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Introduction

Despite being a relatively rare cancer, pancreatic cancer is 
the third leading cause of cancer death in the United States 
with over 41,000 patients succumbing to the disease in 2016 
alone (1). In fact, pancreatic cancer is projected to be the 
second most common cause of cancer deaths by 2030 (2).

Approximately 75% of all pancreatic cancers arise in 
the head of the pancreas. Among patients with resectable 
disease, a pancreaticoduodenectomy (PD) is required for 
complete extirpation of the tumor among eligible patients 
and offers the best chance for long-term survival. The 
surgical resection of the head of the pancreas was first 
performed by Walther Kausch in Germany in 1909 but 
later popularized by Allen Whipple (3,4). Over the past 
several decades, PD has become a safe operation with 
recent perioperative mortality rates quoted at less than 1% 
(5,6). Perhaps equally important as the surgical treatment 
of pancreatic cancer, a comprehensive evaluation and multi-
disciplinary treatment team including medical oncologists, 
gastroenterologists, pathologists, and radiation oncologists 
are necessary for the treatment of this deadly disease. 
As such, this article will focus on the multi-disciplinary 
approach to the patient with pancreatic cancer requiring 
PD in the United States. 

Preoperative workup

All patients presenting with known or suspected pancreatic 
cancer are required to undergo high-resolution pancreas-
specific imaging. Based on the available data (7) and 
practice preferences of the surgeons at our institution, 
multi-detector thin-slice pancreas protocol CT scans 

are performed. MRI is  uti l ized if  patients have a 
contraindication to CT scan (i.e., dye allergy) or for closer 
evaluation of small indeterminate liver or pancreatic 
lesions unable to be characterized following CT scan. 
Patients are seen in our multi-disciplinary pancreas clinic, 
which is attended by pancreatic surgeons, radiologists, 
gastroenterologists, pathologists, and medical oncologists. 
Each individual case is thoroughly reviewed during our 
multi-disciplinary conference. A treatment decision is 
created based on individual patient and disease-related 
factors. Preoperative endoscopy is often unnecessary except 
for patients requiring preoperative biliary drainage or to 
obtain a biopsy for those patients set to receive neoadjuvant 
chemotherapy. As previous studies have shown that 
preoperative biliary drainage/stent placement may cause an 
increase in perioperative complications (8), this modality is 
used sparingly at our institution and often only when total 
bilirubin >10 mg/dL or when cholangitis is suspected.

Neoadjuvant chemotherapy

Patients with clearly resectable disease most commonly 
proceed directly to PD without any neoadjuvant therapy. 
An ongoing randomized controlled clinical trial at our 
institution, however, is currently testing a granulocyte-
macrophage colony-stimulating factor (GM-CSF) 
secreting vaccine in combination with cyclophosphamide 
in the neoadjuvant and adjuvant setting (9). Though 
several clinical trials evaluating the impact of neoadjuvant 
chemotherapy among patients with resectable disease 
remain ongoing (10), the standard of care remains to 
proceed with PD without neoadjuvant therapy in the 
absence of a clinical trial protocol. 
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Patients  with local ly  advanced and borderl ine 
resectable disease are commonly referred for neoadjuvant 
chemotherapy, though the benefit of such an approach 
remains indeterminate without level 1 evidence. Current 
guidelines by the National Comprehensive Cancer Network 
recommend neoadjuvant therapy for borderline resectable 
disease. Several retrospective studies have evaluated the 
use of neoadjuvant chemotherapy among patients with 
locally advanced pancreatic cancer with varying results 
(11-16). Despite a consensus by the International Study 
Group of Pancreatic Surgery, variations in the definitions 
of borderline resectable and locally advanced pancreatic 
cancer remain (17). As such, resectability rates following 
neoadjuvant chemotherapy vary widely in the literature. 

Among patients with initially unresectable disease, 
radiographic and pathologic response to neoadjuvant 
chemotherapy may lead to resectability in a subset of 
patients. In a systematic review of 57 studies, Gillen et 
al reported that 33.2% of patients were able to undergo 
resection after neoadjuvant therapy. However none of 
the included trials involved the administration of the 
now commonly utilized FOLFIRINOX chemotherapy  
regimen (18). More recently, Sadot et al. found that nearly 
one-third of patients with stage 3 locally unresectable 
diseases that received FOLFIRINOX ultimately underwent 
resection in a single institution review (19). Furthermore, 
median overall survival was significantly improved among 
patients who responded to FOLFIRINOX, potentially 
indicating favorable tumor biology. In other recently 
published data, Hackert et al. found that the neoadjuvant 
administration of FOLFIRINOX resulted in a 61% 
resection rate among patients with locally advanced 
pancreatic cancer as compared to only 46% among those 
receiving gemcitabine and radiation (20). In a meta-analysis 
involving 13 studies and 253 patients, Petrelli et al. found a 
R0 resection rate of 40% with the use of FOLFIRINOX-
based neoadjuvant chemotherapy in borderline or 
unresectable pancreatic cancer (21). Based on these and 
other available data, it is the preference of our institution 
to use FOLFIRINOX for neoadjuvant chemotherapy, if 
tolerable by the patient, reserving a regimen of gemcitabine/
protein-bound paclitaxel or others for those with dose-
limiting toxicities or non-response to therapy. 

