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PART II

SURGICAL AND ONCOLOGICAL
ASPECTS OF VENOUS RESECTIONS
IN PANCREATIC SURGERY
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assessment of pancreatoduodenectomy
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ABSTRACT

Background: The aim of this survey was to gain insights in the current surgical
management and pathological assessment of pancreatoduodenectomy with portal-

superior mesenteric vein resection (VR).

Methods: A systematic literature search was performed to identify international expert
surgeons (N=150) and pathologists (N=40) who published relevant studies between 2009-
2019. These experts and Dutch surgeons (N=17) and pathologists (N=20) were approached
to complete an online survey.

Results: Overall, 76 (46%) surgeons and 37 (62%) pathologists completed the survey.
Most surgeons (71%) estimated that preoperative imaging corresponded correctly with
intraoperative findings of venous involvement in 50-75% of patients. An increased
complication risk following VR was expected by 55% of surgeons, mainly after Type 4
(segmental resection-venous conduit anastomosis). Most surgeons (61%) preferred Type
3 (segmental resection-primary anastomosis). Most surgeons (75%) always perform the
VR themselves. Standard postoperative imaging for patency control was performed by
54% of surgeons and 39% adjusted thromboprophylaxis following VR. Most pathologists
(76%) always assessed tumor infiltration in the resected vein and only 54% of pathologists
always assess the resection margins of the vein itself. Variation in assessment of tumor
infiltration depth was observed.

Discussion: This international survey showed variation in the surgical management
and pathological assessment of pancreatoduodenectomy with venous involvement.
This highlights the lack of evidence and emphasizes the need for research on imaging
modalities to improve patient selection for VR, surgical techniques, postoperative
management and standardization of the pathological assessment.
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INTRODUCTION

Pancreatic cancer infiltration in the portal or superior mesenteric vein (PV-SMYV) is
not considered a contra-indication for a resection as stated by the International Study
Group of Pancreatic Surgery (ISGPS) in 2014.(1) The assessment of venous involvement
is important in surgical decision making since the resection margin on the level of the
PV-SMV is among the most frequently affected.(2, 3) In selected patients, it is possible to
perform a venous resection (VR) to acquire a tumor-free resection margin on the level of
the PV-SMV.(1) There is considerable variation in contemporary literature on the clinical
management of pancreatoduodenectomy with venous involvement.

The reported correspondence between preoperative imaging, findings during surgery
and pathological assessment shows much variation and it remains challenging to
select the right patients eligible for VR.(4-6) Despite criteria for assessment of vascular
involvement on computed tomography exist(7), absence of tumor infiltration in the
resected vein in the final pathology is reported in 39% (range 17-78) of VR.(8) The surgeon
has to rely on preoperative imaging, visual inspection, palpation and intraoperative
frozen sections in order to distinguish tumor from normal tissue, peritumoral
inflammation and fibrosis. This is especially challenging after neoadjuvant chemo
-and radiotherapy.(9-11) Routine VR and a “no-touch” technique, without breaching the
“capsule” of the tumor at the venous margin, have been described earlier.(12, 13) Some
studies reported promising results of intraoperative ultrasound.(14-17) The direct contact
with the operative field and real-time imaging provides feedback about the tumor and
vascular involvement. Still, it is unknown how often intraoperative ultrasound is used in
daily practice and what the added value is in terms of clinically relevant outcome.

The preferred technique for VR is still under debate, illustrated by the variations in
applied techniques for VR (e.g. wedge or segmental resection) and reconstruction (e.g.
direct closure, end-to-end anastomosis or interposition graft).(18-21) A meta-analysis
of 27 studies on pancreatectomy with or without VR showed increased postoperative
morbidity, mortality and worse survival after VR, although there was considerable
heterogeneity between the included studies.(8) Early PV-SMV thrombosis is a notorious
complication which occurs in approximately 6% of patients after VR. Currently,
guidelines regarding thromboprophylaxis are lacking.(22)

The relevance of tumor infiltration in the resected vein and depth of tumor infiltration
remain unclear. Some studies report an association with decreased survival(4, 23)
whereas other studies report no association with survival at all.(5, 21, 24) There are
differences between the currently used techniques for macroscopic assessment of the
pancreatoduodenectomy specimen by pathologists.(25) It should be noted that none of
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the regular used grossing protocols have a detailed description on how to assess and to
approach the resected vein. Some studies described the assessment of the resected vein,
including the insertion of a plastic probe into the vein in the fresh specimen.(26, 27)
Nevertheless, variations in assessment of tumor infiltration, depth of tumor infiltration
and resection margins of the resected vein likely exist and hamper generalization of

study results.(28, 29)

The aim of this survey was to gain insights in the current surgical management and
pathological assessment of pancreatoduodenectomy with suspected venous involvement
by international and Dutch surgeons and pathologists. Furthermore, it aims to identify
areas in need for further research to improve the multidisciplinary management of

pancreatic cancer with suspected venous involvement.

