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Summary

Background: In light of the global rise in the burden of chronic liver diseases and liver
cirrhosis, the number of patients suffering from decompensation events is expected
to increase. Transjugular intrahepatic portosystemic shunts (TIPSS) provide effec-
tive long-term symptom control and may prolong transplant-free survival in portal
hypertension-driven recurrent ascites and variceal bleeding. New-onset or recurrent
hepatic encephalopathy (HE) after TIPSS insertion (post-TIPSS HE) represents the
most severe post-interventional complication.

Aims: To provide insight into the epidemiology and risk factors for post-TIPSS HE and
scrutinize the current state of the art in treatment and drug therapy options.
Methods: We conducted a literature search on post-TIPSS HE in patients with liver
cirrhosis.

Results: Post-TIPSS HE occurs in up to 54.5% of cases and particularly early recurrent
HE is associated with a dismal prognosis. In recent years, several risk factors for the
development of post-TIPSS HE have been identified. These include not only param-
eters reflecting liver function (model for end-stage liver disease score/Child-Pugh
score) as well as cognitive dysfunction caused by minimal HE but also extrahepatic
factors such as sarcopenia and common medications such as proton pump inhibitors.
In addition, new data on the benefit of rifaximin and of smaller stent grafts emerged
and may improve the prevention of post-TIPSS HE.

Conclusions: Careful selection of TIPSS candidates is of utmost importance to reduce
the risk of post-TIPSS HE. In this narrative review, we provide a concise overview of

the current epidemiology and risk factors of the treatment options for post-TIPSS HE.

The Handling Editor for this article was Dr Rohit Loomba, and this uncommissioned review was accepted for publication after full peer-review.
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1 | INTRODUCTION

Transjugular intrahepatic portosystemic shunts (TIPSS) provide ef-
fective and durable control of portal hypertension-driven symptoms.
Additionally, TIPSS insertion may extend transplant-free survival
(TFS) in patients with liver cirrhosis and recurrent ascites, although
further studies are needed to warrant this finding.l*2 In addition to
treatment-refractory ascites, indications include refractory acute
variceal haemorrhage (if first-line therapy has failed), secondary pro-
phylaxis after variceal haemorrhage, if first-line therapy (endoscopic
band ligature plus non-selective beta-blockers) has failed, Budd-
Chiari Syndrome and portal vein thrombosis.® In 2010, a randomised
controlled trial established the use of an “early TIPSS” (placement
within 72 hours after admission) in high-risk patients after acute
variceal haemorrhage.* Other indications, such as hepatorenal syn-
drome, require further research for a general recommendation.

The occurrence of new-onset, progressive or recurrent hepatic
encephalopathy (HE) after TIPSS insertion (post-TIPSS HE) rep-
resents the most important complication of this therapeutic ap-
proach. HE is defined as a potentially reversible brain dysfunction
that manifests with a wide spectrum of neuropsychiatric abnormal-
ities caused by liver insufficiency and portosystemic shunting.>¢
Clinically, it includes neurological and psychiatric abnormalities
ranging from subclinical alterations to life-threatening coma. HE
can roughly be divided into two groups: overt HE (OHE) and covert
HE (CHE). While OHE comprises grades 2-4 according to the West
Haven criteria, CHE combines the two lowest grades of HE—minimal
HE (MHE) and HE grade 1 (HE1).® Patients with OHE present episod-
ically or continuously with obvious, clinically detectable symptoms.
In contrast, MHE is below the obvious clinical detection level and
can only be diagnosed with the help of specialised neuropsychomet-
ric and neurophysiological tests.

HE is a very frequent complication in patients with liver cirrho-
sis, and MHE can be detected in about 30%-50% of all cirrhotic pa-
tients.”® Although the consequences are serious, MHE, in particular,
is often overlooked or diagnostics are even neglected in routine clin-
ical practice.” This is concerning because MHE also impairs health-
related quality of life (HRQol), can lead to falls with subsequent
bone fractures, and motor vehicle crashes and is associated with a
higher risk for OHE.”!0-12

In this narrative review, we provide insight into the epidemiology
and risk factors for post-TIPSS HE and scrutinise the current state of
the art in treatment and drug therapy options.