Neoadjuvant chemoradiotherapy

Neoadjuvant radiation therapy in conjunction with 
chemotherapy has shown utility in many gastrointestinal 

cancers and is also used in the management of locally 
advanced and borderline resectable pancreatic cancer. 
The impact of the addition of radiotherapy to standard 
neoadjuvant chemotherapy regiments has been evaluated in 
numerous studies with wide-ranging results (14,22,23). In 
a retrospective analysis by Stessin et al. using Surveillance, 
Epidemiology, and End Results (SEER) data, median 
survival was significantly improved with neoadjuvant 
radiotherapy (22). In a multi-institutional study involving 
our own institution, the use of radiation therapy in 
conjunction with gemcitabine/oxaliplatin was well tolerated 
and resulted in an R0 resection in 84% of patients (23). In 
a meta-analysis involving 11 studies with 4,400 patients, 
Gillen et al. reported that neoadjuvant chemoradiotherapy 
resulted in a resectability rate of 74%; this rate dropped 
to 33% among those initially deemed unresectable (18). 
Interestingly, patients who had their cancer converted to 
resectable disease after neoadjuvant therapy had a median 
survival of 21 months, which was equivalent to that of 
patients who initially presented with resectable disease (18).  
Taken together, our team routinely offers neoadjuvant 
radiotherapy in addition to chemotherapy among patients 
with unresectable locally advanced disease without distant 
metastasis.

Preoperative preparation

Epidural placement is utilized based patient and provider 
preferences. All patients receive 5,000 units of subcutaneous 
heparin approximately one hour prior to incision (24). 
Aerobic and anaerobic antibiotic prophylaxis is administered 
within one hour prior to incision and continued for 24 hours  
postoperatively (25). Hair is trimmed prior to incision 
using a razor and a chlorhexidine-based solution is used as 
surgical antiseptic.

Surgical approach and technique

Minimal invasive PD

Operative approach is based on both patient-specific 
factors (patient body habitus, performance status, patient 
preference) and surgeon preference and experience. 
Recent data has shown that the use of minimally invasive 
techniques for complex pancreatic surgery throughout the 
United States is increasing (26). Laparoscopic PD has been 
shown to be a safe and cost-effective operation (27-29).  
In a review of 108 patients undergoing laparoscopic PD, 
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Croome et al. found total laparoscopic PD resulted in a 
shorter hospital length of stay and a longer progression-free 
survival as compared to patients undergoing open PD (30). 
Even among patients requiring major venous resection, 
laparoscopic PD was found to be safe and feasible (31).

Robotic PD has gained popularity in recent years. In one 
of the largest analysis of robotic PD, Zureikat et al. found 
robotic PD to be a safe and feasible operation (32). As with 
most new technology, there appears to be a learning curve as 
Boone et al found statistical improvements in several quality 
metrics following robotic PD with increasing number of 
cases (33). In a recent multi-institutional comparison of 
open versus robotic PD, robotic PD was associated with 
lower blood loss and reductions in major complications (34).  
At our institution, both laparoscopic PD and robotic PD 
are offered and an operative approach is decided upon 
after a thorough discussion with the patient. Regardless 
of the operative approach, intra-operative resection and 
reconstruction techniques remain similar. 

Open PD

Due to the high-sensitivity of high-resolution imaging, 
diagnostic laparoscopy is not routinely performed. We 
utilize a midline incision from the sub-xiphoid process and 
extending to the level of the umbilicus. Several variations in 
PD are possible and are discussed below: 
 Pylorus-preserving vs. classic PD: several randomized 

trials have shown equivalent outcomes between 
pylorus-preserving and classic PD and thus we consider 
both techniques to be equivalent and choose it based on 
surgeon’s preference (35,36); 

 Extended lymphadenectomy: as many randomized trials 
and systemic reviews have shown a lack of benefit and 
an increase in postoperative complications, extended 
lymphadenectomy is not routinely performed (37-41); 

 Major venous resection: resection of the portal vein/
superior mesenteric vein is occasionally necessary to 
achieve an R0 resection. Major venous resection (SMV/
PV) is performed in approximately 5% of all cases 
at our institution and is getting more common (6).  
Primary repair vs. patch venoplasty is performed 
depending on the amount of vein resected and the 
potential flow compromise of the repaired vessel. In 
instances that require the entire vein to be resected, 
a primary end-to-end anastomosis is performed after 
mobilization of the SMV/PV if feasible. If this is not 

technically possible due to a long-segment involvement, 
an interposition graft using allograft femoral vein is 
often used for better size match.

