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Abstract

Background Resection of the portal venous confluence is frequently necessary for radical resection during pancreatoduo-
denectomy for cancer. However, ligation of the splenic vein can cause serious postoperative complications such as gastric/
splenic venous congestion and left-sided portal hypertension. A splenorenal shunt (SRS) can maintain gastric and splenic
venous drainage and mitigate these complications.

Purpose This study describes the surgical technique, postoperative course, and surgical outcomes of SRS after
pancreatoduodenectomy.

Methods Ten patients who underwent pancreatoduodenectomy and SRS between September 2017 and April 2019 were
evaluated. After resection an end-to-side anastomosis between the splenic vein and the left renal vein was performed. Post-
operative shunt patency, splenic volume, and any SRS-related complications were recorded.

Results The rates of short- and long-term shunt patency were 100% and 60%, respectively. No procedure-associated com-
plications were observed. No signs of left-sided portal hypertension, such as gastrointestinal bleeding or splenomegaly, and
no gastric/splenic ischemia were observed in patients after SRS.

Conclusion SRS is a safe and effective measure to mitigate gastric congestion and left-sided portal hypertension after pan-
creatoduodenectomy with compromised gastric venous drainage after resection of the portal venous confluence.
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Introduction Radical and high-quality surgical resection in combina-

tion with systemic chemotherapy remains the only curative

Pancreatic cancer is characterized by poor prognosis due
to late diagnosis and aggressive biology with early local
invasion and high potential for systemic metastasis [1].
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treatment option for this aggressive disease. In case of vas-
cular involvement, extended resection with vascular recon-
struction is frequently necessary even after neoadjuvant
therapy [1-4]. To achieve clear surgical margins in border-
line resectable tumors, resections of the portal and supe-
rior mesenteric vein (SMV) including the portal venous
confluence are often necessary [5]. Resection of the portal
confluence with division of the splenic vein (SV) usually
allows for tension-free venous anastomosis between the
portal vein (PV) and SMV [5]. When the SV is ligated dur-
ing pancreatoduodenectomy with resection of the portal
venous confluence, venous blood from the stomach and
spleen can frequently drain via collateral veins including
the left gastric vein (also called coronary vein) dependent
on venous anatomy. Several investigators have reported a
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successful surgical combination of SV ligation and col-
lateral vein preservation during pancreatoduodenectomy
[6-8]. However, even after preservation of such collateral
veins, several serious complications including left-sided
portal hypertension, splenomegaly, thrombocytopenia, and
gastrointestinal bleeding have been reported [9-11].

In the mid-twentieth century, the portosystemic shunt
was introduced as a promising treatment for gastroesopha-
geal variceal hemorrhage in patients with cirrhosis and
extrahepatic portal hypertension [12]. Since then, sev-
eral studies have reported long-term shunt patency and
a reduction of hemorrhages following shunt operations
[13, 14]. The distal splenorenal shunt (SRS) is one option
of a portosystemic shunt that allows gastric and splenic
venous drainage via the left renal vein into the systemic
circulation [15-17]. Recently, it has been shown that per-
forming SRS during pancreatoduodenectomy may reduce
postoperative severe complications, such as left-sided por-
tal hypertension [17, 18]. In the same time period, the pro-
cedure has been developed and implemented in our center
for patients with signs of venous congestion after portal
venous resection. In this study, we aim to report our expe-
rience, illustrating the surgical technique, postoperative
course, and surgical outcomes of patients who underwent
SRS during pancreatoduodenectomy.

Material and methods
Study design

The observational study is based on a retrospective analy-
sis of clinical data prospectively collected in an institu-
tional database of consecutive pancreatic operations. This
study was approved by the institutional ethics committee
and follows the STROBE recommendations for observa-
tional studies [19].

