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Abstract
Background For pancreatic tumors located in the body or tail of the pancreas, distal pancreatectomy (DP) remains the surgical
procedure of choice to achieve radical tumor removal. Purpose of this study was to evaluate outcome and overall survival of
patients who underwent DP combined with multivisceral resection (MVR).
Methods Retrospective single-center case-matched analysis. Between January 1994 and June 2014, 494 consecutive patients
were entered into a prospective database, and 126 patients undergoing DP + MVR (cases) were matched with 126 patients
undergoing DP (controls) for gender, age, and underlying final diagnosis.
Results There were no significant differences in patient demographics. Rates of postoperative pancreatic fistula (POPF) (36
(28.6%) vs. 29 (23.0%); p = 0.388) and postpancreatectomy hemorrhage (PPH) (7 (5.5%) vs. 5 (3.9%); p = 0.769) did not reveal
any significant differences. Although operative time (237.8 ± 57.9 vs. 203.5 ± 34.5; p < 0.001) and the necessity for intraoper-
ative transfusions (18 (14.3%) vs. 5 (4.0%); p < 0.001) was significantly higher, the number of patients with major complications
(the Clavien-Dindo ≥ 3) was not increased (27 (19.8%) vs. 20 (15.9%); p = 0.332) in the DP + MVR group. Midterm survival
analysis indicated no significant difference for adenocarcinoma and neuroendocrine tumors for either group.
Conclusion DP + MVR is a feasible and safe surgical procedure to achieve radical tumor removal and can offer beneficial
survival outcomes. Although operative time and intraoperative transfusions are enhanced, POPF, PPH, or major complications
(the Clavien-Dindo ≥ 3) are not significantly increased after DP + MVR. DP + MVR can therefore be recommended in selected
patients for resection of extended tumors within the concept of interdisciplinary strategies.
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Introduction

For pancreatic tumors that are located in the body or tail of the
pancreas, distal pancreatectomy (DP) remains the surgical
procedure of choice in order to achieve radical tumor removal
and long-term survival.1

–3 Due to delayed symptoms, tumors
are frequently diagnosed at more advanced stages and often

appear with an involvement of adjacent structures. Positive
resection margins have been identified as negative prognostic
factor for local tumor recurrence and therefore radical tumor
removal is requested to achieve the aim of a curative intended
therapy.4

,5 With increasing institutional expertise, more ag-
gressive surgical techniques have been progressively im-
proved over time and multivisceral resections (MVR) appear
as feasible and reliable procedures with decreasing complica-
tion rates for selected patients.6 According to this continuous
progress, resections of the superior mesenteric vein (SMV),
portal vein (PV), or coeliac axis are nowadays considered
as a safe and reliable technique when performed at high-
volume centers.7

,8 While previous studies indicated in-
creased perioperative morbidity and mortality for patients
undergoing multivisceral and extended resections during
pancreatoduodenectomy, outcomes of tumors that are lo-
cated within the body/tail of the pancreas requiring DP with
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additional MVR are less well studied and data are still
limited.7

,9–11

The objective of this study was to investigate and report
outcomes of patients who required DP combined with MVR
and have completed at least 36 months of follow-up. In order
to control and eliminate confounding factors (age, gender,
histology, and indication for surgery), a case-matched study
design was chosen to reduce selection bias, improve internal
validity, and enable suitable comparisons and conclusions be-
ing made.

Methods

Patients’ Inclusion Criteria

This was a retrospective single-center analysis conducted in a
tertiary referral center for pancreatic surgery. All patients un-
dergoing pancreatic resections between January 1994 and
June 2014 were entered into a prospective database.
Approval was granted by an independent ethics committee.
Standard preoperative clinical diagnostics included physical
examination and routine laboratory testing, including the tu-
mor marker CA 19-9. Computed tomography (CT) and/or
magnet resonance imaging (MRI) were routinely used as ra-
diological diagnostic tools. All included operations were per-
formed by experienced surgeons at the study site. All indica-
tions for pancreatic resections underlying malignant diseases
were endorsed in an interdisciplinary consensus meeting. Due
to the lack of evidence to perform multivisceral resections for
pancreatic tumors using minimally invasive techniques, all
distal pancreatectomies combined with multivisceral resec-
tions were performed by laparotomy. Accordingly, the
matching process did not include minimally invasive distal
pancreatectomies. We identified and reviewed an overall of
494 consecutive patients undergoing DP in a retrospective
manner. A total of 126 patients underwent DP combined with
MVR. All 126 patients (cases) have completed at least 3 years
of follow-up and were eligible of matching with 126 DPs
without MVR (controls) on a one-to-one basis for gender,
age, and histology/indication for the surgical procedure.
Indications for simple distal pancreatectomies are equivalent
to the indications for distal pancreatectomies combined with
MVR and are therefore stated singular in Table 4. Definition
of DP extended toMVRwas determined by the definition and
consensus of the International Study Group for Pancreatic
Surgery (ISGPS).6