2 | POST-TIPSS HE
2.1 | Epidemiology

HE is the most frequent TIPSS-associated complication in patients
with liver cirrhosis. The overall incidence of post-TIPSS HE ranges
from 23% to 54.5% during the first year after insertion (Table 1).1318

The severity of HE after TIPSS insertion also varies widely across
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different studies: In an Italian cohort of 78 cirrhotic patients treated
with polytetrafluoroethylene-covered (PTFE-covered) stents, 44.8%
of the patients experienced at least one episode of post-TIPSS HE,
with 55% having an HE = grade 3.1° In contrast, in an American co-
hort including 376 patients, 52% developed a post-TIPSS HE, among
whom only 9% had HE 2 grade 3.2% In patients with rescue or early
TIPSS for variceal bleeding, the incidence rates of post-TIPSS HE do
not seem to be increased compared to patients treated with drugs
plus endoscopy.’” A detailed overview of the post-TIPSS HE rate in

several studies is given in Table 1.

2.2 | Pathophysiology

The underlying pathophysiology of HE is complex and consists of a
complex interplay of hyperammonemia and systemic inflammation.
Simply put, HE is driven by hyperammonemia-related neurotoxic-
ity. However, the exact pathophysiology that triggers HE is still not
sufficiently understood and not within the scope of this review.?°
In the context of post-TIPSS HE, two TIPSS-related factors must be
considered: First and foremost, TIPSS insertion leads to a “steal”
phenomenon: ammonia-enriched blood from the intestine bypasses
the liver parenchyma, thus is not included in the urea cycle.?! This
results in further impaired ammonia degradation. Second, rat mod-
els demonstrated that portocaval shunting (e.g. caused by TIPSS)
leads to increased activity of phosphate-activated glutaminase in
the intestine, which results in an increase in gut-derived ammo-
nia.2%?2 A comprehensive review of HE pathophysiology can be

found elsewhere.?°

2.3 | Risk factors for the development of post-TIPSS
HE and patient selection

The occurrence of HE represents one of the major post-TIPSS com-
plications and is associated with a dismal prognosis.23 In particular,
early recurrent OHE is linked with poor outcomes.?* In general, care-
ful pre-interventional patient selection is crucial to reduce the risk
of post-TIPSS HE. Therefore, it is essential to know predictors for
the development of HE after TIPSS insertion. A pre-TIPSS diagnostic
workup proposed by the authors to evaluate the individual risk for
post-TIPSS HE is displayed in Figure 1.

Overall, the best-studied risk factors include a history of OHE
and impaired liver function. This is validated by a systematic review
including 30 studies, which found that advanced age, history of HE
and higher Child-Pugh scores showed the strongest association in
predicting post-TIPSS HE.?> Other important risk factors are higher
Model of End-Stage Liver Disease (MELD) scores, arterial hypoten-
sion, hyponatremia, elevated serum creatinine, low levels of serum
albumin and a portosystemic pressure gradient (PSG) lower than
5 mm Hg.'>?% Another retrospective study of 376 patients found
that in addition to advanced age, VIATORR stents without controlled

expansion were significantly associated with the occurrence of HE
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FIGURE 1 Proposed pre-TIPSS
diagnostic workup to evaluate the
individual risk for post-TIPSS HE * age > 65 years

Patient characteristics

Medical history/record

« history of HE?
covert HE? Q d + diabetes mellitus?
FOSEHIESS HE Laboratory values
: * low serum sodium?
« high serum creatinine?
3 « low serum albumin?

