
Abstract. Background/Aim: The impact of venous
resections and reconstruction techniques on morbidity after
surgery for pancreatic cancer (PDAC) remains controversial.
Patients and Methods: A total of 143 patients receiving
pancreatoduodenectomy (PD) for PDAC between 2013 and
2018 were identified from a prospective database. Morbidity
and mortality after PD with tangential resection versus end-
to-end reconstruction were assessed. Results: Fifty-two of
143 (36.4%) patients underwent PD with portal venous
resection (PVR), which was associated with longer operation
times [398 (standard error (SE) 12.01) vs. 306 (SE 13.09)
min, p<0.001]. PVR was associated with longer intensive-
care-unit stay (6.3 vs. 3.8 days, p=0.054); morbidity
(Clavien-Dindo classification (CDC) grade IIIa-V 45.8% vs.
35.8%, p=0.279) and 30-day mortality (4.1% vs. 4.2%,
p>0.99) were not different. Tangential venous resection was
associated with similar CDC grade IIIa-IV (42.9% vs.

50.0%, p=0.781) and 30-day mortality rates (3.5% vs. 4.1%,
p=0.538) as segmental resection and end-to-end venous
reconstruction. Conclusion: Both tangential and segmental
PVR appear feasible and can be safely performed to achieve
negative resection margins.

Pancreatic ductal adenocarcinoma (PDAC) is one of the most
aggressive gastrointestinal tumors and associated with dismal
prognosis. PDAC is expected to be in the top three causes of
cancer-related deaths by 2030 (1-4). Five-year overall
survival rates are as low as 6% for all PDAC patients (5).
Surgical resection remains the only curative treatment, and
tumors of the pancreatic head undergo pancreatoduo-
denectomy (PD) (1-3). About 20% of patients with PDAC
are unresectable at the time of initial diagnosis presenting
with distant metastasis or major arterial involvement (1, 2).
While arterial resections during PD are associated with
increased morbidity and mortality (3), resection of the
superior mesenterico-portal vein (SMPV) has become a
standard procedure (4). The guidelines of the National
Comprehensive Cancer Network (NCCN) define
involvement of the SMPV as borderline resectable PDAC if
safe reconstruction is deemed feasible (5-7). Large studies
of PD for PDAC reported PVR rates of about 30% (2, 3).
Although PVR is increasingly considered a standard
procedure at “high-volume” centers of pancreatic surgery,
heterogeneous results have been reported regarding
perioperative morbidity and mortality (4, 8) as well as long-
term outcomes (4, 9-12). Venous resections can be performed
as tangential or segmental resections with end-to-end
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reconstruction. The impact of the venous resection technique
on postoperative outcomes is controversial.
The aim of this study was to analyze postoperative

morbidity and mortality after PD with PVR for PDAC and
to evaluate the impact of PVR technique (tangential versus
segmental resection and end-to-end reconstruction).

Patients and Methods
Patients, operations and standard postoperative care. The study was
approved by the ethics committee of the University of Luebeck (#17-
118A). All patients underwent pancreatic surgery for pancreatic head
cancer at the Department of Surgery, University Hospital Schleswig-
Holstein, Campus Lübeck between 2013 and 2018. Patients received
a pylorus-preserving PD and a reconstruction with
pancreatogastrostomy (PG) or pancreatojejunostomy (PJ). No
neoadjuvant therapy was performed. Arterial resections were
excluded from the study. Further exclusion factor was distant
metastasis. PVR was performed in case of tumor adherence or
suspected invasion of the SMPV. Borderline resectability was
defined by the NCCN 1.2020 version. Briefly, borderline
resectability criteria included tumors involving more than 180˚ of the
circumferences of the superior mesenteric artery (AMS) or celiac
trunk and tumors in contact with the inferior vena cava (IVC). Total
portal vein occlusion was considered a contraindication for resection.
Decisions to perform PVR were made by the surgical team based on
preoperative imaging as well as intraoperative tumor-vein adhesion.
Vascular prostheses or vein grafts were used if a Cattle Braasch
maneuver was not sufficient to bridge the resected segment of the
vein. Further intraoperative parameters were operation time and
pancreatic texture evaluated by the surgeon (hard versus soft).
PVR was performed as either tangential or segmental resection.

