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Abstract

Complications of portal hypertension, including ascites, gastrointestinal bleeding, hepatic
hydrothorax, and hepatic encephalopathy are associated with significant morbidity and mortality.
Despite few high quality randomized controlled trials to guide therapeutic decisions, transjugular
intrahepatic portosystemic shunt (TIPS) creation has emerged as a crucial therapeutic option

to treat complications of portal hypertension. In North America, the decision to perform TIPS
involves gastroenterologists, hepatologists, and interventional radiologists, but TIPS creation is
performed by interventional radiologists. This is in contrast to other parts of the world in which
TIPS creation is primarily performed by hepatologists. Thus, the successful use of TIPS in North
America is dependent on a multidisciplinary approach and technical expertise, so as to optimize
outcomes. Recently, new procedural techniques, TIPS stent technology, and indications for TIPS
have emerged. As a result, practices and outcomes vary greatly across institutions and significant
knowledge gaps exist. In this Consensus statement, the Advancing Liver Therapeutic Approaches
(ALTA) group critically reviews the application of TIPS in the management of portal hypertension.
ALTA convened, for the first time, a multidisciplinary group of North American experts from
hepatology, interventional radiology, transplant surgery, nephrology, cardiology, pulmonology, and
hematology to critically review existing literature and develop practice-based recommendations
for the use of TIPS in persons with any cause of portal hypertension in terms of candidate

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 August 01.
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selection, procedural best practices and post-TIPS management; and to develop areas of consensus
for TIPS indications and prevention of complications. Finally, future research directions are
identified related to TIPS for the management of portal hypertension.

Keywords

TIPS procedure; cirrhosis; end-stage liver disease; complications; consensus statement; guidance
document; ascites; variceal bleeding

INTRODUCTION

Portal hypertension, defined as elevated pressure in the portal venous system, can lead

to major clinical complications including ascites, gastrointestinal hemorrhage, hepatic
hydrothorax (HH), and hepatic encephalopathy (HE), all associated with significant
morbidity and mortality.l While medical therapies and liver transplantation (LT) are
effective treatments in many scenarios, transjugular intrahepatic portosystemic shunt (TIPS)
creation is a crucial therapeutic option.(Figure S1)

In North America, the decision to perform TIPS is determined by specialists in
gastroenterology and hepatology who treat patients with portal hypertension, but TIPS
creation is performed by interventional radiology (IR). This is in contrast to other

parts of the world (e.g., Europe) in which hepatologists primarily perform TIPS. While
TIPS creation is effective for management of complications of portal hypertension,2~’

it is associated with several risks, including deterioration in liver function, new onset

or worsening HE,8 and changes in cardiopulmonary and renal hemodynamics (Figure
S1).2 Over the past decade there have been important advancements in TIPS devices,
procedural techniques, and immense growth in the literature supporting the role of TIPS
in the management of portal hypertension.19: 11 However, there are few high quality
randomized controlled trials (RCTs) of TIPS use. New indications for TIPS placement
have also emerged, including treatment of portal vein thrombosis (PVT), which require
rigorous assessment. As a result, practices and outcomes vary greatly across institutions and
significant knowledge gaps exist.

The goals and objectives of the Advancing Liver Therapeutic Approaches (ALTA)
Consensus Conference were to convene, for the first time, a multidisciplinary group of
North American experts from hepatology, IR, transplant surgery, nephrology, cardiology,
pulmonology, and hematology to critically review existing literature and develop practice-
based recommendations for the use of TIPS in persons with any cause of portal hypertension
in terms of candidate selection, procedural best practices and post-TIPS management
across seven key topic areas: general considerations for TIPS, TIPS in the management

of ascites/HH, TIPS in the management of variceal bleeding, novel indications for

TIPS, cardiopulmonary considerations of TIPS including management of hepatopulmonary
syndrome (HPS), renal considerations of TIPS including management of hepatorenal
syndrome (HRS), and HE and TIPS.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 August 01.
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METHODS

A consensus-building process was conducted consistent with standards described in the
Appraisal of Guidelines for Research and Evaluation 1112 and used a modified Delphi
approach to achieve consensus (Supplemental Methods).13 Practice-based recommendations
were developed by 30 ALTA group members with extensive experience in the management
of portal hypertension and the use of TIPS, who participated in the consensus conference
held on October 23, 2020. The target users are gastroenterologists, hepatologists and sub-
specialty physicians who refer for TIPS and/or provide care for patients undergoing TIPS.

PubMed, EMBASE, and Cochrane were queried for English language papers published
between January 1, 1990 and July 1, 2020. The target population was persons with any cause
of portal hypertension undergoing TIPS. Terms were chosen through input from participants
and by consultation with a medical librarian (Supplemental Methods). We considered
peer-reviewed articles in the following order of relevance: RCTs, systematic reviews and
meta-analyses, and observational studies. For select topics where studies were limited, case
reports were included. Between August 2020 and October 2020, literature for each topic
was iteratively discussed by workgroups of physicians with expertise in the identified topics.
Level of evidence for all consensus statements was graded using the Oxford Centre for
Evidence-based Medicine Levels of Evidence.14

RESULTS AND DISCUSSION

The literature search yielded 2,116 articles, with 703 remaining after titles and abstracts
were screened for relevance (Supplemental Methods). An additional 81 articles not captured
by the literature search were included on the basis of panel agreement of relevance.

A total of 105 clinical statements were developed for assessment throughout the two
iterations of the Delphi survey. All panelists completed all survey items. After two
iterations of the Delphi survey, 87 statements met the standardized definition for consensus
(Supplemental Methods and Table S1). The recommendations are outlined in Tables 1-3.
The following text provides brief rationale supporting these recommendations. Expanded
rationale, where indicated, is available in the supplemental material.

General Considerations for TIPS

Table 1 summarizes recommendations concerning TIPS planning, procedural best practices,
and care of the TIPS recipient independent of indication for TIPS.

Pre-TIPS Considerations

Q1. Who should be involved in the decision to place a TIPS?: A team-based approach
to TIPS is critical in all stages of TIPS planning and management (Figure 1).15 16 Initial
consideration for decision on TIPS candidacy should involve the patient and caregiver

as well as a gastroenterologist or hepatologist and a proceduralist with competency in

TIPS. Complex cases should include consultation with additional specialties (e.g., transplant
surgery, nephrology, etc.) as appropriate.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 August 01.
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Q2. What services should be readily available at centers where TIPS is performed
and what referral pathways should be established for a higher level of care?: Centers
that offer TIPS creation should ensure availability of multidisciplinary services to provide
high quality care for this high-risk population (Figure 1).16 Centers should have access to
expertise in IR, gastroenterology/hepatology, cardiology, surgery, nephrology, and critical
care medicine. In complex cases, including patients meeting criteria for referral for
transplant or requiring specific technique expertise (e.g., PVT), referral to centers with
additional expertise is recommended.

Q3. _Is there a Model for End-Stage Liver Disease (MELD) threshold above which
elective TIPS should not be considered?: A multidisciplinary approach, rather than

an absolute MELD cutoff, is recommended to assess TIPS candidacy. MELD score is

the strongest predictor of 90-day mortality after TIPS when compared to MELD-Na

and other scoring systems (e.g., Child-Turcotte-Pugh (CTP) score, etc.; Supplemental
Discussion).17-22 MELD score performs better in patients with TIPS for variceal bleeding
compared to patients with refractory ascites (RA).23-25 Studies have examined additional
risk factors for poor outcomes with mixed results, including older age and specific numerical
MELD score cutoffs.24-30 Variability in patient population and study design limit the ability
to determine firm cutoffs.# 31-34 Determination of TIPS candidacy using the MELD score
should take into consideration the relative risk and benefit of TIPS creation, considering the
TIPS indication, patient comorbidities and alternative treatment options.

Q4. What evaluation is required prior to TIPS creation?: Cross-sectional imaging

and echocardiography provide important information for TIPS planning. Cross-sectional
imaging should include portal venous phase imaging to adequately define portal veins,
hepatic veins, and the liver parenchyma to permit planning of TIPS creation. Comprehensive
echocardiography before TIPS is recommended to assess risk for cardiac decompensation
after TIPS (details in cardiopulmonary section).1® Emergent TIPS indications may not allow
a complete anatomic and cardiac evaluation; however, a liver ultrasound with doppler and a
limited two-dimensional echocardiogram should still be considered.

