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Foreword 
 

I have always known that I wanted to be a doctor. Had you asked me when I was five years 

old, when I first told this to my mother, the reason why I wanted to walk this path, I could 

not have told you. Even now, I still cannot tell you. As much as I cannot tell you why I want 

and wanted to be a doctor, I can tell you what type of doctor I want to be: I want to be a 

surgeon. 

Way back in 2013, I did my first clinical rotation in a surgical department. I already knew 

that surgery was my calling; this part of medicine, that until modern times was not even 

considered a doctorôs specialty, but was the work of handymen, carpenters, and barbers. A 

part of medicine that is considered ñultima ratioò- the way to go when all else fails. But it 

is- to me- the most fascinating. A patient comes in with an ailment, we cut- and they are 

cured (ideally). The one area of medicine where you get a direct result, for better or for 

worse.  Because of this, surgery has always held a position of prestige in my eyes; this 

specialty that is the last resort, but the most effective. And amongst all surgeries, there is one 

that always stood out to me. 

I remember the day during that first clinical rotation when one operating room was booked 

for the entire morning. The chief was nowhere to be found. He was not going to be doing 

the rounds that day; and when asked where he was, the answer was simply ñHe is doing a 

óWhippleôò. This seemed to clarify all follow-up questions. It was self-explanatory- to 

everyone but me, the surgical fledgling. The intrigue of this procedure gripped me and has 

not let me go to this day. What was this whole-morning-lasting surgery that only the chief 

of that hospital had the skill to do? As a first-year med student, I had little knowledge of the 

how and why of this procedure. So much so, that I did not even dare to go watch it. But I 

knew it was not your run-of-the-mill surgery. Little did I know that this procedure would 

prove to be so vital in my career of becoming a doctor. 

A few years later, when I first approached Prof. Dr. Selman Uranüs, the head of the surgical 

research department in Graz, all I wanted was a surgical topic for my diploma thesis. I did 

not have anything specific in mind, and during our first official meeting, I proposed a few 

random ideas. But fate and Prof. Uranüs had something in mind for me already, and when 

he told me it would involve my personal favorite surgery, the esteemed Whipple procedure, 

I could not say no. 

The subject of this diploma thesis is a retrospective analysis of the two main variations of 

the Whipple procedure: the classic version with antrectomy, and the pylorus-preserving 

alternative. In this analysis, we compare the two procedures specifically regarding the post-

operative tolerance of oral food intake and analyze whether the diabetics amongst the 

recruited patients have a higher or lower rate of delayed gastric emptying. 
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Abstract 
 

Introduction:  
One of the most common postoperative conditions after a Whipple operation is delayed 

gastric emptying (DGE). Symptoms include postprandial vomiting, abdominal discomfort, 

nausea, and protracted tolerance of solid foods. It usually leads to a longer hospital stay and 

has a negative impact on the patientôs postoperative quality of life. The choice of surgical 

method, having preoperative diabetes mellitus (DM), and other factors have often been 

observed in connection with DGE. The aim of this study was to not only see if there were 

differences between diabetics and non-diabetics regarding DGE occurrence, but also 

whether or not within this group, there were any differences due to the chosen variation of 

the Whipple operation (pancreatoduodenectomy with antrectomy = PD, or pylorus-

preserving pancreatoduodenectomy = PPPD). 

 

Material and Methods: 

This study was performed retrospectively and monocentrically at the Department of Surgery 

of the University Hospital Graz. Data was collected from 161 patients who had undergone 

either PD or PPPD in the years 2008 through 2018, from their electronic medical records. 

The patients were split into two groups, depending on whether or not they had preoperative 

diabetes mellitus, and compared.  

 

Results: 

Multiple definitions of DGE were used for comparison in this analysis. óGenuine DGEô was 

defined by applying exclusion and inclusion criteria to the recommended ISGPS definition 

of DGE. While not significant, there was a considerable difference in incidence among those 

who underwent PD (p=0,070), with 77,8% (n=7) of patients with preoperative DM, and 

41,7% (n=20) of patients without DM being classified as having ógenuine DGEô. For those 

who underwent PPPD, there was no significant difference between diabetics and non-

diabetics (p=0,351). While those with preoperative DM showed a rate of 33,3% (n=7), those 

without DM had a rate of 44,6% (n=37).  

 

Conclusion: 

Due to the considerable difference in our cohort sizes, the results of this analysis must be 

viewed with caution. However, there seems to be a trend among diabetic patients to have a 

higher incidence of DGE after PD. Future prospective studies with more comparable cohort 

sizes would need to be performed before a recommendation for clinical practice could be 

determined. 
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Abstract Deutsch 
 

Einleitung: 

Eine der häufigsten postoperativen Komplikationen nach einer Whipple-Operation ist die 

Magenentleerungsstörung (delayed gastric emptying, DGE). Zu den Symptomen gehören 

postprandiale Übelkeit, Erbrechen, und erschwerte Nahrungseinnahme mit konsekutiver 

Verzögerung des Kostaufbaus. DGE führt in der Regel zu einem längeren 

Krankenhausaufenthalt und wirkt sich negativ auf die postoperative Lebensqualität der 

Patientinnen/Patienten aus. Die Wahl der Operationsmethode, präoperativer Diabetes 

mellitus (DM) und andere Faktoren, so wie das Auftreten von anderen postoperativen 

Komplikationen, sind im Zusammenhang mit DGE häufig beobachtet worden. Ziel dieser 

Studie war es, nicht nur zu sehen, ob es Unterschiede zwischen Diabetikerinnen/Diabetikern 

und Nicht-Diabetikerinnen/Nicht-Diabetikern bezüglich des Auftretens von DGE gibt, 

sondern auch, ob es innerhalb dieser Gruppen aufgrund der gewählten Variante der Whipple-

Operation (Pankreatoduodenektomie mit Antrektomie = PD, oder pyloruserhaltende 

Pankreatoduodenektomie= PPPD) Unterschiede gibt. 

 

Material und Methoden: 

Diese Studie wurde retrospektiv und monozentrisch an der Chirurgischen Klinik  des 

Universitätsklinikums Graz durchgeführt. Es wurden Daten von 161 Patientinnen/Patienten, 

die sich in den Jahren 2008 bis 2018 entweder einer PD oder einer PPPD unterzogen hatten, 

aus ihren elektronischen Krankenakten gesammelt. Die Patientinnen/Patienten wurden in 

zwei Gruppen aufgeteilt, je nachdem, ob sie einen präoperativen Diabetes mellitus hatten 

oder nicht, und verglichen.  

 

Ergebnisse: 

In dieser Analyse wurden mehrere Definitionen für DGE zum Vergleich herangezogen. 

ĂEchtes DGE" wurde durch Anwendung von Ausschluss- und Einschlusskriterien auf die 

empfohlene ISGPS-Klassifikation von DGE definiert. 104 Patientinnen/Patienten wurden 

mit der pylorus-erhaltenden Methode (PPPD) und 57 mit der Ăklassichenñ Prozedur (PD) 

operiert. 

In der PPPD Gruppe wiesen 7 Personen (33,3%) mit Diabetes mellitus (DM) Ăechtes DGEñ 

auf; im Vergleich hatten 37 Personen ohne DM (44,6%) Ăechtes DGEñ (p=0,351; nicht 

statistisch signifikant). 

In der PD Gruppe wiesen 7 Personen (77,8%) mit DM Ăechtes DGEñ auf, während 20 

Personen ohne DM (41,7%) Ăechtes DGEñ aufwiesen (p=0,070; nicht statistisch signifikant). 

