 
up with a total pancreatectomy. Pancreas-
preserving surgery is not free of complications, 
which appear in up to 75% of cases, with one out 
of every four patients being reoperated. However, 
its mortality is much lower, estimated at around 
17% [16]. Simple drainage of the pancreatic fis-
tula may lead to closure over time even in the 
case of a complete disruption of the anastomosis, 
favored by progressive atrophy of the exocrine 
portion of the gland during the healing process. 
However, if the fistula persists, elective redo sur-
gery of the failed anastomosis may be necessary 
once the septic process has overcome and the fis-
tula tract is formed, several weeks after relapa-
rotomy [17]. In any case, the pancreatic surgeon 
must be aware, when indicating a pancreatec-
tomy, that surgery is only beneficial for patients 
with pancreatic cancer if they achieve a postop-
erative period with minor complications. About 
35% of patients with grade C fistulas die. Further 
26% of them experience a delay in the comple-
mentary chemotherapy treatment onset, and up to 
67% will never receive it due to a complicated 
postoperative period [11].

12.3	� Postoperative Bleeding

Bleeding is an often fatal surgical complication 
that occurs in just under 4% of patients. The 
IGSPF has classified postoperative hemorrhages 
based on three criteria: (a) the moment of onset, 
which may be early if bleeding presents within 
the first 24 h after surgery or late if evidenced fol-
lowing the first postoperative day; (b) the loca-
tion of bleeding, which may be intraluminal if 

discharged into the gastrointestinal tract or 
extraluminal if bleeding has an intra-abdominal 
location and (c) the severity of the bleeding. The 
borderline between mild and severe bleeding is 
established based on whether there is a three-
point drop in hemoglobin levels, a requirement 
for transfusion of three or more packed red blood 
cells, or the need for endoscopic, angiographic, 
or surgical therapeutic intervention [18]. The 
occurrence of an early hemorrhage is generally 
due to a technical defect or complication, while 
late hemorrhages are related to the rupture of a 
pseudoaneurysm in more than 60% of cases. The 
infectious, inflammatory, and self-digestion pro-
cess caused by a pancreatic fistula may lead to 
the development of a pseudoaneurysm of any of 
the juxtapancreatic digestive arteries, generally, 
the common hepatic, splenic, gastroduodenal, or 
superior mesenteric arteries [8]. The leak of pan-
creatic juice causes enzymatic degradation of the 
adjacent arterial walls which in addition to skel-
etonization of vessels during surgery favors this 
pseudoaneurysm formation [19].

The diagnosis of postoperative bleeding is not 
difficult for the experienced surgeon. The clinical 
evaluation of a sweaty, tachycardic, drowsy, pale, 
and hypotensive patient practically establishes 
the diagnosis even without demonstrating an 
externalization of the bleeding through the gas-
trointestinal tract or abdominal drainage. As in 
other causes of bleeding, the evaluation of the 
blood count is of little use. The decrease in hemo-
globin levels is shown late and leukocytosis is 
often the only laboratory abnormality. Clinical 
suspicion is confirmed by angio-CT examination 
for extraluminal bleeding and by endoscopy for 
intraluminal location. If available, arteriography 
may add information as well as enable a thera-
peutic intervention.

Management of bleeding following pancreatic 
surgery is based on the three parameters of the 
classification of the IGSPF (Fig. 12.3). Mild and 
early bleeding only requires observation and con-
servative management. When bleeding is mild, 
but of late onset, a diagnostic and therapeutic 
endoscopy should be performed in cases of intra-
luminal discharge and an angio-CT scan and 
eventually an arteriography with embolization in 
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Fig. 12.3  ISGPF classification and management of postoperative hemorrhage following pancreatectomy

cases of intra-abdominal hemorrhage. The pan-
creatic surgeon must be particularly alert to this 
variety of delayed hemorrhages, even if they are 
mild, since they sometimes correspond to an 
incipient sentinel hemorrhage of massive poste-
rior bleeding. Remarkably, sentinel hemorrhage 
precedes massive hemorrhage in up to 45% of 
cases [19]. Sentinel bleeding has been defined as 
an intermittent and obvious hemorrhage from 
abdominal drains or gastrointestinal tract, mani-
festing in this case as hematemesis or melena, that 
causes a drop in hemoglobin of more than 1.5 g/
dl, and that experiences spontaneous stopping 
without transfusion or re-bleeding within an inter-
val of at least 12  h [20, 21]. Sentinel bleeding 
ceases due to hypotension of the patient but may 
precede severe life-threatening bleeding, usually 
presented at late night and of very difficult surgi-
cal control. Therefore, once the pseudoaneurysm 
has been diagnosed, prompt management is rec-
ommended. Embolization of the damaged vessel 
or covered vascular stent placement should be 
carried out as soon as possible (Fig. 12.4).

Severe bleeding requires immediate atten-
tion. If the hemorrhage presents early, a surgical 
pitfall must be discarded, and reoperation is the 
best therapeutic option since the abdominal cav-
ity is relatively virgin and free of inflammatory 
adhesions. Late onset, as described above, sug-
gests an arterial lesion caused by a pancreatic 
fistula. Surgical control of bleeding in the con-
text of a hostile operative field caused by the 
postoperative reparative process in addition to 
the inflammatory response associated with anas-
tomotic leakage can be extremely difficult and 
reaches a mortality rate of about 50%. In this 
setting, surgical access to the bleeding vessel is 
often only granted after causing several visceral 
injuries. Thenceforward, vascular repair may be 
very difficult or even impossible. Due to this, an 
arteriography and embolization of the bleeding 
vessel by percutaneous endovascular access 
should be attempted whenever possible. This 
approach has shown non-inferiority with respect 
to surgery and a lower mortality rate of around 
20% [19].
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a

c

b

Fig. 12.4  Postoperative bleeding caused by a pseudoan-
eurysm after pancreaticoduodenectomy. (a) Coronal CT 
scan showing a pseudoaneurysm of the stump of the gas-
troduodenal artery. (b) Arteriographic image showing 
pseudoaneurysm of the gastroduodenal artery. (c) Covered 
Stent Placement for gastroduodenal artery pseudoaneu-

rysm occlusion. From Parra Membrives P, Martínez 
Baena D, Lorente Herce J, Jiménez Riera G, Sánchez 
Gálvez MÁ, Martín Balbuena R, et al. Diagnóstico y trata-
miento de las complicaciones y secuelas de la cirugía pan-
creática. Evidencias y desavenencias. Cir Andal. 
2019;30(2):186–94

12.4	� Delayed Gastric Emptying

Accomplishment of a consensus definition of 
delayed gastric emptying is difficult. Food intol-
erance during the immediate postoperative period 
of a pancreatectomy may have different origins 
and includes invariably a subjective appraisal of 
both the patient and the surgeon. However, the 
IGSPF issued in 2007 the most accepted classifi-
cation of this complication. The expert panel 
divided delayed gastric emptying into three 

grades based on the duration of nasogastric tube 
insertion or the need for tube replacement [22] 
(Table 12.1).