Q5. What are absolute contraindications to elective TIPS creation?: The absolute
contraindications to TIPS creation include American College of Cardiology (ACC)/
American Heart Association (AHA) Stage C or D heart failure (HF, i.e., echocardiographic
evidence of systolic +/- diastolic dysfunction combined with clinical features of HF),3°
AHA/ACC stage C or D untreated valvular heart disease (VHD, i.e., asymptomatic severe
VHD with or without decompensation of the left or right ventricle or symptomatic VHD),36
moderate-severe pulmonary hypertension, uncontrolled systemic infection, refractory overt
HE and anatomic barriers to shunt creation (e.g., multiple hepatic lesions).1> 16

Q6. Should all patients undergo evaluation for LT prior to TIPS creation?: In patients
undergoing elective or emergent TIPS, there is insufficient evidence to recommend universal
pre-procedure LT evaluation. While patients with cirrhosis and RA or variceal bleeding
undergoing TIPS have indications for a LT evaluation, not all will be LT candidates.3” TIPS
should not be delayed in order to consider a LT evaluation.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 August 01.
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TIPS Procedural Considerations

Q7. Who should perform TIPS creation?: TIPS should be performed by a credentialed,
board certified Interventional Radiologist or a certified provider with equivalent training
and procedural competency, acknowledging that training pathways vary worldwide.16: 38
According to radiology professional society guidelines, TIPS placement must be performed
by a physician with board certification or accredited training as well as sufficient
experience with TIPS procedures. In the absence of certification or accredited training,
TIPS placement can be performed by a competent proceduralist defined as one who has
performed competent proceduralist is one who has performed a sufficient number of TIPS
procedures under supervision (minimum threshold = 5), in addition to other endovascular
techniques (i.e., minimum of 100 angiograms, 50 angioplasties, 10 stent placements, and 5
embolizations), has achieved expected procedure completion thresholds, and has obtained
appropriate privileges at their center.38

Q8. What type of stent is recommended for TIPS creation?: Numerous studies have
demonstrated improved patency, ascites control and rebleeding prevention with the use of
expanded polytetrafluoroethylene (ePTFE) covered stent grafts versus bare metal stents at
the time of TIPS creation.3%-46 The use of a specialized purpose-designed stent graft appears
to yield superior patency compared with shunts created with off-label use of bare metal
stent/stent graft constructs.’ Use of a controlled-expansion stent that allows for incremental
and reliable expansion of stent diameter is recommended in order to optimize the amount

of portosystemic shunting based on the indication, patient risk factors, and target gradient,
while potentially mitigating the risk of HE.1% Underdilation of a self-expanding stent with a
fixed diameter as a method of decreasing HE risk is not recommended because the stent will
passively expand over time to its nominal diameter..48: 49

Q9. Should coagulopathy be corrected prior to TIPS creation?: It is unclear whether
correction of coagulopathy to a specific target internationalized normal ratio (INR) or
thrombocytopenia decreases complications or improves survival after TIPS.%0 INR and
platelet count are poor measures of bleeding risk in patients with cirrhosis and routine
transfusion of blood products prior to invasive procedures does not portend lower
procedural bleeding risk.>1-55 However, these studies primarily include patients undergoing
paracentesis and liver biopsy, and it is unclear if the results can be extrapolated to patients
undergoing TIPS creation, which carries a higher bleeding risk. Plasma fibrinogen levels <
100 mg/dL are associated with increased bleeding risk in critically ill patients with cirrhosis,
but causal relationships are not established.>° The role of correction to levels > 100 mg/dL
and reduction of bleeding risk during TIPS creation is unknown.>®

Q10. Should periprocedural antibiotics be routinely used in TIPS creation?: The use
of periprocedural antibiotics will depend on patient (e.g., prior biliary instrumentation) or
local risk factors.?8: 57 There is insufficient evidence that the routine use of periprocedural
antibiotics decreases infectious complications after TIPS creation.

Q11. Should TIPS creation be performed using general anesthesia or is deep or
conscious sedation appropriate?: There is no evidence that the use of any specific type

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 August 01.
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of anesthetic has an impact on procedural success, complication rate, or post-procedure
outcomes. The use of general anesthesia, deep sedation, or conscious sedation will depend
on patient risk factors and local practices.

Q12. Isthe use of intravascular ultrasound recommended to assist with the portal
vein puncture?: The use of intravascular ultrasound to facilitate access into the portal vein
is associated with decreased needle passes through the liver, contrast use, procedure time,
time to portal access, and radiation exposure.>8 59 However, no studies have shown that the
use of intravascular ultrasound reduces complication rates or improves survival after TIPS
creation.

Q13. What is the optimal location from which to measure the systemic venous
pressure at the time of TIPS creation?: Either the free hepatic or IVC pressure should
be used as the systemic venous pressure when measuring the PSG before and after

TIPS creation. In patients with cirrhosis, the use of the free hepatic venous pressure or
the inferior vena cava (IVVC) pressure as the systemic venous pressure, rather than the
right atrial pressure (RAP), when calculating the hepatic venous pressure gradient is well
validated.59: 61 Studies have shown the efficacy of these measurements when assessing
clinical response following TIPS creation.52-64 These studies have also demonstrated a
statistically significant difference between the hepatic venous or 1\VVC pressure compared
to the RAP due to the effect of intra-abdominal pressure. This difference decreases the
prognostic value of the portosystemic gradient (PSG) when the RAP is used and could
potentially lead to under- or over-dilation of the TIPS stent to achieve a target gradient.54

Q14. Are there specific technical factors that should be considered to ensure that
TIPS creation does not adversely influence liver transplant candidacy?: LT candidacy
should not be impacted by creation of TIPS. The presence of a patent TIPS in patients
undergoing LT is unlikely to negatively impact surgical outcomes although it may increase
surgical complexity.55-68 During LT, the presence of TIPS may cause hyperdynamic
circulation and increased portal flow,%7: 89 but does not impact blood transfusion
requirements, operative time, or hospital length of stay.65-68 Operative factors are more
favorable with TIPS compared to pre-transplant surgical shunts.%6 TIPS malposition may
affect up to 20% of transplants;56: 68 therefore, care should be taken to ensure that the TIPS
device does not extend into the right atrium and leaves a segment of the portal vein for
transplant anastomoses.

Care of the Post-TIPS Patient

Q15. What is the recommended duration of intensive post-procedure

monitoring?: Most patients may be safely monitored overnight in an acute care unit after
TIPS creation. Patients at high risk for TIPS-related decompensation based on patient factors
(e.g., cardiac dysfunction, overt HE) or immediate complication based on intraprocedural
events (e.g., trans-splenic approach) may require a higher level of care.

Q16. What early testing is recommended following TIPS creation and at what
interval?: Laboratory evaluation to assess for bleeding, hepatic dysfunction and to allow

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 August 01.
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calculation of MELD score prior to discharge after TIPS creation is considered standard of
care (Supplemental Discussion). Because early TIPS thrombosis is rare in the era of ePTFE-
covered TIPS#L: 46 and early Doppler ultrasound of ePTFE-covered TIPS flow is obscured
by the presence of microbubbles,”% 71 early post-TIPS Doppler ultrasound interrogation

is unlikely to impact clinical decisions and is not routinely recommended. However, early
imaging in select patients with high risk of early thrombosis (e.g., underlying thrombophilia)
may be appropriate.

Q17. Should TIPS venography and intervention be based on ultrasound, clinical
findings, or both?: The decision to perform TIPS venography and intervention should
depend on the indication for TIPS creation due to low specificity (33-95%) and high false
positive rates (50%) of Doppler ultrasound for detecting TIPS dysfunction.”® 72 In patients
who have undergone TIPS for management of varices, TIPS stenosis will increase the PSG
and risk for subsequent variceal hemorrhage.” Clinical (e.g., ascites) or Doppler ultrasound
findings suggesting stenosis in this cohort should prompt TIPS venography and manometry,
where stenosis can be confirmed and intervened upon or refuted. In patients who undergo
TIPS for ascites/HH and with absence of clinically apparent ascites/HH, intervention based
on Doppler ultrasound findings suggesting TIPS stenosis depends on other clinical factors. If
ascites/HH is well-controlled, confirmation of TIPS stenosis by venography and manometry
may not necessarily prompt intervention.

In patients who undergo TIPS to reestablish portal vein patency, routine scheduled TIPS
venography and manometry +/- intervention is suggested within 1-2 months following
portal vein recanalization and TIPS creation in order to assess for residual thrombus,
perform additional portal vein recanalization, and embolize spontaneous competing
portosystemic shunts as needed in order to help maintain portal vein patency (see
Supplemental Discussion).’*

Q18. What are the optimal techniques for altering TIPS flow when intervention is
required?: When an indication to change the PSG is identified, stepwise dilation of a
controlled expansion stent is the least invasive way to achieve this goal. When a TIPS

has been dilated to its maximum potential diameter, the next step relies on individualized
decision-making. Interventions to further decrease the PSG include parallel TIPS creation
and medical therapy. Multiple techniques have been described to increase the PSG by
constraining the flow lumen of pre-existing TIPS. Comparative data between TIPS reduction
techniques do not exist.

Q19. Who should see patients with TIPS in follow up?: We recommend a
multidisciplinary approach to post-TIPS management involving a gastroenterologist/
hepatologist and a proceduralist given the need for ongoing liver care as well as monitoring
for any post-procedural complications and potential need for TIPS revision (Figure 2).15 16

Specific Considerations for TIPS by Indication

The approach to TIPS creation should differ depending on clinical indication, as the optimal
balance between efficacy and morbidity may vary (Table 2).

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 August 01.
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TIPS in Ascites or HH

Q1. What is the optimal technical approach to TIPS creation among patients with
cirrhosis and RA?: In the setting of elective TIPS for ascites, there is time to carefully
titrate the amount of portal decompression obtained while monitoring for shunt morbidity,
including HE. After weighing the advantages and disadvantages of various approaches
(Table S1), we favor the creation of a small diameter TIPS (8 mm, based on the minimum
8 mm diameter with current generation on-label use of controlled expansion stent graft)
followed by progressive dilation, if needed, based on clinical response at 6-week intervals.
This approach minimizes the risks of overshunting and offers the greatest opportunity for
procedural uniformity.

Q2. Is TIPS associated with better outcomes than serial large volume paracentesis
(LVP) for the treatment of RA?: As compared to LVP, TIPS is associated with improved
control of ascites, but increased risk of HE (Table S2).4 7580 The impact of TIPS on
survival has been more controversial, with some,* 76: 79.80 byt not all RCTs demonstrating
improved transplant-free survival (TFS).””: 78 Several subsequent meta-analyses81-86 have
confirmed the superiority of TIPS compared to serial L\/P in prevention of recurrent ascites,
but remained split in terms of TFS benefit, depending upon methodology and whether one
potentially outlier’® paper was included (Table S2, Supplemental Discussion).

