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Abstract
Background Portal vein/superior mesenteric vein (PV/SMV) resection during distal pancreatectomy (DP) is often associ-
ated with technical difficulties due to the close anatomic relationship between pancreatic head and PV/SMV. In this paper, 
we present our operative technique and short-term outcomes of DP combined with venous resection (DP-VR) for left-sided 
pancreatic cancer (PC).
Methods We reviewed 368 consecutive cases of DP for PC from January 2013 to December 2018 in our institution, and 
identified 41 patients (11.1%) who had undergone DP-VR. The remaining 327 DP patients (88.9%) were matched to DP-VR 
using propensity scores in the proportion of 1:2. Demographics, intraoperative details, postoperative complications and the 
pathological results were compared between the two groups.
Results Out of the 41 DP-VR cases, in 14 (34.1%) venous resection with primary closure was performed, while the remain-
ing 27 (65.9%) underwent end-to-end anastomosis without graft. A propensity-score-matched analysis revealed that DP-VR 
caused an increased risk of postoperative bleeding (17.1% vs. 3.7%, P = 0.016) and delayed gastric emptying (9.8% vs. 1.2%, 
P = 0.042) compared to standard DP. Overall morbidity (46.3% vs. 36.6%, P = 0.332), postoperative pancreatic fistula (31.7% 
vs. 26.8%, P = 0.672), R0 resection (58.5% vs. 67.1%, P = 0.223), 30-day reoperation (2.4% vs. 3.7%, P = 0.719), and 90-day 
mortality (0% vs. 2.5%, P = 0.550) were comparable between the two groups. In postoperative computed tomographic scans 
of 34 patients (82.9%) at a 90-day follow-up, PV/SMV stenosis was suggested in two patients (5.9%).
Conclusion Despite the higher rates of postoperative bleeding, DP-VR was found to be a feasible and safe surgery with 
acceptable postoperative morbidity and mortality compared to standard DP for left-sided pancreatic cancer.
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Introduction

Radical resection with negative margin remains the only 
curative treatment for pancreatic cancer patients. However, 
only 15–20% of patients with localised tumours are suit-
able for curative resection [1], since tumours are frequently 

diagnosed at more advanced stages, and often appear with 
an involvement of adjacent structures due to delayed symp-
toms. Tumour infiltration of the portal vein/superior mesen-
teric vein (PV/SMV) occurs frequently in pancreatic neck 
cancer due to the close anatomical relationship between 
these vessels and the tumour. Early experience suggested 
that extended pancreatectomy with PV/SMV resection led 
to increased morbidity without any survival benefit [2, 3]. 
However, with improvements in correct preoperative assess-
ment, perioperative care and surgical techniques, extended 
surgery with PV/SMV resection and reconstruction is cur-
rently an accepted practice in specialised centres.

Pancreaticoduodenectomy combined with venous resec-
tion (PD-VR) had been widely performed in selected 
PC patients with PV/SMV infiltration. Peng et  al.’s 
newly published meta-analyses revealed that PD-VR 
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was associated with a lower R0 resection rate (OR 0.64, 
0.55–0.74, P < 0.0001) and a greater risk of certain specific 
complications that increased the mortality rate (OR 2.02, 
1.46–2.79, P < 0.0001) [4]. Similarly, Giovinazzo et al.’s 
meta-analyses found that mixed pancreatectomies (PD, DP, 
total and subtotal pancreatectomies) with VR were asso-
ciated with increased postoperative mortality (RD 0.01, 
0.00–0.03, P = 0.02), higher rates of non-radical surgery 
(RD 0.09, 0.06–0.13, P < 0.001) and a worse 5-year survival 
rate (HR 3.18, 1.95–5.19, P < 0.001) [5].

Mixed pancreatectomies or PD with VR seemed to 
increase the risk of complications and mortality, and were 
related to poor survival. However, DP-VR was rarely per-
formed due to the close anatomic relationship between 
pancreatic head and PV/SMV. Therefore, the present study 
aimed to focus on our operative technique and the short-term 
safety outcomes of DP-VR for left-sided cancer based on our 
single-centre experience.