 

Schlussfolgerung: 

Aufgrund der beträchtlichen Unterschiede in unseren Kohortengrößen sind die Ergebnisse 

dieser Analyse mit Vorsicht zu betrachten. Es scheint jedoch ein Trend unter den 

Diabetikerinnen/Diabetikern zu geben, eine höhere Inzidenz von DGE nach der PD-Variante 

aufzuweisen. Zukünftige Analysen im Rahmen prospektiv randomisierten Studien mit 

besser vergleichbaren Kohortengrößen müssten durchgeführt werden, bevor eine 

Empfehlung für die klinische Praxis festgelegt werden kann. 
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Introduction 
 

ñGod put the pancreas in the back because he did not want surgeons 

messing with it.ò 
Theodor Billroth (1829ï1894) (1) 

 

Being located in the retroperitoneal space, diseases of the pancreas are hard to find- and even 

harder to treat. Theodor Billroth was still alive when his colleague Friedrich Trendelenburg 

performed the very first distal pancreatectomy. His concern was probably validated at the 

time. Like many things, this was an unimaginable feat back then - but some time before that, 

merely entering the abdomen had been a death sentence. Medical pioneers have always 

strived to achieve improvement in their fields. Now, through the unfathomable progress 

made in regards to hygiene, anesthesia, and much, much more, surgeons no longer have the 

same worries as their historical peers, allowing them far more time and ability to devote 

themselves to the fine-tuning of the well-established procedures available nowadays. 

Pancreatoduodenectomy is one of these. After nearly a century of trial-and-error, surgeons 

worldwide have now reached a point where the question no longer is óShould I operate?ô, 

but óWhich variation of the procedure should I apply?ô.  

Different versions of pancreatoduodenectomy have been created, and many of these have 

been stacked up against each other, oftentimes leading to one result, while another 

comparison leads to the exact opposite. The topic of this analysis is certainly not a new idea, 

yet, to date, there is no clear answer to the question asked. 

So, yes, this is yet another comparison between the pylorus-preserving 

pancreatoduodenectomy and the classic Whipple procedure with antrectomy, because 

sometimes, if the answer is not clear, maybe the question needs to be rethought. 

In this analysis, we observe the incidence of delayed gastric emptying (DGE) and compare 

its occurrence in patients who presented with preoperative diabetes mellitus to its occurrence 

in non-diabetic patients. Furthermore, we analyze the incidence in regards to either variation 

of the Whipple procedure.  

Being tied to the aging of our populations, the incidence of pancreatic cancer is on the rise. 

This, combined with the decreasing mortality rate after pancreatoduodenectomy, makes it 

the surgeonôs job to ensure their patientôs quality of life, and so it is paramount to find the 

procedure that will best serve the patientôs unique needs. Since DGE greatly affects the 

patientsô quality of life, it is important to find a definitive way to reduce the occurrence, if 

only for a small part of the population. 
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Figure 1- Pancreatic duct, Henry Gray (Wikimedia Commons, File 1100) 
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1 Pancreatoduodenectomy 
 

1.1 History  

1.1.1 Kausch and Whipple  

Pancreatoduodenectomy (PD),  a procedure that is usually performed for periampullary 

cancer, and in which the head of the pancreas, the duodenum, the bile duct, gallbladder, and 

the antrum of the stomach is removed, is commonly known as the Whipple procedure.  

This is due to the procedure being popularized by Persian-born Dr. Allen Oldfather Whipple. 

This procedure is also known as the Kausch (or Kausch-Whipple) procedure, named after 

its founder Dr. Walther Kausch of Prussia. 

Following the footsteps of the surgeons who laid the groundwork for pancreatic surgery (e.g. 

Codivilla, Desjardins, and Sauvé - to name a few), Kausch performed the first successful 

pancreatoduodenectomy on a human patient and published the instructions to this radical en 

bloc procedure in 1912. 

In this groundbreaking publication, he recounts his trials and errors in finding a way of 

resecting carcinomas of the ampulla. Even though his success rate was next to nothing, he 

was very optimistic that his method could be applied not only to operating on the papilla but 

also to resections of the entire duodenum and of the pancreatic head. (2) Taking into 

consideration that these radical operations were performed before the invention of the CT 

scan, most patients were only diagnosed with cancer of the duodenal papilla/pancreatic head 

at a very late stage- the leading symptom in these cases being jaundice and weight loss- 

which is one of the reasons for his low success rate. Another frequent cause of failure was 

leakage around the anastomosis due to the usage of catgut sutures, which quickly dissolved 

when coming into contact with pancreatic juices.  

 

In the first iterations of this new technique, Kausch describes a multitude of possible 

anastomoses, allowing room for adjusting to individual patient needs and for future 

improvements upon his method. The original operation was performed in two stages and 

included both an anastomosis of the gallbladder fundus to the jejunum, and an end-to-end 

pancreatojejunostomy, in which the duodenal wall was wrapped around the pancreatic 

stump. It is also noteworthy, that the duodenum was resected after the pyloric ring, thus 

leaving the stomach intact with a pyloric stump and a gastro-enterostomy in the proximal 

portion of the antrum. 
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It was not until 1935 that Whipple published a summary of case reports from the previous 

years and his modifications to the above-mentioned operation. (3) In the first stage of this 

two-stage-procedure, a posterior gastroenterostomy was performed, as well as a 

cholecystogastrostomy in the small curvature. In the second stage, the head of the pancreas 

and the entire duodenum were resected, closing off the pylorus. Contrary to Kauschôs 

method, Whipple did not attach the pancreas to the jejunum, instead leaving a sutured-shut 

pancreatic stump behind. The justification behind this is that they deemed the exocrine 

functions of the pancreas non-essential to digestion. The first patient he described, died 36 

hours after surgery. Five months later, Whipple tried the same procedure again, this time 

using silk instead of catgut, resulting in patient survival. 

 

In 1942, Whipple describes a new and improved method, while looking back at the 

development in the years prior to this publication. In regard to lower perioperative mortality, 

he gives credit to the development and employment of vitamin K and bile salts and advances 

in anesthesia and transfusion medicine. (4) By this time, the method has evolved into a 

single-stage operation that lasted 3.5 to 5 hours (5). One of the main changes in the method 

was the reversal from cholecystogastrostomy to the end-to-end implantation of the common 

bile duct into the jejunum. This was due to the high risk of patients developing cholangitis 

because stomach contents were being pumped into the gallbladder. Another noteworthy 

change is the removal of the distal third of the stomach and succeeding antecolic end-to-end 

gastrojejunostomy.  

An additional modification involving the pancreas followed in 1945: Whipple, now 10 years 

more experienced, reintroduces the pancreatic duct into the digestive tract via end-to-side 

implantation in the proximal jejunum, just below the choledochojejunostomy. (6) 

Even though throughout in his lifetime, Whipple himself only performed 37 

pancreatoduodenectomies working in New York, the procedure bore his name as early as 

the 1940s.(7)(8)(9) 

 

Despite the advances in medicine in general and the considerable technical improvements, 

this procedure still bore a high mortality rate of about 30 to 35 percent. In Whippleôs opinion, 

the method was justified because it provided a better life quality in spite of the short term 

result. (4) Still, some questioned if it was at all worth the risk. 

A series of reviews followed, in which PD was tested against other methods, including less 

radical, purely palliative procedures, like the placement of biliary bypasses. (10)(11) Even 
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as modern medicine continued to evolve and the intra- and perioperative mortality slowly 

began to sink, some surgeons still steered clear of this radical resection. For a while in the 

late ô40s, there was an increase in the trend of performing total pancreatectomies, despite it 

leading to the patients becoming diabetic postoperatively. 

