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Abstract

PDVR group.

Background: Although pancreaticoduodenectomy with vein resection (PDVR) is widely performed in selected
patients with indications, its benefits remain controversial. In this meta-analysis, we evaluate the safety and efficacy
of PDVR in comparison to standard pancreaticoduodenectomy (PD).

Methods: We searched PubMed, Embase, and Cochrane as well as the Chinese National Knowledge Infrastructure,
Weipu, and Wanfang databases for studies that evaluate the value of PVDR. The data of the patients who underwent
PD or PDVR were analyzed using Review Manager and STATA software.

Results: In comparison with the PD group, the PDVR group had a lower RO resection rate and higher rates of
complications such as biliary fistula, reoperation rate, delayed gastric emptying, cardiopulmonary abnormalities,
hemorrhage, in-hospital mortality, 30-day mortality. The blood loss, duration of operation, total hospital stay is higher in

Conclusions: Compared to standard PD, PDVR was associated with a greater risk of some specific complications and
increase the mortality rate, total hospital stay time, combine with vein resection have a lower RO resection rate. Therefore,
combine with vascular resection for pancreatic cancer needs to be carefully selected by the surgeon.
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Background

Pancreatic ductal adenocarcinoma (PDAC) accounts for
90% of pancreatic malignant neoplasms and remains the
digestive cancer with the poorest prognosis, with a 5-year
overall survival rate of 7-8% [1]. Pancreaticoduodenect-
omy (PD) is the only surgical option for the management
of pancreatic head cancer. The major goal of surgery is to
achieve RO resection to be potentially curative [2]. There-
fore, to ensure that the post-resection surgical margin of
the tumor is negative for cancer cells (RO resection), the
use of PD is restricted to patients who have no borderline
resectable lesions or locally unresectable lesions and have
no metastatic disease [3, 4]. Another point in consider-
ation is that only 15-20% of patients are candidates for
surgical resection, after careful pre-therapeutic evaluation
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[1]. Further complications arise if the tumor invades major
vascular structures adjacent to the pancreatic head, such
as the portal vein (PV) and superior mesenteric vein. In
some cases, PD combined with vein resection (PDVR)
may be performed in an attempt to achieve a negative sur-
gical margin [5, 6]. While PVDR is no longer considered
an absolute contraindication in pancreatic head cancer,
the benefits of PDVR still remain debatable. In the past,
studies have shown that the median overall survival of pa-
tients undergoing PVDR for borderline and locally ad-
vanced pancreatic cancer is 22 to 24.9 months [7, 8]. On
the other hand, some studies have shown that vein resec-
tion and reconstruction performed along with PD do not
increase the complication rate and postoperative mortality
and that the procedure is a safe and feasible option to im-
prove the tumor resection rate [9-11]. In contrast, other
studies have evaluated the risk of surgery and the overall
survival outcomes and concluded that an operative inter-
vention for patients with pancreatic cancer is not favorable
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[12, 13]. These results further emphasize the importance
of determining whether PDVR actually benefits patients
with borderline tumors that are not amenable to RO resec-
tion with conventional PD; improving the RO resection
rate would enhance the cost-effectiveness of the surgery
and improve survival and quality of living.

Thus, there is still some ambiguity regarding the bene-
fits of PVDR. In this study, we aimed to conduct a sys-
tematic review and meta-analysis of available literature
to compare the complications and survival benefits of
PDVR and PD (performed with the classical technique
or with preservation of the pylorus).

Methods

Search strategy

We conducted a systematic search of various inter-
national and national databases, including PubMed,
EMBASE, the Cochrane Library, Chinese National
Knowledge Infrastructure, Wanfang Database, and
Weipu database. No restrictions were placed on lan-
guage or publication year. The following search terms
were used as key words for the database search: “pan-
creaticoduodenectomy,” “duodenopancreatectomy,”
“Whipple,” “vascular resection,” “venous resection,” “vein
resection,” “portal vein resection,” “superior mesenteric
vein resection,” “venous reconstruction,” “venous recon-
struction,” and “vascular reconstruction.” The search
was performed in January 2019. Moreover, additional
potentially eligible studies were obtained by a manual
search of the references of relevant reviews.

” o«

Inclusion and exclusion criteria

Relevant clinical trials were selected according to the fol-
lowing inclusion criteria: (1) The patients enrolled were
those who underwent PD or PDVR for malignancy of
the pancreatic head. (2) The study compared PD and
PDVR in terms of surgical procedures, postoperative
complication rates, tumor characteristics, duration of
hospitalization, or survival rates.

The studies were excluded if they met any of the follow-
ing conditions: (1) The study included patients with ma-
lignancy of the pancreatic body or tail or periampullary
tumors (ampullary carcinoma, distal bile duct cholangio-
carcinoma, and duodenal carcinomas), with PD, PDVR,
total pancreatectomy, distal pancreatectomy, or central re-
section being performed according to the tumor location.
(2) The papers were non-comparative studies, reviews,
commentaries, or case reports. (3) Studies did not provide
sufficient data. (4) Papers were duplicate publications.

Data extraction and study quality assessment

One investigator extracted all data from the selected
studies, while the other independently re-extracted the
data and corrected them. Disagreements were resolved
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by mutual consensus. Data extracted from eligible arti-
cles for analysis included the following: (1) the first au-
thor’s name, year of publication, country, and study
design; (2) the number of patients in the experimental
group and control group as well as their age and male
ratio; and (3) data regarding surgical procedures, postop-
erative complication, tumor characteristics, duration of
hospitalization, and survival.

Since the rate of RO resection will be a major finding
in this study, all the included studies containing the data
related to RO resection were assessed thoroughly to de-
termine whether they referred to the AJCC guidelines to
define RO resection. According to the AJCC guidelines.
RO indicates no evidence of residual tumor. R1 indicates
presence of microscopic tumor at margins, as defined by
College of American Pathologists (CAP); however, the
Royal College of Pathologists (RCP) R1 definition in-
cludes tumors within a 1-mm margin. Macroscopically
visible tumor at margins is classified as R2.

The quality of the included studies was assessed by
two independent investigators using the Newcastle—
Ottawa Scale [14]. Each article was assigned a score be-
tween 0 and 9 for the parameters of patient selection,
comparability, and outcome. A score =7 indicated that
the study was of high quality with a low risk of bias.

Data analysis and synthesis

Data were presented as means and SDs for continuous
variables and number of cases for dichotomous variables.
All statistical analyses were carried out using RevMan
5.3 to generate the odds ratios (OR), mean difference
(MD), and their corresponding 95% confidence intervals
(CI). Heterogeneity was assessed using the I” statistic,
with 1>>50% indicating substantial heterogeneity. For
studies that showed heterogeneity, we sought to deter-
mine the possible source of heterogeneity and then used
the random effects model for further analysis [15, 16]. If
I was < 50%, the fixed effects model was applied. Publi-
cation bias was estimated by visual assessment of funnel
plots. All P values were two-sided, and a P value of <
0.05 was considered statistically significant.

