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Abstract

Background Numerous studies have shown that portal vein resection during pancreatectomy can help achieve complete
tumor clearance and long term-survival. While the safety of vascular resection during pancreatectomy is well documented,
the risk of superior mesenteric vein/portal vein (SMV/PV) thrombosis after reconstruction remains unclear. This study
aimed to describe the incidence and risk factors of SMV/PV thrombosis after vein reconstruction during pancreatectomy.
Methods All patients who underwent portal vein resection (PVR) during pancreatectomy (2007-2019) were identified from
a single institution prospective clinical database. Demographic and clinical data, operative and pathological findings, and
postoperative outcomes were analyzed.

Results Pancreatectomy with PVR was performed in 220 patients (mean age 65.1 years, male/female ratio 0.96). Thrombosis
occurred in 36 (16.4%) patients after a median of 15.5 days [IQR 38.5, 1-786 days]. SMV/PV patency rates were 92.7%
and 88.7% at 1 and 3 months, respectively. The rate of SMV/PV thrombosis varied according to SMV/PV reconstruction
technique: 12.8% after venorrhaphy, 13.2% end-to-end anastomosis, 22.6% autologous vein, and 83.3% synthetic graft inter-
position (p <0.0001). SMV/PV thrombosis was associated with increased 90-day mortality (16.7% vs 4.9%, p=0.02) and
overall 30-day complication rate (69.4% vs 42.9%, p=0.006). Pancreatectomy type, neoadjuvant chemoradiation, pathologic
tumor venous invasion, resection margin status, and manner of perioperative anticoagulation did not influence the incidence
of PV thrombosis. SMV/PV thrombosis was associated with a nearly 5-times increased risk of postoperative sepsis after
pancreatectomy.

Conclusion Portal vein thrombosis developed in 16% of patients who underwent pancreatectomy with PVR at a median of
15 days. PVR with synthetic interposition graft carries the highest risk for thrombosis.

Introduction

Due to the close anatomical relationship between the supe-
rior mesenteric vein/portal vein (SMV/PV) and the poste-
rior neck of the pancreas, venous involvement by tumor or
inflammation occurs frequently. SMV/PV involvement was
historically considered a sign of advanced pancreatic can-
cer; however, surgeons, seeking to expand the number of
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patients who could benefit from pancreatectomy for cancer,
introduced en bloc venous resection.! An early pioneer in
this work was Fortner who in 1984 described the concept
of regional pancreatectomy with vascular resection in 35
patients.” This procedure encountered high mortality (26%)
and morbidity that nullified any potential survival benefit.
Over the past three decades, SMV/PV resection during pan-
createctomy has grown in frequency as improved surgical
outcomes were observed after careful preoperative planning
with the aid of enhanced radiographic imaging. As indi-
cations for venous resection during pancreatectomy were
refined, observational studies validated the safety of SMV/
PV resection.>”’

Positive margin status after pancreatectomy for pancreatic
ductal adenocarcinoma is associated with poor outcomes,
including up to 45% local recurrence rate and decreased
overall survival. This understanding led to the expert
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consensus statement from Evans et al. in 2009 that promoted
venous resection as a standard of care when necessary to
achieve negative resection margins.!® The current indica-
tions for SMV/PV resection during pancreatectomy can be
divided into two basic categories: planned and unplanned.
SMV/PV resection is most often planned preoperatively in
borderline resectable tumors (NCCN) based on multiphase
contrast-enhanced cross-sectional imaging with either com-
puted tomography or magnetic resonance imaging.'! In a
minority of cases, the need for venous resection with recon-
struction is determined intraoperatively as a result of direct
venous injury or dense tissue adhesions that do not permit
safe mesenteric vessel dissection. Venous resection may also
be required in cases of benign pathology carrying significant
inflammation such as chronic pancreatitis, pseudocysts, or
biopsied pancreatic cysts.