Thankfully, there were still those who trusted in the promise of the procedure and kept at it, 

thus improving their technique as well as applying the advances in the perioperative medical 

fields. This consequently led to fewer operative deaths and the Whipple procedure became 

more and more accepted as a valuable option for treating pancreatic cancer patients. (12)  

It would still take several decades until a major modification to the procedure itself was 

introduced. Aside from a few slight variations in the reconstruction and anastomoses, the 

procedure today remains very similar to the one performed by Whipple in 1942. (13) 

 

1.1.2 Traverso and Longmire  
Even after becoming an established operating method worldwide, the Whipple procedure 

was constantly being revised and updated. In the memoir written about his longtime mentor 

and colleague William P. Longmire Jr., American surgeon L. William Traverso describes 

the moment the pylorus-preserving pancreatoduodenectomy (PPPD) was born. According 

to him, Longmire constantly strived to make established operations better. In his lifetime, 

three big operating techniques were modified and ñrebrandedò by him and his surgical team: 

the intrahepatic cholangiojejunostomy in 1947, the jejunal interposition after total 

gastrectomy in 1951 and pylorus preservation during pancreatoduodenectomy in 1977; these 

techniques were named Longmire I, II and III respectively. (14) 

The idea was formed when, during a Whipple procedure for chronic pancreatitis, Longmire 

lamented that it was a shame to remove so much of the stomach in a non-cancer patient. 

At the time, it was routine to perform a hemigastrectomy, as it had been observed that if 

more of the stomach was left in place, the higher production of gastric acid would lead to 

ulcerations at the site of the anastomosis. This prompted the thought of resecting the 

duodenum in the post-pyloric area, thus leaving the pylorus intact to provide a metering 

function and reduce ulceration. Additionally, they hoped that retaining more of the stomach 

would reduce postoperative dumping symptoms and other complications of having a reduced 

gastric reservoir. Together with Traverso, they published the data from their first successful 

cases in 1978, and a follow-up report in 1980, proving that their initial theory of reducing 

the rate of marginal ulceration was correct. 
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Although first introduced for benign disease, the procedure was soon after adapted for 

malignant diseases as well. Preservation of the pylorus in cancer patients had first been 

described by Watson in 1944 (15), but the idea had not taken hold in the surgical community 

as there had been concerns that the resection margin was not appropriate for carcinomas of 

the head of the pancreas or distal common bile duct. With the increasing use of intraoperative 

frozen sections, however, this problem became a thing of the past. (16) In fact, frozen 

sections became an essential part of the Whipple procedure, since subjecting a patient to 

such a long operation without making sure the whole tumor was removed, was deemed worse 

than having no surgery at all. (17)  

First comparisons between this new modified PD and the standard Whipple procedure with 

antrectomy showed promising results. Depending on the analysis, the PPPD was consistently 

comparable- if not better- than the original PD in regards to survival rates. Another attractive 

benefit of the pylorus-preserving method was the reduced operating time and easier 

reconstruction technique. (16) 

With growing experience, more and more surgeons dared to use this organ-sparing resection. 

Still, the question remained: Was pylorus-preservation the way of the future? 

In their clinical and physiological review in 1986, Itani et al. observed that this progress had 

ñopened a new and interesting physiologic debate on the role of the preserved antrum and 

pylorus[é]ò even going as far as stating that ñPylorus preservation appears to be the 

technique of choice at this time for gastrointestinal reconstruction after 

pancreatoduodenectomy.ò (18)  Yet others were not so quickly convinced. 

 

1.1.3 Modern -Day Pancreatoduodenectomy  
Since the very beginning, pancreatoduodenectomy has been subject to various changes. 

From suturing the fundus of the gallbladder to the walls of the stomach or jejunum to 

removing the entire pancreas, this procedure has changed vastly in the many years since its 

conception. 

In 1994, the first laparoscopic PPPD was performed by Gagner and Pomp for chronic 

pancreatitis. The procedure took 10 hours, but there were no major complications and the 

patient was able to return home on the 30th postoperative day. (19) 

The benefits of laparoscopy over open procedures have long been proven. They are the same 

for laparoscopic PD, even resulting in similar morbidity and mortality to PD with 

laparotomy. However, due to its increased operative times and high degree of technical 

difficulty, laparoscopic PD has not yet been widely adapted into surgical routine. 
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While minimally invasive surgery is the general trend for the future of surgery, Griffin et al. 

put it best when they pointed out, that ñDespite all of the resources available to modern 

medicine today, contemporary surgeons continue to struggle with one of the same barriers 

Mikulicz described over a century ago; namely, the inability to diagnose [pancreatic cancer] 

early enough to make a difference.ò (20) 

Yet, viewed through the lens of history, this statement is not as disheartening as it initially 

seems, as surgeons and researchers are constantly striving to achieve better outcomes for 

their patients and the trend towards bettering patient care has been positive. 

 

1.2 Indications  of pancreatoduodenectomy  

1.2.1 Pancreatic Cancer  

 

Figure 2- The Pancreas (Wikimedia Commons, File 1820) 

Pancreatic cancer is a broad term used for all malignancies originating in the pancreas, an 

upper abdominal organ that is not only coupled with the digestive but also with the endocrine 

system. These neoplasms can thus be divided into two major groups, exocrine and 

(neuro)endocrine, which can sometimes be hormone-producing. 

While the majority of these neoplasms are infiltrating ductal adenocarcinomas, many 

histologic variations have been described to date. A comprehensive list of these- including 

the benign variations- can be found below. 

Generally, patients with pancreatic cancer only develop symptoms late into the course of 

their disease, often leading to a diagnosis of a no longer surgically resectable tumor, making 

most therapy options strictly palliative. 

When they do have symptoms, they usually present with one or multiple of the following: 

¶ Jaundice (with or without pain) 

¶ Unexplained weight loss and/or cachexia 

¶ Pain in the upper abdomen or back 
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¶ Fatigue 

¶ Digestive problems, such as fat indigestion, nausea, stool abnormality and feeling of 

fullness 

All  of these symptoms are unspecific and could be due to many other diseases, making the 

diagnosis of pancreatic cancer quite difficult.  

The use of tumor markers as a screening method has, so far, proven inefficient. The most 

widely used tumor marker for pancreatic lesions is the sialylated Lewis blood group antigen 

CA 19-9, but as Maitra and Hruban put it in the ñAnnual Review of Pathology: Mechanisms 

of Diseaseò (Volume 3, 2008): ñAlthough the sensitivity of CA19ï9 as a tumor marker in 

patients presenting with symptoms suspected to be due to pancreatic cancer is Ḑ80%, this 

value is considerably diminished (Ḑ55%) in small, resectable cancers (<3 cm).ò (21) 

Furthermore, in precursor lesions, such as PanIn and IPMN, CA 19-9 is often in the normal 

range. 

When a patient has a suspicious pancreatic tumor, it is paramount for them to undergo 

imaging to verify and determine resectability. Firstly, sonography such be performed, 

followed by a CT scan or MRI, if there is evidence of a growth, or if the pancreas cannot be 

determined well enough to exclude pathology. ERCP and MRCP are also recommended in 

cases where the cause of jaundice is unclear. They can also be performed to preliminarily 

treat jaundice by placing a stent into the pancreatic and/or common bile duct. Oftentimes 

this is done during the time in which a patientôs symptoms are being investigated, leading 

up to surgery. Endoscopic ultrasound should be performed when the tumor dignity is unclear, 

as this presents the physician with the option of performing a fine-needle aspiration. 