After tangential resection, the SMPV was reconstructed by running
suture with prolene 5-0. Segmental resection was followed by end-
to-end reconstruction with running sutures with prolene 5-0. To
facilitate reconstruction, a Cattle Braasch maneuver is routinely
performed mobilizing the liver ligaments to allow for safe
reconstruction of the PV. Homologous grafts were used in two
cases. During PD a standardized lymphadenectomy is carried out.
This involves lymph node sampling along the hepatoduodenal
ligament, common hepatic artery, portal and superior mesenteric
vein and along the right aspect of the superior mesenteric artery.
Two soft silicon drains were placed near the pancreatic anastomosis
and routinely removed on day 5 when no postoperative pancreatic
fistula (POPF) occurred. Two additional drains were placed next to
the hepaticojejunostomy. Partial thromboplastin time (PTT) guided
anticoagulation (PTT: 40-50 s) was measured for 5 days after PVR.
All patients received subcutaneous prophylactic low-dose heparin
therapy. 
Pancreas-specific postoperative complications, such as

postoperative pancreatic fistula (POPF), delayed gastric emptying
(DGE) and post-pancreatectomy hemorrhage (PPH) were described
according to the International Study Group of Pancreatic Surgery
(ISGPS) definition (13-15). Severity of all surgical postoperative
complications were classified according to the Clavien-Dindo
classification (CDC) (10). 

Specimen workup and histopathologic parameters. The following
baseline parameters were included in the statistical analysis: Age,

gender, body mass index (BMI), American Society of
Anesthesiologists (ASA), weight loss, diabetes mellitus,
preoperative jaundice, pancreatic texture. Histopathological
parameters were T stage, N stage, the lymph node ratio (LNR),
tumor grading (G) and resection margin status (R status). All tissue
samples were histologically examined for tumor cell presence at the
resection margins. Each resection margin was considered separately.
R status was evaluated according to the UICC/AJCC criteria
(conventional R status) as R0 if no tumor cells were detected at the
resection margin, versus R+ if tumor cells were present at the
resection margin. TNM staging was performed according to the 8th
edition of the American Joint Committee on Cancer (AJCC) (16).
Primary tumor stage was dichotomized as T1-2 vs. T3-4, nodal stage
as N0 vs. N+, LNR according to the median LNR value, and tumor
grading as G1-2 vs. G3-4. In case of portal vein resection, the portal
vein labeled by the surgeon was embedded in relation to the tumor
and its resection margins allowing detailed pathological workup of
the complete contact surface between the pancreatic tumor and the
vein. Histopathological tumor cell invasion to the portal vein (PVI)
was defined as the presence of tumor cells in the vascular tunica
media (smooth muscle) or intima. In order to analyze the
postoperative course, the following parameters were assessed:
Operation time, overall hospital stay, re-operations, postoperative
complications according to CDC, occurrence of postoperative
pancreatic fistula (POPF), postpancreatectomy hemorrhage (PPH),
delayed gastric emptying (DGE), intraabdominal abscess,
anastomotic leaks of the biliodigestive anastomosis and
gastroenteric anastomosis, surgical site infections, burst abdomen
and ICU stay. POPF, PPH and DGE were dichotomized as grade 0
and A versus clinically relevant grade B and C complications
according to the ISGPS Guidelines (13, 14, 15). Overall survival
was defined from the day of surgery until death.

Statistical analysis. Data analysis was performed using IBM SPSS
Statistics for Windows, Version 25.0 (developer: IBM, Chicago,
Illinois, United States). Scale variables were expressed as median
and range, categorial parameters as absolute count and percentage.
Dichotomized independent variables were examined by Chi-
squared tests and metrical variables by t-tests. Overall survival
analyses were performed with Kaplan-Meier method and Cox
proportional hazard model. Statistical significance was set to
p<0.05 (two-sided). All confidence intervals (CI) evaluated are
95% confidence intervals.

