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Summary
Background: The pancreas has a central function in di-
gestion and glucose homeostasis. With regard to the ex-
ocrine function, which is responsible for the digestion 
and absorption of nutrients and vitamins, the most im-
portant disturbances of these physiological processes 
are based on deficiencies in enzyme production and se-
cretion, either due to impaired excretion caused by ob-
struction of the pancreatic duct or due to loss of pancre-
atic tissue. Both conditions result in maldigestion, mal-
absorption, and malnutrition. Methods: Systematic liter-
ature review. Results: Symptoms associated with 
pancreatic exocrine failure are gastrointestinal discom-
fort, steatorrhea, and weight loss. Pancreatic exocrine 
insufficiency caused by ductal obstruction occurs in 
chronic pancreatitis or with neoplasia of the pancreatic 
head. Loss of functional parenchyma can be caused ei-
ther by chronic pancreatitis resulting in fibrotic replace-
ment of the destroyed parenchyma or by a postoperative 
state of pancreatic resection. Conclusion: In patients with 
chronic pancreatitis, a stage-adapted and timely therapy 
including conservative as well as surgical measures is 
essential to prevent functional deterioration and to pre-
serve residual function. In the case of pancreatic resec-
tion for chronic pancreatitis, this can be achieved with 
modern organ-sparing surgery such as the duodenum-
preserving pancreatic head resection. In patients requir-
ing more extended pancreatic resections and even total 
duodenopancreatectomy, regardless of the underlying 
indication, adequate enzyme replacement and monitor-
ing of the nutritional status is critical to prevent impair-
ment of quality of life as well as detrimental malnutrition 
in the long term. 

Schlüsselwörter
Exokrine Pankreasinsuffizienz · Chronische Pankreatitis · 
Pankreaskarzinom · Pankreatische Maldigestion · 
Pankreasresektion

Zusammenfassung
Hintergrund: Das Pankreas spielt für die Verdauung und 
für die Erhaltung der Glukose-Homöostase eine zentrale 
Rolle. Störungen in der Enzymproduktion und -sekretion, 
entweder durch eine Obstruktion des Pankreasgangs 
oder durch den Verlust funktionellen Gewebes, verursa-
chen eine exokrine Pankreasinsuffizienz, die im Endsta-
dium in Maldigestion, Malabsorption und Malnutrition 
mit Mangel an (fettlöslichen) Vitaminen und Spurenele-
menten resultiert. Methoden: Systematische Literatur-
übersicht. Ergebnisse: Die führenden klinischen Symp-
tome der exokrinen Pankreasinsuffizienz sind abdomi-
nelle Beschwerden, Steatorrhö und Gewichtsverlust. 
Obstruktive Ursachen einer exokrinen Pankreasinsuffizi-
enz können Tumoren im Pankreaskopfbereich oder eine 
chronische Pankreatitis sein, während ein Mangel an 
funktionellem Pankreasgewebe sowohl die Folge einer 
chronischen Pankreatitis als auch einer resezierenden 
Operation am Pankreas unabhängig von der Indikation 
sein kann. Schlussfolgerung: Bei Patienten mit chroni-
scher Pankreatitis ist eine stadienadaptierte und rechtzei-
tige konservative Therapie, die bei Bedarf um chirurgi-
sche therapeutische Maßnahmen ergänzt wird, essenzi-
ell, um die Organfunktion zu erhalten. Bei Patienten mit 
chronischer Pankreatitis kann dies durch moderne, ge-
webesparende chirurgische Verfahren wie der duoden-
umerhaltenden Pankreaskopfresektion erreicht werden. 
Insbesondere bei Patienten mit ausgedehnteren Resekti-
onen gleich welcher Indikation, bis hin zur Duodenopan-
kreatektomie, sind die postoperative Pankreasenzymthe-
rapie und ein Monitoring des Ernährungsstatus von be-
sonderer Bedeutung, um eine Mangelernährung und 
eine Verschlechterung der Lebensqualität infolge einer 
solchen Operation zu verhindern.
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Pathophysiology of Chronic Pancreatitis

