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Abstract
High- grade portal vein thrombosis (PVT) is often considered to be a techni-
cally challenging scenario for liver transplantation (LT) and in some centers a 
relative contraindication. This study compares patients with chronic oblitera-
tive PVT who underwent portal vein recanalization– transjugular intrahepatic 
portosystemic shunt (PVR- TIPS) and subsequent LT to those with partial non-
occlusive PVT who underwent LT without an intervention. This institutional re-
view board- approved study analyzed 49 patients with cirrhosis with PVT from 
2000 to 2020 at our institution. Patients were divided into two groups, those 
that received PVR- TIPS due to anticipated surgical challenges from chronic 
obliterative PVT and those who did not because of partial PVT. Demographic 
data and long- term outcomes were compared. A total of 35 patients received 
PVR- TIPS while 14 did not, with all receiving LT. Patients with PVR- TIPS had 
a higher Yerdel score and frequency of cavernoma than those that did not. 
PVR- TIPS was effective in decreasing portosystemic gradient (16 down to 
8 mm HG; p < 0.05). Both groups allowed for end- to- end anastomoses in 
>90% of cases. However, veno– veno bypass was used significantly more in 
patients who did not receive PVR- TIPS. Additionally, patients without PVR- 
TIPS required significantly more intraoperative red blood cells. Overall sur-
vival was not different between groups. PVR- TIPS demonstrated efficacy in 
resolving PVT and allowed for end- to- end portal vein anastomoses. PVR- 
TIPS is a viable treatment option for chronic obliterative PVT with or without 
cavernoma that simplifies the surgical aspects of LT.
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INTRODUCTION

Portal vein thrombosis (PVT) is a well- described serious 
complication of cirrhosis that ultimately causes cessation 
of portal blood flow. The prevalence of PVT among pa-
tients with cirrhosis ranges from 4.4% to 15%.[1] Acute 
symptomatic PVT most often presents as abdominal 
pain, intestinal ischemia, nausea, fever, and splenomeg-
aly. Chronic PVT, by contrast, typically begins asymptom-
atically due to hepatic arterial vasodilation and so- called 
venous rescue or the development of venous collaterals 
around the portal vein thrombus. Chronic PVT can slowly 
progress to ascites, variceal bleeding, hepatic encepha-
lopathy, hepatopulmonary, and hepatorenal syndrome.

PVT is particularly important to diagnose in patients un-
dergoing workup for liver transplantation (LT). Preoperative 
PVT documentation precludes the use of certain types of 
organs at the time of transplant, including marginal grafts 
and livers with more than 30% macrosteatosis.[2,3] For pa-
tients proceeding with transplant, minimal PVT with lumi-
nal expansion can be resolved through standard operative 
techniques that restore physiologic flow into the liver (i.e., 
intraoperative mechanical thrombectomy with end- to- end 
anastomoses, interposition vein, or mesoportal jump grafts).

More severe cases of PVT necessitate using techniques 
that restore nonphysiologic inflow, including renoportal 
anastomoses, portal vein arterialization, and portacaval 
hemitransposition.[4] Nonphysiologic methods, however, 
are associated with a higher incidence of adverse events, 
such as rethrombosis, gastrointestinal bleeding, and poor 
5- year survival.[4] Chronic high- grade PVT also predis-
poses patients receiving LT to increased operative time, 
higher transfusion requirements, and higher rates of rein-
tervention.[5– 9] For these reasons, some transplant centers 
consider diffuse PVT with cavernomatous transformation 
to be a relative contraindication to LT.[10]

More recently, portal vein recanalization (PVR)— 
transjugular intrahepatic portosystemic shunt (TIPS) has 
been employed in patients with obliterative PVT and cav-
ernoma as a means of restoring portal vein inflow. This 
permits end- to- end anastomoses at LT, simplifying sur-
gery and improving long- term outcomes. Work published 
by Salem et al.[11] demonstrated adequate safety and ef-
ficacy of PVR- TIPS in patients with complete/near com-
plete (>95%) portal vein occlusion and cavernoma. There 
are no data describing posttransplant outcomes of this 
procedure to potentiate LT in PVT compared to those that 
do not. This is the subject of our report.

