
Abstract. Background/Aim: Numerous treatment algorithms
for patients with chronic pancreatitis are still debated. In
particular, surgical therapy is often only considered after
long-term conservative treatment. The aim of this study was
the bi-national analysis of patients who underwent
pancreatic resection for suspected chronic pancreatitis at an
Austrian and a German high-volume center with regard to
overall postoperative outcome and incidental carcinoma
sequence.  Patients and Methods: Overall, 252 consecutive
pancreatic resections for suspected chronic pancreatitis were
performed at the two institutions between 2005 and 2015. In
a bi-national retrospective analysis, postoperative results as
well as histopathological findings were analyzed. Results:
Pancreatic resections were performed in 193 male (76.6%)
and 59 female patients (23.4%), with a median age of 53.2
years. A total of 175 resections of the pancreatic head
(69.4%), 37 distal pancreatectomies (14.7%), 23 total
pancreatectomies (9.1%) and 18 other pancreatic resections
(7.1%) were performed within our study period.
Postoperative complications Clavien-Dindo grade II or
greater occurred in 94 patients (37.3%). Twenty-one patients
(8.3%) developed clinically relevant postoperative
pancreatic fistula (grade B and C), while postoperative
mortality occurred in four patients (1.6%). Final histological
examination of the operative specimen revealed incidental
pancreatic adenocarcinoma in 18 out of the 252 patients
(7.1%). Conclusion: The results of our study demonstrate

that pancreatic resections for chronic pancreatitis may
nowadays be considered technically feasible and safe. The
high incidence of incidental pancreatic adenocarcinoma
especially underlines the necessity for an early surgical
therapeutic approach for these patients. 

Chronic pancreatitis (CP) is a progressively evolving
inflammation of the pancreas along with destruction of the
pancreatic parenchyma and its replacement by fibrotic tissue
that results in progressive loss of endocrine and exocrine
functionality (1). Pathophysiological mechanisms of CP are
complex and potential causes may include toxic factors such
as alcohol or smoking, genetics, metabolic or idiopathic
abnormalities, and autoimmune responses (2-4). Functional
consequences include recurrent or constant abdominal pain,
diabetes mellitus and maldigestion (5). Possible complications
include dilatation, distortion and stricture of the pancreatic
ducts, calcification of the pancreatic parenchyma, formation
of pseudocysts, duodenal or common bile duct stenosis, or the
formation of superior mesenteric, portal or splenic vein
thrombosis which may each severely affect the patient’s
quality of life and overall prognosis (1, 6). In addition, CP is
considered a risk factor for pancreatic cancer, whereas the
overall incidence of cancer occurrence remains unspecified (7,
8). Recommendations for screening of patients with CP for
pancreatic cancer do not exist and, due to a wide diversity of
clinical and morphological presentations of CP, the
differentiation between CP and pancreatic cancer, especially
in cases when malignant tumor growth appears in the course
of CP, is challenging (4). Due to the lack of high-quality
randomized controlled trails, there are still no evidence-based
guidelines. The decision of subsequent intervention is
therefore mainly based on individual preference and expertise
of the treating physician or institution. Currently, numerous
options, including medical, radiological, endoscopic and
surgical interventions, mainly targeting symptom control and
pain relief, are practiced (9). 
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The objective of this study was a bi-national evaluation of
patients who underwent pancreatic resections for suspected
CP at an Austrian and a German high-volume center with
special regard to incidental carcinoma sequence and overall
postoperative outcome. 

Patients and Methods

Patient inclusion criteria, definition and data collection. This was
a retrospective bi-national (Germany and Austria) analysis
conducted at two tertiary referral centers for pancreatic surgery. All
patients undergoing pancreatic resection between January 2005 and
December 2015 for suspected CP were entered into a prospective
database and retrospectively analyzed. Written informed consent
was obtained from all patients. The diagnosis of CP was based on
clinical, morphological and functional parameters according to the
English language version of the S3-consensus guidelines on CP
(10). Standard preoperative clinical diagnostics included physical
examination and routine laboratory testing, including levels of
amylase and the tumor marker CA19-9. Ultrasonography,
endosonography, computed tomography and magnet resonance
imaging were routinely used as radiological diagnostic tools.
Indications for pancreatic resection were endorsed in an
interdisciplinary consensus meeting. All included operations were
performed by experienced pancreatic surgeons at the corresponding
study site and all procedures were performed in open surgical
technique according to international standards at that time. There
were no minimal-invasive pancreatectomies in the study group.
Accordingly, within the study period, we identified and reviewed a
total of 252 patients as part of a retrospective study design. 