Chronic pancreatitis (CP) is characterized as a chronic in-
flammatory damage of the pancreas caused by various factors, 
most commonly long-lasting alcohol consumption (most often 
accompanied with smoking), but also genetic alterations, au-
toimmune affections, anatomical variations (pancreas di-
visum), or other rare causes [4]. The leading clinical symptom 
is pain, associated with symptoms caused by exocrine insuffi-
ciency with steatorrhea, intolerance of fatty food, and weight 
loss. Furthermore, endocrine failure and malignant transfor-
mation are possible manifestations of end-stage CP [4]. The 
functional failures in terms of exocrine and endocrine insuffi-
ciencies reflect the continuous destructive process during CP 
with fibrotic tissue replacement and intraductal calcifications 
mostly combined with obstruction of the pancreatic and/or 
bile duct resulting in excretory stasis and consecutive intesti-
nal lack of pancreatic enzymes (and bile fluid in the case of 
cholestasis) (fig. 1).

Cell necrosis and apoptosis following inflammation lead to 
destruction of the excretory parenchyma. Pancreatic stellate 
cells play a key role in the mediation of fibrosis and the crea-
tion of a pronounced extracellular matrix. This matrix is not 
only evident in the interstitial spaces but also replaces tissue 
after the destruction of acinar cells [5]. The histomorphologi-
cal architecture is severely altered, with an irreversible defor-
mation of acinar, ductal, and islet structures [5]. Multiple cy-
tokines and growth factors, which are mainly released from 
inflammatory cells and macrophages as well as endothelial 
cells, are involved in this process. In addition, a direct toxicity 
of alcohol and its metabolites is suggested to lead to direct 
activation of local fibroblast cells.

The generation of pain as the leading symptom in CP is 
complex with several diverse underlying mechanisms. It is gen-
erally accepted that pancreatic ductal hypertension and 

Introduction

The pancreas has a central function in digestion as well as 
control of glucose homeostasis. During the cephalic and gas-
tric phase pancreatic enzyme secretion is mainly stimulated 
by vagal und neural reflexes. Acidic chymus mixed with nu-
trients entering the duodenum in the intestinal phase is the 
most important stimulus of pancreatic secretion mediated 
by cholecystokinin and secretin. These hormones exert a 
negative feedback on gastrin and thus on gastric acid pro-
duction and motility of the stomach and duodenum [1]. In 
combination with the pancreatic bicarbonate secretion this 
results in a neutralization of gastric acid with duodenal alka-
lization which is crucial for pancreatic enzymes to work 
optimally.

In the interdigestive phase, pancreatic secretion is tightly 
coordinated with the migrating motor complex (MMC), and 
bursts of enzyme and bicarbonate secretion occur in associa-
tion with MMC phase III every 80–120 min.

In the interdigestive phase, bicarbonate secretion amounts 
to approximately 25% of the maximum secretion during the 
postprandial phase, and the maximal pancreatic enzyme se-
cretion is approximately 10% of the maximal digestive 
secretion.

The physiological role of the interdigestive pancreatic se-
cretion (complemented by bile secretion) is thought of as a 
housekeeper cleaning the small bowel from bacterial over-
growth and other detrimental collections within the luminal 
site. Obviously, both the digestive and interdigestive functions 
of the exocrine pancreas as well as the pancreatic hormone 
production are heavily affected by inflammatory and neoplas-
tic pancreatic diseases and the treatment of these.

A reduction in pancreatic enzyme activity in the intestinal 
lumen to a level that is below the threshold required to main-
tain normal digestion defines pancreatic exocrine insuffi-
ciency (PEI) [2]. Not only impaired pancreatic secretion but 
also extrapancreatic mechanisms can contribute to the mani-
festation of PEI and pancreatic maldigestion (table 1).

