
Improving outcomes of pancreatic surgery
Groen, J.V.

Citation
Groen, J. V. (2023, June 29). Improving outcomes of pancreatic surgery.
Retrieved from https://hdl.handle.net/1887/3628261
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3628261
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3628261


C
hapter 1 - G

eneral introduction and outline of this thesis

9

1

CHAPTER 1

GENERAL INTRODUCTION AND 
OUTLINE OF THIS THESIS
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The pancreas

The pancreas is an abdominal organ located in the retroperitoneum, behind the stomach 
from just right of the aorta to the left where the spleen is located. The pancreas is ±15 
centimeters long with a lobulated structure and a salmon-like color. The pancreas is 
divided in three parts: head, body, and tail. The pancreas has an endocrine (blood glucose 
levels) and exocrine function (digestive enzymes). Surgery on the pancreas is mostly 
performed for (pre)-malignant disease in the peri-ampullary region (pancreas, bile duct, 
duodenum, ampulla of Vater). The proximity to large vasculature (aorta, celiac trunk, 
superior mesenteric artery and vein, portal vein, inferior vena cave, renal artery and 
vein) and other organs (duodenum, stomach, gallbladder and ducts, liver, spleen, colon, 
kidneys, adrenal glands) makes surgery to the pancreas challenging. For this reason, the 
area is also called the ‘’surgical soul’’ of the body. The pancreatoduodenectomy (Whipple 
procedure) is the most frequently performed procedure in which the pancreatic head, 
common bile duct, duodenum and sometimes the distal part of stomach are resected. 
During the reconstruction phase, the pancreas, duodenum or stomach and the common 
bile duct are anastomosed to the jejunum separately to restore gastrointestinal 
continuity.1

Pancreatic surgery is complex and 
technically demanding with historical 
high rates of postoperative morbidity 
and mortality. Over time, with 
advancement in surgical technique, 
perioperative management and 
dedicated high-volume institutions, 
the postoperative mortality has 
decreased from 20-30% in the early 
1970s to approximately 2-3% in the 
last decade.2, 3 In the Netherlands, the 
first initiatives to centralize pancreatic 
surgery were undertaken in 19974 
and nowadays pancreatic surgery 
is only performed in institutions 
performing a minimum of 20 
pancreatoduodenectomies annually.5

For pancreatic cancer, very little progress has been made in terms of long-term survival 
over the past decades.6 Radical tumor resection combined with neoadjuvant or adjuvant 
chemo(radio)therapy is the current standard treatment.7, 8 Resectability is mainly 
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determined by contact between the tumor and the venous and arterial vasculature.9 
Patients with stage I–II pancreatic cancer are generally considered eligible for resection. 
Unfortunately, about 80% of all patients are not eligible for resection due to advanced 
or metastatic disease at diagnosis.10 Still, even after tumor resection of stage I–II 
pancreatic cancer, prognosis is poor, with a median overall survival of 17–30 months.11

Thesis outline

Pancreatic surgery today involves a wide variety of surgical and non-surgical medical 
disciplines. Multidisciplinary team meetings have been implemented in practice to 
increase the number of patients receiving optimal (oncological) diagnosis, treatment 
and follow-up and to decrease variations in treatment.12 Enhanced recovery after surgery 
(ERAS) is a multidisciplinary guideline that has been introduced to decrease surgical 
stress and postoperative complications and increase recovery after surgery and the rate 
of patients receiving (oncological) adjuvant therapy. The general objective of this thesis 
is to improve the multidisciplinary management of pancreatic surgery and is divided in 
four parts.

Part I International evaluation of clinical practice in pancreatic surgery
Part I provides an overview of clinical practice regarding the variation in tumor resection 
and (neo)adjuvant therapy in patients with pancreatic cancer and an overview of the use 
of ERAS guidelines regarding pain management, fluid therapy and thromboprophylaxis 
in patients undergoing pancreatoduodenectomy. 

