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Simple Summary: Radical pancreatectomies with superior mesenteric vein (SMV) resection without
portal-to-superior mesenteric vein (PV/SMV) reconstruction are scarcely discussed in the literature.
The existing data contain around 15 cases published with unclear oncological results and algorithms
of patients’ selection. In the present report, we analyzed the short- and long-term results of 19 consec-
utive pancreatectomies with SMV resection without PV/SMV reconstruction for locally advanced
pancreatic ductal adenocarcinoma, and discussed the role of CT-based preoperative reconstructions
and selection criteria for radical and safe surgery in this highly specific group of patients.

Abstract: The “vein definition” for locally advanced pancreatic ductal adenocarcinoma (LA PDAC)
assumes portal-to-superior mesenteric vein (PV/SMV) unreconstructability due to tumor involve-
ment or occlusion. Radical pancreatectomies with SMV resection without PV/SMV reconstruction
are scarcely discussed in the literature. Retrospective analysis of 19 radical pancreatectomies for “low”
LA PDAC with SMV and all its tributaries resection without PV/SMV reconstruction has shown
zero mortality; overall morbidity—56%; Dindo–Clavien—3–10.5%; R0—rate—82%; mean operative
procedure time—355 ± 154 min; mean blood loss—330 ± 170 mL; delayed gastric emptying—25%;
and clinically relevant postoperative pancreatic fistula—8%. In three cases, surgery was associated
with superior mesenteric (n2) and common hepatic artery (n1) resection. Surgery was completed
without vein reconstruction (n13) and with inferior mesenteric-to-splenic anastomosis (n6). There
were no cases of liver, gastric, or intestinal ischemia. A specific complication of the SMV resection
without reconstruction was 2–3 days-long intestinal edema (48%). Median overall survival was
25 months, and median progression-free survival was 18 months. All the relapses, except two, were
distant. The possibility of successful SMV resection without PV/SMV reconstruction can be predicted
before surgery by CT-based reconstructions. The mandatory anatomical conditions for the procedure
were as follows: (1) preserved SMV-SV confluence; (2) occluded SMV for any reason (tumor or
thrombus); (3) well-developed inferior mesenteric vein collaterals with dilated intestinal veins; (4) no
right-sided vein collaterals; and (5) no varices in the upper abdomen. Conclusion: “Low” LA PDACs
involving SMV with all its tributaries can be radically and safely resected in highly and specifically
selected cases without PV/SMV reconstruction with an acceptable survival rate.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the leading causes of cancer deaths
worldwide, with substantially increasing prevalence during the past twenty years [1,2].
The relative 5-year survival rate for all stages of PDAC is around 12%, being better for non-
metastatic forms (40–45% of patients): 38.8% for localized and 14.9% for locally advanced
(LA) PDAC [3]. Better survival achieved during the last two decades is based on advances
in perioperative cytotoxic chemotherapy and more aggressive surgical approaches. Due to
studies showing equal survival after pancreatectomy (PE) with venous resection compared
to patients after standard PE, and studies demonstrating better survival after PE with vein
resection compared to conservative treatment [4–8], resections of the superior mesenteric
(SMV) and portal veins (PV) with reconstruction have become an accepted practice for
borderline resectable PDAC since the beginning of the century.

Currently, PDAC with SMV and/or PV involvement of more than 180 degrees is
considered borderline resectable if the SMV-PV flow can be restored. If the PV-SMV route
is not reconstructable after PE, this cancer is considered locally advanced [9]. LA PDAC
comprises approximately 30% of PDACs with a 5-year survival rate of 12–40% in surgical
series [10–13], although that series presented patients with cancers united by the “arterial”
and not the “venous” definition of the LA PDAC.

Only a few case reports on PE with resection of SMV with all the tributaries are
presented in the literature [14–18], with 11 PDAC patients in total. We presented our experi-
ence of 19 cases of resection of SMV with all its tributaries without SMV-PV reconstruction.
The feasibility and safety of such procedures are strictly dependent on the preoperative
assessment of the venous anatomy and intraoperative estimation of the venous collater-
als function.

2. Patients and Methods

Current NCCN guidelines definitions of borderline resectable and LA PDAC are based
on the tumor’s relationship with surrounding vessels [9]. The crucial surrounding vessels
are the celiac trunk (CT), superior mesenteric artery (SMA), common hepatic artery (CHA),
and the SMV-PV route. Concerning the SMV/PV involvement or thrombosis, guidelines
define borderline resectable cancer with an option of vascular reconstruction after venous
resection (“venous definition for borderline resectable PDAC”) and locally advanced dis-
ease with “unreconstructable SMV/PV due to tumor involvement or occlusion” (“venous
definition for LA PDAC”).

Nineteen consecutive patients with pancreatic head ductal adenocarcinoma under-
went SMV resection with all its tributaries without PV-SMV reconstruction in addition to
partial or total pancreatectomy from November 2006 to December 2023. Demographic and
perioperative data of all the patients were retrospectively explored from medical records,
follow-up charts, and radiological reports. All the patients with thrombosis/involvement
of the SMV and all its tributaries were discussed at multidisciplinary meetings, and all
the procedures were undertaken to perform R0-resection. The resectability assessment
was based on NCCN definitions, imaging data, and the surgeon’s experience. From 2006
to 2018, PE with excision of the SMV and all the tributaries due to the well-developed
left-sided collaterals was considered a borderline rather than unresectable situation in
our department. Because of this, before 2019, patients received 6 cycles of neoadjuvant
treatment, and since 2020, all the patients were operated on after 12 cycles of chemotherapy.
Chemoradiation was not used.
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PDAC was confirmed by biopsy before the beginning of treatment in all cases. The
following guidelines were used for the description of peri- and postoperative data: Clavien–
Dindo classification—for the postoperative morbidity with Grade ≤ 2 for minor, and
Grade ≥ 3A for major complications [19]; International Study Group on Pancreatic Fis-
tula classification—for postoperative pancreatic fistula (POPF) [20]; International Study
Group of Pancreatic Surgery (ISGPS) classification—for post-pancreatectomy hemorrhage
(PPH) [21]; the Royal College of Pathologists classification—for R0–R1 definitions [22];
the College of American Pathologists classification—for the assessment of the grade of
posttreatment tumor regression [23]. Ischemic morbidity was defined as an abdominal
organ complication(s) caused by surgery-related ischemia. Tumor size was measured in
mm using computer tomography before surgery and at pathohistological examination
after surgery.

We considered pancreatic head cancer as “low” when the tumor was located in the
uncinate process or lower part of the pancreatic head. Complications, readmissions, and
mortality were registered up to the 90th postoperative day. Overall (OS) and progression-
free (PFS) survival were measured from the date of tissue diagnosis until death [9,24].
Survival rates were determined based on the last CT or MRI results (PFS), last visit to the
hospital, or follow-up phone calls. The last data collection was performed in March 2024.

