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Abstract

Background

Venous reconstruction has been recently demonstrated to be safe for tumours with invasion
into portal vein and/or superior mesenteric vein. This study aims to compare the patency
between various venous reconstructions.

Methods

This is retrospective study of 76 patients who underwent pancreaticoduodenectomy or total
pancreatectomy with venous reconstruction from 2006 to 2018. Patient demographics,
tumour histopathology, morbidity, mortality and patency were studied. Kaplan-Meier esti-
mates were performed for primary venous patency.

Results

Sixty-two patients underwent pancreaticoduodenectomy and 14 underwent total pancrea-
tectomy. Forty-seven, 19 and 10 patients underwent primary repair, end-to-end anastomo-
sis and interposition graft respectively. Major morbidity (Clavien-Dindo >grade 2) and 30-
day mortality were 14/76(18.4%) and 1/76(1.3%) respectively. There were 12(15.8%)
venous occlusion including 4(5.3%) acute occlusions. Overall 6-month, 1-year and 2-year
primary patency was 89.1%, 92.5% and 92.3% respectively. 1-year primary patency of pri-
mary repair was superior to end-to-end anastomosis and interposition graft (primary repair
100%, end-to-end anastomosis 81.8%, interposition graft 66.7%, p = 0.045). Pairwise com-
parison also demonstrated superior 1-year patency of primary repair (adjusted p = 0.037).

PLOS ONE | https://doi.org/10.1371/journal.pone.0240737 November 5, 2020

1/14


https://orcid.org/0000-0001-9533-801X
https://orcid.org/0000-0003-4143-5935
https://orcid.org/0000-0002-5949-4741
https://doi.org/10.1371/journal.pone.0240737
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240737&domain=pdf&date_stamp=2020-11-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240737&domain=pdf&date_stamp=2020-11-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240737&domain=pdf&date_stamp=2020-11-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240737&domain=pdf&date_stamp=2020-11-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240737&domain=pdf&date_stamp=2020-11-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0240737&domain=pdf&date_stamp=2020-11-05
https://doi.org/10.1371/journal.pone.0240737
https://doi.org/10.1371/journal.pone.0240737
http://creativecommons.org/licenses/by/4.0/
http://www.singhealth.com.sg

PLOS ONE

Venous patencies of various venous reconstruction types after pancreatoduodenectomy or total pancreatectomy

and analysis, decision to publish, or preparation of
the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

There was no significant difference between the cumulative venous patency for each
venous reconstruction method: primary repair 84+6%, end-to-end anastomosis 75+11%
and interposition graft 76£15% (p = 0.561).

Conclusion

1-year primary venous patency of primary repair is superior to end-to-end anastomosis and
interposition graft.

1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most common pancreatic neoplasm with
5-year survival as low as 6% [1, 2]. The low 5-year survival rate is often due to delayed diagno-
sis and only 20% of patients are eligible for surgical resection at presentation[2]. Resection of
PDAC of the pancreatic head is often complicated by tumour adherence to the portal vein
(PV) or superior mesenteric vein (SMV) due to the its close anatomical relationship [3]. In the
past, this was considered a contraindication for curative pancreatic surgery, but more recent
studies have shown that combined resection of the pancreas, PV and SMV had comparable
morbidity, mortality and survival as pancreatic surgery without venous resection [4-8]. An
expert consensus in 2009 by Evans et al. recommended the use of pancreaticoduodenectomy
with venous resection and/or venous reconstruction as a standard of practice for PDAC with
local invasion into PV, SMV, and/or PV-SMV confluence in experienced institutions [9].

Several techniques have been reported for venous reconstruction including: (1) primary lat-
eral venorrhaphy (2) primary end-to-end anastomosis (3) primary repair with venous patch
(4) interposition graft with synthetic or autologous graft [10]. Presently, there is a paucity of
studies comparing the patency or thrombosis rates between various venous reconstruction
methods. Overall rates of occlusion of PV has been reported to range between 0-17% and is
dependent on: (1) extent of resection (2) method of reconstruction (3) timing and mode of
graft surveillance [11-17]. Some investigators have reported that polytetrafluoroethylene
(PTFE) interposition grafts may have a higher incidence of thrombosis but results remain
inconclusive due to small sample size [15]. The primary objective of the present study was to
investigate and compare the patency rates between the various methods of venous reconstruc-
tion after pancreaticoduodenectomy and total pancreatectomy. The secondary aim was to
compare the difference in perioperative outcomes, morbidity and mortality across the various
types of venous reconstruction.

2. Materials and methods

This is a single institution retrospective study of all consecutive patients who underwent pan-
creaticoduodenectomy or total pancreatectomy with venous resection and reconstruction
from 2006 to 2018 at Singapore General Hospital. This study was approved by the SingHealth
Centralised Institutional Review Board (Ref number: 2020/2066) on 19 February 2020. All
patients were identified from our prospective pancreatic resection database. Patients with con-
comitant arterial reconstruction were excluded from the study. Patient demographics and
study variables were extracted from computerized clinical databases. Patients were stratified
into 3 groups according to the reconstruction type: primary repair, primary end-to-end anas-
tomosis and interposition graft. All data were fully anonymized prior to access by the study
team. The patients’ medical records were accessed from January 2006 to December 2018.
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2.1 Study variables and outcomes

The study variables were age, gender, American Society of Anaesthesiology (ASA) score, type
of venous resection, histopathological findings and tumour size. Study outcomes were need
for blood transfusion, intensive care unit (ICU) admission and reoperation, length of hospita-
lisation stay, tumour recurrence, follow-up duration, patency rates (<30 days and >30 days,
and primary patency vs secondary patency), morbidity (all morbidity and >grade 3 on Cla-
vien-Dindo grading system) and mortality (30-day, 90-day and in-hospital mortality) [18].
Postoperative pancreatic fistula (POPF) was defined and graded according to the latest Inter-
national Study Group for Pancreatic Fistula classification system [19].