The European Registration of Cancer Care (EURECCA) Pancreas Consortium uses 
cancer registry data to compare and improve treatment strategies by identifying 
best practices in a real-world scenario.13 Chapter 2 is the first study of the EURECCA 
Pancreas Consortium comparing (neo)adjuvant therapies and outcomes of patients who 
underwent tumor resection for resectable (stage I and II) pancreatic adenocarcinoma in 
a national, regional and a single center cancer registry. A recent study with population-
based data of multiple pancreatic cancer registries showed that the median age at 
diagnosis is 70 years.14 This clearly differs from large randomized trials in pancreatic 
cancer in which the median age is 61–65 years.15, 16 The aim of Chapter 3 is to compare 
treatment strategies and survival outcomes of patients aged ≥70 years with stage I and II 
pancreatic cancer in the EURECCA Pancreas consortium. 

There is increasing interest in ERAS guidelines as a means of improving clinical 
outcomes, although to date there is limited data on pancreatoduodenectomy.17, 18 Pain 
management, fluid therapy and thromboprophylaxis are key elements in all ERAS 
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guidelines. Chapter 4 aims to obtain an international assessment of current perioperative 
practices regarding pain management, fluid therapy and thromboprophylaxis in patients 
undergoing pancreatoduodenectomy among surgeons.

Part II Surgical and oncological aspects of venous resections in pancreatic surgery
Part II focusses on the surgical and oncological aspects of venous involvement (more 
specific the portal vein-superior mesenteric vein) in pancreatic surgery. Venous 
involvement will become increasingly important with the growing use of neoadjuvant 
therapy since it can increase the incidence of suspected venous involvement either by 
tumor fibrosis and inflammation, which can mimic venous tumor invasion on imaging, 
or by downstaging the tumor to resectable venous involvement.19 

The aim of Chapter 5 is to gain insights in the current surgical management and 
pathological assessment of pancreatoduodenectomy with suspected venous involvement 
by international and Dutch surgeons and pathologists. Literature regarding risk of 
complications for the different types of venous resection is contradicting.20-22 In Chapter 
6 we evaluate the impact of type of venous resection during pancreatoduodenectomy 
for pancreatic cancer on postoperative morbidity, mortality and overall survival in The 
Netherlands. To improve outcomes for patients with pancreatic cancer and venous 
involvement we need to identify best practices and standardize treatment in the 
Netherlands. Chapter 7 explores the potential causes and the consequences of practice 
variation in venous resection during pancreatoduodenectomy for pancreatic cancer in 
the Netherlands. One of the main challenges for a pancreatic surgeon when confronted 
with possible tumor invasion in the vein is distinguishing tumor from peritumoral 
inflammation and fibrosis. The aim of Chapter 8 is to study the association between venous 
resection, tumor invasion in the resected vein, recurrence patterns and overall survival. 

Part III Surgical complications in pancreatic surgery
Part III consists of studies on the most notorious complications in pancreatic surgery: 
postoperative pancreatic fistula and abdominal infectious complications. These 
complications are associated with a high morbidity and mortality. 

Only few studies have been performed on the clinical outcomes of different surgical 
strategies in patients with pancreatic fistula after pancreatoduodenectomy with a 
need for a relaparotomy.23 Chapter 9 evaluates surgical strategies (i.e. completion 
pancreatectomy versus pancreas-preserving procedure) in patients undergoing 
relaparotomy for pancreatic fistula after pancreatoduodenectomy in nine Dutch 
institutions. Additionally, a systematic review and meta-analysis is performed on this 
topic to summarize all available evidence. In a recent study, Garnier et al. conclude that 
their standardized technique for completion pancreatectomy in patients with pancreatic 
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fistula after pancreatoduodenectomy appears to be relatively safe, reproducible, and 
could be particularly useful for young surgeons.24 Additionally the authors state that 
pancreas-preserving surgical interventions are associated with more reoperations 
and mortality and that simple surgical drainage should not be adopted. Chapter 10 
contains a letter to the editor reacting to this study, we report a subgroup analysis of 
patients undergoing simple surgical drainage versus other pancreas-preserving surgical 
interventions.