Q3. Isthere a threshold of liver dysfunction above which TIPS for RA should be
contraindicated and how should it be defined?: Among patients with cirrhosis and RA,
elevated bilirubin, MELD score and CTP Class C cirrhosis are associated with increased
post-TIPS complications including mortality.”® 84-86 However, strong evidence for a
specific cutoff for any of these parameters is lacking (Table S2, Supplemental Discussion).

Q4. What is the impact of age on candidacy for TIPS for RA?: Among patients

with cirrhosis and RA, advanced age is associated with increased post-TIPS complications
including HE and mortality. However, there are no studies that provide strong evidence

of a specific cutoff above which TIPS should be considered contraindicated (Table S2,
Supplemental Discussion).

Q5.  What is the role of TIPS in patients with ascites that is not refractory?: TIPS
should be considered in selected patients with at least three LVPs for tense ascites in a

year despite optimal medical therapy.l Among RCTs comparing TIPS vs LVP, those which
included patients not fulfilling strict criteria of RA showed improved TFS* 79 or a trend for
improved TFS.”8 Among trials including patients with RA with a strict definition, only one
showed an improvement in survival. The specific definitions of non-RA vary by trial (Table
S3).

Q6. What is the role of TIPS in HH?: For patients with HH on maximal medical

therapy requiring frequent thoracentesis or those with significant clinical symptomatology
(e.g., hypoxia, resting dyspnea), TIPS should be considered.! TIPS creation for refractory
HH leads to complete response in over 50% of patients, with partial responses observed in
approximately 20%, similar to response rates for RA.87-91 Predictors of inferior outcomes of
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TIPS for recurrent HH are similar to those observed in TIPS placed for RA, including older
age, severity of liver disease, and renal insufficiency.> 17. 89

Q7. Isprior LT a contraindication to TIPS for RA? Is TIPS superior to surgical
shunt, serial LVP or splenic artery embolization in LT recipients with RA?: There is
insufficient evidence to support any recommendation regarding therapy (TIPS and other
modalities) in LT recipients with RA (Supplemental Discussion). The technical success for
TIPS creation post-LT is similar to that observed in patients pre-transplant; however, the
clinical efficacy is inferior to that observed in RA pre-LT.92-94 Careful assessment for the
underlying etiology of ascites should be undertaken prior to TIPS creation and the timing
post-LT should be considered.

Q8. What is the expected timeline for TIPS to be effective for reduction of ascites/
HH?: In detailed pathophysiological studies, a negative sodium balance (under a very strict
low-sodium diet) is achieved at around four weeks after TIPS.%> With a less restrictive diet
this level of natriuresis might not be achieved and patients may require the use of diuretics
after TIPS. If using a staged approach to TIPS (progressive stent dilation from 8 to 9 to

10 mm of diameter based upon clinical response), the decision to increase TIPS diameter
should not be made before 6 weeks.

TIPS in Variceal Bleeding

Q1. When is TIPS indicated in acute variceal hemorrhage?: TIPS is recommended in
patients with cirrhosis with uncontrolled acute variceal hemorrhage at endoscopy or who
have successfully undergone endoscopic variceal ligation (EVL) but who rebleed at any time
during admission (after endoscopy).” In addition, select patients with CTP Class C cirrhosis
or CTP B with active bleeding at endoscopy are at highest risk for rebleeding and may
benefit from early or pre-emptive TIPS within 72 hours of admission to improve survival
(Supplemental Discussion)?: 3. 96-101

Q2. When should TIPS be used in the management of bleeding gastric fundal varices
(GV)?: Variceal obliteration/embolization with or without TIPS should be considered

for bleeding GV if unable to be managed endoscopically (Figure 2). TIPS combined

with variceal obliteration may be associated with a decrease in rebleeding rates,102-104
particularly when the pre-treatment PSG is less than 12 mmHg. The most appropriate
management for bleeding from GV will depend on the vascular anatomy of the portal
venous system and center expertise (Supplemental Discussion).%4

Q3. What are the procedural considerations in TIPS creation for variceal
hemorrhage?: The main procedural factors to consider are the target PSG, the optimal
shunt diameter and whether or not to perform concurrent variceal embolization. When
placing a TIPS for variceal hemorrhage, the risk of rebleeding is decreased by obtaining
an absolute PSG < 12 mmHg or a relative reduction in the PSG of at least 50-60% from
the pre-TIPS gradient.10: 63. 105-107 These thresholds are best studied in bleeding from
esophageal varices as GV and other ectopic varices may bleed at a lower PSG.198 Studies
using shunt diameter as a predictor of rebleeding rates have shown mixed results.10: 31, 45
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Concurrent embolization at the time of TIPS creation decreases the risk of rebleeding in
variceal hemorrhage.199-114 There is currently insufficient data to show superiority of a
specific embolic agent (see Supplemental Discussion).

Q4. How should patients be monitored after TIPS creation for variceal
hemorrhage?: Imaging surveillance with Doppler ultrasonography post-TIPS for variceal
hemorrhage is recommended, because TIPS stenosis/occlusion can lead to recurrent variceal
hemorrhage. The optimal frequency of surveillance is not known, yet typically is performed
1-6 months post-TIPS initially, and then every 6-12 months thereafter. If TIPS stenosis/
occlusion is suspected based on imaging or recurrent symptomatic portal hypertension

(e.g., ascites, variceal bleeding), a TIPS venogram is indicated with consideration for TIPS
revision. Non-selective beta blockade can reduce the PSG even after TIPS115 and may be
considered as an adjunctive treatment.

Novel Indications for TIPS

Q1. Does preoperative TIPS creation in patients with portal hypertension improve
perioperative outcomes following non-transplant abdominal surgery?: Use of
prophylactic TIPS to prevent bleeding complications or improve survival after elective
non-liver transplant surgery is not recommended. Specific patient and surgical factors may
warrant TIPS creation in individual cases (Table $4).116: 117 Theoretical benefits of portal
decompression prior to abdominal, non-liver transplant surgery (e.g., ascites control) must
be weighed against the potential risks of TIPS in the preoperative setting (e.g., overt HE,
liver insufficiency).

Q2. Does TIPS creation in patients with cirrhosis and portal vein obstruction
facilitate listing for LT and/or improve outcomes after LT?: The specific degree of
portal vein obstruction resulting in exclusion from LT candidacy varies by center. While
partially occlusive PVT can be easily extracted at surgery, this is not the case when
complete obliteration of the lumen has occurred, particularly when surrounded by venous
cavernoma. Increased case complexity and inferior outcomes are reported for LT in patients
with extensive chronic PVT.118 Successful recanalization of the main portal vein using a
transhepatic and trans-splenic approach followed by TIPS creation in order to re-establish
a patent main portal vein has been reported in a single center case series without a control
population.”

Q3. Does TIPS creation prevent or reduce portal hypertensive complications in
patients with non-cirrhotic portal hypertension due to extrahepatic portal vein
obstruction?: Acute or chronic extrahepatic PVT are associated with significant morbidity
and may require urgent decompression. In general, TIPS creation is technically feasible and
effective in reducing portal hypertension in patients with PVT, especially in patients with
extensive PVT and bowel ischemia (Table S4).119: 120 There are a lack of studies comparing
revascularization with or without TIPS creation to anticoagulation alone in patients with
PVT (Supplemental Discussion).
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Q4. Does TIPS creation in patients with idiopathic non-cirrhotic portal hypertension
(INCPH) and without extrahepatic portal vein obstruction prevent or reduce portal
hypertensive complications?: Limited series evaluating outcomes after TIPS creation

in patients with INCPH, including one case control series with a comparator group of
patients with cirrhotic portal hypertension, have demonstrated similar technical outcomes
and control of portal hypertensive complications compared with patients with cirrhotic portal
hypertension. It is unclear whether patients with INCPH have lower rates of overt hepatic
encephalopathy and mortality compared with patients with cirrhotic portal hypertension
(Table S4).121-123

Q5. Does TIPS creation improve outcomes in patients with Budd-Chiari Syndrome
(BCS)?: In patients with BCS who remain symptomatic or without improving liver function
despite medical therapy and who are not candidates for percutaneous revascularization of
the hepatic venous outflow tract, creation of a percutaneous portosystemic shunt, either
TIPS or direct intrahepatic portosystemic shunt (DIPS), should be strongly considered.124
TIPS creation is technically successful in 84—100% of BCS cases,125-130 controls

portal hypertensive complications and is associated with good survival (72% overall

and TFS).125-129, 131, 132 |mportantly, venoplasty with or without stenting should not
preclude subsequent creation of a percutaneous portosystemic shunt in patients who remain
symptomatic after initial revascularization (Supplemental Discussion). Finally, in patients
with BCS, re-intervention may be needed to maintain or restore TIPS patency as primary
patency rates with ePTFE-covered TIPS for BCS varies widely (5-year primary patency,
45_91%)_133, 134

Cardiopulmonary, Renal and Neurologic Considerations in TIPS

Cardiopulmonary Considerations in TIPS—Cardiac decompensation post-TIPS
varies from 1% in one week!3% to 20% in one year.13¢ The underlying pathophysiology

is multifactorial, involving pre-TIPS subclinical cardiac dysfunction (e.g., cirrhotic
cardiomyopathy; CCM) and post-TIPS worsening in hyperdynamic circulation given
increased preload and cardiac output (CO) with concomitantly decreased systemic
vascular resistance.13” Recommendations for cardiopulmonary considerations in TIPS are
summarized in Table 3.

Q1. What cardiopulmonary testing is indicated prior to elective TIPS?: Cardiac
risk assessment prior to TIPS is essential and should incorporate contemporary
echocardiographic measurements for left ventricular (LV) and right ventricular (RV)
function, with particular attention to the recently updated criteria for CCM (Table
S5).138,139 Electrocardiogram (ECG) is warranted for evaluation of arrhythmia if
tachycardia or bradycardia is noted on pre-procedure assessment.