Patients and methods

Patient selection

For this study, patients who consecutively underwent DP-VR 
for left-sided pancreatic cancer (PC) at the First Affiliated 
Hospital of Nanjing Medical University between January 
2013 and December 2018 were identified. Perioperative 
data was retrospectively collected through a review of the 
medical records. The study was approved by the institution’s 
ethics committee.

DP-VR was indicated when tumour invasion to PV/SMV 
was suspected on a preoperative imaging study or during the 
operation. Artery invasion is not a contraindication for radi-
cal intent DP if sub-adventitial divestment of tumour-invad-
ing can be safely applied [6, 7], but distant metastasis was 
considered an absolute contraindication. Due to the standard 
oncological practices in China during the study period, no 
patients received neoadjuvant chemotherapy prior to surgery.

Surgical procedure

Kocher’s manoeuvre was performed as the first step of the 
procedure to facilitate the manual control of PV during 
the surgery. In cases of artery invasion by the tumour, 
the artery-first approach was used to evaluate the resect-
ability before transection of the pancreas neck. The pan-
creas was frequently transected to the right of the portal 
vein, close to the gastroduodenal artery (GDA), to ensure 
a better chance of R0 at the pancreatic neck. If the mar-
gin was still positive, as suggested by the frozen section, 
total pancreatectomy (TP) or sacrifice of the GDA was 
considered if the celiac artery (CA) could be preserved. 

Whenever a major artery was transected (splenic artery or 
CA), a gradient double ligation technique was used, with 
the first ligation made a little loose to avoid endarterium 
transection injury, followed by a tight transfixation to fully 
control the artery stump.

The major branches of PV/SMV (the gastrocolic trunk of 
Henle, the inferior mesenteric vein, and the coronary vein) 
and the uncinate process of the pancreas could be divided 
during the dissection to obtain control of PV/SMV and help 
reduce tension at the venous anastomosis (Fig. 1). However, 
the coronary vein had to be preserved for the venous return 
of the stomach if TP was intended to be performed after 
evaluation.

A tumour at the pancreatic neck with vein invasion could 
cause difficulty in PV/SMV resection because body-tail 
mobilisation and antegrade right-to-left resection was not 
applicable; therefore, a left-to-right dissection of the distal 
pancreas and spleen was adopted. The posterior resection 
plane was kept at the anterior surface of the left renal vein 
and left kidney while the Gerota’s fascia was resected, simi-
lar to the principle of radical antegrade modular pancreato-
splenectomy (RAMPS). The left adrenal gland was resected 
if the tumour had invaded beyond the posterior surface of 
the pancreas. The left part of the Heidelberg triangle area, 
together with the left semi-circumference of arterial adven-
titia at the root of the CA and superior mesenteric artery 
(SMA), were also resected [8].

The main pancreatic duct at the proximal stump was 
always suture ligated with 5–0 Prolene, prior to which a 
retrograde insertion of trans-papillary stent for the main pan-
creatic duct could be utilised. The ligamentum teres hepa-
tis or the greater omentum was routinely used to cover the 
pancreatic stump and reduce the risk of significant fistula.

Different styles of resection and reconstruction of PV/
SMV were chosen, depending on the extent of tumour 
invasion. However, pancreatic neck/body tumours usually 
involve a smaller range of PV/SMV compared to when the 
disease arises in the head of the pancreas. In our case series, 
the length of the longest resected vein was four centimetres. 
A tension-free direct end-to-end anastomosis could usually 
be performed without graft interposition, relying on the suf-
ficient mobilisation and limited resected length of PV/SMV. 
Moreover, interposition autologous or prosthetic grafts could 
be used to bridge the ends of the PV/SMV if the resected 
vein was too long (> 5 cm).

PV/SMV was anastomosed using a running suture with 
5–0 Prolene. Unfractionated heparin was injected into the 
PV/SMV lumen before the final one or two stitches. System-
atic heparin was not routinely used during the operations. In 
end-to-end anastomosis, after suturing of the anastomosis 
was completed, we first loosened the distal vascular forceps 
at the SMV end to allow full expansion of the venous lumen 
at the anastomosis, and then finished the suture knot-tying.
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Definitions