PATIENTS AND METHODS

Patient selection and study design

This analysis was institutional review board approved 
and compliant with the Health Insurance Portability and 
Accountability Act. The population includes patients 

with evidence of PVT during consideration of LT be-
tween 2000 and 2020. Laboratory values (liver function 
tests, coagulation studies, basic chemistry, complete 
blood count) and preoperative cross- sectional imaging 
(computed tomography [CT], magnetic resonance im-
aging [MRI]) were reviewed at a weekly liver multidisci-
plinary conference with physicians from interventional 
radiology, transplant surgery, and hepatology. There, 
determination for how to proceed was made by con-
sensus. In patients with expansile PVT where a simple 
thrombectomy intraoperatively was deemed feasible 
by transplant surgery, those patients were listed and 
ultimately underwent LT without intervention. In con-
tradistinction, patients in which the portal vein was not 
visible and occluded, often associated with large caver-
nomas, were listed but requested by transplant surgery 
to undergo pre- LT PVR- TIPS by interventional radiol-
ogy. This analysis compared outcomes of patients with 
severe PVT that underwent pre- LT PVR- TIPS to those 
with minor PVT that underwent LT without PVR- TIPS.

Baseline characteristics

Basic demographic and clinical information were col-
lected, including age, sex, and etiology of liver disease. 
Details from preoperative imaging, such as presence of 
portosystemic shunts, extension of portal vein throm-
bus, and presence of cavernoma (collaterals surround-
ing the portal vein perfusing the liver), were recorded. 
PVT was classified according to the Yerdel grading 
system (grade 1, <50% occlusion of main portal vein 
with no or minimal obstruction of superior mesenteric 
vein [SMV]; grade 2, >50% obstruction of main portal 
vein, including total obstruction; grade 3, complete ob-
struction of main portal vein and proximal SMV; grade 
4, complete obstruction of the portal vein and SMV).[7] 
Child- Pugh (CP) class was determined for every 
patient.

PVR- TIPS procedure

All patients underwent cardiac workup by echocar-
diogram to rule out underlying cardiac pathology and 
confirm LT clearance in case of post- PVR- TIPS decom-
pensation. All PVR- TIPS cases were performed under 
general anesthesia. The internal jugular vein access 
was obtained by standard method, and a 10 French 
sheath was advanced into the right atrium for pre- TIPS 
pressure measurement. The sheath was then placed in 
the hepatic vein for wedged hepatic vein venography 
to confirm presence and extent of PVT noted on imag-
ing. PVR was subsequently conducted by transjugular, 
transsplenic, or transhepatic approaches. Early on in 
our experience with PVR- TIPS, we attempted to cath-
eterize portal radicals through transjugular access. 
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When this was not possible, the portal radicals were se-
lected percutaneously (transhepatic approach) through 
a 21- gauge needle. A catheter was then advanced after 
recanalizing through the chronically occluded main 
portal vein. Contemporarily, the standard of care at our 
institution for PVR is by splenic vein access because 
it is technically easier.[12] In the transsplenic approach, 
the splenic vein was selected under ultrasound guid-
ance and a catheter was advanced through the splenic 
vein and PVT. This technique has been described.[11,12]

After achieving main portal vein access across the 
thrombus, a 10- mm gooseneck snare was placed in an 
intrahepatic portal vein as a puncture target. Following 
puncture into the snare, a wire was used for body floss 
access. The sheath was upsized, and splenoportogra-
phy was performed. Finally, a TIPS stent was placed, 
permitting a 4– 6- cm portion of nonstented portal vein 
to remain for end- to- end anastomoses at the time of 
LT. Originally, shunt embolization, if necessary, was 
conducted 1 month after the procedure at the time of 
the follow- up TIPS venogram. Since the advent of the 
trans- splenic approach, however, our group has begun 
to embolize shunts during the TIPS procedure.