METHODS

Study design and population

This study was performed and reported according to the Checklist for Reporting Results
of Internet E-Surveys (CHERRIES).(30) An online surgeon-specific and pathologist-
specific survey was designed by the authors. The survey was tested multiple times to
guarantee that questions were clearly formulated and unambiguous.

A systematic search was performed to identify international expert surgeons who
published relevant studies between January 2009 and June 2019. The email addresses
of corresponding authors (surgeons) were identified. These international expert
surgeons were approached to complete the online surgeon-specific survey. Furthermore,
the corresponding authors were requested to suggest an expert pathologist in their
institution. These international expert pancreatic pathologists were approached to
complete the online pathologist-specific survey. From every Dutch hospital performing
pancreatic surgery (Dutch Pancreatic Cancer Group (DPCG)) at least one representing
surgeon and pathologists was approached to complete the survey.

The open and voluntary surveys were sent out via Google Forms (https://docs.google.
com/forms). Non-respondents were contacted by e-mail or telephone up to three times.
Institutional Review Board approval was not requested since no patients were involved.

Informed consent of respondents was implied when the survey was completed.
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Survey

The content of the survey is available at request. Survey questions included multiple-
choice, checkbox and open questions and were not randomized, altered, or adaptive.
Some questions were mandatory. Respondents were able to review and change their
answers at the end of the survey. Cookies or IP addresses were not used to prevent
multiple entries from the same individual. The request for single entry was stated in the
welcome message. Data was collected anonymously and no incentives were offered.

The surgeon-specific survey consisted of 33 questions divided over 12 pages. The survey
consisted of questions regarding: surgeon characteristics, volume of VR, correspondence
between imaging, surgery and pathology, technical aspects, complications and

postoperative care.

The pathologist-specific survey consisted 18 questions divided over seven pages. The
survey consisted of questions regarding: volume of VR, assessment of (depth of) tumor
infiltration in the resected vein and resection margins of the resected vein.

Definitions

Throughout the manuscript, ‘VR refers to a resection of the PV-SMV, ‘venous involvement’
refers to (suspected) involvement of the PV-SMV and ‘resected vein' refers to the resected
PV-SMV itself. Correspondence between preoperative imaging, intraoperative findings
and pathological assessment was considered in cases such as: suspected venous
involvement on preoperative imaging was also observed during surgery and VR was
performed or; VR was performed with tumor infiltration in the resected vein in final
pathology. Type of VR was classified according to the ISGPS guidelines: Type 1= partial
venous excision with direct closure (venorraphy) by suture closure; Type 2= partial
venous excision using a patch; Type 3= segmental resection with primary venovenous
anastomosis; Type 4=segmental resection with interposed venous conduit and at least
two anastomoses.(1) Extent of sampling of the resected vein for pathological assessment
was categorized as ‘none’ (no assessment), ‘most suspected’ (assessment of one slice of
the resected vein most suspect of tumor infiltration or irradical margin) and ‘complete’

(assessment of multiple slices of the resected vein).

Statistical analysis

For statistical analysis Statistical Package for the Social Sciences for Windows (version
23.0, SPSS, Inc) was used. All completed surveys were analyzed. No formal sample size
calculation was performed. The results are reported for the total cohort and compared
by international experts versus DPCG surgeons and pathologists. Categorical data were
reported as numbers (percentages) and compared by chi-square or Fisher’s exact tests.
P-values <0.05 were considered significant.
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RESULTS

Respondents

Rate of response and estimated percentage of venous resections

In total, 76 of 167 (46%) surgeons and 37 of 60 (62%) pathologists completed the survey
(Figure 1). Thirty-seven (49%) surgeons estimated that a VR was performed in 11-20% of
patients (Table 1). Fifteen (41%) pathologists estimated that a VR was performed in 5-10%
of patients (Table 2).