2.2 Definitions

Primary repair was defined as either transverse or lateral venorrhaphy. Patch repair was not
included under primary repair. Patency was defined as presence of hepatopetal flow on ultra-
sound doppler or venous opacification with contrast on computed tomography (CT) scan.
Partial occlusions such as focal narrowing of veins or presence of stable partial thrombus
were considered to be patent. Patency was expressed as a percentage over the number of
patients who were still alive at the respective time intervals. Occlusion was defined as com-
plete occlusion such as absence of hepatopetal flow, presence of complete thrombus or cav-
ernous transformation. Primary patency was defined as patency after the initial venous
reconstruction; secondary patency was defined as patency following an invasive intervention
(thrombectomy or revision surgery with reconstruction). Patients who did not receive any
invasive intervention after primary occlusion were also considered to be non-patent under
secondary patency.

All morbidity was defined as the presence of any morbidity, and major morbidity was
defined as the presence of any complications of >grade 3 on the Clavien-Dindo grading
system. Thirty-day and 90- was defined as any death within 30 days and 90 days after
surgery respectively. In-hospital mortality was defined as any death during the index hospi-
tal stay regardless of time from surgery. Disease-specific survival was defined as patients
who have not died from the underlying disease and excluded all patients with 90-day
mortality.

2.3 Treatment protocol

All patients who underwent pancreaticoduodenectomy and total pancreatectomy had histo-
pathological analyses of the specimens. Two intra-abdominal drains are placed and drain fluid
amylase were analysed on postoperative day 1, 3 and 5. Prophylactic antibiotics were adminis-
tered to all patients undergoing surgery and continued post-operatively based on the clinical
status of the patients. Somatostatin infusion was given to selected group of patients with higher
risk of pancreatic fistula formation over 5 days [20-22]. Duration of ICU and/or high depen-
dency unit stay was dependent on clinical status of the patient. Patients at high risk of develop-
ing thromboses, or had clinical symptoms and/or signs of early PV and/or SMV thrombosis or
occlusion underwent doppler ultrasound to look for patency. All patients had routine follow-
up at the specialist outpatient clinic at 3 months, 6 months, 1 year and thereafter annually,
with routine doppler ultrasound and/or CT with contrast to look for any PV and/or SMV
occlusion. Reduced patency of PV and/or SMV were managed based on the extent of occlu-
sion: (1) monitoring for progression of occlusion (2) medical management with low molecular
weight heparin and/or anti-platelets. Decision to start anti-coagulation was made based on a
shared decision between surgeon and patients.
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2.4 Statistical analysis

All the data extracted were extracted from the department REDCap database and tabulated
into SPSS version 25 (SPSS, SPSS inc, Chicago IL, USA) for statistical analysis. Shapiro-Wilk
test of normality was performed. Categorical values were described as percentage and analysed
by chi-square test or Fisher’s exact test as appropriate. Continuous variables were expressed as
median and analysed by Kruskal-Wallis test. Cumulative primary venous patency and survival
were analysed using Kaplan-Meier estimates with life table analysis. Log-rank test was per-
formed to determine statistical significance between the cumulative estimates. Statistical signif-
icance was defined as p<0.05. Pairwise comparison was performed using Bonferroni
correction for variables with statistically significant differences.

3. Results

A total of 76 patients were included in the study: 62 patients underwent pancreaticoduode-
nectomy and 14 patients underwent total pancreatectomy with venous reconstruction. Meth-
ods of venous reconstruction included primary repair (n = 47/76, 61.8%), end-to-end
anastomosis (n = 19/76, 25.0%) and interposition graft (n = 10/76, 13.2%). One of the patients
underwent initial primary end-to-end anastomosis, followed by interposition graft reconstruc-
tion as a revision surgery due to acute thrombosis. The patient was reported to have undergone
primary end-to-end anastomosis, which was the initial intervention performed with intention
to treat.

3.1 Clinicopathological profile

Table 1 demonstrates the clinicopathological profile of all the patients who underwent either
pancreaticoduodenectomy or total pancreatectomy with venous reconstruction. Table 2 shows
the perioperative details of all patients. Forty-one out of 76(53.9%) patients experienced post-
operative complications: cardiovascular (n = 11/76, 14.5%), respiratory (n = 13/76, 17.1%),
delayed gastric emptying (n = 20/76, 26.3%), POPF International Study Group on Pancreatic
Fistula Definition grade B or C (n = 5/76, 6.6%) and post-pancreatectomy haemorrhage
(n=28/76,10.5%).

Table 1. Clinicopathological features profile of all patients who underwent pancreaticoduodenectomy or total pancreatectomy with venous reconstruction.

Median age (IQR)
Gender, male, n (%)
ASA score (IQR)
Tumour size, cm (IQR)
Malignant tumour, n (%)
Histopathology

PDAC

Neuroendocrine tumour

Cholangiocarcinoma

IPMN

Others

Benign

All (n=76)
66 (58.5-70.8)
36 (47.4)
2(2-3)

3.5 (2.7-4.4)
73 (96.1)

62 (81.6)
3(3.9)
1(1.3)
2(2.6)
5(6.6)
3(3.9)

Primary repair (n =47) | Primary end-to-end anastomosis (n =19) | Interposition graft (n=10) |p value

65 (54-70) 67 (63-73) 63.5 (52.5-70.3) 0.449

24 (51.1) 9 (47.4) 3 (30) 0.480

2(2-3) 2(2-2) 2(2-2.3) 0.889

3.5 (2.6-4.0) 3.5 (2.3-4.0) 4.3 (3.6-5.8) 0.104

46 (97.9) 18 (94.7) 9 (90) 0.481
0.383

40 (85.1) 16 (84.2) 6 (60)

2(4.3) 1(5.3) 0 (0)

1(2.1) 0(0) 0(0)

0(0) 1(5.3) 1 (10)

3(3.9) 0(0) 2 (20)

1(2.1) 1(5.3) 1(10)

All continuous variables are expressed in median unless otherwise specified.

ASA: American Society of Anaesthesiology, IPMN: Intraductal papillary mucinous neoplasm, IQR: Interquartile range, PDAC: Pancreatic ductal adenocarcinoma.

https://doi.org/10.1371/journal.pone.0240737.t001
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Table 2. Perioperative details of all patients who underwent venous reconstruction.