Surgical technique. At the beginning of the operation, peritoneal
metastases were initially excluded by complete exploration of the
abdominal cavity. Access to the omental bursa was established by
dissection of the gastrocolic ligament. After retraction of the
stomach and inspection of the pancreas, local resectability of the
lesion and the extent of the resection were determined based on
local findings. Dissection of the pancreas was performed either by
electrocautery or scalpel, or in some cases of pancreatic left
resection with a stapling device. A standard lymphadenectomy was
performed. In the case of a pancreatoenteral anastomosis, either a
pancreatojejunostomy or a pancreatogastrostomy was performed
depending on the individual surgeon’s preference. Distal closure of
the pancreatic remnant included various techniques within the study
period, consisting of: direct closure of pancreatic duct by suture;
suture of pancreatic duct and fish-mouth closure of pancreatic
remnant; as well as stapling devices. Linear stapling devices armed
with a 60-mm cartridge (EndoGIA™; Auto-Suture, Covidien,
Minneapolis, MN, USA) reinforced by a bioabsorbable mesh
(SEAMGUARD®; W.L. Gore, Flagstaff, AZ, USA) were used.
Longitudinal pancreatojejunostomy was performed using the
Partington–Rochelle technique as previously described (11). Every
patient received at least one intra-abdominal drain (Degania Silicone
Europe GmbH, Regensburg, Germany) to measure postoperative
amylase level and drain output in the postoperative course. 

Standard postoperative care. Postoperative care was standardized
at both hospitals. All patients were monitored for at least 1 day at a
specialized surgical intensive care unit. Amylase level was

monitored in the serum and in the intraoperatively placed abdominal
drains on the second postoperative day. In the absence of signs of a
postoperative pancreatic fistula (POPF), oral food intake was started
depending on the clinical presentation and tolerance. The concept
of enhanced recovery after surgery (ERAS) was not applied during
the study period (12). 

Data collection. The following data were collected for each patient:
demographics (age, gender); underlying diagnosis; preoperative
endoscopic retrograde cholangio-pancreatography (ERCP) and
stenting; routine laboratory testing, including bilirubin, amylase and
the tumor marker CA19-9; surgical procedure; results of the final
histopathological examination, including TNM classification in case
of underlying malignancy; operative details such as operative time;
details of the perioperative course such as postoperative morbidity
in terms of POPF and postpancreatectomy hemorrhage (PPH),
which were all classified according to International Study Group of
Pancreatic Fistula  definitions (13, 14); the length of hospital stay
was calculated from the day of surgery until the day of discharge;
long-term follow-up was assessed by our oncological outpatient
clinic, with review of medical records as well as direct
communication with the general practitioner tracking patient
survival or the documented day of death.

Statistical analysis. Statistics are presented as mean (range) or
numbers (%). Student’s t-test or Wilcoxon signed-rank test was used
to compare means of quantitative variables as appropriate.
Categorical data were compared using chi-square tests or Fisher’s
exact tests as appropriate. Survival analysis was performed using
the Kaplan–Meier method (log-rank test). Significance tests were
two-sided, and values of p<0.05 were considered to be statistically
significant. All statistical analyses were performed using SPSS
version 24.0 (IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics. Between January 2005 and December
2015, a total of 252 consecutive patients underwent pancreatic
resections for suspected CP at Austrian and German high-
volume Centers; among them, 175 patients underwent
pancreaticoduodenectomy, 37 distal pancreatectomy, 23 total
pancreatectomy and 18 patients underwent other pancreatic
operations, mainly consisting of longitudinal pancreatojejuno-
stomy with the Partington–Rochelle technique. There were 193
males and 59 females, with a mean age of 52 (range=19-85)
years for this group. A total of 148 patients (58.7%) underwent
ERCP prior to surgery, with 128 patients (50.8%) requiring
interventional pancreatic or biliary stenting in the preoperative
course. Routine laboratory testing revealed a mean preoperative
bilirubin level of 1.2 (range=0.1-17.9) mg/dI, while the mean
preoperative amylase and CA19-9 levels were 104.9 (range=0-
916) U/l and 79.8 (range=3-798) kU/l, respectively.

Perioperative and postoperative data. Type of resection,
operating time, histology and specific complications in terms
of postoperative pancreatic fistula (grade B and C),
postpancreatectomic hemorrhage and postoperative bile
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leakage choledochojejunostomy are stated in Table I.
Furthermore, complications according to the Clavien-Dindo
classification (greater than grade >2) (15), length of hospital
stay, reoperation within 30 days, and 30-day mortality are
depicted.

