
AHBPS
Annals of Hepato-Biliary-Pancreatic Surgery

www.ahbps.org

Survival after vascular resections in patients with 
borderline resectable or locally advanced pancreatic head 

cancer: A systematic review
Menelaos Papakonstantinou¹, Stylianos Fiflis¹, Alexandros Giakoustidis¹, Grigorios Christodoulidis², Athanasia Myriskou¹, Eleni Louri¹, 

Lavrentios Papalavrentios¹, Vasileios N. Papadopoulos¹, Dimitrios Giakoustidis¹

¹A’ Department of Surgery, General Hospital Papageorgiou, School of Medicine, Faculty of Medical Sciences,  
Aristotle University of Thessaloniki, Thessaloniki, Greece, 

²Department of General Surgery, University Hospital of Larissa, Larissa, Greece

Review Article

Pancreatic ductal adenocarcinoma (PDAC) is one of the most aggressive tumors, and the most common cause of cancer-related deaths. 
In the past, vascular infiltration of the tumor rendered the disease unresectable. However, today, venous or arterial involvement of a 
PDAC is classified as borderline resectable (BR) or locally advanced (LA) disease. Pancreaticoduodenectomy (PD) with vascular resec-
tions is a promising intervention intended for complete resection of BR- and LA-PDAC. This study aims to assess the overall survival 
of patients undergoing PD with vascular resections, compared to those without. A PubMed search was conducted for cohort studies 
that included patients with BR- or LA-PDAC treated with vascular resections. The retrieved publications were screened following the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) checklist. The study protocol was registered at the In-
ternational Prospective Register for Systematic Reviews (PROSPERO). Sixteen cohort studies were included in our systematic review. 
Fourteen of them included patients undergoing PD with venous-only resections for PDAC. The 5-year overall survival rates ranged 
from 8.0% to 22.2% for vascular resection patients, and 4.0% to 24.3% for standard PD patients. Three cohorts included patients with 
PDAC and arterial and/or venous involvement who were treated with arterial resections. Their median overall survival ranged from 
13.7 to 17.0 months, similar to that of patients who did not undergo vascular resections. PD with vascular resections in patients with 
BR- and LA-PDAC could lead to similar overall survival to that after standard PD.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the fourth 
most common cause of cancer-related deaths worldwide with a 
survival rate of 12.5% at 5 years [1]. Over the last few years, the 

incidence of pancreatic cancer has increased, with the mean 
age of diagnosis being 71 years, while over 50% of the patients 
present with metastatic disease [2]. The stage of the disease is 
determined with imaging modalities, such as endoscopic ultra-
sound and computed tomography (CT) scanning. Of them, CT 
scanning represents the most useful modality to determine re-
sectable (stage I or II), locally advanced (LA; stage III), or met-
astatic (stage IV) disease [3,4]. Advancements in imaging, such 
as the incorporation of Cinematic Rendering and 3D visualiza-
tion, allow for better identification of vascular involvement of 
the tumor, thus enabling the preoperative categorization of the 
tumors as “borderline resectable”, or “locally advanced” [5].

According to the International Association of Pancreatology 
(IAP), borderline resectable pancreatic ductal adenocarcinoma 
(BR-PDAC) is defined as tumor contact of 180° or greater, or 
invasion of the superior mesenteric vein or portal vein (SMV/
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PV) with bilateral narrowing or occlusion, and not exceeding 
the inferior border of the duodenum. Regarding arterial in-
volvement, a BR tumor is defined as the tumor contact with 
the superior mesenteric artery (SMA) and/or the celiac artery 
(CA) of less than 180°, without showing stenosis or deformity 
or tumor abutment of the common hepatic artery (CHA), and 
without showing tumor contact with the proper hepatic artery 
(PHA) and/or the CA. Tumor invasion of the CA of more than 
180° without the involvement of the gastroduodenal artery is 
defined as LA-PDAC [6].