Follow- up and liver transplant

TIPS procedural details, including length of radiation 
exposure, fluoroscopic dose, and time between TIPS 
and transplant, were tabulated for the cohort that un-
derwent PVR- TIPS. Preprocedural and postprocedural 
portosystemic gradients and CP scores were com-
pared. Adverse events following PVR- TIPS and before 
LT were graded according to guideline standards.[13]

Important surgical details of LT were recorded, in-
cluding inferior vena cava reconstruction technique 
(piggyback vs. cavoplasty), portal vein reconstruction 
technique, and use of veno– veno portosystemic bypass 
(VVB). Adverse events from transplant were evaluated 
in accordance with the Clavien- Dindo classification 
system, and quantity of blood products transfused was 
used as a proxy for intraoperative blood loss.[14]

Statistical analysis

Statistical analysis for all data was conducted with 
Microsoft Excel and MedCalc. Continuous variables 
were depicted as medians and interquartile ranges 
(IQRs). Categorical variables were represented as a 
percent of the whole. Chi- squared and two- tailed un-
paired Student t tests were used to compare charac-
teristics and outcomes between the PVR- TIPS and 
non- PVR- TIPS cohorts. Blood products transfused 
during transplant were represented as medians with 
IQRs and evaluated for significance using a nonpara-
metric Mann- Whitney U test. Overall survival between 

groups was performed using Kaplan- Meier. p < 0.05 
was considered significant.

RESULTS

We identified 49 patients in need of LT with radiographic 
evidence of PVT. Of these, 14 patients with partial PVT 
underwent immediate LT without intervention; 35 pa-
tients with chronic obliterative PVT were listed but un-
derwent PVR- TIPS in order to enhance outcomes and 
permit portal end- to- end anastomosis. Representative 
images of a patient with partial PVT undergoing LT 
without TIPS and a patient with cavernoma undergoing 
pre- LT PVR- TIPS are shown in Figures 1 and 2A,B, 
respectively. Demographic information for these two 
groups is shown in Table 1. The average age at trans-
plant was 55 years in the PVR- TIPS group and 50 years 
in the non- PVR- TIPS group (p > 0.05). All patients had 
evidence of PVT on preoperative imaging (35 patients 
were diagnosed on abdominal MRI, 14 were diagnosed 
on abdominal CT). The most common etiology for end- 
stage liver disease was nonalcoholic steatohepatitis 
(n = 14), followed by alcoholic cirrhosis (ethanol cir-
rhosis) (n = 13) and hepatocellular carcinoma (n = 13). 
Other causes included primary sclerosing cholangitis, 
autoimmune hepatitis, hepatitis C, hepatitis B, and bil-
iary atresia. The two study groups were comparable in 
terms of severity of liver disease, as evidenced by simi-
lar CP class distribution between the groups.

Both cohorts presented with a similar frequency of 
portosystemic shunts, including esophageal and gas-
tric varices, as well as splenorenal shunts. However, 
the cohorts were significantly different in severity of 
PVT. As expected, the PVR- TIPS group exhibited 
worse PVT, initially prohibiting them from being listed 
for LT in our center. The average Yerdel grade for 
the PVR- TIPS group was 2.2, including two grade 1, 
23 grade 2, 10 grade 3, and no grade 4. The average 
Yerdel grade for the non- PVR- TIPS group, in contrast, 
was 1.5, including 10 grade 1, two grade 2, one grade 3, 

F I G U R E  1  Coronal MRI demonstrating expansile bland 
thrombus in the main portal vein. No pre- LT intervention was 
performed
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and one grade 4. The presence of cavernoma, deemed 
to impart an added surgical risk to LT, was more com-
monly found in patients who underwent PVR- TIPS than 
those who did not (p < 0.05).