When not caused by a pancreatic fistula, abdominal infectious complications are often 
caused by complications of the biliary or enteric anastomosis. No consensus exists 
about the predictive role of intraoperative bile cultures during pancreatoduodenectomy 
in abdominal infectious complications. A large multicenter study suggested that 
institution-specific internal reviews of intraoperative bile cultures should amend 
current protocols for antibiotic prophylaxis.25 Chapter 11 investigates the association 
between positive bile cultures and abdominal infectious complications after 
pancreatoduodenectomy. Also, the predictive role of intraoperative bile cultures is 
evaluated by determining microorganism concordance in bile and cultures of abdominal 
infections. Additionally, a systematic review and meta-analysis summarizes all available 
evidence on this topic.

Part IV Perioperative anesthesiological management in pancreatic surgery
Part IV discusses the perioperative anesthesiological management in pancreatic surgery 
with special regards to analgesic and fluid therapy. Epidural analgesia is the perioperative 
analgesic technique of choice for most open abdominal surgical procedures and has been 
associated with better pain control.26 On the other hand, it carries the risks of technique-
specific complications, technical failure and hemodynamic instability. Therefore, the 
optimal analgesic technique after pancreatoduodenectomy remains under debate and 
detailed reports of perioperative analgesic management are lacking. 

Chapter 12 describes a patient cohort treated with epidural analgesia versus non-
epidural analgesia regarding the analgesic outcomes in the first ten postoperative days 
and clinical outcomes after open pancreatectomy in our own institution. In Chapter 
13 we assess whether epidural analgesia has superior clinical outcomes compared with 
non-epidural analgesia in patients undergoing pancreatoduodenectomy by a systematic 
review and meta-analysis of the literature. Recent studies and experience within our 
region have shown encouraging results and benefits of sublingual sufentanil (non-
invasive, rapid absorption and pain relief, and less side effects) over epidural analgesia 
and iv morphine.27 Therefore, we designed a randomized trial in patients undergoing 
pancreatoduodenectomy ‘’Postoperative Pain relief following Pancreatoduodenectomy (Triple P): 
sublingual sufentanil versus standard-of-care’’. Chapter 14 describes the results of this trial 
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in which sublingual sufentanil is compared to our standard-of-care (epidural analgesia 
or iv morphine). Finally, Chapter 15 includes a general summary and discussion of the 
previous chapters, and discusses the future perspectives of pancreatic surgery and 
conclusions of this thesis.

Table 1. Research questions

Chapter 1 General introduction and outline of this thesis

PART I INTERNATIONAL EVALUATION OF CLINICAL PRACTICE IN PANCREATIC SURGERY

Chapter 2 Is there variation in the use of (neo)adjuvant therapies and outcomes of patients 
who underwent tumor resection for resectable (TNM stage I and II) pancreatic 
adenocarcinoma in the EURECCA Pancreas Consortium?

Chapter 3 How are treatment strategies and survival outcomes of patients aged ≥70 years with stage 
I–II pancreatic cancer in a real-world scenario in the Belgian, Dutch, and Norwegian 
national cancer registries?

Chapter 4 Is there international variation regarding pain management, fluid therapy and 
thromboprophylaxis after pancreatoduodenectomy between pancreatic surgeons?

PART II SURGICAL AND ONCOLOGICAL ASPECTS OF VENOUS RESECTIONS IN 
PANCREATIC SURGERY

Chapter 5 Is there variation regarding surgical management and pathological assessment of 
pancreatoduodenectomy with suspected venous involvement between international 
experts and Dutch surgeons and pathologists?

Chapter 6 What is the impact of type of venous resection during pancreatoduodenectomy for 
pancreatic cancer on postoperative morbidity, mortality and overall survival?

Chapter 7 What are the potential causes and the consequences of practice variation in venous 
resection during pancreatoduodenectomy for pancreatic cancer in in the Netherlands?