Preconditioning and Surgical Technique

When preoperative CT or MRI showed tumor involvement of
the celiac axis and/or the common hepatic artery (CHA) but
no affiliation to the superior mesenteric artery (SMA) or the

gastroduodenal artery (GDA), patients were further evaluated
for distal celiacopancreatectomy. If examinations revealed el-
igible conditions for resection, preoperative embolization of
the celiac axis and the CHAwas performed. Hereby, the arte-
rial blood supply to the liver and stomach was enhanced
through collateral pathways from the SMA over the
pancreatoduodenal arcades to the GDA, the proper hepatic
artery (PHA), the gastroepiploic artery, and the right gastric
artery as previously described.12 At the beginning of the op-
eration, peritoneal metastases were initially excluded by com-
plete exploration of the abdominal cavity. Access to the omen-
tal bursa was established by dissection of the gastrocolic lig-
ament. After retraction of the stomach and inspection of the
pancreas, the local resectability of the lesion and the extent of
the resection (especially the need for MVR) were determined
based on local findings such as vascular and/or another organ
infiltration. In cases of underlying malignant disease or pre-
cancerous lesions, a splenectomy and standard lymphadenec-
tomy was performed. Patients with benign lesions received a
spleen-preserving distal pancreatectomy with conservation of
the splenic artery and vein. Dissection of the pancreas was
either done by electrocautery, or a stapling device. In cases
of pancreatic resections performed by electrocautery, a subse-
quent closure of the main pancreatic duct of the pancreatic
remnant was achieved by a stitch ligation using 4–0 polypro-
pylene sutures, followed by single U-shaped 4–0 polypropyl-
ene sutures (Prolene, Johnson & Johnson Medical GmbH,
Norderstedt, Germany). In case of a pancreatoenteral anasto-
m o s i s , e i t h e r a p a n c r e a t o j e j u n o s t om y o r a
pancreatogastrostomy was performed using mattress sutures
placed in a BU^ shape combined with two corner sutures.
Distal closure of the pancreas remnant by stapler was per-
formed using linear stapling devices armed with a 60-mm
cartridge (EndoGIA™, Auto-Suture, Covidien) reinforced
by a bioabsorbable mesh (SEAMGUARD®, W.L. Gore,
Flagstaff, AZ). Every patient received at least one intra-
abdominal drain (Degania Silicone Europe GmbH,
Regensburg, Germany) to measure postoperative amylase
levels and drain output in the postoperative course.

Standard Postoperative Care

Postoperative care was standardized in both groups. All pa-
tients were monitored for at least 1 day at a specialized surgi-
cal intensive care unit. Amylase levels were monitored in the
serum and in the intraoperatively placed abdominal drains on
the second and fourth postoperative day. Routine periopera-
tive antibiotics [cefuroxime 1 g intravenously (i.v.) and met-
ronidazole 500 mg i.v.] were given. In the absence of signs of
a pancreatic fistula, oral food intake was started depending on
the clinical presentation and tolerance. The concept of en-
hanced recovery after surgery (ERAS) has not been applied
within the study period.
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Data Collection