Although SMV/PV resection and reconstruction has
proven to be safe in experienced pancreatic surgery cent-
ers, vascular resection during pancreatomy is still associated
with potentially severe complications.'>"14

Patients may remain asymptomatic with post-pancreatec-
tomy mesenteric vein thrombosis, but acute SMV/PV throm-
bosis can be associated with acute mesenteric congestion,
venous mesenteric ischemia, portal hypertension, and liver
dysfunction. Postoperative thrombosis of the SMV/PV after
reconstruction has been described in up to 30% of patients;
however, the risk of SMV/PV thrombosis after resection and
reconstruction remains unclear.!%!>!° This study aimed to
describe the incidence and risks of venous thrombosis after
pancreatectomy.

Methods
Patient Selection

From 2007 to 2019, data from 2,700 consecutive patients
who underwent pancreatectomy at a single academic institu-
tion were prospectively collected in a database. For the pur-
pose of this study, the database was retrospectively reviewed,
and patients who underwent SMV/PV resection during pan-
createctomy for any indication were included. Patients with
incomplete data for analysis were excluded from this study.

Parameters Assessed

The primary outcome of this study was the incidence of
postoperative SMV/PV thrombosis after pancreatectomy.
Thrombosis was diagnosed on any postoperative imag-
ing study, including liver duplex ultrasound or contrast-
enhanced computed tomography. All patients were evaluated
in clinic for a postoperative visit at 1 month. Patients were
then followed every 3 to 4 months with physical evaluation,

laboratory testing (serum liver function and CA19-9) and
surveillance contrast-enhanced abdominal CT imaging for
the first 2 years by the surgical or medical oncology team.
After the first two years of follow-up, surveillance was
extended to a semi-annual basis and usually conducted by
a medical oncology team outside of the academic institu-
tion. Positive radiographic findings, e.g., local and systemic
tumor recurrence and late postoperative complications, were
typically communicated to the primary surgeon and cap-
tured in the institution’s prospective pancreatomy outcome
database.

A secondary outcome was the determination of risks fac-
tors associated with development of SMV/PV thrombosis.
Individual patient demographic, clinical, laboratory, surgi-
cal, pathological, and postoperative outcomes data were
gathered and used for analysis. Postoperative complications
were recorded and graded according to the Clavien-Dindo
classification.

Surgical Technique of Venous Resection
and Reconstruction

All surgical procedures were performed with curative intent
by a team of eight surgeons with significant pancreatic oper-
ative experience. Vascular reconstruction was performed
by either primary pancreatic surgeons or organ transplant
surgeons. For oncologic procedures, the NCCN guidelines
in place at the time of surgery were used to define resect-
ability status at diagnosis and for decision-making regarding
potential venous resection. Determination of resectability
of pancreatic cancer prior to the formal establishment of
NCCN guidelines was made at the discretion of the operative
surgeon. Five types of venous reconstruction were routinely
performed: lateral venorrhaphy, venorrhaphy with patch
repair, primary end-to-end anastomosis, and interposition
grafting with either autologous vein or prosthetic graft.
Whenever feasible, venorrhaphy with/without patch or pri-
mary end-to-end anastomosis was the favored reconstruction
technique. When a tension-free primary repair or anasto-
mosis could not be achieved despite maximal mobilization
maneuvers, SMV/PV reconstruction was performed with
an interposition graft, either autologous (internal jugular
or splenic vein) or prosthetic (PTFE graft or cryopreserved
vein, human cadaveric or bovine).

Immediately prior to resection, the vein was clamped
proximally and distally, and systemic heparin at a dose of
70 units/kg was administered intravenously by the anes-
thesia team. The primary pancreatic surgeon performed
almost all of the segmental resections of the portal vein or
SMYV with primary anastomosis. Vascular reconstructions
involving multiple anastomoses or complex interposition
grafting usually required assistance from a solid organ
transplant surgeon.
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When the splenic vein was ligated, an effort to reimplant
it was made when technically feasible in order to avoid the
development of postoperative hypersplenism or sinistral
portal hypertension. When a long segment of splenic vein
was resected or when the pancreas was transected beyond
the neck, reimplantation was usually not attempted. Simi-
larly, when the entire portosplenomesenteric confluence was
involved with tumor, splenic vein reimplantation was not
performed for oncological considerations.