Results

Characteristics of included studies

We were able to extract 3217 publications from the online
databases using the search terms. In addition, 8 publica-
tions were identified by manual searching. After eliminating
duplicate records and irrelevant papers by reading titles
and abstracts, 260 articles were selected for full-text assess-
ment. Finally, 30 studies comprising 12,031 patients (2186
who underwent PDVR and 9845 who underwent PD) were
chosen for the meta-analysis. The study screening process
has been summarized in Fig. 1. Briefly, the included studies
were published between 1996 and 2017. Of the 30
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included studies, 13 were from the USA; 6 were from
China; 3 each were from Japan and the UK; 2 were
from France; and 1 each was from Korea, Australia,
and Turkey [11, 17-45]. All the studies included were
retrospective cohort studies and investigated patients
who underwent PD or PDVR for malignancy of the
pancreatic head.

The results of the quality assessment of the studies,
with the Newcastle—Ottawa Scale scores for each study,
are summarized in Table 1. Of the 30 studies, 28 were of
high quality, with scores between 7 and 9; the remaining
2 studies had scores of 6 points.

Surgical procedures and hospitalization

In contrast to the PD group, the PDVR group had greater
operative blood loss (MD: 201.86; 95% CI: 39.69 to 364.03;
P =0.01; I? = 96%; Fig. 2a) and longer operative time (MD:
68.68; 95% CI: 53.63 to 83.72; P < 0.001; I* = 92%; Fig. 2b).
However, the significant heterogeneity in the studies
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weakened the power of the conclusion. Further, the PDVR
group also had greater volume of intraoperative transfu-
sion (MD: 385.74; 95% CI: 228.82 to 542.66; P <0.001;
I> =0%; Fig. 2c) and longer duration of hospitalization
(MD: 1.76; 95% CI: 1.38 to 2.14; P <0.001; I* = 30%; Fig.
2d). No statistically significant intergroup differences were
noted in terms of the length of intensive care unit (ICU)
stay (MD 1.58; 95% CI: — 0.44 to 3.60, P =0.12, I* = 90%,
Fig. 2e). Further, 23 out of the 30 included studies contain
the data related to RO resection, all these studies referred
to the AJCC guidelines to define RO resection. The PDVR
group had a lower rate of RO resection than the PD group
(64.0% versus 71.3%; OR 0.64; 95% CI: 0.55 to 0.74; P <
0.001; I = 32%; Fig. 2f).

Mortality

The rate of in-hospital mortality (5.2% versus 2.9%; OR:
1.71; 95% CI: 1.13 to 2.61; P=0.01; I* = 0%; Fig. 3a) as
well as 30-day mortality (4.9% versus 2.6%; OR 2.02; 95%

searching

e VIP (n=60)

3209 articles identified by
database searching

e Pubmed (n=873)
e Embase (n=1465)
e Cochrane Library (n=37)
8 potential related articles e CNKI (n=248)
identified by manual e WanFang database (n=526)

1374 duplicate articles
excluded

—>

l

1843 articles identified
after duplicate removed

v

e the included patients were not limited
to pancreatic malignancies (n=383)
v e animal/cell line experiment (n=138)
260 potential eligible e reviews, meeting abstracts, case report, etc.
articles for full-text (n=461)
assessment 230 articles excluded after reading full-text
e without sufficient data (n=51)
o the study also included patients with
— pancreatic body or tail malignancies who

30 articles included in
meta-analysis

Fig. 1 Flow diagram of the studies identified in the meta-analysis

1583 articles excluded after reading title
and abstract

® non-cohort study (n=132)
non-comparative study of PD and
PDVR (n=469)

underwent total pancreatectomy , central
resection or distal pancreatectomy

(n=165)
e others (n=14)




Peng et al. BMC Surgery

(2019) 19:84

Table 1 The characteristics and results of the quality assessment of the included studies
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First author Publication  Country Study PDVR group PD group Newcastle-Ottawa Scale
year design No. Age Male No. Age Male (%) selection comparability outcome score
(%)

Lawrence E 1996 USA cohort 42  na. na. 231 na. na. Frrx * * 6

S. D. LEACH 1998 USA cohort 31  mean 19 (61) 44 mean 23 (52) e * i 8
66.0 64.0

Tbomas 2003 USA cohort 13 680+ 7(538) 23 670+ 14 (60.9) **** ** * 7
130 8.6

Ronnie T 2004 China cohort 12 na. na. 38 na. na. FrrE * ** 7

Jennifer F 2004 USA cohort 110 64 (41- 69 181 64 (30— 106 xR ** ** 8
81) (62.7) 83) (58.6)

Nicolas Carrere 2006 France  cohort 45 588+ 32 88 615+ 59 (67.0) **** ** ** 8
1.7 (71.1) 1.1

Isao Kurosaki 2008 Japan cohort 35 662+ 19 42 64.1 + 24 (57.2) Fxxx ** rEX 9
9.2 (54.3) 8.8

Robert C 2009 USA cohort 31 na. na. 36 na. na. Frrx ** 6

Paul Toomey 2009 USA cohort 48 670+ 27 172 680+ 80 (46.5) **** * *EX 8
9.2 (56.3) 78

Yuji Kaneoka 2009 Japan cohort 42 660+ 24 42 650+ 28 (66.7) ¥ * Frx 8
1.0 (57.1) 20

K Dilip Chakravarty 2010 China cohort 12 629+ 7 (583) 75 629+ 50 (66.7) **** ** wHX 9
11.0 9.8

VM.Banz 2011 UK cohort 51 67 (46— 24 275 65 (27- 147 o ** * 7
80) (47.1) 83) (53.5)

Anthony W. 2012 USA cohort 281 655+ 138 3301 656+ 1701 o * ** 7

Castleberry 1.2 (49.1) 114 (51.5)

Ryan S. Turley 2012 USA cohort 42 64 (40- 22 (62) 162 66 (32— 81 (50)  **** * xxx 8
78) 87)

Reena Ravikumar 2013 UK cohort 230 65 (43— 115(50) 840 66 (27- 468 FRER ** *EX 9
80) 84) (55.7)

yoshiaki murakami 2013 Japan cohort 61 na. 33 64 n.a. 32 (50.0) Fxx= w* w* 8

(54.1)

Jaehong Jeong 2013 Korea cohort 46 61 (41- 30 230 62 (32- 129 i ** ** 8
81) (65.2) 80) (56.1)

Vijay G 2013 USA cohort 18 mean 6 (333) 43 69 21 (48.8) *xx* ** * 7
67.2

Ali Aktekin 2013 Turkey  cohort 23 6473 7(304) 77 636+ 49 (63.6) **** * xxx 8

1.8

Yi Gong 2013 China cohort 119 59 30- 72 447 59 (37- 295 o ** ** 8
82) (60.5) 81) (66.0)

Kaitlyn J. Kelly 2013 USA cohort 70 668+ 28 (40) 422 650+ 214 (51) o= * Frx 8
9.1 13

F.wang 2014 Australia cohort 64 66 (62— 34 58 67 (61— 30 (51.7) **** ** ** 8
73) (53.1) 75)

Tan TO Cheung 2014 China cohort 32 63 (35- 20 46 67 37— 25(54.3) ***x ** w* 8
86) (62.5) 82)

Alexandra M. Roch 2015 USA cohort 90 664+ 51 477 663+ 274 xrex ** xxx 9
104 (56.7) 104 (57.4)

H Elberm 2015 UK cohort 230 na. na. 840 na. na. Hrex * ** 7

Michael D. Sgroi 2015 USA cohort 60 645+ 32 87 674+ 43 (494) ***x ** wHXE 9
100 (53.3) 9.7

Wei-lin Wang 2015 China cohort 42 594+ 26 166 605+ 115 xrxX * ** 7
85 (61.9) 12.3 (69.3)

Xin Zhao 2016 China cohort 21 630+ 13 85 635+ 44 (51.8) *exx * ** 7
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Table 1 The characteristics and results of the quality assessment of the included studies (Continued)

First author Publication  Country Study PDVR group PD group Newcastle-Ottawa Scale
year design No. Age Male No. Age Male (%) selection comparability outcome score
(%)

7.5 61.9) 10.7

Joal D 2016 USA cohort 194 650+ 86 1163 643+ 603 xrxx * x* 7
1.2 (44.3) 11.8 (51.8)

Pietro Addeo 2017 France  cohort 91 660+ 52 90 690+ 54 (60)  *** ** xrx 9
100 (57.1) 9.0

*Scores obtained in this domain

CL: 146 to 2.79; P <0.001, I* = 0%, Fig. 3b) were higher in
the case of the PDVR group as compared to the PD group.