Primary pancreatic maldigestion of carbohydrate, protein, 
and fat is caused by decreased activity of amylase, trypsin, and 
lipase. The clinical picture of PEI is dominated by the conse-
quences of deficient lipase activity resulting in steatorrhea 
which becomes apparent when pancreatic lipase output is re-
duced to 5–10% of its normal output [3]. Weight loss, bloat-
ing, abdominal discomfort, and complications of malnutrition 
(e.g. deficiency in lipid-soluble vitamins with consequences 
such as osteoporosis) are other clinical manifestations of pan-
creatic maldigestion.

This review gives an overview on current concepts of the 
diagnosis and treatment of pancreatic maldigestion with a 
focus on its most frequent causes, i.e. chronic pancreatitis and 
pancreatic cancer.

Table 1. Pancreatic and extrapancreatic mechanisms of pancreatic maldi-
gestion [2, 65]

Loss of functioning parenchyma
Chronic pancreatitis
Cystic fibrosis
Pancreatic tumors
Pancreatic resection
Status post necrotizing acute pancreatitis
Diabetes mellitus (?)

Decreased secretion despite intact parenchyma
Pancreatic duct obstruction (e.g. tumor)
Decreased stimulation from the intestine (e.g. celiac disease,  

Crohn’s disease)

Decreased activity in the intestinal lumen
Postcibal asynchrony (e.g. gastric resection)
Short bowel syndrome
Inactivation of pancreatic enzymes (e.g. Zollinger-Ellison syndrome)
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In PEI, adequate oral substitution of pancreatic enzyme 
preparations (PEPs) is mandatory. The general requirements 
for PEPs are high lipase activity, resistance to gastric acid pro-
vided by enteric coating, homogenous mixing with the nutri-
tional components, gastric emptying coordinated with nutri-
ents, and early activation in the duodenum. Different compo-
sitions and galenic forms have been developed and tested with 
variable results. When comparing study data, the evolution of 
galenics, especially with respect to particle size and coating, 
has to be considered. 

A fat-restricting diet to treat steatorrhea is not advocated 
any more. As patients with CP frequently present with a re-
duced body mass index (BMI) because of maldigestion and 
reduced food intake to avoid abdominal pain, a sufficient cal-
orie intake as part of a diet adjusted to the individual patient’s 
needs (e.g. diabetes mellitus) is recommended. The dose of 
PEPs, however, is adjusted to the fat intake of the patient 
with 2,000 IU of lipase per gram of fat ingested [13]. The rec-
ommended dose ranges from 25,000 to 75,000 units of lipase, 
depending on the fat content of the meal, and should be taken 
during the meal for optimal treatment effect [14]. Dietary ad-
vice on healthy nutrition combined with proper enzyme use 
provides the best results [15]. In the case of therapy failure in 
PEI, the first step in treatment recommendations is to in-
crease the dosage [13]. Overdosing or intoxication with PEPs 
is impossible since the luminal enzymes are not absorbed. In 
patients with cystic fibrosis though, a dose-dependent risk of 
fibrotic colon stenosis has been described when using enteric-
coated PEPs [16]. Even in countries with well-organized 
health care systems most patients with PEI due to CP are in-
sufficiently treated [17].

The prescription of proton pump inhibitors (PPI) in addi-
tion to an enteric-coated PEP is often necessary as an auxiliary 
agent if a PEP alone is not effective and a dose augmentation 

perineural inflammation are the two main mechanisms of pain 
generation in CP. Pain is an early symptom in CP patients who 
show an increasing tendency towards stimulus-independent 
pain generation in the long term [6]. One of the most impor-
tant pathophysiological concepts of CP is the concept of neu-
roimmunological inflammation [7]. This implies an interaction 
of immunological changes and neural modulations that lead to 
a reactive change in nerve diameter, density, and function with 
the consequence of a growing pain intensity in the long course 
of CP [8]. The intense pain character is understood not only as 
a result of morphological changes but also as an increasing 
stimulus-independent pain sensation showing characteristics of 
an autonomous pain generation due to a neural plasticity and 
memory function of the peripheral and central nervous system 
(CNS) that may develop over time [9, 10]. The neural dysregu-
lation consists of a hyperexcitability of dorsal root neurons 
combined with a decreased descending inhibition. This leads 
to an alteration in gut sensitivity and ‘viscerotomes’ as corre-
sponding projection areas that are represented in the CNS. Ir-
reversible changes in the brain with cortical reorganization 
contribute to stimulus-independent neuropathic pain in CP [9]. 
As these changes might be observed early in CP, it is critically 
important to interrupt this cycle of pain generation and chroni-
fication as early as possible [11].