Statistical Analysis

Data were compiled using Microsoft Excel 2016® (Red-
mond, WA). Descriptive statistics of continuous data
included mean, standard error of mean, and range, whereas
categorical variables were expressed as numbers and per-
centages. Subgroup comparisons of continuous and categori-
cal data were performed with the Student’ 7 test and Fisher’s
exact test, respectively. Independent factors associated with
venous thrombosis were determined from uni- and multi-
variable analyses. Variables with p value <0.1 in univari-
ate analysis were entered into logistic regression. Statisti-
cal significance in multivariable analysis was considered
at p<0.05. All analyses were performed using IBM SPSS
statistics version 25.0 (Armonk, NY: IBM Corp).

Results
Population
Among 2,700 patients who underwent pancreatic resection

at a single academic center from 2007 to 2019, 220 (8%)
patients underwent resection of the PV, SMV, or SMV/PV

confluence. Median age of the study cohort was 66 years
(SEM + 11, range 27-88), with a sex ratio of 0.96 (108
men/112 women). Fifty-seven patients (25.9%) were smok-
ers, and 54 (24.5%) were obese. Median follow-up was
257 days (+ 720, range 31-3975). For the 220 patients with
venous resection, the most common indication for pancrea-
tectomy was malignancy in 92% (203/220), whereas the
remaining 17 (8%) patients underwent pancreatic resection
for benign pathology such as pancreatitis or cyst disease.
Seventy patients (31.8%) received neoadjuvant chemother-
apy, while 23 patients (10.5%) had preoperative radiation
therapy. The population flow chart is presented in Fig. 1.

Surgical Outcomes

The most common operation performed was pancreatoduo-
denectomy (PD) in 181 (82%) patients (119 pylorus-pre-
serving and 62 classic-type PD). Fourteen (7%) patients
underwent distal pancreatectomy, and 25 patients (11%)
required total pancreatectomy. Median operative time from
anesthesia induction to extubation was 381 min (range,
168—1146 min). Median estimated blood loss was 800 mL
(range, 100-2500 mL). Median occlusive clamp time for
venous reconstruction was 21 min (range, 5-90 min).

Ninety-day mortality of the entire SMV/PV resection/
reconstruction cohort was 6.8%, and any cause morbidity
was reported in 47.3% of patients. Median length of hospital
stay was 9 days (range, 2—74 days).

The length of hospital stays also increased with the com-
plexity of venous reconstruction from a median of 8 days
for venorrhaphy and primary end-to-end anastomosis to
10 days for autologous vein graft and 30.5 days for prosthetic
graft (p <0.0001). Patients with venous thrombosis experi-
enced a longer hospital stay compared to patients without

Fig.1 Study design and popula-

tion flow chart. Legend: PVR: All patients with pancreatic resection at a
Portal vein resection. SMV/ single academic institution 2007-2019

PV: Superior mesenteric vein/
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thrombosis, median 12 vs 8 days, p=0.0009. Postopera-
tive SMV/PV thrombosis was associated with an increased
90-day mortality (16.7% vs 4.9%, p=0.02) and overall com-
plication rate (69.4% vs 42.9%, p=0.006).

Portal Vein Resection and Reconstruction

Four types of venous resection and reconstruction were used
in 220 unique patients: venorrhaphy 39 (17.7%), primary
end-to-end anastomosis 144 (65.4%), autologous interpo-
sition vein graft 31 (14.1%), and prosthetic interposition
graft in 6 (2.7%). Lateral venorrhaphy was performed as a
direct suture technique in all 39 patients. For patients requir-
ing an interposition vein graft for reconstruction, internal
jugular vein was used for 29 patients, splenic vein 2, bovine
carotid graft 1, cadaveric vein graft 1, and polytetrafluoro-
ethylene (PTFE) graft 4. Median occlusive venous clamp
time required for reconstruction was significantly longer for
interposition vein graft reconstruction compared to venor-
rhaphy or end-to-end anastomosis (31 +£22 vs. 18 + 12 min,
p<0.0001). The splenic vein was ligated at time of the anas-
tomosis and not re-anastomosed in 86 patients (39%) due
to technical challenges or intraoperative decision-making.

Post Venous Reconstruction Management

Sixty-two percent of patients received some form of postop-
erative anticoagulation. The remainder of patients received
only intraoperative intravenous heparin or direct flush-
ing of the SMV and PV with heparin at time of the vein

anastomosis. Postoperative anticoagulation regimen follow-
ing vein resection and reconstruction was not standardized
and reflected the discretion of the primary operative surgeon.
Variability of postoperative anticoagulation was observed:
heparin or vitamin K antagonists (21.7%), antiplatelet ther-
apy with aspirin (33%), or both (7.7%).