Oncological outcome

Compared to the PD group, the PDVR group had a
greater tumor size (MD 2.43; 95% CIL: 1.42 to 3.44; P<
0.001; I* = 50%; Fig. 4a) and a higher neural invasion rate
(67.9% versus 57.7%; OR: 1.82; 95% CI: 1.43 to 2.27; P <
0.001; I* =47%; Fig. 4b). However, no significant differ-
ences between the PD and PDVR groups were noted for
the following tumor parameters: lymph node metastasis
rate (34.5% versus 54.1%; OR 1.02; 95% CI: 0.81 to 1.27;
P=0.89; I2 = 25%; Fig. 4c), vascular invasion rate (78.8%
versus 18.2%; OR: 19.60; 95% CI: 0.21 to 1814.53; P=
0.02; I* = 95%; Fig. 4d), well to moderate tumor differen-
tiation rate (75.4% versus 75.0%; OR: 1.02; 95% CI 0.79
to 1.33; P =0.85; I> = 0%; Fig. 4e), or poor tumor differ-
entiation rate (23.7% versus 23.7%; OR: 1.01; 95% CI:
0.77 to 1.30; P = 0.97; I? = 0%; Fig. 4f).

Postoperative complications

In the present meta-analysis, 12 out of the 30 included
studies contain data related to the occurrence rate of
pancreatic fistula, 11 of them defined pancreatic fistula
as a drain output of any measurable volume of fluid on
or after postoperative day 3 with an amylase content
greater than 3 times the serum amylase activity, which
was published by International Study Group on Pancre-
atic Fistula Definition in 2005 [46]. Only 1 study pub-
lished in 2003 defined pancreatic fistula as drainage of
more than 50 ml of fluid with an amylase concentration
greater than three times the upper limit of normal serum
level after postoperative day 10.

With respect to postoperative complications, the
current meta-analysis revealed that both the PDVR
and PD groups had a similar incidence of pancreatic
fistula (8.2% versus 11.0%; OR 0.79; 95% CI 0.60 to
1.04; P=0.10; I*> =50%; Fig. 5a), incidence of deep
vein thrombosis (4.3% versus 2.1%; OR 1.09; 95% CI
0.09 to 13.75; P=0.95; I> =69%; Fig. 5b), wound in-
fection rate (7.6% versus 8.0%; OR 1.03; 95% CI 0.76
to 1.40; P=0.85 I*> =0% Fig. 5c), and intra-

abdominal infection rate (9.2% versus 9.3%; OR 1.21;
95% CI 0.88 to 1.66; P =0.23; I* = 46%; Fig. 5d).

Compared to the PD group, the PDVR group showed
higher rates of complications such as biliary fistula
(11.9% versus 2.5%; OR: 4.45; 95% CI: 1.98 to 9.97; P<
0.001; I* =44%; Fig. 5e), reoperation rate (9.6% versus
6.5%; OR 1.56; 95% CI: 1.24 to 1.97; P <0.001; I* = 0%,
Fig. 5f), delayed gastric emptying (12.6% versus 10.5%,
OR 1.36, 95% CI: 1.04 to 1.77, P=0.02, I* =22%, Fig.
5g), cardiopulmonary abnormalities (11.0% versus 7.5%;
OR 1.70; 95% CI: 1.22 to 2.36; P=0.002; I* = 0%; Fig.
5h), and hemorrhage (6.6% versus 2.3%, OR: 2.18, 95%
CI: 1.56 to 3.06; P <0.001; I* = 14%; Fig. 5i). In addition,
some studies analyzing the rates of postoperative
hemorrhage occurring at different sites showed that
the rate of intra-abdominal hemorrhage (12.2% versus
3.0%; OR: 4.33; 95% CI: 2.33 to 8.06; P <0.001; I* =
0%; Fig. 5j) was greater in the PDVR group, while the
rate of gastrointestinal hemorrhage (9.3% versus 5.5%;
OR: 1.86; 95% CI: 0.63 to 5.52; P=0.26; I* = 0%; Fig.
5k) was similar in both groups.

Fifteen of the 30 studies provided summarizations of
the number of patients with different complications as
the total complication rate; with respect to this param-
eter, the two groups did not show any statistically signifi-
cant differences (39.3% versus 38.0%; OR 1.18; 95% CI:
1.00 to 1.39; P = 0.05; I? = 47%; Fig. 51).

Sensitivity analysis and publication bias

We further sought to examine the influence of indi-
vidual studies on the results of our meta-analysis. We
found that the removal of any of the included studies
did not have any significant effect on the overall out-
come. Most of the reported results had overlapping
confidence intervals, which further ensured that our
findings were not significantly influenced by any indi-
vidual study. We checked for the existence of publica-
tion bias by preparing funnel plots for comparisons
with more than 10 studies. No substantial asymmetry
was found by visual inspection of the funnel plots
(Fig. 6).
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Test for overall effect: Z = 5.94 (P < 0.00001)

