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Abstract

Background and Aims Hepatic encephalopathy (HE) is a
common complication of elective transjugular intrahepatic
portosystemic shunt (TIPS) placement and is often suc-
cessfully medically managed. Risk factors for refractory
hepatic encephalopathy (RHE) necessitating revision of
TIPS are not well defined. We evaluated the incidence,
predictors, and outcomes of post-TIPS RHE necessitating
TIPS revision.

Methods In a retrospective cohort study of 174 consecutive
patients undergoing elective TIPS placement (2010-2015),
we evaluated the incidence of post-TIPS RHE. Clinical
demographics and procedural variables were collected.
1-year outcomes after revision were collected.

Results Ten of 174 patients (5.7%) developed post-TIPS
RHE requiring revision. Significant differences between
RHE and non-refractory groups were shunt size > 8 versus
< 8 mm (18.5 vs. 3.4%, p = 0.001), history of HE (14 vs.
2%, p = 0.007), and serum albumin levels < 2.5 versus
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> 2.5 g/dL (13.1 vs. 3.1%, p = 0.020). On multivariate
analysis, shunt size > 8 mm (p = 0.001), history of HE
prior to TIPS (p =0.006), and low serum albumin
(£ 2.5 g/dL) (p = 0.022) remained independent predictors
of RHE, controlling for age and Model for End-Stage Liver
Disease score. RHE improved in 8 of 10 patients but sur-
vival at 1 year without liver transplantation (LT) was only
10%.

Conclusion While TIPS revision successfully improves
RHE in most cases, 1-year mortality rates are high, limiting
the value of revision in non-LT candidates. Patients with
previous history of HE and low serum albumin levels prior
to TIPS may benefit most from the use of shunt sizes
< 8 mm to mitigate the risk of RHE.

Level of Evidence Level 4, case series.

Keywords TIPS - Hepatic encephalopathy - Shunt
reduction - Shunt closure - Nutrition

Introduction

Transjugular intrahepatic portosystemic shunt (TIPS)
placement is an established treatment option for compli-
cations of cirrhosis related to portal hypertension [1]. With
technical refinements, peri-procedural complications and
mortality from TIPS have decreased [2]. Long-term com-
plications including need for rescue transplant, shunt dys-
function/need for revision, and mortality have also
decreased with the advent of polytetrafluoroethylene
(PFTE) covered stents [3, 4]. However, hepatic
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encephalopathy (HE) remains one of the most common and
significant complications of TIPS with an estimated inci-
dence of 18-45% depending on the exact definition of HE
used and patient demographics [5-7]. The postulated
mechanism is multi-factorial including increased produc-
tion of enteric neurotoxins from intestinal bacteria, reduced
hepatic filtering due to liver dysfunction or vascular
shunting from the portal to systemic circulations and
increased permeability of the blood-brain barrier [8, 9].
One large meta-analysis found age over 65, advanced
Child—Pugh score, and history of HE to be robust predic-
tors of post-TIPS HE [10].

The incidence and risk factors for post-TIPS refractory
hepatic encephalopathy (RHE) are less well characterized.
The reported incidence has ranged from 3 to 8% although
little is known about demographic risk factors specific to
this complication [11-16]. The aim of this investigation
was to determine the incidence and risk factors for post-
TIPS RHE after elective TIPS placement. We also evalu-
ated outcomes after TIPS shunt revision as a treatment for
post-TIPS RHE.

Materials and Methods
Subject Inclusion/Exclusion

After institutional review board approval, consecutive
patients who underwent TIPS from January 2010 to
December 2015 at a tertiary referral hospital were identi-
fied by procedural (ICD-9/ICD 10) code. Retrospective
medical record review was performed identifying 273
individuals who underwent initial TIPS placement during
the timeframe. Seventy-nine patients had non-elective
TIPS for endoscopically uncontrolled variceal hemorrhage,
and 20 patients with incomplete data were excluded leav-
ing 174 patients for final analysis.