PV Thrombosis and Patency

Venous thrombosis occurred in 36 (16.4%) patients after a
median of 15.5 days [IQR 38.5, 1-786]. Fourteen patients
(6.4%) had thrombosis within the first 7 postoperative days.
A significant difference in the rate of thrombosis accord-
ing to venous reconstruction technique was observed. Five
patients (12.8%) developed thrombosis after venorrhaphy,
13.2% after end-to-end anastomosis, 22.6% with autologous
interposition vein graft, and 83.3% with synthetic graft,
p <0.0001. Overall patency rate of all PV/SMV resections
and reconstructions was 92.7% and 88.7% at 1 and 3 months,
respectively (Fig. 2). When patency rate was analyzed
according to type of reconstruction, the use of interposition
prosthetic graft carried the highest risk for thrombosis, as
shown on the Kaplan Meier graph (Fig. 3).

Patients with early (within 7 days) vs. late (>7 days)
thrombosis were compared. Results are presented in Table 1.
The two groups were comparable for all demographic and
intraoperative variables. Clamping time was only available
in a minority of patients but appeared to be significantly
longer in the early thrombosis population. The postopera-
tive anticoagulation regimen was different between the two

Fig.2 Kaplan—Meier analysis
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population of PVR (n=220) *\_\’
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Fig.3 Kaplan—Meier analysis
of patency rates by type of 1.0
reconstruction (venorrhaphy,
n=239/220; primary end-to-end
anastomosis, n = 144/220; autol-
ogous vein graft, n=31/220;
prosthetic graft, n=6/220).
Legend:
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Table 1 Comparison of patients with early (within 7 days) vs. late
thrombosis (> 7 days)

Variable Early Late p value
thrombosis  thrombosis
(n=14) (N=22)

Age (mean +SD) 63.1+145 64.6+13.5 0.75
Gender (M/F) 3/11 10/12 0.17
Obesity (%) 50 27.3 0.29
Smoking (%) 429 31.8 0.72
Neoadjuvant radiation (%) 14.3 13.6 1
Duration (minutes, mean+SD) 4074105 466+ 148 0.2
Type of reconstruction (%) 0.28

Venorrhaphy 14.3 13.6

Primary anastomosis 62.3 45.5

Autologous vein 21.4 18.2

Graft 0 22.7
Blood loss (mL, mean+ SD) 2769 +7148 3140+6021 0.87
Transfusion (%) 85.7 72.7 0.44
Anticoagulation (%) 0.01

None 0 40.9

Heparin or VKA 57.2 22.8

Antiplatelet 21.4 31.8

Both 214 4.5

groups, with a majority of early thrombosis patients being
on heparin/Lovenox (n=_8/14), whereas patients with late
thrombosis were more often not anticoagulated or on aspirin
only (n=16/22).

@ Springer
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Seven of the 36 patients (19.4%) underwent a second
operation for thrombus or consequences of it. The second
operation was performed within a median of 1 day (+1.11,
range 1-4). One patient underwent a third operation for
recurrent thrombosis. During reoperations, a thrombectomy
and revision of the venous reconstruction was performed
in 100%. In 2 cases, ischemic bowel was found. In the first
case, the transverse colon was ischemic, and a partial colec-
tomy with handsewn anastomosis was performed. In the sec-
ond case, due to extensive small bowel necrosis, transition
to comfort measures was decided by the family.

Predictors of Thrombosis

Patients with venous thrombosis were not significantly dif-
ferent from patients without thrombosis in terms of demo-
graphic data or preoperative comorbidities other than obesity
(36% vs 22%) or preoperative biliary stenting (67% vs 45%),
Table 2. No difference in the preoperative serum platelet
count was observed between patients with or without throm-
bosis (244 k+105 vs 257 k=119 k, p=0.54).