All (n=76) Primary repair (n = 47) | Primary end-to-end anastomosis (n = 19) | Interposition graft (n = 10) |p value

Type of operation 0.083

Pancreaticoduodenectomy, n (%) 62 (81.6) 42 (89.4) 13 (68.4) 7 (70)

Total pancreatectomy, n (%) 14 (18.4) 5(10.6) 6(31.6) 3(30)
Operating time, min (IQR) 465 (391- 435 (360-515) 480 (400-510) 580 (534-611) 0.002

549)

Blood transfusion, n (%) 21 (27.6) 13 (27.7) 2(10.5) 6 (60) 0.018
Vein resected 0.780

PV 26 (34.2) 16 (34) 7 (36.8) 3(30)

SMV 37 (48.7) 23 (48.9) 10 (52.6) 4 (40)

PV/SMV confluence 13 (17.1) 8(17) 2 (10.5) 3(30)
All morbidity, n (%) 41 (53.9) 26 (55.3) 11 (57.9) 4 (40) 0.626
Major morbidity (> Grade 3), n (%) 14 (18.4) 9(19.1) 2 (10.5) 3 (30) 0.428
Reoperation, n (%) 10 (13.2) 6(12.8) 2 (10.5) 2 (20) 0.767
ICU stay, n (%) 27 (35.5) 16 (34) 5(26.3) 6 (60) 0.186
Length of stay, days (IQR) 14 (10-27) 12 (10-26) 18 (11-42) 14 (9-42) 0.214
Mortality

30-day mortality, n (%) 1(1.3) 1(2.1) 0(0) 0(0) 0.732

90-day mortality, n (%) 4 (5.3) 2(4.3) 0(0) 2 (20) 0.064

In-hospital mortality, n (%) 3(3.9) 2 (4.3) 0(0) 1(10) 0.415
PV and/or SMV occlusion, n (%)

30 days, n (%) 4(5.3) 12.1) 2 (10.5) 1(10) 0.296

90 days, n (%) 5(6.6) 2(4.3) 2(10.5) 1(10) 0.581

180 days, n (%) 7(9.2) 3(6.4) 2 (10.5) 2 (20) 0.390
Adjuvant chemotherapy, n (%) 49 (64.5) 33 (70.2) 11 (57.9) 5 (50) 0.377
Adjuvant radiotherapy, n (%) 9(11.8) 5(10.6) 3 (15.8) 1(10) 0.826
Tumour recurrence, yes (%) 46 (60.5) 28 (59.6) 14 (73.7) 4 (40) 0.206
Length of follow-up, months (IQR) 9.1 (5.7-17.7) | 9.0 (6.0-17.9) 9.9 (6.4-20.1) 5.3(2.1-12.7) 0.152
Median length of survival, months 9.2 (6.7-19.6) | 10.1 (7.0-23.8) 9.9 (6.9-18.8) 6.9 (2.8-11.0) 0.181

(QR)

All continuous variables are expressed in median unless otherwise specified.

ICU: Intensive care unit, IQR: Interquartile range, PV: Portal vein, SMV: Superior mesenteric vein.

https://doi.org/10.1371/journal.pone.0240737.t002

3.2 Venous patency

Twelve out of 76(15.8%) patients had venous occlusion. The overall 6-month, 1-year and
2-year primary venous patency was 89.1%, 92.5% and 92.3% respectively (Table 3), with a
median length to follow-up of 9.1 months (IQR 5.7-15.7). 4 out of 76 patients (5.3%) patients
had acute occlusion (<30 days): all of them underwent thrombectomy with a fogarty catheter.
Primary venous patency was significantly different between the various reconstruction meth-
ods at 1-year (primary repair 100%, end-to-end anastomosis 81.8%, interposition graft 66.7%,
p = 0.045). Pairwise comparison demonstrated superior 1-year patency of primary repair over
primary end-to-end anastomosis and interposition graft (adjusted p = 0.037). Secondary venous
patency showed similar superiority in 1-year patency of primary repair over other methods.

3.3 Patients with acute occlusion (<30 days)

Four patients had acute occlusion within 30 days. Patient A underwent a 2-cm segmental
resection of the SMV with primary end-to-end anastomosis. A 4-cm thrombus in the SMV
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Table 3. Venous patency of patients who underwent venous reconstruction in pancreaticoduodenectomy or total pancreatectomy.

All
Primary patency, yes
30-day 71/75 (94.7)
3-month 67/72 (93.1)
6-month 57/64 (89.1)
1-year 37/40 (92.5)
2-year 24/26 (92.3)
3-year 18/20 (90)
Secondary patency, yes
30-day 73175 (97.3)
3-month 67/72(93.1)
6-month 57/64 (89.1)
1-year 37/40 (92.5)
2-year 24/26 (92.3)
3-year 18/20 (90)

https://doi.org/10.1371/journal.pone.0240737.t003

Primary repair Primary end-to-end anastomosis Interposition graft p value
45/46 (97.8) 17/19 (89.5) 9/10 (90) 0.196
43/45 (95.6) 17/19 (89.5) 7/8 (87.5) 0.470
37/40 (92.5) 15/17 (88.2) 5/7 (71.4) 0.257
26/26 (100) 9/11 (81.8) 2/3 (66.7) 0.045
18/18 (100) 4/5 (80) 2/3 (66.7) 0.086
14/14 (100) 3/4 (75) 1/2 (50) 0.079
45/46 (97.8) 18/19 (94.7) 10/10 (100) 0.627
43/45 (95.6) 17/19 (89.5) 7/8 (87.5) 0.470
37/40 (92.5) 15/17 (88.2) 5/7 (71.4) 0.257
26/26 (100) 9/11 (81.8) 2/3 (66.7) 0.045
18/18 (100) 4/5 (80) 2/3 (66.7) 0.086
14/14 (100) 3/4 (75) 1/2 (50) 0.079

was noted 2 days later and underwent thrombectomy with fogarty balloon. Patient was also
started on intravenous heparin. Ultrasound doppler showed good venous flow. A 5-cm throm-
bus was subsequently noted extending from the bifurcation of SMV and decision was made
for SMV resection with reconstruction using a 8mm PTFE graft. Patency was confirmed using
ultrasound doppler. The patient subsequently underwent an explorative laparotomy for gas-
trojejunal dehiscence likely secondary to the SMV thrombus. Patient B initially underwent a
SMYV reconstruction with common femoral vein graft; SMV thrombosis was noted and throm-
bectomy using fogarty balloon was performed. Patient C underwent segmental SMV resection
with primary repair and subsequent SMV thrombectomy with fogarty balloon. The patient
underwent laparotomy washout due to bilious content with high amylase in abdominal drain.
Patient D underwent SMV resection with primary end-to-end anastomosis. PV thrombus was
noted subsequently and the patient underwent thrombectomy with fogarty balloon with hepa-
rin infusion. Explorative laparotomy was subsequently performed in view of possible gastroje-
junal leak. None of the abovementioned patients died from the acute occlusion and
subsequent complications.