PVR- TIPS was conducted a median of 9 months 
after diagnosis of PVT. Symptomatology before PVR- 
TIPS most commonly included ascites, hepatic enceph-
alopathy, and abdominal distention. The median age at 
TIPS was 57 years (Table 2). The median length of the 
radiation exposure was 40 minutes, and the median flu-
oroscopic dose was 1.9 Gray. A total of 12 patients un-
derwent PVR- TIPS by a transsplenic approach, while 5 
required a percutaneous transhepatic approach for por-
tal vein access. Shunts were embolized in 18 patients, 
with 9 patients receiving shunt embolization at the time 
of TIPS and 9 receiving embolization at 1- month TIPS 
venography. PVR- TIPS was technically successful in 
all patients, as demonstrated by patent postprocedural 
portal vein and patent shunt. Fluoroscopic imaging of 
the portal vein before and after PVR- TIPS is depicted 
in Figure 3.

There was a significant drop in portosystemic gradi-
ent on average before and after PVR- TIPS (16 vs. 8 mm 
Hg, respectively; p < 0.05). At the end of the procedure, 
24 (69%) patients demonstrated complete resolution of 
thrombus within the main portal vein. One- month TIPS 
venography demonstrated resolution of thrombus in 12 
out of 17 patients (70%). After TIPS, the CP score in-
creased by 1– 2 points, reflecting further decompensa-
tion, resulting in an increase of patients with CP class C 
(decompensated disease) (p < 0.05). These details are 
tabulated in Table 3.

Adverse events from PVR- TIPS were graded ac-
cording to the Society of Interventional Radiology 
criteria for procedural complications. These are pre-
sented in Table 4. There were a total of 13 minor 
complications, with the most common being hepatic 
encephalopathy requiring nominal therapy (6 patients); 
this was followed by abdominal pain, self- limited as-
cites, and pleural effusion. The most common major 
complication from TIPS was shunt stenosis requir-
ing revision (17%); this was followed by persistent 

F I G U R E  2  Occluded main portal vein and cavernoma. (A) Coronal MRI demonstrating occluded main portal vein and cavernoma. 
Pre- LT intervention was requested by the transplant team. (B) Same patient as A. Intraprocedural venography confirming MR findings of 
occluded main portal vein and cavernoma
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thrombus (14%) and minor bleeding at puncture sites 
(8.5%) that did not require intervention/embolization. 
All other major complications shown in Table 4 (biliary 
fistula, pneumonia, spontaneous bacterial peritonitis, 
ascites) required an increase in level of care but did 
not cause permanent adverse sequelae or mortality. 
The average time between TIPS and transplant was 
7.3 months.

Regarding LT, 32 (91%) patients who received PVR- 
TIPS underwent an end- to- end portal vein anasto-
mosis. Three patients required the use of a graft (one 
side- to- end SMV interposition graft and two deceased 
donor end- to- end iliac vein extension grafts). However, 

all received physiologic portal inflow anastomoses. 
Similarly, 13 (93%) patients who did not undergo PVR- 
TIPS achieved end- to- end portal vein anastomosis at 
the time of transplant. One patient in this cohort received 
a donor iliac venous jump graft. None of the grafts in 
either cohort failed or rethrombosed. The frequency of 
different types of caval reconstruction was statistically 
equivalent in both groups as well. Three (8%) patients 
with TIPS and 3 (21%) patients without TIPS had in-
ferior vena cava reconstruction through the piggyback 
technique. All other patients underwent cavoplasty 
(32 patients in the TIPS group vs. 11 patients in the 
non- TIPS group). No patient in either group required 

