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Introduction

The first surgical procedure for resection of pancreatic 
cancer, a distal pancreatectomy and splenectomy, was 
performed by Freidrich Trendelenberg in 1882 (1). 
Unfortunately, this patient died from postoperative 
complications. Alessandro Codivilla performed the 
first pancreaticoduodenectomy 6 years later; however, 
this patient also died from surgical complications (2). 
Pancreaticoduodenectomy was performed by few 
other surgeons prior to being defined, then refined, by 
Whipple et al. in 1935 (3). Despite advances in surgery for 
pancreatic carcinoma, the mortality of patients undergoing 
pancreaticoduodenectomy persisted around 30% into the 
1960s, with postoperative morbidity as high as 60% (4). 
This high complication rate and an overall 5-year survival 
rate of 0.4% during the 50 years following Whipple’s 

first operation led some to conclude “that the notion 
of ‘resections for cure’… should be abandoned” (5,6). 
Over the next 30 years, technical success has improved 
significantly. In 2006, Cameron et al. revealed a 1% 30-day 
or in-hospital mortality rate on his personal series of 1,000 
pancreaticoduodenectomies, setting a new standard for 
pancreatic surgeons (7). Despite improved technical success 
however, 5-year overall survival for pancreatic cancer 
patients remains low (8,9).

Recent trends in pancreas cancer surgery include 
the increased use of minimally invasive techniques. 
The first laparoscopic pancreatic surgery was a pylorus-
sparing Whipple in 1992 with multiple laparoscopic distal 
pancreatectomies performed in subsequent years (10). All of 
these early procedures were performed for benign indications 
rather than oncologic resection. More recently, robotic 
pancreatectomies have been performed with some advocating 
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equivalent outcomes and decreased rates of conversion to 
open procedures compared to laparoscopic surgeries (11). 
Evidence on the advantages of laparoscopic and robotic 
pancreatic surgery remains mixed, and widespread adoption 
of a minimally invasive approach has yet to take hold, 
particularly for oncologic operations (12,13). 

Advances in vascular resection and reconstruction have 
also allowed for evolution in pancreas cancer surgery (14). 
The definition of borderline resectable and unresectable 
disease are evolving with advances in preoperative 
imaging, neoadjuvant therapies, and vascular resection and 
reconstruction options. More research regarding the safety 
and efficacy of vascular resection and its impact on outcome 
is needed before definitive conclusions can be generated 
regarding the utility of vascular resection (15,16).

This review summarizes the recent advances in surgery 
for pancreatic cancer, focusing on the role of minimally 
invasive techniques to improve surgical outcomes and 
vascular resection and reconstruction to increase rates of 
tumor resectability. 

Minimally invasive surgery for pancreatic cancer

Over the last several decades, minimally invasive approaches 
to pancreatic surgery have become more common. The 
popularization of minimally invasive techniques was 
founded in the desire for improved cosmetic incisions 
and the assumption of reduced hospital stays, shorter 
overall recovery times, and decreased post-operative pain. 
Innovation in laparoscopic, and more recently, robotic 
surgery has led to increasing numbers of minimally 
invasive pancreatic surgeries; however, more research is 
required regarding the recovery outcomes, safety, oncologic 
outcomes, costs, and necessary training and certification 
before minimally invasive techniques can be recommended 
for widespread adoption. 

Distal pancreatectomy

The first laparoscopic distal pancreatectomy was described 
in 1992 (10). With no anastomosis and a relatively less 
challenging dissection compared to other pancreatic 
resections, the laparoscopic distal pancreatectomy is now 
commonly used for both benign and malignant pancreatic 
tail lesions. No randomized trials comparing laparoscopic 
versus open distal pancreatectomy exist;  however, 
retrospective case series have implied reduced blood loss, 
shorter hospital stays, and lower rates of surgical site 

infections with a laparoscopic approach for both benign 
and malignant disease (17,18). The rate of significant 
morbidity, including pancreatic fistula, is equivalent in 
these two techniques (19). For benign pathologies, these 
outcomes make laparoscopy an attractive option. The same 
observations are true for resectable malignant lesions; 
however, oncologic outcomes have not been studied in a 
prospective manner. For malignant pancreatic lesions, small 
retrospective studies demonstrate similar benefits (reduced 
blood loss, shorter length of stay, lower rate of surgical 
site infection) as laparoscopy for benign lesions, and show 
similar rates of R0 resections (20). Prospective, randomized 
data is needed to better compare open vs. laparoscopic 
outcomes in surgeries for malignant disease.