2.1. Radiology

The combination of CT, MRI, PET/CT, and blood CA 19-9 was used as the best
modality for the selection of candidates for radical surgery in patients with LA PDAC [11]
by the evaluation of vascular involvement and distant metastases. Interpretation of the
standardized digital images from the preoperative multiphase pancreatic MDCTs, MRIs,
and PET/CTs (when available) of all 19 patients was independently performed by three
abdominal image readers (PP, AD, EK). High-quality CT-based pancreatic protocol was the
standard method of the anatomical resectability assessment with the analysis of four phases:
native, arterial (pancreatic), portal venous, and delayed phases following high concentrated
(350–400 mg/mL) non-ionic iodinated contrast media injection at the rate of 2.5–5.0 mL/s.
CT examinations were performed between 2006 and 2024, using 32- to 256-detector scanners
Philips Ingenuity, Philips iCT, GE optima CT 540, Philips Brilliance CT, Philips iCT, Toshiba
Aqullion, and GE Revolution, with machine-specific image acquisition ranging from 0.625
to 3 mm axial slice thickness. Since 2008, 3D abdominal vein reconstructions have become
useful and necessary components for decision-making on possible radical surgery for
“low” pancreatic cancers with SMV thrombosis/involvement (Figure 1a–d). After ruling
out the distant metastases, only patients with specific vein anatomy can be candidates
for radical surgery. The mandatory anatomical conditions for the procedure were the
following: (1) preserved SMV-SV confluence; (2) occluded SMV for any reason (tumor
or thrombus); (3) well-developed inferior mesenteric vein (IMV) collaterals with dilated
intestinal veins; (4) no right-sided vein collaterals (which will be sacrificed); and (5) no
varices in the upper abdomen.
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Figure 1. Post-processing reconstructions of MDCT portal phase images for adenocarcinomas of the 

pancreatic uncinate process, associated with SMV occlusion, caused by its thrombosis and/or in-

volvement. Three-dimensional maximum intensity projections (MIP) and volume-rendered (VR) 

imaging show preserved SMV-SV confluence, occluded SMV, well-developed IMV collaterals with 

dilated intestinal veins, and the absence of right-sided vein collaterals and varices. (a) Three-dimen-

sional MIP reconstruction shows the dilated SMV tributaries, gastro-epiploic venous arcade 

(GEVA), left gastric (LGV), and inferior mesenteric veins (IMV) flowing into the splenic vein (SV); 

(b) three-dimensional MIP reconstruction. Dilated gastro-epiploic vein (GEV), and IMV anastomos-

ing with the SV; (c) three-dimensional VR reconstruction. SMV is thrombosed and surrounded by 

the tumor; (d) three-dimensional VR reconstruction shows the dilated SMV tributaries and IMV 

flowing into the splenic vein (SV). The tumor shrank after chemotherapy, the SMV is occluded and 

the narrow left SMV is going along it. PV-portal vein. Abbreviations correspond to all the figures. 

Figure 1. Post-processing reconstructions of MDCT portal phase images for adenocarcinomas of the
pancreatic uncinate process, associated with SMV occlusion, caused by its thrombosis and/or involve-
ment. Three-dimensional maximum intensity projections (MIP) and volume-rendered (VR) imaging
show preserved SMV-SV confluence, occluded SMV, well-developed IMV collaterals with dilated
intestinal veins, and the absence of right-sided vein collaterals and varices. (a) Three-dimensional
MIP reconstruction shows the dilated SMV tributaries, gastro-epiploic venous arcade (GEVA), left
gastric (LGV), and inferior mesenteric veins (IMV) flowing into the splenic vein (SV); (b) three-
dimensional MIP reconstruction. Dilated gastro-epiploic vein (GEV), and IMV anastomosing with
the SV; (c) three-dimensional VR reconstruction. SMV is thrombosed and surrounded by the tumor;
(d) three-dimensional VR reconstruction shows the dilated SMV tributaries and IMV flowing into the
splenic vein (SV). The tumor shrank after chemotherapy, the SMV is occluded and the narrow left
SMV is going along it. PV-portal vein. Abbreviations correspond to all the figures.
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2.2. Surgery

Significant decreasing or normalization of the serum CA 19-9 (Table S1) were the
important criteria for patients’ selection for surgery. One patient was a non-secretor. After
ruling out the metastases by laparoscopy, the procedures were followed by laparotomy.
Intraoperative ultrasound (IOUS) and frozen-section biopsy were widely used in any
suspicious circumstances found at surgery.

All the tributaries of the SMV, which were planned to be resected, were visualized and
clamped for 30 min using vascular instruments. The adequacy of the collateral flow to the
IMV was assessed at a 30-min occlusion test: the test was considered “positive” and resec-
tion without PV-SMV reconstruction—safe in patients with no or mild edema of the small
intestine without or with a short-term (during the test time) color change. If only the short
(up to 30 cm) proximal jejunum segment was congestive, it could be safely resected. If the
intestine looked slightly edematous after 30 min of clamping and its color was normal, we
considered it safe to proceed with radical surgery. In cases with longer venous congestion,
especially with a changing of the color of the intestine to cyanotic, it was reasonable to
stop with radical surgery. During the occlusion test, the adequacy of the collateral flow
to the liver was assessed using Doppler IOUS measurements from the liver parenchyma.
Detection of the adequate portal intraparenchymal flow velocity ≥ 12 cm/s after clamping
of the SMV tributaries and a “positive” intestinal occlusion test were considered sufficient
conditions for resection without PV-SMV reconstruction.

After a favorable decision on resectability, two scenarios were possible, depending on
the patient’s anatomy (Figure 2) and tumor spread on IMV. Scenario 1: if the IMV was not
involved in the tumor, the SMV with all its tributaries was resected without reconstruction
(Figure 3).

Scenario 2: If the IMV was involved, it was resected and replanted in the splenic vein
end-to-end in the cases of total pancreatectomy, or end-to-side in the case of pancreatoduo-
denectomy (Figure 4).

The superior mesenteric artery in two cases and the common hepatic artery (Michels
IX anatomy) in one case were also resected and reconstructed for the achievement of the
R0 procedure. The Cattell–Braasch maneuver was used when combined vein and arterial
resections were expected.

Partial or total pancreatectomy was performed with extended lymph node dissection
(extended pancreatectomy), which included the removal of lymph nodes of group 16 a,b
(Figure 5) and/or extended retroperitoneal periaortal dissection during vascular resections
(Figure 6) or with standard lymph node dissection (Figure 7), if there were no suspicious
lymph nodes detected on imaging before surgery. Extension of the resection of the proper
pancreas (body or partly tail as an addition to the head removal) did not mean extended
pancreatectomy.
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Figure 2. Anatomical variants of the inferior mesenteric vein (IMV) junctions with the spleno-
mesenteric system. (a) IMV flows into the SMV-SV angle; (b) IMV flows into the SMV; (c,d) IMV
flows into the SV.
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Figure 3. Scheme. Scenario 1: Pancreatoduodenectomy or total pancreatectomy with the SMV and all
its tributaries resection without reconstruction.
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Figure 4. Scheme. Scenario 2: Total pancreatectomy (right) and pancreatoduodenectomy (left) with
the SMV and all its tributaries resection with IMV-SV anastomosis.

In this study, only cases with full excision of SMV trunk and resection of all its
tributaries, namely middle and right colic veins, ileocolic trunk, and all the first-order
SMV branches (jejunal and ileal), without the reconstruction of above-mentioned vessels,
were included. The usual length of the resected SMV with the branches in these cases was
7–8 cm (Figures 5 and 7).