In the past, a pancreatic tumor with expansion to a sur-
rounding vessel would have been classified as unresectable. Ac-
cording to the National Cancer Institute of National Institutes 
of Health, vascular infiltration co-exists in up to 25% of pa-
tients with pancreatic cancer [7]. Today, as research has shown, 
BR-PDAC can be resected, so long as negative margin (R0) 
resection is possible [8]. When vascular involvement is present, 
the role of neoadjuvant chemotherapy (NAT) is fundamental, 
as it tends to contain the disease, therefore increasing the can-
didates for complete resection [9,10]. Of note, the combination 
of pancreatectomy with vascular resection remains the only 
option for long-term survival [8]. Moore attempted the first 
successful pancreaticoduodenectomy (PD) with resection of 
the SMV in 1951, while Appleby reported the first CA resec-
tion in 1953 [11,12]. Over the years, evolution in chemotherapy 
regimens and surgical techniques has offered patients with BR 
disease the potential of a 5-year survival, comparable to that of 
resectable disease [13].

This study compares the survival and perioperative outcomes 
of patients with BR-PDAC or LA-PDAC who underwent venous 
or arterial resections with those of standard PD.

MATERIALS AND METHODS

Search strategy
The PubMed literature was searched for the terms “pancreatic 

cancer”, “pancreatic adenocarcinoma”, “pancreatic ductal ad-
enocarcinoma”, “pancreaticoduodenectomy”, “vascular resec-
tion”, “arterial resection”, “artery resection”, “vein resection”, 
and “venous resection”. The previous keywords were used in 
various combinations. Two of the reviewers (MP, SF) complet-
ed the search, which yielded 1,644 results. Duplicates and irrel-
evant studies were excluded by title and abstract screening, and 

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Adult patients Malignancies other than ductal 
adenocarcinoma

Patients with ductal 
adenocarcinoma of the head/
neck of pancreas

Metastatic disease

Locally advanced or borderline 
resectable disease

Case reports and case series

Patients undergoing vascular 
resections for PDAC

Pilot studies

Outcomes on survival and 
morbidity

Author comments, responses and 
reflections

Studies including more than 10 
patients

Surveys

English language Conference debates
Published after 2010

PDAC, pancreatic ductal adenocarcinoma.
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Records screened (n = 528)

Reports assessed for eligibility
(n = 93)

Studies included in review (n = 16)

Records identified from PubMed
(n = 1,644)

Records removed before screening:
Duplicate records removed (n = 307)
Records removed for other reasons (n = 809)

Reports excluded (n = 77):
Insufficient data (n = 17)
Less than 10 patients (n = 8)
Patients with resectable disease (n = 6)
Patients with carcinoma of the body/tail of
pancreas (n = 22)

Cancer other than ductal adenocarcinoma
(n = 24)

Records excluded (n = 435)

Fig. 1. PRISMA flowchart.
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the remaining 93 were further assessed for eligibility. Finally, 
16 cohorts were included in our review (Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis [PRISMA] 
flow diagram; Fig. 1) [14]. Any conflicts in the selection process 
were resolved through discussion. The review protocol was 
registered at the International Prospective Register for System-
atic Reviews (PROSPERO ID CRD42022371194) of the Nation-
al Institute of Health Researchers (NIHR).

Inclusion and exclusion criteria
A study should meet the following inclusion criteria: involve 

adult patients, patients with PDAC, LA or BR disease, patients 
undergoing PD with vascular (arterial or venous) resection, 
outcomes of survival and morbidity, studies in the English lan-

guage with more than 10 patients, and published after 2010.
The reasons for a study to be excluded were: pancreatic ma-

lignancies other than ductal adenocarcinoma, metastatic dis-
ease, case reports, pilot studies, commentaries and responses to 
author comments, surveys, author reflections, and conference 
debates (Table 1).