More recently, robotic approaches have been used to 
perform distal pancreatectomies for treatment of both 
benign and malignant diseases of the pancreas. Evidence on 
differences between the laparoscopic and robotic approach 
to distal pancreatectomy is minimal and limited to a few 
retrospective studies. Proponents of the robotic approach 
argue it can provide improved visualization and decreased 
intraoperative blood loss when compared to the laparoscopic 
approach (21). There is retrospective evidence showing 
no significant differences in achievement of R0 resection, 
development of pancreatic fistula, or mortality between 
laparoscopic and robotic approaches (22,23). Available 
evidence also demonstrates equivalent perioperative 
morbidity and mortality for the robotic approach compared 
to an open approach (24). This data is severely limited by 
the low volume, retrospective, single center (often single 
surgeon) nature of available studies leading to the potential 
for a significant selection bias (25,26). 

Pancreaticoduodenectomy

Minimally invasive techniques for the pancreaticoduodenectomy 
have also been explored in recent years. The first laparoscopic 
pancreaticoduodenectomy lasted over 20 hours, with the patient 
requiring a 30-day post-operative hospital stay (27). Since the 
introduction of the laparoscopic pancreaticoduodenectomy, 
a single-institution retrospective study has shown decreased 
transfusion requirements, shorter hospital times, and shorter 
time to adjuvant chemotherapy compared to the open  
approach (22). All laparoscopic cases in this series were 
performed by a single expert surgeon at a high-volume 
institution, limiting the generalizability. Other studies have 
similar limitations. The robotic platform has also been employed 
for the pancreaticoduodenectomy, with different studies arriving 
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at different conclusions. One study shows significantly longer 
length of stay, higher incidence of post-operative pancreatic 
fistula, and increased rate of conversion to an open operation 
in the robotic group compared to laparoscopy (28). Another 
larger study demonstrates comparable outcomes of robotic 
versus laparoscopic pancreaticoduodenectomy and decreased 
rates of conversion to open surgery, incidence of pancreatic 
fistula, and total blood loss with increasing experience with the 
robotic platform (23). Evidence implies equivalent short-term 
post-operative outcomes for the laparoscopic compared to open 
approach, while data is varied regarding the robotic approach. 
Again, available data is severely limited by the small sample 
sizes and significant selection bias, limiting the ability to draw 
meaningful conclusions from currently available evidence (25).  
More research is required to determine the difference in 
oncologic outcomes between these approaches.

Costs and training

The data on costs of minimally invasive pancreatic surgery is 
mixed and depends on the methodology used to determine 
costs (24,29). According to some studies, if cost savings 
related to reduced hospital days and improved recovery time 
are included, the laparoscopic and robotic technique may 
be comparable to the traditional open approach (30). Other 
studies demonstrate increased costs for minimally invasive 
approaches (31). Studies uniformly demonstrate significantly 
increased operative costs with minimally invasive approaches, 
some of which can be balanced out by reduced post-operative 
costs. Many of these studies contain significant selection 
bias by comparing a minimally invasive patient cohort 
with benefit from modern bundles for early recovery after 
surgery to historical groups of patients in the open surgery 
cohort that did not benefit from these enhanced recovery  
techniques (32). More research is required to accurately 
identify the costs of minimally invasive pancreatic surgery 
using an appropriate control group. 

Another consideration in the increasing adoption of 
laparoscopic and robotic approaches to pancreas surgery 
is surgeon and institutional experience and certification. 
In general, minimally invasive pancreaticoduodenectomies 
remain limited to high volume pancreas cancer centers. 
This is in part due to the steep learning curve associated 
with minimally invasive pancreatic surgery. A surgeon 
needs to perform approximately 70 robotic pancreatic 
surgeries to be considered proficient (33). Achieving this 
volume is difficult; the average hepatopancreatobiliary 
or surgical oncology fellow performs 60 or fewer total 

pancreatic operations during their advanced training (34). 
Achieving safe training in minimally invasive techniques for 
widespread adaptation presents a significant challenge if this 
practice is to gain favor.