Direct comparison of patients with CP alone and those
with CP with incidental carcinoma revealed significant
differences. With reference to age (p=0.001), patients with
CP with incidental carcinoma were significantly older, while
their mean preoperative levels of bilirubin (p=0.001) and CA
19-9 (p=0.001) were significantly higher. Mean preoperative
amylase levels did not differ (p=0.659) between groups.
Preoperative ERCP (p=0.576) and preoperative pancreatic or
biliary stenting (p=0.562) was comparable in both groups.
Furthermore, POPF (p=0.577), PPH (p=0.684) and
postoperative bile leakage (p=0.556) did not differ between
groups. The number of patients with complications according
to the Clavien-Dindo classification (Clavien-Dindo >2) was
not significantly different (p=0.332). Additionally, the mean
hospital stay (p=0.411), necessity for reoperation within 30
days (p=0.481) and 30-day mortality rates demonstrated no
significant differences between the two groups (p>0.99)
(Table II).

Further assessment of patients in whom final histological
examination showed ductal adenocarcinoma revealed
complete resection of tumor tissue in 13 cases, while in five
patients, residual tumor was present microscopically at
retroperitoneal resection margins (Table III). Evaluation of
mean overall survival demonstrated a clear disadvantage for
patients with CP and incidental carcinoma (11.7 vs. 216.1
months; p=0.001) (Figure 1). 

Discussion

In this study, we demonstrate that pancreatic resection for CP
may be considered a safe and feasible procedure with low
mortality rates. The high incidence of incidental pancreatic
adenocarcinoma underlines the necessity for an early surgical
therapy and recommends it as an efficient treatment approach. 

CP is a fibro-inflammatory disease of the pancreas leading
to exocrine and endocrine insufficiency with functional
consequences, including recurrent or constant abdominal
pain, diabetes mellitus or maldigestion in most patients (1).
Furthermore, CP is considered a risk factor for pancreatic
cancer and subsequent overall long-term prognosis is limited.
Although significant progress in pathophysiological
understanding of CP has been achieved in recent years,
evidence-based guidelines for clinical treatment standards are
lacking, especially due to a dearth of high-quality
randomized controlled trails (4). Accordingly, clinical
decision-making varies among pancreatic centers and
numerous treatment options including medical, radiological,
endoscopic and surgical interventions are implemented

depending on the individual preference of the primary
treating physician (16). 

The diagnosis of CP is usually confirmed by imaging
technologies. From our observations, endosonography,
computed tomography and magnetic resonance imaging were
the preferred diagnostic modalities for assessing
morphological abnormalities of the pancreas, which is in line
with recommendations from recent guidelines (17). While
ERCP has the highest diagnostic sensitivity of all imaging
modalities for detection of CP, ERCP is an invasive
technique, with the risk of procedure-associated
complications, such as post-ERCP pancreatitis (10). In our
study, 58.7% of patients underwent preoperative ERCP and
50.8% of patients underwent preoperative pancreatic or
biliary stenting mainly due to delayed surgical consultation.
Cahen et al. demonstrated surgical drainage of the pancreatic
duct as being more effective than endoscopic treatment in
patients with obstruction of the pancreatic duct due to CP,
which is in accordance to our proceeding (18). Furthermore,
in the long term, they reported that patients with CP who
underwent surgery as initial treatment had more relief from
pain, with fewer overall procedures, than patients who were
treated endoscopically. In addition, almost half of the patients
with endoscopic interventions eventually underwent surgery
in the further treatment course. They also concluded that the
general perception that endoscopic treatment is less invasive
than surgery cannot be sustained (19). Rutter et al., who
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Table I. Operative details, postoperative complications and clinical
course.

Characteristic                                                                           n=252

Type of resection, n (%)
  Pancreaticoduodenectomy                                                175 (69.4)
  Distal pancreatectomy                                                        37 (14.7)
  Total pancreatectomy                                                          23 (9.1)
  Other                                                                                    18 (7.1) 
Mean operating time (±SD), min
  Pancreaticoduodenectomy                                                 356.9±73.1
  Distal pancreatectomy                                                       202.2±40.6
  Total pancreatectomy                                                        395.7±120.1
  Other                                                                                   196.8±61.5
Histology, n (%)
  Chronic pancreatitis                                                          234 (92.9)
  Ductal adenocarcinoma                                                      18 (7.1)
Postoperative pancreatic fistula (grade B and C), n (%)       21 (8.3)
Postpancreatectomic hemorrhage, n (%)                              17 (6.7)
Postoperative bile leakage choledochojejunostomy, n (%)    12 (4.8)
Complication#, n (%)                                                            94 (37.3)
Mean length of hospital stay (range), days                          17.6 (7-276)
Reoperation within 30 days, n (%)                                       22 (8.7)
30-Day mortality, n (%)                                                          4 (1.6)

#Clavien-Dindo grade ≥2.



retrospectively evaluated the long-term outcome of 292
patients with CP, demonstrated that patients who initially
underwent surgery required fewer subsequent interventions,
required shorter hospital stays, and had a better quality of life
compared to those who underwent a solely endoscopic or
conservative treatment (20). Others concluded that early
operation might prevent functional and morphological
irreversible damage to the gland (21). In our analysis, patients
with CP and an incidental carcinoma who were treated

operatively had a mean age of 63.8 years, while patients with
CP alone had a mean age of 52.2 years. This additionally
documents the early demand for a surgical procedure in order
to intercept malignant transformation. In summary, the
hypothesis that postponing surgery has a negative influence
on treatment outcome appears therefore to be supported.