TA B L E  1  Baseline characteristics

Parameter PVR- TIPS Non- PVR- TIPS p value

Number of patients 35 14

Average age (years) at transplant, mean ± SD 55 ± 12 50 ± 10 0.22

Sex

Male 23 (65.7%) 10 (71.4%) 0.83

Female 12 (34.3%) 4 (28.6%) 0.75

Etiology

ETOH cirrhosis 8 (22.9%) 5 (35.7%) 0.43

Autoimmune hepatitis 4 (11.4%) 0 (0%) 0.21

NASH 11 (31.4%) 3 (21.4%) 0.55

Hepatitis C 6 (17.1%) 5 (35.7%) 0.22

Hepatitis B 3 (8.6%) 0 (0%) 0.27

Hepatocellular carcinoma 11 (31.4%) 2 (14.3%) 0.29

Biliary atresia 1 (2.9%) 0 (0%) 0.53

Primary sclerosing cholangitis 2 (5.7%) 2 (15.4%) 0.34

Clinical presentation

Patients with portosystemic shunts 34 (97.1%) 7 (87.5%) 0.10

PVT imaging

Yerdel classification, mean ± SD 2.2 ± 0.5 1.5 ± 0.9 0.0015

Number of vessels thrombosed, mean ± SD 1.8 ± 0.9 2 ± 0.9 0.46

Patients with cavernoma 17 (48.6%) 1 (7.1%) 0.031

CP class

A 4 (11.4%) 0 (0%) 0.21

B 18 (51.4%) 10 (71.4%) 0.40

C 13 (37.1%) 4 (28.6%) 0.65

Abbreviations: ETOH, ethanol; NASH, nonalcoholic steatohepatitis.

TA B L E  2  PVR- TIPS characteristics

Parameter Number

Number of patients 35

Average age at TIPS, median years (IQR) 57 (13)

Time between PVT diagnosis and TIPS, median months (IQR) 9 (22)

Time between TIPS and transplant, median months (IQR) 5 (19)

Length of radiation exposure, median minutes (IQR) 40 (34)

Fluoroscopic dose, median mGy (IQR) 1948 (3508)
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complete caval replacement. Finally, 4 patients (11%) in 
the PVR- TIPS group underwent multiorgan liver/kidney 
transplants. Four patients (29%) in the non- PVR- TIPS 
group underwent multiorgan transplant with three liver/
kidney transplants and one stomach/pancreas/small 

bowel/liver transplant. The aforementioned surgical de-
tails are presented in Table 5.

Significantly more red blood cells (RBCs; median, 15 
units; IQR, 23 units) were transfused during transplant 
in patients who did not have PVR- TIPS than those who 
had preoperative PVR- TIPS (median, 12 units; IQR, 15 
units). There was no significant difference between the 
amount of fresh- frozen plasma (FFP), platelets, cryo-
globulin, and cell saver used between the two groups. 
VVB was used significantly more in the non- PVR- TIPS 
group. VVB was never used in the PVR- TIPS group.

Adverse events following LT are depicted in Table 6. 
Overall, both groups displayed similar low-  and high- 
grade complication profiles. However, patients without 
preoperative TIPS experienced hematochezia signifi-
cantly more frequently (p < 0.05). Overall survival of 
the two groups is depicted by the Kaplan- Meier curve 
in Figure 4. Median overall survival for the groups was 
not significantly different (log- rank p > 0.05).

DISCUSSION

Some centers consider the presence of chronic ob-
literative PVT with or without cavernoma a relative 

F I G U R E  3  Thrombosed main portal vein and large cavernoma. (Left) Mesenteric venography after recanalization demonstrating a 
thrombosed main portal vein and large cavernoma. (Right) TIPS stent in place, patent main portal vein with 5- cm unstented segment and 
decompression of the cavernoma

TA B L E  3  TIPS procedure results

Pre- TIPS Post- TIPS p value

Child- Pugh class

A 4 (11.4%) 1 (2.9%) 0.67

B 18 (51.4%) 8 (22.9%) 0.80

C 13 (37.1%) 26 (74.3%) <0.0001

Portosystemic gradient, mm Hg 16 8 0.0002

TA B L E  4  TIPS adverse events

Complications Number

Minor complications

Hepatic encephalopathy 6 (17%)