Data extraction
The following data were extracted in a predetermined data-

sheet form: title, year of publication, first author, number, mean 
age and sex of patients, perioperative characteristics, type of 
surgery, resected vessels, resection margin, median survival, 1-, 
3-, and 5-year overall survival (OS), mortality, morbidity, and 
complications. The perioperative characteristics were specifi-

Table 2. Newcastle–Ottawa scale scores for the studies included

Study

Selection

Comparability

Outcome

TotalRepresentativeness  
of the exposed 

cohort

Selection 
of the non 
exposed 
cohort

Ascertainment 
of exposure

Outcome of 
interest not 
present at 
the start of 
the study

Assessment 
of outcome

Length 
of 

 follow-up

Adequacy 
of  

follow-up

Addeo et al. [16], 
2017

* * * * * * * * 8/8

Bachellier et al. 
[17], 2014

* * * * * * * 7/8

Flis et al. [18], 
2016

* * * * * * * * 8/8

Han et al. [19], 
2021

* * * * * * * * 8/8

Malleo et al. [20], 
2017

* * * * * * * * 8/8

Martin et al. [21], 
2018

* * * * * * * 7/8

Ravikumar et al. 
[22], 2014

* * * * * * * * 8/8

Xie et al. [23], 
2017

* * * * * * 6/8

Bachellier et al. 
[24], 2020

* * * * * * * * 8/8

Elberm et al. [25], 
2015

* * * * * * * 7/8

Lapshyn et al. [26], 
2016

* * * * * * * * 8/8

Murakami et al. 
[27], 2013

* * * * * * * * 8/8

Turley et al. [28], 
2012

* * * * * * * * 8/8

Fang et al. [29], 
2017

* * * * * * * 7/8

Hwang et al. [30], 
2015

* * * * * * 6/8

Jeong et al. [31], 
2015

* * * * * * * * 8/8
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cally: neoadjuvant chemoradiotherapy, body mass index, ASA 
score, albumin, hemoglobin, bilirubin, CA19-9, TNM staging, 
type of operation, and length of hospital stay.

Risk of bias and quality assessment
The Cochrane Tool to Assess Risk of Bias in Cohort Studies 

was used to assess the risk of bias for each study. The Tool con-
sists of eight questions on eight domains (selection, exposure, 
outcome presence before interventions, group matching, prog-
nostic factors, follow-up, and co-interventions), and was per-
formed by two independent reviewers (MP, SF) for each of the 
included studies. Any disagreement was resolved by consulting 
a third reviewer (AG).

We used the Newcastle–Ottawa Scale for cohort studies to 
evaluate the quality of each study [15]. This consists of ques-
tions about study selection, comparability, and outcome. A star 
is awarded for every item on the checklist, as shown in Table 
2. Again, the quality assessment was completed by the two re-
viewers.

RESULTS

Sixteen cohort studies were included in our review [16-31]. 
Table 3 shows patient demographics and perioperative char-
acteristics, while Table 4 shows the chemotherapy regimens 
administered to each patient group. The survival after PD with 
venous or arterial resections in patients with PDAC was com-
pared to that of patients who were treated with conventional 
PD. A meta-analysis was not possible due to the heterogene-
ity of data regarding the resected vessels, the use of vascular 
grafts, the resection margins, or the administration of adjuvant 
chemotherapy. The results are separated into two categories 
for the reader’s convenience: patients undergoing venous re-
sections only, and patients undergoing arterial resections with 
concomitant venous resections.

In 13 studies, 1,213 patients underwent PD with venous re-
section for BR- or LA-PDAC [16,18-23,25-29,31]. PV and/or 

Table 4. Chemotherapy regimens used in each studya)

Author Regimen

Addeo et al. [16] Gemcitabine-based
Bachellier et al. [17] FOLFIRINOX (n = 8)

GEMOX (n = 7)
Flis et al. [18] Gemcitabine-based
Han et al. [19] 5-FU or capecitabine
Malleo et al. [20] Gemcitabine ± oxaliplatin followed by 

FOLFIRINOX
Martin et al. [21] NS
Ravikumar et al. [22] NS
Xie et al. [23] 5-FU + cisplatin/oxaliplatin + gemcitabine
Bachellier et al. [24] FLOFIRINOX or GEMOX
Elberm et al. [25] NS
Lapshyn et al. [26] Gemcitabine-based
Murakami et al. [27] Gemcitabine ± S-1
Turley et al. [28] NS
Fang et al. [29] NS
Hwang et al. [30] NS
Jeong et al. [31] 5-FU or capecitabine

NS, not stated.
a)Regimens used in the majority of the patients in each study. Other 
combinations were also utilized but were not reported in the original 
studies.