Fig. 2 Comparison of PDVR and PD by surgical procedures and hospitalization

A Blood loss PDVR D Mean Difference Mean Difference
Study or Subgroup Mean SD Total __ Mean SD_Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
F.wang 2014 742 7489 64 4572 674 58 10.2% 284.80 [259.55, 310.05] -
Isao Kurosaki 2008 1,238.06 27341 35 1129.8 13054 42  9.8% 108.26 [9.45, 207.07]
Jaehong Jeong 2013 1,041.59 1,108.03 46 59673 71032 230 7.1% 444.86 (111.76, 777.96] _—
Jennifer F 2004 1,760.67 1,13542 110 85249 51817 181 8.5% 908.18 [682.97, 1133.39] 4
Lawrence E 1996 2,532.97 1,827.09 42 1,27051 78546 231  4.6%  1262.46 [700.69, 1824.23) »
Nicolas Carrere 2006 166 812 45 658 95 88 8.4% -492.00 [-730.07, -253.93) ——
Ronnie T 2004 17531 6116 12 18072 103 38 10.1% -5.41[-53.05, 42.23] -
TanTO Cheung 2014  1,509.38 1,185.45 32 82308 30527 46 6.1%  686.30[266.20, 1106.40] _—
Thomas 2003 1,081 1,567 13 848 538 23 2.5% 233.00(-646.73, 1112.73]
Wei-lin Wang 2015 110 520 42 430 170 166  9.3% -320.00[-479.38, -160.62) —————
Xin Zhao 2016 9381 6644 21 7318 5689 8 7.5%  206.30(-102.53,515.13] —_—
Yi Gong 2013 1,054.1 800 119 500 3488 447  9.4% 554.10 [406.77, 701.43] —
Yuji Kaneoka 2009 11 1,280 42 866 111 42 6.4% -755.00(-1143.56, -366.44] ——
Total (95% CI) 1677 100.0% 201.86 (39.69, 364.03) e
Heterogeneity: Tau? = 67032.12; Chi® = 293.92, df = 12 (P < 0.00001); ¥ = 96%
Test for overall effect: Z = 2.44 (¢ = 0.01) -500 Fav-ozusr?[PDVR] Favourszlggl 560
B Duration of operation ) )
PDVR PD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Anthony W. Castleberry 2012 497 142 281 377 123 3301  8.4% 120.00[102.88, 137.12] >
Fwang 2014 44413 3103 64 3784 1739 58  9.1% 65.73 [56.91, 74.55] —
Isao Kurosaki 2008 520.22 36.61 35 51234 33.09 42 8.5% 7.88[-7.84, 23.60] T
Jaehong Jeong 2013 41923 8435 46 36884 8812 230 7.2% 50.39[23.49, 77.29] —_—
K Dilip Chakravarty 2010 473.9 1852 12 4616 1104 75  16% 12.30(-95.42, 120.02]
Lawrence £ 1996 488.78 158.58 42 35066 97.06 231 4.7% 138.12 (8855, 187.69] -
Nicolas Carrere 2006 480 13 45 423 19 88 9.3% 57.00 [51.51, 62.49) -
Pietro Addeo 2017 541 102 91 452 102 90  6.9%  89.00(59.28, 118.72] —_—
Reena Ravikumar 2013 212,94 142,42 230 25402 9726 840 8.1% 58.92 [39.37, 78.47] —_—
Ronnie T 2004 668.61 160.55 12 57311 77.25 38 2.0% 95.50 [1.40, 189.60) —
Tan TO Cheung 2014 72061 122,17 32 S86.74 107.86 46  4.4% 133.87 (8130, 186.44] —
Thomas 2003 408 114 13 342 42 23 3.5% 66.00 [1.70, 130.30] R
Wei-lin Wang 2015 352 105 42 330 68 166 6.4% 22.00 [-11.40, 55.40] T/
Xin Zhao 2016 5102 1462 21 407 1048 8  3.3% 103.20(36.82, 169.58] _—
Yi Gong 2013 535 1364 119 436 1055 447  7.3%  99.00(72.61, 125.39] —
Yuji Kanecka 2009 342 14 42 306 14 42 93%  36.00(30.01, 41.99) -
Total (95% CI) 1127 5802 100.0% 68.68 [53.63, 83.72] -
Heterogeneity. Tau? = 626.01; Chi? = 176.48, df = 15 (P < 0.00001); I* = 92% Hoo o 5 Too
Test for overall effect: Z = 8.95 (P < 0.00001) Favours [PDVR] _Favours (PD)
C Transfusion PDVR PD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Lawrence £ 1996 656.11 507.54 42 24427 223.52 231 716% 41184 (22637, 597.31] ——
Thomas 2003 580 460 13 260 380 23 28.4% 320.00 [25.65, 614.35] —
Total (95% CI) 55 254 100.0% 385.74 [228.82, 542.66] -
Heterogeneity. ChiZ = 0.27, df = 1 (P = 0.60); I? = 0%
Test for overall effect: Z = 4.82 (P < 0.00001) 'if&u,’sz[spgm Fawﬁi‘)lpblm
D Total hOSpltal Stay PDVR PD Mean Difference Mean Difference
Study or Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Anthony W. Castleberry 2012 14 133 281 126 10.8 3301 5.7% 1.40 [-0.20, 3.00] R
F.wang 2014 1408 107 64 1232 13 58 79.9% 1.76 [1.33, 2.19] -
Jaehong Jeong 2013 1838 7.01 46 20.18 37.22 230 0.5% -1.80[-7.02, 3.42]
Jennifer F 2004 18.14 1994 110 1391 12.03 181 0.9% 4.23[0.11, 8.35] _—
Joal D 2016 127 109 194 11 811 1163  5.6% 1.70 [0.10, 3.30]
Lawrence E 1996 24.15 1149 42 17.02 14.74 231 0.9% 7.13 [3.17, 11.09] nd
Paul Toomey 2009 15 12.9 48 13 7.7 172 1.0% 2.00(-1.83, 5.83] —*
Reena Ravikumar 2013 1597 16,18 230 143 2046 840 2.3% 1.67 [-0.84, 4.18] R
Ronnie T 2004 96.93 134.55 12 26.19 13.34 38 0.0% 70.74 [-5.51, 146.99]
Tan TO Cheung 2014 2456 18.87 32 25.77 25.1 46 0.2% -1.21[-10.98, 8.56]
Thomas 2003 7 14 13 10 5 23 0.2% -3.00(-10.88, 4.88]
VM.Banz 2011 12.73 622 51 1157 1233 275  2.9% 1.16 [-1.08, 3.40] —
Total (95% CI) 1123 6558 100.0% 1.76 [1.38, 2.14] 4
Heterogeneity: Chi? = 15.63, df = 11 (P = 0.16); I = 30% Y T 3
Test for overall effect: Z = 9.06 (P < 0.00001) Favours (PDVR] Favours [PD)
E ICU stay PDVR PD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Reena Ravikumar 2013 1.27 7.19 230 049 6.14 840 213% 0.78 [-0.24, 1.80] =
Ronnie T 2004 188 153 12 262 234 38 21.0% -0.74 [-1.88, 0.40] —T
Tan TO Cheung 2014 4.29 5.81 32 265 2.04 46 18.1% 1.64(-0.46,3.74) T
Thomas 2003 18 29 13 08 18 23 19.3% 1.10([-0.64, 2.84] -
¥M.Banz 2011 10.17 4.44 51 492 687 275 202% 5.25[3.79,6.71) —_—
Total (95% CI) 338 1222 100.0% 1.58 [-0.44,3.60] e
Heterogeneity: Tau? = 4.70; Chi? = 41.31, df = 4 (P < 0.00001); I = 90% 5% 3§
Test for overall effect: Z = 1.53 (P = 0.12) Favours [PDVR] Favours [PD]
F RO resection PDVR PD 0dds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alexandra M. Roch 2015 66 90 386 477 7.7% 0.65 [0.39, 1.09] T
All Aktekin 2013 18 23 75 77 1.8% 0.10(0.02, 0.54] ——
F.wang 2014 36 64 47 58 5.1% 0.20[0.13, 0.68] +—————
Isao Kurosaki 2008 30 35 36 42 1.1%  1.00[0.28, 3.60]
Jaehong Jeong 2013 30 46 196 230  5.3% 0.33[0.16, 0.66] ———————
Jennifer F 2004 86 110 160 181 6.2%  0.47[0.25, 0.89] I —
Kaitlyn J. Kelly 2013 48 70 312 422 6.5% 0.77 [0.44, 1.33] —_—1
Lawrence E 1996 32 42 180 231 3.1% 0.91[0.42, 1.97]
Nicolas Carrere 2006 37 45 75 88 2.1% 0.80[0.321, 2.10] E—
Paul Toomey 2009 35 48 130 172 3.6% 0.87 [0.42, 1.80] R
Pietro Addeo 2017 39 91 58 90 7.8% 0.41[0.23, 0.75] —_—
Reena Ravikumar 2013 85 230 397 840 25.2% 0.65 [0.48, 0.88] —
Robert C 2009 30 31 29 36 0.2% 7.24[0.84, 62.58] -
Ryan S. Turley 2012 21 42 117 162  3.0% 1.08[0.50, 2.34] t—
S. D. LEACH 1998 27 31 37 44 0.9% 1.28 [0.34, 4.80]
Tan TO Cheung 2014 25 32 35 46 1.5% 1.12 [0.38, 3.30]
Thomas 2003 10 13 19 23 0.7% 0.70[0.13, 3.77]
vijay G 2013 17 18 39 43  0.3% 1.74[0.18, 16.78]
¥M.Banz 2011 25 51 174 275 6.5% 0.56 [0.31, 1.02] EEE——
Wei-lin Wang 2015 34 42 130 166 2.3% 1.18 [0.50, 2.76]
Xin Zhao 2016 14 21 60 85 1.9% 0.83 [0.30, 2.31]
yoshiaki murakami 2013 31 61 46 64 5.2% 0.40 (0.19, 0.85)
Yuji Kaneoka 2009 32 42 39 42 2.2% 0.25 [0.06, 0.97] 4——|
Total (95% C) 1278 3894 100.0% 0.64 [0.55, 0.74] &
Total events 818 2777
Heterogeneity. Chi? = 32.21, df = 22 (P = 0.07); 2 = 32% '3 ¥