Ultrasonography was performed for the first three postoperative days. Liver function
tests (ALT, AST, bilirubin, albumin, GGTP) were taken on postoperative days 1, 2, 7, and 14.
Patients with soft pancreas received somatostatin inhibitors percutaneously 100–200 mkg
three times daily for seven days postoperatively, and all patients received proton pump
inhibitors for three months. The drains were removed between postoperative days 12
and 31. Patients were discharged with a drain production of around 500 mL of serous
fluid. Follow-up consisted of physical examination, blood tests, including CA-19-9, and
CT imaging at 3-month intervals for the first two years, and at 6-month intervals after the
second postsurgical year. By the end of March 2024, no patients were lost to follow-up.
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Figure 5. Pancreatoduodenectomy with the SMV and all its tributaries resection without recon-
struction for the uncinate PDAC in 64-year-old male. On CT the tumor invades the SMV, which is
occluded, the SMV-SV confluence is preserved, and the IMV collaterals are well-developed with di-
lated intestinal veins, without right-sided vein collaterals and varices. (a) Three-dimensional MIP and
(b) three-dimensional VR reconstructions show the dilated SMV tributaries, gastro-epiploic venous
arcade, and IMV flowing into the SV; (c) the picture of the operating field after the extended Whipple
procedure with the SMV and all its tributaries resection without reconstruction. CHA—common
hepatic artery, IVC—inferior vena cava.



Cancers 2024, 16, 2234 10 of 24Cancers 2024, 16, x FOR PEER REVIEW 10 of 24 
 

 

 

 

Figure 6. Cont.



Cancers 2024, 16, 2234 11 of 24Cancers 2024, 16, x FOR PEER REVIEW 11 of 24 
 

 

Figure 6. Total pancreatectomy with the SMV and all its tributaries resection with resection of IMV 

and its transposition into SV stump, combined with SMA resection and reconstruction for the unci-

nate PDAC in 71-year-old female. On CT the tumor invades the IMV and SMV (the last one is oc-

cluded), the SMV-SV confluence is preserved, and the IMV collaterals are well-developed with di-

lated intestinal veins, without right-sided vein collaterals and varices. (a) Three-dimensional MIP 

and (b) three-dimensional VR reconstructions show the dilated intestinal veins flowing into the 

IMV, which connects to the SV; (c) the picture of the operating field after the extended Whipple 

procedure with the SMV and all its tributaries resection without reconstruction. CHA—common 

hepatic, LGA—left gastric, SA—splenic, RHA—right hepatic, LHA—left hepatic, SMA—superior 

mesenteric arteries, CA—celiac artery, IVC—inferior vena cava. 

 

Figure 6. Total pancreatectomy with the SMV and all its tributaries resection with resection of
IMV and its transposition into SV stump, combined with SMA resection and reconstruction for the
uncinate PDAC in 71-year-old female. On CT the tumor invades the IMV and SMV (the last one is
occluded), the SMV-SV confluence is preserved, and the IMV collaterals are well-developed with
dilated intestinal veins, without right-sided vein collaterals and varices. (a) Three-dimensional MIP
and (b) three-dimensional VR reconstructions show the dilated intestinal veins flowing into the
IMV, which connects to the SV; (c) the picture of the operating field after the extended Whipple
procedure with the SMV and all its tributaries resection without reconstruction. CHA—common
hepatic, LGA—left gastric, SA—splenic, RHA—right hepatic, LHA—left hepatic, SMA—superior
mesenteric arteries, CA—celiac artery, IVC—inferior vena cava.
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Figure 7. Pancreatoduodenectomy with the SMV and all its tributaries resection without reconstruc-
tion for the uncinate PDAC in 57-year-old female. On CT the tumor invades the SMV, which is
occluded, the SMV-SV confluence is preserved, and the IMV collaterals are well-developed with
dilated large collecting intestinal vein, without right-sided vein collaterals and varices. (a) Three-
dimensional MIP and (b) three-dimensional VR reconstructions show the dilated large collecting
intestinal vein flowing into the IMV, which connects to the SV; (c) the picture of the operating field
after the extended Whipple procedure with the SMV and all its tributaries resection without re-
construction. CHA—common hepatic, LGA—left gastric, SA—splenic, SMA—superior mesenteric
arteries, IVC—inferior vena cava; (d) the way of the intestinal blood flow after surgery.

2.3. Statistics

The study results were analyzed with the use of IBM SPSS Statistics 27 Software
(IBM, Armonk, NY, USA). For quantitative indicators, parametric statistics were used as
measures of descriptive statistics: arithmetic average, standard deviation, minimum and
maximum value, and distribution quartile for non-parametric statistics. A comparison
of quantitative indicators between groups was performed using a parametric Student’s
t-test. Data distribution normality was assessed using Shapiro–Wilk’s test. The results
of the analysis are presented using parametric statistics in the form of M ± SD and for
non-parametric statistics in the form of Me [Q1; Q3]. Quantitative and qualitative paired
data were compared using the Wilcoxon test, whereas unpaired quantitative and qualitative
data were compared using the Mann–Whitney U test and Fisher’s exact test, respectively.
The relationship between quantitative indicators was analyzed by the scattering diagrams
and paired correlation coefficients (parametric Pearson and non-parametric Spearman
coefficients). Survival analysis for overall (OS) and progression-free survival (PFS) was
carried out by the Kaplan–Meier method. The median survival time is presented as median
and 95% confidence interval in months: Me [95% CI: Me1; Me2]. Survival in groups was
compared using a long-rank criterion. The critical level of significance was set at p < 0.05.
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3. Results
3.1. Patient Characteristics and Outcomes

Among 903 pancreatic resections performed from January 2006 to December 2023, 299
(33%) were accompanied by vein resections, and 19 of them by SMV resection with all its
tributaries without PV-SMV reconstruction (2%). All the procedures were performed after
Gemcytabine- or FOLFIRINOX-based neoadjuvant chemotherapy for PDAC in 16 patients
with Stage cT3NxM0 and in 3 patients with Stage cT4NxMo (UICC, 8th edition) [25].

Results for the patients with T3 (only veins involvement) and T4 (associated arterial
involvement) were analyzed and presented separately. In two cases, narrow additional
SMV was found on the preoperative CT and at surgery.

3.2. T3 Group Results

Demographic, clinical, and perioperative data of patients with T3 are summarized in
Table 1, Table 2, and Table S1. The mean age of patients was 62 ± 8 years (range 39–74),
surgery time was 401 ± 75 min (range 195–475), and blood loss was 346 ± 168 mL (range
100–550 mL). Length of hospital stay was 13.6 ± 3.9 days. There were no R2-resections with
an 81% R0-resection rate. In this group, we performed pancreatoduodenectomy more than
twice as often compared to the total PE. Surgery without vein reconstruction was performed
more than twice as often as with IMV-SV reconstructions. Four IMV-SV reconstructions
were performed during the total PE and only once during the Whipple procedure. In 56%
of cases, there were no metastases in removed lymph nodes.

Table 1. Perioperative characteristics of the patients with SMV resection with all its tributaries without
PV-SMV reconstruction, T3 group (n16).

Age, years 62 ± 8 (39–74)

Gender (f) 9 (56%)

Neoadjuvant chemotherapy 100%

Adjuvant chemotherapy (yes/no), n 15/1

GEM-based/FOLFIRINOX-mFOLFIRINOX, n 7/9

OP time (min) 401 ± 75 (195–475)

Estimated blood loss (mL) 346 ± 168 (100–550)

R0/R1, n (%) 13/3 (81%/19%)

IMV-SV reconstruction/No reconstruction, n (%) 5/11 (31%/69%)

Perineural invasion (yes/no) 14/2

Venous invasion at pathology (yes/no), n (%) 13/3 (81%/19%)

Tumor size, mm 36 ± 17 (0–48)

Number of lymph nodes removed 39 ± 17 (19–82)

Lymph nodes involvement pN0/pN1/pN2, n 9/3/4

Whipple/Total pancreatectomy, n 11/5

There were no deaths, postoperative bleeding, blood transfusions, or gastric, bowel,
or liver ischemia. Postoperative serum ALT/AST > 250 U/l was observed in 11 cases (max
2140 U/l), and all the patients with IMV-SV reconstructions had aminotransferase elevation.
ALT/AST levels significantly decreased or normalized after 3–5 postoperative days in all
cases. In all patients except two, the pancreatic remnant was fibrotic and hard with a dilated
duct, and Grade B POPF developed in only one patient who was discharged with the drain.
One patient developed a severe complication—bile leakage on the fifth postoperative day,
which was successfully treated by relaparotomy and additional draining (#12, Table S1).
The most frequent complication was lymphorrhea (44%) and 2–3 days-long small bowel
edema (31%), but neither event influenced the patients’ condition or length of stay.
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Table 2. Morbidity after SMV resection with all its tributaries without PV-SMV reconstruction, T3
group (n16).