Abdominal pain and distension 3 (8.5%)

Ascites 3 (8.5%)

Pleural effusion 1 (3%)

Major complications

Shunt stenosis 6 (17%)

Persistent thrombus 5 (14%)

Bleeding (hematoma/hemorrhage), no 
intervention required

3 (8.5%)

Biliary fistula 1 (3%)

Pneumonia 1 (3%)

Spontaneous bacterial peritonitis 1 (3%)

Ascites 1 (3%)
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contraindication for LT. The 35 patients in our study who 
had high- grade PVT/cavernoma were initially deemed, 
by transplant surgery, to be surgically challenging and 
high risk for LT without a portal intervention; they were 
recommended for PVR- TIPS. The 14 patients who were 
deemed to be able to receive a transplant, on the other 
hand, had low Yerdel grades (71% had Yerdel grade 1) 
and rarely exhibited cavernoma on preoperative imag-
ing. It is our understanding that other institutions oper-
ate similarly when recommending LT to patients with 
PVT. This is likely because chronic PVT necessitates 
nonphysiologic flow reconstruction of the portal vein 
at the time of transplant, which is associated with sub-
optimal outcomes. Portocaval hemitransposition, for 
example, can predispose patients to variceal bleeding 
requiring reintervention, azotemia, and persistent por-
tal hypertension.[15] Arterialization of the portal vein can 
cause pulmonary hypertension, right heart failure, and 
renal failure.[16] Multiorgan transplantation is known to 
have a high morbidity and mortality.[17] Finally, renopor-
tal anastomoses, largely used for patients with spleno-
renal shunts, predispose patients to rethrombosis, 
renal failure, and recurrent ascites.[18]

The limitations of surgical management of high- grade 
PVT in patients receiving LT necessitates alternative 
interventions, such as PVR- TIPS. TIPS in the setting 
of PVT was first described by several authors in the 
mid 1990s.[19– 21] The procedure has since evolved to 
incorporate technical improvements using transsplenic 
access for highly complex cases, as is now routinely 
performed at our institution for chronic obliterative 
PVT.[11,12,22] The goal of PVR- TIPS is to create an open 
unstented PV and allow for end- to- end physiologic flow 
anastomosis of the portal vein at the time of LT. The 
data presented here show that PVR- TIPS (irrespective 
of transjugular, transhepatic, or transsplenic approach) 
is effective at resolving portal venous obstruction. 

Rates of thrombus resolution at the conclusion of TIPS 
and 1- month venography were high and consistent with 
previous findings.[11,23] Recently, the transmesenteric 
route has also been described.[24]

PVR- TIPS was a safe procedure. Frequency of 
minor complications, such as hepatic encephalopathy 
(17%), pleural effusions (3%), and ascites (11.5%), are 
consistent with a previous report of adverse events 
related to PVR- TIPS.[22] Other complications, such as 
shunt stenosis (17%) and persistent thrombus (14%), 
were found in similar extents as earlier reports.[22] Of 
note, shunt embolization, either at the time of TIPS or 
during follow- up, may have helped decrease the risk 
of adverse events. Patients who had shunts embolized 
experienced minor complications, such as hepatic en-
cephalopathy, abdominal pain, and ascites. The only 
major complications experienced by the 18 patients 
who had shunts embolized were two cases of shunt 
stenosis (11%) and one case of persistent PVT (5%). 
This low adverse event rate is presumably due to in-
creased forward flow through the TIPS stent.[25] Further 
investigation into this association is needed in order to 
draw definitive therapeutic conclusions.