Table 5. Median and 5-year survival after venous resections versus conventional PD

Author

Surgery type

p-valuePD with venous resections Conventional PD

Median OS (mon) 5-year OS (%) Median OS (mon) 5-year OS (%)

Addeo et al. [16] 22.0 21.0 27.0 21.0 0.28
Flis et al. [18] 16.1 NS 15.2 19.5 0.09
Han et al. [19] NS 18.7 NS 24.3 -
Malleo et al. [20] 28.0 20.5 26.0 NS 0.635
Martin et al. [21] 15.2 10.0 NS 10.0 0.13
Ravikumar et al. [22] 18.2 0 18.0 4.0 0.0001
Xie et al. [23] 22.8 NS 7.3 (SB) NS < 0.001
Elberm et al. [25] 18.8 NS 18.5 NS 0.66
Lapshyn et al. [26] 14.0 NS 25.0 NS 0.042
Murakami et al. [27] 14.7 8.0 26.7 22.0 -
Turley et al. [28] 21.1 NS 20.0 NS -
Fang et al. [29] 15.0 10.2 18.0 23.2 0.293
Jeong et al. [31] 12.0 22.2 16.0 18.6 -

PD, pancreaticoduodenectomy; OS, overall survival; NS, not stated; SB, surgical bypass.
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SMV were the most resected vessels. The portal and SMV con-
fluence was also resected when it was invaded by the tumor. 
Patients undergoing venous resections and those getting stan-
dard PD were compared in terms of their survival and postop-
erative complications.

Median OS after venous resection ranged from 12 to 28 
months (Table 5) [20,31]. Accordingly, after conventional 
PD, the median survival was 15.2 to 27 months [16,18]. The 
5-year overall survival rates ranged from 8.0% to 22.2% for 
vascular resection patients, and 4.0% to 24.3% for standard 
PD patients. Of all the studies that compared standard PD 
to PD with venous resections, the difference in survival was 
statistically significant in 3 [22,23,26], and nonsignificant in 
6 [16,18,20,21,25,29] of 13 total reports. The highest reported 
mortality rate after venous resection was 10%, but no statisti-
cally significant difference between standard PD and PD with 
venous resections was reported (Table 6) [21].

In 3 studies, 146 patients underwent arterial resections with 
or without synchronous venous resections for BR- or LA-

PDAC [17,24,30]. Celiac axis was the most invaded structure by 
the tumor, while CHA and CA were the most resected vessels. 
SMA, PHA, and splenic artery resections were also reported. 
Lastly, NAT was administered in 116 patients (79.5%) with 
PDAC treated with PD and some type of arterial resection.

Median OS was 17.0, 13.7, and 14.8 months in the 3 studies, 
respectively, while only Hwang et al. [30] reported a median 
survival for the conventional PD group, which was statistically 
significantly longer than the venous resection counterpart (14.8 
months vs.  18.0 months, p = 0.033). In two studies, the mortal-
ity rate was zero, while Bachellier et al. [24] described a 5.1% 
mortality rate (Table 7, 8).

The most common complications were postoperative pan-
creatic fistulae, post-pancreatectomy hemorrhage (PPH), and 
delayed gastric emptying (DGE). Table 9 shows all the com-
plications that were reported in the vascular resection groups. 
Even though one study found that major complications oc-
curred significantly more frequently in the vascular resection 
group (p = 0.004) [21], in the remainder of the included studies, 
complication rates were similar between the standard and the 
vascular resection groups.