Admittedly, the debate regarding the choice of surgical
procedure is still ongoing. Pancreaticoduodenectomy, pylorus-
preserving pancreaticoduodenectomy, and duodenum-preserving
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Figure 1. Overall survival of patients with exclusive chronic pancreatitis and those with chronic pancreatitis with incidental carcinoma.

Table II. Comparison of patients with exclusive chronic pancreatitis and chronic pancreatitis with incidental carcinoma. 

Characteristic                                                                                        Chronic pancreatitis                   Chronic pancreatitis with                    p-Value
                                                                                                                        (n=234)                           incidental carcinoma (n=18)

Median age (range), years                                                                       52.2 (19-84)                                     63.8 (44-85)                                    0.001
Mean preoperative bilirubin level (range), mg/dl                                    1.11 (0.1-17.9)                                 3.05 (0.3-11.0)                              0.001
Mean preoperative amylase level (range), U/l                                     107.9 (5-916)                                     86.0 (7-228)                                    0.659
Preoperative ERCP, n (%)                                                                    134 (57.3)                                           15 (83.3)                                          0.576
Preoperative pancreatic or biliary stenting, n (%)                               114 (48.7)                                           13 (72.2)                                          0.562
Mean preoperative CA19-9 (range), kU/l                                               53.6 (3-1700)                                 524.2 (3-3798)                                  0.001
POPF (grade B and C), n (%)                                                                20 (0.9)                                               1 (0.6)                                            0.577
PPH, n (%)                                                                                               16 (0.7)                                              1 (0.6)                                            0.684
Postoperative bile leakage choledochojejunostomy, n (%)                   11 (0.5)                                               1 (0.6)                                            0.556
Complication#, n (%)                                                                              86 (36.7)                                             8 (44.4)                                          0.616
Mean length of hospital stay (range), days                                             19.6 (7-276)                                     14.6 (7-25)                                      0.411
Reoperation within 30 days, n (%)                                                        21 (0.9)                                               1 (0.6)                                            0.481
30-Day mortality, n (%)                                                                            4 (0.2)                                               0 (0.0)                                          >0.99

ERCP: Endoscopic retrograde cholangiopancreatography; POPF: postoperative pancreatic fistula; PPH: postpancreatectomic hemorrhage. #Clavien-
Dindo grade ≥2. 



pancreatic head resection are important treatment options for
patients with CP. However, results from a systematic review and
meta-analysis indicated that all procedures are equally effective
for the management of pain, postoperative morbidity, exocrine
insufficiency, and endocrine insufficiency (22). Results from
single-center trials showing superiority for duodenum-preserving
pancreatic head resection were not confirmed in multicenter
study (23). Because incidental pancreatic cancer cannot be ruled
out with certainty, partial pancreatoduodenectomy in terms of
pylorus-preserving pancreaticoduodenectomy or distal
pancreatectomy are our procedure of choice because they allow
adequate oncological treatment and avoid demand which might
indicate reoperation. 

In addition, numerous studies have found a strong link
between CP and pancreatic cancer. Patients with hereditary
pancreatitis and an early onset have a markedly increased
risk at least 50-fold greater than the general population (7).
Furthermore, a meta-analysis evidenced a relative risk of
13.3 for developing PDAC in patients with CP, with a 10-to
20-year lag between pancreatitis and development of
pancreatic malignancy (24). In our analysis, histological
examination showed ductal adenocarcinomas in 18 (7.1%)
patients, while the mean delay between initial diagnosis and
operative intervention was 6.4 years. Consequently, the
indication for early surgical intervention is substantiated and
implementation into daily practice is demanded.

The present study is limited by common biases that are
mainly due to the retrospective character of this analysis.
Precision and completeness of data acquisition are very

difficult to control, especially over such an extended study
period. Furthermore, treatment regimens are altered over
time. A strength of this study is the bi-national participation
of two tertiary referral centers for pancreatic surgery, which
remarkably enlarged the number of patients studied.

In conclusion, the results of our study demonstrate that
pancreatic resection for CP may be considered technically
feasible and safe. The high incidence of incidental pancreatic
adenocarcinoma, however, underlines the necessity for an
early surgical therapy approach for these patients. High-quality
randomized controlled trails are needed to verify these results
and facilitate evidence-based guidelines to guide clinicians in
their decision making for subsequent intervention.
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