Q2. Does CCM or diastolic dysfunction confer a risk for post-TIPS heart failure
(HE)?: In patients undergoing TIPS creation, evaluating the presence and severity of systolic
and/or diastolic dysfunction is an important part of risk stratification for adverse cardiac
outcomes. There is limited data regarding TIPS outcomes in patients with LV ejection
fraction (LVEF) < 50%. Impaired global longitudinal strain, reflective of subclinical systolic
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dysfunction, is associated with poor post-TIPS survival.140 Older studies have shown
conflicting results about the impact of diastolic dysfunction on TIPS outcomes.141 142
However, the new diastolic dysfunction criterial38 have been found to be predictive of
increased mortality and cardiac events post-TIPS,136

Q3. Can TIPS be safely performed in patients with moderate or severe
portopulmonary hypertension (POPH) (i.e., mean Pulmonary Artery Pressure > 35
mmHg, Pulmonary Vascular Resistance > 3 wood units)?: TIPS creation, if pulmonary
hypertension is present, has the potential to precipitate right-sided HF and/or be ineffective
at lowering portal pressure.143. 144 There are no published data regarding TIPS in patients
with POPH. TIPS acutely increases right atrial pressure (RAP) by 3-5 mmHg in those
without POPH.145-148 One study specifically demonstrated that RAP pre- and post-TIPS of
> 14.5 mmHg and > 21.5 mmHg, respectively, was associated with increased post-TIPS
mortality, though whether these patients had POPH specifically is unknown.14® Thus,
significant caution should be exercised when considering TIPS in patients with moderate/
severe POPH on treatment or elevated RAP.

Q4. Can severe tricuspid regurgitation (TR) be prohibitive of TIPS creation?: TR
usually reflects volume overload and/or pressure overload from conditions resulting in
pulmonary hypertension in patients with a normal tricuspid valve. Careful assessment of
TR etiology is necessary to determine if TIPS risk is prohibitive. When volume overload is
suspected, volume optimization is warranted prior to reassessment. In some cases, chronic
volume overload results in RV dysfunction and tricuspid annular dilatation, leading to
persistent moderate to severe functional TR, which can be prohibitive of TIPS.

Q5. Can TIPS treat HPS?: Given the risks associated with TIPS creation, current
evidence does not support routine use of TIPS for treatment of HPS alone (Supplemental
Discussion).149-151

Q6. Does stent size affect risk for post-TIPS HF in high cardiac risk patients?: A
recent study showed that an 8 mm stent was associated with better survival than a 10 mm
stent; however, cardiac deaths were not specified.152 Generally, larger stent size leads to
higher cardiac venous return resulting in potentially higher decompensation risk. Thus, in
patients with systolic and/or diastolic dysfunction or mild POPH who are undergoing TIPS,
the desired PSG must be balanced with the potential risk for worsening cardiac dysfunction.

Q7. Isthere a need for post-TIPS echocardiographic surveillance?: There are prompt
incremental changes post-TIPS involving CO, cardiac index, RAP as well as LV and RV end
diastolic and end systolic volumes.137: 153-155 These changes peak at 3-months post-TIPS,
and tend to resolve within 6-12 months post-TIPS in some, but not all, patients.153: 156, 157
Surveillance in high-risk patients (e.g., prior HF, elevated RAP, LV dysfunction) may be
beneficial to guide pre-emptive interventions (e.g., initiation of HF guideline-directed anti-
remodeling therapy).

Renal Considerations in TIPS—The true incidence of acute kidney injury (AKI)
or disease (AKD) following TIPS and potential benefit in persons with chronic kidney
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disease (CKD) is unknown given a wide spectrum of indication and urgency for TIPS,

the heterogeneity in measurement of kidney function (e.g., measured versus estimated
glomerular filtration rate (GFR), serum creatinine (sCr)), definitions of AKI or CKD, and
patient selection. We suggest considering the primary indication, individualized risk factors,
and physiologic goals of the intervention when considering TIPS creation in patients with
kidney dysfunction (Table 3).

Q1. What is the best marker to assess kidney function before or after TIPS?: Kidney
function should be assessed prior to TIPS either through measurement of sCr or GFR
(estimated or measured).”> 158-162 A change in GFR may best capture changes in

kidney function. The limitations of sCr in cirrhosis are well documented (Supplemental
Discussion).163

Q2. s there an absolute cutoff for kidney function for which TIPS is
contraindicated?: Kidney function (measured by sCr) is included in several predictive
models of outcomes after TIPS.17-22, 164, 165 Elevated sCr is a risk factor for post-TIPS
HE.166 However, there is insufficient evidence to recommend an absolute sCr, CKD stage, or
presence/absence of renal replacement therapy where TIPS creation is contraindicated.

Q3. What can be done to prevent kidney complications after TIPS?: Data regarding
kidney protection strategies surrounding TIPS are lacking (Supplemental Discussion).
Maintenance of intravascular volume with albumin infusion in the setting of LVP if
performed with TIPS creation may help prevent kidney dysfunction secondary to circulatory
impairment.1: 167-169 jydicious use of iodinated contrast agents may minimize risk of
contrast nephropathy. Development of AKI and progression to AKD and CKD may not

be immediately recognized after TIPS. Recognition-Action-Result framework for secondary
prevention and follow up based on AKI/AKD severity as outlined by the Acute Disease
Quality Initiative may identify those at highest risk for progression and allow for early
mitigation.170

Q4. What is the role of TIPS for hepatorenal syndrome (HRS)?: Data on TIPS in
patients with HRS is limited.1”! The quality of available studies is low due to small
sample size and significant heterogeneity (Supplemental Discussion). Larger randomized
trials applying the most recent definition of HRS-AKI are needed before TIPS can be
recommended for this indication.

HE and TIPS

Q1. What is the risk of overt HE after TIPS and what patient factors contribute to
its development?: Incidence of overt HE is estimated between 25%—-50% (Supplemental
Discussion).3: 4. 97, 98, 172-174 Notably, most studies excluded patients with a history of
recurrent overt HE. Patient factors for development of post-TIPS overt HE includes prior
HE, advanced liver dysfunction (CTP Class C, MELD score >18),% 97. 98, 175, 176 g|der
age,166 elevated creatinine,166 hyponatremia and sarcopenia.l’’: 178
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Q2. What social factors should be considered a contraindication to elective TIPS
as it relates to overt HE?: Patients and family members should be counseled about the
manifestations of overt HE.179. 180 |n patients who have poor social support, and therefore
may be at greater risk of harm due to post-TIPS HE, we favor non-TIPS management
options. This does not apply to urgent TIPS for variceal bleeding where survival and
prevention of rebleeding remains the priority.

Q3. What is the role for formal evaluation for covert or minimal HE prior to elective
TIPS?: The diagnosis of covert HE has been associated with a greater risk of post-TIPS
HE,173. 181, 182 and impaired health related quality of life (Supplemental Discussion).183-185
In patients being considered for elective TIPS, a diagnosis of covert HE should guide
discussion of the pros and cons of TIPS creation with patients, family members and clinical
teams.

Q4. What TIPS stent diameter should be considered with regards to limiting post-
TIPS HE?: Smaller shunts (e.g., 8mm vs. 10mm) may decrease overt HE, but may also be
less effective for portal decompression (Supplemental Discussion).10. 31, 186-188

Q5a. Is there a role for collateral embolization at the time of TIPS to prevent
HE?: In patients undergoing elective TIPS for ascites/HH, embolization of spontaneous
portosystemic shunts (SPSS) > 6mm may be considered in order to reduce the risk of
post-TIPS HE. Large SPSS have been associated with increased risk of overt HE and
mortality in patients with cirrhosis (Supplemental Discussion).189-192

Q5b. s there a role for TIPS with shunt embolization in the management of
refractory HE related to presumed portosystemic shunting?: In select patients with large
(> 6mm) SPSS and refractory HE, we recommend that shunt embolization be considered.

In those who develop portal hypertensive-associated complications after shunt embolization,
small caliber TIPS creation could be considered. The prevalence of SPSS approaches 70%
among patients with cirrhosis and with persistent overt HE.193 Evidence on retrograde
transvenous obliteration or embolization of SPSS for treatment of overt HE is limited to
small series but with success rates of 59-100% free of overt HE.194-199

Q6a. What is the role for medical prophylaxis to prevent HE after TIPS?: RCTs using
uncovered TIPS stents showed no difference in the incidence of overt HE in a head to head
comparison of lactulose, rifaximin, and placebo.193 A recent RCT with a larger sample size,
however, demonstrated significantly reduced incidence of first episode of HE post-TIPS
(44.2% vs 59.1%, p = 0.05) in patients without a history of overt HE receiving rifaximin
versus placebo as prophylaxis prior to TIPS.200

Q6b. What is the recommended medical therapy to treat overt HE after
TIPS?: Lactulose is recommended for treatment of the first episode of overt HE followed by
the addition of rifaximin if there is a subsequent episode of overt HE.180

Q6¢.  What is the role for TIPS stent reduction/occlusion for treatment of persistent
or refractory HE?: Severe refractory overt HE that requires shunt reduction occurs in
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approximately 8% of TIPS recipients.156 There is no consensus definition of refractory
overt HE; however, shunt reduction should be considered when there is persistent HE
refractory to medical therapy or at least three or more episodes of unprovoked HE requiring
hospitalization in the past 3 months.201 Shunt reduction is effective at reducing post-TIPS
HE; however, recurrence of portal hypertensive complications are likely.166. 202-207