DISCUSSION

In this systematic review, it is shown that PD with venous 
resections for patients with LA- or BR-PDAC can have similar 
OS to that of the conventional PD with accepted mortality. 
Luketina et al. [3] came to similar conclusions, as they reported 
that venous resections do not increase perioperative morbidity 
and mortality. In contrast, Delpero and Sauvanet [8] found that 
mortality and morbidity were higher after PD with venous re-
sections. Interestingly, in two of the included cohorts, the me-
dian OS after PD with vein resections was statistically signifi-
cantly longer than the OS after standard PD [22,23]. In general, 
no significant differences regarding OS were presented, thus 
vascular resections should always be considered in patients 
with vascular invasion of the tumor, as the evidence shows that 
resecting the involved vessels may improve survival [32].

In contrast, data on arterial resections are not as evident. 
Only three studies with patients undergoing PD with arterial 
resections met our inclusion criteria, but a comparison be-

Table 6. Mortality after venous resections versus conventional PD

Author

Mortality (30-day)

p-value
PD with VR (%)

Conventional 
PD (%)

Addeo et al. [16] 2.0 5.0 -
Flis et al. [18] 4.5 (60-day) 4.5 (60-day) -
Han et al. [19] 0.9 1.1 -
Malleo et al. [20] 1.2 1.1 -
Martin et al. [21] 10.0 0 0.24
Ravikumar et al. [22] NS NS > 0.05
Xie et al. [23] 0 0 (SB) -
Elberm et al. [25] 4.3 3.9 -
Lapshyn et al. [26] 0 0 -
Murakami et al. [27] 0 0 -
Turley et al. [28] 4.7 3.7 -
Fang et al. [29] 0 0 -
Jeong et al. [31] 2.0 0.8 -

PD, pancreaticoduodenectomy; VR, venous resection; NS, not stated; SB, 
surgical bypass.

Table 7. Median survival and 5-year survival after arterial and/or concomitant venous resections vs. conventional PD

Author

Surgery type

p-valuePD with AR ± VR Conventional PD

Median OS (mon) 5-year OS (%) Median OS (mon) 5-year OS (%)

Bachellier et al. [17] 17.0 11.0 (3-year) NS NS
Bachellier et al. [24] 13.7 11.8 Not performed
Hwang et al. [30] 14.8 NS 18.0 NS 0.033

PD, pancreaticoduodenectomy; OS, overall survival; NS, not stated; AR, arterial resection; VR, venous resection. 
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tween arterial and standard PD was not conducted. Of note, a 
systematic review by Małczak et al. [33] showed that PD with 
arterial resections may result in higher mortality than the con-
ventional PD for PDAC. As data are not yet clear on arterial 
resections, to avoid them in patients with BR− and LA-PDAC, 
and consequently, to avoid the accompanying periprocedural 
mortality, new surgical techniques have recently been sug-
gested. In the era of NAT, periarterial divestment, a technique 
initially described by Miao et al. in 2016, promises complete 
tumor removal without requiring arterial resection [34,35]. A 
circumferential dissection is performed alongside and between 
the vessel wall and the tumor in contact, which, particularly 
after NAT and tumor downstaging, allows for radical tumor 
resection [36]. Experience thus far has shown that periarterial 
divestments could be applied without a significant increase in 
postoperative mortality [37,38]. However, the feasibility, safety, 
and oncologic outcomes of periarterial divestments versus ar-
terial resections need to be further evaluated with clinical trials 
in the future.

In 2017, Hackert et al. [39] introduced the TRIANGLE oper-
ation, which involves the resection of all soft tissue inside an 
anatomic triangle defined by the SMA, SMV/PV, and the CA. 
This technique implies the dissection of major vessels, followed 

by the resection of soft tissue in the prepared triangle, which 
increases the chances for negative resection margins, simul-
taneously avoiding the morbidity and mortality following an 
arterial resection [40-42]. The Triangle operation is safe, feasi-
ble, and particularly useful for patients with BR-PDAC [43,44]. 
However, its real clinical value has yet to be determined. Since 
December 2022, an ongoing large randomized controlled tri-
al (the “TRIANGLE trial”) aims to compare the disease-free 
survival of patients randomly assigned to undergo the triangle 
operation or conventional PD, and hopefully offer clinical 
guidance on the role of this radical approach [45].