Even with imaging, only about 10-20% of patients present with a tumor that is resectable at 

the time of diagnosis. (22) 

Tumors are usually classified as unresectable if they infiltrate neighboring organs and 

vessels, such as the superior mesenteric vessels, the portal vein, or the aorta. Infiltration can 

not always be confirmed with the above-mentioned imaging. Thus, resectability can often 

only be ultimately determined during explorative surgery. (23) Another factor for the 

decision not to operate, although locally resectable, is the presence of distant metastases at 

the time of diagnosis. 

 

In cases in which surgery is not an option, patients undergo chemotherapy. The drug of 

choice for pancreatic malignancies is Gemcitabine, which is mostly used in adjuvant 

treatment in resectable cases. (21) New developments have been made using the combination 
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of oxaliplatin, irinotecan, and fluorouracil plus leucovorin (ñFOLFIRINOXò) for first-line 

chemotherapy, as well as the combination of Gemcitabine with albumin-bound Paclitaxel. 

While immunotherapy for pancreatic cancer is still in óbaby shoesô, these newly developed 

ñintensive chemotherapy regimensò are making breakthroughs, even leading to the 

possibility of conversion from unresectable disease to resectable disease. (24) 

This treatment option can prolong the overall survival rate, however, most treatments are 

considered palliative due to the late stage at the time of diagnosis.  

As of today, surgery remains the only potentially curative treatment. According to 

McGuigan et al., ñin patients who are able to undergo successful surgical resection, 5-year 

survival is quoted as 27% whereas if the patient has locally advanced or metastatic disease 

the median survival rate is six to eleven months and two and six months respectively.ò (25)  

The tumor stage at the time of resection drastically influences the outcome, which is why 

further development in the area of early detection of pancreatic cancer is crucial. 

 

1.2.1.1 Histopathological Classification of Pancreatic Cancers  

As adapted from ñSurgery for Pancreatic and Periampullary Cancerò (Tewari, M.) (23) 

 

Epithelial neoplasms 

A. Exocrine neoplasms 

1. Serous neoplasms 

(a) Serous cystadenoma 

(b) Serous cystadenocarcinoma 

2. Mucinous cystic neoplasms 

(a) Mucinous cystadenoma 

(b) Mucinous cystadenocarcinoma, non-invasive /  invasive 

3. Intraductal neoplasms 

(a) Intraductal papillary mucinous neoplasms 

a. Intraductal papillary mucinous adenoma 

b. Intraductal papillary mucinous carcinoma, non-invasive / invasive 

(b) Intraductal tubulopapillary neoplasms 

a. Intra ductal tubulopapillary carcinoma, non-invasive / invasive 

(c) Pancreatic intraepithelial neoplasia (PanIN) 

a. Low-grade PanIN 

b. High-grade PanIN 

4. Invasive ductal carcinomas 

(a) Adenocarcinoma 

(b) Adenosquamous carcinoma 

(c) Mucinous carcinoma 

(d) Anaplastic carcinoma 

a. Anaplastic carcinoma, pleomorphic type 

b. Anaplastic carcinoma, spindle cell type 

c. Anaplastic carcinoma with osteoclast-like giant cells 

5. Acinar cell neoplasms 

(a) Acinar cell cystadenoma 
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(b) Acinar cell carcinoma 

B. Neuroendocrine neoplasms 

1. Neuroendocrine tumors (NET, G1, G2) 

2. Neuroendocrine carcinoma (NEC) 

C. Combined neoplasms 

D. Epithelial neoplasms of uncertain differentiation 

1. Solid pseudopapillary neoplasm 

2. Pancreatoblastoma 

E. Unclassifiable 

F. Miscellaneous 

 

Non-epithelial neoplasms 

¶ Hemangioma 

¶ Lymphangioma 

¶ Leiomyosarcoma 

¶ Malignant lymphoma 

¶ Paraganglioma 

¶ Others 

 

1.2.1.2 Epidemiology  

In 2018, pancreatic cancer was ranked as the 7th most common form of cancer worldwide. It 

is ranked the 8th most common amongst men, and 6th amongst women. As the incidence is 

age-related, the number of cases is continuously on the rise as populations continue to grow 

older. For this reason, it is also less prevalent in developing countries, although there might 

be a certain unreported amount that goes undiagnosed. As it is a fairly expensive endeavor 

to accurately diagnose pancreatic tumors with modern imaging instruments, the actual 

number of cases might be higher in low-income countries. 

 

Figure 3- Estimated age-standardized incidence rates worldwide for pancreatic cancer in 2018, both sexes, all 

ages (Source: GLOBOCAN 2018, International Agency for Research on Cancer, WHO) 
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Just like with other carcinomas, the etiology of pancreatic cancer has been associated with 

numerous lifestyle factors, including tobacco smoking and excess body weight. The highest 

risk factors, nevertheless, are the hereditary and genetic ones, such as hereditary pancreatitis, 

Lynch syndrome, and Peutz-Jeghers syndrome- to name a few. That is not to say that all 

pancreatic cancers can be traced back to one underlying cause, as up to 77% are likely due 

to non-hereditary and non-environmental factors, such as random DNA replication errors. 

(26) 

 

 

Figure 4 - Estimated number of new cancer cases in 2018 in Europe, in females and males, all ages (Source: 

GLOBOCAN 2018, International Agency for Research on Cancer, WHO) 

As mentioned before, due to the late-stage diagnoses, pancreatic cancer is especially lethal. 

In 2018, it was the 4th most common cause of cancer-related death in Europe, and 7th 

worldwide, making up 6,6% and 4,5% of all cancer deaths respectively. (GLOBOCAN, 

2018, WHO) 

 

Figure 5- Estimated number of cancer deaths in 2018, all cancers, all sexes, all ages (Source: GLOBOCAN 

2018, International Agency for Research on Cancer, WHO) 
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1.2.2 Periampullary Cancer  

 

Figure 6 - Papilla (Mallika Tewari - Surgery for Pancreatic and Periampullary Cancer (2018)) 

The hepatopancreatic ampulla (of Vater) is the common pancreaticobiliary channel from the 

point onwards where the common bile duct meets the pancreatic duct. In normal anatomy 

this occurs right before they merge with the duodenal wall, forming the major duodenal 

papilla, which is also known as the papilla of Vater. (a) The distance of this merger can vary 

regarding the orifice of the papilla, sometimes even not merging at all before reaching the 

duodenal wall. (c) When the common channel is too long, there is a chance of pancreatic 

reflux into the bile duct. This is called a pancreaticobiliary maljunction. (b) 

The sphincter of Oddi is a circular smooth muscle sphincter that lies around the papilla, 

which controls the flow of bile and pancreatic juices into the digestive tract. 

Periampullary cancer thus describes any type of cancer that forms in or near the ampulla, 

including cancers of the sphincter Oddi, duodenal cancer adjacent to the papilla, cancers of 

the distal common bile duct and even of the head of the pancreas. 

 

1.2.3 Pancreatitis  

Inflammatory disease of the pancreas can be classified as acute or chronic, and both 

classifications have relapsing subtypes. 

Acute pancreatitis is usually associated with (upper) abdominal pain and elevated pancreatic 

enzymes (serum amylase and lipase). Chronic pancreatitis is characterized not only by its 

persistence but also by morphological change and loss of function, which is largely 

irreversible. (27) 

One of the causes for acute pancreatitis is the organôs own function: digestion- or in this 

case- autodigestion. Indeed, almost all genetic factors associated with pancreatitis are linked 

to genes that encode pancreatic digestive enzymes. There also exists an autoimmune variant. 