Morbidity (C-D) 0-II/ ≥ III, n (%) 15/1 (94%/6%)

POPF No/ Grade A/B, n (%) 9/1/1 (82%/9%/9%)

Diarrhea, n (%) 2 (12,5%)

DGE Grade 1/2/3 3/3/1 (24%)

Hospital stay, days 13.6 ± 4 (7–23)

Lymphorrhea, n (%) 7 (44%)

Mortality, 90 days 0

Liver ischemia, n 0

Small bowel ischemia, n 0

Postop bleeding, n 0

Relaparotomy, n 1

Readmission, n (%) 1 (6%)

Bowel edema (2–3 days), n (%) 5 (31%)
Diarrhea—liquid stool > 4 times a day in a month after discharge. Lymphorrhea—drain lymph production of
more than 500 mL a day in a month after surgery, C-D—Clavien-Dindo classification.

3.3. Long-Term Outcomes after Surgery for Patients with Stage cT3NxM0

Survival was calculated for 15 patients with a follow-up period of 32 [95% CI: 21; 37]
months (Figure 8 and Table S2). The last case was excluded because of the short time of
follow-up. OS and PFS were 25 [95% CI: 21; 29] and 18 [95% CI: 15; 21] months, respectively
(Figure 8a,b). There were three long-term survivors with 57, 45, and 60 months of OS (#15,
14, 12); the last two of them are alive. Both OS and PFS were significantly lower in the
presence of IMV-SV reconstruction (Figure 8c,d). The significance of other perioperative
factors for the OS and PFS are shown in Figure 8e,f and Table S2.

At the moment of the preparation of this manuscript, five patients are alive. Thirteen
patients developed distant metastases, twice combined with local relapses. The most
frequent first metastatic sites were the liver (n8) and peritoneum (n4). Two patients were
relapse-free, with OS of 60 and 8 months (Table S1, #12,16). Portal vein thrombosis occurred
in one patient 9 months after surgery, possibly caused by liquid restrictions, and it was the
reason for the sole readmission. Ten months later, this patient died due to sepsis on the
background of liver abscess perforation with no cancer relapse at surgery and autopsy (#9,
Table S1).

At the final pathological evaluation, mean tumor size was 35.8 ± 17.3 mm. There were
no vein or perineural invasions in three cases with tumor regression grade Score ≤ 1. In
two patients, a complete response after 12 courses of FOLFIRINOX was achieved (#15,16),
but in case #15, distant metastases appeared 15 months after surgery.

Pretreatment and preoperative CA 19-9 levels were 357.9 [136; 532] and 34.3 [21; 44]
U/l. The number of lymph nodes removed varied from 19 to 82 and was dependent
on the extent of PE and lymphadenectomy. Nine patients had no regional lymph node
invasion at pathological evaluation. Grade 2 tumors were met in ten cases. Gemcitabine-
or FOLFIRINOX -based neoadjuvant chemotherapy was used in seven and nine patients,
respectively, with both regimens used in four cases. The median number of neoadjuvant
and adjuvant chemotherapy cycles was 6 [3; 9] (range 6–12) and 6 [4; 7] (range 4–28),
respectively. Preoperative transaminase levels did not exceed two norms in all cases.
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Figure 8. Overall (OS) and progression-free (PFS) survival after pancreatectomies with the SMV and 

all its tributaries resections without PV-SMV reconstructions. (a) The median overall survival; (b) 

the progression-free survival; (c,d) OS and PFS were significantly dependent on the presence (red 

line) or absence (blue line) of the IMV-SV reconstructions during pancreatectomy. IMV-SV recon-

structions were associated with worse survival; (e) overall survival inversely depended on lymph 

node involvement; it was significantly better if cases with N-(blue line) compared to N+ (red line); 

(f) tumor grade was inversely related to the PFS, and survival was significantly better in patients 

with well-differentiated tumors (blue line). 

At the moment of the preparation of this manuscript, five patients are alive. Thirteen 
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Figure 8. Overall (OS) and progression-free (PFS) survival after pancreatectomies with the SMV
and all its tributaries resections without PV-SMV reconstructions. (a) The median overall survival;
(b) the progression-free survival; (c,d) OS and PFS were significantly dependent on the presence
(red line) or absence (blue line) of the IMV-SV reconstructions during pancreatectomy. IMV-SV
reconstructions were associated with worse survival; (e) overall survival inversely depended on
lymph node involvement; it was significantly better if cases with N-(blue line) compared to N+ (red
line); (f) tumor grade was inversely related to the PFS, and survival was significantly better in patients
with well-differentiated tumors (blue line).
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3.4. T4 Group Results

The T4 group included three patients after the R0-total PE accompanied by arterial re-
section and SMV excision with all its tributaries. In case #1, SMA resection was followed by
IMV-SV anastomosis, and in two cases of SMA and common hepatic artery resection, there
were no venous reconstructions. Demographic, clinical, and perioperative data of patients
with T4 are presented in Table 3 and Table S1. At the final pathological evaluation, vein,
arterial, and perineural invasion without significant tumor regression were documented in
all cases.

Table 3. Perioperative data and morbidity rate for pancreatectomies for T4 tumors (simultaneous
arterial resection and SMV excision with all its tributaries).

Patient 1 2 3
Gender f m m

BMI, kg/m2 19 21 21
Age, years 71 61 59

IMV-SV reconstruction yes no no
CA 19-9, U/mL

before NA/after NA 645/79 730/57 374/59

Neoadjuvant FOLFIRINOX, N of cycles 6 12 6
Adjuvant chemo, N of cycles 0 4 6

Histologic type, G 3 2 2
Lymph nodes removed, n 38 27 51
Lymph nodes involved, n 1 4 3

Tumor size at pathology, mm 38 27 51
Regression grade 3 3 2
Artery resected SMA SMA CHA (Michels IX)

Blood transfusion (Units) 0 5 0
Morbidity, Dindo-C 0 3b 0

OP time, min 870 940 485
Blood loss, mL 450 1200 350
Complications diarrhea Lymphorrhea, bowel edema
Readmission yes no no

Length of stay, days 15 32 14
Reoperation no yes no

Time of follow-up, months 12 24 20
OS 11 23 18
PFS 11 13 12

Relapse site No, MI liver peritoneum

Diarrhea—liquid stool > 4 times a day in a month after discharge; lymphorrhea—drain production of more than
500 mL a day in a month after surgery; MI—myocardial infarction.

There were no postoperative deaths. One severe complication happened to patient
#2—long-lasting (7 days) massive (up to 7 L a day) lymphorrhea—which we tried to treat
by three unsuccessful attempts of performing mesocaval shunts, and which was gradually
cured after the dilation of existing and/or development of additional collaterals.