Chapter 8 Are venous resection, tumor invasion in the resected vein, recurrence patterns and overall 
survival associated?

PART III SURGICAL COMPLICATIONS IN PANCREATIC SURGERY IN PANCREATIC SURGERY

Chapter 9 What should be the preferred surgical strategy when performing a relaparotomy for 
pancreatic fistula after pancreatoduodenectomy?

Chapter 10 Correspondence to Garnier et al. and their study on standardized technique 
for completion pancreatectomy in patients with pancreatic fistula after 
pancreatoduodenectomy 

Chapter 11 Do bile cultures obtained during pancreatoduodenectomy have added value 
in the prevention or treatment of abdominal infectious complications after 
pancreatoduodenectomy? 

PART IV PERIOPERATIVE ANESTHESIOLOGICAL MANAGEMENT IN PANCREATIC 
SURGERY

Chapter 12 What are the analgesic and clinical outcomes after epidural and non-epidural analgesia 
after open pancreatectomy?

Chapter 13 Does epidural analgesia have superior clinical outcomes compared with non-epidural 
analgesia in patients undergoing pancreatoduodenectomy in current the literature?

Chapter 14 Is sublingual sufentanil a non-inferior analgesic compared to standard-of-care in the 
treatment of postoperative pain in patients following pancreatoduodenectomy?

Chapter 15 General summary, discussion, future perspectives and conclusions



C
hapter 1 - G

eneral introduction and outline of this thesis

15

1

References

1. Whipple AO, Parsons WB, Mullins CR. TREATMENT OF CARCINOMA OF THE 
AMPULLA OF VATER. Ann Surg 1935;102(4): 763-779.

2. Van Geen RC, Gouma DJ. Impact of hospital volume on in-hospital mortality in 
pancreatic surgery. Surg Technol Int 2002;10: 61-65.

3. van Roessel S, Mackay TM, van Dieren S, van der Schelling GP, Nieuwenhuijs VB, 
Bosscha K, van der Harst E, van Dam RM, Liem MSL, Festen S, Stommel MWJ, Roos D, 
Wit F, Molenaar IQ, de Meijer VE, Kazemier G, de Hingh I, van Santvoort HC, Bonsing 
BA, Busch OR, Groot Koerkamp B, Besselink MG. Textbook Outcome: Nationwide 
Analysis of a Novel Quality Measure in Pancreatic Surgery. Ann Surg 2020;271(1): 155-162.

4. Gouma DJ, De Wit LT, Van Berge Henegouwen MI, Van Gulik TH, Obertop H. [Hospital 
experience and hospital mortality following partial pancreaticoduodenectomy in The 
Netherlands]. Ned Tijdschr Geneeskd 1997;141(36): 1738-1741.

5. van Rijssen LB, Koerkamp BG, Zwart MJ, Bonsing BA, Bosscha K, van Dam RM, van 
Eijck CH, Gerhards MF, van der Harst E, de Hingh IH, de Jong KP, Kazemier G, Klaase J, 
van Laarhoven CJ, Molenaar IQ, Patijn GA, Rupert CG, van Santvoort HC, Scheepers JJ, 
van der Schelling GP, Busch OR, Besselink MG, Dutch Pancreatic Cancer G. Nationwide 
prospective audit of pancreatic surgery: design, accuracy, and outcomes of the Dutch 
Pancreatic Cancer Audit. HPB (Oxford) 2017;19(10): 919-926.

6. Malvezzi M, Carioli G, Bertuccio P, Boffetta P, Levi F, La Vecchia C, Negri E. European 
cancer mortality predictions for the year 2019 with focus on breast cancer. Ann Oncol 
2019;30(5): 781-787.

7. National Comprehensive Cancer Network. Pancreatic Adenocarcinoma (Version 
1.2020). https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf. 
Accessed March 20, 2020.