The following data were collected for each patient: demo-
graphics (age, gender); body mass index; comorbidities (dia-
betes mellitus, history of pancreatitis); preoperative laboratory
findings such as serum levels of CA 19-9; associated resec-
tions within MVR (spleen, stomach, liver metastases, left co-
lon, vascular structures such as celiac axis, PV, and/or SMV,
left adrenal gland); operative details such as operation time
and intraoperative transfusion; results of the final histopatho-
logical examination (ductal adenocarcinoma, neuroendocrine
tumors, mucinous cystic neoplasm, malignant intraductal pap-
illary mucinous neoplasm (IPMN), metastasis); details of the
postoperative course such as postoperative morbidity and fre-
quency of interventional measures to treat severe complica-
tions (according to the Clavien-Dindo classification) in terms
o f p o s t o p e r a t i v e p a n c r e a t i c f i s t u l a ( POPF ) ,
postpancreatectomy hemorrhage (PPH), and abdominal col-
lection which were all classified according to International
Study Group of Pancreatic Fistula (ISGPF) definitions13

,14;
length of hospital stay (LOS) which was calculated from the
day of surgery including the day of discharge; in-hospital
mortality after surgery as well as 30- and 90-day mortality
and an admission to any hospital for more than 24 h within
30 days after surgery which was defined as readmission; long-
term follow-up which was assessed by our oncological outpa-
tient clinic, and the review of medical records as well as direct
communication with the general practitioner tracking patient
survival or the documented day of death.

Statistics

The analyses were based on a case-matched study design.
Statistics were presented as the mean (standard deviation) or
numbers (%). The quantitative variables intensive care unit
(ICU) stay and length of hospital stay are expressed as median
with interquartile range. Paired Student’s t test or the
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 ap-
propriate. All 126 patients completed at least 3 years of

follow-up and long-term data was available for all cases and
controls. Therefore, survival analysis indicates observed sur-
vival and does not include any censored data. Significance
tests were two-sided, and p < 0.05 was considered to be sta-
tistically significant. All statistical analyses, as well as initial
matching of cases and controls, were performed using SPSS
version 24.0 (SPSS, Chicago, IL, USA).

Results

Baseline Characteristics

Between January 1994 and June 2014, a total of 494 consec-
utive patients underwent DP at our tertiary referral center for
pancreatic surgery. A total of 368 patients (74.4%) underwent
DP exclusively, while 126 patients (25.5%) required addition-
al MVR in order to achieve radical tumor removal. In accor-
dance with the matched-pair study design, 126 patients were
included in our study and were eligible for matching on a one-
to-one basis for sex, age, and histology/indication for surgery.
Minimally invasive distal pancreatectomies were not included
within the matching process.

Both groups had similar clinical characteristics at baseline,
with a mean patient age of 60 years and the majority of pa-
tients were male. The BMI (kg/m2) prior to surgery (23.6 ± 3.9
vs. 24.7 ± 3.4; p = 0.351), as well as pre-existing diabetes
mellitus (24 (19.0%) vs. 20 (15.8); p = 0.421) and a history
of pancreatitis (16 (12.7%) vs. 14 (11.1%); p = 0.599), was
similar in both groups. A comparison of preoperative CA
19-9 (kU/l) demonstrated a significant difference between
cases and controls (90.5 (3–1050) vs. 75.7 (3–1217);
p < 0.001) (Table 1).

Operative Details and Postoperative Course

Within the MVR group, all additional resections were per-
formed during DP. Additional resections included spleen
n = 107 (84.9%), stomach n = 77 (61.1%), liver metastasis
n = 47 (37.3%), and left colon n = 29 (23.0%). Vascular struc-
tures (celiac axis/PV and/or SMV) had to be resected in 27

Table 1 Demographics and baseline characteristics

Characteristics Distal pancreatectomy with multivisceral
resection (DP + MVR) (n = 126)

Distal pancreatectomy
(DP) (n = 126)

p value*

Mean age (years) (± SD) 60.9 ± 12.4 59.8 ± 12.8 0.510

Gender ratio (M/F) 65:61 65:61 1.000

Mean BMI (kg/m2) (±SD) 23.6 ± 3.9 24.7 ± 3.4 0.351

Diabetes mellitus, n (%) 24 (19.0) 20 (15.8) 0.421

Pancreatitis history, n (%) 16 (12.7) 14 (11.1) 0.599

Mean preoperative CA19-9 (kU/l) (range) 90.5 (3–1050) 75.7 (3–1217) < 0.001
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cases (21.4%), including 11 Appleby procedures and 16
wedge resections to the axis of the SMV/PV. Resection of
the left adrenal gland was performed in 19 cases (15.1%)
(Table 2).