Results

Baseline parameters. A total of 143 patients underwent PD
for PDAC from 2013 to 2018. Fifty-two patients (36.4%)
had a venous resection. Eighty (55.9 %) patients were male
and 63 (44.1 %) were female. The median age was 68 years,
ranging from 41 to 85. The median body mass index (BMI)
was 30 kg/m2. Thirty-six (25.2%) patients had a history of
weight loss, 21 (14.7%) presented with preoperative jaundice
and 41 (28.7%) had diabetes mellitus. 

Histopathology. A total of 113 (86.3%) patients presented
with stage T3/T4 tumors, and 85 (59.4%) had positive lymph
nodes with a median lymph node ratio (LNR) of 0.3. Tumor
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grade G1/2 was found in 107 (74.8%) patients. Forty-eight
patients (33.6%) had positive resection margins (Table I).

Postoperative parameter. The median operation time was
340 min (SE=11.45). Thirty-two (22.4%) patients had a re-
operation. Median intensive care unit stay (ICU) was 4.5
days (standard error (SE) 1.243) and median overall hospital
stay (OHS) was 20.8 days (SE 2.278). Eighty-seven (60.8%)

patients developed mild postoperative complications
according to CDC I-II and 56 (39.2%) patients had serious
complications (CDC IIIa-IV). 30-day mortality in all patients
was 4.2%. 

Morbidity and mortality of patients with and without PVR.
In a total of 143 patients, 52 patients (36.4%) underwent
PVR and 91 patients (63.6%) did not. Although PD with
PVR was associated with longer operation times (median
398 (SE 12.01) vs. 306 (SE 13.09), p<0.001) than in patients
without PVR, there was no difference in surgical morbidity
(CDC grade IIIa-V 45.8% vs. 35.8%, p=0.279) as well as 30-
day mortality rates (4.1% vs. 4.2%, p>0.999) (Table II). 
The incidence of pancreas-specific postoperative

complications was equivalent for both patients with and
without PVR. Patients with PVR had a similar rate of
clinically relevant POPF grade B/C (8.3% vs. 10.5%,
p=0.774), PPH grade B/C (10.4% vs. 15.8%; p=0.453), DGE
grade B/C (14.6% vs. 10.5%, p=0.585), surgical site
infection (SSI) (18.8% vs. 14.9%, p=0.632), re-operation
(20.8% vs. 23.2%, p=0.834), as well as intrabdominal
abscesses (8.3% vs. 8.4%, p>0.999) and anastomotic leaks
of the gastro-enteric and biliodigestive anastomosis (2.1% vs.
2.1%, p>0.999 and 4.2% vs. 7.4%, p=0.718). In patients with
PVR, ICU stay was prolonged (median 6.3 vs. 3.8 days,
p=0.054) but length of overall hospital stay (OHS) (20 days
vs. 18 days; p=0.542) was comparable to patients without
PVR. No mesenteric vein thrombosis, portal hypertension or
bleeding were observed in relation to portal vein resection.
30-day mortality was 4.1% (2.1% surgical mortality) in
patients with PVR and 4.2% in patients without PVR
(p>0.999). 

Morbidity and mortality of patients with PVR depending on
the type of resection. Fifty-two patients after PD with PVR
for PDAC were divided into two groups with regard to type
of portal vein reconstruction: 28 (53.8%) patients received
tangential resection and 24 (46.2%) patients underwent
segmental PVR with end-to-end anastomosis. There was no
difference in operation time between PD with tangential
resection associated with a median operation time of 378 min
and segmental PVR and end-to-end reconstruction with an
operation time of a median of 426 min (p=0.162). The
incidences of pancreas-specific postoperative complications
such as clinically relevant POPF (grade B/C), PPH B/C,
DGE B/C and other surgical complications (intrabdominal
abscess, anastomotic leaks, SSI, burst abdomen) were similar
in both resection groups (Table III). Postoperative OHS,
reoperation rate as well as severe postoperative
complications (CDC IIIa-V) were similar for both groups.
Type of venous reconstruction had no impact on 30-day
mortality rates (tangential resection 3.5% vs. segmental
resection 4.1%, p=0.538). The tangential resection group
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Table I. Baseline, histopathology and postoperative course.