Study population

All patients who underwent pancreatoduodenectomy
and SRS between September 2017 and April 2019 in our
center were included. Patient demographics, baseline data,
laboratory findings, and preoperative assessment were
retrospectively extracted electronically from the hospital
laboratory information system. All patients underwent
contrast-enhanced computed tomography and/or mag-
netic resonance imaging to assess tumor resectability and
to plan the operation. Missing information was obtained
from the patients’ records.
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Surgical technique

All patients underwent partial or total pancreatoduodenec-
tomy with extended lymph node dissection of the hepatic
hilum, common hepatic artery, celiac trunk, and superior
mesenteric artery. Our pancreatoduodenectomy tech-
nique has been described in detail elsewhere and results
in exposure and easy accessibility of the left renal vein
[20] (Fig. 1a).

Fig. 1 Image showing the technique a before and b after performing
splenorenal shunt during pancreatoduodenectomy
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To perform a pancreatoduodenectomy with portal conflu-
ence resection, the pancreatic head is completely mobilized.
Subsequently, the veins (PV, SMV, and SV) are clearly iden-
tified and secured with vessel loops. Next, SV is mobilized
approximately 2-3 cm from the pancreas to allow for maxi-
mal exploration of the local vascular anatomy, achieve a rad-
ical resection margin, and later facilitate direct tension free
venous anastomoses without interposition graft. At this time,
any additional tumor infiltration, especially in the coronary
vein or inferior mesenteric vein (IMV), can be assessed, as
they may provide relevant venous gastric drainage in cases
of SV ligation. If the IMV or coronary vein is involved,
division of these veins is performed. Vascular clamps (e.g.,
Satinsky or bulldog clamp) [21, 22] are then applied to the
SMYV, PV, and SV, and the resection is completed by division
of the PV, SMV, and SV, respectively. An end-to-end anasto-
mosis between the SMV and PV is performed using a 5-0 or
6—0 monofilament non-absorbable running suture. Next, the
stomach and spleen are assessed for signs of venous conges-
tion. The decision to perform a SRS is made only if signs of
venous congestion appear after the resection. In cases with
congestion, usually both the coronary and inferior mesen-
teric vein were divided. To prepare for the anastomosis, a
Satinsky vessel clamp is applied tangential to the left renal
vein already exposed after the resection phase. Afterwards,
the SRS is created by an end-to-side anastomosis between
the SV and the left renal vein (Fig. 1b). The anastomosis is
performed using a 60 monofilament non-absorbable run-
ning suture (Fig. 2). To assess the quality of the anasto-
moses, an intraoperative Doppler flowmetry is performed
after each anastomosis. Prophylactic antiplatelet or other
anticoagulation agents were not routinely used during the

Fig.2 Intraoperative image showing the splenorenal shunt (SRS)
after pancreatoduodenectomy. rHA, right hepatic artery; SMA, supe-
rior mesenteric artery; E-E PV-SMYV, end-to-end anastomosis of por-
tal vein and superior mesenteric vein

operation, unless the patient had a high risk for thrombosis
[21, 22].

Treatment-related parameters and postoperative
course

Treatment-related parameters were prospectively recorded
in the database including the type and extent of pancreatic
resection according to the ISGPS [23], vascular resections,
blood loss, and duration of the operation. Pathological
parameters included pTNM tumor stage according to the
7th edition of the TNM staging manual, grading, and the
resection margin (R) status.

None of the patients received antiplatelet agent due to
the SRS operation. As per standard, all patients received
thrombosis prophylaxis with low molecular heparin weight
following surgery until discharge. Therapeutic hepariniza-
tion was administrated only in patients with prior anticoagu-
lative therapy or those with high risk of thrombosis. Any
SRS-related complications and any signs of left-sided portal
hypertension, such as splenomegaly, gastrointestinal bleed-
ing, and delayed gastric emptying, were recorded from the
time of operation and for the complete follow-up period.
To evaluate the shunt patency after surgery and the short-
term changes in spleen volume (until 3 months after the
operation), all patients underwent Duplex ultrasound and/
or computed tomography/magnetic resonance imaging dur-
ing the follow-up period. Postoperative thrombocytopenia
was defined as a platelet count of < 150/nL. The severity
of postoperative complications was classified based on the
Clavien—Dindo classification [24], where grade I-1I morbidi-
ties were defined as minor and grade III-V morbidities as
major. Mortality was defined as all-cause death occurring
during the hospital stay.