3.4 Patients who underwent interposition graft

Ten patients underwent venous reconstruction with interposition graft (excluding the patient
underwent revision surgery): 6(60%) had PTFE graft (1 of them had both a PTFE graft and
vein allograft) and 4(40%) had autologous graft (common femoral vein or great saphenous
vein graft). Primary patency for PTFE graft was 100% at 30-day, 6-month, 1-year and 2-year,
while patency for vein allograft was 75% at 30-day, 50% at 6-month and 0% at 1-year and
2-year (Table 4). There were no statistically significant differences. None of the patients experi-
enced graft infection.

Using the Kaplan-Meier and life table estimates, the cumulative overall 2-year venous
patency was 80+5%. Cumulative venous patency was the same at 6 months, 1 year and 2 year
for each VR method (Fig 1): 84+6% for primary repair, 75+11% for primary end-to-end anas-
tomosis, 76+15% for interposition graft (p = 0.561). Pairwise comparison was also similar: pri-
mary repair vs interposition graft p = 0.343, primary end-to-end anastomosis vs interposition
graft p = 0.868, primary repair vs end-to-end anastomosis p = 0.404. Comparison of primary
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Table 4. Primary venous patency of patients who underwent interposition graft reconstruction.

All PTFE graft Vein allograft p value
30-day, n (%) 9/10 (90) 6/6 (100) 3/4 (75) 0.400
3-month, n (%) 6/7 (85.7) 4/4 (100) 3/4 (75) 1.000
6-month, n (%) 5/7 (71.4) 3/3 (100) 2/4 (50) 0.429
1-year, n (%) 2/3 (66.7) 2/2 (100) 0/1 (0) 0.333
2-year, n (%) 2/3 (66.7) 2/2 (100) 0/1 (0) 0.333
3-year, n (%) 1/2 (50) 1/1 (100) 0/1 (0) 1.000

PTEFE: Polytetrafluoroethylene.

https://doi.org/10.1371/journal.pone.0240737.1004

Primary Patency
Reconstruction
1.0 o method
L ﬁ_*_., + . ] .
‘ p=0.561 1Primary repair
s = Lw_ —IEnd-to-end anastomosis
= ] —interposition graft
L ~‘+] | | - o M Primary repair-censored
End-to-end
0.8 } ; 5 } 4 _+_anastomosis-censored
R . . ; Interposition graft-
i b ' : T censored "
0.6
o
c
s
£
0.4
0.2
0.0
0 6 12 18 24 30 36
Time (months)
No. at risk (months) 0 6 12 18 24 30 36
Primary repair 43 31 20 14 9 5 2
End-to-end 18 13 7 4 3 2 1
anastomosis
Interposition graft 9 4 2 2 1 NA NA

NA: Not applicable

Fig 1. Comparison of primary patency rates among primary repair, primary end-to-end anastomosis and interposition graft.

https://doi.org/10.1371/journal.pone.0240737.9001
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1.0

0.8

0.6

0.4

Overall survival

0.2

0.0

repair with combined primary end-to-end anastomosis and interposition graft also did not
reveal any statistical significance (p = 0.299).

3.5 Mortality

Table 2 demonstrates the 30-day, 90-day and in-hospital mortality across various venous
reconstruction methods. Kaplan-Meier and life table estimates showed no significant differ-
ences in cumulative survival estimates (p = 0.141) (Fig 2). Pairwise comparison did not dem-
onstrate any difference in survival between interposition graft vs primary repair (p = 0.053)
and interposition graft vs end-to-end anastomosis (p = 0.117). Cumulative 1-year survival esti-
mates for primary repair, end-to-end anastomosis and interposition graft was 43+8%, 40+12%
and 23+14% respectively. Median estimated length of survival was 15.1 months for primary
repair, 14.4 months for end-to-end anastomosis and 8.4 months for interposition graft.
Kaplan-Meier and life table estimates for disease-specific survival also did not show any sig-
nificant differences in cumulative estimates (p = 0.446)(Fig 3). Cumulative 1-year survival

Survival estimates
Reconstruction method

p=0.141 —TPrimary repair
—I1End-to-end anastomosis
interposition graft
—+—Primary repair-censored

i End-to-end anastomosis-
censored

—t—Interposition graft-censored

No. at risk (months)
Primary repair
End-to-end
anastomosis
Interposition graft

NA: Not applicable

0
46
19

10

38
17

12 18 24 30 36

Time (months)

12 18 24 30 36
24 15 10 6 4
10 7 4 3 1

2 2 1 NA NA

Fig 2. Comparison of overall survival among primary repair, primary end-to-end anastomosis and interposition graft.

https://doi.org/10.1371/journal.pone.0240737.9002
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Survival estimates
Reconstruction method

—I1Primary repair
—1End-to-end anastomosis
IInterposition graft
—t— Primary repair-censored
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Fig 3. Comparison of disease-specific survival among primary repair, primary end-to-end anastomosis and interposition graft.

https://doi.org/10.1371/journal.pone.0240737.9003

estimates for primary repair, end-to-end anastomosis and interposition graft was 45+8%,
40 plusmn;12% and 29+17% respectively. Median estimated length of survival was 16.0
months for primary repair, 14.4 months for end-to-end anastomosis and 9.8 months for inter-

position graft.