Parameter Condition n or % or
median range/SE

n 143

Demography and operations

Age 68 41-85
Gender Female 63 44.1%

Male 80 55.9%
BMI <30 kg/m2 122 85.3%

>30 kg/m2 21 14.7%
ASA I-II 65 45.5%

III-IV 78 54.5%
Weight loss No 107 74.8%

Yes 36 25.2%
Diabetes mellitus No 102 71.3%

Yes 41 28.7%
Preoperative No 122 85.3%
Jaundice Yes 21 14.7%
Pancreatic Hard 79 61.7%
Texture Soft 49 38.3%

Histopathology

T stage T1/2 18 13.7%
T3/4 113 86.3%

N Stage N0 58 40.6%
N+ 85 59.4%

LNR 0.3 0.0-1.0
Tumor G1/2 107 74.8%
Grading G3/4 36 25.2%
R Status R0 95 66.4%

R+ 48 33.6%

Postoperative course

Operation time 340 11.45
ICU stay 4,5 1.23
OHS 20.8 5-53
Reoperation 32 22.4%
Clavien-Dindo 0-II 87 60.8%
Classification IIIa-IV 56 39.2%
CDC V 6 4.2%

BMI: Body mass index; ASA: American Society of Anesthesiologist
classification; T stage: tumor stage; LNR: lymph node ratio; ICU:
intensive care unit; OHS: overall hospital stay; CDC: Clavien-Dindo
classification; SE: standard error.



showed prolonged ICU stay in comparison with the
segmental PVR group (median 7.9 vs. 5.8 days; p=0.012).
The median overall survival for all PVR patients was 21.5
months. There was no difference in overall survival when
comparing tangential resection to segmental PVR (20.2 vs.
23.4 months, p=0.786). 

Discussion

Complete surgical resection is the only curative option in
pancreatic cancer (PDAC), and the main goal of pancreatic
surgery is to achieve negative resection margins (R0) (17,
18). R status remains one of the most important prognostic
factors in PDAC and should be aimed for whenever feasible
(19). Over the past decades, radical oncological surgery for
PDAC has become possible, and postoperative mortality
decreased due to advanced postoperative care and ICU
management (8). As a result of improvements in operation
technique and perioperative care as well as centralization of
procedures at high-volume centers, postoperative mortality
has decreased to less than 5% in recent studies (20-24).
Despite a considerable reduction of postoperative mortality,
postoperative morbidity remains high, ranging from 30 to

60% (25-28). The main contributors to high postoperative
morbidity are the occurrence of postoperative pancreatic
fistula (POPF) and further pancreas-specific complications
(29-31).
PDAC is characterized by early loco-regional spread and

besides lympho-vascular and perineural invasion local tumor
involvement of the SMPV is common in PDAC. Over the
past years, PVR has become a feasible option to achieve
complete oncological resection. PDAC tumors with
adhesion, abutment or encasement of the SMPV are
considered borderline resectable (32, 33). While resection is
technically possible, these patients are at increased risk of
margin positive resection as compared to PDAC patients
without any tumor-vessel contact. Besides a higher risk of
incomplete resection in PVR patients, the impact of these
resections on postoperative morbidity and mortality are
controversially discussed. PVR remains a high-risk
procedure associated with potential hemorrhagic or
thrombotic complications that require expertise in vascular
surgery, specialized perioperative care and close
postoperative monitoring at high volume centers. Over the
past years, the rate of PD with PVR for PDAC is as high as
30% at specialized high-volume centers (8, 9, 34). 
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Table II. Postoperative complications by patients with and without portal vein resection.

Parameter                         Total No PVR PVR p-Value
condition
                                          n or median %/range/SE n or median %/range/SE n or median %/range/SE

n                                        143 91 (63.6%) 52 (36.4%)
Operation time                                            340                    11.45                      306                    13.09                     398                     12.01 0.001