The pathogenesis of delayed gastric emptying 
following pancreaticoduodenectomy is not well 
known and several theories have emerged. A 
decrease in serum motilin due to duodenal resec-
tion has been proposed as a causal factor. In addi-
tion, the existence of a pylorospasm due to 
denervation and devascularization during the sur-
gical procedure has been suggested when delayed 
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Table 12.1  Consensus definition of delayed gastric emptying after pancreatic surgery

Grade of 
DGE Need for nasogastric tube

Inability for oral intake to 
POD

Vomiting/gastric 
dilation

Use of prokinetic 
agents

A 4–7 days or reinsertion after 
POD >3º

7 ± ±

B 8–14 days or reinsertion after 
POD >7º

14 + +

C >14 days or reinsertion after 
POD >14

21 + +

DGE Delayed gastric emptying, POD Postoperative day

gastric emptying occurs after a pylorus-
preserving pancreaticoduodenectomy. However, 
in most cases delayed emptying is the result of 
inflammation of the gastric wall remnant in con-
tact with a surgical site collection secondary to 
pancreatic fistula development [11].

Three different diagnostic tests are available 
to confirm clinical suspicion of delayed gastric 
emptying and clarify its origin. A water-soluble 
contrast radiogram reveals delayed contrast pas-
sage and an adequate anastomotic caliber without 
stenosis. On occasion, an extreme passage delay 
may not show contrast at the jejunum, mimicking 
a complete obstruction. In these cases, oral 
endoscopy will assure a viable anastomosis.

In addition, endoscopy may also be used for 
the placement of an enteral tube for feeding. 
Finally, an abdominal CT scan will rule out the 
presence of retro and perigastric collections as a 
cause of delayed tolerance of oral intake.

There are no magic therapeutic interventions 
to manage delayed gastric emptying. First, the 
correct nutritional status of the patients must be 
guaranteed by parenteral or enteral tube feeding 
if available. Second, maintenance of the nasogas-
tric tube until resolution of the condition is gener-
ally mandatory. Erythromycin is the only drug 
that has been revealed to accelerate the recovery 
of normal gastric emptying. As a motilin agonist, 
it has been employed in doses similar to or lower 
than those used as an antibiotic [23, 24]. Any 
other prokinetic agent has proven to be benefi-
cial. If fluid collections secondary to pancreatic 
fistulas have already been ruled out or treated, 
only the patience of the surgeon can be added to 
the treatment, bearing in mind that only 5% of 
patients require a prolonged hospital stay due to 
delayed gastric emptying [11, 25].

12.5	� Early Postoperative 
Pancreatitis

The concept of postoperative acute pancreatitis 
(POAP) following partial pancreatectomy has 
gained popularity in recent years. The inflamma-
tory process and potential ischemic injury of the 
pancreatic stump may impair anastomotic heal-
ing and has been suggested as one of the triggers 
of pancreatic fistula developments [26–28] and 
was also associated to delayed gastric emptying 
[29]. However, pancreatic resection involves 
direct trauma to the pancreas and hyperamylase-
mia is extremely frequent after pancreatectomy. 
Thus, considering this the only parameter to 
define POAP may overestimate the real incidence 
of the inflammatory process. In addition, postop-
erative fistula without pancreatitis does exist and 
most authors agree that despite its close associa-
tion it represents actually a separate phenomenon 
[30]. According to this a modification of the 
ISSGPS definition of postoperative pancreatic 
fistula was proposed by Connor, assessing the 
presence of pancreatitis. He proposed a standard-
ized definition of POAP as an increase in serum 
amylase activity greater than the upper limit of 
normal range of serum amylase activity on post-
operative day 1. The rise in serum levels of amy-
lase in the postoperative period would be 
significantly less than that traditionally associ-
ated with the diagnosis of pancreatitis. In these 
patients, pancreatic fluid leak would be rather a 
consequence of pancreatitis than a true pancre-
atic fistula [31]. With these criteria, over 60% of 
the patients undergoing pancreatectomy of any 
type suffer an episode of POAP of any severity, 
with or without the appearance of a pancreatic 
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fistula [32, 33]. Furthermore, postoperative pan-
creatic fistula occurred in 37% of patients who 
develop POAP and over 90% of diagnosed pan-
creatic fistulas would actually not be true fistula 
but episodes of acute pancreatitis [26, 28, 30]. 
Notably, patients who develop pancreatitis fol-
lowing pancreaticoduodenectomy experience a 
higher increase in the rate of morbidity and a pro-
longed hospital stay while patients who present 
POAP succeeding distal pancreatectomy result 
not in a different postoperative course. 
Fortunately, the incidence of severe or clinically 
relevant postoperative pancreatitis does not 
exceed 8–10%, remarkably concurring with the 
incidence of grade C fistulas [34]. Despite this, it 
should be stated that postoperative pancreatitis is 
an emerging concept and no definition or agreed 
threshold for its definition is available. The inevi-
table association between postoperative hyper-
amylasemia and postoperative is still controversial 
among pancreatic surgeons [35, 36].

Evidence about any intervention preventing 
POAP occurrence or progression is lacking. 
Attempts employing somatostatin have not 
shown to be useful. Improving pancreatic tran-
section and/or stapling technique to minimize 
parenchymal injury may be advisable but there 
are no studies demonstrating the benefit of these 
measures in reducing the rate of POAP. To con-
clude, the management of POAP is not different 
from any other case of pancreatitis [25, 28].

12.6	� Diabetes Mellitus

An obvious consequence of the resection of the 
pancreas is the potential deficiency or inability of 
the remnant stump to perform its functions as 
endocrine and exocrine glands. Some studies 
have unexpectedly shown an improvement in 
glycemic control after resection of pancreatic 
cancer in a high percentage of patients, demon-
strating the diabetogenic effect of the tumor itself 
[37]. The risk of developing de novo diabetes fol-
lowing pancreaticoduodenectomy is 15% [38]. In 
our experience, over 60% of the patients who 
undergo pancreaticoduodenectomy due to a pri-
mary disease of the gland (pancreatic cancer, 

chronic pancreatitis, or cystic tumors of the pan-
creas) and 35% of those who were operated on by 
reason of other extra-pancreatic conditions (dis-
tal cholangiocarcinoma, duodenal cancer or 
ampuloma) progress in their diabetic state requir-
ing a higher level of treatment, either with diet, 
oral antidiabetics, or insulinization [39]. 
Diagnosis of diabetes mellitus after resection of 
the pancreas is made following the conventional 
WHO criteria. Postoperative levels of glycated 
hemoglobin should be determined during hospi-
tal stay and regularly included as part of the 
assessment of the correct glycemic control of the 
patient. Special attention should be paid to 
patients undergoing total pancreatectomy. The 
complete absence of pancreatic hormones includ-
ing insulin, glucagon, and other islet regulation 
peptides leads to difficult management of diabe-
tes and dangerous episodes of hypoglycemia 
[40]. It takes several months for the patient to 
adapt to the new diabetic status and tight glyce-
mic control will be required lifelong. Some stud-
ies have suggested better control of postoperative 
diabetes through the use of continuous insulin 
infusion devices [41]. Improvement in glycemic 
control and nutritional status after total pancre-
atectomy has been revealed to be of paramount 
importance in preventing tumor recurrence and, 
more importantly, improving survival [42].