Infection with coxsackievirus group B has also been associated with causing acute 

pancreatitis. 
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Other contributors are toxins, such as from scorpion stings and insecticides, although this 

etiology is far less common. Far more commonly, patients develop pancreatitis due to duct 

obstruction. This is usually caused by gallstones, which lodge in the ampulla and/or 

pancreatic duct and can therefore cause a blockage of pancreatic secretion. (28) Another 

common cause is the post-ERCP variant, which occurs after treatment of gallstones. Damage 

in acute pancreatitis can include necrosis of duct epithelia and perilobular necrosis.  

While it is commonly associated with alcohol abuse, this has proven not to be the most 

common risk factor for chronic pancreatitis. While it is the most common risk factor amongst 

men, more often than not, it is idiopathic or relies on genetic factors. Similarly to acute 

pancreatitis, the chronic variation can also be caused by duct obstruction or long-time duct 

stricture. Another significant risk factor is repeated bouts of acute pancreatitis or the 

development of considerable necrosis during such an episode.  

Chronic inflammation can cause changes such as fibrosis, duct abnormalities, and 

calcification. Long-term consequences are steatorrhea due to exocrine insufficiency, and 

diabetes due to endocrine insufficiency. Chronic pancreatitis can also lead to gastric 

obstruction and jaundice. 

One other complication which should not be underestimated is the risk of developing 

pancreatic cancer. Although there is a strong link, pancreatic cancer develops in only about 

5% of patients with chronic pancreatitis. Yet, Raimondi et al. found that ñthe risk is markedly 

increased in those patients with hereditary pancreatitis or tropical pancreatitis [é]ò There is 

also a higher risk for smokers and those who drink excess alcohol. (29) 

While IPMNs can resemble chronic pancreatitis when calcified, an exact link between 

chronic pancreatitis and precursor lesions has yet to be defined and current guidelines do not 

suggest screening every patient who is diagnosed with chronic pancreatitis for pancreatic 

cancer. Pancreatic cancer may- because of their similar and sometimes vague symptoms- be 

sometimes mistaken for chronic pancreatitis. For this reason, it is imperative that physicians 

keep an eye on these patients, watching out for sudden weight loss and other changes, such 

as new-onset diabetes. 

Due to the damage caused by its own enzymes, chronic pancreatitis is incurable. The 

treatment, therefore, is symptom-oriented, such as managing pain; which can be especially 

challenging if patients develop hyperalgesia. Another necessary treatment is supplying 

patients with heterologous pancreatic enzymes to combat maldigestion. This is called 

pancreatic enzyme replacement therapy. Most heterologous pancreatic enzymes are derived 

from porcine pancreatic extracts and consist of lipase, amylase, and proteases. (30) 
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Advanced disease is oftentimes treated with surgery. This is usually preceded by ERCP, 

where attempts can be made to stent the pancreatic duct or remove a stone. 

Surgical treatments include decompression procedures or resection. According to K. Barry, 

ñone-half of patients with chronic pancreatitis will eventually require surgery, most 

commonly because of intractable, disabling pain.ò (31) 

Though not always the resection of choice, the Whipple procedure is the most commonly 

applied technique for chronic pancreatitis. It is usually indicated for pancreatic head 

enlargement but is generously applied due to its high success rate in regards to pain relief. 

 

1.3 Complications of pancreatoduodenectomy  

In regards to the early years, as mentioned before, the mortality rate for PD has sunk 

considerably, mostly due to better imaging and patient selection. Yet the morbidity rate has 

not decreased for decades. According to Kapoor et al., òa three decade review of 2,564 PDs 

for periampullary adenocarcinomas performed at the Johns Hopkinôs Hospital reported an 

overall [postoperative] complication rate of 52%, including DGE (16%), pancreatic fistula 

(9%) and wound complications (12%).ò (32) 

Just like any other major radical oncological resection, PD has a wide variety of intra- and 

postoperative complications such as blood loss, venous thrombo-embolism, wound 

complications (e.g. infections), and anastomotic failures. 

For the purpose of this thesis, we will concentrate only on the complications specific to PD, 

regardless of the variant, with emphasis on DGE, as this is the most relevant to our analysis. 

For nearly every complication after PD there exists a proposed definition and/or 

classification by the International Study Group of Pancreatic Surgery (ISGPS). (33)   

According to them, the most common PD-specific postoperative complications are: 

1. Delayed Gastric Emptying (DGE) 

2. Postoperative pancreatic fistula (POPF) 

3. Post PD hemorrhage (PPH) 
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1.3.1 Posto perative pancreatic fistula  

In 2005, the ISGPS suggested this definition of POPF: 

ñA general definition of pancreatic fistula is an abnormal communication 

between the pancreatic ductal epithelium and another epithelial surface 

containing pancreas-derived, enzyme-rich fluid. However, a POPF 

represents failure of healing/sealing of a pancreatic-enteric anastomosis, 

or it may represent a parenchymal leak not directly related to an 

anastomosis such as one originating from the raw pancreatic surface (eg, 

left or central pancreatectomy, enucleation, and/or trauma). In this case, 

there is a leak from the pancreatic ductal system into and around the 

pancreas and not necessarily to another epithelialized surface (eg, via a 

surgical drain).ò - Healy et al., 2005 (34) 

The aim of creating this definition was to combine all reports of anastomotic failures, 

leakages, and abscess formations into one group, to better objectively compare the rates of 

this complication, seeing as in the literature before 2005, these terms were generally used to 

describe the same occurrence. 

After years of universal usage their new definition of POPF as a gold standard, and upon 

reviewing the critiques from their international colleagues, the ISGPS brought out a revised 

classification system for POPF in 2016. In this new system, there are three grades of POPF, 

namely: Grades BL, B, and C. (35) 

Grade BL, formerly grade A - also called a ñbiochemical fistulaò, has no clinical impact. 

Grades B and C are considered clinically relevant, as they lengthen the postoperative hospital 

stay and require a change in patient management.  

In all three cases, the intraoperatively placed abdominal drain produces an amylase value 

more than three times the upper limit for the institutional normal serum amylase value. If the 

drainage persists for more than three weeks or leads to change in patient management, it 

supersedes the ñnormalò postoperative state of Grade BL and is then classified as Grade B.  

As for Grade C, Bassi et al. put it best: ñWhenever reoperation is needed or organ failure 

occurs, the fistula shifts to a grade C POPF.ò (35) This is also the case if the fistula is the 

underlying trigger for sudden patient death. 

 

1.3.2 Post -pancreatoduodenectomy  hemorrhage  

In their manuscript outlying the definition for PPH, the ISGPS states that ñpostoperative 

bleeding was classified on the basis of 3 criteria: (I) time of onset, (II) location and cause, 

and (III) severity.ò (33)  
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This resulted in a clinical grading system (grades A, B, and C) with Grade A hemorrhage 

having little to no impact on the postoperative care and Grade C being potentially life-

threatening. 

 

Figure 7- PPH Bleeding sites (Postpancreatectomy hemorrhage - ISGPS; Wente et al. (2007)) 

 

Causes for PPH include poor control over intraoperative bleeding, failure of hemostasis, 

complications due to surgical technique and experience, anastomotic leak, or coagulopathy. 

In more severe cases (Grades B-C) patients often must undergo relaparotomy for the surgeon 

to control the bleeding and/or evacuate a hematoma. 

 

1.3.3 Delayed Gastric Emptying  

Records of Delayed Gastric Emptying after PD can be found as early as 1985. (36) While 

also occurring after other gastrointestinal tract surgeries, it is especially common after 

pancreatic surgery. 