4. Discussion

The present study demonstrates superior patency of primary repair over end-to-end anasto-
mosis and interposition graft in pancreaticoduodenectomy or total pancreatectomy. To date,
there is a paucity of literature on the patency rates of various methods of venous reconstruc-
tion in pancreatectomy. A meta-analysis by Gao et al. which analysed 1906 patients in 29 retro-
spective studies demonstrated superior long-term patency rates of primary repair over
synthetic interposition graft (Odds ratio (OR): 2.32, 95% confidence interval (CI): 1.25-4.31,

p = 0.008), but showed similar patency rates between primary repair and autologous grafting
(OR:0.93,95% CI: 0.53-1.63, p = 0.79) [23]. This study aims to contribute to the existing
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literature by comparing the patency of various methods of venous reconstruction in pancreati-
coduodenectomy and/or total pancreatectomy.

Cumulative primary patency estimates using Kaplan-Meier curve estimates did not reveal
any statistically significant differences across the types of venous reconstruction (1-year cumu-
lative patency for primary repair 84%, end-to-end anastomosis 75%, interposition graft 76%,

p = 0.561). This finding was consistent with the study by Liao et al. [24]; Liao et al demon-
strated similar estimated cumulative patency at 1-year between PTFE graft and primary anas-
tomosis (83.5% and 86.4% respectively). The lack of statistical significance in both the study by
Liao et al and our present study may be due to the small denominator contributing to a type 2
error. This may also be due to the short length of follow-up (median 9.1 months) and length of
survival (median 9.2 months) in the present study cohort.

Interposition graft is usually only considered when primary repair or end-to-end anastomosis
is contraindicated, such as a long resection length due to tumor involvement which may result in
too much tension for primary anastomosis [25]. Our study demonstrated high primary venous
patencies with a 30-day patency of 94.7% and 2-year patency of 92.3%. This is consistent with
existing studies which demonstrate high patency rates after pancreatectomy with venous recon-
struction [26]. A study by Dua et al. in 2015 demonstrated superior 1000-day patency of primary
end-to-end anastomosis and longitudinal venorrhaphy over other venous reconstruction methods
(end-to-end anastomosis and transverse venorrhaphy 100%, longitudinal venorrhaphy 71.3%, IG
63.2%) [27]. This is inconsistent with our study, which demonstrates comparable 3-year patency
(primary repair 100%, end-to-end anastomosis 75%, interposition graft 50%, p = 0.079). This may
be due to the different sample population between our studies: our study included both longitudi-
nal and transverse venorrhaphy under primary repair. Nevertheless, our studies demonstrate
lower patency of interposition graft over other methods. A recent study in 2019 by Terasaki et al.
which compared end-to-end anastomosis with interposition graft demonstrated no significant
differences in portal vein stenosis at 6 months (end-to-end anastomosis 6%, interposition graft
4%, p = 0.561) and 1 year (end-to-end anastomosis 14%, interposition graft 16%, p = 0.529) after
surgery [28]. Our study similarly showed no significant differences in PV and/or SMV occlusion
at 6 months (primary repair 10.6%, end-to-end anastomosis 10.5%, interposition graft 20%,

p = 0.390). However, their study did not consider mortality in patency calculation nor include
any Kaplan-Meier estimates of venous patency.

Our institution also experienced excellent outcomes for patients with PTFE grafts with
100% patency (Table 4). The patency of PTFE graft appeared to be superior to vein allograft in
our study unlike prior studies [15, 23], although this was not statistically significant. This is
surprising as it is widely believed that synthetic grafts have increased risk of thrombosis due to
the introduction of foreign graft material, resulting in an inflammatory reaction at the endo-
thelial surface. Song et al. similarly demonstrated superior long-term patency of synthetic graft
over autologous graft (synthetic graft OR: 2.14, 95% CI: 0.98-4.69, autologous graft OR: 3.20,
95% CI: 1.31-7.80) and postulated that autologous grafts may be associated with high fibrino-
gen and low protein C levels, predisposing to thrombosis [29]. The present study seems to sup-
port the hypothesis that synthetic grafts may have superior patency over autologous graft, but
the apparent superior patency of PTFE graft could be due to the small sample size which may
not reflect true differences. PTFE graft may also have an increased risk of infection due to
direct seeding during implantation or haematogenous spread from a remote site [30]. None-
theless, none of our patients experienced a graft infection with no abnormalities noted on rou-
tine CT surveillance scans. This is consistent with Liao et al. which reported no graft infections
on 34 patients who underwent SMV-PV reconstruction [24].

Postoperative morbidity and mortality are also important considerations when comparing
various types of venous reconstruction. Our study demonstrates no difference in incidence of
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morbidity which is consistent with existing literature [28]. Our findings were also concordant
with a recent study by Terasaki et al. which demonstrated no significant differences in 30-day,
90-day, in-hospital mortality and Kaplan-Meier estimates between end-to-end anastomosis
and interposition graft [28]. However, our median survival time for interposition graft was rel-
atively shorter than the other venous reconstruction methods although not statistically signifi-
cant (interposition graft 6.9 months, primary repair 13.8 months, end-to-end anastomosis 16.9
months). This is likely attributed to selection bias as patients who undergo interposition graft
usually have more advanced disease and a larger tumour burden which warranted the need for
an interposition graft. Additionally, the number of patients with interposition graft (n = 10/76
(13.2%)) was relatively small.

Other perioperative outcomes were comparable between the various types of venous recon-
struction, except for the need for blood transfusion and median operating time. Pairwise com-
parison with Bonferroni correction demonstrated increased blood transfusion for
interposition graft over primary repair and end-to-end anastomosis (adjusted p = 0.037).
Median operating time was significantly longer for interposition graft than primary repair
(p =0.001) and end-to-end anastomosis (p = 0.033). This is consistent with existing literature:
Liao et al. demonstrated that interposition graft has longer operating duration and greater
blood loss [24]. This was not surprising as interposition graft is usually used for more advanced
tumors which require a more complicated and longer operation.

One of the limitations is the retrospective nature of the study with inherent selection bias.
In addition, our total sample size of 76 patients was relatively small over a 13-year period. This
is because it was only in the recent decade which demonstrated the safety of pancreaticoduode-
nectomy with venous reconstruction and its superiority over non-operative management [12].
We did not report the specific details of type of anti-platelets and/or anti-coagulants used in
the study. As of current date, there is a lack of evidence on the type and duration of anti-coagu-
lation used for patients with venous reconstruction and underlying malignancy and shows no
significant differences in thrombosis rate between anti-coagulation and no anti-coagulation
[15, 31]. Decision to start anti-coagulation was a shared decision between surgeon and
patients.