Medical Therapy of Chronic Pancreatitis

The aim of medical treatment is to relieve acute or chronic 
pain, prevent disease progression, prevent acute pain attacks, 
correct metabolic consequences (e.g. diabetes, malnutrition), 
address psychosocial problems, and manage complications 
when they arise [12]. In alcoholic CP, stopping alcohol intake 
and nicotine abuse are principal steps in its management. 

Fig. 1. Typical CT finding in advanced chronic pancreatitis. Extensive 
calcifications (black arrows) and consecutive dilation of the bile duct 
(white arrow).

Fig. 2. Digestive pattern shifted to more distal parts of the small intestine 
in pancreatic insufficiency (adapted from [20]; copyright S. Karger AG, 
Basel).
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In the majority of CP patients, pathological changes are fo-
cused on the head of the pancreas with an inflammatory mass 
and/or calcifications and a subsequent stenosis of the pancre-
atic and/or bile duct [27]. The surgical approach in the major-
ity of CP patients is therefore any type of pancreatic head re-
section. Partial duodenopancreatectomy has been regarded as 
the primary surgical procedure in this situation for many 
years. However, these resections are unsatisfactory in terms 
of late morbidity with an incidence of up to 50% of postoper-
ative diabetes mellitus as well as an impaired exocrine func-
tion with steatorrhea and inability of gaining weight in 30–
60% of the patients [28]. 

Today, duodenum-preserving pancreatic head resection 
(DPPHR), which was introduced in the 1970s [29], is consid-
ered the standard procedure for non-malignant head lesions 
in CP [30]. Several modifications of DPPHR have been devel-
oped and can be used depending on the extent of the calcifica-
tions, fibrosis, and duct dilation. The Berne modification as 
the most tissue-sparing approach offers a limited head resec-
tion with wide drainage of the pancreatic and, if necessary, 
bile duct into the resection cavity [31].

All fibrotic and calcified pancreatic head tissue should be 
removed and the pancreatic duct has to be opened to extract 
stones and ensure free drainage from the left into the resec-
tion cavity. Special attention has to be paid to the bile duct. 
In the case of preoperative cholestasis and/or preceding 
stents, the bile duct needs to be opened widely and the ori-
fice should be fixed in the resection cavity to avoid postop-
erative recurrence of bile duct stenosis. The intestinal drain-
age of pancreatic and bile fluid is restored by a retrocolic 
side-to-side pancreaticojejunostomy with a Roux-en-Y jeju-
nal loop. The DPPHR procedures are widely accepted now-
adays and have been shown to be equally efficient as the 
Whipple procedure regarding long-term pain relief, overall 
morbidity and mortality combined with significantly less in-
traoperative blood replacement, shorter hospital stay, more 
postoperative weight gain, less exocrine insufficiency, better 
occupational rehabilitation, and quality of life [32–34]. As 
the methodological quality of these studies, especially with 
regard to long-term outcome, is not sufficient for defining 
the best type of pancreatic head resection in CP based on 
level I evidence, current randomized controlled trials are in 
progress [35]. 

More rarely the pancreatic body and tail are the cause for 
the symptoms of CP. In these cases, fibrosis, calcifications, 
and pseudocysts are the most important findings while small 
duct disease is rather rare. According to the localization of fi-
brosis or calcifications, distal pancreatectomy can be per-
formed. In the case of a localized pathology, middle segmen-
tal pancreatectomy is used as another parenchyma-sparing 
procedure [36]. The segment of altered tissue can afterwards 
be resected with a stapler or hand-sewn closure towards the 
head. The distal stump of the pancreas is mobilized and re-
construction is accomplished with a pancreaticojejunostomy 

of the PEP dose does not lead to a satisfying improvement of 
symptoms (fig. 2) [18–20]. The success of PEP therapy should 
primarily be judged by the improvement of clinical symptoms 
(gain of weight, improvement of abdominal symptoms). 