Postoperative mortality was defined as death within 
90  days following surgery for any reason. Postopera-
tive pancreatic fistula (POPF), delayed gastric emptying 
(DGE) and postpancreatectomy haemorrhage (PPH) were 
defined according to the criteria proposed by the Interna-
tional Study Group of Pancreatic Surgery (ISGPS) [9–12]. 
Postoperative complications were categorised according 
to the Clavien-Dindo classification [13]. The definition of 
resectability was based on the National Comprehensive 
Cancer Network’s (NCCN) guidelines [14]. The postop-
erative surveillance computed tomographic of each patient 
was evaluated at  30th and  90th day after surgery, and time 
period for PV/SMV patency was defined as 90 days. Clas-
sification of venous resections was also proposed by the 
ISGPS, including (1) type 1: partial venous excision with 
direct closure (venorrhaphy) by suture; (2) type 2: partial 
venous excision using a patch; (3) type 3: segmental resec-
tion with primary veno-venous anastomosis; (4) type 4: 
segmental resection with an interposed venous conduit and 

at least two anastomoses [15]. Circumferential margins, 
including anterior surface margin, posterior margin and 
transection margin at the pancreatic neck, were examined 
according to the ‘1 mm rule’ to define the R1/R0 status 
[16]. The American Joint Committee on Cancer (AJCC) 
 8th edition tumour, node, metastasis (TNM) system was 
utilised in the tumour staging.

Statistical analysis

Continuous variables were presented as the mean ± stand-
ard deviation (s.d.) or median with an interquartile range. 
Accordingly, a Student t test or a Mann–Whitney U test 
was used to compare variable distribution between the two 
groups. Category variables were presented as the frequency 
(percentage) and were compared with the Chi-square sta-
tistic or the Fisher exact test where appropriate. Two-sided 
p values < 0.05 were used as the threshold for statistical 
significance. Statistical analyses were performed using the 
SPSS software version 24.0 (IBM, USA).

Fig.1  Operative image of 
invasion site (A), anastomosis 
(B) and post anastomosis view 
(C) of PV/SMV. PV, portal 
vein; SMV, superior mesenteric 
vein; CA, celiac artery; SMA, 
superior mesenteric artery; SA, 
splenic artery; CHA, common 
hepatic artery
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Results

The demographics, intraoperative details, postopera-
tive complications and pathological outcomes of the 
propensity-score-matched cohorts are shown in Table 1. 

Postoperative complications including total morbid-
ity, POPF, PPH, DGE, PV/SMV stenosis, chylous fis-
tula, intra-abdominal infection, 30-day reoperation, and 
90-day mortality were compared (Fig. 2). Results reveal 
that DP-VR had an increased risk of PPH (17.1% vs. 3.7%, 
P = 0.016) and DGE (9.8% vs. 1.2%, P = 0.042) compared 

Table 1  The demographics, 
intraoperative details, 
postoperative complications 
and pathological outcomes of 
the propensity-score-matched 
cohorts

POPF, postoperative pancreatic fistula; DGE, delayed gastric emptying; PPH, postpancreatectomy haem-
orrhage; NA, not available