CONCLUSIONS AND FUTURE DIRECTIONS

Tremendous progress has been made in the application of TIPS creation for the management
of portal hypertension. With such a rapid evolution of knowledge, practice-based
recommendations must also evolve. These North American consensus recommendations
reflect multi-disciplinary discussion required around TIPS creation, including consideration
of alternatives and best practices to minimize short and long-term complications and
maximize benefit. There are multiple knowledge gaps and areas in need of future research
regarding the clinical effectiveness and efficacy of TIPS across indications for use (Table

4). Of particular relevance is the notion of personalized TIPS, in which the benefits and

risks of TIPS are tailored to the specific needs of the patient. With the advent of new
controlled expansion stents, personalized TIPS is the future of precision medicine for the
management of portal hypertension. As the field continues to develop and the research
questions identified during this process are answered, the recommendations presented herein
will evolve in the context of new data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations (alphabetically)

AKD Acute Kidney Disease

AKI Acute kidney injury

ALF Acute liver failure

ALTA Advancing Liver Therapeutic Approaches
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ACC American College of Cardiology
AHA American Heart Association

BCS Budd-Chiari Syndrome

CCM Cirrhotic cardiomyopathy

CKD Chronic kidney disease

CcoO Cardiac output

CTP Child-Turcotte-Pugh

DIPS Direct intrahepatic portosystemic shunt
ECG Electrocardiogram

ePTFE Expanded polytetrafluoroethylene
EVL Endoscopic variceal ligation

GFR Glomerular filtration rate

GV Gastric fundal varices

HE Hepatic encephalopathy

HF Heart failure

HH Hepatic hydrothorax

HPS Hepatopulmonary syndrome

HRS Hepatorenal syndrome

INCPH idiopathic non-cirrhotic portal hypertension
INR Internationalized normal ratio

IR Interventional radiology

IvVC Inferior vena cava

LT Liver transplantation

LV Left ventricular

LVEF Left ventricular ejection fraction
LVP Large volume paracentesis

MELD Model for End-Stage Liver Disease
POPH Portopulmonary hypertension

PSG Portosystemic gradient
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PVT Portal vein thrombosis
RA Refractory ascites
RAP Right atrial pressure
RCTs Randomized controlled trials
RV Right ventricular
sCr Serum creatinine
SPSS Spontaneous portosystemic shunts
TFS Transplant-free survival
TIPS Transjugular intrahepatic portosystemic shunt
TR Tricuspid regurgitation
VHD Valvular Heart Disease
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Figure 1. Team-Based Approach to TIPS Care.
A team-based approach to TIPS is of critical importance in all stages of TIPS planning

and management. Initial consideration for decision on TIPS candidacy should involve

the patient and corresponding caregiver as well as a gastroenterologist or hepatologist

and a proceduralist with competency in TIPS. Complex cases should include consultation
with additional specialties (e.g., cardiology, pulmonology, transplant surgery, hematology,
nephrology) as appropriate. Once a patient is determined to meet criteria for TIPS
creation, longitudinal care includes a spectrum of multi-specialty (e.g., anesthesia,

critical care, IR, Gl/hepatology, primary care provider), multi-practitioner (e.g., nursing,
physician, pharmacy, mid-level providers) providers. Abbreviations: Gl, gastroenterologist;
IR, interventional radiologist; PCP, primary care provider; TIPS, transjugular intrahepatic
portosystemic shunt.
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Figure 2. Proposed Approach to Gastric Fundal Variceal Bleeding in Cirrhosis
Management of gastric fundal variceal bleeding depends on the admitting center’s expertise

as well as the patient’s portal vascular anatomy and severity of their liver disease. Initial
management is similar to the approach for all patients presenting with acute gastrointestinal
bleeding, particularly in the setting of known portal hypertension. Once gastric varices
(GV) are confirmed as the bleeding source, use of endoscopic therapy with “glue” injection
can be considered depending on proceduralist’s expertise. If hemostasis is not achieved,
TIPS evaluation +/- variceal obliteration should then be considered. In addition, TIPS

+/- variceal obliteration should be considered for secondary prophylaxis or if there is

GV rebleeding. Abbreviations: BRTO, balloon-occluded retrograde transvenous obliteration;
GOV, gastroesophageal varices; IGV, isolated gastric varices; NSBB, nonselective beta-
blocker; TIPS, transjugular intrahepatic portosystemic shunt. *Sarin SK, Lahoti D, Saxena
SP, Murthy NS, Makwana UK. Prevalence, classification and natural history of gastric
varices: a long-term follow-up study in 568 portal hypertension patients. Hepatology 1992
Dec;16(6):1343-9. doi: 10.1002/hep.1840160607.
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Clinical consensus statements for TIPS planning, procedural best practices and care of the TIPS recipient
independent of indication for TIPS

be routinely used in TIPS creation?

Question Statement Level of
Evidence
PRE-TIPS CONSIDERATIONS
Q1. Who should be involved in the Prior to TIPS creation, we recommend that a gastroenterologist or hepatologist 5
decision to place a TIPS and what should be involved in the initial decision to place an emergent or nonemergent TIPS
other preproceadure consultations are with subsequent consultation by an interventional radiologist or other proceduralist
recommende d? with competency in TIPS. If center expertise is not available, we recommend
referral to an expert center. Additional specialty consultations (e.g., Transplant
Surgery, Cardiology, Critical Care, Hematology, Nephrology) may be considered on
a case-bycase basis.
Q2. What services should be readily For all patients undergoing TIPS creation, we recommend that TIPS should 5
avallable at centers where TIPS is occur at a center with available Interventional Radiology (IR), Gastroenterology/
performed and what referral pathways Hepatology, Cardiology, Pulmonary Surgery, Hematology, Nephrology and Critical
should be established for a higher fevel | Care services in order to provide an adequate level of support for patient
of care? management before and after TIPS. In patients requiring a higher level of care, such
as possible liver transplant candidates, or in whom the need for further IR expertise
is indicated (e.g., extensive portal vein thrombosis), we recommend referral to
centers with adequate experience in these areas.
Q3. Is there a MELD threshold above In patients with cirrhosis undergoing TIPS, a multidisciplinary approach, rather than | 2a
which elective TIPS should not be an absolute MELD cutoff, is recommended to assess TIPS candidacy.
considered?
Q4. What imaging and/or preprocedural | Q4a. In patients undergoing elective TIPS, we recommend: 2a
evaluation Is required prior to TIPS « Contrast-enhanced multiphasic cross-sectional imaging (CT/MRI) to assist with
creation? TIPS planning.
« Comprehensive echocardiography to assess for abnormalities in cardiac structure,
function, and right ventricular systolic pressure.
Q4b. In patients with cirrhosis undergoing emergent TIPS, best clinical judgement 3
should be applied — we suggest at least a liver ultrasound with doppler to evaluate
the patency of the portal venous system and consideration of a limited (bedside)
echocardiogram, evaluating left ventricular ejection fraction and right ventricular
systolic pressure.
Q5. What are absolute contraindicati The absolute contraindications to elective TIPS include: 2a
ons (medical and anatomical) to « severe congestive heart failure (ACC/AHA Stage C or D HF)
elective TIPS creation? « severe untreated valvular heart disease (AHA/ACC stage C or D VHD)
« moderate-severe pulmonary hypertension (based on invasive measurements)
despite medical optimization
« uncontrolled systemic infection
« refractory overt HE
« unrelieved biliary obstruction
« lesions (e.g., cysts) or tumors in the liver parenchyma that preclude TIPS creation
Q6. Should all patients being In patients with cirrhosis undergoing elective or emergent TIPS, there is insufficient | 5
considered for TIPS undergo evaluation | evidence to recommend universal pre-procedure liver transplant evaluation.
for liver transplantation prior to TIPS
creation?
TIPS PROCEDURAL CONSIDERATIONS
Q7: Who should perform TIPS We recommend that TIPS creation should be performed by a credentialed, board 5
creatfon? certified Interventional Radiologist OR a certified provider with equivalent training
and procedural competency*.
Q8. What type of stent is recommended | For patients undergoing TIPS placement, we recommend the use of an ePTFE 1band 2b
for TIPS creation? lined stent graft (1b) with controlled expansion which allows the operator to tailor
the amount of portosystemic shunting based on the indication, target gradient and
patient comorbidities (2b).
Q9. Should coagulopathy be corrected Due to insufficient evidence, we do not recommend a specific target INR or platelet | 2b
prior to TIPS placement? threshold when placing a TIPS in a patient with cirrhosis.
Q10. Should periprocedur al antibiotics | There are no studies to show that the routine use of antibiotics during TIPS 5