Riediger et al. reported their experience in 53 patients  
with vein resection and showed that this technique is 
safe with no increase in postoperative morbidity (42). 
Many other series have also confirmed the feasibility of 
vein resection during PD (43-45);

 Pancreaticojejunostomy vs. pancreaticogastrostomy: 
though several trials have shown mixed results between 
pancreaticojejunostomy and pancreaticogastrostomy 
reconstruction (46,47) ,  the preference at  our 
institution is to reconstruct the pancreatic remnant 
using a pancreaticojejunostomy technique. Pancreatic 
reconstruction is performed using a two-layer duct 
to mucosa pancreaticojejunostomy at our institution. 
Postoperative pancreatic fistula (POPF) can be significantly 
reduced by meticulous anastomosis with optimization of 
blood supply at the pancreaticojejunostomy (48);

 Gastroje junostomy:  the antecol ic  locat ion of 
gastrojejunostomy has been shown to reduce the 
incidence of delayed gastric emptying in several 
publications and is the preferred method of enteric 
reconstruction (49,50). Furthermore, a side-to-side 
anastomosis is also preferred, as previous studies have 
shown this to reduce delayed gastric emptying as 
compared to an end-to-side anastomosis (51);

 Pancreatic drainage: though there remains to be 
consensus as to the necessity of routine intraperitoneal 
drainage following PD (52-54), routine intraperitoneal 
drainage with closed suction drains is commonly used 
at our institution. 

Postoperative care

All patients are admitted to the intensive care unit 
postoperatively. A nasogastric tube is left in overnight and 
removed on the morning postoperative day 1. An enhanced 
recovery after surgery (ERAS) pathway is followed and 
includes a stepwise increase of diet, early ambulation, 
and minimization of narcotics. Early drain removal is 
encouraged after minimal drainage (<50 mL/24 hours) 
and low drain amylase levels (<3 times of serum amylase) 
following postoperative day 3. Based on randomized trial 
results from our institution (55), the use of erythromycin to 
prevent delayed gastric emptying is used at the discretion 
of the surgeon. Similarly, octreotide or Pasireotide may 
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be utilized in patients with high-risk for pancreatic fistula 
including those with soft glands and small pancreatic  
ducts (56, 57). 

Complications

In our recent series of PD of 1,687 patients with pancreatic 
ductal adenocarcinoma, the overall complication rate was 
41% (6). The most common complications following 
open PD include delayed gastric emptying (DGE) (16%), 
wound complications/surgical site infection (11%), and 
POPF (6%) (6). The incidence of wound complications and 
DGE after minimal invasive PD is much lower comparing 
to open PD (58,59). DGE and wound complications 
are often related to POPF. In the absence of POPF, the 
management of DGE is mainly supportive. Nasogastric 
tube is used to decompress the stomach if DGE persists or 
is severe. Parental nutrition support is rarely needed but 
utilized if necessary. Based on our institutions randomized 
controlled trial (55), patients with DGE may benefit from 
prokinetics such as metoclopramide and erythromycin. 

Follow-up

The average length of stay after PD is 7 days. Patients 
are seen for follow-up appointments following hospital 
discharge at 2 to 3 weeks and then every 3 months 
thereafter. The overwhelming majority of patients receive 
adjuvant chemotherapy +/− radiotherapy based on previous 
clinical trial results (18,60-62). Several clinical trials are 
ongoing evaluating different combinations of systemic 
chemotherapy as well as the safety and efficacy of targeted 
agents and immunotherapy (63). Postoperative surveillance 
imaging scans and laboratory studies (including CA 19-9 
levels) are performed every 3−6 months to evaluate for 
disease recurrence. 

Conclusions

Pancreatic cancer is an aggressive cancer with increasing 
incidence in the United States. PD for pancreatic cancer can 
be performed in a safe manner that offers the best hope for 
long-term survival. Complications following PD, however, 
are common. Further experience with minimally invasive 
techniques, as well as ongoing trial results in various 
neoadjuvant and adjuvant chemotherapy, immunotherapy, 
and targeted therapy regiments may result in improved 
future patient outcomes.
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