Complications after a major surgery such as PD with vascu-
lar resections occur frequently, and can range from diarrhea to 
multiple organ failure and death. In our study, the most com-
mon ones were DGE, pancreatic fistulae, PPH, and intra-ab-
dominal abscesses. Giuliano et al. [46] also found DGE and 
pancreatic fistulae to be some of the most common post-PD 
complications. It was shown, however, that complications were 
similar among patients who underwent vascular resections, 
and those who did not. Fancellu et al. [47] in their meta-anal-
ysis also found no significant difference in complication rates. 
Consequently, performing vascular resections could be safe for 
patients with LA disease.

According to the International Study Group of Pancreatic 
Surgery (ISGPS), no evidence suggests NAT in BR-PDAC with 
isolated venous involvement, but NAT should be considered 
in the case of arterial infiltration in select patients, as it may 
result in better chances of negative margin resection (R0) of 
the tumor [48]. That is highly important when macroscopically 
complete resection is doubtful preoperatively. FOLFIRINOX 
and Gemcitabine-based regimens are widely used, but depend-
ing on the tumor’s biology and the patient’s clinical status, 
modifications may be applied, as well as additions to standard 
regimens. Broader utilization of NAT should be applied nowa-
days, since the benefits of a longer disease-free survival seem to 

Table 8. Mortality after arterial and/or concomitant venous resections vs. 
conventional PD

Study
Mortality (30-day)

PD with AR ± VR (%) Conventional PD

Bachellier et al. [17] 0 0
Bachellier et al. [24] 5.1 Not performed
Hwang et al. [30] 0 0

PD, pancreaticoduodenectomy; AR, arterial resection; VR, venous 
resection.

Table 9. Complications after PD with vascular resections

Complications after PD with vascular resections

Complication Number of cases Complication Number of cases

Pancreatic fistula 331 (24.0) Intra-abdominal abscess 144 (10.6)
Biliary fistula 30 (2.2) Diarrhea 4 (0.3)
Enteric fistula 3 (0.2) Intestinal iscemia 1 (0.1)
PPH 158 (11.6) Wound infection 35 (2.6)
Anastomotic leaka) 68 (5.0) Abdominal infection 5 (0.4)
Chylous ascites 3 (0.2) Pancreatitis 1 (0.1)
DGE 211 (15.5) Pleural effusion 17 (1.3)
SMV/PV thrombosis 1 (0.1) Peritonitis 1 (0.1)
Arterial thrombosis 8 (0.6) Wound dehiscence 4 (0.3)

Values are presented as number (%).
PD, pancreaticoduodenectomy; PPH, post-pancreatectomy hemorrhage; DGE, delayed gastric emptying; SMV/PV, superior mesenteric vein or portal vein.
a)Biliary or intestinal anastomotic leakage.
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outweigh the risks of its adverse effects [49].
Even though publications with high-quality evidence were in-

cluded in our systematic review, certain limitations need to be 
addressed. Firstly, only cohort studies were included, which are 
prone to selection bias. Furthermore, the vessel reconstruction 
techniques varied, including end-to-end anastomosis or graft 
interposition. Additionally, the operations were performed by 
different teams in different centers with variable experience. 
Another limitation is that the chemotherapy regimens differed 
between the studies, or were not available, adding to data het-
erogeneity. Given the complexity of such operations, resolving 
all the above issues demands the referral of patients with pan-
creatic cancer with vascular involvement to experienced cen-
ters, in an attempt to standardize the therapeutic interventions 
and create universal guidelines.

CONCLUSION

PD with venous resections in patients with BR- and LA-
PDAC could lead to similar OS to that after standard PD with 
similar complications and accepted mortality. Data on arterial 
resections are not conclusive; however, new artery-sparing 
techniques could offer the potential for complete resection of 
the artery involving tumors after NAT. To establish a standard 
protocol for the management of BR/LA-PDAC, future research 
should focus on clinical trials with larger patient populations 
treated in high-volume centers by experienced surgical teams.
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