Surgeon-specific survey

Correspondence between preoperative imaging, surgery and pathology

Correspondence on venous involvement between preoperative imaging and
intraoperative findings in 50-75% of patients was estimated by 54 (71%) surgeons. More
variation in the estimated correspondence between preoperative imaging or
intraoperative findings and pathological assessment was observed (Fig. 2). Intraoperative
ultrasound was used by 33 (43%) surgeons (Table 1).

N=375
Studies identified
through literature

search

Y
N=195
Relevant studies
identified through
literature search

9
N=150 N=40
Correct email addresses p Provided email
N=17 identified from addresses of N=20
Surgeons from corresponding author pathologists Pathologists from
17 institutions from | _____________ > e i i i | 17 institutions from
the Dutch - h the Dutch
Pancreatic Cancer Pancreatic Cancer
Group N=167 N=60 Group
Respondents Respondents
(surgeons) (pathologists)
approached approached
h 4 h
N=76 N=37
Respondents Respondents
{surgeons) {pathologists)

Figure 1. Flow chart of approached surgeons and pathologists.
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Table 1. Clinical management of pancreatoduodenectomy with venous involvement by surgeons.

Total cohort of surgeons

N %
Total 76
Continent
Europe 51 67
America 13 17
Asia/Oceanie 12 16
Estimated percentage of venous resection?
>10% 19 25
11-20% 37 49
21-40% 17 22
>40% 3 4
Do you use per-operative imaging (ultrasound)?
Never 43 57
Selected cases 25 33
Always 3 1
Increased risk of complications?
Venous resection
No 34 45
Yes 42 55
Confluens/SMV versus the PV?
No 21 28
Yes 55 72
Estimated incidence of:
Post-operative PV-SMV thrombosis?*
<5% 32 42
5-10% 32 42
>10% 12 16
Post-operative portal hypertension at long-term?
<5% 42 55
5-10% 20 26
>10% 14 18
Post-operative bleeding of vascular reconstruction?*
<5% 72, 95
5-10% 3 4
>10% 1 1
Post-operative complications due to congestion?*
<5% 56 74
5-10% 13 17
>10% 7 9
<90 days after surgery
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Table 2. Assessment of pancreatoduodenectomy specimen with venous involvement by
pathologists.

Total cohort of pathologists

N %
Total 37 100
Continent
Europe 29 78
America 2 5
Asia/Oceanie 5 14
Unknown 1 3
Estimated percentage of venous resection?
<5% 10 27
5-10% 15 41
11-20% 3 8
>20% 9 24
Do you assess tumor infiltration in the resected vein?
Never 3 8
Rarely 1 3
Most often 5 14
Always 28 76
Extent of assessment of tumor infiltration in the resected vein
None 3 8
Most suspected (part of resected vein) 18 49
Complete (entire resected vein) 15 41
Not standardized 1 3
Do you assess depth of tumor infiltration in the resected vein?
Never 10 27
Rarely 6 16
Most often 9 24
Always 12 32
Extent of assessment of depth of tumor infiltration in the resected vein?
None 10 27
Most suspected (part of resected vein) 13 35
Complete (entire resected vein) 14 38
Do you assess the resection margins of the resected vein?
Never 6 16
Rarely 4 11
Most often 7 19
Always 20 54
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Table 2. Continued

Extent of assessment of the resection margins of the resected vein?

None 6 16
Most suspected (resection margins of the resected vein) 12, 32
Complete (all resection margins of the resected vein) 19 51

Do you use additional stainings for assessment of the resected vein?
No 19 51
Yes 18 49

Differences between institutions and pathologists in assessment of venous involvement?

No 4 11
Yes 33 89
Complications

An increased risk of complications after VR was estimated by 42 (55%) surgeons (Table
1). An increased risk of complications after a resection of the SMV/confluens compared
with PV was estimated by 55 (72%) surgeons. Type 3 reconstruction (in the scenario of
multiple options) was preferred by 46 (61%) surgeons, followed by 22 (26%) surgeons who
preferred Type 1 reconstruction (Fig. 3). Type 4 reconstruction was presumed to carry the
highest risk of complications by 45 (59%) surgeons, followed Type 1 reconstruction by 15
(20%) surgeons (Fig. 2B).

The most expected postoperative complication was PV-SMV thrombosis within 9o days
after surgery, followed by development of portal hypertension at long-term (Table 1). Some
variation in the expected complications due to congestion of the VR within 90 days after
surgery existed. Bleeding from the VR within 90 days was the least expected complication.