The CP score for patients who received PVR- TIPS 
increased by 1– 2 points, reflecting an element of fur-
ther hepatic decompensation. These decompensa-
tions in classification were largely due to small 1- point 
changes in international normalized ratio and bilirubin, 
as would be expected in patients with high- grade PVT. 
Nonetheless, PVR- TIPS improved liver transplant can-
didacy in our cohort. The patients in our study who were 
initially not able to undergo transplantation because 
of high- grade PVT all went on to receive transplants. 
Moreover, 91% of these patients were able to undergo 
end- to- end portal vein anastomosis. Additionally, 
veno– veno bypass was not used in any patient who un-
derwent PVR- TIPS. It was, however, used in 2 patients 

TA B L E  5  Surgical details

Parameter Pre- OLT TIPS OLT without TIPS p value

Portal vein reconstruction

End- to- end anastamosis 32 (91.4%) 13 (92.9%) 0.9624

Graft/conduit 3 (8.6%) 1 (7.1%) 0.8744

Caval reconstruction technique

Piggyback 3 (8.3%) 3 (21.4%) 0.2453

Cavoplasty 32 (88.9%) 11 (78.6%) 0.6643

Blood transfusion

RBC, median units (IQR) 12 (15) 15 (23) 0.0293

FFP, median units (IQR) 11 (15) 14 (23) 0.2187

Platelets, median units (IQR) 4 (5) 3 (2) 0.7795

Cryo, median units (IQR) 2 (4) 2 (4) 0.9920

Cell saver, median units (IQR) 0 (3100) 0 (2252) 0.5093

VVB 0 (0%) 2 (14.3%) 0.0253

Abbreviation: OLT, orthotopic liver transplant.
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(14%) with low- grade PVT who did not have PVR- TIPS. 
Avoiding VVB in LT is an important clinical goal as it 
results in shorter surgical times, shorter anhepatic 
phases, shorter warm ischemia times, and a lower total 
cost of the operation.[26] There are also some reports 
that VVB can cause pulmonary thromboembolism or 
postreperfusion syndrome in up to 30% of patients.[27] 
Patients who had PVR- TIPS also required significantly 
less intraoperative RBC transfusions than patients who 
did not. This is of vital importance as increased trans-
fusion of blood products is highly correlated with liver 
transplant morbidity and mortality.[28] Of note, FFP and 
cryoglobulin were also transfused more on average in 
the non- PVR- TIPS group. These differences may have 
been significant if our study had a higher sample size 
of patients to analyze.

In terms of surgical complications, both groups expe-
rienced similar side- effect profiles. In fact, there were no 

significant differences in adverse events except for he-
matochezia (a low- grade complication found more fre-
quently in the non- PVR- TIPS group). Notably, there was 
an increased incidence of acute kidney injury in the non- 
PVR- TIPS group that may be explained by the high levels 
of blood loss experienced by these patients as measured 
by high quantities of intraoperative RBC transfusions. 
Finally, overall survival was similar between groups.

It is possible that the 35 patients in our study who 
received PVR- TIPS before LT would not have received 
a transplant at other institutions. Historically, lack of 
portal vein visualization and cavernomatous portal 
vein transformation have been considered contraindi-
cations to LT. Complex nonphysiologic vascular recon-
structions for high- grade PVT are occasionally taken 
on by high- volume centers. Meanwhile, multivisceral 
transplantation for obliterative PVT is only offered in 
select centers.[29] Even so, these operations have high 