When pathology data were compared between these
two groups, no difference in the malignancy rate (94.4%
vs 91.8%, p=1.0) or rate of negative RO margin (70.7% vs
77.4%, p=0.52) was observed. Tumor invasion of the vein
on final pathology was present in 41.7% of patients who
developed thrombosis versus 48.4% of patients who did not
(p=0.47). The univariable analyses regarding demographic
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Table 2 Un.ivariable. a.nalys.is of Variable PV thrombosis No PV thrombosis Uni-

demographic and clinical I‘lS.k (N=36) (N=184) variate p

factors for venous thrombosis value

following pancreatectomy

with venous resection and Demographic

reconstruction in 220 patients Age (mean < SD) 64414 65+10 0.49
Gender (M/F) 12/23 95/89 0.10
Race (% White) 94.4 94.6 0.67
ASA class (% ASA3) 100 93.5 ~1
BMI (kg/m?) 28+18 2745 0.31
Obesity (%) 36.1 22.3 0.09
Smoking (%) 36.1 23.9 0.15

Clinical

Diabetes (%) 333 37.5 0.71
COPD (%) 2.8 7.1 0.48
Liver disease (%) 11.1 4.3 0.11
Hypertension (%) 472 55.4 0.46
Jaundice (%) 61.1 44.6 0.10
Preoperative biliary stent (%) 66.7 44.6 0.02
Neoadjuvant chemo (%) 27.8 32.1 0.7
Neoadjuvant radiation (%) 13.9 9.8 0.55

PV portal vein

and clinical data and perioperative and postoperative vari-
ables are presented in Table 2 and 3, respectively.

Multivariable analysis of patients with thrombosed versus
patent venous reconstruction is summarized in Table 4. Pan-
createctomy type, neoadjuvant chemotherapy, or chemora-
diation did not influence the incidence of PV thrombosis. PV
resection was not independently associated with postopera-
tive pancreatic fistula or delayed gastric emptying. Patients
with postoperative PV/SMV thrombosis experienced signifi-
cantly higher rates of postoperative sepsis in multivariable
regression analysis (25% vs 6%, p=0.03) with a relative
hazard ratio of 4.5 (95% CI 1.2-17.1).

Interestingly, no difference in the rate of SMV/PV throm-
bosis was found for patients who received postoperative
anticoagulation with heparin or vitamin K antagonists or
postoperative antiplatelet therapy with aspirin. Similarly,
there was no difference in the rate of SMV/PV thrombosis
based on splenic vein ligation or reimplantation (44% vs
38%, p=0.64).

Discussion

The intimate anatomic relationship between the pancreas
and the portomesenteric vascular axis often results in venous
involvement by pancreatic inflammation or pancreatic neo-
plasms. The now outdated term of resectability has evolved
over the past few decades as portomesenteric vascular inva-
sion by tumor or infiltration by inflammation is no longer

considered a contraindication to operative resection.'®!!

Up to 30% of patients undergoing pancreatic resection for
cancer require portal or superior mesenteric vein resection
in order to accomplish complete tumor clearance. Portomes-
enteric venous resection achieves higher complete resection
rates with negative margins without significantly increased
mortality and morbidity.®!""°

One of the most serious complications after pancrea-
tectomy with portomesenteric vein resection is venous
thrombosis. In this current single-institution series of 220
pancreatectomies with SMV/PV resection, 16% of patients
developed postoperative venous thrombosis at a median
time of 15 days regardless of the type of anticoagulation
or antiplatelet regimen. Vein reconstruction with interposi-
tion grafting carried the highest risk for thrombosis. Venous
thrombosis may be attributable to technical factors related
to the reconstruction or other pre-disposing factors such as
intra-abdominal sepsis that was found to be highly associated
with SMV/PV thrombosis. The increased 90-day mortality
associated with venous thrombosis, 16.7% compared to 4.9%
in patients without thrombosis (p =0.02), may result from
severe complications associated with acute SMV/PV throm-
bosis including bleeding or ascites production from sudden
onset portal hypertension, intestinal venous ischemia, or
anastomotic breakdown.?’ Acute portal vein thrombosis after
pancreatectomy is not necessarily a devastating complication
by itself and can be an incidental finding during contrast-
enhanced cross-sectional imaging in asymptomatic patients.
Delayed presentation of portal vein thrombosis more than
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Table 3 Univariable

analysis of perioperative and
postoperative risk factors for
venous thrombosis following
pancreatectomy with venous

resection and reconstruction in

220 patients

Variable PV thrombosis No PV thrombosis Univariable p value
(N=36) (N=184)