8. Ducreux M, Cuhna AS, Caramella C, Hollebecque A, Burtin P, Goere D, Seufferlein T, 
Haustermans K, Van Laethem JL, Conroy T, Arnold D. Cancer of the pancreas: ESMO 
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 2015;26 
Suppl 5: v56-68.

9. Bockhorn M, Uzunoglu FG, Adham M, Imrie C, Milicevic M, Sandberg AA, Asbun HJ, 
Bassi C, Buchler M, Charnley RM, Conlon K, Cruz LF, Dervenis C, Fingerhutt A, Friess 
H, Gouma DJ, Hartwig W, Lillemoe KD, Montorsi M, Neoptolemos JP, Shrikhande SV, 
Takaori K, Traverso W, Vashist YK, Vollmer C, Yeo CJ, Izbicki JR, International Study 
Group of Pancreatic S. Borderline resectable pancreatic cancer: a consensus statement 
by the International Study Group of Pancreatic Surgery (ISGPS). Surgery 2014;155(6): 
977-988.

10. Ryan DP, Hong TS, Bardeesy N. Pancreatic adenocarcinoma. N Engl J Med 2014;371(11): 
1039-1049.



16

11. Huang L, Jansen L, Balavarca Y, Babaei M, van der Geest L, Lemmens V, Van Eycken L, 
De Schutter H, Johannesen TB, Primic-Žakelj M, Zadnik V, Besselink MG, Schrotz-King 
P, Brenner H. Stratified survival of resected and overall pancreatic cancer patients in 
Europe and the USA in the early twenty-first century: a large, international population-
based study. BMC medicine 2018;16(1): 125.

12. Kirkegård J, Aahlin EK. Multicentre study of multidisciplinary team assessment of 
pancreatic cancer resectability and treatment allocation. 2019;106(6): 756-764.

13. van Gijn W, van de Velde CJ, members of the Ec. Improving quality of cancer care 
through surgical audit. Eur J Surg Oncol 2010;36 Suppl 1: S23-26.

14. Huang L, Jansen L, Balavarca Y, van der Geest L, Lemmens V, Van Eycken L, De Schutter 
H, Johannesen TB, Primic-Zakelj M, Zadnik V, Magi M, Pulte D, Schrotz-King P, Brenner 
H. Nonsurgical therapies for resected and unresected pancreatic cancer in Europe and 
USA in 2003-2014: a large international population-based study. Int J Cancer 2018.

15. Conroy T, Desseigne F, Ychou M, Bouche O, Guimbaud R, Becouarn Y, Adenis A, Raoul 
JL, Gourgou-Bourgade S, de la Fouchardiere C, Bennouna J, Bachet JB, Khemissa-
Akouz F, Pere-Verge D, Delbaldo C, Assenat E, Chauffert B, Michel P, Montoto-Grillot 
C, Ducreux M, Groupe Tumeurs Digestives of U, Intergroup P. FOLFIRINOX versus 
gemcitabine for metastatic pancreatic cancer. N Engl J Med 2011;364(19): 1817-1825.

16. Neoptolemos JP, Palmer DH, Ghaneh P, Psarelli EE, Valle JW, Halloran CM, Faluyi O, 
O’Reilly DA, Cunningham D, Wadsley J, Darby S, Meyer T, Gillmore R, Anthoney A, 
Lind P, Glimelius B, Falk S, Izbicki JR, Middleton GW, Cummins S, Ross PJ, Wasan 
H, McDonald A, Crosby T, Ma YT, Patel K, Sherriff D, Soomal R, Borg D, Sothi S, 
Hammel P, Hackert T, Jackson R, Buchler MW, European Study Group for Pancreatic C. 
Comparison of adjuvant gemcitabine and capecitabine with gemcitabine monotherapy 
in patients with resected pancreatic cancer (ESPAC-4): a multicentre, open-label, 
randomised, phase 3 trial. Lancet 2017;389(10073): 1011-1024.