05 1 2
Favours [PDVR] Favours [PD]
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p
A Mortality-in hospital
PDVR PD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Ali Aktekin 2013 4 23 8 77 10.4%  1.82[0.49, 6.68] f
H Elberm 2015 10 230 33 840 46.2%  1.11[0.54, 2.29]
Jaehong Jeong 2013 1 46 2 230 2.2% 2.53[0.22,28.54] »
Joal D 2016 7 194 17 1163 16.0%  2.52[1.03, 6.17] ——
Tan TO Cheung 2014 1 32 2 46 5.4% 0.71[0.06, 8.18]
¥M.Banz 2011 7 51 17 275 15.6% 2.41[0.95, 6.16] e —
Xin Zhao 2016 1 21 2 85 2.6% 2.08[0.18, 24.04]
Yuji Kaneoka 2009 2 42 0 42 1.6% 5.25[0.24, 112.66] >
Total (95% CI) 639 2758 100.0% 1.71[1.13, 2.61) ‘
Total events 33 g1
Heterogeneity. Chi? - 3.75,df =7 (P =0.81); 1= 0% obs oh ] 75
Test for overall effect: Z = 2.51 (P = 0.01) Favours [PDVR] Favours [PD]
B Mortahty '30days PDVR PD Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alexandra M. Roch 2015 7 90 16 477 10.9% 2.43 [0.97, 6.09] 1
Anthony W. Castleberry 2012 16 281 96 3301 33.2% 2.02 [1.17, 3.47] ——
Isao Kurosaki 2008 1 35 0 42 1.0% 3.70[0.15, 93.61)
Joal D 2016 5 194 15 1163 9.8% 2.02 [0.73, 5.64] B e —
K Dilip Chakravarty 2010 0 12 2 75 1.6% 1.18[0.05, 25.97]
Kaitlyn ). Kelly 2013 1 70 5 422 32.3% 1.21[0.14, 10.50] ——
Lawrence E 1996 1 42 g8 231 5.6% 068 [0.08, 5.58] e E—
Michael D. Sgroi 2015 3 60 3 87 5.4% 1.47 [0.29, 7.56] I Ea—
Paul Toomey 2009 2 48 5 172 4.9% 1.45 [0.27, 7.73] —
Ronnie T 2004 0 12 1 38 1.7% 1.00[0.04, 26.15]
¥M.Banz 2011 7 51 14 275 8.8% 2.97 [1.13, 7.76) —_——
Wei-lin Wang 2015 1 42 2 166 1.8% 2.00[0.18, 22.60]
Yi Cong 20132 g 119 12 447 11.9% 2.41[0.97, 5.95] | e —
Total (95% CI) 1056 6896 100.0% 2.02 [1.46, 2.79] >
Total events 52 180
Heterogeneity. Chi? = 2.88, df = 12 (P = 1.00); I = 0% t } } i
Test for overall effect: 2 = 4.26 (P < 0.0001) L Fax?é&rs [PDVR]lFavours [PlDO] 100
Fig. 3 Comparison of PDVR and PD by mortality

Discussion

PDVR is important in clinical practice and is technically
complex and requires considerable surgical skills. Inva-
sive pancreatic cancer can easily progress, with infiltra-
tion of the adjacent nerves and important vascular
structures such as the superior mesenteric vein and por-
tal vein. Therefore, the question of whether vascular re-
section should be combined with surgical resection of
pancreatic cancer is an important concern.

A few meta-analyses on PDVR have been reported in
the past [47-50]. Song and colleagues focused on the ef-
fect of different interposition grafts in PDVR [49]. In
contrast with the meta-analyses performed by F. Giovi-
nazzo [48], Richard Bell [47] and Yu [50], our meta-
analysis included the greatest amount of studies with a
relatively high quality; thus, our results are more repre-
sentative. In addition, we completed a comprehensive
analysis for the purpose of presenting the most complete
data, including surgical procedures, hospitalization, mor-
tality, oncological outcome, and postoperative complica-
tions. Some of the parameters were assessed have not
been included in previous meta-analyses, but data re-
garding these parameters may facilitate the decision-

making process for clinicians. In terms of RO resection
rate, which is the major finding of our study, our results
were consistent with those of Giovinazzo et al. [48] and
Bell et al. [47]. Another difference is that we included
only data pertaining to patients who had malignancy of
the pancreatic head for which they underwent pancreati-
coduodenectomy, which ensured the homogeneity of the
research population and reduced bias. Previous analyses
have shown poor survival outcomes after PDVR and do
not recommend this aggressive surgical approach [51,
52]. However, PDVR continues to be performed for pan-
creatic cancer at some centers [27, 33, 53].