12.7	� Exocrine Pancreatic 
Insufficiency

The nutritional effect of inadequate pancreatic 
enzyme delivery following pancreatic resections 
has been historically underweighted but has 
emerged at present as a major concern. The rate 
of exocrine pancreatic insufficiency development 
(EPI) in patients operated on because of chronic 
pancreatitis is 35–100% following pancreatico-
duodenectomy and over 65% if distal resections 
are performed. Furthermore, despite surgery for 
pancreatic cancer reduces the incidence to 40% 
after distal pancreatectomies, EPI occurrence 
rate remains practically the same if patients 
undergo pancreatic head resections [43]. The 
exocrine pancreas has a large functional reserve. 
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Thus, many patients remain initially asymptom-
atic despite a decrease in daily enzymatic pro-
duction. However, enzymatic shortage leads 
eventually to maldigestion, food malabsorption 
and finally sarcopenia, osteopenia, and fat-
soluble vitamin deficiencies. Symptomatic 
patients present with diarrhea and fatty stools as 
well as flatulence and weight loss. The impor-
tance of correcting the exocrine deficiency has 
been stated in a recent study revealing that pan-
creatic enzyme replacement is an independent 
factor associated with increased survival after 
pancreatectomy for periampullary neoplasia 
[44]. In addition, EPI is postulated as the main 
cause of non-alcoholic fatty liver disease 
(NAFLD) after pancreaticoduodenectomy which 
develops in 8–37% of the patients [45–47].

Accurate diagnosis of EPI requires complex 
test performance. Detection of more than 7 g of 
fat in stools per day confirms steatorrhea and 
pancreatic enzyme shortage but involves collect-
ing a sample on three consecutive days after a 
diet rich in fat during the previous 3 days. Fetal 
elastase measurement, which is reduced in EPI, 
has also been used. However, the test is not 
widely available and is therefore predominantly 
employed to confirm diagnosis in doubtful cases. 
Hence, according to a recent evidence-based 
practice guideline, all patients who have under-
gone pancreatic resection in whom exocrine pan-
creatic insufficiency is clinically suspected 
should receive treatment without the need for 
diagnostic confirmation. The recommended dose 
is 75,000 units of pancreatin at each main meal 
and 35,000–50,000 after eating snacks [43]. In 
addition, replacement treatment with pancreli-
pase has been shown to have significant efficacy 
in the treatment of postoperative NAFLD [48, 
49].

12.8	� Cholangitis

The risk of developing cholangitis is inherent to 
the hepaticojejunostomy procedure. Around 16% 
of patients undergoing pancreaticoduodenec-
tomy will develop ascending cholangitis over 
time. In our experience, one-third of them are due 

to obstruction following local tumor recurrence, 
a further third is caused by benign scarring result-
ing in stricture of the bilioenteric anastomosis, 
and the last third is consecutive to poor emptying 
of the jejunal loop without occlusion in a new 
variant of the afferent loop syndrome [50]. A 
small bile duct size at surgery or the occurrence 
of postoperative biliary fistula are the main 
causes of long-term benign anastomotic stric-
tures. However, interpretation of recurrent chol-
angitis in the absence of bilioenteric anastomotic 
occlusion is more complex. The anastomosed 
jejunal loop may retain colonized bile leading to 
ascending infection due to several reasons. 
Obstruction by twisting or scaring of the afferent 
limb to the stomach in Child type reconstruction 
or at the foot of the Roux-en-Y limb may occur. 
In addition, duodenal “C” shape reconstruction 
by passing the jejunal loop behind the mesenteric 
axis may favor Markedly angulated or exces-
sively fixed afferent limb and adhesion develop-
ment also contribute to luminal obstruction. 
However, in the absence of any obstructive cause, 
a functional disorder characterized by delayed 
emptying of the afferent loop must be suspected. 
A paretic limb would lead to bile stasis and bac-
terial overgrowth favoring ascending cholangitis. 
This functional afferent limb syndrome may 
emerge in the setting of radiation enteropathy or 
relative limb ischemia [51].

Our diagnostic protocol in patients suffering 
from cholangitis following pancreaticoduode-
nectomy includes performing magnetic cholan-
gioresonance, hepatobiliary iminodiacetic acid 
(HIDA) scintigraphy, and a barium gastrointesti-
nal X-ray study [50]. Patients with stenosis of the 
bilioenteric anastomosis, of benign or malignant 
origin, show dilatation of the bile duct in cholan-
gioresonance with a sharpening of the passage to 
the intestinal limb, a delayed emptying of the 
tracer that is retained in a dilated bile duct in the 
HIDA scintigraphy and poor or absent barium 
reflux into the biliary tree. Distinguishing 
between benign and malignant stenosis is not 
always easy, even with the addition of a CT scan 
to the diagnostic protocol. Sometimes only 
repeated failure of percutaneous anastomotic 
dilation or operative findings during a planned 

P. Parra-Membrives et al.



141

redo surgery clarifies the diagnosis. The diagno-
sis of cholangitis due to a functional limb disor-
der or afferent loop syndrome is made by 
exclusion. In these patients no dilation of the bili-
ary tree is stated on cholangioresonance, reveal-
ing a normal anastomosis. If the patient had 
undergone a single loop—Child type—recon-
struction, the barium X-ray study usually shows a 
correct reflux of the contrast media to the bile 
duct that fills and empties without obstacles, also 
revealing a normal anastomosis. Finally, in these 
patients the tracer retention is observed in the 
intestinal loop and not in the bile duct when 
HIDA scintigraphy is performed (Fig. 12.5).