Statistical analysis

Data were analyzed using SPSS software (Version 22, IBM
Corp. Released 2013. Armonk, NY). Continuous vari-
ables were presented as means with standard deviation, and
categorical variables were described using frequency dis-
tributions. To analyze differences in spleen volume after
SRS, a paired sample t-test was performed. One-year SRS
patency was analyzed using the Kaplan—-Meier method. p
values <0.05 were considered significant in all analyses.

Results

Ten patients underwent pancreatic surgery with resection
of the portal confluence and simultaneous SRS. The mean
age of patients was 64 + 8 years with an equally distributed
sex ratio. Most patients presented with pancreatic ductal
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adenocarcinoma (90%), while one patient had a neuroen-
docrine tumor. Three patients (30%) received neoadjuvant
chemof/radiotherapy before the operation (Table 1).

A pancreatoduodenectomy was performed in six (60%)
patients and a spleen preserving total pancreatectomy in four
(40%) patients. Five patients (50%) underwent pylorus pres-
ervation, and the remaining five patients (50%) underwent
simultaneous partial gastrectomy during the operation. The
mean operative time was 430.7 + 146.2 min with an esti-
mated mean blood loss of 1.2+0.6 1 (Table 2).

The operative time required for the creation of the SRS
was 5—15 min, and there were no procedure-related com-
plications (no bleeding, renal vein thrombosis, renal insuf-
ficiency). Moreover, there were no perioperative compli-
cations related to left-sided portal hypertension such as
gastrointestinal bleeding and gastric/splenic ischemia. Fifty
percent of our patients had postoperative complications.
Two patients (20%) had minor complications, and three
(30%) had major complications based on the Clavien—Dindo
classification, but none of these was SRS-related compli-
cations (Table 2). One patient developed PV thrombosis
38 days after the operation and underwent re-operation with
thrombectomy but died 71 days after the operation because
of multiple organ failure. In this patient, the SRS remained
patent until death.

Shunt patency was confirmed in all patients during the
first postoperative month (Fig. 3). However, the SRS closed
in four patients during the follow-up period (long-term shunt
patency rate =60%). Shunt occlusion occurred in one patient
2 months after surgery, in two patients 3 months, and in one
patient 13 months after surgery (Fig. 4). However, during
long-term follow-up, none of the patients developed signs
and complications of left-sided portal hypertension such
as gastrointestinal bleeding or splenomegaly. One patient
(10%) had thrombocytopenia before the operation, and six
patients (60%) had thrombocytopenia within 1 week after
the operation. However, the platelet count returned to normal
within 4 weeks (Fig. 5). There was no significant difference
in splenic volume before and after SRS (Table 2, p=0.649),
indicating that there was no development of left-sided portal
hypertension in the patients with SRS.

Discussion

In this study, we describe our initial experience of recon-
structing the gastric and splenic venous drainage via SRS
during a pancreatoduodenectomy. The reported outcomes
in our cohort of ten patients with locally advanced pancre-
atic cancer reveal remarkable technical and intraoperative
advantages of this technique, including 100% technical
success rate and negligible additional operating time. No
patients developed procedure-related morbidities during
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Table 1 Clinicopathologic characteristics and perioperative data of
the patients

n (%) or mean=+ SD

Sex

Female 5 (50)

Male 5 (50)
Age (years) 64+8
BMI (kg/m?) 232+3.7
ASA classification

1 0(0)

1I 6 (60)

I 3 (30)

v 1(10)
Disease

Pancreatic ductal adenocarcinoma 9 (90)

Pancreatic neuroendocrine tumor 1(10)
Neoadjuvant therapy

Yes 3(30)
Tumor localization

Head 7 (70)

Body 3 (30)
pT stage

1 2 (20)

2 6 (60)

3 1(10)