Summary

A growing body of evidence exists demonstrating the 
equivalence or benefit of minimally invasive pancreatic 
surgery compared to the open approach regarding safety 
and short-term peri-operative outcomes. Data on oncologic 
outcomes between open and minimally invasive approaches 
is sparser. Additionally, more research on the costs and 
necessary training for minimally invasive pancreatic surgery 
is required to ensure the costs of widespread adoption of 
this approach to pancreatic surgery is justified. While there 
is a fair amount of data available, the quality of this data is 
heavily biased and methodology often lacking based on the 
limitations described above. An expert panel on this topic 
recommends only “the continued development of minimally 
invasive pancreatic resection by experienced surgeons in 
high-volume pancreatic centres” (32). Several randomized 
controlled trials are ongoing and the results of these studies 
may help clarify the costs and benefits of minimally invasive 
approaches (25).

Redefining resectability with vascular 
reconstruction

An additional advance in pancreatic surgery has involved 
vascular resection and reconstruction to increase the 
number of patients with resectable disease. The National 
Comprehensive Cancer Network guidelines define 
borderline resectable disease as solid tumor contact with the 
superior mesenteric vein (SMV) or portal vein (PV) of greater 
than 180 degrees, solid tumor contact with the inferior 
vena cava (IVC), tumor contact with the common hepatic 
artery without extension to the celiac axis or hepatic artery 
bifurcation, or contact with the superior mesenteric artery 
(SMA) of greater than 180 degrees (35). Greater than 180 
degrees of SMA or celiac axis contact, or unreconstructible 
SMV or PV due to tumor involvement or thrombus 
is classified as unresectable disease. With advances in 
preoperative imaging modalities, evolving and more effective 
neoadjuvant therapies, specialization of cancer surgery 
to large volume cancer centers, and advances in surgical 
options for safe vascular resection and reconstruction, tumors 
previously considered borderline or unresectable are now 
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potentially resectable in specialized centers (36). 
Preoperative computed tomography (CT) imaging is 

often inaccurate in assessment of vascular involvement (37). 
The discrepancy in preoperative imaging and intraoperative 
assessment of resectability necessitates intraoperative 
decisions regarding vascular resection and reconstruction. 
In pancreas cancer surgery, there is limited data regarding 
the incidence of arterial resection; however, the incidence 
of venous resection ranges from 40–70% in high volume 
cancer centers in the US (36). Despite these high resection 
rates, available data demonstrates that only 20–70% of 
resected specimens reveal histological evidence of vascular 
invasion (38,39). Although some of this discrepancy may be 
due to the influence of neoadjuvant therapies and regression 
of tumor from vascular structures, it also suggests that 
preoperative imaging as well as intraoperative evaluation 
is not effective at distinguishing malignant invasion from 
the desmoplastic reaction that accompanies disease-
associated inflammation and neoadjuvant treatment. 
With advancements in surgical options, it is important to 
recognize borderline resectable disease preoperatively to 
enhance the use of neoadjuvant therapy and ultimately the 
potential for resectability. Although the majority of data 
on perioperative morbidity and mortality, as well as overall 
mortality, considers arterial and venous resection together, 
it may be important to consider these separately as they 
have different implications for operative planning and 
perioperative morbidity and mortality (36,40-42).