placement decreases infectious complications and their use should depend on
patient and local risk factors.
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Question Statement Level of
Evidence
Q11. Should TIPS creation be The use of general anesthesia, deep sedation, or conscious sedation may all be 5
performed using general anesthesia appropriate for TIPS placement and their use will vary depending on the patient risk
or Is deep or conscious sedation factors and local practices.
appropriate?
Q12 Is the use of intravascular For patients undergoing TIPS creation, while there is insufficient evidence to 3b
ultrasound recommended to assist with recommend the universal use of intravascular ultrasound guidance, it may facilitate
the portal vein puncture? efficient portal access in certain situations. Its use will depend on equipment
availability and operator preference.
Q13 What is the optimal location from | We recommend the use of the free hepatic vein or IVC pressure as the systemic 2a
which to measure the systemic venous pressure when measuring the portosystemic gradient before and after TIPS
pressure at the time of TIPS creation placement.
(hepatic vein, IVC, right atrium)?
Q14. Are there specific technical Q14a. In patients undergoing TIPS placement who are potentially eligible for liver 5
factors that should be considered to transplant, we recommend positioning the stent as to not interfere with the portal
ensure that TIPS placement does not and hepatic vein anastomoses, presuming that this does not detrimentally affect
adversely influence liver transplant TIPS function or patency. This positioning includes leaving a segment of unstented
candidacy? main portal vein and not extending the TIPS stent into the right atrium.
Q14b. Liver Transplant candidacy should not be impacted by placement of TIPS. 2a
CARE OF THE POST-TIPS PATIENT
Q15. What is the recommende d Following TIPS creation, we recommend that all patients undergo inhospital 5
duration of intensive postprocedure overnight observation at minimum. The level of care during postTIPS observation
monitoring? should be dictated by the patient’s condition, indication for TIPS, and
intraprocedural technical complexity.
Q16. What early laboratory testing Q16a. In all patients undergoing TIPS creation, routine labs (complete blood 5
anay/or imaging is recommended count, comprehensive metabolic panel, and PT/INR) should be obtained on the
following TIPS creation and at what day following TIPS creation. Hemoglobin/hematocrit labs may be obtained on the
interval? same day of TIPS creation, depending on institution and/or operator discretion.
Q16b. Pre-discharge imaging is not indicated in most patients undergoing TIPS 5
creation.
Q17. Should TIPS venography and Q17a. In patients who have undergone TIPS creation for management of varices, 2b
intervention be based on ultrasouna, either Doppler ultrasound findings suggesting TIPS dysfunction, or persistence or
clinical findings, or both? recurrence of portal hypertensive complications should prompt TIPS venography
and manometry +/- intervention. Ultrasound findings suggesting TIPS dysfunction
include alterations in intrahepatic portal vein direction of flow, abnormal flow
velocities within the TIPS, and persistent (e.g., > 6 weeks post-TIPS) or recurrent
ascites.
Q17b. In patients who have undergone TIPS creation for management of ascites 2b
and/or hepatic hydrothorax, persistence or recurrence of portal hypertensive
complications should prompt TIPS venography and manometry +/- intervention.
Medical decision-making should be individualized in patients with well-controlled
ascites and/or hepatic hydrothorax and ultrasound findings suggesting TIPS
dysfunction.
Q17c. In select patients, scheduled TIPS venography with intervention is suggested 5
in the early (1-2 months) post-TIPS period. An example of such a scenario would
be TIPS creation in a patient with portal vein thrombosis.
Q18. What are the optimal technigues Q18a. In patients in whom further decrease in portal pressure is desired, we 5
for increasing or decreasing TIPS flow | recommend stepwise dilatation of TIPS to its maximum diameter. If it is already
when intervention is required? at maximum diameter, other interventions to decrease portal pressure (e.g.,
nonselective beta-blockers, parallel TIPS creation) should be evaluated.
Q18b. In patients in whom an increase in portal pressure desired, there is 5
insufficient evidence to recommend a specific technique to reduce portosystemic
shunting through a TIPS.
Q19. Who should see patients with In patients who have undergone TIPS creation, we recommend that a 5

TIPS in follow up?

gastroenterologist or hepatologist and a competent proceduralist (e.g., interventional
radiologist) should follow the patient to ensure ongoing management of chronic
liver disease, post-procedural complications and to determine any need for potential
device revision.

Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; CT, computed tomography; ePTFE,
Polytetrafluoroethylene; HF, heart failure; INR, internationalized normal ratio; IVC, inferior vena cava; MELD, Model for End-Stage Liver
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Disease; MRI, magnetic resonance imaging; NYHA, New York Heart Association; PT, prothrombin time; TIPS, transjugular intrahepatic
portosystemic shunt; VHD, valvular heart disease

*

According to radiology professional society guidelines, TIPS placement must be performed by a physician with board certification or accredited
training as well as sufficient experience with TIPS procedures. In the absence of certification or accredited training, TIPS placement can be
performed by a competent proceduralist defined as one who has performed a sufficient number of TIPS procedures under supervision (minimum
threshold = 5), in addition to other endovascular techniques (i.e., minimum of 100 angiograms, 50 angioplasties, 10 stent placements, and 5

embolizations), has achieved expected procedure completion thresholds, and has obtained appropriate privileges at their center.38
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Table 2.

Clinical Consensus Statements for TIPS by Indication

Page 37

Question Statement Level of
Evidence
TIPS IN ASCITES OR HEPATIC HYDROTHORAX (HHT)
Q1. What is the optimal technical approach to | Qla. For patients with cirrhosis and diuretic refractory or resistant ascites 2b
TIPS creation among patients with cirrhosis undergoing elective TIPS, we recommend the use of an ePTFE-covered
and refractory ascites? controlled expansion stent.
Q1b. For patients with cirrhosis and diuretic refractory or resistant ascites 2b
undergoing elective TIPS, we recommend a staged approach to TIPS
creation with an initial procedural stent dilation to 8mm followed by clinical
assessment, and then subsequent progressive stent dilation to 9mm and then
10 mm at 6-week intervals if needed to optimize clinical response.
Q2. Is TIPS associated with better outcomes Q2a. For carefully selected patients with cirrhosis and refractory ascites, TIPS | la
(mortality, ascites control) than serial large is recommended over LVP to prevent recurrent ascites.
volume paracentesis for the treatment of - — - -
refractory ascites? Q2b. For carefully selected patients with cirrhosis and refractory ascites, TIPS | la
is recommended over LVP to improve transplant-free survival.
Q3. Is there a threshold of liver dysfunction Among patients with cirrhosis and refractory ascites, elevated bilirubin, la
above which TIPS for refractory ascites elevated MELD score and CTP class C cirrhosis are associated with increased
should be contraindicat ed and how should it post-TIPS complications including mortality. There is insufficient evidence to
be defined? recommend a cutoff above which any of these measures should be considered
a contraindication to TIPS.
Q4. What is the impact of age on candidacy Among patients with cirrhosis and refractory ascites, advanced age is la
for TIPS for refractory ascites? significantly associated with post-TIPS complications including severe
hepatic encephalopathy and death. There is insufficient evidence to
recommend an age cutoff that should be considered a contraindication to
TIPS.
Q5. What is the role of TIPS in patients with In patients not fulfilling a strict definition of refractory ascites but requiring la
ascites that is not refractory? at least 3 large volume paracenteses for tense ascites in a year despite optimal
medical therapy, we recommend that TIPS creation should be considered.
Q6. What is the role of TIPS in HHT? Is For patients with HHT requiring recurrent thoracentesis, we recommend that 2b
patient selection similar for patients with TIPS should be considered.
ascites vs patients with HHT?
Q7. Is prior liver transplantati on a Unlike TIPS for ascites and HHT in cirrhosis, there is insufficient evidence to | 2b
contraindicat ion to TIPS for refractory support any recommendation regarding therapy (TIPS and other modalities)
ascites? Is TIPS a better treatment than in liver transplant recipients with refractory ascites.
surgical shunt, serial LV/P or splenic artery
embolization in liver transplant recipients
with refractory ascites?
Q8. What is the expected timeline for the In the setting of TIPS creation for ascites or hepatic hydrothorax, we 2b
TIPS to be effective for reduction of Ascites/ | recommend using a staged approach by starting with the TIPS stent
HHT? with the smallest diameter with concomitant use of diuretics as tolerated.
Reassessment for need to further dilate the TIPS stent should be performed
every 6 weeks.
TIPS IN VARICEAL BLEEDING
Q1. When is TIPS indicated in Acute Variceal | For acute variceal hemorrhage, we recommend TIPS creation in the following | 1c
Hemorrhage? scenarios:
* Pre-emptive TIPS in patients who have been successfully banded but who
meet high-risk criteria for rebleeding. High-risk criteria are CTP Class C
(10-13 points) or CTP Class B >7 points with active bleeding at endoscopy.
TIPS should be performed within 72 hours of admission in patients without
contraindications to TIPS.
* Rescue TIPS in patients who have been successfully banded but who 2a
rebleed at any time during admission (after endoscopy).
« Salvage TIPS should be performed emergently for patients in whom 2b