Characteristics DP-VR (n = 41) Standard DP (n = 82) P value

Age, (mean, SD) 64 ± 10 years 66 ± 8 years 0.299
Male:female 19:22 50:32 0.129
Operation time, (mean, SD) 262.6 ± 82.8 min 206.7 ± 90.8 min 0.001
RBC transfusion 13 (31.7) 16 (19.5) 0.133
Total morbidity 19 (46.3) 30 (36.6) 0.332
R0 resection 24 (58.5) 55 (67.1) 0.233
POPF 13 (31.7) 22 (26.8) 0.672
PPH 7 (17.1) 3 (3.7) 0.016
DGE 4 (9.8) 1 (1.2) 0.042
Chylous fistula 1 (2.4) 7 (8.5) 0.267
Intra-abdominal infection 5 (12.2) 8 (9.8) 0.758
PV/SMV stenosis 2 (5.9), NA = 7 1 (1.6), NA = 21 0.290
Clavien-Dindo ≥ 3 7 (17.1) 11 (13.4) 0.588
30-day reoperation 1 (2.4) 3 (3.7) 0.719
90-day mortality 0 (0), NA = 3 2 (2.5), NA = 1 0.550
Tumour size 4.4 ± 1.4 cm 4.2 ± 1.6 cm 0.597
Tumour differentiation 0.260
G1 0 (0) 2 (2.4)
G2 12 (29.3) 33 (40.2)
G3 29 (70.7) 47 (57.3)
Microscopic nerve invasion 37 (90.2) 57 (69.5) 0.013
Microscopic vascular invasion 23 (56.1) 20 (24.4)  < 0.001
Examine lymph node 7 (4, 13) 6 (3, 10) 0.055
Positive lymph node 1 (0, 2) 1 (0, 2) 0.980
T stage 0.292
T1 0 (0.0) 3 (3.7)
T2 12 (29.3) 34 (41.5)
T3 16 (39.0) 25 (30.5)
T4 13 (31.7) 20 (24.4)
N stage 0.287
N0 19 (46.3) 31 (37.8)
N1 21 (51.2) 43 (52.4)
N2 1 (2.4) 8 (9.8)
M stage 0.552
M0 41 (100.0) 80 (97.6)
M1 0 (0) 2 (2.4)
TNM 0.213
I 6 (14.6) 24 (29.3)
II 21 (51.2) 33 (40.2)
III 14 (34.1) 23 (28.0)
IV 0 (0) 2 (2.4)
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to standard DP. However, overall morbidity (46.3% vs. 
36.6%, P = 0.332), POPF (31.7% vs. 26.8%, P = 0.672), 
30-day reoperation (2.4% vs. 3.7%, P = 0.719), 90-day 
mortality (0% vs. 2.5%, P = 0.550), and Clavien-Dindo ≥ 3 
rate (17.1% vs. 13.4%, P = 0.588) were comparable 
between the two groups. There was no statistically differ-
ence between the two groups in R0 resection (58.5% vs. 
67.1%, P = 0.233) similarly. No 90-day mortality occurred 
in the DP-VR group, although it was not possible to fol-
low-up three cases.

In postoperative computed tomographic scans of 34 
patients (82.9%, missing data for seven patients) at a 90-day 
follow-up, PV/SMV stenosis was suggested in two patients 
(5.9%). No collaterals developed in either case. Both patients 
with PV/SMV stenosis did not develop any symptoms.

More detailed operative and pathological information of 
DP-VR is summarised in Table 2. Partial venous resection 
with primary closure was performed in 14 patients (34.1%) 
(type 1), while segmental venous resection with end-to-end 
anastomosis was performed in the remaining 27 (65.9%) 
(type 3). Two cases (4.9%) were preoperatively classified 
as locally advanced due to SMA encasement (tumour con-
tact > 180°). Sub-adventitial divestment of major arteries 
(CA, CHA, SMA) was performed in 13 patients (37.1%). 
Of the seven PPH cases (17.1%), one (2.4%) was early PPH 
(occurring < 24 h after index pancreatic resection) and six 
(14.6%) were late PPH. One patient (2.4%) underwent reop-
eration due to POPF and PPH on the  10th day after primary 
surgery. The overall R0 resection rate was 58.5%, while R1 
margin was seen in 17 patients (41.5%)—12 (29.3%) with 
R1-1 mm margin and five (12.2%) with R1-direct. R1-1 mm 

Fig.2  Operative image of inva-
sion site (A) and post anasto-
mosis view (B) of PV/SMV. 
PV, portal vein; SMV, superior 
mesenteric vein; CA, celiac 
artery; SMA, superior mesen-
teric artery; SA, splenic artery; 
CHA, common hepatic artery

Table 2  More detailed operative and pathological information of 
DP-VR

DP-VR (n = 41) Values

Preoperative resectability
  Resectable 11 (26.8)
  Borderline resectable 28 (68.3)
  Locally advanced 2 (4.9)

Venous resection classification
  Type 1 14 (34.1)
  Type 3 27 (65.9)

Combined sub-adventitial divestment of major arteries 13 (31.7)
  Celiac artery 9 (22.0)
  Common hepatic artery 1 (2.4)
  Superior mesenteric artery 5 (12.2)

Margin status
  R0 24 (58.5)
  R1-1 mm 12 (29.3)
  R1-direct 5 (12.2)

Location of R1 margins 17 (41.5)
  Pancreatic neck 10 (24.4)
    R1-1 mm 9 (22.0)
    R1-direct 1 (2.4)
  Anterior surface 8 (19.5)
    R1-1 mm 9 (22.0)
    R1-direct 3 (7.3)
  Posterior surface 8 (19.5)
    R1-1 mm 7 (17.1)
    R1-direct 1 (2.4)
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margin included nine cases (22.0%) of pancreatic neck 
margin, nine cases (22.0%) of anterior surface margin, and 
seven cases (17.1%) of posterior margin. R1-direct margin 
included one case (2.4%) of pancreatic neck margin, three 
cases (7.3%) of anterior surface, and one case (2.4%) of pos-
terior surface margin.