Operative time was significantly longer in the case group
(237.8 ± 57.9 vs. 203.5 ± 34.5; p < 0.001). Furthermore, an
increased necessity for intraoperative transfusions was ob-
served in the MVR group (18 (14.3%) vs. 5 (4.0%);
p < 0.001). Closure of pancreas remnant was mainly achieved
by suture (106 (84.1%) vs. 101 (80.5%)) or a stapling device
(19 (15.1) vs. 24 (19.0)). There was only one patient with a
pancreatogastrostomy and pancreatojejunostomy in each
group. Rates of postoperative pancreatic fistula (36 (28.6%)
vs. 29 (23.0%); p = 0.388) and postpancreatectomy hemor-
rhage (7 (5.5%) vs. 5 (3.9%); p = 0.769) did not reveal any
differences. Postoperative abdominal collections were identi-
fied in 26 patients (20.6%) in the DP + MVR group and in 18
patients (14.3%) in the DP group with no significant differ-
ence in the statistical assessment (p = 0.245). The number of
patients with major complications according to the Clavien-
Dindo classification (the Clavien-Dindo ≥ 3) was not signifi-
cantly higher for either group (27 (19.8%) vs. 20 (15.9%); p =
0.332). Patients in the DP +MVR group had a significantly
longer ICU and overall hospital stay (3 [1–5] vs. 1 [1–4];
p < 0.001; 12 [6–41] vs. 9 [6–23]; p < 0.001, respectively).
Reoperation within 30 days (5 (3.9%) vs. 2 (1.6%); p =
0.447) and readmission within 30 days (10 (7.9%) vs. 8
(6.3%); p = 0.808) were comparable in both groups.
Additionally, 30-day mortality rates demonstrated no signifi-
cant differences between the two groups (3 (2.4%) vs. 1
(0.8%); p = 0.622) (Table 3).

Histology/Indication for Surgery

Indication for surgery included benign and malignant neo-
plasms. All 126 patients (cases) were matched with 126 DPs
without MVR (controls) on a one-to-one basis for gender, age,
and histology/indication for the surgical procedure.
Indications for surgery for the simple distal pancreatectomies
are equivalent to the indications for distal pancreatectomies

combined with MVR and are therefore stated singular in
Table 4. Sixty-five patients (51.6%) suffered from ductal ad-
enocarcinoma. In 43 patients (34.1%), a neuroendocrine tu-
mor was the cause for the surgical intervention. Mucinous
cystic neoplasm was observed in nine cases (7.1%).
Histopathological examination revealed metastasis, mainly
due to renal cell carcinoma in five patients (4.0%). IPMNwith
inherent malignant transformation was discovered in four pa-
tients (3.2%) (Table 4).

Survival Analysis

Sixty-one cases of ductal adenocarcinoma and 43 cases of
neuroendocrine tumors were matched in this analysis. All
126 patients completed at least 3 years of follow-up and
long-term data was available for all subjects. Survival
analysis indicates observed survival and does not include
any censored data. A median survival of 29 months was
observed in patients with adenocarcinoma who received
DP + MVR, which was comparable to the survival after
standard resection (34 months). Neuroendocrine tumors
revealed a higher median survival (36 months in both
groups). Again, there was no significant survival differ-
ence when comparing cases to controls (Fig. 1).

Discussion

Tumors that are located in the body or tail of the pancreas may
in some cases require DP combined with additional MVR in
order to achieve radical tumor removal during DP.1

–3 In this
study, we demonstrated that DP combined with MVR is a safe
and feasible procedure with no increased rates of POPF, PPH,
or major complications (the Clavien-Dindo ≥ 3) compared to
standard procedures. While abdominal collections,
reoperations, readmissions, and in-hospital mortality as well
as 30- and 90-day mortality following DP + MVR is compa-
rable to DR alone, DP + MVR additionally permitted similar
midterm overall survival rates in comparison to patients un-
dergoing standard DP when suffering from adenocarcinoma
or neuroendocrine tumors. In consequence of these extended
surgical procedures, operative time, need for intraoperative
transfusions, and ICU and length of hospital stay are modestly
extended.