Similarly to gastroparesis, it presents itself clinically with a high rate of nausea, vomiting, 

and intolerance to solid oral intake in the early postoperative observation time. While not 

being life-threatening, it has lead to considerable patient discomfort and longer 

hospitalization rates. 

According to Kang et al., ñDGE appears to represent the pathophysiological changes that 

occur after PD.ò (37) This is not only due to the removal of upper abdominal organs, which 

alters the path of gastrointestinal flow but also because of the postoperative lack of hormones 

like motilin, which is produced in the duodenum. 

DGE has long been a point of controversy. This was largely caused by the lack of a uniform 

classification of this term, leading to difficulties in comparisons of severity and incidence. 
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Like the above-mentioned complications of PD, the ISGPS took it upon themselves to offer 

a consensus definition in 2007. (38) In this statement, they distinguished three grades: A, B, 

and C. In this new grading system, the main differentiation is the length of time during which 

the patient needs a nasogastric tube (NGT).  

The NGT is usually inserted intraoperatively and is used to drain bile and other fluids from 

the operation site. The general consensus is to remove the tube as soon as possible. Some 

centers- and some individual surgeons- have it removed during extubation to allow early 

feeding regimes. If the patient has persistent vomiting, the NGT might be reinserted. 

According to the ISGPS, in cases where the NGT is needed for more than 3 days after the 

operation, or if it needs to be reinserted after postoperative day 3 (POD), the patient has 

DGE. 

Another consideration is the point at which the patient can tolerate solid meals 

postoperatively. In most centers patients receive parenteral feeding and liquids at first, then 

they are put on an oral diet that gradually builds their tolerance for solid foods. If the patient 

cannot eat a meal without postprandial vomiting or lacks the appetite to consume solids after 

POD 7, DGE should also be considered. 

If the NGT is required for a longer period or is reinserted at a later date, the DGE grading is 

more severe. In these cases, the patient requires parenteral feeding for a longer duration and 

oftentimes prokinetic agents are applied. 

The different grades are defined as follows: 

Table 1- DGE classification by the ISGPS (Reproduced from Wente et al. (2007)) 

Grade  NGT required  No tolerance of solids by POD  

A 4-7 days ï or reinsertion > POD 3 7 

B 8-14 days ï or reinsertion > POD 7 14 

C >14 days ï or reinsertion > POD 14 21 

 

Generally, the higher the grading, the worse the patientsô quality of life in the early 

postoperative period is. Many receive antiemetics and it often takes a few tries with different 

prokinetics until one causes the desired effect. 

The definition and grading of DGE were widely accepted and from that point on, all 

comparisons of gastroparesis after pancreatic surgery could be quantified.  

By applying these new criteria, many researchers concluded that even though a consensus 

definition had been needed, this one also had its faults. 
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Wente et al. do point out, that ñoccasionally a technical problem at the anastomosis, for 

example, stenosis or other mechanical causes of abnormal gastric emptying, can lead to 

complete obstruction, which should not be classified as DGE.ò (38) ï Yet there were other 

problems left unaddressed. 

Healy at al. summarized some recommended exclusion criteria for postoperative DGE in 

2015, stating that although the ISGPS grading correlated well with patient outcomes, ñthe 

inclusive design of these criteria may overestimate the incidence of genuine DGE.ò (39) 

The main suggestion was to exclude patients from these criteria who had the NGT replaced 

because of relaparotomy or other non-DGE conditions. 

Another critique was that sometimes patients needed to be NPO for an interventional 

radiology procedure, or remained intubated for a longer period. By applying the rigid POD 

grading, these patients would automatically receive a DGE diagnosis regardless of clinical 

symptoms.  An updated classification that takes this critique into account has yet to be 

released. 

 

1.4 The Whipple procedure  

 

Figure 8 - Classic Whipple Procedure (A.O. Whipple - Present-Day Surgery of the Pancreas (1945)) 

According to M. Tewari in her book ñSurgery for Pancreatic and Periampullary Cancer ï 

Principles and Practiceò: 

ñThe operation óPDô is classically divided into six clearly defined steps to 

allow safe removal of the pancreatic head, duodenum, bile duct, and 

gallbladder + distal stomach [é]. These are (1) exposure of 

infrapancreatic SMV, (2) extended Kocher maneuver, (3) portal 

dissection, (4) stomach/pylorus/duodenum transection, (5) jejunal and 

ligament of Treitz transection, and (6) pancreas transection and uncinate 

dissection.ò (23) 
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While not every center and surgeon performs PD in the same way, the procedure can 

generally be divided into two parts: the dissection phase and the reconstruction phase. The 

following summary is a brief overview of the key points in performing the Whipple 

procedure (for cancer): 

¶ Dissection phase 

Access to the abdomen is granted through either a bilateral subcostal or midline incision. 

The abdomen is explored for signs of carcinomatosis and metastases to other organs. Self-

retaining retractors are then placed to ensure an adequate view of the operating field. 

1) The infiltration of the superior mesenteric vessels (SMV) is assessed by retracting the 

transverse colon. At this stage, the surgeon can choose to enter the omental bursa/lesser 

sac through the transverse mesocolon and follow the middle colic vessels toward the 

mesenteric root to expose the inferior border of the pancreas. 

2) The Kocher Maneuver is performed after mobilizing the right flexure of the colon and 

identifying the ñCò of the duodenum. Fascia and peripancreatic fat are dissected and the 

duodenum and pancreatic head can be lifted. At this step suspicious and/or enlarged 

lymph nodes can be identified and sent in for frozen section. Now that it has been 

mobilized, the head of the pancreas can be palpated to determine the size and consistency 

of the tumor. Involvement of the SMV can also be assessed with palpation. This is 

usually the step in which resectability is determined. If the surgeon chooses to go on, 

now the gastrocolic ligament can be transected, granting further exposure to the ventral 

side of the pancreas. Sometimes, even if there is some vasal infiltration, the procedure 

can go on- if vascular resection and reconstruction are made possible. 

3) Next, the hepatoduodenal ligament is palpated and dissected. It is crucial to identify and 

preserve the hepatic arteries, and to bear the different anatomical variations in mind 

(accessory or replaced hepatic arteries are common). At this point- if the gallbladder has 

not been previously removed-, cholecystectomy is performed in common fashion. A bile 

sample should be collected. Next, the common bile duct (CBD) is ligated or clamped 

and transected. The distal portion of the CBD is then followed aborally towards the 

pancreatic head. 

4) By this point, the result of the frozen section should have arrived, as this next step marks 

the ópoint of no returnô. The vessels supplying the duodenum and pancreatic head are 

ligated and cut.  



 

 33 

(a) If performing a Whipple procedure with antrectomy, now the stomach is 

mobilized and transected. Depending on the center and surgeon, this is done at 

different heights along the lesser curvature. Generally, at least a third of the 

stomach is removed, the lowest point being directly after the pylorus (proximal 

to the nerve of Latarget), but can reach up to the halfway point of the stomach. 

(b) If preserving the pylorus, the surgeon must be careful not to damage the vagal 

innervation of the pyloric sphincter (nerve of Latarjet). Here, the transection point 

is in the first part of the duodenum, about 2-3cm aborally from the pylorus. 

5) Now, the jejunum is transected approximately 10cm distally from the duodenojejunal 

flexure. This can either be done beneath the transverse mesocolon or after the ligament 

of Treitz is cut and the jejunum has been lifted through the mesocolon retrocolically. 