Discussion

In contrast to PD-VR, tension-free venous reconstruction 
is more challenging in DP-VR. The whole vein, from SMV 
to PV, is slanted across the surface of the uncinate process 
of the pancreas, finally entering the right rear hepatic por-
tal. After resection of the body and tail of the pancreas, 
the attachment of the residual pancreatic head on the right 
side of the PV/SMV and extrusion of the uncinate process 
on the posterior side of the pancreas will both increase the 
anastomotic tension and possibility of anastomotic stenosis. 
Moreover, PV/SMV is easily restricted by the duodenum 
mesenteric vein and its branches, resulting in increased 
difficulty during the dissection and anastomosis, such as 
the inferior anterior and posterior pancreaticoduodenal 
veins and the first jejunal branch and its branches. How-
ever, there was no graft interposition in our study. From our 
experience, pancreatic neck/body tumours usually involve 
a smaller range of PV/SMV compared to the range when 
the disease arises in the head of the pancreas. The length of 
the longest resected vein was four centimetres in our study. 
The major branches of PV/SMV (i.e. the gastrocolic trunk 
of Henle, inferior mesenteric vein, and coronary vein) could 
be divided during the dissection to help reduce tension at the 
venous anastomosis. Furthermore, the combined uncinate 
process resection could effectively reduce the anastomotic 
tension. In addition, liver mobilisation and Cattell–Braasch 
manoeuvre (utility of mobilisation of the right colon and 
the root of the mesentery) [17] could also be performed in 
DP-VR to reduce the tension. Due to the aforementioned 
factors, a tension-free, direct, end-to-end anastomosis could 
typically be performed without graft interposition. However, 
if the resected vein is too long, interposition with autologous 
or prosthetic grafts could bridge the ends of the PV/SMV, or 
even lead to considering total pancreatectomy.

Due to more advanced disease, PD-VR seemed to have 
a higher risk of complications and mortality, and worse 
long-term survival than the standard procedure for PC (4, 
5). However, better survival benefits were obtainable from 
PD-VR compared to palliative treatment.

Similarly, DP-VR also had an increased risk of PPH 
(17.1% vs. 3.7%, P = 0.016) compared to standard DP, 
both in our cohort and in the literature report (17.1% vs. 
2.0–8.6%) [18–23]. However, in our study, DP-VR was 
associated with comparable rates of total morbidity (46.3% 

vs. 36.6%, P = 0.332), POPF (31.7% vs. 26.8%, P = 0.672), 
30-day reoperation (2.4% vs. 3.7%, P = 0.719), and 90-day 
mortality (0% vs. 2.5%, P = 0.550) compared to standard 
DP, which is also in line with previously published studies 
on POPF (18.0–27.7%), reoperation rates (7.0–7.2%) and 
mortality rates (0–4.0%) with standard DP [18–23]. Fur-
ther analysis found that six out of seven cases (85.7%) of 
PPH occurred in the late phase, and this, combined with 
POPF—indicating secondary haemorrhage resulting from 
frequent vascular skeletonization in our cohort combined 
with possible POPF/intra-abdominal infection—may explain 
the higher risk of PPH in the current case series. One PPH 
case that occurred in the early phase may be directly related 
to the surgical procedure. Two technical factors may be help-
ful in lowering the PPH rate in the early phase. Firstly, if the 
transection line is close to the GDA and the GDA needs to be 
mobilised, it is recommended that the branches of the GDA 
are secured via ligation instead of with a surgical energy 
device. The second technical point is the so-called gradi-
ent double ligation technique, which, in our experience, can 
lower the risk of pseudoaneurysm formation after surgery, 
especially in older patients with arteriosclerosis.