Perioperative complications

CDC                                  0-II                      87                    60.8%                       58                    64.2%                      29                     54.2% 0.279
                                        IIIa-V                  56                    39.2%                       33                    35.8%                      23                     45.8%
POPF                                no/BL                129                    90.2%                       81                    89.5%                      48                     91.7% 0.774
                                        B/C                      14                      9.8%                       10                    10.5%                        4                       8.3%
PPH                                 0/A                    123                    86.0%                       77                    84.2%                      46                     89.6% 0.453
                                          B/C                      20                    14.0%                       14                    15.8%                        6                     10.4%
DGE                                  0/A                    126                    88.1%                       81                    89.5%                      45                     85.4% 0.585
                                        B/C                      17                    11.9%                       10                    10.5%                        7                     14.6%
Intraabdominal abscess                                12                      8.4%                         8                      8.4%                        4                       8.3% >0.999
BDA Leak                                                       9                      6.3%                         7                      7.4%                        2                       4.2% 0.718
GE Leak                                                          3                      2.1%                         2                      2.1%                        1                       2.1% >0.999
SSI                                                                 23                    16.2%                       14                    14.9%                        9                     18.8% 0.632
Burst Abdomen                                               8                      5.6%                         4                      4.2%                        4                       8.3% 0.442
Re-op                                                            32                    22.4%                       22                    23.2%                      10                     20.8% 0.834
Other                                                            23                    16.1%                       15                    15.8%                        8                     16.7% >0.999
ICU stay                                                       4.5                      1.243                     3.8                      1.369                    6.3                       1.531 0.054
OHS                                                           20.8                      2.278                      18                      2.320                     20                       2.250 0.542
CDC V                                                            6                      4.2%                         4                      4.2%                        2                       4.1% >0.999

CDC: Clavien-Dindo classification; POPF: postoperative pancreatic fistula; PPH: postpancreatectomy hemorrhage; DGE: delayed gastric emptying;
BDA: biliodigestive anastomosis; GE: gastro-entero anastomosis; SSI: surgical site infection; Re-op: reoperation; ICU: intensive care unit; OHS:
overall hospital stay; SE: standard error. Significant p-Values are shown in bold.



The current study conducted at a high-volume center
specialized in pancreatic surgery demonstrated that PVR is
not associated with higher postoperative morbidity or 30-day
mortality as compared to PD without PVR. Despite
equivalent postoperative complication rates, PVR patients
had a prolonged ICU stay mirroring a standard protocol of
close postoperative surveillance after a potentially high-risk
vascular surgery procedure. Equivalent postoperative
outcomes of patients with and without PVR were confirmed
in other large cohort studies. The American College of
Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) gathered patient data from 43 USA
institutions and reported that pancreatic surgery involving
vascular resection has similar overall morbidity and mortality
rates as the standard procedure (35). Siriwardana et al.
reviewed a total of 6,333 patients and reported that 1,646
(26%) of them underwent PV/SMV resection with a
postoperative morbidity rate of 42% and postoperative
mortality of 5.9% as compared to 5.2% in non-PVR patients
(36). Zettervall et al. could not detect an increase in
postoperative mortality or morbidity in patients with PVR as
compared to those without PVR (37). Callejas et al. also
failed to find an association between resections of the portal

vein, the superior mesenteric vein or the venous confluens
and patient morbidity (38). Ramacciatio et al. reported that
the use of preoperative biliary drainage was related to
postoperative morbidity but PVR was not (39). 
While the majority of current studies show no increase in

postoperative morbidity or mortality following PVR, long-
term overall survival rates of PVR patients are still subject
to debate. In the current study, median overall survival rates
of PVR patients were non-inferior to patients without PVR.
While several studies confirm equivalent overall survival
rates in PVR and non-PVR patients (4, 40, 41), other studies
show worse prognosis after PVR (42, 43). It was recently
demonstrated that the subgroup of PVR patients who show
definite histo-pathological invasion of the SMPV experience
reduced overall survival rates as compared to those with
mere tumor-vein adhesions (9, 44). A recent study from our
group demonstrated features of more aggressive tumor
biology leading to loco-regional tumor spread in patients
with actual tumor invasion to the SMPV wall (45).
Comparative studies on postoperative outcome in

different types of SMPV resections are still lacking. The
current study found no difference in postoperative morbidity
and mortality following tangential versus segmental PVR.
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Table III. Postoperative complications depending on the type of portal vein resection.