endoscopic band ligation cannot be performed because of profuse bleeding or
bleeding persists at endoscopy despite endoscopic band ligation.
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Question Statement Level of
Evidence
Q2. When should TIPS be used in the Q2a. We recommend that the initial management of bleeding gastric- 5
management of bleeding gastric funaal fundal varices should be based on center expertise. Variceal obliteration/
varices or prevention of rebleeding? embolization with or without TIPS should be considered for bleeding gastric-
fundal varices if unable to be managed endoscopically.
Q2b. For rebleeding gastric-fundal varices after endoscopic therapy, we 2b
recommend variceal obliteration with or without TIPS creation.
Q3. What are the procedural consideratio ns Q3a. When placing a TIPS for variceal hemorrhage, we recommend a goal 2b
in TIPS creation for variceal hemorrhage? PSG of <12 mmHg or 50-60% decrease from initial. We do not recommend
using shunt diameter as a procedural endpoint.
Q3b. In cases of TIPS creation for variceal hemorrhage, we recommend 1b
concurrent obliteration of varices.
Q4. How should patients be monitored after Q4a. In the setting of TIPS creation for variceal bleeding, we recommend 5
TIPS creation for variceal hemorrhage? surveillance with Doppler ultrasonography three months after TIPS creation
and every six months thereafter in order to monitor for post TIPS stenosis or
occlusion.
Q4b. If TIPS stenosis/occlusion is suspected or if patient rebleeds after 2b
TIPS creation, TIPS venogram with pressure measurements is indicated with
consideration of TIPS revision.
NOVEL INDICATIONS FOR TIPS
Q1. Does preoperative TIPS creation Q1a. In patients with portal hypertension requiring non-transplant surgery, 1b
in patients with portal hypertension there is insufficient evidence to recommend that preoperative TIPS prevents
reduce operative complication and/or bleeding complications or the need for blood transfusion during or after
improve perioperativ e outcomes following invasive non-transplant surgical procedures.
nontransplant abdominal surgery? - — — — — -
Q1b. In patients with cirrhosis without clinically significant ascites, there 3b
is insufficient evidence to recommend pre-operative TIPS in abdominal
surgery to prevent complications of ascites. In patients with cirrhosis with
clinically significant ascites requiring abdominal surgery, a multidisciplinary
team approach (hepatology and hepatobiliary surgery) is recommended to
individualize the surgical/medical management.
Qlc. There is no evidence that preoperative TIPS has an impact on 3b
postoperative mortality after invasive non-transplant surgical procedures.
Q2. Does TIPS creation in patients with Q2a. In patients with cirrhosis and chronic, complete portal vein thrombosis, 3b
cirrhosis and portal vein obstruction facilitate | portal vein recanalization and TIPS creation could be considered to facilitate
listing for liver transplantati on and/or transplant eligibility.
improve outcomes after liver transplantati on?
Q2b. Patients with cirrhosis and complete portal vein thrombosis otherwise 5
being considered for liver transplantation or denied listing due to technical
challenges associated with complete portal vein obstruction, should be
considered for portal-vein reconstruction and TIPS. Referral to a center with
specialized expertise may be necessary.
Q3. Does TIPS creation prevent or reduce Q3a. In patients with non-cirrhotic portal hypertension and acute portal vein 4
portal hypertensive complication s in patients | thrombosis, we recommend immediate anticoagulation. In those who fail or
with noncirrhotic portal hypertension due to have a poor response to anticoagulation, we recommend that portal vein
extrahepatic porial vein obstruction? thrombectomy/thrombolysis using a transjugular approach with or without
small caliber TIPS creation should be considered.
Q3b. In patients with acute non-cirrhotic portal vein thrombosis who 2b
are not critically ill, evidence is insufficient to recommend TIPS versus
anticoagulation alone. We recommend that a trial of anticoagulation be
considered initially given the reported rates of venous recanalization.
Q3c. In patients with chronic portal hypertension secondary to non-cirrhotic 5
extrahepatic portal vein obstruction that is not responsive to anticoagulation,
TIPS may be considered for the same indications as cirrhotic portal
hypertension.
Q4. Does TIPS creation in patients with In patients with chronic idiopathic portal hypertension/porto-sinusoidal 5
non-cirrhotic portal hypertension and without | vascular disease TIPS may be considered for the same indications as cirrhotic
extrahepatic portal vein obstruction prevent or | portal hypertension.
reduce portal hypertensive complication s?
Q5. Does TIPS creation improve outcomes in | Qba. Patients with Budd-Chiari syndrome should be evaluated and managed 5

patients with Budd-Chiari Syndrome?

at centers with experience and expertise in hematological evaluation, clinical
management, and percutaneous intervention in this patient population. Ideally
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Question

Statement

Level of
Evidence

the center will also have expertise in liver transplantation, should this be
warranted at initial evaluation or during subsequent follow-up. If these
resources are not available at the presenting institution, strong consideration
of transfer to such an institution should be given while medical management
is initiated.

Q5b. In patients with Budd-Chiari syndrome who remain symptomatic or
without improving liver function after initiation of appropriate medical
therapy and who are not candidates for percutaneous revascularization

of the hepatic venous outflow tract (short segment obstruction), creation
of a percutaneous portosystemic shunt, either TIPS or direct intrahepatic
portosystemic shunt (DIPS), should be strongly considered.

2b

Q5c. In patients with Budd-Chiari syndrome undergoing TIPS, we
recommend close clinical monitoring and imaging follow-up.

Abbreviations: PFTE, polytetrafluoroethylene; LVP, large volume paracentesis; MELD, Model for End-Stage Liver Disease; CTP, ChildTurcotte-
Pugh; RCT, randomized controlled trial; HHT, hepatic hydrothorax; ePTFE, Polytetrafluoroethylene; PSG, portosystemic gradient; DIPS, direct
intrahepatic portosystemic shunt; TIPS, transjugular intrahepatic portosystemic shunt
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Cardiopulmonary, Renal and Neurologic Considerations in TIPS
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Question

Statement

Level of
Evidence

CARDIOPULMONARY CONSIDERATIONS IN TIPS

Q1. What cardiopulmonary testing is indicated
prior to elective TIPS?

Q1a. In patients undergoing elective TIPS creation, we recommend
comprehensive echocardiographic evaluation incorporating, in addition to
the assessment of left ventricular ejection fraction (LVEF), measurement
of left ventricular global longitudinal strain, when feasible, and the
contemporary surrogates of left ventricular diastolic function.

2b

Q1b. In patients undergoing elective TIPS creation, we recommend
assessment of right ventricular function using tricuspid annular plane
systolic excursion (TAPSE) and right ventricular systolic pressure (RVSP).
Right ventricular strain has not become standard of care in most centers but
should be measured if available.

Qlc. In patients undergoing TIPS creation who have a right ventricular
systolic pressure (RVSP) exceeding 45 mmHg or TAPSE less than 1.6

cm, we recommend referral to cardiology for consideration of right heart
catheterization to evaluate for RV dysfunction and pulmonary hypertension
prior to TIPS creation.

Q1d. In patients undergoing TIPS creation, who have tachycardia
or bradycardia on physical examination, we recommend pre-TIPS
electrocardiographic assessment to evaluate for arrhythmia.

Q2. Does cirrhotic cardiomyopathy or diastolic
dysfunction confer a risk for post-TIPS heart
failure?

Q2a. In patients undergoing elective TIPS creation, we recommend
considering the presence of systolic and/or diastolic dysfunction, which may
suggest cirrhotic cardiomyopathy in the absence of other cardiac history, a
significant risk factor for post-TIPS heart failure.

2b

Q2b. In patients undergoing evaluation for elective TIPS, we recommend
avoiding TIPS if LVEF is < 50% or if there is grade 111 diastolic dysfunction,
given the risk of post-TIPS cardiac decompensation.

Q3. Can TIPS be safely performed in patients
with moderate or severe portopulmonary
hypertension?

Q3a. In patients with moderate or severe portopulmonary hypertension
(POPH) on treatment (i.e., mean pulmonary artery pressure (mPAP) >

35 mmHg, pulmonary vascular resistance (PVR) > 3 wood units), we
recommend significant caution when considering TIPS insertion as it may
precipitate right-sided heart failure.

Q3b. In patients undergoing elective TIPS who do not have evidence of
POPH on screening, we recommend measuring the right atrial pressure at
the time of planned TIPS insertion and if > 14 mmHg, we recommend
considering right heart catheterization prior to TIPS creation to exclude
POPH based on the clinical situation.

Q4. Can tricuspid requrgitation severity be
prohibitive of TIPS creation?

In patients being considered for elective TIPS who have moderate or
severe tricuspid regurgitation despite optimization of volume overload, we
recommend evaluation for the underlying cardiopulmonary etiology, which
can prohibit proceeding with TIPS.

Q5. Can TIPS treat hepatopulmonary
syndrome (HPS)?

We do not recommend TIPS as a therapy for HPS, but it may be considered
in patients with HPS who have an established indication for TIPS.

Q6. Does stent size affect risk for post-TIPS
HF in high cardiac risk patients?

In patients with systolic and/or diastolic dysfunction or mild POPH who
are undergoing TIPS, we recommend balancing the desired portosystemic
gradient with potential worsening of cardiac function by initially deploying
the endoprosthesis to 8 mm diameter. If the desired gradient is achieved, no
additional dilatation of the shunt should be pursued.

Q7. Is there a need for postTIPS
echocardiographic surveillance?

In patients with systolic and/or diastolic dysfunction, pulmonary
hypertension, or moderate to severe valvular disease, we recommend
echocardiographic surveillance at 3 months post-TIPS or earlier, if
indicated. Surveillance beyond 3 months can be considered if there is
echocardiographic worsening at 3 months (compared to baseline) or if there
is clinical indication.