Percutaneous transhepatic anastomotic bal-
loon dilation results in lasted patency in over 
75% of the patients if a benign stricture 
occurred. However, several attempts may be 
necessary [52]. Hence, the inability to dilate a 

bilioenteric anastomosis percutaneously should 
make mistrust the diagnosis of benignity. 
However, if percutaneous approach fails, redo 
surgery of hepaticojejunostomy is necessary. 
Malignant strictures should be managed by per-
cutaneous self-expandable metallic stent place-
ment for palliative purposes. Finally, patients 
developing an afferent loop syndrome may ben-
efit from surgical treatment as long as an 
obstructive cause is identified. Performing a 
jejuno-jejunal bypass or Roux-en-Y foot revi-
sion may be helpful. However, there is no 
defined treatment for patients with non-obstruc-
tive delayed limb emptying. Only the use of 
cycles of antibiotics with quinolones has been 
carried out with some success in cases of 
recurrent cholangitis, although there is no sci-
entific evidence about the real benefit of this 
intervention [53].

a

b

Fig. 12.5  Diagnostic imaging tests for the study of acute 
cholangitis after pancreaticoduodenectomy. (a) Sequence 
of imaging studies of a bile duct stenosis after pancreati-
coduodenectomy: intrahepatic bile duct dilation and distal 
sharpening with stenosis of the anastomosis in magnetic 
cholangioresonance, liver tracer retention in HIDA scin-
tigraphy and abrupt stenosis in transhepatic cholangiogra-

phy (during balloon dilation). (b) Sequence of imaging 
studies in a patient with functional afferent loop syn-
drome: non-dilated bile duct in magnetic cholangioreso-
nance, tracer retention in jejunal loop, normal contrast 
reflux to the bile duct with patent anastomosis in the 
radiological study with barium oral contrast
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12.9	� Late Acute Pancreatitis

The current improvement in long-term survival 
of patients undergoing pancreaticoduodenec-
tomy has made surgeons aware of the ocur-
rence of previously unknown late-onset biliary 
and pancreatic complications. Late postopera-
tive pancreatitis following pancreaticoduode-
nectomy is rare with an estimated incidence of 
5% in the first 5 postoperative years. In gen-
eral, acute pancreatitis prior to index surgery 
is a risk factor for long-term pancreatitis onset, 
suggesting a certain glandular predisposition 
[54]. However, impaired drainage of pancreatic 
enzyme secretion throughout the anastomo-
sis secondary to occlusion of the pancreatico-
jejonostomy seems to be associated with this 
condition. Despite this, anastomotic stricture is 
only revealed in two-thirds of patients suffering 
late postoperative pancreatitis.

About 1.4–11% of the pancreatico-jejunal 
anastomoses develop stenosis in the third postop-
erative year. Secretin-stimulated magnetic reso-
nance cholangiopancreatography (MRCP) is the 
preferred method for detection of pancreatic 
anastomotic stricture, which a sensitivity ranging 
from 56 to 100% [55]. Risk factors associated 
with stricture occurrence have not been 
identified.

It is difficult, if not impossible, to determine 
which symptoms are associated with anastomotic 
malfunction, since postprandial abdominal pain 
development in a patient undergoing a pancreatico-
duodenectomy may have multiple origins. In addi-
tion, exocrine pancreatic insufficiency may be a 
consequence of both anastomotic malfunction and 
pancreatic gland deficiency following resection.

The diagnosis of late postoperative pancreati-
tis is made by determining high serum amylase 
levels and performing a CT imaging test 
(Fig. 12.6). Most patients follow a benign course, 
and require only fluid replacement, pain control, 
and nutritional support. Endoscopic dilation of 
the pancreatico-jejunostomy should be attempted 
in patients with repeated episodes of pancreatitis 
secondary to pancreatic secretion outflow occlu-
sion. However, identifying the pancreatic ductal 
orifice by endoscopic retrograde pancreatogra-
phy can be challenging and its success rate does 
not exceed 12.5–28.6%. The use of echoendos-
copy with direct ultrasound-guided puncture of 
the Wirsung to reversely access the anastomotic 
limb has improved outcomes. However, this pro-
cedure is operator dependent and its success rate 
varies between 33 and 100% in published series. 
Endoscopic dilation results in morbidity ranging 
from 16.5 to 33% achieving clinical improve-
ment in 28–100% of the treated patients.

a b

Fig. 12.6  Coronal (a) and axial (b) view of the CT scan of a patient with pancreatitis of the pancreatic remnant that 
developed following pancreatic head resection. The effacement of pancreato-jejunal perianastomotic fat is observed
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Finally, a few patients suffering chronic pan-
creatic pain and repeated episodes of pancreatitis 
due to anastomotic stenosis may require surgery. 
A recent systematic review of the literature 
showed only six studies referring to surgical 
treatment of pancreatico-jejunostomy stenosis, 
most of them collecting only very few cases. The 
proposed surgical procedures vary from longitu-
dinal pancreatico-jejunostomy (modified 
Puestow), to resection of the pancreatic tail and 
retrograde drainage of the pancreatic duct via a 
distal pancreatico-jejunostomy, or pancreatico-
jejunal redo surgery and finally total pancreatec-
tomy. However, the limited experience and 
scientific evidence do not allow one to favor one 
procedure over the other.
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13Oncologic Adjuvant 
and Neoadjuvant Treatments 
in Pancreatic Adenocarcinoma

Juan José Reina Zoilo, Marta Espinosa Montaño, 
Francisco José Valdivia García, Rosario Carrillo de 
Albornoz Soto, and María Dolores Mediano Rambla

13.1	� Introduction

PAC continues to be the worst prognostic gas-
trointestinal neoplasm, with a 5-year survival 
rate of 7–10% considering all stages, without a 
substantial improvement in the prognosis during 
the past decades despite therapeutic advances 
[1]. Based on current incidence rates, PAC is 
expected to be the second leading cause of can-
cer death in Western countries between 2020 
and 2030 [2]. Surgery is the only potentially 
curative treatment for PAC. Unfortunately, most 
patients are diagnosed in the metastatic (50–
60%) or locally advanced (30%) disease stage. 
But even in the rare 15–20% of patients per-
forming curative-intent surgery, the probability 
of recurrence is 65-85% after 3 years, with a 
median survival of 8–12 months [3]. These data 
probably depict that the PCA should be consid-
ered a systemic disease, even in those cases of 
putative initial surgery, reinforcing the role of 
chemotherapy in resectable stages [4]. Pre- and/
or postoperative chemotherapy in patients with 
PAC undergoing surgery is intended to improve 
these poor outcomes. Chemotherapy was tradi-

tionally given after surgery (adjuvant therapy), 
but recent studies have also emerged evaluating 
the usefulness of preoperative (neoadjuvant) 
treatment associated or not to the adjuvant treat-
ment. The criteria we will use to differentiate 
between resectable, borderline, and locally 
advanced PAC (LAPAC) will be those of the 
National Comprehensive Cancer Network 
(NCCN) [5] and have already been explained in 
previous chapters.