Surgeons continue to debate on whether combined
vascular resection can increase the RO resection rate of
pancreatic head cancer. Analyses of the pathology out-
comes showed that the PDVR group had a greater
tumor size, higher neural invasion rates, and lower RO
resection rates than the PD group. However, there were
no differences between the two groups in terms of
lymph node metastasis, vascular invasion, or type of
tumor differentiation (poor or well-moderate). Taken
together, these findings imply that patients in the PDVR
group have a higher probability of local infiltration of
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-
A Tumor size PDVR PD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Jaehong Jeong 2013 317 75 46 285 9 230 17.0%  3.20(0.74, 5.66] ——
Jennifer F 2004 30.53 9.87 110 2822 1073 181 17.6% 2.31[-0.11,4.73] |
Kaitlyn J. Kelly 2013 325 13.1 70 305 13.3 422 93%  2.00[-132,5.32] —]
Lawrence E 1996 36.07 13.56 42 35.19 27.86 231 35% 0.88([-4.57, 6.33] e e —
Nicolas Carrere 2006 318 19 45 267 11 88 2.9% 5.10(-0.91, 11.11] -
Pietro Addeo 2017 43 15 91 35 13 90 6.2%  8.00[3.91, 12.09] —_—
Reena Ravikumar 2013 31.27 1439 230 305 14.48 840 23.3% 0.77[-1.33,62.87) —r—
Ronnie T 2004 323 1468 12 37.07 1639 38  11% -4.77(-14.58 5.04) &——f——
Ryan S. Turley 2012 32.44 12,64 42 25.81 13.13 162 5.5%  6.63[2.31, 10.95] _—
Tan TO Cheung 2014 3183 10.64 32 3277 15.83 46 3.0%  -0.94(-6.82, 4.94] ——
VM.Banz 2011 3113 1044 51 3067 1339 275 9.6% 0.46(-2.81,32.73) —_—t
Yi Gong 2013 40 52 119 30 17 447 1.1% 10.00[0.53, 19.47] _—
Total (95% CI) 890 3050 100.0% 2.43 [1.42, 3.44) <
Heterogeneity: Chi? = 21.85, df = 11 (P = 0.03); I? = 50% 4 4
B Test for overall effect: 2 = 4.69 (P < 0.00001) Favours [PDVR] Favours (PD]
Neural invasion PDVR PD 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alexandra M. Roch 2015 78 %0 361 477 13.4%  2.09[1.10, 3.97]
Ali Aktekin 2013 18 23 37 77 3.2% 3.89(1.31, 11.54]
F.wang 2014 50 64 40 58 8.0% 161[0.71, 3.62] e —
Isao Kurosaki 2008 34 35 37 42 0.8% 4.59([051, 41.34] S e e—
Nicolas Carrere 2006 37 45 61 88 6.4%  2.05[0.84, 4.98] T—
Pietro Addeo 2017 68 91 40 90 8.9% 3.70[1.97, 6.94] —_—
Reena Ravikumar 2013 180 230 637 840 52.1% 1.15(0.81, 1.63] ——
Thomas 2003 8 13 11 23 2.7%  1.75[0.44, 6.97] —
Yi Gong 2013 9 119 13 447 4.4%  2.73[1.14, 6.55] _—
Total (95% CI) 710 2142 100.0% 1.80 [1.43,2.27] >
Total events " 482 123‘27
;Iexemgenem/ Chi => 15._2 1,df =8 (P = 0.06); I° = 47% o1 o2 G )
C est for overall effect: Z = 4.98 (P < 0.00001) Favours [PDVR] Favours [PD]
Lymph node metastasis ppyg D 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
F.wang 2014 17 64 17 58 8.4%  0.87[0.40, 1.93] e
Jennifer F 2004 50 110 95 181 25.0% 0.75(0.47, 1.21] —.
K Dilip Chakravarty 2010 8 12 65 75 3.8% 0.31[0.08, 1.21] EEe—
Lawrence E 1996 42 432 24 231 18.0% 0.92[0.55, 1.58] —
Nicolas Carrere 2006 33 45 55 88 6.3%  1.65[0.75, 3.63] -T—
Ronnie T 2004 4 12 8 38 1.6%  1.88(0.45, 7.85] -
Thomas 2003 7 13 13 23 2.8% 0.90[0.23, 3.52] -1
Vijay G 2013 11 18 32 43 4.7% 0.54[0.17, 1.74] —_—
¥M.Banz 2011 41 51 228 275 8.9%  0.85([0.40, 1.81] i
Wei-lin Wang 2015 25 42 101 166 10.5%  0.95[0.47, 1.89] I
yoshiaki murakami 2013 47 61 39 64 5.6%  2.15[0.99, 4.69] —
Yuji Kaneoka 2009 26 42 18 42 4.4% 2.17[0.91, 5.18] T
Total (95% CI) 902 1284 100.0% 1.02 [0.81, 1.27] L 3
Total events , 311 692
Heterogeneity. Chi? = 14.69, df = 11 (P = 0.20); I* = 25% > + + ‘
Test for overall effect: Z = 0.14 (P = 0.89) 0.01 Fa\?é&rs [PDVR]lFavours [Pluol 100
D Vascular invasion v ru vaas Katio vaas Kauo
Study or Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
F.wang 2014 a8 64 36 58 213% 1.83 [0.84, 3.98] Far
Thomas 2003 1313 2 23 195% 232.20(10.34, 5215.07) —_—
Xin Zhao 2016 s 21 85 85 19.7% 0.00 [0.00, 0.04] +*——
Yi Gong 2013 114 119 0 447 19.7% 18632.27[1022.83, 339414.35] 4
yoshiaki murakami 2013 39 61 0 64 19.8% 226.47 [13.36, 3838.64) —_—
Total (95% CI) 278 677 100.0% 19.60 [0.21, 1814.53] | ——emETETEE—
Total events , 2 119 123 .
Heterogeneity: Tau? = 24.88; Chi’ = 80.33, df = 4 (P < 0.00001); I* = 95%
Test for overall effect: Z = 1.29 (P = 0.20) 000t Favourg [1PDVR]173VOU}:)[PD] 1000
E Tumor differentiation(well-moderate)
PD 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
F.wang 2014 42 64 40 58 12.6% 0.86[0.40, 1.83] —
Jaehong Jeong 2013 40 46 177 230 6.7%  2.00[0.80, 4.97] s e ——
Kaitlyn ). Kelly 2013 52 70 324 422 20.7%  0.87(0.49, 1.56] —_—
Lawrence E 1996 31 42 166 231 11.7% 1.10(0.52, 2.33] . —
Nicolas Carrere 2006 39 45 83 88 6.6% 039[0.11, 1.36] &————T—
Ronnie T 2004 10 12 30 38 2.1% 1.33[0.24, 7.35]
Ryan S. Turley 2012 25 42 97 162 14.1% 0.99[0.49, 1.97] —_—
Tan TO Cheung 2014 20 32 25 46 6.7%  1.40[0.56, 3.52] e e e—
Thomas 2003 8 13 14 23 3.4% 1.03[0.25, 4.16]
¥M.Banz 2011 40 51 217 275 12.8% 0.97(0.47, 2.01] —
Yuji Kaneoka 2009 39 42 39 42 2.4%  1.00([0.18, 5.26]
Total (95% CI) 459 1615 100.0% 1.02 [0.79, 1.33]
Total events 346 1212
Heterogeneity. Chi? = 5.44, df = 10 (P = 0.86); I = 0% 0:5 O=7 T 145 i
F Test for overall effect: Z = 0.18 (P = 0.85) Favou}s [PbVK] Favm‘lrs (PD]
Tumor differentiation(poor)
PDVR PD 0dds Ratio 0dds Ratio
Study or Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
F.wang 2014 22 64 18 58 10.9% 1.16(0.55, 2.49] I
Jaehong Jeong 2013 6 46 53 230 13.6% 0.50([0.20, 1.25] B
Kaitlyn ). Kelly 2013 18 70 98 422 183% 1.14(0.64, 2.05] b o
Lawrence E 1996 11 42 65 231 13.0% 0.91[0.43, 1.91] —r—
Nicolas Carrere 2006 6 45 5 88 2.6% 2.55[0.73, 8.88] -1
Ronnie T 2004 ] 12 8 38 2.6% 0.14[0.01, 268 &———————
Ryan S. Turley 2012 15 42 44 162 10.3% 1.49[0.73, 3.06] -
Tan TO Cheung 2014 12 32 21 46 9.5% 0.71[0.28, 1.79] _
Thomas 2003 5 13 9 23 3.5% 0.97[0.24, 3.93] R E—
¥M.Banz 2011 11 51 56 275 12.1% 1.08(0.52, 2.23] e
Yuji Kaneoka 2009 3 42 3 42 2.5%  1.00[0.18, 5.26] s m—
Total (95% CI) 459 1615 100.0% 1.01 [0.77, 1.30] L 2
Total events 109 380
Heterogeneity. Chi? = 8.21, df = 10 (P = 0.61); I = 0%
Test for overall effect: Z = 0.04 (P = 0.97) 0.01 Fa\?blllrs [PDVR]lFavours [Ploo] 100