RENAL CONSIDERATIONSIN TIPS
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Question Statement Level of
Evidence
Q1. What is the best marker to assess kidney Q1a. In patients with cirrhosis undergoing TIPS, kidney function should 5
function before or after TIPS? be assessed prior to the procedure either through measurement of serum
creatinine or glomerular filtration rate (GFR, estimated or measured). A
change in GFR may better capture changes in kidney function, though there
is insufficient evidence to recommend one equation over another.
Q1b. The optimal method to assess kidney function in cirrhosis patients with | 5
sarcopenia or chronic kidney disease is not known.
Q2. Is there an absolute cutoff for kidney There is insufficient evidence to recommend an absolute serum creatinine, 5
function for which TIPS is contraindicated? CKD stage, or presence/absence of renal replacement therapy where TIPS
creation is contraindicated.
Q3. What can be done periprocedurally to Q3a. In patients undergoing TIPS creation for ascites, albumin infusion la
reduce the incidence of kidney complications should be considered in all patients undergoing concurrent paracentesis,
after TIPS? What seconaary or tertiary and especially for those in whom >5L are removed, to prevent paracentesis-
preventive measures can be considered to avoid | induced circulatory dysfunction and AKI.
AKI, acute kidney disease, or de Novo or — —
progressive CKD after TIPS? Q3b. LVP Large volume paracentesis with albumin infusion may be 5
performed either within 24hrs prior to, or concomitantly during TIPS
creation.
Q3c. Adequate hydration and judicious use of iodinated contrast are rational 2b
strategies to help reduce the risk of contrast related injury.
Q3d. In patients with AKI/CKD prior to TIPS or in those that develop AKI 5
after TIPS creation, kidney function should be closely followed within 1
week of discharge after TIPS creation.
Q4. What is the role of TIPS for hepatorenal Q4a. There is insufficient evidence to recommend for or against the use of 2a
syndrome (HRS)? TIPS for treatment of hepatorenal syndrome; however, presence of HRS is
not an absolute contraindication for TIPS creation in the presence of other
indications (e.g., refractory ascites, variceal bleeding).
Q4b. Mortality in patients with HRS undergoing TIPS appears to be driven 4
by liver function (i.e., serum bilirubin, INR), therefore, careful patient
selection is recommended.
HEPATIC ENCEPHALOPATHY AND TIPS
Q1. When counseling patients, what is the We recommend counseling patients that TIPS is associated with a risk of 1b, 2a
overall risk of overt hepatic encephalopathy overt HE in approximately 25-50% of recipients (1b). Patient specific risk
after TIPS and what patient specific factors factors for development of post-TIPS overt HE include prior history of overt
contribute to development of overt HE? HE, advanced age, advanced liver dysfunction (CTP Class C), hyponatremia,
renal dysfunction and sarcopenia (2a).
Q2. What social factors should be considered a | We recommend avoiding elective TIPS in patients with cognitive 3
contraindication to elective TIPS as it relates to | impairment and limited family or social support.
overt HE?
Q3. What is the role for formal evaluation for In patients being considered for elective TIPS, testing for covert or minimal 2
covert or minimal HE prior to elective TIPS? HE could be considered for prognostication and discussion with the patient.
Q4. What TIPS stent diameter should be In patients undergoing elective TIPS for ascites, we recommend starting 4
considered with regards to limiting post-TIPS with a smaller diameter controlled-expansion stent to potentially reduce
HE? rates of HE.
Qba. Is there a role for collateral embolization In patients undergoing elective TIPS for ascites and/or hepatic hydrothorax, 4
at the time of TIPS? embolization of spontaneous portosystemic shunts (SPSS) >6mm may be
considered in order to reduce the risk of post-TIPS hepatic encephalopathy.
Q5b. Is there a role for TIPS with shunt In select patients with large (>6mm) SPSS and refractory HE, we 4
embolization in the management of refractory recommend that shunt embolization be considered. For select patients who
HE related to presumed clinically significant develop portal hypertensive-associated complications (ascites, varices) after
portosystemic shunting? shunt embolization, we recommend that small caliber TIPS creation could
be considered.
Q6a. What is the role for medical prophylaxis In patients without a history of overt HE undergoing TIPS, we do not 3
to prevent HE after TIPS? recommend medical prophylaxis to prevent HE after TIPS.
Q6b. What is the recommended medical We recommend medical management of post-TIPS overt HE based on 1

therapy to treat overt HE after TIPS?

current guidelines with the use of lactulose and rifaximin.
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Question Statement Level of
Evidence
Q6c. What is the role for TIPS stent reduction/ | We recommend consideration of TIPS stent diameter reduction in patients 2b

occlusi on as the treatment of persistent or with persistent or refractory HE post-TIPS.
refractory HE?

Abbreviations: CTP, Child-Turcotte-Pugh; LVEF, left ventricular ejection fraction; TAPSE, tricuspid annular plane systolic excursion; HF,

heart failure; RVSP, right ventricular systolic pressure; mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; POPH,
portopulmonary hypertension; HPS, hepatopulmonary syndrome; GFR, glomerular filtration rate; CKD, chronic kidney disease; AKI, acute kidney
injury; LVP, large volume paracentesis; HRS, hepatorenal syndrome; INR, internationalized normal ratio; HE, hepatic encephalopathy; SPSS

spontaneous portosystemic shunt; TIPS, transjugular intrahepatic portosystemic shunt
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Table 4.

Future Research Directions Related to TIPS

Area

Knowledge Gap/Future Research

Standard setting in
TIPS

Ascites/Hepatic
Hydrothorax

Variceal Bleeding

Novel Indications
for TIPS

Cardiopulmonary
Considerations

« Prospective data are needed to establish threshold INR and platelet levels for safe TIPS creation as well as to
investigate the role of fibrinogen and thromboelastography in the assessment of procedural bleeding risk.

* Prospective data could validate societal recommendations regarding the use of periprocedural antibiotics. Currently
these recommendations are based on expert consensus rather than studies demonstrating improved outcomes or
decreased infectious complications.

* Prospective data are needed to assess whether the use of intravascular ultrasound to assist with the portal vein
puncture leads to decreased complications or improved survival.

« Is there a MELD threshold for TIPS? Future studies require a large size, diverse geographic regions/multi-center
studies, increased representation of populations with ascites, higher MELD scores, and standardized procedural
techniques.

« Prospective data are needed to determine and assess quality indicators throughout the course of TIPS planning and for
long-term management of post-TIPS patients.

« Better refinement of parameters of liver function, such as MELD or total bilirubin, that should be utilized in risk
stratification or as a contraindication to elective TIPS creation is needed.

* The role of TIPS creation in patients with ascites that is not refractory requires further study in prospective randomize
controlled trials.

« Prospective data are needed to determine whether there is a clinical benefit to universal post-TIPS surveillance
doppler ultrasound to monitor for TIPS stenosis in patients who undergo TIPS for refractory ascites.

* A better understanding of the role of TIPS creation in transplant recipients with ascites is needed, including
refinement of candidate selection criteria and comparison to other therapeutic strategies.

* Prospective data are needed to further refine criteria for preemptive TIPS, particularly studies which include a range
of CTP Class and stratify by etiology of cirrhosis.

« The timing of rescue TIPS creation and futility (or not) of the procedure in advanced CTP Class C cirrhosis (score
14-15) remains to be established.

* The timing of TIPS creation in patients with PVT diagnosed at the time of variceal hemorrhage needs to be
established.

* Prospective data are needed on endoscopic therapy vs covered TIPS with/without variceal obliteration vs variceal
obliteration alone to prevent GV rebleeding.

« Prospective data are needed to establish whether use of a small diameter covered TIPS stent with and without variceal
obliteration to control bleeding is efficacious in order to reduce HE.

* Prospective data are needed to determine predictors of GV rebleeding and HE after TIPS both with and without
variceal obliteration.

« Data are needed to support standardization of surveillance protocols after GV treatment.

* Prospective data are needed to identify the target PSG after intervention in order to prevent GV rebleeding.

« Data are needed to determine the optimal frequency of surveillance for TIPS stenosis/occlusion.

* Prospective data are needed to determine whether long term use of non-selective beta blockers after TIPS reduces risk
for recurrent variceal hemorrhage.

« Multicenter studies, ideally controlled, evaluating portal hypertensive complications and post-liver transplant
outcomes in patients with portal vein obstruction pre-LT who undergo portal vein reconstruction and TIPS creation
priorto LT.
» Multicenter controlled studies evaluating safety and efficacy of medical and invasive interventions (including TIPS) in
patients with symptomatic non-cirrhotic portal hypertension due to extrahepatic portal vein obstruction.
* Budd-Chiari Syndrome

o In the minority of patients in whom anticoagulation alone improves liver function and results in resolution of portal
hypertensive complications, does a risk for progressive liver failure persist? If so, can this be avoided by earlier
percutaneous intervention?

o Over what timeframe and based on what specific criteria should progression between stepwise management
progress?

0 What factors predict failure of anticoagulation alone, such that a patient presenting with BCS would proceed to
venoplasty/stenting or TIPS (based on anatomy) immediately?

o In which patients should transjugular portosytemic shunting be avoided and urgent liver transplantation be the
primary nonmedical therapy employed?
* Long-term PV Access

o Safety and efficacy of creating TIPS as an easily accessible intermediate or long-term route for portal infusion
therapy (i.e., portal chemoperfusion)

« Utility of new cardiac imaging modalities (e.g., MRI and PET) in pre-TIPS cardiac risk assessment and post-TIPS
cardiac surveillance

« Post TIPS changes in cirrhotic cardiomyopathy, its components, and severity

« Evolution of after TIPS in patients with mild portopulmonary hypertensionright heart function and pulmonary
vascular hemodynamics

* Role of cardiac biomarkers in post TIPS surveillance

« Impact of post TIPS echocardiographic surveillance on cardiac decompensation and survival

« Effect of TIPS on cardiac function after the first year post TIPS

* The interplay between stent size and cardiac function post TIPS

« Impact of valvular heart disease on TIPS outcomes
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Area Knowledge Gap/Future Research
» What drivers of MELD or MELD-Na dictate outcomes? For the same MELD/MELD-Na score, does a creatinine
Renal predominant MELD or MELD-Na have different outcomes compared to other drivers of MELD/MELD-Na score?

Considerations

Hepatic
Encephalopathy
and TIPS

» What is the role of novel biomarkers in prediction of kidney outcomes after liver transplantation?
» What is the of role of TIPS in patients with CKD, and those with sarcopenia?
» What is the role of peri-procedure vasoconstrictor use to prevent kidney dysfunction?

* Objective metrics beyond patient characteristics and laboratory values are needed to better predict post-TIPS HE.
« Future studies investigating the effect of medically controlled covert HE on post-TIPS OHE are necessary.

* Future prospective RCTs are needed to investigate the role for medical prophylaxis to prevent post-TIPS OHE.

* The indication of TIPS for embolization of large portosystemic shunts in the management of uncontrolled OHE
requires further study.

Abbreviations: GV, gastric varices; MRI, magnetic resonance imaging; OHE, occult hepatic encephalopathy; PET, positron emission tomography;
pTIPS, preemptive TIPS; PSG, portosystemic gradient; PVT, portal vein thrombosis; RCT, randomized controlled trial; TIPS, transjugular

portosystemic shunt
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