5. Conclusions

Our study demonstrates superior 1-year patency of primary repair over end-to-end anastomo-
sis and interposition graft with comparable morbidity and mortality. However, interposition
graft should still be considered and used in situations where indicated, such as an extensive
length of venous resection. Although this study adds to current literature on the patency of dif-
ferent venous reconstruction, large multi-centre trials are required to validate our findings.

Supporting information

S1 File.
(SAV)

Author Contributions

Conceptualization: Brian Kim Poh Goh.

Data curation: Kai Siang Chan, Nandhini Srinivasan.
Formal analysis: Kai Siang Chan, Brian Kim Poh Goh.
Funding acquisition: Kai Siang Chan, Brian Kim Poh Goh.

PLOS ONE | https://doi.org/10.1371/journal.pone.0240737 November 5, 2020 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0240737.s001
https://doi.org/10.1371/journal.pone.0240737

PLOS ONE Venous patencies of various venous reconstruction types after pancreatoduodenectomy or total pancreatectomy

Investigation: Ye Xin Koh, Ek Khoon Tan, Jin Yao Teo, Ser Yee Lee, Peng Chung Cheow,
Prema Raj Jeyaraj, Pierce Kah Hoe Chow, London Lucien Peng Jin Ooi, Chung Yip Chan,
Alexander Yaw Fui Chung, Brian Kim Poh Goh.

Methodology: Brian Kim Poh Goh.

Project administration: Brian Kim Poh Goh.
Resources: Kai Siang Chan, Brian Kim Poh Goh.
Software: Kai Siang Chan.

Supervision: Brian Kim Poh Goh.

Validation: Ye Xin Koh, Ek Khoon Tan, Jin Yao Teo, Ser Yee Lee, Peng Chung Cheow, Prema
Raj Jeyaraj, Pierce Kah Hoe Chow, London Lucien Peng Jin Ooi, Chung Yip Chan, Alexan-
der Yaw Fui Chung.

Visualization: Ye Xin Koh, Ek Khoon Tan, Jin Yao Teo, Ser Yee Lee, Peng Chung Cheow,
Prema Raj Jeyaraj, Pierce Kah Hoe Chow, London Lucien Peng Jin Ooi, Chung Yip Chan,
Alexander Yaw Fui Chung, Brian Kim Poh Goh.

Writing - original draft: Kai Siang Chan.
Writing - review & editing: Kai Siang Chan, Brian Kim Poh Goh.

References

1. Kamisawa T, Wood LD, ltoi T, Takaori K. Pancreatic cancer. The Lancet. 2016; 388(10039):73-85.
https://doi.org/10.1016/S0140-6736(16)00141-0 PMID: 26830752

2. Gillen'S, Schuster T, Zum Buschenfelde CM, Friess H, Kleeff J. Preoperative/neoadjuvant therapy in
pancreatic cancer: a systematic review and meta-analysis of response and resection percentages.
PLoS medicine. 2010; 7(4):e1000267. https://doi.org/10.1371/journal.pmed.1000267 PMID: 20422030

3. Miller SA, Hartel M, Mehrabi A, Welsch T, Martin DJ, Hinz U, et al. Vascular resection in pancreatic
cancer surgery: survival determinants. Journal of Gastrointestinal Surgery. 2009; 13(4):784. https://doi.
org/10.1007/s11605-008-0791-5 PMID: 19137380

4. Fuhrman GM, Leach SD, Staley CA, Cusack JC, Charnsangavej C, Cleary KR, et al. Rationale for en
bloc vein resection in the treatment of pancreatic adenocarcinoma adherent to the superior mesenteric-
portal vein confluence. Pancreatic Tumor Study Group. Annals of surgery. 1996; 223(2):154. https://
doi.org/10.1097/00000658-199602000-00007 PMID: 8597509

5. Leach S, Lee JE, Charnsangavej C, Cleary K, Lowy A, Fenoglio C, et al. Survival following pancreatico-
duodenectomy with resection of the superior mesenteric—portal vein confluence for adenocarcinoma of
the pancreatic head. British Journal of Surgery. 1998; 85(5):611-7. https://doi.org/10.1046/j.1365-
2168.1998.00641.x PMID: 9635805

6. Harrison LE, Klimstra DS, Brennan MF. Isolated portal vein involvement in pancreatic adenocarcinoma.
A contraindication for resection? Annals of surgery. 1996; 224(3):342. https://doi.org/10.1097/
00000658-199609000-00010 PMID: 8813262

7. LowT-Y, Koh Y-X, Teo J-Y, Goh BKP. Short-Term Outcomes of Extended Pancreatectomy: A Single-
Surgeon Experience. Gastrointest Tumors. 2018; 4(3—4):72-83. https://doi.org/10.1159/000484523
PMID: 29594108

8. Low T-Y, Goh B. Initial experience with minimally invasive extended pancreatectomies for locally
advanced pancreatic malignancies: Report of six cases. Journal of Minimal Access Surgery. 2019; 15
(3):204-9. https://doi.org/10.4103/jmas.JMAS_69 18 PMID: 30416147

9. Evans DB, Farnell MB, Lillemoe KD, Volimer C, Strasberg SM, Schulick RD. Surgical Treatment of
Resectable and Borderline Resectable Pancreas Cancer: Expert Consensus Statement. Annals of Sur-
gical Oncology. 2009; 16(7):1736—44. https://doi.org/10.1245/s10434-009-0416-6 PMID: 19387741

10. Bold RJ, Charnsangavej C, Cleary KR, Jennings M, Madary A, Leach SD, et al. Major vascular resec-
tion as part of pancreaticoduodenectomy for cancer: radiologic, intraoperative, and pathologic analysis.
Journal of Gastrointestinal Surgery. 1999; 3(3):233-43. https://doi.org/10.1016/s1091-255x(99)80065-
1 PMID: 10481116