Fig. 4 Comparison of PDVR and PD by oncological outcome
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A Pancreatic fistula G Delayed gastric emptying
PDVR D 0dds Ratio 0dds Ratio PDVR D 0Odds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Isa0 Kurosaki 2008 2 35 1 42 07% 248(0.22,28.62 J0al D 2016 36 194 210 1163 54.6% 103(0.70, 153] g
Joal D 2016 22 194 176 1163 365% 0.72[0.45, L15] — K Dilip Chakravarty 2010 112 3 75 08% 2.18(0.21,22.89]
K Dilip Chakravarty 2010 2 9 75 17% 147(028,779] ———————F—————* Nicolas Carrere 2006 g 45 19 88 118% 079(0.31, 1.97] —
Nicolas Carrere 2006 345 20 88 103% 0.24[0.07,087] «————————— Reena Ravikumar 2013 25 230 39 840 167% 2.50(L48, 4.23] e
Pietro Addeo 2017 6 91 6 90 46% 099[031,319) ———————— Tan TO Cheung 2014 5 32 3 46 23% 2.65(059,12.02] —_—1
Reena Ravikumar 2013 15 230 86 840 283% 0.61[0.35, 1.08] —r Thomas 2003 s 13 5 22 25% 2.25(051,10.02] R
Ryan . Turley 2012 4 42 30 162 9.1% 046015 140 4 Wei-lin Wang 2015 8 42 24 166 88% 139(058 337] —_—t
Thomas 2003 2 1 323 15% 121(0.18,839] Xin Zhao 2016 121 28 08% 208[0.18 24.04)
Vijay G 2013 118 3 43 14%  078[0.08,809] Yi Gong 2013 o 119 3 447 16% 053(0.03,10.36]
Wei-lin Wang 2015 4 42 10 166 3 o% 1.64[0.49,5.52] —_—
Xin Zhao 2016 321 7 8 1.86 (0.44, 7.89] —_— Total (95% CI) 708 2933 100.0% 136 (1.04,1.77) -
Yi Gong 2013 7 119 3 447 lox 9.25(2.35, 36.34] E— Total events 89 308
Heterogeneity: Chi? = 10.30, df = 8 (P = 0.24); I = 22% o 54
Total (95% CI) 862 3224 100.0%  0.79 (0.60, 1.04] o Test for overall effect: = 2.28 (P = 0.02) S VRl Favowns (P01
Total events 71 H Cardiopulmonary complications
Heterogeneity: Chi? = 21.98, df = 11 (P = 0.02); ¥ = 50% o5 o7 53 PDVR 0dds Ratio 0dds Ratio
Test for overall effect: Z = 1.66 (P = 0.10) Favours [POVR] Favours [FD] Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
DVT Anthony W. Castleberry 2012 38 281 253 3301 73.2% 188([1.31,2.71)
PDVR D 0dds Ratio 0dds Ratio 1530 Kurosaki 2008 3 35 2 42 35% 188(030,1191] —
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI K Dilip Chakravarty 2010 2 1 4 75 2.0% 32.55[057,2195]
Anthony W. Caslleberry 2012 T4 281 63 3301 64.1% 269(1.49, 4.87] - Nicolas Carrere 2006 0 45 2 88  3.6% 0.38[0.02 809 ¢——————F——
Ryan's. Turley 2012 0o 42 8 162 35.9% 0.21(0.01, 3.78] —_— Ryan 5. Turley 2012 4 42 14 162 111%  111[035,357] —_—1
Tan TO Cheung 2014 2 32 4 46 66% 070[0.12,4.07] —
Total (95% CI) 323 3463 100.0% 1.09 [0.09, 13.75] <>
Total events 14 71 Total (95% CI) 447 3714 100.0% 170 (1.22,2.36] <>
Heterogeneity. Tau® = 2.53; Chi? = 3.26, df = 1 (P = 0.07); I = 69% 5ot o 35 To50 Total events a9 279
Test for overall effect: Z = 0.06 (P = 0.95) Favours (POVR]  Favours (PD) Heterogeneity. Chi? = 3.35, df = 5 (P = 0.65); I = 0% Y —T 3 S
Wound infection v - s el s matla I Test for overall effect: 2 = 3.15 (P = 0.002) Favours (PDVR]  Favours [PD]
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI Hemorrhage PDVR ) 0dds Ratio 0dds Ratio
Anthony W. Castleberry 2012 30 281 314 3301 554% 114(0.77, 169 - Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Joal D 2016 5 194 22 1163 7.7% 137(051,367) — Anthory W_ Castleberry 2012 9 281 39 3301 15.1% 2.77(133,577] —_—
K Dilip Chakravarty 2010 012 4 75 18% 064[0.03 1255) & Isa0 Kurosaki 2008 3 35 1 42 2.1% 32.84[0.38,38.72] —_—t
Nicolas Carrere 2006 0 45 2 88 21% 038[0.02, 8,09 — K Dilip Chakravarty 2010 3 12 8 75 47% 168(0.31,9.04]
Ryan S. Turley 2012 16 42 63 162 202%  0.97[0.48, 1.94) . Nicolas Carrere 2006 7 45 3 88 44% 5.22(128 2128 —_—
Tan TO Cheung 2014 132 7 46 7.0% 0.18[0.02, 154) & Reena Ravikumar 2013 12 230 40 840 414% 1.10[0.57,2.13] o=
Thomas 2003 212 323 23% 121(0.18,839) 1 Ryan 5. Turley 2012 4 42 7 162 6.6% 2.33[0.65, 8.37) -
Yi Gong 2013 2 19 7 447 3.6%  1.070022,5.24] I Tan TO Cheung 2014 1032 2 46 40% 071[0.06,818 ¢———————————————
Wei-lin Wang 2015 3 42 7 166 6.7% 1.75[0.43, 7.07] N
Total (95% CI) 738 5305 100.0% 103 (0.76, 1.40] > Xin Zhao 2016 > 3 8 27% 288045, 18.44) JENN R
Total events 56 422 i Gong 2013 14 119 13 447 123%  4.45(2.03,9.75) I
Heterogeneity. Chi® = 3.68, df = 7 (P = 0.82); I = 0% T o7 o5 )
Test for overall effect: Z = 0.18 (P = 0.85) Favours [PDVR] Favours [PD] Total (95% CI) 859 5252 100.0%  2.18 [1.56, 3.06] -
inali N . N Total events 57 123
D ot abdominal infection pov g : 0dds Ratio 0dds Ratio Heterogeneity. ChiZ = 10.48, df = 9 (P = 0.31); F = 14%
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI T N 01 02 05 2 10
est for overall effect: Z = 4.56 (P < 0.00001) Favours [PDOVR] Favours [PD)
‘Anthony W. Castleberry 2012 27 281 352 3301 74.9% 0.89[0.59, 1.34] _i: J Hemorrhage—mlra abdominal
520 Kurosaki 2008 238 1 42 13% 248[0.22,2862) > PDVR P 0dds Ratio 0dds Ratio
K Dilip Chakravarty 2010 o 12 4 75 19% 0.64[0.03,1255) Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ryan 5. Turley 2012 10 42 20 162 9.4%  2.22(0.95,5.19) K Dilp Chakravarty 2010 T 12 2 75 62% 3.32(028, 39.73] —
hities =00s 2 1 123 09% 4.00[0.33 49.08) T Nicolas Carrere 2006 7 45 3 88 211% 5.22(128 2128 —_—
Wei-lin Wang 2015 1 42 9 166 53X 0.43[0.05346) ¢————————F————— Xin zhao 2016 3 21 3 85 132% 288(045 18.44] ]
Xin Zhao 2016 2 2 485 22% 2130036, 1251] — | ____, vicongz013 14 119 13 447 59.4%  4.45(2.03 9.75) ——
Yi Gong 2013 8 119 7 447 41% 453[161,12.76] _— 9 g
Total (95% CI) 565 4301 100.0% 121 [0.88, 1.66] - I::;'::::SC" 2 197 . 695 1000X  4.33 (233, 8.06) -
:i::‘r:;’:::lv Chit = 13.06, df = 7 (PZ- 0.07), 1 = b 5 5 3 £ ChE = 0.30, of = 3 (P = 0.96), I = 0% bo1 o1 10 100
Test for overall effect: Z = 1.20 (P = 0.23) Favours POVR]  Favours [PD] KT“‘ for gverall Sfiack 2 = 4.54 ¢ <0.00002 Favours (PDVR] Favours (PD]
E Hemorrhage-gastrointestinal
ary fistula PDVR PD 0dds Ratio 0dds Ratio PDVR PD 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight  M-H, Fixed, 95% CI M-H, Fixed, 95% CI Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Fig. 5 Comparison of PDVR and PD by postoperative complications