Liver function
*MELD score
*Child-Pugh score

TABLE 2 Overview of established tests for detecting MHE and their ability to predict post-TIPSS HE

Validated for

predicting
Test modality post-TIPSS HE Advantages Disadvantages
PHES Yes (however, there e Guideline recommended gold e Requires trained personnel
are conflicting standard for detection of MHE e Time-consuming
findings)zg'30 e Validated in several countries
e |nexpensive
CFF Yes*® e Independent of education and e Requires expensive special equipment
without learning effect e Not studied in the United States
EEG”® No e Independent of education and e No cut-offs available for the prediction of post-TIPSS HE
without learning effect e Requires trained personnel
e Time-consuming
CRT’? No e Testing time about 10 min o No cut-offs available for the prediction of post-TIPSS HE
e Mainly studied in Denmark
e Requires a computer
ICT”? No e Testing time about 14 min e No cut-offs available for the prediction of post-TIPSS HE
e Requires a computer
Scan test”® No e Testing time: depending on how e No cut-offs available for the prediction of post-TIPSS HE
many difficulty levels the patient e Requires a computer
manages, usually a few minutes
Stroop test No e Testing time about 10 min e No cut-offs available for the prediction of post-TIPSS HE
(EncephalApp)*® e Point-of-care test e Requires smartphone or tablet
QuickStroop’ No e Testing time about 1 min e No cut-offs available for the prediction of post-TIPSS HE
e Point-of-care test e Requires smartphone or tablet
e Not studied outside of the United States
S-ANT1%3 No e Testing time only 1 min e No cut-offs available for the prediction of post-TIPSS HE

e Free of costs e Requires validation in different countries and languages

Abbreviations: CFF, Critical Flicker Frequency; CRT, Continuous Reaction Time; EEG, electroencephalography; HE, hepatic encephalopathy; ICT,
Inhibitory Control Test; MHE, minimal hepatic encephalopathy; PHES, Psychometric Hepatic Encephalopathy Score; S-ANT1, simplified Animal
Naming Test.

after TIPSS placement.'® However, it has to be mentioned that es- identified. This is supported by studies reporting on early and rescue
pecially a history of OHE may not be a contraindication for TIPSS in TIPSS placement in patients with variceal bleeding—a well-known
well-selected patients when a clear and remediable trigger can be trigger for HE.}*?7
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Under-dilated
stent grafts

Prophylaxis of
post-TIPSS HE

Medication
(e.g. Rifaximin)

2.4 | CHE as arisk factor for post-TIPSS HE

CHE comprises the two lowest grades of HE—MHE and HE1.
Several studies in patients with liver cirrhosis have demonstrated
that patients with CHE have a remarkably higher risk for the devel-
opment of OHE.”%8 Consequently, neuropsychometric and neuro-
physiological tests used for the detection of CHE are highly valuable
tools to predict post-TIPSS OHE. In this context, Nardelli et al were
able to demonstrate in a cohort of 82 patients that pathological
results in the portosystemic hepatic encephalopathy score (PHES)
were associated with a higher OHE risk after TIPSS insertion (sHR
3.16, 95% Cl 1.43-6.99).%° Especially in patients referred for TIPSS
implantation because of refractory ascites, PHES had an excellent
negative predictive value of 88% to exclude future OHE episodes.

A study by Berlioux et al including 54 patients found that rul-
ing out MHE by evaluation of the Critical Flicker Frequency prior to
TIPSS implantation yielded a negative predictive value of 91% for
the occurrence of recurrent OHE (defined as the occurrence of three
or more episodes) or one episode longer than 15 days.30 Thus, com-
prehensive pre-TIPSS evaluation of HE including diagnostic tools for
detecting MHE seems to be useful and mandatory.®! Table 2 pro-
vides an overview of established tests for detecting MHE and their
ability to predict post-TIPSS HE as well as potential disadvantages.
In general, the lack of standardisation complicates the comparability
of these tests.

Ammonia plays a central role in the development of CHE as well
as post-TIPSS HE. Recently, the determination of ammonia and its
time course after an amino acid challenge has been studied as a pre-
dictive factor for post-TIPSS HE.3? Here, a higher increase in blood

Calories 35-40 kcal/kg
Proteins 1.2-1.5 g/kg
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FIGURE 2 Recommended prophylaxis
of post-TIPSS HE

ammonia and increased responses in sleepiness and psychometric
tests after amino acid challenge were associated with the develop-
ment of post-TIPSS HE. However, these findings have to be con-
firmed in future studies before clinical implementation.