13.2	� Adjuvant Chemotherapy 
in PAC

The ACT is given after PAC surgery in order to 
prevent or delay recurrence, eliminating possible 
micrometastasis that may have escaped surgical 
procedures. For more than 10 years, ACT has 
become a standard for the treatment of all patients 
with PAC who have undergone radical surgical 
resection regardless of their stage, achieving a 
clearly significant increase in survival. As we will 
see, the most effective ACT regimens have been 
developed in the last 4 years.
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Table 13.1  The main phase III trials of adjuvant chemotherapy in PAC

Trial Year n Experimental arm Control arm DFS (months) OS (months)
ESPAC-1 2004 289 5-FU OBS 20.1 vs. 15.5

HR 0.71, p: 0.009
CONKO-001 2013 354 GEM OBS 13.4 vs. 6.7

HR 0.55, p < 0.001
22.8 vs. 20.2
HR 0.76, p < 0.01

ESPAC-3 2010 1088 GEM 5-FU 14.3 vs. 14.1
NS

23.6 vs. 23.0
NS

ESPAC-4 2017 732 GEM + capecitabine GEM 13.9 vs. 13.1
NS

28.0 vs. 25.5
HR 0.80, p: 0.032

APACT 2019 866 GEM + nab-paclitaxel GEM 19.4 vs. 18.8
NS

40.5 vs. 36.2
NS

CONKO-005 2017 436 GEM + erlotinib GEM 11.4 vs. 11.4
NS

24.5 vs. 26.5
NS

PRODIGE-24 2018 493 mFOLFIRINOX GEM 21.6 vs. 12.8
HR 0.58, p<0.001

54.4 vs. 35.0
HR 0.64, p: 0.003

DFS Disease-Free Survival, OS Overall survival, 5-FU 5-fluorouracil, GEM gemcitabine, OBS Observation, HR Hazard 
Ratio, NS Not-Significant

13.2.1	� ACT Indication

Most authors and clinical practice guidelines 
(CPG) recommend ACT in all patients, including 
those with pT1pN0 stage. However, a recent ret-
rospective analysis by the US National Cancer 
Database (NCDB) suggests that patients with 
infracentimetric PAC (pT1a pN0 or pT1b pN0) 
may not benefit from ACT [6]. It is suggested that 
in these cases the indication of ACT will be 
assessed by a multidisciplinary committee. When 
the use of preoperative treatment increases, it is 
also possible that ACT may decrease (Table 13.1).

13.2.2	� ACT Regimens

13.2.2.1	� Adjuvant Monotherapy
The first study which demonstrated the benefit of 
ACT in OS was the ESPAC-1. With a 2 × 2 facto-
rial design, 541 patients were assigned to two 
parallel studies; comparing patients receiving 
ACT with 5-fluorouracil (5FU) vs. those who did 
not receive chemotherapy. A significant benefit of 
ACT (median OS of 20.1 vs. 15.5 months) was 
observed [7]. No benefit was observed in the 
association of radiation therapy (RT) with che-
motherapy. The multinational European study 
CONKO-001, compared the administration of 

gemcitabine alone with the follow-up in those 
patients with resected PAC. As well, the results 
showed a significant increase in OS in the che-
motherapy arm. In the most recent update, a ben-
efit of patients receiving gemcitabine (5-year OS 
21 vs. 10% and 10 years 12.2 vs. 7.7%) continues 
to be observed [8]. The ESPAC-3 study com-
pared the efficacy and toxicity of 5FU vs. gem-
citabine in the adjuvant setting of PAC [9]. 
Moreover, the OS was similar (23.6 vs. 23.0 
months) but those patients who received 5FU 
experienced higher toxicities. With this data, 
gemcitabine alone was until 3–5 years ago the 
ACT standard in PAC. There are no studies that 
assess capecitabine, an oral fluoropyrimidine 
(FP), as a monotherapy treatment in PAC adju-
vant treatment.

13.2.2.2	� Combinations 
with Gemcitabine

The ESPAC-4 study compared the combination of 
gemcitabine  +  capecitabine vs. gemcitabine 
alone. The results were significantly favorable to 
the combination (median OS 28.0 vs. 25.5 months 
and 5-year OS of 28.8 vs. 16.3%). Furthermore, 
grade 3–4 toxicities were similar for both groups. 
It is important to highlight that these were poorly 
prognostic patients; most (60%) with microscopi-
cally resection margins (R1) and lymphadenopa-
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thy (80%) were affected [10]. Limitations of this 
study include the absence of postoperative com-
puterized axial tomography (CT) for restaging 
and the existence of a high percentage of patients 
with very high Ca 19.9 levels, suggesting the 
presence of oligometastatic disease. The combi-
nation of gemcitabine + nab-paclitaxel has been 
reported to be effective in patients with metastatic 
PAC.  The phase III APACT [11] trial evaluated 
ACT with that combination against gemcitabine 
in monotherapy. No significant differences were 
observed in PFS which was the primary outcome. 
The combination of gemcitabine with erlotinib (a 
tyrosine-kinase inhibitor that has been demon-
strated to be effective in metastatic PAC) did not 
improve the results [12].

13.2.2.3	� FOLFIRINOX
The FOLFIRINOX regimen (5FU  +  leucovo-
rin + oxaliplatin + irinotecan) has been evaluated 
as an ACT in the PRODIGE-24 study, that com-
pared it with gemcitabine alone [13]. 5FU was 
administered only in a continuous infusion, elim-
inating bolus to decrease toxicity. The main 
objective of the study was PFS, which was sig-
nificantly higher for patients receiving ACT with 
FOLFIRINOX (21.6 vs. 12.8 months, HR 0.58). 
Significant advantage was also reported in OS 
(54.4 vs. 35.0 months, HR 0.64). This benefit was 
observed in all preplanned subgroups of patients. 
Besides, grade 3–4 toxicity was higher in patients 
treated with FOLFIRINOX, especially diarrhea 
(19 vs. 4%), sensory neuropathy (9 vs. 0%), 
asthenia (11 vs. 5%), and vomiting (5 vs. 1%). 
Importantly, there were no differences in neutro-
penia grade 3–4, but most patients (62%) who 
received FOLFIRINOX were associated with a 
granulocyte colony-stimulating factor therapy. 
There are no direct comparisons between ACT 
regimens in PAC with drug combinations 
(FOLFIRINOX, gemcitabine + capecitabine, and 
gemcitabine  +  nab-paclitaxel). However, in a 
recent meta-analysis, these chemotherapy regi-
mens were indirectly compared [14]. The results 
showed that FOLFIRINOX was superior in PFS 
to gemcitabine + capecitabine (HR 0.69, CI 95% 

0.52–0.91) and gemcitabine  +  nab-paclitaxel 
(HR 0.67, CI 95% 0.50–0.90). The advantage of 
FOLFIRINOX was especially significant in 
patients with R1 resection. Nevertheless, no dif-
ferences were observed in OS. In terms of toxic-
ity, FOLFIRINOX had an increase in grade 3–5 
toxicities with respect to gem-
citabine  +  capecitabine (except neutropenia), 
with no differences when compared to gem-
citabine + nab-paclitaxel. Having these results in 
mind, the FOLFIRINOX scheme is currently 
considered the standard ACT in patients with 
resected PAC who have a good performance sta-
tus (ECOG 0-1) and an adequate postoperative 
recovery, without significant residual sequelae.