PLOS ONE | https://doi.org/10.1371/journal.pone.0240737 November 5, 2020 12/14


https://doi.org/10.1016/S0140-6736%2816%2900141-0
http://www.ncbi.nlm.nih.gov/pubmed/26830752
https://doi.org/10.1371/journal.pmed.1000267
http://www.ncbi.nlm.nih.gov/pubmed/20422030
https://doi.org/10.1007/s11605-008-0791-5
https://doi.org/10.1007/s11605-008-0791-5
http://www.ncbi.nlm.nih.gov/pubmed/19137380
https://doi.org/10.1097/00000658-199602000-00007
https://doi.org/10.1097/00000658-199602000-00007
http://www.ncbi.nlm.nih.gov/pubmed/8597509
https://doi.org/10.1046/j.1365-2168.1998.00641.x
https://doi.org/10.1046/j.1365-2168.1998.00641.x
http://www.ncbi.nlm.nih.gov/pubmed/9635805
https://doi.org/10.1097/00000658-199609000-00010
https://doi.org/10.1097/00000658-199609000-00010
http://www.ncbi.nlm.nih.gov/pubmed/8813262
https://doi.org/10.1159/000484523
http://www.ncbi.nlm.nih.gov/pubmed/29594108
https://doi.org/10.4103/jmas.JMAS%5F69%5F18
http://www.ncbi.nlm.nih.gov/pubmed/30416147
https://doi.org/10.1245/s10434-009-0416-6
http://www.ncbi.nlm.nih.gov/pubmed/19387741
https://doi.org/10.1016/s1091-255x%2899%2980065-1
https://doi.org/10.1016/s1091-255x%2899%2980065-1
http://www.ncbi.nlm.nih.gov/pubmed/10481116
https://doi.org/10.1371/journal.pone.0240737

PLOS ONE Venous patencies of various venous reconstruction types after pancreatoduodenectomy or total pancreatectomy

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Chu CK, Farnell MB, Nguyen JH, Stauffer JA, Kooby DA, Sclabas GM, et al. Prosthetic graft reconstruc-
tion after portal vein resection in pancreaticoduodenectomy: a multicenter analysis. Journal of the
American College of Surgeons. 2010; 211(3):316—-24. https://doi.org/10.1016/j.jamcollsurg.2010.04.
005 PMID: 20800187

Tseng JF, Raut CP, Lee JE, Pisters PW, Vauthey J-N, Abdalla EK, et al. Pancreaticoduodenectomy
with vascular resection: margin status and survival duration. Journal of Gastrointestinal Surgery. 2004;
8(8):935-50. https://doi.org/10.1016/j.gassur.2004.09.046 PMID: 15585381

Riediger H, Makowiec F, Fischer E, Adam U, Hopt UT. Postoperative morbidity and long-term survival
after pancreaticoduodenectomy with superior mesenterico-portal vein resection. Journal of Gastrointes-
tinal Surgery. 2006; 10(8):1106—15. https://doi.org/10.1016/j.gassur.2006.04.002 PMID: 16966029

Martin RC, Scoggins CR, Egnatashvili V, Staley CA, McMasters KM, Kooby DA. Arterial and venous
resection for pancreatic adenocarcinoma: operative and long-term outcomes. Archives of surgery.
2009; 144(2):154-9. https://doi.org/10.1001/archsurg.2008.547 PMID: 19221327

Smoot RL, Christein JD, Farnell MB. Durability of portal venous reconstruction following resection dur-
ing pancreaticoduodenectomy. Journal of Gastrointestinal Surgery. 2006; 10(10):1371-5. https:/doi.
org/10.1016/j.gassur.2006.09.001 PMID: 17175456

Jain S, Sacchi M, Vrachnos P, Lygidakis N. Carcinoma of the pancreas with portal vein involvement—
our experience with a modified technique of resection. Hepato-gastroenterology. 2005; 52(65):1596—
600. PMID: 16201124

DiPerna CA, Bowdish ME, Weaver FA, Bremner RM, Jabbour N, Skinner D, et al. Concomitant vascular
procedures for malignancies with vascular invasion. Archives of Surgery. 2002; 137(8):901-7. https:/
doi.org/10.1001/archsurg.137.8.901 PMID: 12146988

Dindo D, Demartines N, Clavien P- A. Classification of surgical complications: a new proposal with eval-
uation in a cohort of 6336 patients and results of a survey. Annals of surgery. 2004; 240(2):205. https://
doi.org/10.1097/01.s1a.0000133083.54934.ae PMID: 15273542

Hartwig W, Vollmer CM, Fingerhut A, Yeo CJ, Neoptolemos JP, Adham M, et al. Extended pancreatec-
tomy in pancreatic ductal adenocarcinoma: Definition and consensus of the International Study Group
for Pancreatic Surgery (ISGPS). Surgery. 2014; 156(1):1-14. https://doi.org/10.1016/j.surg.2014.02.
009 PMID: 24856668

Pratt WB, Callery MP, Vollmer CM. Risk Prediction for Development of Pancreatic Fistula Using the
ISGPF Classification Scheme. World Journal of Surgery. 2008; 32(3):419-28. https://doi.org/10.1007/
s00268-007-9388-5 PMID: 18175170

Callery MP, Pratt WB, Kent TS, Chaikof EL, Vollmer CM. A Prospectively Validated Clinical Risk Score
Accurately Predicts Pancreatic Fistula after Pancreatoduodenectomy. Journal of the American College
of Surgeons. 2013; 216(1):1-14. https://doi.org/10.1016/j.jamcollsurg.2012.09.002 PMID: 23122535

Gaujoux S, Cortes A, Couvelard A, Noullet S, Clavel L, Rebours V, et al. Fatty pancreas and increased
body mass index are risk factors of pancreatic fistula after pancreaticoduodenectomy. Surgery. 2010;
148(1):15-23. https://doi.org/10.1016/j.surg.2009.12.005 PMID: 20138325

Gao W, Dai X, Dai C, Jiang K, Wu J, Li Q, et al. Comparison of patency rates and clinical impact of differ-
ent reconstruction methods following portal/superior mesenteric vein resection during pancreatectomy.
Pancreatology. 2016; 16(6):1113-23. https://doi.org/10.1016/j.pan.2016.09.010 PMID: 27707648

Liao K, Wang H, Chen Q, Wu Z, Zhang L. Prosthetic Graft for Superior Mesenteric-Portal Vein Recon-
struction in Pancreaticoduodenectomy: A Retrospective, Multicenter Study. Journal of Gastrointestinal
Surgery. 2014; 18(8):1452-61. https://doi.org/10.1007/s11605-014-2549-6 PMID: 24916585