OS and PFS were 11, 23, and 18 months, and 11, 13, and 12 months, respectively.
Patient #1 died of myocardial infarction having no relapse.

4. Discussion

Superior mesenteric and/or portal vein resection with reconstruction is a standard ap-
proach for localized pancreatic cancer as comparable survival and was demonstrated after
R0 PE with and without venous resection [26–31]. Resection of all except one first-order
SMV branch could be performed if the remaining branch (resected and reconstructed or
just preserved) assures collateral mesenteric drainage and liver supply [32], but an acute
block of the PV and/or SMV can lead to mesenteric vein thrombosis and liver ischemia. If
the PV/SMV route seems unreconstructable after resection during PE, today’s guidelines
consider it locally advanced [9] and unresectable. In the case of slow-growing cancer and
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gradually developing SMV obstruction, collaterals are widening and bypassing the ob-
struction, preserving intestine-to-liver blood flow [33]. In some cases, due to chemotherapy
and/or non-metastatic phenotype, cancer remains localized, and the conditions mentioned
above give a chance for radical PE with SMV resection without PV-SMV reconstruction
because of adequate collateral circulation. ISGPS elaborated on the classification system for
extrahepatic porto-mesenteric venous resections, but vein resections without reconstruction
of the SMV-PV route are not mentioned in this work [34].

The selection of patients for such extreme surgery cannot be overestimated. High-
quality CT-based pancreatic protocol is the standard method for resectability assessment
by the evaluation of vascular involvement and distant metastases with an accuracy of
77% [35,36]. MRI is an excellent modality for pancreatic cancer imaging and especially for
liver metastases exclusion [37,38]. The likelihood of vascular invasion can be estimated
based on the degree of circumferential tumor contact with the SMA, CHA, CT, PV-SMV,
and the vessel’s wall irregularity, narrowing, or vascular occlusion [39,40]. The likelihood
of vein invasion is up to 40%, 80%, and 100% with tumor contact ≤180◦, >180◦, and 360◦

correspondingly. CT predicts an involvement of veins in 40% of all cases [41,42] and is
becoming unreliable for this purpose after neoadjuvant therapy [9,42].

We used different post-processing CT techniques for the assessment of the peripan-
creatic vessels and collateral venous blood flow adequacy, such as shaded surface display,
maximum intensity projection, and 3D volume-rendered (VR) reconstruction imaging.
Now, when planning SMV resection with excision of all its tributaries for “low” pancreatic
cancer, we consider CT-based 3D-VR reconstruction the best and most necessary option
for the depiction of the collateral venous system. Compared to the other rendering CT
techniques, VR is superior in delineating vessels, pancreatic parenchyma, the tumor, and
adjacent structures (Figure 1a–d, Figure 5a,b, Figure 6a,b and Figure 7a,b,d) [43–45].

To date, two relatively large (taking into consideration the rarity of the event) series
of five [17] and six [46] PEs combined with SMV resection without reconstruction have
been published. There was no mortality and severe morbidity in fifteen cases [14–18,47].
In eleven cases out of fifteen, authors dealt with ductal adenocarcinoma; in ten cases,
SMV-SV confluence was preserved, IMV was the main collateral way from the intestine,
and IMV was never transposed into the splenic vein. The work of Kulkarni et al. [36]
is unusual because, except for two cases of PDAC, it described four SMV-PV resections
without reconstruction in tumors with low malignant potential (neuroendocrine and solid-
pseudopapillary neoplasms) and preservation of the distal SMV and right-sided collaterals
in some cases.

The low rate of severe morbidity and zero mortality in our series and in other
works [14–18,46] suggest that compliance with selection criteria (see Methods) can make
this surgery safe. We met severe complications (Dindo–Clavin 3b) in two patients, and in
one of them, the massive and rapidly accumulated ascites was the reason for reoperation.
This patient was the only one who did not have complete SMV occlusion (a filamentous
gap remained). From this experience, we concluded that the complete block of the SMV
lumen is one of the prerequisites for the safe execution of PE with the SMV resection with
all its tributaries without PV-SMV reconstruction.

Clinically relevant pancreatic fistula (long-standing drain) developed in only one
patient (8%) after twelve Whipple procedures, mainly because the hard pancreas and wide
duct were met in 10 of these cases (Table S1).

The additional left SMV [47], twice detected on CT (Figure 1d) and confirmed at
surgery, was not considered a reliable collateral, because of its much smaller diameter
compared to occluded SMV and dilated IMV.

The patients with combined arterial and vein involvement demonstrated the worst
survival. At the same time, three patients of the T3 group (two of them alive) survived for
45, 57, and 60 months. In the last case, there is no relapse and the patient is a candidate
for cure, still showing a non-metastatic phenotype despite the relatively small number of
chemotherapy cycles. The survival after IMV-SV reconstruction was significantly lower
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compared to the cases without reconstruction (Figure 8c,d). We consider that reconstruction
is not the real cause of that; being a reflection of the bigger tumor, total pancreatectomy
(five of six cases), associated lower quality of life, and decreased chances for prolonged
postoperative chemotherapy are viewed as the causes. The role of chemotherapy in the
survival of these patients is underlined by the difference between median PFS and OS
(Figure 8a,b) in the T3 group.

The presented series demonstrates that: (1) under strictly definite conditions, the
PE with SMV resection with all its tributaries without PV-SMV reconstruction for locally
advanced pancreatic cancer can be performed safely; (2) resection of IMV followed by its
anastomosis with splenic vein can be an option for such surgery; and (3) the long-term
results of such procedures can be non-inferior to the results of the same procedures with
the superior mesenteric vein resection and reconstruction [26–31].

The criteria for selection and the results of all the series on this subject can be helpful not
only for surgeons, but also for tumor boards when a complex situation is under discussion.

This series is the largest one dedicated to PE for ductal adenocarcinoma defined as
locally advanced based on vein involvement criteria, and it gives an approximate explana-
tion of the survival in this highly selected group. This strict selection, the small number of
patients included, and the retrospective nature of the analysis of the procedures performed
during quite a long period are the limitations of this study. We have no experience with
left-sided PE with vein resection or any PE with SMV-SV confluence resection without
PV-SMV reconstruction [15,46,48].

5. Conclusions

The study of short- and long-term results of the relatively large series of PE with
SMV resection without PV/SMV reconstruction for LA PDAC has shown zero mortality,
acceptable morbidity, a relatively high level of radicality, and long-term results, non-inferior
to the results of PE with the superior mesenteric vein resection and reconstruction. Strict
selection based on rigorous mandatory criteria can make such surgery safe. CT-based
preoperative reconstructions of the abdominal venous system are helpful instruments for
the assessment of resectability, which cannot be underestimated. We hope that the data
presented will be helpful for pancreatic surgeons dealing with LA PDAC.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers16122234/s1, Table S1: Perioperative clinical and patho-
logical data of the patients who underwent pancreatectomies with SMV resection without PV/SMV
reconstruction for LA PDAC. Table S2: Statistical analysis of the short- and long-term results of the
pancreatectomies with SMV resection without PV/SMV reconstruction for LA PDAC.