Although discussed controversially, a meta-analysis of pub-
lished studies showed no significant effect of PEPs on pain in 
CP but an improvement of abnormal motility associated with 
CP leading to a reduction of postprandial dyspeptic symptoms 
[21, 22].

A deficiency in fat-soluble vitamins, especially vitamin E, 
but also vitamin A and D, is a frequent complication of CP 
and is observed in the clinical chemistry of up to 75% of pa-
tients with CP [23]. Approximately 25% of patients with CP 
present with osteoporosis [24]. Monitoring and therapy should 
be performed according to current guidelines.

In the case of persistent alcohol abuse, a possible defi-
ciency in vitamin B1, B2, and B6 should also be replaced.

Therapy of pain, which is frequently the leading clinical 
symptom in patients with CP, shows a significant variability be-
tween individual patients and therefore needs to be character-
ized diligently concerning character, intensity, frequency, and 
possible causes. Current World Health Organization (WHO) 
recommendations for analgetic therapy following a multi-step 
scheme should be followed [25], starting with peripheral anal-
getics (e.g. acetaminophen, non-steroidal analgetics) supported 
by adjuvant therapy that can be escalated by the addition of 
mild opioids (e.g. tramadol) or high potent opioids.

Therapy of endocrine pancreatic insufficiency mainly fol-
lows the rules for treatment of diabetes mellitus type 1 with 
absolute insulin deficiency; however, metformin is recom-
mended as first-line therapy of diabetes mellitus type 3c as it 
reduces the risk of pancreatic cancer [26]. In most cases an ad-
ditional therapy with insulin is unavoidable. As patients with 
pancreatogenic diabetes are at an increased risk of hypoglyc-
emia and also frequently not reliable with respect to compli-
ance, simple insulin regimens are preferable. The avoidance of 
hypoglycemic complications is one of the most important aims. 

Surgical Therapy of Chronic Pancreatitis

Surgical therapy of CP mainly includes two approaches: 
draining procedures or resection of the chronically inflamed 
parenchyma. Drainage without resection offers the benefit of 
maximal preservation of parenchyma with, at least theoreti-
cally, maintenance of all residual endo- and exocrine func-
tions. In these procedures, however, the remaining fibrotic 
tissue may be responsible for ongoing clinical problems. Be-
sides, the hypothetical functional benefit of full tissue preser-
vation has to be seen according to the aspect that this tissue 
has been subjected to long-lasting inflammation with loss of 
function, bearing furthermore an increased risk of malignant 
transformation. Therefore, resection procedures have gained 
more and more acceptance during the last decade. 
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factors, including anorexia, cachexia, and maldigestion, con-
tribute to this symptom. Cancer cachexia, defined as an unin-
tended weight loss of more than 10% within 6 months, is a 
significant factor influencing quality of life and survival [44, 
45]. Different cytokines including TNF- , IFN- , and inter-
leukins 1 and 6 are involved in this process. Sarcopenia (skel-
etal muscle wasting) is a clinically important phenomenon 
[46]. Additional PEI is a sequel of local destruction of healthy 
pancreatic tissue, which is aggravated by possible obstruction 
of the main pancreatic duct in the case of tumors being lo-
cated in the pancreatic head. 