4 1(10)
pN stage

Positive 8 (80)
Grading (n=3 missing)*

2 3(42.9)

3 4(57.1)
R status

RO/CRM- 2 (20)

RO/CRM + 1(10)

R1 7 (70)

SD standard deviation, BMI body mass index, ASA American Soci-
ety of Anesthesiologists classification, CRM circumferential resection
margin

“In 3 patients, grading was not assigned after neoadjuvant chemother-
apy

postoperative follow-up, and only one patient died from
non-SRS-related complications during the postoperative
hospital stay. Furthermore, no patients showed signs of
left-sided portal hypertension. All patients had short-
term shunt patency, and this patency remained in 60% of
patients. However, no signs of left-sided portal hyperten-
sion were detected in patients with shunt closure. In all
patients, major collaterals of the gastric venous route, such
as coronary vein and IMV, were divided. Therefore, we
hypothesize that the SRS closed due to low blood flow,
as the SRS was not physiologically necessary in these
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Table 2 Perioperative data of the patients

n (%) or mean + SD

Operative time (min) 430.7+146.2
Estimated blood loss (1) 1.2+0.6
Type of pancreatic resection

Pancreatoduodenectomy 6 (60)

Total pancreatectomy 4 (40)
Vascular resection

Arterial resection 4 (10)

Venous resection 10 (100)
Thrombocytopenia

Preoperative 1(10)

Postoperative (first week) 6 (60)
Spleen volume (ml)

Preoperative 258.9+118.5

Postoperative 251.4+108.3
Splenomegaly

Preoperative 0(0)

Postoperative 0(0)
Procedure-related complications 0(0)
Left-sided portal hypertension 0(0)
Gastrointestinal bleeding 0(0)
Delayed gastric emptying 0(0)
Patency of the shunt

Short-term (first month) 10 (100)

Long-term 6 (60)
Morbidity (Clavien—Dindo)

None 5 (50)

Minor (grade I-1I) 2 (20)

Major (grade I1I-V) 3(30)
Duration of hospitalization (days) 2724234
In-hospital mortality 1(7.7)

SD standard deviation

patients. These findings suggest that SRS is a safe, feasi-
ble, and effective procedure during pancreatoduodenec-
tomy, with encouraging results.

Pancreatoduodenectomy with a tumor-free resection mar-
gin is one of the most vital factors that lead to significantly
better long-term survival in patients with pancreatic cancer
[25-27]. In these cases, extended pancreatoduodenectomy
with vascular reconstruction is needed to achieve a com-
plete tumor resection [4, 20, 28, 29]. During oncological
pancreatoduodenectomy, segmental resection of the SM'V-
PV-SV confluence may be necessary if the tumor is close to
or has infiltrated. SV ligation is a principle component of
this procedure. SV drainage may occur through the IMV if
it merges into the SV of the left side of the resection plane
[30]. If this route does not exist, the splenocolic collateral
or the gastric venous route is the only possible way to drain
venous blood flow from the spleen [16]. This increases the

flow through the gastric and esophageal veins resulting in
left-sided portal hypertension that may result in gastrointes-
tinal hemorrhage [10].

Impaired gastric venous drainage, especially in the cases
of total pancreatectomy and resection of the gastric venous
route due to tumor infiltration, may cause gastric venous
congestion, which should be treated through partial gas-
trectomy. It has been shown that the patients undergoing
additional gastric resection faced with significantly deterio-
rated postoperative nutritional status and quality of life [31].
Therefore, surgical reconstructive venous drainage of the
gastric and splenic vein may provide an alternative to avoid
venous congestion and additional gastrectomy [18, 32].