Author Contributions: Conceptualization, V.E., E.K. and A.S.; methodology, V.E., E.K., P.P., A.S.
and A.D.; formal analysis, V.E. and A.S.; investigation, V.E., A.S., P.K., E.K., P.P., T.D., S.D. and A.D.;
writing—original draft preparation, V.E., A.S., E.K., P.P., T.D. and A.D.; writing—review and editing,
V.E. and A.S.; visualization, E.K., P.P. and A.D.; supervision, V.E.; surgery, V.E., P.K., S.D., A.K., G.B.
and M.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ilyinskaya Hospital Ethics Committee (protocol #12-02-SA/2021 of
14 May 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data supporting the reported results can be found in archived
datasets of the Vishnevsky Institute of Surgery, the Bakhrushin Brothers Moscow City Hospital, and
Ilyinskaya Hospital.

Acknowledgments: We thank P. Voskresensky for his drawings and M. Jain for the correction of
the manuscript, Petrov, R., Bullikh, P., Schalimova, I., Safonov, S., Zhurenkova T.I., Zhurina, J.,
Arakelian, M., Saratova A.K., Amiaga A.V., Malakhova D.A., and Kharechko S.G. for their valuable

https://www.mdpi.com/article/10.3390/cancers16122234/s1
https://www.mdpi.com/article/10.3390/cancers16122234/s1


Cancers 2024, 16, 2234 22 of 24

assistance during surgery, radiological examinations, and IOUS, and E. Dubova and K. Pavlov for
their meticulous examination of the histopathological samples.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020 GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Rahib, L.; Smith, B.D.; Aizenberg, R.; Rosenzweig, A.B.; Fleshman, J.M.; Matrisian, L.M. Projecting cancer incidence and deaths

to 2030: The unexpected burden of thyroid, liver, and pancreas cancers in the United States. Cancer Res. 2014, 74, 2913–2921.
[CrossRef]

3. Nikši’c, M.; Minicozzi, P.; Weir, H.K.; Zimmerman, H.; Schymura, M.J.; Rees, J.R.; Coleman, M.P.; Allemani, C. Pancreatic cancer
survival trends in the US from 2001 to 2014: A CONCORD-3 study. Cancer Commun. 2023, 43, 87–99. [CrossRef] [PubMed]

4. Varadhachary, G.R.; Tamm, E.P.; Abbruzzese, J.L.; Xiong, H.Q.; Crane, C.H.; Wang, H.; Lee, J.E.; Pisters, P.W.T.; Evans, D.B.; Wolff,
R.A. Borderline Resectable Pancreatic Cancer: Definitions, Management, and Role of Preoperative Therapy. Ann. Surg. Oncol.
2006, 13, 1035–1046. [CrossRef]

5. Allema, J.H.; Reinders, M.E.; van Gulik, T.M.; van Leeuwen, D.J.; de Wit, L.T.; Verbeek, P.C.; Gouma, D.J. Portal Vein Resection in
Patients Undergoing Pancreatoduodecetomy for Carcinoma of the Pancreatic Head. Br. J. Surg. 1994, 81, 1642–1646. [CrossRef]

6. Fuhrman, G.M.; Leach, S.D.; Staley, C.A.; Cusack, J.C.; Charnsangavej, C.; Cleary, K.R.; El-Naggar, A.K.; Fenoglio, C.J.; Lee, J.E.;
Evans, D.B. The rationale for En Bloc Vein Resection in the Treatment of Pancreatic Adenocarcinoma Adherent to the Superior
Mesenterico-Portal Vein Confluence. Pancreatic Tumor Study Group. Ann. Surg. 1996, 223, 154–162. [CrossRef] [PubMed]

7. Bernhardt, M.; Rühlmann, F.; Azizian, A.; Kölling, M.A.; Beißbarth, T.; Grade, M.; König, A.O.; Ghadimi, M.; Gaedcke, J. Impact
of Portal Vein Resection (PVR) in Patients Who Underwent Curative Intended Pancreatic Head Resection. Biomedicines 2023, 11,
3025. [CrossRef]

8. Oba, A.; Kato, T.; Inoue, Y.; Wu, Y.H.A.; Ono, Y.; Sato, T.; Ito, H.; Saiura, A.; Takahashi, Y. Extent of venous resection during
pancreatectomy—Finding the balance of technical possibility and feasibility. J. Gastrointest. Oncol. 2021, 12, 2495–2502. [CrossRef]
[PubMed]

9. National Comprehensive Cancer Network Pancreatic Adenocarcinoma Panel Members. Pancreatic adenocarcinoma. In NCCN
Clinical Practice Guidelines in Oncology; Version: 1.2024, 12.13.2023, PANC-C 1; NCCN: Plymouth Meeting, PA, USA, 2023.

10. Bachellier, P.; Addeo, P.; Faitot, F.; Nappo, G.; Dufour, P. Pancreatectomy with Arterial Resection for Pancreatic Adenocarcinoma:
How Can It Be Done Safely and with Which Outcomes?: A Single Institution’s Experience with 118 Patients. Ann. Surg. 2020, 271,
932–940. [CrossRef]

11. Truty, M.; Kendrick, M.; Nagorney, D.; Smoot, R.; Cleary, S.; Graham, R.; Goenka, A.; Hallemeier, C.; Haddock, M.; Harmsen, W.;
et al. Factors predicting response, perioperative outcomes, and survival following total neoadjuvant therapy for borderline/locally
advanced pancreatic cancer. Ann. Surg. 2021, 273, 341–349. [CrossRef]

12. Boggi, U. Resection for pancreatic cancer with arterial involvement: A paradigm shift away from unresectable to “how to do it”.
Surgery 2021, 169, 1036. [CrossRef] [PubMed]

13. Loos, M.; Kester, T.; Klaiber, U.; Mihaljevic, A.L.; Mehrabi, A.; Müller-Stich, B.M.; Diener, M.K.; Schneider, M.A.; Berchtold, C.;
Hinz, U.; et al. Arterial Resection in Pancreatic Cancer Surgery: Effective After a Learning Curve. Ann. Surg. 2022, 275, 759–768.
[CrossRef] [PubMed]

14. Hashimoto, M.; Makuuchi, M.; Matsuda, M.; Watanabe, G. Superior mesenteric vein resection without reconstruction in
pylorus-preserving pancreatoduodenectomy for pancreatic head cancer. Hepatogastroenterology 2010, 57, 1087–1089.

15. Tang, J.; Abbas, J.; Hoetzl, K.; Allison, D.; Osman, M.; Williams, M.; Zelenock, G.B. Ligation of superior mesenteric vein and portal
to splenic vein anastomosis after superior mesenteric-portal vein confluence resection during pancreaticoduodenectomy—Case
report. Ann. Med. Surg. 2014, 3, 137–140.