Future studies in this field should also aim at evaluating addi-
tional CHE testing strategies such as the simplified Animal Naming
Test or the Encephal App Stroop, which have also been shown to be
reliable predictors for the development of OHE in patients without
TIPSS.73335

2.5 | Common medications as risk factors for post-
TIPSS HE

In recent years, proton pump inhibitors (PPIs) have been identi-
fied as potential risk factors for a wide variety of complications of
liver cirrhosis such as spontaneous bacterial peritonitis (SBP) or
HE.3%%7 Results of studies with a focus on HE risk under PP| treat-
ment are partly conflicting. There is only one prospective study
available, which found an association between PPl use and the de-
velopment of MHE and OHE.?” In contrast, a recently published
large study neither found an association between PPl use and the
presence of CHE nor OHE-related readmission.® In patients with
TIPSS, there seems to be an association between PPl use and post-
TIPSS HE. A recently published study by Sturm et al identified PPI
use as an additional, dose-dependent risk factor for the develop-
ment of post-TIPSS HE.38 However, it has to be mentioned that the
overall quality of evidence is low. Nevertheless, given the fact that

up to 60% of the patients receive PPIs without a valid indication,
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PPI treatment should be discontinued if no longer needed prior to
TIPSS placement.®’

Other medications that are known risk factors for the devel-
opment of HE include opioids, benzodiazepines, or even diuretics
potentially leading to volume depletion.*®** Although these have
not been well studied in the context of post-TIPSS HE, a critical re-

evaluation of the indication before TIPSS insertion seems inevitable.

2.6 | Sarcopenia as a risk factor for post-TIPSS HE

Muscle alterations like sarcopenia are frequent in patients with de-
compensated liver cirrhosis and, due to the importance of muscle in
ammonia metabolism, sarcopenia may be linked to HE.

Although several studies have found sarcopenia to be a relevant
risk factor for the development of post-TIPSS HE, there are also
studies reporting negative results. Nardelli et al were able to demon-
strate that not only sarcopenia but also muscle quality as defined
by myosteatosis were significantly associated with the presence of
MHE and the development of OHE in patients with liver cirrhosis.*?
The same findings were validated in patients undergoing TIPSS in-
sertion. Here, impaired liver function as reflected by higher MELD
scores and sarcopenia were independently associated with the oc-
currence of post-TIPSS HE.*® Remarkably, in this study, only patients
with sarcopenia developed post-TIPSS HE within the first months
after insertion. However, a recent retrospective study of 107 pa-
tients undergoing TIPSS insertion for refractory ascites showed that
sarcopenia was neither associated with the occurrence of de novo
HE nor with higher mortality.** In addition, TIPSS itself has positive
effects on body composition in the long term: TIPSS implantation
leads to both weight and muscle gain as well as overall better body
composition in malnourished patients with liver cirrhosis, which in
turn may improve cognitive deficits.*>* In addition, several further
risk factors of HE can be improved by TIPSS placement including
lower rates of gastrointestinal haemorrhage, hypovolaemia or in-
fections such as SBP.” Taken together, sarcopenia should be no ex-
clusion criterion for TIPSS insertion. However, sarcopenic patients
should be monitored closely for post-TIPSS HE and may be in the

highest need of preventive measures.

2.7 | Prophylaxis of post-TIPSS HE
2.71 | Non-drug-based prophylaxis

Given that sarcopenia is independently associated with the devel-
opment of post-TIPSS HE in cirrhotic patients, improving the nutri-
tional status of TIPSS candidates may help to prevent post-TIPSS
HE (Figure 2).43 Currently, there are no specific guideline recom-
mendations for nutritional advice in patients with TIPSS. However,
recommendations should be given in accordance with guidelines
for secondary prevention after a bout of OHE. Patients should be

advised to maintain a sufficient calorie intake of about 35-40 kcal/
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kg body weight/day. Additionally, protein intake should be about
1.2-1.5 g/kg body weight/day with a focus on plant-based proteins.
Moreover, long catabolic periods should be avoided and the inges-

tion of a late-night snack is recommended.