Technical aspects

A VR was always performed by 57 (75%) surgeons themselves, 22% of surgeons prefer
to consult a vascular or transplant surgeon (if available) and 2% of surgeons never
perform the VR themselves (Table 3). Clamping for proximal and distal venous control
before VR was preferred over vessel loops by 72 (95%) surgeons. The use of a donor vein
was preferred over an autologous vein by 14 (18%) surgeons. Heparinization during
VR was used by 23 (30%) surgeons. Intraoperative flow measurement in the venous
reconstruction was performed by nine (12%) surgeons (accepted flow range: 150-900 mL/
min). Clamping of the superior mesenteric artery (SMA) to prevent bowel wall edema
during VR was used by 14 (18%) surgeons.
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Figure 2. Estimated correspondence between preoperative imaging, findings during surgery
and pathological assessment regarding venous involvement.
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Figure 3. Preferred type of venous resection and presumed most at risk of complications.
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Postoperative care

Standard postoperative imaging (ultrasound or computed tomography) for patency
control was performed by 41 (54%) surgeons. More than 10 standard thromboprophylaxis
regimens were identified when considering type of medication, dosage and duration
of prophylaxis. An adjusted thromboprophylaxis regimen following VR (compared to
standard) was used by 30 (39%) surgeons

International expert surgeons versus DPCG surgeons

A comparison between international expert and Dutch surgeons is provided in
the Supplementary Material. Among international expert surgeons, the estimated
percentage of VR was higher, Type 3 VR was more often preferred over Type 1, an increase
of the risk of complications after VR was less often expected (namely less PV-SMV
thrombosis within 90 days after surgery) and Type 4 VR was presumed to carry a higher
risk of complication over Type 1. Furthermore, international expert surgeons surgeons

performed the VR more often themselves and performed heparinization more often.

Pathologist-specific survey

Pathological assessment

Tumor infiltration in the wall of the resected vein was always assessed by 28 (78%)
pathologists (Table 2). The resection margins of the resected vein were always assessed
by 19 (53%) pathologists. The depth of tumor infiltration in the wall of the resected vein
was always assessed by 12 (32%) pathologists. Some variation was observed in the extent

of sampling to assess tumor infiltration.

Additional stainings for the assessment of the wall of the resected PV-SMV were used
by 18 (49%) pathologists. The Elastica von Gieson staining was preferred by 16 (45%)
pathologists. Among the reasons not to determine (depth of) tumor infiltration or
resection margins of the resected vein: ‘not in hospital protocol’, ‘not relevant for
prognosis’, ‘resected vein not recognized’ were mentioned. Variation in daily practice of

pathological assessment of the resected vein was expected by 33 pathologists (89%).

International expert pathologists versus DPCG pathologists

A comparison between international expert and Dutch pathologists is provided in the
Supplementary Material. Among international expert pathologists, the estimated
percentage of VR was higher, assessment of depth of tumor infiltration in the wall of
the resected PV-SMV was more often always performed and additional stainings (namely
Elastica von Gieson staining) for assessment of the wall of the resected PV-SMV were

used less frequently.
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Table 3. Technical management of pancreatoduodenectomy with venous involvement by surgeons.

Total cohort of surgeons
N %

Total 76
Do you perform the venous resection and reconstruction yourself?

No 2 3

If possible, with vasc/tx surgeon 17 22,

Yes 57 75
Preference for vascular control before venous resection?

Vessel loops 3 4

Clamping 72 95

Not specified 1 1
Preference as venous graft?

Autologous vein 62 82

Donor vein 14 18
Preference as syntethic graft?

PTFE 15 20

Goretex 10 13

Dacron 2 3

Not specified 49 64
Do you perform heparinization?

No 53 70

Yes 23 30
Do you perform flow measurement?

No 67 88

Yes 9 12
Do you perform SMA occlusion to prevent portal congestion

No 62, 82

Yes 14 18
Do you perform standard post-operative imaging?

No 35 46

Yes 41 54
Do you adjust thromboprophylaxis?