Numerous studies have evaluated outcomes in patients un-
dergoing multivisceral and extended resections during
pancreatoduodenectomy and revealed increased perioperative
morbidity and mortality rates.15

,16 In contrast, outcomes of
patients with tumors located within the body/tail of the pan-
creas requiring DP with additional MVR are less well studied
and guiding data is still limited. Panzeri et al. presented results
from a single-center experience and depicted acceptable sur-
gical complication rates and favorable long-term survival for

Table 2 Associated resections within MVR

Extended resection

Spleen, n (%) 107 (84.9)

Stomach, n (%) 77 (61.1)

Liver metastases, n (%) 47 (37.3)

Left colon, n (%) 29 (23.0)

Vascular structures, n (%) (celiac axis/PV and/or SMV) 27 (21.4)

Left adrenal gland, n (%) 19 (15.1)

PV portal vein, SMV superior mesenteric vein
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distal pancreatectomies associated with multivisceral
resections.11 In another study, Irani et al. described a wide
variety of indications for distal pancreatectomy and demon-
strated comparable morbidity and mortality rates even for ex-
tended or multivisceral resections, recommending extended
procedures as clear conclusion.17 Both publications come
from high-volume centers and findings are in accordance with
our results underlining the potential benefit of DP + MVR for
individually selected patients with advanced tumors. In this
context, hospital volume has already been identified to be a
significant independent variable of morbidity and mortality
following pancreatic surgery in a variety of observational
studies.18

,19 Krautz et al. even demonstrated a clear relation
between hospital volume and mortality in case of major

complications and therefore strictly recommended a centrali-
zation of pancreatic surgery to immediately reduce morbidity
and mortality rates of patients undergoing pancreatic
resections.20 Other authors added, beyond in-hospital mortal-
ity, long-term survival is also improved at high-volume
centers.21 Currently, the only chance of cure for a pancreatic
neoplasm is the complete margin free radical surgical resec-
tion. Based on the present evidence, referral to high-volume
pancreatic surgery centers may decrease the risk of mortality
and assures optimal interdisciplinary management of pancre-
atic neoplasms.

From a surgical point of view, POPF remains the most
common and clinically relevant complication following DP
and may lead to pancreatic fluid collection, intra-abdominal
abscesses, wound infection, and sepsis.22 Various technical
factors including the method of stump closure, associated or-
gan resection, necessity of intraoperative transfusion, and
prolonged operation time were shown to correlate with an
increased risk for POPF.23 Although DP + MVR revealed a
significant increase in terms of operative time and need for
intraoperative transfusions in our study, we did not observe a
remarkable difference regarding POPF.

Currently, there is no consensus for the ideal operative
technique of stump closure in order to reduce the occurrence
of POPF. Numerous studies observed a significant increased
risk of POPF when using stapling devices, whereas other re-
ports revealed increased POPF rates with sutured closure.24

The randomized DISPACT study could however not reveal

Table 4 Histology/indications for surgery, n = 126

Ductal adenocarcinoma, n (%) 65 (51.6)

Neuroendocrine tumors, n (%) 43 (34.1)

Mucinous cystic neoplasm, n (%) 9 (7.1)

Metastasis, n (%) 5 (4.0)

Malignant IPMN, n (%) 4 (3.2)

All cases were matched on a one-to-one basis for gender, age, histology,
and indication for the surgical procedure. Indications for surgery for the
simple distal pancreatectomies are therefore equivalent to the indications
for distal pancreatectomies combined with MVR and are therefore stated
singularly

IMPN intraductal papillary mucinous neoplasm

Table 3 Operative details, postoperative complications, and clinical course

Characteristics Distal pancreatectomy with multivisceral
resection (DP +MVR) (n = 126)