Hirono S, Kawai M, Tani M, Okada K-i, Miyazawa M, Shimizu A, et al. Indication for the use of an inter-
posed graft during portal vein and/or superior mesenteric vein reconstruction in pancreatic resection
based on perioperative outcomes. Langenbeck’s Archives of Surgery. 2014; 399(4):461-71. https://doi.
org/10.1007/s00423-014-1182-x PMID: 24663295

Krepline AN, Christians KK, Duelge K, Mahmoud A, Ritch P, George B, et al. Patency Rates of Portal
Vein/Superior Mesenteric Vein Reconstruction After Pancreatectomy for Pancreatic Cancer. Journal of
Gastrointestinal Surgery. 2014; 18(11):2016-25. https://doi.org/10.1007/s11605-014-2635-9 PMID:
25227638

Dua MM, Tran TB, Klausner J, Hwa KJ, Poultsides GA, Norton JA, et al. Pancreatectomy with vein
reconstruction: technique matters. HPB (Oxford). 2015; 17(9):824—-31. https://doi.org/10.1111/hpb.
12463 PMID: 26223388

Terasaki F, Fukami Y, Maeda A, Takayama Y, Takahashi T, Uji M, et al. Comparison of end-to-end
anastomosis and interposition graft during pancreatoduodenectomy with portal vein reconstruction for
pancreatic ductal adenocarcinoma. Langenbeck’s archives of surgery. 2019; 404(2):191-201. https://
doi.org/10.1007/s00423-019-01749-2 PMID: 30631907

PLOS ONE | https://doi.org/10.1371/journal.pone.0240737 November 5, 2020 13/14


https://doi.org/10.1016/j.jamcollsurg.2010.04.005
https://doi.org/10.1016/j.jamcollsurg.2010.04.005
http://www.ncbi.nlm.nih.gov/pubmed/20800187
https://doi.org/10.1016/j.gassur.2004.09.046
http://www.ncbi.nlm.nih.gov/pubmed/15585381
https://doi.org/10.1016/j.gassur.2006.04.002
http://www.ncbi.nlm.nih.gov/pubmed/16966029
https://doi.org/10.1001/archsurg.2008.547
http://www.ncbi.nlm.nih.gov/pubmed/19221327
https://doi.org/10.1016/j.gassur.2006.09.001
https://doi.org/10.1016/j.gassur.2006.09.001
http://www.ncbi.nlm.nih.gov/pubmed/17175456
http://www.ncbi.nlm.nih.gov/pubmed/16201124
https://doi.org/10.1001/archsurg.137.8.901
https://doi.org/10.1001/archsurg.137.8.901
http://www.ncbi.nlm.nih.gov/pubmed/12146988
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
http://www.ncbi.nlm.nih.gov/pubmed/15273542
https://doi.org/10.1016/j.surg.2014.02.009
https://doi.org/10.1016/j.surg.2014.02.009
http://www.ncbi.nlm.nih.gov/pubmed/24856668
https://doi.org/10.1007/s00268-007-9388-5
https://doi.org/10.1007/s00268-007-9388-5
http://www.ncbi.nlm.nih.gov/pubmed/18175170
https://doi.org/10.1016/j.jamcollsurg.2012.09.002
http://www.ncbi.nlm.nih.gov/pubmed/23122535
https://doi.org/10.1016/j.surg.2009.12.005
http://www.ncbi.nlm.nih.gov/pubmed/20138325
https://doi.org/10.1016/j.pan.2016.09.010
http://www.ncbi.nlm.nih.gov/pubmed/27707648
https://doi.org/10.1007/s11605-014-2549-6
http://www.ncbi.nlm.nih.gov/pubmed/24916585
https://doi.org/10.1007/s00423-014-1182-x
https://doi.org/10.1007/s00423-014-1182-x
http://www.ncbi.nlm.nih.gov/pubmed/24663295
https://doi.org/10.1007/s11605-014-2635-9
http://www.ncbi.nlm.nih.gov/pubmed/25227638
https://doi.org/10.1111/hpb.12463
https://doi.org/10.1111/hpb.12463
http://www.ncbi.nlm.nih.gov/pubmed/26223388
https://doi.org/10.1007/s00423-019-01749-2
https://doi.org/10.1007/s00423-019-01749-2
http://www.ncbi.nlm.nih.gov/pubmed/30631907
https://doi.org/10.1371/journal.pone.0240737

PLOS ONE Venous patencies of various venous reconstruction types after pancreatoduodenectomy or total pancreatectomy

29. SongW, YangQ, Chenl, SunQ, ZhouD, Ye S, et al. Pancreatoduodenectomy combined with portal-
superior mesenteric vein resection and reconstruction with interposition grafts for cancer: a meta-analy-
sis. Oncotarget. 2017; 8(46):81520-8. https://doi.org/10.18632/oncotarget.20866 PMID: 29113411

30. Kilic A, Arnaoutakis DJ, Reifsnyder T, Black JH, Abularrage CJ, Perler BA, et al. Management of
infected vascular grafts. Vascular Medicine. 2015; 21(1):53-60. https://doi.org/10.1177/
1358863X15612574 PMID: 26584886

31. Chandrasegaram MD, Eslick GD, Lee W, Brooke-Smith ME, Padbury R, Worthley CS, et al. Anticoagu-
lation policy after venous resection with a pancreatectomy: a systematic review. HPB. 2014; 16(8):691—
8. https://doi.org/10.1111/hpb.12205 PMID: 24344986

PLOS ONE | https://doi.org/10.1371/journal.pone.0240737 November 5, 2020 14/14


https://doi.org/10.18632/oncotarget.20866
http://www.ncbi.nlm.nih.gov/pubmed/29113411
https://doi.org/10.1177/1358863X15612574
https://doi.org/10.1177/1358863X15612574
http://www.ncbi.nlm.nih.gov/pubmed/26584886
https://doi.org/10.1111/hpb.12205
http://www.ncbi.nlm.nih.gov/pubmed/24344986
https://doi.org/10.1371/journal.pone.0240737