2.7.2 | Drug-based prophylaxis

In patients with liver cirrhosis without TIPSS, the drug-based
prophylaxis of the development of HE mainly focuses on disaccha-
rides (e.g. lactulose), antibiotics like rifaximin and amino acids like
L-Ornithine-L-Aspartate (LOLA). Guidelines currently do not recom-
mend any primary HE prophylaxis after TIPSS placement.® Though
studies are evolving and recent data may lead to changes in future
guidelines recommendations. This is mostly explained by a study il-
lustrating that neither rifaximin nor lactulose prevented post-TIPSS
HE any better than placebo.*® However, Bureau et al recently pub-
lished a large randomised and placebo-controlled trial on the use of
rifaximin in the prevention of OHE after TIPSS insertion. In total,
197 patients undergoing TIPSS for intractable ascites or preven-
tion of variceal bleeding were included in the study. Patients in the
verum arm were treated with 600 mg rifaximin twice daily begin-
ning 14 days before TIPSS. During the follow-up of 168 days, rifaxi-
min reduced the occurrence of OHE compared to placebo with an
odds ratio (OR) of 0.48 (95% Cl 0.27-0.87). However, rifaximin had
no influence on TFS, which may be attributed to a lack of power for
this endpoint. Additionally, it has to be mentioned that the effect
of rifaximin on the prevention of post-TIPSS HE did not reach sig-
nificance in the subgroup of patients without a history of OHE.* In
addition, it is noteworthy that the prophylaxis of HE with lactulose
was not allowed in this trial. Nevertheless, these findings will likely
result in a guideline recommendation for rifaximin to prevent post-
TIPSS HE (Figure 2). Though the use of rifaximin for this indication
is currently off-label, another ongoing multicentre randomised, con-
trolled, double-blind trial (PEARL trial, NCT04073290) is comparing
rifaximin plus lactulose to placebo plus lactulose administered 3 days
prior to TIPSS insertion to 3 months post-TIPSS.*°

A recent single centre, retrospective study including 233 pa-
tients reported that rifaximin plus lactulose is effective in preventing
recurrent HE in patients with pre-TIPSS HE at 1, 3 and 12 months
post-TIPSS.Y” However, in this study, patients without pre-TIPSS HE
did not benefit from this combination. Remarkably, LOLA had no
additional benefit when added to lactulose and rifaximin.'” Routine
administration of albumin after TIPSS insertion did not reduce the
incidence of post-TIPSS HE.>!

Trials investigating the drug- or stent-based prophylaxis of post-
TIPSS HE are summarised in Table 3.

2.7.3 | Stent-based prophylaxis

To reduce the risk of neointimal hyperplasia after TIPSS placement

and thus minimise the probability of TIPSS occlusion, the use of
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PTFE-covered stent grafts has become standard in the recent dec-
ade and is highly recommended.>>°% While initially a higher risk of
post-TIPSS HE for covered stent grafts in comparison to bare metal
stents has been reported, these results could not be confirmed in
external validation as the HE rate did not differ significantly.>*>>
Furthermore, a recent meta-analysis of the latest randomised con-
trolled trials (RCTs) identified an even lower rate of HE in patients
treated with covered stents.’® From a pathophysiological point of
view, this may be explained by the fact that TIPSS dysfunction/oc-
clusion may expose patients to new decompensation events like
variceal bleeding or ascites complicated by SBP, consequently trig-
gering HE. Thus, covered stents should be favoured, in particular,
to reduce the risk of TIPSS dysfunction/occlusion.53 Nevertheless,
investigations regarding the optimal diameter and the grade of dila-
tion of PTFE-covered stent grafts are still ongoing.