13.2.3	� Chemoradiotherapy (CT-RT)

Still, it is not clearly defined the role of CT-RT 
after PAC surgery, especially when using the 
FOLFIRINOX scheme. In the ESPAC-1 study [7] 
patients undergoing 5FU adjuvant CT-RT had 
worse results than those who were only being fol-
lowed up. However, this study had significant 
limitations, especially with regard to the quality 
of RT that was far from current standards. Later, 
other studies with contradictory results came out. 
On one hand, a meta-analysis that group all 
together has been performed [15]. It suggests that 
CT-RT would benefit patients with R1 resection, 
although there is a high heterogeneity with R1 
patients oscillating between 17 and 82%. On the 
other hand, the RTOG 0848 study is ongoing 
right now. We expect it to be able to better define 
the role of CT-RT in PAC therapy.

13.2.4	� ACT Starting Point 
and Duration

Many authors and CPG recommend starting ACT 
within 8 weeks of surgery and that the total dura-
tion will be 6 months [16]. However, the right time 
after surgery to start ACT has not been certainly 
defined. The ESPAC-3 study [9], found no differ-
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ences between initiating ACT before 8 weeks or 
more than 12 weeks after surgery. In line with this, 
other very recent retrospective studies reported 
that delayed administration of ACT has no influ-
ence on OS, being even effective when adminis-
tered >24 weeks after surgery [17]. However, 
another study that uses the NCDB database 
claimed how OS is improved in patients who initi-
ate ACT between 28 and 59 days after surgery, 
compared to those who initiate it earlier or later 
[18]. On the contrary, in a recent meta-analysis 
evaluating the optimal time for the onset of ACT in 
digestive neoplasms, OS was not shown to be bet-
ter when postoperative treatment of patients with 
PAC was initiated within 6–8 weeks after surgery 
[19]. Based on these studies that have given the 
indication, the optimal duration of ACT is sup-
posed to be 6 months, although the impact that 
would have a different duration is unknown.

13.2.5	� Biomarkers

13.2.5.1	� Ca 19.9
The Ca 19.9 tumor marker has prognostic value 
in all stages of the PAC. In patients with resect-
able PAC, preoperative Ca 19.9 levels clearly 
define the risk of recurrence. Several thresholds 
have been proposed to define prognostic values 
ranging from 100 to 500 IU/L [20]. Moreover, 
high postoperative levels have prognostic value 
and have been used as exclusion criteria in recent 
ACT studies [12, 13].

13.2.5.2	� Circulating Tumoral DNA 
(ctDNA)

The presence of ctDNA appears to have a clear 
prognostic value. In an analysis of 112 patients 
with PAC undergoing radical resection, the pres-
ence of ctDNA before or after surgery was sig-
nificantly related to PFS and OS, with very high 
HR between 4.0 and 5.0 [21]. One striking aspect 
is the value after PAC resection: 100% of patients 
with postoperative ctDNA showed PAC recur-
rence, including those who received ACT.  In a 
meta-analysis that groups 375 patients, it is sug-
gested that ctDNA is the most promising bio-
marker to assess the prognosis of resected PAC 
[22]. The impact that adjuvant therapy with 

FOLFIRINOX would have on its detection is 
unknown.

13.2.5.3	� BRCA Mutation
It is estimated that between 5 and 7% of patients 
with PAC have germline mutations in the BRCA1/2 
genes. Some retrospective data suggest that treat-
ment with cisplatin or its derivatives could improve 
the OS of these patients when administered peri-
operatively, compared to other schemes [23]. 
Obviously, we need confirmatory studies for this 
hypothesis. In the case we use the FOLFIRINOX 
scheme, which includes oxaliplatin, we would 
theoretically be using the appropriate treatment for 
those patients with BRCA mutated.

13.2.5.4	� Predictive Gemcitabine 
Response Biomarkers

The so-called human equilibrative nucleoside 
transporter 1 (hENT1) gene, is primarily 
responsible for the transport of gemcitabine 
inside the cell. In the study ESPAC-3, the ele-
vated expression of hENT1 was shown as a pre-
dictive biomarker of gemcitabine response for 
its use in ACT [24]. On the other hand, the 
phosphorylation of deoxycytidine kinase (dCK) 
is the first step in the transformation of gem-
citabine into its active metabolite. High levels 
of dCK have been associated with increased OS 
in patients with PAC receiving adjuvant gem-
citabine [23].

In summary, there is sufficient evidence to 
recommend ACT in all PAC cases with R0 
or R1 surgical resection. In patients with 
good performance status, the FOLFIRINOX 
scheme is considered a standard, being able 
to use gemcitabine alone or in combination 
with capecitabine in those patients with 
generally poor performance status, fragil-
ity, or comorbidity. Although there is no 
solid evidence, ACT is preferred to last 6 
months and start within the first 8 weeks 
after surgery. The assessment of ctDNA is 
considered the most promising biomarker 
for the prognosis of patients with resected 
PAC.
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13.3	� Neoadjuvant Chemotherapy 
in PAC

13.3.1	� Overview

As we have previously mentioned, ACT is the 
standard treatment of resectable PAC.  With 
upfront surgery, only 15–20% of patients are ini-
tially resectable [3] and the increase in this per-
centage of potentially resectable patients is vital 
to improve their prognosis. In addition, due to 
surgical complications, deterioration of general 
performance status, or early progression, only 
55% of patients end up receiving ACT [25]. In 
the case of preoperative chemotherapy or NACT, 
almost all patients are able to improve the locore-
gional and systemic control of the PAC.  Other 
advantages of NACT are:

•	 Convert in resectable those patients with irre-
sectable locally advanced PAC.

•	 Increase the percentage of patients with R0 
resection (free surgical resection margin 
>1 mm).

•	 Treat possible micrometastasis early.
•	 Avoid alterations from surgery produced dur-

ing the blood infusion of the tumor.
•	 Decrease the rates of surgical complications 

such as bleeding or fistulas.
•	 Avoid unnecessary surgeries in patients with 

rapidly progressive disease.