Perioperative
Duration (minutes) 443+ 134 389+120 <0.0001
Type of pancreatectomy (%) 0.34

PD 33 272

PPPD 50 54.9

DP 11.1 54

TP 5.6 12.5
Type of reconstruction (%) <0.0001

Venorrhaphy 13.9 18.5

Primary anastomosis 8 67.9

Autologous vein 19.4 13

Graft 13.9 0.5
Splenic vein ligation (%) 44 38 0.64
Clamp time (minutes) 35.1 22.4 <0.0001
Blood loss (mL) 3003 +£5662 1301+1972 0.015
Transfusion (%) 77.8 38.6 0.02
Blood transfused (units) 9+15 4+6 0.0007
Postoperative
Anticoagulation (%) 0.41

VKA 36.1 25.5

Antiplatelet 27.8 34.2

Both 11.1 7.1
90-day mortality (%) 16.7 4.9 0.02
Overall 30-day complications (%) 69.4 42.9 0.006
LOS (days) 16 +14 11+7 0.0009
Superficial SSI (%) 13.9 6.5 0.16
Deep SSI (%) 2.8 0.5 0.30
Organ space SSI (%) 25 6.5 0.002
Wound dehiscence (%) 0 1.6 ~1
Pneumonia (%) 8.3 4.9 0.42
Unplanned reintubation (%) 13.9 54 0.08
Pulmonary embolism (%) 0 0.5 ~1
Ventilator >48 h (%) 25 7.6 0.005
Acute renal failure (%) 11.1 8.3 0.015
Urinary tract infection (%) 11.1 4.9 0.24
Cardiac arrest (%) 5.6 2.2 0.25
Myocardial infarction (%) 5.6 0.5 0.07
Sepsis (%) 25 6 0.001
Septic shock (%) 11.1 6 0.28
POPF (%) 13.6 49 0.06
DGE (%) 27.8 16.8 0.16

PV portal vein, PD pancreatoduodenectomy, PPPD pylorus-preserving pancreatoduodenectomy, DP distal
pancreatectomy, TP total pancreatectomy, VKA vitamin K antagonist, LOS length of stay, SSI surgical site

infection, POPF postoperative pancreatic fistula, DGE delayed gastric emptying

6 months after pancreatectomy for pancreatic cancer often

reflects locoregional tumor recurrence.

21-23

Rates of thrombosis following pancreatoduodenectomy
with portal vein resection, reported in several retrospective
series with variable length of follow-up, range from 11

@ Springer

to 25%.'%2023-27 In the present study, venous thrombosis
after resection and reconstruction was 16% and similar to
previously reported studies.?! Reconstruction with pros-
thetic interposition grafting carried the highest risk for
thrombosis (13.9%) in this study. Past studies attempted
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Table 4 Multivariable analysis of risk factors for venous thrombosis
following pancreatectomy with venous resection and reconstruction
in 220 patients

Variable Univariable Multivariable
p value p value

Obesity (%) 0.09 0.06

Preop biliary stent (%) 0.02 0.42
Duration (minutes) <0.0001 0.79

Type of reconstruction (%) <0.0001 0.21

Clamp time (minutes) <0.0001 0.99

Blood loss (mL) 0.015 0.81
Transfusion (%) 0.02 0.81

Blood transfused (units) 0.0007 0.71

30-day mortality (%) 0.02 0.54

Overall complications (%) 0.006 0.73

LOS (days) 0.0009 0.57

Organ space SSI (%) 0.002 0.13
Unplanned reintubation (%) 0.08 0.57
Ventilator >48 h (%) 0.005 0.41

Acute renal failure (%) 0.015 0.09
Myocardial infarction (%) 0.07 0.05

Sepsis (%) 0.001 0.03 (RR=4.5,

95% CI
[1.2-17.1])