It is also worth mentioning that although the POPF rate 
after DP-VR seemed to be similar to that after standard 
DP, the technical challenges in pancreatic remnant closure 
increased, with POPF risk arising if the transection line 
shifted to the right side of the PV/SMV due to the neck/
body location of the tumour. According to the newly pub-
lished ISGPS consensus, there is no difference in the POPF 
rate after DP between the hand-sewn and stapler techniques 
[24]. However, the worry about the positive margin, par-
ticularly when PV/SMV was involved, may have limited the 
use of the stapling technique in DP for neck/body pancreatic 
cancer.

Another key finding was that PV/SMV stenosis occurred 
at a lower rate (5.9%, two out of 34 patients) in our study 
than previously reported (9.0–17.8%) [25–27]. Multiple fac-
tors may have contributed to this high patency rate: (i) good 
surgical techniques to avoid narrowing, kinking, axial rota-
tion and excessive tension at the anastomosis; (ii) complete 
mobilisation of PV/SMV to avoid the use of interposition 
prosthetic graft; (iii) aggressive prophylactic anti-thrombosis 
therapy after surgery with 40–80 mg LMWH per day start-
ing on POD1-3; and (iv) lower risk of venous thrombosis 
in Asians due to genetic disparity among ethnicities [28]. 
The two patients with PV/SMV stenosis did not develop 
any symptoms in our study. The research on hepatobiliary 
pancreatic surgery showed that percutaneous transhepatic 
stent placement for PV stenosis was effective, and the 
stent patency was satisfactory during the follow-up period 
[29–31]. However, from our practical experience, the major-
ity of PV/SMV stenosis cases displayed no symptoms and 
often did not require interventions, except suffering from 
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refractory symptoms due to portal hypertension, since this 
procedure is invasive and potentially dangerous in terms of 
the risk of vascular injury and bile leakage.

Real R0 resection with strict standards (including exam-
ining circumferential margins and the ‘1 mm rule’) is associ-
ated with improved long-term survival in pancreatic cancer 
patients [1]. The R1 resection rate in the current cohort was 
17 (41.5%), with five cases of R1-direct and 12 cases of 
R1–1 mm, which is comparable with historical data from 
the literature [18, 23]. In our centre, in order to improve 
R0 resection after surgery, retroperitoneal lymph nodes and 
connective tissues (including the nerve plexus surrounding 
major arteries) were removed en-bloc with the tumour, in 
accordance with the oncologic principles proposed in the 
‘RAMPS’ [32] and ‘TRIANGLE’ procedures [8]. Neoadju-
vant therapy (NAT) can increase the chance of obtaining R0 
resection after radical pancreatectomy; although the benefits 
of NAT in patients with borderline resectable pancreatic can-
cer (BRPC) have been confirmed in many studies [33–35], 
few oncological results after NAT in BRPC with isolated 
venous vascular involvement or with venous resection have 
been reported. The only reported study showed that surgery 
following NAT had a higher R0 resection rate and superior 
disease-free survival (DFS) [36]. High-quality research is 
warranted to confirm the value of NAT in VR patients, and 
our techniques of DP-VR should also be tested in NAT cases.

Few studies on minimally invasive DP (MIDP) with VR 
have been reported. Only Giulianotti et al. described one 
case of robot-assisted DP with PV resection [37]. However, 
given that standard MIDP has been performed increasingly 
with evidence of minimally invasive benefits, and some 
initial results showed that minimally invasive PD (MIPD) 
with VR could be performed with similar short- and long-
term outcomes compared to open PD with vein resection, 
we believe that MIDP with VR would be safe and feasible 
for patients with pancreatic malignancy with vein invasion.

There are still several limitations in our current study. 
First, the fact that no patients received neoadjuvant therapy 
in the study may have influenced the oncological results. 
Second, there was no detailed pathological information 
regarding resected PV/SMV, such as whether the tumour 
invaded it, or the length of the tumour invasion. Lastly, it 
was not possible to radiographically follow up seven patients 
(17.1%). This may have caused substantial bias in the venous 
patency rate.

In conclusion, despite the higher rates of PPH, DP-VR 
was found to be a feasible and safe surgery with acceptable 
perioperative morbidity and mortality compared to standard 
DP for left-sided pancreatic cancer.
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