17. Melloul E, Lassen K, Roulin D, Grass F, Perinel J, Adham M, Wellge EB, Kunzler F, 
Besselink MG, Asbun H, Scott MJ, Dejong CHC, Vrochides D, Aloia T, Izbicki JR, 
Demartines N. Guidelines for Perioperative Care for Pancreatoduodenectomy: 
Enhanced Recovery After Surgery (ERAS) Recommendations 2019. World J Surg 2020.

18. Wang XY, Cai JP, Huang CS, Huang XT, Yin XY. Impact of enhanced recovery after 
surgery protocol on pancreaticoduodenectomy: a meta-analysis of non-randomized 
and randomized controlled trials. HPB (Oxford) 2020;22(10): 1373-1383.

19. Ferrone CR, Marchegiani G, Hong TS, Ryan DP, Deshpande V, McDonnell EI, Sabbatino 
F, Santos DD, Allen JN, Blaszkowsky LS, Clark JW, Faris JE, Goyal L, Kwak EL, Murphy 
JE, Ting DT, Wo JY, Zhu AX, Warshaw AL, Lillemoe KD, Fernandez-del Castillo C. 
Radiological and surgical implications of neoadjuvant treatment with FOLFIRINOX for 
locally advanced and borderline resectable pancreatic cancer. Ann Surg 2015;261(1): 12-17.



C
hapter 1 - G

eneral introduction and outline of this thesis

17

1

20. Glebova NO, Hicks CW, Piazza KM, Abularrage CJ, Cameron AM, Schulick RD, Wolfgang 
CL, Black JH, 3rd. Technical risk factors for portal vein reconstruction thrombosis in 
pancreatic resection. J Vasc Surg 2015;62(2): 424-433.

21. Kantor O, Talamonti MS, Wang CH, Roggin KK, Bentrem DJ, Winchester DJ, Prinz RA, 
Baker MS. The extent of vascular resection is associated with perioperative outcome in 
patients undergoing pancreaticoduodenectomy. HPB (Oxford) 2018;20(2): 140-146.

22. Ravikumar R, Sabin C, Abu Hilal M, Al-Hilli A, Aroori S, Bond-Smith G, Bramhall S, 
Coldham C, Hammond J, Hutchins R, Imber C, Preziosi G, Saleh A, Silva M, Simpson 
J, Spoletini G, Stell D, Terrace J, White S, Wigmore S, Fusai G. Impact of portal vein 
infiltration and type of venous reconstruction in surgery for borderline resectable 
pancreatic cancer. Br J Surg 2017;104(11): 1539-1548.

23. Zhou YM, Zhou X, Wan T, Xu D, Si XY. An evidence-based approach to the surgical 
interventions for severe pancreatic fistula after pancreatoduodenectomy. Surgeon 
2018;16(2): 119-124.

24. Garnier J, Ewald J, Marchese U, Delpero JR, Turrini O. Standardized salvage 
completion pancreatectomy for grade C postoperative pancreatic fistula after 
pancreatoduodenectomy (with video). HPB (Oxford) 2021;23(9): 1418-1426.

25. Fong ZV, McMillan MT, Marchegiani G, Sahora K, Malleo G, De Pastena M, Loehrer 
AP, Lee GC, Ferrone CR, Chang DC, Hutter MM, Drebin JA, Bassi C, Lillemoe 
KD, Vollmer CM, Fernandez-Del Castillo C. Discordance Between Perioperative 
Antibiotic Prophylaxis and Wound Infection Cultures in Patients Undergoing 
Pancreaticoduodenectomy. JAMA Surg 2016;151(5): 432-439.

26. Werawatganon T, Charuluxanun S. Patient controlled intravenous opioid analgesia 
versus continuous epidural analgesia for pain after intra-abdominal surgery. Cochrane 
Database Syst Rev 2005(1): CD004088.

27. Meijer F, Cornelissen P, Sie C, Wagemans M, Mars A, Hobma T, Niesters M, Dahan A, 
Koopman JS, Steegers MA. Sublingual sufentanil for postoperative pain relief: first 
clinical experiences. J Pain Res 2018;11: 987-992.