Several studies have described different surgical and
reconstructive techniques and venous flow patterns to
prevent the harmful effects of portal confluence resection
during pancreatoduodenectomy [17, 33-35]. In previous
reports, authors have opposed the efficiency of SV recon-
struction by emphasizing the lack of complications after
pancreatoduodenectomy with SV ligation [36, 37]. Several
alternative venous routes and drainage flows have been
described which were believed to prevent left-sided portal
hypertension and subsequent complications [10]. In a sur-
vey of five patients, collateral venous pattern progression
was evaluated after SV ligation [6]. No patients developed
splenomegaly or other venous complications induced by
SV occlusion during a follow-up period of 6 to 8 months.
The draining veins developed in these patients were simi-
lar to splenocolic collaterals, and no varicose changes were
observed. SV ligation was not associated with any compli-
cations, particularly in patients whose left gastric vein was
preserved [33, 38]. These findings suggest that preservation
of the left gastric vein, or the middle colic vein, may prevent
left-sided portal hypertension after SV ligation [10]. These
veins provide several options for venous drainage, includ-
ing through the venous arc of Barkow (blood drainage from
left gastroepiploic vein into the left epiploic vein [39]) and
middle colic vein to the SMV and through short and left gas-
tric veins into the PV. However, in patients with pancreatic
head cancer, portal confluence resection is inevitable in case
of confluence involvement during pancreatoduodenectomy
[40, 41]. This means that ligation of major venous contribu-
tors, such as the gastrocolic trunk of Henle, left/right gastric
vein, and occasionally the IMV is required [42]. The middle
colic and gastrocolic veins may be divided during resection
depending on tumor location and extent, but both do usually
not contribute to gastric venous drainage and, therefore, have
no impact on the decision making for SRS.

As shown by our data, locally advanced pancreatic tumors
can be safely resected with an SRS to achieve a stable splenic
volume during the immediate postoperative period. SRS may
be an alternative method to preserve gastric venous drainage
and avoid a near-total gastrectomy and thereby improve the
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Fig.3 a, b Preoperative axial
portal venous phase computed
tomography (CT) image and
coronal maximum intensity
projection image showing the
hypodense tumor in the pancre-
atic head with stenosis of the
portovenous confluence (blue
arrows) with consequent forma-
tion of cavernous collaterals in
the liver hilum (orange arrow-
head). ¢, d Postoperative axial
and coronal portal venous phase
CT images showing the patent
splenorenal shunt (red arrows).
Note the nutmeg appearance of
the liver, probably as result of
hepatic venous congestion unre-
lated to the splenorenal shunt

Fig.4 Kaplan—-Meier plot
showing the 1-year patency of
the splenorenal shunt after the
operation (1-year patency rate:
68.9%)
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Fig.5 Mean platelet counts
before and 1, 2, and 4 weeks 1.0
after the operation
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patients’ quality of life [16]. Some authors have suggested
restricting SRS to patients with direct drainage from the
IMYV to the SMV. However, others believe that SRS should
be considered in patients with sacrificed gastric venous
drainage (left gastric vein) during pancreatoduodenectomy
with venous resection and a pancreaticogastrostomy. Some
studies have shown superior postoperative outcomes fol-
lowing SRS than following SV ligation [18]. Based on our
experience, performing SRS is not essential for all patients
undergoing pancreatoduodenectomy with portal confluence
resection, but it should be considered in patients with a sign
of intraoperative venous congestion. Vascular reconstruction
through an SRS is technically straightforward and provides
outstanding postoperative outcomes.

In addition to illustrating the surgical techniques, this
study aimed to analyze and report surgical outcomes, such
as splenic volume changes and patency of the shunt after
SRS. However, the study is limited by small sample size
and short follow-up period. To better understand the changes
after SRS as well as its effectivity, these findings should
be assessed in future large-scale prospective or randomized
controlled trials.

Months

Conclusion

SRS produces encouraging and reliable outcomes without
procedure-specific complications in splenic and stomach
drainage after pancreatoduodenectomy with portal conflu-
ence resection. Based on our experience, there is no need to
perform SRS in patients where gastric venous drainage is
preserved. However, SRS may improve postoperative out-
comes in cases of portal venous confluence resection with a
sign of intraoperative gastric venous congestion.