No 46 61

Yes 30 39

Vasc/tx: vascular/transplant; PTFE: Polytetrafluoroethylene; SMA: superior mesenteric artery
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DISCUSSION

This international survey gives insights into the current surgical management and
pathological assessment of pancreatoduodenectomy with venous involvement of
international surgeons and pathologists. Different perceptions exist between surgeons
and pathologists regarding the estimated percentage of pancreatoduodenectomies
with VR. Correspondence between preoperative imaging, intraoperative findings
and pathology regarding venous involvement was considered to be suboptimal. Half
of the surgeons use intraoperative ultrasound to assess venous involvement. Type 3
reconstruction (segmental resection with primary anastomosis) is most popular, followed
by Type 1 reconstruction (partial venous excision with direct closure). Half of surgeons
expected a higher risk of complications after VR (especially PV-SMV thrombosis). Some
surgeons prefer a donor vein over an autologous vein and some surgeons use clamping
of the SMA. Heparinization during VR, postoperative imaging and thromboprophylaxis
regimens differed substantially. Most pathologists determine whether there is tumor
infiltration in the wall of the resected vein. However, only half of the responding
pathologists assess the resection margins of the resected vein. Assessment of depth of
tumor infiltration differed between pathologists. Only small differences were observed
between international expert and Dutch surgeons and pathologists.

Differences in estimated percentage of VR by participating surgeons reflect what is
already known in the literature: a VR rate ranging from 6-65%.(8) Regarding venous
involvement, the surgeons estimated less correspondence between preoperative
imaging-pathology and surgery-pathology than preoperative imaging—surgery.
Surgeons find it hard to determine if there is tumor infiltration in the resected vein
during surgery and to select the right candidates for VR. The estimated correspondence
between preoperative imaging and intraoperative findings might deteriorate in the near
future, because of more frequent neoadjuvant treatment.(31) Neoadjuvant chemo -and
radiotherapy downstages the tumor, but also induces inflammation and fibrosis, which
makes assessment of vessel involvement on preoperative imaging and during surgery
less reliable.(9-11) It should be noted that this survey did not include questions regarding
types, quality and timing of preoperative imaging or neoadjuvant treatment.

A survey study found that intraoperative ultrasound is underexposed in the training of
active Americas Hepato-Pancreato-Biliary Association members and recent graduates.
(32) This may explain why 57% of international expert surgeons never use intraoperative
ultrasound (DPCG surgeons: 47%). The promising results of intraoperative
ultrasound(14-17), have led to the initiation of the ULTRAPANC study within the DPCG
(https://www.trialregister.nl/trial/7621) investigating the added value of intraoperative
ultrasound in vascular involvement assessment in pancreatic cancer. To distinguish
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pancreatic tumor infiltration from inflammatory or fibrotic tissue, other techniques like
fluorescence image-guided surgery and intraoperative cytology of the touch smear of
the exposed PV-SMYV are being investigated.(33-35) These additional tools may decrease
the number of patients put at increased risk of complications due to unnecessary VR
(i.e. no tumor infiltration in the resected vein and sufficient resection margin). On the
other hand, previous studies have suggested improved survival after routine VR which
warrants further investigation.(13)

Type 3 reconstruction was most popular in the scenario of multiple options, followed by
Type 1 (namely among DPCG surgeons). A donor vein was preferred over an autologous
vein for reconstruction by 18% of surgeons. This probably reflects a variety of personal
preferences and experience, though might also be influenced by ethical or legislation
issues. Several studies have shown an increase of VR over the time, indicating that
there should be sufficient exposure in the training program of pancreatoduodenectomy
surgeons.(36-38) Most surgeons thought that Type 4 reconstruction carried the highest
risk of complications. Several studies about association between type of VR and
complications exist.(19, 21, 39, 40) A meta-analysis and a cohort study showed that a
prosthetic graft was associated with early PV-SMV thrombosis.(18, 22) This is relevant
since early PV-SMV thrombosis (the most expected complication in the survey) is one
of the main causes of postoperative mortality and immediate treatment is warranted.
(22, 41, 42) Some studies describe the use of intraoperative techniques like clamping of
the SMA, heparinization(22) and flow measurement in the venous reconstruction(43),
although its role has yet to be determined as the use varied between surgeons.
Thromboprophylaxis might decrease the risk of PV-SMV thrombosis following VR,
but a meta-analysis of non-randomized studies showed no association between
thromboprophylaxis and incidence of thrombosis.(22) Thromboprophylaxis remains
a difficult subject as the balance between thrombosis and postoperative hemorrhage
is delicate.(44) In this regard, the large variation in postoperative imaging and
thromboprophylaxis regimens among surgeons is remarkable in view of the fact that PV-
SMV thrombosis is the most expected complication after VR. Future research is needed
to identify the optimal technique for VR, postoperative management (including imaging
for patency control and thromboprophylaxis) after pancreatoduodenectomy with VR.