Distal pancreatectomy (DP) (n = 126) p value*

Mean operative time (± SD) 273.8 ± 57.9 203.5 ± 34.5 < 0.001

Intraoperative transfusion, n (%) 18 (14.3) 5 (4.0) < 0.001

Distal closure of pancreas remnant by suture, n (%) 106 (84.1) 101 (80.2) 0.511

Distal closure of pancreas remnant by stapler, n (%) 19 (15.1) 24 (19.0) 0.503

Distal closure of pancreas remnant by anastomosis, n (%) 1 (0.8) 1 (0.8) 1.000

Postoperative pancreatic fistula (POPF), n (%) 36 (28.6) 29 (23.0) 0.388

Postpancreatectomy hemorrhage (PPH), n (%) 7 (5.5) 5 (3.9) 0.769

Abdominal collections, n (%) 26 (20.6) 18 (14.3) 0.245

Major complications, the Clavien-Dindo ≥ 3, n (%) 27 (19.8) 20 (15.9) 0.332

Median ICU stay (range) 3 [1–5] 1 [1–4] < 0.001

Median length of hospital stay, (range) 12 [6–41] 9 [6–23] < 0.001

In-hospital mortality, n (%) 2 (1.6) 1 (0.8) 0.500

Reoperation within 30 days, n (%) 5 (3.9) 2 (1.6) 0.447

Readmission for more than 24 h within 30 days, n (%) 10 (7.9) 8 (6.3) 0.808

30-day mortality, n (%) 3 (2.4) 1 (0.8) 0.622

90-day mortality, n (%) 3 (2.4) 1 (0.8) 0.622

Values are means ± SD (range) or numbers (%), as appropriate

SD standard deviation

*Median values with range
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any differences between both methods in postoperative out-
comes, keeping a controversial debate ongoing.25 In this co-
hort, subsequent stump closure of the main pancreatic duct of
the pancreatic remnant was mainly achieved by a stitch liga-
tion using 4–0 polypropylene sutures, followed by single U-
shaped 4–0 polypropylene sutures and in selected cases, we
additionally administered bovine serum albumin-
glutaraldehyde (BioGlue, Cryolife Inc., Kennesaw, GA,
USA) into the fish-mouth cavity for a reinforced closure.26

However, an increased usage of stapling devices could be
observed over the last 10 years with a still ascending trend.
Due to the discordant literature, pancreatic surgeons should
have the ability to perform different established methods and
decide which one to use based on the intraoperative findings
targeting the best suitable solution.

Despite all advancements in surgical techniques and insti-
tutional expertise, the prognosis of patients adversely affected
by adenocarcinoma remains relatively poor.27 A promising
development in recent years has been the successful introduc-
tion of neoadjuvant treatment concepts for patients with bor-
derline resectable disease.28 Different regimes have been in-
vestigated, targeting micrometastatic disease and a traceable
reduction of tumor volume to potentially increase the likeli-
hood of a complete resection.29 Again, the focus of attention is
mainly directed towards neoplasms that are located in the head
of the pancreas, while tumors that are located within the body/
tail of the pancreas requiring DP with additionalMVR are less
well studied. Additional studies need to be determined to fur-
ther investigate the optimal interaction between neoadjuvant
treatment and surgical procedure, which could beneficially
impact patients’ outcome.

The strengths of our study include (i) the case-matched
study design, (ii) the homogeneity within the groups, and
(iii) the possibility to report 3-year survival rates for adeno-
carcinomas as well as neuroendocrine tumors. The present

study is limited by common biases that are mainly due to the
retrospective character of this analysis. Precision and com-
pleteness of data acquisition are very difficult to control espe-
cially over such an extended study period. To encounter this
condition, we used a carefully matched control group. In order
to accurately access survival, patients with less than 3 years of
follow-up have been excluded. This methodical process could
possibly penalize the ability to detect differences in perioper-
ative events.

At the present time, procedures tailored to the individual
needs of our patients are to be seen as the current advancement
of choice. In conclusion, DP + MVR is a feasible and safe
surgical procedure to achieve radical tumor removal and can
offer beneficial survival outcomes in patients with advanced
tumor stages when performed at high-volume centers. The
length of hospital stay and morbidity rates are comparable to
those of patients that required distal pancreatectomy alone.
Prospective multicenter studies are however needed to vali-
date these results.

Conclusion

Our results demonstrate that DP + MVR is a feasible and safe
approach that enables survival rates after resection of adeno-
carcinoma or neuroendocrine tumors comparable to those fol-
lowing standard procedures. Operative time, need for intraop-
erative transfusions as well as ICU and length of hospital stay
are quite modestly increased due to the extended surgical pro-
cedures. However, POPF, PPH, or major complication (the
Clavien-Dindo ≥ 3) rates are not significantly increased after
DP + MVR and therefore, this procedure can be recommend-
ed for the treatment of extended tumors in selected patients
within the concept of interdisciplinary strategies.

Fig. 1 Survival in ductal adenocarcinoma and neuroendocrine tumors according to required resection type
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