Authors’ contributions Study conception and design: MAS, TS, MWB,
and OS. Acquisition of data: LFM and PC. Analysis and interpretation
of data: ML, PM, CB, LFM, and OS. Drafting of manuscript: MAS,
PC, PM, and OS. Critical revision of manuscript: TH, BPM, MS, AM,
MWRB, and OS.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Data availability All data for this study are available as part of the
article, and no additional source data were required.

Declarations

Ethics approval The study was approved by the local ethics committee
(S-011/2015).

@ Springer



Langenbeck's Archives of Surgery

Conflict of interest The authors declare no competing interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

Strobel O, Neoptolemos J, Jager D, Biichler MW (2019) Optimiz-
ing the outcomes of pancreatic cancer surgery. Nat Rev Clin Oncol
16:11-26

Hackert T, Schneider L, Biichler MW (2015) Current state of
vascular resections in pancreatic cancer surgery. Gastroenterol
Res Pract 2015:120207

Hackert T, Hinz U, Pausch T, Fesenbeck I, Strobel O, Schneider
L, Fritz S et al (2016) Postoperative pancreatic fistula: we need to
redefine grades B and C. Surgery 159:872-877

Hartwig W, Gluth A, Hinz U, Koliogiannis D, Strobel O, Hackert
T, Werner J et al (2016) Outcomes after extended pancreatectomy
in patients with borderline resectable and locally advanced pan-
creatic cancer. BrJ Surg 103:1683-1694

Strasberg SM, Sanchez LA, Hawkins WG, Fields RC, Linehan
DC (2012) Resection of tumors of the neck of the pancreas with
venous invasion: the “Whipple at the splenic artery (WATSA)”
procedure. J Gastrointest Surg 16:1048-1054

Strasberg SM, Bhalla S, Sanchez LA, Linehan DC (2011) Pattern
of venous collateral development after splenic vein occlusion in
an extended Whipple procedure: comparison with collateral vein
pattern in cases of sinistral portal hypertension. J Gastrointest
Surg 15:2070-2079

Tanaka H, Nakao A, Oshima K, Iede K, Oshima Y, Kobayashi H,
Kimura Y (2017) Splenic vein reconstruction is unnecessary in
pancreatoduodenectomy combined with resection of the superior
mesenteric vein-portal vein confluence according to short-term
outcomes. HPB 19:785-792

Tanaka M, Ito H, Ono Y, Matsueda K, Mise Y, Ishizawa T, Inoue
Y et al (2019) Impact of portal vein resection with splenic vein
reconstruction after pancreatoduodenectomy on sinistral portal
hypertension: Who needs reconstruction? Surgery 165:291-297
Pilgrim CH, Tsai S, Tolat P, Patel P, Rilling W, Evans DB, Chris-
tians KK (2014) Optimal management of the splenic vein at the
time of venous resection for pancreatic cancer: importance of the
inferior mesenteric vein. J Gastrointest Surg 18:917-921

Ono Y, Matsueda K, Koga R, Takahashi Y, Arita J, Takahashi
M, Inoue Y et al (2015) Sinistral portal hypertension after pan-
creaticoduodenectomy with splenic vein ligation. Br J Surg
102:219-228

Mizuno S, Kato H, Yamaue H, Fujii T, Satoi S, Saiura A,
Murakami Y et al (2019) Left-sided portal hypertension after pan-
creaticoduodenectomy with resection of the portal vein/superior
mesenteric vein confluence in patients with pancreatic cancer: a
project study by the Japanese Society of Hepato-Biliary-Pancre-
atic Surgery. Ann Surg 274(1):e36—e44

@ Springer

12.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

217.

28.