Arterial reconstruction

Arterial involvement of the SMA, celiac axis, and hepatic 
artery has generally been considered unresectable disease 
due to life-threatening perioperative complications such 
as bowel ischemia, reoperation, hemorrhage, and SMA 
thrombosis associated with resection. These complications 
range from 39–91% in systematic reviews (41,42). Older, 
heterogeneous, retrospective data suggests that arterial 
resection has worse mortality and morbidity than venous 
resection. This comparison, however, is not generated from 
data comparing equivalent populations or disease burdens. 
This older data, as well as newer data, demonstrates that 
when outcomes are compared between arterial resection 
vs. palliative surgery for disease that would have otherwise 
been considered unresectable, there is improved survival in 
the group undergoing arterial resection (42). Interestingly, 
retrospective data from more recent single institution 
studies suggests that despite increased morbidity, there is 

no difference in mortality associated with en bloc venous 
and arterial resection and reconstruction compared with 
operations done for resectable disease (40,43). Additionally, 
progress in neoadjuvant therapies has allowed for 
downstaging of tumors with arterial invasion to borderline 
resectable or resectable disease making surgical resection 
more achievable (44). Despite these advancements, it is 
currently accepted that arterial reconstruction is only 
appropriate in highly selected patients in high volume 
specialty cancer centers with surgeons who are familiar with 
the advanced techniques required for reconstruction. 

Venous reconstruction

Similarly, the data available on venous resection and 
reconstruction is limited to evidence from largely 
retrospective and heterogeneous studies (39,40,43,44). 
Within this limited data, venous resection and reconstruction 
to achieve complete resection of pancreas cancer has been 
found to be safe, with no difference in overall survival and 
morbidity when compared to surgeries for resectable disease 
that did not require venous resection (36,39,40,43). Similar 
to arterial resection, venous resection and reconstruction has 
also been shown to improve survival when compared with 
palliative surgeries for what would otherwise be considered 
unresectable disease (36,39,40,43,44).

Summary

Although the incidence of vascular resection and 
reconstruction in pancreas cancer surgery is increasing, data 
regarding outcomes is largely retrospective, heterogeneous, 
and inadequate to completely inform data driven 
conclusions. Additionally, despite the different technical 
implications of venous and arterial resection, distinction 
between these resections and their outcomes is lacking 
in most current data on vascular resection. Retrospective 
studies demonstrate no difference in morbidity and 
mortality for venous reconstruction when compared with 
surgeries for tumor resections without vascular involvement 
(36,39,40,43). The available data on arterial resection is less 
clear, with some older studies citing worse morbidity and 
mortality while more recent studies site at least equivalent 
mortality despite a persistent morbidity burden (41,42). 
More research is required on outcomes regarding peri-
operative morbidity and mortality and overall survival 
following vascular reconstruction before a recommendation 
on routine use can be made; there may be benefit to 
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examining arterial and venous reconstruction separately. No 
ongoing trials currently exist evaluating this question. More 
research on methods to enhance pre- and intra-operative 
recognition of vascular invasion is also needed, particularly 
given the difficulty in distinguishing between tumor and 
peri-tumoral desmoplastic reaction and inflammation on 
imaging. In specialized centers with surgeons who are 
trained in advanced vascular resection and reconstruction 
techniques, vascular resection and reconstruction should 
be considered individually for patients as it may offer 
equivalent morbidity and mortality as resection without 
vascular involvement and a potential survival benefit over 
what would otherwise be either a palliative operation or 
nonoperative management of unresectable disease.

Conclusions

Pancreatic surgery has made major advances in the past 
135 years. Recent trends have focused on decreasing the 
morbidity of pancreatic surgery through minimally invasive 
techniques and redefining resectability through advanced 
vascular reconstruction and use of neoadjuvant therapies. 
While minimally invasive techniques for pancreatic tail 
surgeries are now largely accepted, laparoscopic and robotic 
techniques for disease involving the pancreatic head remains 
an evolving field limited to high volume, specialized cancer 
centers. Significantly more evidence is needed to determine 
the risks and benefits of these approaches, particularly for 
the more expensive robotic approach, before this can be 
recommended for routine care. 

Surgical management of pancreatic cancer remains the 
only chance for cure and achieving an R0 margin is associated 
with improved overall and disease-free survival (45). Vascular 
reconstruction is a promising tool to increase complete tumor 
resection. Better data from well-designed studies regarding 
the incidence of vascular invasion and the perioperative and 
oncologic impacts of vascular resection and reconstruction 
are needed to definitively comment on the utility of vascular 
resection and reconstruction. 
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