Surgery for Pancreatic Tumors

Pancreatic tumors, especially ductal adenocarcinoma, as 
well as cystic lesions such as intraductal papillary mucinous 
neoplasm (IPMN) generally require more extended resections 
than CP as oncological aspects must be considered. Limited 
resections such as enucleations or segmental pancreatectomy 
are restricted to small neuroendocrine tumors (NET) or 
branch-duct IPMN without confirmed malignancy. Criteria 
for resectability in pancreatic malignancies are absent metas-
tases (liver/peritoneum) and no evident involvement of the 
central arterial vessels (celiac trunk, superior mesenteric ar-
tery). In the latter case, a neoadjuvant treatment is initiated 
with the aim of a secondary resection. Portal and mesenteric 
vein involvement as well as involvement of adjacent organs 
are not regarded as a general contraindication but require 
more extended surgical approaches.

The standard approach towards pancreatic head tumors is 
the pylorus-preserving partial duodenopancreatectomy [47]. 
Currently, approximately 90% of all head resections are per-
formed with a preservation of the pylorus; a classical Whipple 
procedure is limited to situations with tumor spread towards 
the pylorus, suspicious lymph nodes in this area, or an anam-
nesis of gastric ulcers. Partial duodenopancreatectomy can be 
combined with venous resection of the porto-mesenterico 
axis, if necessary, which leads to comparable results regarding 
oncological outcome and quality of life [48]. Adjacent organs, 
if affected by the tumor, can also be removed when a radical 
resection is achieved. These multivisceral procedures show an 
increased morbidity but also good oncological results [49]. In 
contrast, arterial tumor infiltration should be considered as a 
general contraindication for surgical therapy as arterial resec-
tions in pancreatic cancer are associated not only with an in-
creased morbidity and mortality but also with poor oncologi-
cal results [50]. In addition, postoperative quality of life is 
often limited due to long-lasting diarrhea and symptoms of 
malabsorption, which is generally understood as a conse-
quence of extended removal of the autonomic intestinal in-
nervation along the arteries. For the same reason, no ex-
tended lymphadenectomy should be performed during partial 
duodenopancreatectomy.

and Roux-en-Y anastomosis. Fistula rates between 8 and 63% 
are reported for middle pancreatic resection, which is ex-
plained by the different underlying pathologies, with lowest 
rates achieved in CP patients [37, 38]. 

Surgical pseudocyst drainage is a procedure performed less 
frequently for symptomatic pseudocysts (most frequently pain 
and gastrointestinal discomfort caused by compression of the 
stomach, duodenum, or proximal small bowel) as well as for 
complicated cysts due to rupture or bleeding. Usually, cysts 
with a diameter <5 cm rarely cause symptoms or complica-
tions. While today most pseudocysts can be managed success-
fully by endoscopy, those with bleeding or hematoma need to 
be approached surgically. Furthermore, patients with unsuc-
cessful preceding endoscopic or interventional pseudocyst 
therapy should undergo surgical management with a cystoje-
junostomy to create the draining site at the most caudal point 
of the cyst. In most patients, the cyst is extending towards the 
transverse mesocolon, which offers the possibility of a trans-
mesocolic approach with a side-to-side cystojejunostomy and 
Roux-en-Y reconstruction. 

In contrast to the CP procedures described above, all pa-
tients with suspected malignancy have to undergo oncological 
surgical procedures identical to those in pancreatic cancer, and 
limited parenchyma-sparing approaches are not adequate.

Pancreatic Ductal Adenocarcinoma

Pancreatic adenocarcinoma is the fourth leading cause of 
cancer-related death in Germany in men and women. The 
clinical presentation is heterogeneous, depending on tumor 
localization within the organ and tumor stage. While in early 
cancer stages (suitable for curative treatment) the disease is 
frequently asymptomatic, pain, jaundice, loss of appetite, and 
weight loss are the most frequent symptoms in advanced 
tumor stages [39]. 

Symptoms are frequently reported to be initially intermit-
tent and therefore lead to a late diagnostic work-up [40]. 

The characteristic perineural infiltration of pancreatic ade-
nocarcinoma is causative for pain, presenting either as back 
pain or as epigastric pain radiating to the back. Partial or com-
plete obstruction of the pancreatic duct may lead to postpran-
dial aggravation of pain. In up to 3% of the patients, pancre-
atic adenocarcinoma initially presents with acute pancreatitis 
due to either pancreatic duct obstruction or diffuse infiltration 
of the organ [41]. Most pancreatic adenocarcinomas are local-
ized in the pancreatic head and cause obstructive jaundice due 
to an infiltration of the common bile duct in up to 80% of the 
patients. 