6) The SMV are dissected free from the uncinate process. Making sure to include the full 

extent of the palpable tumor, the pancreatic neck is now transected. The portal vein is 

checked for infiltration and dissected from the dorsal side of the pancreatic head while it 

is being retracted. The pancreatic duct should be identified and marked for later 

reimplantation. It can also be swabbed to retrieve a sample of the pancreatic fluid. Now 

the specimen (entire duodenum and pancreatic head including distal CBD) can be 

removed and sent to pathology. 

¶ Reconstruction phase 

There are dozens of different reconstruction techniques recorded to date. In principle, the 

main goal of reconstruction is to provide relatively physiological digestion. This means that 

passage from the stomach to the intestine must be restored, as well as the flow of bile and 

pancreatic juices into the digestive tract. 

Whether or not a PD or PPPD was performed, a gastrojejunostomy or pylorojejunostomy 

must now be performed. Depending on the institutional policy and the surgeonôs preference 

and expertise, this can be done antecolically or retrocolically- usually using a mobilized 

jejunal loop-, and employing end-to-end, end-to-side, or other anastomotic techniques. 

The proximal CBD is implanted distally from this anastomosis. 

In regards to the pancreatic anastomosis, the two main variations are pancreatojejunostomy 

and pancreaticojejunostomy. While the former describes a deep invagination of the 

pancreatic stump into the jejunum, the latter is a so-called óduct-to-mucosaô anastomosis, 

where only the walls of the pancreatic duct are stitched around a small hole in the jejunal 

wall. This can be performed with or without a short plastic drain inserted into the pancreatic 
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duct (a so-called ólost drainô). While this is usually the preferred method, some centers still 

perform pancreatogastrostomy, which does not show any difference in the occurrence of 

POPF, or the overall morbidity or mortality. 

During and after all the anastomoses are performed, the surgeon must control bleeding in 

and around the surgical field. After intraabdominal lavage with warmed saline, another 

check for bleeding is performed. Drains are then put in place (usually subphrenically and 

subhepatically) and the abdomen is closed. (40)(23) 

 

Figure 9 - PPPD, postoperative surgical field - Atlas of Surgical Oncology (Daly, Cady, Low; 1993) 

 

1.5 Preservation of the pylorus versus antrectomy  
Since the reintroduction of pylorus preservation, countless comparisons of the two methods 

have been published and analyzed, for pancreatic and periampullary cancer as well as for 

benign disease. Some suggested the clear advantage of one technique over the other, others 

maintained that the two methods had distinct indications and should not be chosen 

lightheartedly. All in all, the initial euphoria over the preservation of the pylorus seemed to 

dwindle, especially in lieu of reviews that clearly stated that the methods did not show any 

relevant clinical differences. (41) 

Previous studies comparing the two surgical methods (classic Whipple with antrectomy or 

pylorus-preserving method) have mainly focused on postoperative complications, 

recurrence rates, morbidity, and mortality. In these studies, no significant difference was 

found that would indicate an advantage of either method. 

A comprehensive Cochrane Collaboration review seemed to hit the nail on the head: eight 

randomized controlled trials with a total of 512 participants were analyzed and revealed no 

relevant differences in mortality, morbidity, or common postoperative complications. (42) 
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Guidelines all over the world adapted this and now recommend both procedures equally, 

regardless if the resection is for malign and benign disease. (43) For this reason, as of yet, 

there are no scientific criteria for deciding which method of surgery to use. Both methods 

are used equally frequently worldwide today and the choice of procedure depends greatly on 

the personal preference and experience of the operating surgeon. 

In regards to DGE, there are numerous studies and meta-analyses comparing the incidence 

in different variations of the Whipple procedure (pylorus-preserving vs. antrectomy, 

antecolic vs. retrocolic reconstruction, etc.) but it is difficult to find clear results, especially 

taking into account that many of these comparisons were made before the consensus 

definition of DGE had been published. (44)  

Since the new definition was established, definitive differences between the variations of the 

Whipple operation have been investigated, still, until now no clear advantage of one 

operation method (PD) over the other (PPPD) could be found. 

There is a tendency amongst many of these analyses to show that PD is associated with a 

lower DGE rate, especially in the ones published between the years 2014 and 2016. (45)(46) 

In 2016, one Brazilian study group even went as far as publishing an ñobituaryò for the 

pylorus-preserving PD, stating that ñthere is no reason to maintain the pyloric ring if we 

want to reduce such complications [DGE and long-term nutritional status]. Stomach-

preserving pancreatoduodenectomy should be the standard procedure for patients with 

pancreatic head cancer and therefore, in these circumstances the pylorus-preserving 

pancreatoduodenectomy is dead and buried.ò (47) 

On the other hand, newer meta-analyses and randomized controlled trials (since 2017) are 

drifting back in the other direction, promoting both PD and PPPD equally, or even showing 

the superiority of pylorus-preservation regarding DGE occurrence. (48)(44) 

Yet while some research groups have published poignant statements and cast their votes for 

one procedure or another, most do acknowledge that there seems to be more to this debate 

than surgical procedure alone. 

Several meta-analyses have proven that the occurrence of DGE is multifactorial. One factor 

that is often mentioned is the reconstruction technique, with many pointing towards antecolic 

reconstruction as the way to go, to reduce DGE. (49) Others have proven that the incidence 

of other postoperative complications- such as POPF- greatly correlates with the incidence of 

DGE, as well as the occurrence of preoperative diabetes mellitus. (50) 
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2 Diabetes mellitus 

2.1 A short history of diabetes  

The disease commonly known as ñdiabetesò was first described back in 1550 BCE in the 

Egyptian Papyrus Ebers, one of the worldsô first medical textbooks. In them, they describe 

patients with excessive thirst and unusual frequency of urination. Yet, although they describe 

remedies for these patients, it is improbable that they recognized the underlying disease. 

óHoney urineô, or madhumeha, is how it came to be called in the 5th century BCE by Indian 

surgeon SuŜruta when he noticed the sweet taste of a patientôs urine and its ability to attract 

ants. Furthermore, he mentioned the prevalence of this phenomenon amongst upper-class 

patients, thus referring to the relationship with their food and sweets consumption. 

The next centuries added further observed symptoms to the list, yet it was not until the 2nd 

century CE that this disease was first accurately described and the nomenclature set in stone 

by Aretaeus of Cappadocia. The term ódiabetesô, which comes from the Greek word for 

ósiphonô is a reference to the constant passing of water through diabetic patients, by 

excessive drinking and urinating. The word mellitus, which comes from the Latin word 

ósweet thingô or óhoneyô, refers to the above-mentioned sweetness of the urine and was not 

added to the nomenclature officially until 1675 by T. Willis. 

In 1889, a few decades later, the role of the pancreas in diabetes was finally discovered, 

when O. Minkowski and J. von Mering proved that performing a pancreatectomy (in dogs) 

caused glycosuria.  

In 1922, after a long period of studying the relation between diabetes and a hormone secreted 

by the islet cells of Langerhans, a Canadian research team consisting of J. MacLeod, F. 

Banting, C. Best, and J. Collip were able to test insletin- later renamed insulin- on the first 

human subjects. One year later, the first commercially available insulin product was on the 

worldôs pharmacy shelves, and a Nobel Prize was handed out to that team for their 

groundbreaking achievement. (51) 

 

2.2 Types of diabetes  

While historically (as it had already even been described by SuŜruta) there has always been 

a distinction between a ótype 1ô- diabetes linked to youth- and a ótype 2ô- diabetes linked to 

obesity, nowadays the knowledge of the heterogeneous origins of this disease has lead us to 

a new- and less simplified- classification. 
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Regardless of type, diabetes mellitus (DM) is identified by the presence of hyperglycemia. 