The low estimated percentages of VR by pathologists compared to surgeons may for a
large part be explained by unrecognized resected vein due to absence or loss of marking
of the specimen and insufficient information in the pathology order. Within the DPCG
there is increasing awareness of this problem and several proposals have been discussed
to standardize pathology orders and reports. The majority of pathologists in the survey
determine tumor infiltration in the wall of the resected vein, whereas only half assesses
the resection margins of the resected venous wedge or segment. As stated by the ISGPS,
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a VR is indicated if a radical resection is possible and thus the resection margins of the
VR should be assessed to confirm this. However, the significance of a positive or minimal
margin at the resected vein is unclear, let alone the relevance of tumor reaching the tunica
intima which suggests possible shedding of tumor into the bloodstream. Assessment of
depth of tumor infiltration (27% never, 16% rarely, 24% most often, 32% always) varied
between pathologists. This is not surprising, since contemporary literature on the
clinical relevance of depth of infiltration is contradicting.(4, 5, 21, 23, 24). According to
the ISGPS, depth of vessel infiltration should be classified as tunica adventitia, media
and further, or tumor in the intima. (1) It is unclear whether pathologists were involved in
the ISGPS statement. The proposed classification is challenging for pathologists as the

limits of the tunica adventitia are not easily identified due to peritumoral inflammation.

There are two commonly used grossing techniques (axial slicing and bivalving) for
pathological assessment of the pancreatoduodenectomy specimen. There is no evidence
in favor of one or the other and the choice is often based on personal preferences and
training history.(25) The main advantage of the bivalving technique is the ability to
adequately asses the origin of periampullary tumors and assess cystic tumors and
their relationship to the ducts, which is less relevant in pancreatic cancer specimens.
The bivalving dissection method(45) and the Royal College of Pathologists dataset(46)
describe sampling of the resected vein, although without precise sampling directions.
The axial dissection method necessitates more samples, with a higher probability of
finding an R1 margin, and a more extensive nodal assessment. However, it does not
describe sampling of the resected vein.(47, 48) Almost all pathologists expected variation
in daily practice regarding the approach of a resected vein. The principal reason for this
is the lack of information in pathology orders and communication between the surgeon
and pathologist. This emphasizes the need for standardization and completeness
of pathology orders. Once the resected vein is always recognized and assessment is
standardized, it may become possible to study the clinical and prognostic implications of
tumor infiltration in the wall of the resected vein, its resection margins and relationship

between tumor infiltration and circulating tumor DNA.

This results of this study should be interpreted in light of some limitations. First,
the relatively small sample size. The systematic review of the last decade ensures
representation of expert pancreatic surgeons and pathologists and provides insight in
the multidisciplinary management on an international level. Due to the small sample
size, however, no subgroup analyses were performed per continent. Second, responses
are preferences and perceptions of individuals and were not confirmed by patient data.
Lastly, when interpreting the comparison between international experts and Dutch
surgeons and pathologists, one must realize that the international experts are mostly
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from high(er) volume institution and have been involved in research on this topic as a
result of the selection of these experts from the literature.

Nowadays, pancreatoduodenectomy with venous involvement is a small but growing part
of clinical practice and therefore collaboration is pivotal to gain evidence and improve
outcomes. To provide more insight in the clinical impact of pancreatoduodenectomy
with venous involvement, the authors initiated the MULTI-VERS PROJECT (https://
www.trialregister.nl/trial/6775).

In conclusion, this international survey shows variations in the surgical management
and pathological assessment of pancreatoduodenectomy with venous involvement.
This highlights the lack of high-level evidence and emphasizes the need for further
research on imaging modalities to improve patient selection for VR, surgical techniques,
postoperative management, the prognostic relevance and standardized pathology
assessment of tumor infiltration, depth of tumor infiltration and resection margins of
the resected vein.
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SUPPLEMENTARY MATERIAL