Parameter                         Total Tangential PVR End-to-end PVR p-Value
condition
                                          n or median % or range/SE n or median % or range/SE n or median % or range/SE

n                                        52 28 (53.8%) 24 (46.2%)
Operation time                                            398                    12.01                      378                    13.1                       426                     14.2 0.162

Perioperative complications

CDC                                  0-II                      28                    53.8%                       16                    57.1%                      12                     50.0% 0.781
                                        IIIa-V                  24                    46.2%                       12                    42.9%                      12                     50.0%
POPF                                no/BL                  47                    90.4%                       24                    85.7%                      23                     95.8% 0.358
                                        B/C                        5                      9.6%                         4                    14.3%                        1                       4.2%
PPH                                0/A                      45                    86.5%                       23                    82.1%                      22                     91.7% 0.430

                            B/C                        7                    13.5%                         5                    17.9%                        2                       8.3%
DGE                                  0/A                      44                    84.6%                       22                    78.6%                      22                     91.7% 0.262
                                        B/C                        8                    15.4%                         6                    21.4%                        2                       8.3%
Intraabdominal abscess                                  5                      9.6%                         3                    10.7%                        2                       8.3% >0.999
BDA Leak                                                       3                      5.8%                         2                      7.1%                        1                       4.2% >0.999
GE Leak                                                          2                      3.8%                         2                      7.1%                        0                       0.0% 0.493
SSI                                                                 10                    19.2%                         4                    14.3%                        6                     25.0% 0.483
Burst Abdomen                                               5                      9.6%                         3                    10.7%                        2                       8.3% >0.999
Re-op                                                            12                    23.1%                         6                    21.4%                        6                     25.0% >0.999
Other                                                              9                    17.3%                         4                    14.3%                        5                     20.8% 0.716
ICU stay                                                       6.7                      2.095                     7.9                      2.095                    5.8                       2.095 0.012
OHS                                                           20.7                      4.173                   20.6                      4.203                  20.8                       4.143 0.727
CDC V                                                            2                      4.1                            1                      3.5%                        1                       4.1% 0.538

CDC: Clavien-Dindo classification; POPF: postoperative pancreatic fistula; PPH: postpancreatectomy hemorrhage; DGE: delayed gastric emptying;
BDA: biliodigestive anastomosis; GE: gastro-entero anastomosis; SSI: surgical site infection; Re-op: reoperation; ICU: intensive care unit; OHS:
overall hospital stay; SE: standard error. Significant p-Values are shown in bold.



Grafts were rarely used for end-to-end reconstruction in this
cohort, instead, extensive mobilization of the venous ends
was achieved by Cattle-Braasch maneuvers. Graft
interposition may increase the risk of thrombosis (46), and
the Cattle-Braasch maneuver can bridge a segmental
resection of up to 10 cm. Other studies confirm equivalent
outcomes in patients with tangential versus segmental PVR.
Tseng et al. reported on 141 patients who underwent venous
reconstruction at the time of pancreaticoduodenectomy.
PVR included tangential resection with vein patch (n=36),
segmental resection with primary anastomosis (n=35), and
segmental resection with autologous interposition graft
(n=55). Postoperative morbidity and long-term outcomes
were similar in all three subgroups. Serenari et al.
performed a study in 99 patients with PD comparing
outcomes of tangential versus segmental PVR (47). The
authors could not find differences in terms of CDC
complications grade IIIA or higher or 30-day and 90-day
postoperative mortality. 
A limitation of this study is its retrospective nature with

the potential for selection and reporting bias. Because patient
data were derived from a prospectively maintained database,
the limitations of a retrospective study are reduced but
cannot be completely eliminated. Furthermore, patients in
this cohort did not receive neoadjuvant therapy. Neoadjuvant
therapy can achieve a downstaging in borderline resectable
tumors and thus improve resectability and reduce the rates
of portal vein resections (48). Future studies are warranted
to determine postoperative outcomes of PD with PVR
following neoadjuvant treatment. 
In summary, we present a large single-center cohort study

of patients with PD and PVR for PDAC. PD with PVR was
associated with prolonged operation time and ICU stay but
not with higher postoperative morbidity and 30-day mortality
as compared to patients not undergoing PVR. Both tangential
and segmental PVR are feasible procedures and can be safely
performed to achieve negative resection margins.
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