Diabetes mellitus is not only associated with an increased 
risk for pancreatic adenocarcinoma but also with a possible 
clinical manifestation of the malignant disease [42, 43].

More than 80% of patients with pancreatic cancer present 
with weight loss at the time of diagnosis [39]. Several etiologic 
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tolerance as well as absorption of nutrients, vitamins, and 
trace elements combined with brittle diabetes mellitus are 
possible in the postoperative course. These changes require 
an intense supervision and education of these patients as de-
scribed below.

Postoperative Care and Outcome

After formal or extended pancreas resections, the gastric 
tube is routinely removed at the end of the operation and oral 
intake of the patients is allowed, beginning on the first post-
operative day with fluid and quickly increasing every day until 
completion on day 4–5 postoperatively. Standard medication 
includes PPI and pancreatic enzymes as soon as oral intake of 
solid food is started. Usually, the enzyme dosage is 20,000–
40,000 IU per meal; however, it can be increased in the case of 
maldigestion, diarrhea, and abdominal discomfort. In the case 
of partial pancreas resections, enzymes may be discontinued 
in the long-term follow-up, depending on the remaining exo-
crine function of the individual patient. According to series in 
the literature, life-long enzyme supplementation is needed in 
approximately 70%; without enzyme intake, steatorrhea as 
the leading symptom of exocrine failure is observed in up to 
60% of the patients [58]. Under optimal dosage of pancreatic 
enzymes, more than 90% of the patients show normal stool 
function and regain their preoperative body weight (±5%) in 
the first postoperative year (table 2) [59].

Endocrine function following partial pancreatectomy is im-
paired in 15–20% of preoperatively non-diabetic patients, re-
sulting in oral antidiabetics in approximately 10–15% and in-
sulin dependency in 6–8% [60].

Total pancreatectomy as the most invasive resection natu-
rally leads to a deprivation of all pancreatic function and in-
evitably life-long enzyme and insulin therapy [56]. However, 

Standard lymphadenectomy includes the lymph nodes of 
the hepatoduodenal ligament, along the common hepatic ar-
tery, the portal and cranial portion of the superior mesenteric 
vein, as well as right-sided lymph nodes of the celiac trunk 
and along the right side of the superior mesenteric artery [47]. 
The impact of extended lymph node dissection (i.e. in the in-
teraortocaval space, left-sided of the celiac trunk and superior 
mesenteric artery) has been well investigated in randomized 
controlled trials between 1998 and 2005 without showing any 
difference in survival [51–53]. Extended lymphadenectomy 
mainly showed adverse effects with a significantly increased 
surgical morbidity and decreased quality of life in the postop-
erative follow-up [51–53].

For malignancies of the body and tail of the pancreas, dis-
tal pancreatectomy is performed in combination with splenec-
tomy to achieve a radical resection and a sufficient extent of 
lymphadenectomy. Lymph node dissection during distal pan-
createctomy includes the lymph nodes in the hepatoduodenal 
ligament along the celiac trunk and the left side of the supe-
rior mesenteric artery [54, 55]. As lymphatic and autonomous 
nerve tissue on the right side of the mesenteric axis is pre-
served, functional intestinal complications as described before 
with diarrhea and malabsorption are rarely observed in the 
postoperative course. However, new-onset diabetes mellitus 
seems to be more frequent, possibly explained by the pro-
nounced location of the islet cells in the body and tail of the 
pancreas [55].