NACT is common in other digestive neo-
plasms (esophagus, stomach, or rectum), but in 
PAC it has been struggling. On the one hand, 
until recent times the rate of responses to chemo-
therapy was very low. Another barrier is the dif-
ficulty of current radiological tests in properly 
assessing the response to NACT, being unreli-
able for predicting resectability or pathological 
response [26]. In addition, there is a risk of dete-
rioration in performance status during 
NACT. Finally, the percentage of complete path-
ological responses (CR) after NACT is much 
lower than in other gastrointestinal tumors, rang-
ing from 2 to 15% [27]. There are no studies 
comparing ACT with NACT in PAC. This com-
parison is difficult to make because almost all 

patients are eligible for NACT, while patients 
receiving ACT are often positively selected: they 
are patients with good recovery after surgery and 
were not found irresectable spread by laparot-
omy. As previously mentioned, the assessment 
of the NACT response is an additional difficulty. 
Inflammatory and fibrotic changes in the periph-
ery of the tumor following chemotherapy with or 
without RT may be confused with a solid tumor 
mass. Therefore, during the restaging by CT 
after NACT no response is commonly observed. 
Thus, only 12–20% of patients have a radiologi-
cal response after NACT, although most patients 
(80%) get an R0 resection. In addition, the OS of 
patients with CT stabilization is similar to that of 
responding patients. In general, anatomopatho-
logical evaluation shows complete (CR) or par-
tial (PR) response (<50% viable tumor cells) in 
56% of patients. Therefore, it is currently recom-
mended that radiological stability is not a contra-
indication for surgical assessment. In short, all 
patients receiving NACT who do not progress 
locally or metastatically should undergo a surgi-
cal examination to assess the possibility of resec-
tion [28]. Other methods are being explored to 
evaluate the response to NACT in PAC: in a 
study by Tsai et  al., a panel of six biomarkers 
was used to choose the best NACT scheme. In 
that study, they manage to increase the complete 
treatment (NACT and surgery) from 50 to 70% 
in borderline PAC and in 80–90% in resectable 
PAC. In general, there is an improvement in OS, 
going from a median of 38–45 months [29]. As 
in ACT, the absence or presence of germline or 
somatic mutations in genes associated with 
homologous recombination repair (HRR) defi-
ciency, especially BRCA1/2, would tilt our 
choice of chemotherapy regimen to schemes that 
included platinum-based drugs such as 
FOLFIRINOX [23]. Probably, in the close future 
the assessment of the response to NACT will 
consist of a combination of biochemical, genetic, 
radiological, and pathophysiological variables. 
It is important to notice that PAC is currently 
considered a systemic disease, even in localized 
phases, requiring chemotherapy and not only 
surgery within the multimodal therapeutic strat-
egy [28] (Fig. 13.1).
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Fig. 13.1  Proposal of algorithm for the management of non-metastatic PAC

13.3.2	� NACT in Locally Advanced PAC 
(LAPAC)

LAPAC has been defined by the NCCN [5] as the 
PAC that is not metastatic and for which com-
plete resection is not possible at the time of diag-
nosis. 30–40% of PACs are diagnosed in this 
situation. Although there are multiple studies on 
NACT, the level of scientific evidence is low with 
few prospective studies. Data for resectable 
patient conversion are highly variable and range 
from 4 to 75%. The best studies are a series of 
cases of centers with high volume of patients. 
Hackert et al., from the University of Heidelberg, 
analyzed 575 patients (76% with LAPAC) who 
received NACT with various regimens. The per-
centage of patients who obtained surgical resec-

tion was significantly higher in those receiving 
FOLFIRINOX (61%) than those receiving gem-
citabine + radiation therapy (46%) or other regi-
mens. The FOLFIRINOX scheme was also 
associated with a better OS in multivariate analy-
sis [30]. The Johns Hopkins’s group [31] ana-
lyzed its 415 patient series, half of whom received 
FOLFIRINOX.  One hundred sixteen patients 
(28%) undergone surgical examination, of which 
84 (20%) achieved tumor resection and 75 (18%) 
R0 resection. The median OS was significantly 
higher in the group that achieved surgical resec-
tion (35.3 vs. 16.2 months, p > 0.001). Likewise, 
in a meta-analysis with individual data from 11 
studies that included 315 patients [32], NACT in 
LAPAC achieved a median 24.2-month OS that is 
similar to that achieved in patients with border-
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line PAC. The first prospective study has recently 
been reported: the German randomized phase II 
NEOLAP clinical trial, in which 130 LAPAC 
patients were randomized to receive NACT with 
four cycles of gemcitabine  +  nab-paclitaxel or 
two cycles of the same scheme followed by four 
cycles of FOLFIRINOX, there were no signifi-
cant differences between the two groups. 63.5% 
of patients had a surgical scan, with surgical 
resection reaching 35.9%. The median OS was 
18.5 months in the gemcitabine + nab-paclitaxel 
arm and 20.7 months in the one which included 
FOLFIRINOX [33].

The role of RT in patients with LAPAC is 
uncertain. Some authors and CPG support using 
radiotherapy + 5FU in those LAPAC that are con-
sidered candidates for surgery following initial 
induction chemotherapy, but the effectiveness of 
this scheme has not been proven as occurred in 
studies such as LAP-07 [34]. The purpose of 
NACT in LAPAC would not be so much to 
decrease the tumor size in order to facilitate sur-
gical resection, but to discover patients with early 
neoplastic progression indicating aggressive 
tumor biology contraindicating surgery. 
Therefore, it is important to emphasize that in the 
case of non-progression after NACT, the possi-
bility of surgical examination should be evalu-
ated to determine whether that patient should 
undergo resection or not. The choice of chemo-
therapy in LAPAC is still controversial, although 
it seems reasonable from the previously men-
tioned studies that the combinations of gem-
citabine  +  nab-paclitaxel or FOLFIRINOX 
should be used.

13.3.3	� NACT in Borderline PAC 
(BLPAC)

BLPAC has limited venous or arterial involve-
ment [5]. Although theoretically some of these 
patients would be resectable with initial surgery, 
there is a high probability of incomplete resec-
tion (R1/R2). There is no consensus on the treat-
ment of BLPACs. Several studies have suggested 
the usefulness of these patients receiving 
NACT. A Korean Phase II/III clinical trial [35] 

compared NACT with gemcitabine + RT fol-
lowed by surgery with the opposite sequence; 
both groups received adjuvant gemcitabine. 
Although only 58 of the 110 patients expected 
were recruited, the median OS was significantly 
higher in the group receiving NACT (21 vs. 12 
months). Most significant is the PREOPANC 
study, a phase III randomized clinical trial that 
included patients with BLPAC and PAC resect-
able from the beginning. It compared three cycles 
of gemcitabine  +  RT followed by surgery with 
three cycles of adjuvant gemcitabine with initial 
surgery and six cycles of adjuvant gemcitabine. 
In the preplanned subgroup of BLPAC 113 
patients were recruited, with a benefit observed 
in OS (17.6 vs. 13.2 months) for NACT.  This 
study has limitations arising from the high rate of 
abandonment and the imbalance of prognostic 
groups impairing the initial surgery group [36]. 
In the recent ESPAC-5F study, 90 patients were 
randomized into four arms:

	 (i)	 Initial surgery
	(ii)	 Two cycles of NACT with 

gemcitabine + capecitabine
	(iii)	 NACT with FOLFIRINOX for four cycles
	(iv)	 NACT with capecitabine + RT [37]

All patients received ACT with gemcitabine or 
5FU. In the initial surgery group, 62% of patients 
vs. 55% were resected in those receiving 
NACT.  Importantly, the R0 resection rate was 
higher in those receiving NACT (23 vs. 15%). In 
addition, 1-year survival was significantly higher 
in patients receiving NACT (77 vs. 40%, 
p > 0.001). These results served to reinforce the 
NCCN recommendation advising patients with 
BLPAC to receive NACT. A meta-analysis of 3843 
patients from 38 studies that rated NACT in 
BLPAC found that any scheme of NACT improved 
OS (19 vs. 15 months). The results showed that the 
resection rate was higher in patients receiving ini-
tial surgery (81 vs. 66%), but R0 favored NACT 
(87 vs. 67%) [38]. Janssen et al. published another 
meta-analysis in 2019 that included 24 studies 
with 313 patients with BLPAC who received only 
neoadjuvant FOLFIRINOX [39]. The resection 
rate (67.8%) and R0 (83.9%) were very high. The 
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median OS was 22.2 months and PFS was 18.0 
months, although with high levels of variability 
among the studies. The use of RT associated with 
NACT varies between different studies. In one of 
the previously described meta-analyses [38], no 
differences in OS were observed between patients 
receiving RT and those who did not. In some stud-
ies, such as PREOPANC-1 [36], the association of 
RT to chemotherapy doubled the percentage of 
patients with R0 resection (31–65%). In the 
absence of randomized studies, the additional use-
fulness of neoadjuvant RT continues to be debated. 
Several clinical trials that assess NACT in BLPAC 
are currently ongoing, including PREOPANC-2 
[40] which compares eight cycles of neoadjuvant 
FOLFIRINOX vs. Three cycles of gem-
citabine  +  preoperative RT followed by surgery 
and four cycles of postoperative gemcitabine. In 
general, the CPG such as NCCN [5] and the 
American Society of Clinical Oncology (ASCO) 
[41] suggest the use of NACT in patients with 
BLPAC prior to surgery.

13.3.4	� NACT in PAC Potentially 
Resectable (PACPR)

Standard treatment in patients with PACPR 
remains surgery. But given the benefit of NACT 
in patients with LAPAC and BLPAC, there is a 
growing interest in the use of preoperative che-
motherapy also in initially resectable patients. 
Among other advantages it would allow almost 
all patients to receive chemotherapy, avoiding the 
high percentage of patients who do not initiate 
ACT due to complications of surgery or worsen-
ing their performance status. In addition, 
decreased accessibility of chemotherapy to the 
tumor, resulting from altered tumor angiogenesis 
caused by surgery, would be avoided. On the 
other hand, the high rate of R1/R2 resections and 
the poor long-term prognosis also support the 
interest in the use of NACT in these patients.

A Swiss and German study recruited 73 patients 
receiving preoperative chemotherapy vs. initial 
surgery. They did not observe any differences in 
R0 rection or OS [42]. The Italian study PACT-15 
[43], randomized 88 patients into three arms:

	 (i)	 Initial surgery with adjuvant gemcitabine.
	(ii)	 Initial surgery  +  ACT with PEXG scheme 

(cisplatin  +  epirubicin  +  gem-
citabine + capecitabine).

	(iii)	 NACT with 3 months of PEXG followed by 
surgery and another 3 months of PEXG 
adjuvant.

The median OS was clearly superior in the 
NACT arm: 38.2 months vs. 20.4 in the adjuvant 
gemcitabine arm and 26.2 months with postop-
erative PEXG. The PREOPANC study discussed 
above [36] included a subgroup of 133 patients 
with PACPR in which no differences in R0 resec-
tion, PFS, or OS were detected between patients 
with NACT and those receiving initial surgery. 
The previously commented meta-analysis [38] 
included the same along with 35 more phase II 
and retrospective studies, concluding that NACT 
improves OS when analyzed for treatment intent 
(18.8 vs. 14.8 months). A retrospective study of 
the NCDB conducting a propensity score matched 
analysis compared 2005 patients who received 
NACT for their PACPR vs. 6015 who underwent 
initial surgery [44]. This study claimed that 
patients with NACT were less likely to have gan-
glia impairment (48 vs. 73%), lower percentage 
of T3/T4 stages (73 vs. 86%), and significantly 
better OS (26 vs. 21 months). It is unclear what 
would be the best chemotherapy scheme for these 
patients. The recently reported SWOG S1505 
study [45] compares FOLFIRINOX vs. gem-
citabine + nab-paclitaxel (both administered for 
12 weeks before and 12 weeks after surgery) in 
102 patients with PACPR. The authors reported 
that R0 resections were similar in both groups, 
major/complete pathological responses favored 
the combination of gemcitabine + nab-paclitaxel 
(42 vs. 25%) and no differences were observed in 
the 2-year OS. There are currently several ongo-
ing studies evaluating the efficacy of NACT in 
PACPR: the French Panache-01 (NCT02959879) 
evaluates NACT with FOLFIRINOX and the 
German NEONAX (NCT02047513) assesses the 
neoadjuvant with gemcitabine  +  nab-paclitaxel. 
As well as in other contexts (LAPAC and 
BLPAC), the question of whether patients who 
have received NACT or preoperative will benefit 
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from ACT also arises in PACPR.  There are no 
randomized clinical trials that answer this ques-
tion and retrospective series data are contradic-
tory. A retrospective analysis of 520 patients with 
PACPR who received neoadjuvant FOLFIRINOX 
suggests a benefit when associating ACT with 
NACT only in patients with metastatic lymph 
nodes [46]. Moreover, other retrospective analy-
ses using the NCDB discussed above [44], 
showed benefits from ACT following NACT and 
surgery (HR 0.62, CI 95% 0.58–0.66). ASCO 
CPG [41] recommends that a total of 6 months of 
chemotherapy should be given in patients with 
dried PAC in addition to ACT and NACT periods. 
In summary, NACT’s role in PACPR is uncertain. 
The most commonly used CPGs give various rec-
ommendations. ASCO [41] suggests not admin-
istering NACT in these patients, while NCCN [5] 
recommends its use in patients with PACPR who 
are very symptomatic or who have high-risk fac-
tors such as large size, very high Ca 19.9, or 
lymph nodes affected.
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