TA B L E  6  Posttransplant adverse eventsa

Parameter PVR- TIPS n = 35 Non- PVR- TIPS n = 14 p value

Grade 1 total

Abdominal pain 5 (14%) 2 (14%) 1.00

Acute kidney injury 4 (11%) 4 (29%) 0.18

Ascites 7 (20%) 1 (7%) 0.31

Hematoma 4 (11%) 0 0.21

Hepatic encephalopathy 3 (9%) 0 0.27

Pleural effusion 11 (31%) 5 (38%) 0.81

Grade 2 total

Bacteremia 2 (6%) 2 (14%) 0.34

Cholangitis 1 (3%) 0 0.53

Endocarditis 1 (3%) 1 (7%) 0.50

Pancytopenia 2 (6%) 0 0.37

Pneumonia 1 (3%) 1 (7%) 0.50

Spontaneous bacterial peritonitis 2 (6%) 1 (7%) 0.86

Hematochezia 0 2 (14%) 0.026

Grade 3 total

Ascites 1 (3%) 1 (7%) 0.50

Abscess 1 (3%) 1 (7%) 0.50

Biliary leak 1 (3%) 0 0.53

Biliary stricture 9 (26%) 4 (31%) 0.86

Enterocutaneous fistula 0 1 (7%) 0.11

Hepatic artery stenosis 2 (6%) 1 (7%) 0.86

Hematoma 2 (6%) 2 (14%) 0.34

Pleural effusion 2 (6%) 1 (7%) 0.86

Portal vein rethrombosis 3 (9%) 2 (14%) 0.57

Grade 4 total

Chronic kidney disease requiring dialysis 5 (14%) 2 (14%) 1.00

Liver failure 1 (3%) 1 (7%) 0.50

Multiple organ failure 2 (6%) 3 (21%) 0.12
aClavien- Dindo grading system.
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rates of adverse events. After PVR- TIPS, our patients 
with high- grade PVT became excellent surgical candi-
dates and went on to have few posttransplant compli-
cations. PVR- TIPS, therefore, represents an option to 
bridge patients to liver transplantation.

Our group first used PVR- TIPS several years ago. 
Throughout our experience, we have simplified the 
procedure to simple steps that can be adopted by 
other interventional radiologists. Technical consider-
ations, preoperative workup, and expected outcomes 
of the procedure have been detailed extensively by 
Thornburg et al.[12] Thus far, a few PVR- TIPS cases 
conducted in other centers have been showcased on 
social media and described in peer- reviewed jour-
nals.[30] We anticipate more data to be published in the 
coming years as operators become increasingly famil-
iar with the technique.

The primary strength of this study was that it is the 
first study to compare LT in patients who received 
preoperative PVR- TIPS for chronic PVT to those who 
did not. In effect, it compares a high- risk group (com-
plete PVT with cavernoma requiring intervention) to 
a less risky group (partial PVT not requiring inter-
vention). The data spans 20 years and encompasses 
procedures performed by experienced interventional 
radiologists and transplant surgeons. Conversely, this 
study was limited by its small sample size as receiv-
ing PVR- TIPS before LT occurs only in select cases. 
There were also several confounding variables. For 
example, this study was also unable to account for 
advancements in LT techniques and immunosuppres-
sion since 2000. It is therefore possible that some 
of the benefits of PVR- TIPS cases, which were pre-
dominantly performed after 2010, are attributable to 
a better standard of care. Similarly, transsplenic and 
mesenteric approaches to PVR- TIPS have been pio-
neered recently, and the outcomes may have varied 
had all cases been conducted with these new ap-
proaches.[23,24] Another possible confounding variable 

was a higher prevalence of multiorgan transplants in 
the non- PVR- TIPS group (29% vs. 11%). As the pres-
ent analysis focuses on LT, multiorgan transplants 
may have inappropriately skewed overall survival by 
contributing to morbidity and mortality. Finally, while 
the rate of mild PVT in our patient with LT population 
may seem low, it should be noted that the presence 
of PVT is often documented from operative findings 
while this analysis focuses on gross PVT and cav-
ernoma documented at imaging.

PVR- TIPS is an effective option for patients in need 
of LT afflicted with chronic obliterative PVT with cav-
ernoma. Through this technique, normal portal physio-
logic inflow can be achieved at the time of transplant. 
Postoperative adverse events and survival of patients 
with high- grade high- risk PVT who receive PVR- TIPS 
are comparable to those patients with low- grade low- risk 
PVT who undergo transplantation directly. Thus, PVR- 
TIPS is an important neoadjuvant option and represents 
an added tool to other surgical techniques for patients 
with extensive PVT awaiting liver transplantation.
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