disease without an increased frequency of lymph node  significantly, but not the pancreatic fistula. We specu-
metastasis. In addition, the type of tumor differentiation  lated that it is the ischemic necrosis of the bile duct that
was similar for both groups. lead to the difference. During the process of vascular re-
With respect to postoperative complications, the section and reconstruction, the PDVR group has a
PDVR group showed a greater rate of the biliary fistula, greater chance of blood vessels damage in the hepato-
reoperation, delayed gastric emptying, cardiopulmonary  duodenal ligament than PD group, especially some tiny
abnormalities, hemorrhage, as well as a longer duration  blood vessels and collateral circulation. This may indir-
of hospitalization. Other investigators have also indi- ectly decrease the blood supply of the residual bile duct,
cated that patients undergoing vascular resection have a  which may lead to bile duct ischemic necrosis and biliary
higher rate of complications [38, 54]. The longer dur- fistula. Compared with bile duct, pancreas has a more
ation of hospitalization may be attributed to these com-  sufficient blood supply and collateral circulation thanks
plications. However, the two groups in our study did not  to its innate anatomical characteristics. Therefore, the
show any differences in the rate of complications such effect of PDVR on blood supply of pancreas is not as
as pancreatic fistula, deep vein thrombosis, wound infec-  great as that of bile duct.
tion, ICU stay, or total rate of complications. The inci- Patients who undergo PD also develop various compli-
dence rate of biliary fistula in the PDVR group increased  cations, which may even be fatal. Combined vein
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20

resection increases the occurrence of postoperative com-
plications in patients, thereby increasing the risks for pa-
tients undergoing PVDR during the postoperative
period. However, the total rate of complications, which
is defined as the proportion of patients with any kind of
complication to the total patient population, did not dif-
fer between the two groups. Nevertheless, it is worth
mentioning that a patient can have multiple complica-
tions. Therefore, although there are significant differences
between PD group and PDVR group in some specific
complications, the total complication rate does not neces-
sarily differ significantly between the two groups.

The mortality associated with combined vascular resec-
tion is also a valuable point of consideration. In this meta-
analysis, we observed that the 30-day and in-hospital mor-
tality rates were indeed greater in the PDVR group.

Although there were no significant differences in the total
number of complications between the two groups, the
rates of cardiopulmonary complication, hemorrhage, and
reoperation were higher in the PDVR group than the PD
group. Could the increase in mortality during these 2 pe-
riods be attributed to any of the abovementioned compli-
cations? As mentioned above, it is possible for a
postoperative patient to have multiple complications at
the same time, so once complications occur, the patient is
often in a very serious condition and has a high mortality
rate. Further investigation focusing on this question would
be necessary to arrive at suitable answers.

According to NCCN guidelines [55], neoadjuvant ther-
apy, including chemotherapy and chemoRT, has the po-
tential to downsize tumors to increase the likelihood of
a margin-free resection. It can be considered after biopsy
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confirmation. Most NCCN Member Institutions now
prefer an initial approach for patients with borderline re-
sectable disease that involves neoadjuvant therapy, as
opposed to immediate surgery; upfront resection in pa-
tients with borderline resectable disease is no longer rec-
ommended. Neoadjuvant therapy is also sometimes used
in patients with resectable disease, especially in those
with high-risk features. Several trials have demonstrated
that for patients with borderline resectable lesions, neo-
adjuvant therapy can be effective and well-tolerated [56—
58]. In the present meta-analysis, 25 out of the 30 in-
cluded studies did not present the information regarding
neoadjuvant therapy; only 5 studies mentioned that some
patients in PD group and PDVR group received neoadju-
vant therapy, but they did not conduct a separate com-
parison between these patients who received neoadjuvant
therapy. Regrettably, in our meta-analysis, we not able to
independently analyze these patients.

Our study has a few limitations. In the pooled analysis
of blood loss, duration of operation, ICU stay, vascular
invasion, and DVT, the heterogeneity is relatively high.
We have tried to determine the possible source of het-
erogeneity from the perspective of professional know-
ledge, but we failed to find the sources of heterogeneity.
Therefore, we applied the random effect model, which
may affect the credibility of the results to some extent.
Another limitation is the lack of uniformity among the
various studies with respect to the defining criteria for
the various complications; this could lead to deviations
in the data collected. Nevertheless, our study does have
some merits. We employed a comprehensive search
strategy and applied clearly defined, strict inclusion and
exclusion criteria. The most recent studies were in-
cluded, and 90% of these studies were of high quality,
with minimal heterogeneity of results among the studies.

Conclusions

Compared to standard PD, PDVR appears to be associated
with a greater risk of some specific complications and in-
crease the mortality rate, total hospital stay time. Combine
with vein resection have a lower RO resection rate. On the
basis of the results of this meta-analysis, we recommend
that combine with vascular resection for pancreatic cancer
needs to be carefully selected by the surgeon.
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