It is caused by inadequate insulin secretion or by defective insulin action, leading to 

metabolic problems. The underlying etiopathology is the dysfunction or destruction of ß-

cells in the pancreatic islets of Langerhans. 

Characteristic symptoms of diabetes are excessive thirst, polyuria, and weight loss. Other 

long-term symptoms include nephropathy, retinopathy, and neuropathy. Patients are also 

more prone to infectious diseases and oftentimes have a slower wound healing rate and can 

exhibit a higher rate of wound complications. 

 

In 2019, the WHO released a new updated classification of diabetes based on clinical 

parameters, to help physicians choose appropriate treatments and help them determine when 

to start treatment with insulin. 

The following list represents a brief overview of the 2019 DM classification by the WHO: 

¶ Type 1 diabetes (T1DM) 

usually immune-mediated with ß-cell autoantibodies 

¶ Type 2 diabetes (T2DM) 

absolute insulin levels increase with resistance to the action of insulin 

¶ Hybrid forms of diabetes 

o Slowly evolving immune-mediated diabetes of adults 

- often referred to as latent autoimmune diabetes in adults (LADA)  

o Ketosis prone type 2 diabetes 

¶ Other specific types 

o Monogenic diabetes (with an underlying genetic mutation) 

- Monogenic defects of ɓ-cell function 

¶ MODY (maturity-onset diabetes of the young) 

¶ neonatal diabetes 

¶ etc. 

- Monogenic defects in insulin action 

o Diseases of the exocrine pancreas 

- pancreatitis 

- trauma 

- pancreatic cancer 

- pancreatectomy 

o Endocrine disorders 

due to excess secretion of insulin antagonists 

- Cushingôs syndrome 

- Acromegaly 

- Phaeochromocytoma 

- etc. 

o Drug- or chemical-induced 
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- Glucocorticoids, thyroid hormone, interferon alpha,é 

o Infections 

- congenital rubella, coxsackie B virus, cytomegalovirus,é 

o Uncommon specific forms of immune-mediated diabetes 

- Insulin autoimmune syndrome (with autoantibodies to insulin) 

- Anti-insulin receptor antibodies 

- άStiff manέ syndrome 

o Other genetic syndromes sometimes associated with diabetes 

- Down syndrome, Huntington's chorea, Klinefelterôs syndrome,é 

¶ Unclassified diabetes 

This category should be used temporarily when there is not a clear diagnostic 

category especially close to the time of diagnosis of diabetes 

¶ Hyperglycemia first detected during pregnancy 

o Diabetes mellitus in pregnancy  

recognized during pregnancy; same criteria as non-pregnant persons 

o Gestational diabetes mellitus  

lower glucose cut-off points 

 

2.3 Diabetes and pancreatic cancer  

While not being one of the main two ótypesô of diabetes mellitus, the WHO states that 

ñDiabetes following pancreatic disease (incidence 2.59 per 100 000 person-years) has been 

reported to be more common than T1DM (incidence 1.64 per 100 000 person-years).ò (52) 

While DM caused by pancreatic disease is usually called ópancreatogenic diabetesô (or 

pankreopriver Diabetes in German), it has come to be called óType 3cô in some circles, since 

first being mentioned by the American Diabetes Association in their annual publication in 

2014. (53) The main underlying cause of pancreatogenic diabetes is chronic pancreatitis, 

with 79% of cases being attributed to it. 

There is also a strong correlation between pancreatic ductal adenocarcinoma and DM, with 

approximately 80% of pancreatic cancer patients presenting with abnormal fasting glucose 

levels. This seems to be due to ductal adenocarcinoma causing hyperglycemia. To further 

fortify this correlation, resection of these tumors seems to resolve new-onset diabetes but 

does not change much in regards to long-term diabetics. Furthermore, Pannala et al. pointed 

out, that ñ74% of DM in pancreatic cancer is of new-onset (<2 years).ò (54) 

While DM is often the consequence of pancreatic cancer, it seems to also go the other 

direction. In 2011, after conducting a meta-analysis of thirty-five cohort studies, Ben et al. 

found that ñdiabetic individuals have a nearly 2.0-fold increased risk of pancreatic cancer 

compared with non-diabetics.ò (55) DM has not only been proven to be a risk factor for 
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pancreatic cancer itself but also as a risk factor for developing postoperative complications 

after a variety of operations. 

A meta-analysis of sixteen observational clinical studies has proven that DM is not a risk 

factor for POPF. This is largely due to the consistency of the pancreas, being less fatty or 

soft compared to those of non-diabetic patients. (56) 

There have, however, been studies linking preoperative DM with a slightly increased risk of 

developing DGE. (50) 

While DM is not always associated with complications after PD, PD is certainly a risk factor 

in acquiring DM, with a risk of up to 16% of developing new-onset diabetes. (57) As this 

might be a severe burden on the patientôs quality of life, this complication must be addressed 

when educating them about the procedure. 

 

2.4 Diabetic gastroparesis  

Diabetic gastroparesis (DGp) is a motility problem that affects patients with any type of DM. 

While there is no clear consensus on the definition, most define it as delayed gastric 

emptying with associated upper gastrointestinal symptoms in the absence of mechanical 

obstruction. Gastrointestinal symptoms include nausea, vomiting, early postprandial 

fullness, upper abdominal pain, and bloating. DGp leads to poor glucose control and thus 

suboptimal nutritional and hydration status. (58) 

According to Krishnasamy et al., ñDGp affects 20ï50% of the diabetic population, especially 

those with type 1 diabetes mellitus or those with long-standing (>10 years) type 2 diabetes 

mellitus.ò (59) So with the increasing number of diabetics, we are also seeing more and more 

cases of DGp. 

DGp seems to be multifactorial, with the main proponent being hyperglycemia. In non-

diabetics as in diabetics alike, a change in serum glucose affects the gastric emptying speed 

by influencing the fundic tone and contractility of the stomach.  

On the other hand, glucose levels depend on the gastric emptying rate. This relationship is 

strongly influenced by neurotransmitters, drugs, and gastrointestinal hormones such as 

cholecystokinin (CCK), gastrin, glucagon-like peptide 1 (GLP-1), and others. This 

relationship has also been shown in patients treated with GLP-1 receptor agonists and amylin 

analogs. A schematic view of this relationship can be seen in Figure 10. 
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Figure 10- Gastric Emptying ("Diabetic Gastroparesis" - Krishnasany et al. (2018)) 

 

Other causes of DGp seem to be enteric and autonomic neuropathy or hyperglycemia-

induced demyelination of the vagus nerve.  

Another factor associated with DGp is abnormalities of the interstitial cells of Cajal (ICC), 

which are in a constant state of remodeling. The ICC serve as gastrointestinal pacemakers 

and control smooth muscle contractility among other things. Diabetic insulinopenia and 

other factors can lead to the destruction of these cells, leading to abnormal gastric slow waves 

and smooth muscle fibrosis. More severe gastroparesis has been seen in patients where ICC 

absence was proven histologically. (59) 

But while many diabetics present with DGp, it must not be overlooked that dyspeptic 

symptoms are not always due to DGp. Thus, careful examination and a detailed medical 

history- especially in regards to which medications these patients take- are absolutely 

necessary.  

When other causes have been excluded and DGp has been properly diagnosed, patients can 

be treated with conventional prokinetics and antemetics while being administered fluids and 

nutritional substitutes parenterally or enterally until oral intake can be tolerated. 

  


































































