Jackson FC, Perrin EB, Smith AG, Dagradi AE, Nadal HM (1968)
A clinical investigation of the portacaval shunt. II. Survival analy-
sis of the prophylactic operation. Am J Surg 115:22-42

. Orloft MJ, Bell RH Jr, Orloff MS, Hardison WG, Greenburg AG

(1994) Prospective randomized trial of emergency portacaval
shunt and emergency medical therapy in unselected cirrhotic
patients with bleeding varices. Hepatology (Baltimore, MD)
20:863-872

Gur I, Diggs BS, Orloff SL (2014) Surgical portosystemic shunts
in the era of TIPS and liver transplantation are still relevant. HPB
(Oxford) 16:481-493

Warren WD, Zeppa R, Fomon JJ (1967) Selective trans-splenic
decompression of gastroesophageal varices by distal splenorenal
shunt. Ann Surg 166:437-455

Chavez MI, Tsai S, Clarke CN, Aldakkak M, Griffin MO, Khan
AH, Ritch PS et al (2019) Distal splenorenal and mesocaval shunt-
ing at the time of pancreatectomy. Surgery 165:298-306

Ono Y, Tanaka M, Matsueda K, Hiratsuka M, Takahashi Y, Mise
Y, Inoue Y et al (2019) Techniques for splenic vein reconstruc-
tion after pancreaticoduodenectomy with portal vein resection for
pancreatic cancer. HPB 21:1288-1294

Addeo P, De Mathelin P, Averous G, Tambou-Nguipi M, Terrone
A, Schaaf C, Dufour P et al (2020) The left splenorenal venous
shunt decreases clinical signs of sinistral portal hypertension asso-
ciated with splenic vein ligation during pancreaticoduodenectomy
with venous resection. Surgery 168:267-273

von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Van-
denbroucke JP (2014) The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) Statement: guide-
lines for reporting observational studies. Int J Surg 12:1495-1499
Schneider M, Strobel O, Hackert T, Biichler MW (2019) Pancre-
atic resection for cancer-the Heidelberg technique. Langenbecks
Arch Surg 404:1017-1022

Schmidt T, Strobel O, Schneider M, Diener MK, Berchtold C,
Mihaljevic AL, Mehrabi A et al (2020) Cavernous transformation
of the portal vein in pancreatic cancer surgery—venous bypass
graft first. Langenbecks Arch Surg 405:1045-1050

Schneider M, Hackert T, Strobel O, Biichler M (2021) Tech-
nical advances in surgery for pancreatic cancer. Br J Surg
108(7):777-785

Hartwig W, Vollmer CM, Fingerhut A, Yeo CJ, Neoptolemos
JP, Adham M, Andrén-Sandberg A et al (2014) Extended pan-
createctomy in pancreatic ductal adenocarcinoma: definition and
consensus of the International Study Group for Pancreatic Surgery
(ISGPS). Surgery 156:1-14

Dindo D, Demartines N, Clavien P-A (2004) Classification of
surgical complications: a new proposal with evaluation in a cohort
of 6336 patients and results of a survey. Ann Surg 240:205
Hartwig W, Hackert T, Hinz U, Gluth A, Bergmann F, Strobel O,
Biichler MW et al (2011) Pancreatic cancer surgery in the new
millennium: better prediction of outcome. Ann Surg 254:311-319
Mayo SC, Nathan H, Cameron JL, Olino K, Edil BH, Herman
JM, Hirose K et al (2012) Conditional survival in patients with
pancreatic ductal adenocarcinoma resected with curative intent.
Cancer 118:2674-2681

Konstantinidis IT, Warshaw AL, Allen JN, Blaszkowsky LS, Cas-
tillo CF, Deshpande V, Hong TS et al (2013) Pancreatic ductal
adenocarcinoma: is there a survival difference for R1 resections
versus locally advanced unresectable tumors? What is a “true” RO
resection? Ann Surg 257:731-736

Hackert T, Strobel O, Michalski CW, Mihaljevic AL, Mehrabi A,
Miiller-Stich B, Berchtold C et al (2017) The TRIANGLE opera-
tion - radical surgery after neoadjuvant treatment for advanced
pancreatic cancer: a single arm observational study. HPB
19:1001-1007


http://creativecommons.org/licenses/by/4.0/

Langenbeck's Archives of Surgery

29.

30.

31.

32.

33.

34.

35.