16. Maley, W.; Yeo, C. Vascular resections during the Whipple procedure. Adv. Surg. 2017, 51, 41–638. [CrossRef] [PubMed]
17. Gage, M.; Reames, B.; Ejaz, A.; Sham, J.; Fishman, E.; Weiss, M.; Wolfgang, C.; He, J. Pancreaticoduodenectomy with en bloc

vein resection for locally advanced pancreatic cancer: A case series without venous reconstruction. Chin. Clin. Oncol. 2018, 7, 7.
[CrossRef] [PubMed]

18. Jouffret, L.; Guilbaud, T.; Turrini, O.; Delpero, J. Pancreaticoduodenectomy with combined superior mesenteric vein resection
without reconstruction is possible: A case report and review of the literature. World J. Clin. Cases 2018, 6, 214–218. [CrossRef]
[PubMed]

19. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef] [PubMed]

20. Bassi, C.; Marchegiani, G.; Dervenis, C.; Sarr, M.; Abu Hilal, M.; Adham, M.; Allen, P.; Andersson, R.; Asbun, H.J.; Besselink,
M.G.; et al. International study group on pancreatic surgery (ISGPS). The 2016 update of the international study group (ISGPS)
definition and grading of postoperative pancreatic fistula: 11 years after. Surgery 2017, 161, 584–591. [CrossRef]

https://doi.org/10.3322/caac.21660
https://doi.org/10.1158/0008-5472.CAN-14-0155
https://doi.org/10.1002/cac2.12375
https://www.ncbi.nlm.nih.gov/pubmed/36353792
https://doi.org/10.1245/ASO.2006.08.011
https://doi.org/10.1002/bjs.1800811126
https://doi.org/10.1097/00000658-199602000-00007
https://www.ncbi.nlm.nih.gov/pubmed/8597509
https://doi.org/10.3390/biomedicines11113025
https://doi.org/10.21037/jgo-21-129
https://www.ncbi.nlm.nih.gov/pubmed/34790410
https://doi.org/10.1097/SLA.0000000000003010
https://doi.org/10.1097/SLA.0000000000003284
https://doi.org/10.1016/j.surg.2020.10.047
https://www.ncbi.nlm.nih.gov/pubmed/33257038
https://doi.org/10.1097/SLA.0000000000004054
https://www.ncbi.nlm.nih.gov/pubmed/33055587
https://doi.org/10.1016/j.yasu.2017.03.004
https://www.ncbi.nlm.nih.gov/pubmed/28797345
https://doi.org/10.21037/cco.2018.01.01
https://www.ncbi.nlm.nih.gov/pubmed/29486566
https://doi.org/10.12998/wjcc.v6.i8.214
https://www.ncbi.nlm.nih.gov/pubmed/30148150
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://www.ncbi.nlm.nih.gov/pubmed/15273542
https://doi.org/10.1016/j.surg.2016.11.014


Cancers 2024, 16, 2234 23 of 24

21. Wente, M.N.; Veit, J.A.; Bassi, C.; Dervenis, C.; Fingerhut, A.; Gouma, D.J.; Izbicki, J.R.; Neoptolemos, J.P.; Padbury, R.T.; Sarr,
M.G.; et al. Postpancreatectomy hemorrhage (PPH)—An international study group of pancreatic surgery (ISGPS) definition.
Surgery 2007, 142, 20–25. [CrossRef]

22. Helliwell, T.; Woolgar, J.A. Standards and Minimum Datasets for Reporting Cancers. In Minimum Dataset for the Histopathological
Reporting of Pancreatic, Ampulla of Vater and Bile Duct Carcinoma; The Royal College of Pathologists: London, UK, 2002.

23. Kakar, S.; Shi, C.; Adsay, V.; Bergsland, E.; Berlin, J.; Branton, P.; Fitzgibbons, P.; Wendy, L.; Frankel Klimstra, D.S.; Krasinskas,
A.M.; et al. Gastrointestinal Pancreas (Exocrine). In Protocol for the Examination of Specimens from Patients with Carcinoma of the
Pancreas; Version: Pancreas Exocrine 4.0.0.1; College of American Pathologists: Chicago, IL, USA, 2017.

24. Katz, M.H.; Shi, Q.; Ahmad, S.A.; Herman, J.M.; De Marsh, R.W.; Collisson, E.; Schwartz, L.; Frenkel, W.; Martin, R.; Conway, W.;
et al. Preoperative modified FOLFIRINOX treatment followed by capecitabine-based chemoradiation for borderline resectable
pancreatic cancer: Alliance for clinical trials in oncology trial A021101. JAMA Surg. 2016, 151, e161137. [CrossRef]

25. Amin, M.B.; Edge, S.; Greene, F.; Byrd, D.R.; Brookland, R.K.; Washington, M.K.; Gershenwald, J.E.; Compton, C.C.; Hess, K.R.;
Sullivan, D.C.; et al. AJCC Cancer Staging Manual, 8th ed.; Springer: New York, NY, USA, 2017.

26. Kelly, K.; Winslow, E.; Kooby, D.; Lad, N.; Parikh, A.; Scoggins, C.; Ahmad, S.; Martin, R.; Maithel, S.; Kim, H.; et al. Vein
involvement during pancreaticoduodenectomy: Is there a need for redefinition of “borderline resectable disease”? J. Gastrointest.
Surg. 2013, 17, 1209–1217. [CrossRef]

27. Nakagohri, T.; Kinoshita, T.; Konishi, M.; Inoue, K.; Takahashi, S. Survival benefits of portal vein resection for pancreatic cancer.
Am. J. Surg. 2003, 186, 149–153. [CrossRef]

28. Christians, K.K.; Evans, D.B. Pancreaticoduodenectomy and Vascular Reconstruction: Indications and Techniques. Surg. Oncol.
Clin. N. Am. 2021, 30, 731–746. [CrossRef]

29. Gemenetzis, G.; Groot, V.P.; Blair, A.B.; Laheru, D.A.; Zheng, L.; Narang, A.K.; Fishman, E.; Hruban, R.; Ralph, H.; He, J.; et al.
Survival in Locally Advanced Pancreatic Cancer After Neoadjuvant Therapy and Surgical Resection. Ann. Surg. 2019, 270,
340–347. [CrossRef]

30. Michelakos, T.; Pergolini, I.; Castillo, C.F.; Honselmann, K.C.; Cai, L.; Deshpande, V.; Wo, J.Y.; Ryan, D.P.; Allen, J.N.; Blaszkowsky,
L.S.; et al. Predictors of Resectability and Survival in Patients with Borderline and Locally Advanced Pancreatic Cancer who
Underwent Neoadjuvant Treatment with FOLFIRINOX. Ann. Surg. 2019, 269, 733–740. [CrossRef]

31. Barnes, C.A.; Chavez, M.I.; Tsai, S.; Aldakkak, M.; George, B.; Ritch, P.S.; Dua, K.; Clarke, C.N.; Tolat, P.; Hagen, C.; et al. Survival
of patients with borderline resectable pancreatic cancer who received neoadjuvant therapy and surgery. Surgery 2019, 166,
277–285. [CrossRef]

32. Katz, M.H.; Fleming, J.B.; Pisters, P.W.; Lee, J.E.; Evans, D.B. Anatomy of the superior mesenteric vein with special reference to the
surgical management of first-order branch involvement at pancreaticoduodenectomy. Ann. Surg. 2008, 248, 10981102. [CrossRef]

33. Bachellier, P.; Rosso, E.; Fuchshuber, P.; Addeo, P.; David, P.; Oussoultzoglou, E.; Lucescu, I. Use of a temporary intraoperative
mesentericoportal shunt for pancreatic resection for locally advanced pancreatic cancer with portal vein occlusion and portal
hypertension. Surgery 2014, 155, 449–456. [CrossRef]

34. Bockhorn, M.; Uzunoglu, F.G.; Adham, M.; Imrie, C.; Milicevic, M.; Sandberg, A.A.; Asbun, H.J.; Bassi, C.; Büchler, M.; Charnley,
R.M.; et al. Borderline resectable pancreatic cancer: A consensus statement by the International Study Group of Pancreatic
Surgery (ISGPS). Surgery 2014, 155, 977–988. [CrossRef]

35. Valls, C.; Andía, E.; Sanchez, A.; Fabregat, J.; Pozuelo, O.; Quintero, J.C.; Serrano, T.; Garcia-Borobia, F. Dual-phase helical CT of
pancreatic adenocarcinoma: Assessment of resectability before surgery. AJR Am. J. Roentgenol. 2002, 178, 821–826. [CrossRef]
[PubMed]