In 2017, a RCT including 127 patients undergoing TIPSS place-
ment for secondary prophylaxis of variceal bleeding showed that
8 mm covered stents were equally effective in preventing rebleeding
within 2 years but were associated with a 47% reduction of the risk
of spontaneous OHE compared to 10 mm stents.>” Though, there
was only a trend for a lower rate of overall HE in this trial (P = 0.075).
In contrast, another smaller RCT including 45 patients reported a
significant reduction in the efficacy of TIPSS-related symptom con-
trol (particularly ascites) in patients receiving 8 mm instead of 10 mm
diameter endograft, while the risk of developing HE did not differ
between both groups.58 An additional option is the use of underdila-
tion of nominal larger stent grafts. In particular, the underdilation of
nominal 10 mm stent grafts to 8 mm. While the underdilation might
be beneficial regarding the risk of post-TIPSS HE, it still offers the
potential of full dilation in case of hemodynamic TIPSS failure or in-
effective symptom control. A recently published study investigated
the effects of a novel VIATORR Controlled Expansion stent graft
(VCX), which can be specifically used underdilated on 8 mm. This
novel VIATORR was compared in its underdilated form to a conven-
tional VIATORR TIPSS stent graft in underdilated (8 mm) and nomi-
nal (10 mm) diameter regarding prognosis as well as post-TIPSS HE.>?
Here, the authors found that patients treated with VCX had signifi-
cantly lower rates of post-TIPSS HE, uncontrolled ascites and heart
failure during the follow-up as well as lower 1-year mortality. This
effect could be attributed to the fact that conventional VIATORR
stent grafts, in contrast to VCX, are passively expanded by haemo-
dynamics already after 6 weeks.%° Following these results, further
underdilation has to be investigated in the future.

A prospective, multicentre (but non-randomised) trial including 95
cirrhotic patients reported a significant decrease in the occurrence
of post-TIPSS HE after implantation of underdilated self-expandable
PTFE-covered stent grafts with a diameter of 6-7 mm without loss of
efficacy regarding recurrent variceal bleeding or ascites. These results
were confirmed in an additional validation cohort of 47 patients co-
hort receiving PTFE stent grafts with a diameter of 6 mm.%!

Taken together, additional prospective and randomised trials are
needed to delineate the effect of e.g. underdilated stents in more
detail.
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2.8 | Management of post-TIPSS HE

In most cases, the treatment of acute HE after TIPSS does not dif-
fer from the treatment of OHE in patients without TIPSS.5 Patients
with higher grades of HE (HE grade 3-4 and Glasgow coma score
less than 7) should be admitted to the intensive care unit as they
are usually unable to protect their airways. Importantly, infections
(e.g., SBP) as a common and reversible HE trigger, should be rapidly
excluded or treated in both patients with and without TIPSS.

The treatment of choice for first-line therapy of HE remains lactu-
lose, administered orally or by enemas.® There are also data indicating
the usefulness of a combination therapy containing lactulose and rifax-
imin for the treatment of OHE.®? However, it has to be mentioned that
the administration of rifaximin for the treatment of OHE is off-label. In
patients with a hard-to-treat bout of OHE, the initiation of intravenous
LOLA should be considered. Two recent studies from India indicated
that the addition of LOLA could decrease the time to reverse HE.53¢*
Besides drug-based therapy, catabolic states should be avoided and
protein restriction should be omitted.’ In patients with recurrent or
therapy-refractory post-TIPSS HE, stent diameter reduction or com-
plete TIPSS occlusion are potential interventional therapies.é>?
However, TIPSS occlusion is associated with a high risk of severe
(iatrogenic) complications.®® Especially, in patients undergoing TIPSS
insertion due to variceal bleeding, the management of rebleeding is
challenging. Thus, liver transplantation should always be considered in
the first instance for recurrent and refractory post-TIPSS HE.

3 | CONCLUSIONS AND FUTURE
DIRECTIONS

Post-TIPSS HE remains a frequent and severe post-interventional
complication for patients with liver cirrhosis. However, optimised
patient selection based on cognitive performance, nutritional sta-
tus and liver-related factors may reduce the incidence of post-TIPSS
HE (Figure 1). Additionally, the widespread use of stent grafts with
controlled expansion with the opportunity to precisely adjust the
stent diameter may be an appealing approach to improve prognosis.
Regarding drug prophylaxis, it is likely that the recently published
high-quality data on rifaximin to reduce post-TIPSS HE could change
guideline recommendations.*” However, further high-quality stud-
ies, especially on the combination of lactulose and rifaximin, are ur-

gently needed and eagerly awaited.*°
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