Murphy JE, Wo JY, Ryan DP, Clark JW, Jiang W, Yeap BY, Dra-
pek LC et al (2019) Total neoadjuvant therapy with FOLFIRINOX
in combination with losartan followed by chemoradiotherapy for
locally advanced pancreatic cancer: a phase 2 clinical trial. JAMA
Oncol 5:1020-1027

Rosado ID, Bhalla S, Sanchez LA, Fields RC, Hawkins WG, Stras-
berg SM (2017) pattern of venous collateral development after
splenic vein occlusion in an extended Whipple procedure (Whip-
ple at the splenic artery) and long-term results. J Gastrointest Surg
21:516-526

Nakao A, Yamada S, Fujii T, Tanaka H, Oshima K, Oshima Y,
Iede K et al (2018) Gastric venous congestion and bleeding in
association with total pancreatectomy. J Hepatobiliary Pancreat
Sci 25:150-154

Loos M, Mehrabi A, Ramouz A, Contin P, Strobel O, Miiller-Stich
BP, Mihaljevic AL et al (2021) Gastric venous congestion after
total pancreatectomy is frequent and dangerous. Ann Surg. https://
doi.org/10.1097/SLA.0000000000004847

Weitz J, Kienle P, Schmidt J, Friess H, Biichler MW (2007) Portal
vein resection for advanced pancreatic head cancer. J] Am Coll
Surg 204:712-716

Ferreira N, Oussoultzoglou E, Fuchshuber P, Ntourakis D, Narita
M, Rather M, Rosso E et al (2011) Splenic vein-inferior mes-
enteric vein anastomosis to lessen left-sided portal hypertension
after pancreaticoduodenectomy with concomitant vascular resec-
tion. Arch Surg (Chicago, Il : 1960) 146:1375-81

Christians KK, Riggle K, Keim R, Pappas S, Tsai S, Ritch P,
Erickson B et al (2013) Distal splenorenal and temporary meso-
caval shunting at the time of pancreatectomy for cancer: initial
experience from the Medical College of Wisconsin. Surgery
154:123-131

36.

37.

38.

39.

40.

41.

42.

Fujisaki S, Tomita R, Fukuzawa M (2001) Utility of mobilization
of the right colon and the root of the mesentery for avoiding vein
grafting during reconstruction of the portal vein. J Am Coll Surg
193:576-578

Poon RT, Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, Yeung
C et al (2004) Pancreaticoduodenectomy with en bloc portal vein
resection for pancreatic carcinoma with suspected portal vein
involvement. World J Surg 28:602-608

Misuta K, Shimada H, Miura Y, Kunihiro O, Kubota T, Endo I,
Sekido H et al (2005) The role of splenomesenteric vein anasto-
mosis after division of the splenic vein in pancreatoduodenec-
tomy. J Gastrointest Surg 9:245-253

Mutti L, Moretti R (2007) “The venous arch of Barkow”: 3D
MDCT imaging. Eur J Radiol Extra 62:11-14

Lai EC (2012) Vascular resection and reconstruction at pancrea-
tico-duodenectomy: technical issues. Hepatobiliary Pancreat Dis
Int 11:234-242

Kim PT, Wei AC, Atenafu EG, Cavallucci D, Cleary SP, Moulton
CA, Greig PD et al (2013) Planned versus unplanned portal vein
resections during pancreaticoduodenectomy for adenocarcinoma.
BrJ Surg 100:1349-1356

Katz MH, Lee JE, Pisters PW, Skoracki R, Tamm E, Fleming
JB (2012) Retroperitoneal dissection in patients with borderline
resectable pancreatic cancer: operative principles and techniques.
J Am Coll Surg 215:e11-e18

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1097/SLA.0000000000004847
https://doi.org/10.1097/SLA.0000000000004847

	Splenorenal shunt for reconstruction of the gastric and splenic venous drainage during pancreatoduodenectomy with resection of the portal venous confluence
	Abstract
	Background 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design
	Study population
	Surgical technique
	Treatment-related parameters and postoperative course
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