36. Morgan, D.E.; Waggoner, C.N.; Canon, C.L.; Lockhart, M.E.; Fineberg, N.S.; Posey, J.A., III; Vickers, S.M. Resectability of Pancreatic
Adenocarcinoma in Patients with Locally Advanced Disease Downstaged by Preoperative Therapy: A Challenge for MDCT. AJR
Am. J. Roentgenol. 2010, 194, 615–622. [CrossRef] [PubMed]

37. Treadwell, J.R.; Zafar, H.M.; Mitchell, M.D.; Tipton, K.; Teitelbaum, U.; Jue, J. Imaging tests for the diagnosis and staging of
pancreatic adenocarcinoma: A meta-analysis. Pancreas 2016, 45, 789–795. [CrossRef] [PubMed]

38. Zaky, A.M.; Wolfgang, C.L.; Weiss, M.J.; Javed, A.A.; Fishman, E.K.; Zaheer, A. Tumor-Vessel Relationships in Pancreatic Ductal
Adenocarcinoma at Multidetector CT: Different Classification Systems and Their Influence on Treatment Planning. Radiographics
2017, 37, 93–112. [CrossRef] [PubMed]

39. Lu, D.S.; Reber, H.A.; Krasny, R.M.; Kadell, B.M.; Sayre, J. Local staging of pancreatic cancer: Criteria for unresectability of major
vessels as revealed by pancreatic-phase, thin-section helical CT. AJR Am. J. Roentgenol. 1997, 168, 1439–1443. [CrossRef] [PubMed]

40. Ishikawa, O.; Ohigashi, H.; Imaoka, S.; Furukawa, H.; Sasaki, Y.; Fujita, M.; Kuroda, C.; Iwanaga, T. Preoperative indications
for extended pancreatectomy for locally advanced pancreas cancer involving the portal vein. Ann. Surg. 1992, 215, 231–236.
[CrossRef] [PubMed]

41. Tran Cao, H.S.; Balachandran, A.; Wang, H.; Nogueras-González, G.M.; Bailey, C.E.; Lee, J.E.; Pisters, P.W.T.; Evans, D.B.;
Varadhachary, G.; Crane, C.H.; et al. Radiographic tumor-vein interface as a predictor of intraoperative, pathologic, and oncologic
outcomes in resectable and borderline resectable pancreatic cancer. J. Gastrointest. Surg. 2014, 18, 269–278. [CrossRef] [PubMed]

42. Cassinotto, C.; Cortade, J.; Belleannée, G.; Lapuyade, B.; Terrebonne, E.; Vendrely, V.; Laurent, C.; Sa-Cunha, A. An evaluation of
the accuracy of CT when determining resectability of pancreatic head adenocarcinoma after neoadjuvant treatment. Eur. J. Radiol.
2013, 82, 589–593. [CrossRef]

https://doi.org/10.1016/j.surg.2007.02.001
https://doi.org/10.1001/jamasurg.2016.1137
https://doi.org/10.1007/s11605-013-2178-5
https://doi.org/10.1016/S0002-9610(03)00173-9
https://doi.org/10.1016/j.soc.2021.06.011
https://doi.org/10.1097/SLA.0000000000002753
https://doi.org/10.1097/SLA.0000000000002600
https://doi.org/10.1016/j.surg.2019.05.010
https://doi.org/10.1097/SLA.0b013e31818730f0
https://doi.org/10.1016/j.surg.2013.09.003
https://doi.org/10.1016/j.surg.2014.02.001
https://doi.org/10.2214/ajr.178.4.1780821
https://www.ncbi.nlm.nih.gov/pubmed/11906855
https://doi.org/10.2214/AJR.08.1022
https://www.ncbi.nlm.nih.gov/pubmed/20173136
https://doi.org/10.1097/MPA.0000000000000524
https://www.ncbi.nlm.nih.gov/pubmed/26745859
https://doi.org/10.1148/rg.2017160054
https://www.ncbi.nlm.nih.gov/pubmed/27885893
https://doi.org/10.2214/ajr.168.6.9168704
https://www.ncbi.nlm.nih.gov/pubmed/9168704
https://doi.org/10.1097/00000658-199203000-00006
https://www.ncbi.nlm.nih.gov/pubmed/1543394
https://doi.org/10.1007/s11605-013-2374-3
https://www.ncbi.nlm.nih.gov/pubmed/24129826
https://doi.org/10.1016/j.ejrad.2012.12.002


Cancers 2024, 16, 2234 24 of 24

43. Duran, A.H.; Duran, M.N.; Masood, I.; Maciolek, L.M.; Hussain, H. The Additional Diagnostic Value of the Three-dimensional
Volume Rendering Imaging in Routine Radiology Practice. Cureus 2019, 11, e5579. [CrossRef]

44. Kobayashi, Y.; Nakazawa, J.; Sakata, M. Comparison of the depiction of pancreaticoduodenal arcades and dorsal pancreatic artery,
using three-point scale with volume rendering (VR), maximum intensity projection (MIP), and shaded surface display (SSD).
Nihon Hoshasen Gijutsu Gakkai Zasshi 2002, 58, 297–300. (In Japanese) [CrossRef]

45. Fang, C.; Kong, D.; Wang, X.; Wang, H.; Xiang, N.; Fan, Y.; Yang, J.; Zhong, S.Z. Three-dimensional reconstruction of the
peripancreatic vascular system based on computed tomographic angiography images and its clinical application in the surgical
management of pancreatic tumors. Pancreas 2014, 43, 389–395. [CrossRef] [PubMed]

46. Kulkarni, R.V.; Patil, V.; Bhandare, M.S.; Chaudhari, V.A.; Shrikhande, S.V. Vein resection without reconstruction (VROR) in
pancreatoduodenectomy: Expanding the surgical spectrum for locally advanced pancreatic tumors. Langenbecks Arch. Surg. 2020,
405, 929–937. [CrossRef] [PubMed]

47. Guo, S.; Yu, T.; Chen, X.; Cui, M.; Liu, D.; Xu, S.; Lu, J.; Zhang, H. Variations of the double superior mesenteric vein are not rare:
An observational study using computed tomography, three-dimensional image reconstruction, and surgery. Eur. J. Surg. Oncol.
2023, 49, 106972. [CrossRef] [PubMed]

48. Pecquenard, F.; Boleslawski, E.; El Amrani, M.J. Distal pancreatectomy with superior mesenteric vein resection without recon-
struction for pancreatic neuroendocrine tumor. Visc. Surg. 2021, 158, 279–280. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.7759/cureus.557
https://doi.org/10.6009/jjrt.kj00001364263
https://doi.org/10.1097/MPA.0000000000000035
https://www.ncbi.nlm.nih.gov/pubmed/24622068
https://doi.org/10.1007/s00423-020-01954-4
https://www.ncbi.nlm.nih.gov/pubmed/32776209
https://doi.org/10.1016/j.ejso.2023.06.024
https://www.ncbi.nlm.nih.gov/pubmed/37455181
https://doi.org/10.1016/j.jviscsurg.2020.11.010
https://www.ncbi.nlm.nih.gov/pubmed/33303391

	Introduction 
	Patients and Methods 
	Radiology 
	Surgery 
	Statistics 

	Results 
	Patient Characteristics and Outcomes 
	T3 Group Results 
	Long-Term Outcomes after Surgery for Patients with Stage cT3NxM0 
	T4 Group Results 

	Discussion 
	Conclusions 
	References