POPF (%) 0.06 0.89

POPF postoperative pancreatic fistula

to analyze the role of the type of venous reconstruction
with regard to thrombosis and established an association
between prosthetic PTFE graft reconstruction of the SMV/
PV with poor outcomes.'® A systematic review by Chan-
drasegaram et al. suggested that prosthetic graft use during
vein reconstruction was a risk factor for thrombosis even
though statistical significance was not demonstrated due
to a small number of patients.28 Other studies, however,
have shown that PTFE graft use for vein reconstruction is
associated with a vein patency rate of 64% at 1 year.?>*’
Chu et al. also showed that early portal vein thrombo-
sis was more common in patients who had a prosthetic
PTFE graft reconstruction.?> The selection of interposi-
tion graft reconstruction should be weighed against the
increased risk of thrombosis associated with prosthetic
material. In most cases, an end-to-end venous anastomosis
can be achieved without tension after appropriate mobi-
lization of the root of the mesentery and liver ligaments
even when the length of the resected vein is over 5 cm.>°
Venous thrombosis was associated with a nearly 5 times
increased risk of postoperative sepsis that raises a ques-
tion of causality. Infection is a well-described independent
risk factor for thrombosis. Intra-abdominal sepsis creates a
hypercoagulable state that may potentiate mesenteric vein
thrombosis similar to the phenomenon that is observed in

patients with infected pancreatic necrosis.*' Intra-abdom-
inal sepsis due to organ-space infection may cause a direct
compressive effect on the portomesenteric venous circu-
lation leading to thrombosis. Conversely, primary SMV/
PV thrombosis can lead to mesenteric venous stasis with
possible ischemia and the risk of bacterial translocation.

Due to the retrospective design of this study, portomes-
enteric vein thrombosis could represent either the cause or
effect of sepsis. However, while sepsis developed in 25% of
patients who experienced SMV/PV thrombosis after vein
resection and reconstruction, only 14% of the thrombosis
cohort had a postoperative pancreatic fistula.

Several studies have analyzed the optimal postoperative
anticoagulation regimen following venous resection and
reconstruction.'>?328-3932 However, we did not find any
difference in the incidence of thrombosis associated with
the type of postoperative anticoagulation or antiplatelet regi-
men. While all patients in this study received full systemic
heparinization prior to vein clamping at the time of resec-
tion, prophylactic regimens varied according to individual
surgeon preference in the postoperative period. Once SMV/
PV thrombosis was diagnosed, patients were all treated with
therapeutic unfractionated or low molecular weight fraction-
ated heparin as a bridge to a vitamin K antagonist. A recent
meta-analysis incorporating 13 studies (N=361 patients)
with both benign and malignant pancreatic pathologies
found no differences in morbidity, mortality, or incidence
of early portal vein thrombosis after pancreatectomy with
venous resection and reconstruction regardless of the post-
operative anticoagulation and/or antiplatelet regimen (aspi-
rin, clopidogrel, heparin, vitamin K antagonist).?®

Even though this single center study is the largest ret-
rospective review of a prospective pancreatectomy out-
comes database to examine the incidence and risk factors
for portomesenteric thrombosis after pancreatectomy with
vein resection and reconstruction, we recognize several
limitations. A single-institution surgical series spanning
over 12 years includes outcomes reflecting practice changes
with regards to pre-, peri-, and postoperative management.
Although the use of neoadjuvant chemotherapy and chemo-
radiation increased during the study period, especially for
patients with borderline resectable or locally advanced pan-
creatic cancer, we did not observe an association with post-
operative SMV/PV thrombosis after PVR. The type of vein
reconstruction and indication for each technique, including
intraoperative decision-making with regard to splenic vein
reimplantation, reflected individual surgeon preference in
this study as did the choices of prophylactic anticoagulation
in the postoperative setting. Routine portal venous duplex
or contrast-enhanced cross-sectional imaging was not per-
formed routinely in all patients; thus, the incidence of early
SMV/PV thrombosis is not captured for asymptomatic
patients without clinically apparent complications.
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In conclusion, this current series suggests that portal vein
thrombosis after portal vein resection during pancreatec-
tomy is a common complication (16%) and is associated
with a complicated postoperative course and increased
mortality. Primary venous reconstruction with either direct
venorrhaphy or tension-free end-to-end anastomosis should
be attempted as a first choice as the use of an interposition
graft, especially synthetic, carries significant risk for venous
thrombosis.
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