Total duodenopancreatectomy is required for tumors lo-
cated in the central part of the gland and, recently increasing, 
for extended main-duct IPMNs [56, 57]. Basically, it is a com-
bination of the two procedures described above and is there-
fore also associated with an extended lymphadenectomy and 
removal of autonomous nerval tissue. Regarding these as-
pects, the functional postoperative deficiencies are most evi-
dent after this procedure and severe disturbances of oral food 

Table 2. Functional long-term outcome after surgical therapy of chronic pancreatitis; duodenum-preserving pancreatic head resection (DPPHR) ver-
sus partial duodenopancreatectomy (DP)

Author Patients, 
DPPHR/ 
DP

Follow-upa DPPHR/DP

mortality, n  
(%)

morbidity,  
%

pain release,  
%

endocrine  
insufficiency, %

exocrine  
insufficiency

Büchler et al., 1995 [66] 20/20 6 months  0/0  – 75/33  –  –
Farkas et al., 2006 [67] 20/20 1 year  0/0  0/40 85/90  – 25/55
Izbicki et al., 1995 [34] 31/30 1.5 years  1 (3.2)/0 19/53 90/87  0/10  7/58
Klempa et al., 1995 [33] 22/21 3–5 years  1 (5)/0 18/29 75/33 12/38 10/100
Keck et al., 2012 [68] 42/43 >5 years  0/0 33/30 67/67 45/44 76/63
Zheng et al., 2012 [69] 66/57 6 years  0/0 3/19 84/81 15/32 17/28
Strate et al., 2008 [70] 24/23 7 years  6 (15)/4 (15)  – b 57/65 86/96
Müller et al., 2008 [71] 15/14 14 years  5 (25)/5 (25)  – b 42/77 47/43
Bachmann et al., 2013 [72] 32/32 15 years 30/53  – 22/19 81/86 86/93

aFollow-up 6–12 months (upper part of table), follow-up 5–15 years (lower part of table).
bFrequency and intensity of pain not significant between both groups.
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Conclusion

The pancreas as a central digestive gland can be the cause 
for malabsorption either due to genuine pancreatic diseases 
(chronic inflammation or neoplasia) or as a consequence of 
preceding resections. From the functional point of view, pan-
creatic bicarbonate secretion is mandatory for duodenal neu-
tralization of gastric acid to enable pancreatic enzymes to 
work optimally. PEI is defined as a critically reduced intesti-
nal pancreatic enzyme activity with clinical symptoms domi-
nated by the consequences of deficient lipase activity resulting 
in steatorrhea, bloating, abdominal discomfort, weight loss, 
and complications of malnutrition (e.g. deficiency in lipid-sol-
uble vitamins with consequences like osteoporosis).

In CP, modern surgical options aim at the preservation of 
as much tissue as possible (e.g. duodenum-preserving head re-
sections), while in neoplastic diseases, more extended resec-
tions are required (e.g. partial or total duodenopancreatec-
tomy). Consequently, exocrine insufficiency in the postopera-
tive situation frequently requires long-term enzyme supple-
mentation and a close interdisciplinary patient care in order 
to avoid malnutrition-associated complications.

Disclosure Statement
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the quality of life of these patients has continuously improved 
due to both optimized nutritional care and diabetes therapy 
during the last decades [61]. 

General Recommendations

A multidisciplinary team including oncologists, surgeons, 
gastroenterologists, pathologists, radiologists, dietitians, pain 
managing experts, social workers, and psychooncologists for 
the treatment of patients with pancreatic cancer is desirable in 
any stage of the disease. 

In addition to tumor-directed therapy (surgery and/or 
chemotherapy dependent on tumor stage), supportive therapy 
addressing tumor symptoms is mandatory. Optimal supply 
with a well-balanced diet is the basis of nutritional therapy.

Treatment of PEI and diabetes mellitus in patients with 
pancreatic cancer follows the same principles as in CP. If en-
zyme administration in combination with PPI is not sufficient 
to compensate PEI, additional diagnostic procedures to assess 
the degree of PEI and to rule out further causes of diarrhea 
and malabsorption (bacterial overgrowth, chologenic di-
arrhea) are mandatory [62].

Additional treatment options addressing cachexia are cur-
rently under evaluation but so far sufficient evidence from 
prospective clinical trials is lacking [46, 63, 64]. 
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