Table S1. Clinical management of pancreatoduodenectomy with venous involvement by

surgeons.
International expert DPCG surgeons
surgeons
N % N % P-value
Total 59 17
Continent
Europe 34 58 17 100 -
America 13 22 o
Asia/Oceanie 12 20 o
Estimated percentage of venous resection?
>10% 13 22 6 35 0.178
11-20% 27 46 10 59
21-40% 16 27 1 6
>40% 3 5 o
Do you use per-operative imaging (ultrasound)?
Never 35 59 8 47 0.657
Selected cases 18 31 7 41
Always 6 10 2 12
Increased risk of complications?
Venous resection
No 31 53 3 18 o0.011
Yes 28 47 14 82
Confluens/SMV versus the PV?
No 18 31 3 18 0.296
Yes 41 69 14 82
Estimated incidence of:
Post-operative thrombosis?*
<5% 30 51 2 12 <0.001
5-10% 26 44 6 35
>10% 3 5 9 53
Post-operative portal hypertension at long-term?
<5% 34 58 8 47 0.720
5-10% 15 25 5 29
>10% 10 17 4 24
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Table S1. Continued

Post-operative bleeding of vascular reconstruction?*

<5% 57 97 15 88 0.151
5-10% 2 3 1 6
>10% o o 1 6

Post-operative complications due to congestion?”
<5% 49 83 7 41 0.002
5-10% 7 12 6 35
>10% 3 5 4 24

*<90 days after surgery

Table S2. Assessment of pancreatoduodenectomy specimen with venous involvement by

pathologists.
International expert .
pathologists DPCG pathologists
N % N % P-value
Total 18 49 19 51 -
Continent
Europe 10 56 19 100 -
America 2 11 o
Asia/Oceanie 5 28 o
Unknown 1 6 o
Estimated percentage of venous resection?
<5% 1 6 9 47 <0.001
5-10% 5 28 10 53
11-20% 3 17 o
>20% 9 50 o
Do you assess tumor infiltration in the resected vein?
Never e} o 3 16 0.243
Rarely 1 6 o
Most often 3 17 2 1
Always 14 78 14 74
Extent of assessment
None o o 3 16 0.206
Most suspected part 9 50 9 47
Complete 9 50 6 32
Not standardized o 1 5
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Table S2. Continued

Do you assess depth of tumor infiltration in the resected vein?

Never 2,
Rarely 2
Most often 6
Always 8
Extent of assessment
None 2,
Most suspected 9
Complete 7

11
11
33
44

11
50

39

Do you assess the resection margins of the resected vein?

Never 2
Rarely 1
Most often 5
Always 10
Extent of assessment
None 2
Most suspected 5
Complete 11

Do you use additional stainings for assessment of the resected vein?

No 12

Yes 6
Differences between institutions and pathologists?

No 3

Yes 15

11
6
28

56

11
28
61

67
33

17
83

10

12

18

42
21
16

21

42
21

37

21
16
11

53

21
37
42

37
63

95

0.087

0.064

0.403

0.485

0.070

0.340
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Table S3. Technical management of pancreatoduodenectomy with venous involvement by

surgeons.
International DPCG surgeons
expert surgeons
N % N % P-value
Total 59 17
Do you perform the venous resection and reconstruction yourself?
No 1 2 1 6 0.056
If possible, with vasc/tx surgeon 10 17 7 41
Yes 48 81 9 53
Preference for vascular control before venous resection?
Vessel loops 2 3 1 6 0.151
Clamping 57 97 15 88
Not specified ) 1 6
Preference as venous graft?
Autologous vein 46 78 16 94 0.171
Donor vein 13 22 1 6
Preference as syntethic graft?
PTFE 14 24 1 6 0.050
Goretex 10 17 o
Dacron 1 2 1 6
Not specified 34 58 15 88
Do you perform heparinization?
No 38 64 15 88 0.060
Yes 21 36 2 12
Do you perform flow measurement?
No 51 86 16 94 0.388
Yes 8 14 1 6
Do you perform SMA occlusion to prevent portal congestion
No 47 80 15 88 0.422
Yes 12 20 2 12
Do you perform standard post-operative imaging?
No 25 42 10 59 0.231
Yes 34 58 7 41
Do you adjust thromboprophylaxis?
No 34 58 12 71 0.335
Yes 25 42 5 29

Vasc/tx: vascular/transplant
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Figure S1. Estimated correspondence between preoperative imaging, findings during surgery
and pathological assessment regarding venous involvement.
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Figure S2. Preferred type of venous resection and presumed most at risk of complications.
“Type 1= partial venous excision with direct closure; Type 2= partial venous excision with patch
reconstruction; Type 3= segmental resection with primary anastomosis; Type 4=segmental resection with
interposed venous conduit and at least two anastomoses.
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