Clinical Aims

The primary aim of investigation was incidence of post-
TIPS RHE. This was operationally defined as new or
worsening HE within 1 year of TIPS that either: (1)
required hospital admission with no improvement in clin-
ical status despite at least 72 h of medical therapy (com-
bination of lactulose per os/per rectum and rifaximin
550 mg twice daily per os) and exclusion of precipitating
events: infection, gastrointestinal bleeding, azotemia, acute
or acute-on-chronic portal vein thrombus, polypharmacy or
(2) required 3 or more hospitalizations over a subsequent
3-month period for post-TIPS HE [17-19]. Subjects’ out-
patient and inpatient records including initial admission
assessments and discharge diagnoses were reviewed.
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Clinical demographics including age, gender, race, pre-
procedure Model for End-Stage Liver Disease (MELD)
score, hemoglobin, creatinine, international normalized
ratio (INR), total bilirubin, albumin, history of pre-proce-
dure HE, and TIPS indication were collected and tabulated.

Initial TIPS Placement and Subsequent Revision
for Refractory Hepatic Encephalopathy

Procedural variables from the initial TIPS placement
including hepatic venous wedge pressure, direct portal
venous pressures, direct right atrial pressures, portosys-
temic pressure gradient (PSG), and shunt size were recor-
ded. Direct portal and direct right atrial pressures were
obtained post-stent placement and final dilation at the ter-
mination of the procedure. Procedural data from the revi-
sion procedure were recorded as well: PSG before and after
revision and shunt size. Outcome parameters assessed
included presence/absence of improvement in HE, 90-day
readmission rate for HE, liver transplant (LT) rates, and
death up to 1 year after TIPS revision. Relevant clinical
data at the time of revision were gathered to allow for
calculation of total number of organ failures (OF) and
CLIF-ACLF (Chronic Liver Failure Consortium Acute-on-
Chronic Liver Failure) scores for each patient [20].

Procedure Descriptions
Initial TIPS Placement

TIPS was performed utilizing Ring Transjugular Intra-
hepatic Access Set with Colapinto needle (Cook Medical,
Bloomington, IN, USA), typically from the right hepatic
vein to the proximal right portal vein. Prior to 2012 pro-
cedures were performed with fluoroscopic guidance with
wedged carbon dioxide (CO,) portovenograms, parallax,
and occasionally assisted by transabdominal ultrasound
and/or direct portal vein micropuncture access/wire
placement to facilitate access [21, 22]. Post-2012 majority
of procedures were performed with intravascular ultra-
sound guidance [23]. Transluminal angioplasty of the
intrahepatic tract followed by deployment of a Viatorr
(Gore Medical, Flagstaff, AZ, USA) covered stent across
the tract was carried out. All stents had a nominal diameter
of 10 mm. Appropriate length of stents was determined by
simultaneous portovenogram (utilizing a marker band flush
catheter) and inferior venocavogram via the 10-French
angle-tipped ring set sheath. Stents were ideally placed
from the portal vein extending slightly into the inferior
vena cava. Most stents were dilated initially to 8 mm, and
pressures were measured. If PSG was greater than
12 mmHg, then the stents were further dilated to 9 or
10 mm to achieve a PSG of less than 12 mmHg. A small
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number of patients with preexisting HE were only dilated
initially to 6 mm. Repeat PSG, right atrial pressure, and a
venogram were obtained after balloon dilation of the stent.

Stent Reduction A parallel reduction technique was used
[15]. Venous access was gained through the right jugular
vein. A catheter was advanced into the TIPS stent for
venography, portal venous pressure, and right atrial pres-
sure measurements. A guidewire was left in place. A sec-
ond access site in the right jugular vein was then gained to
allow for passage of a second guidewire across the TIPS
stent. A balloon expandable express SD stent (Boston
Scientific, Boston, MA, USA) was placed over one guide
wire, and a Viatorr covered stent was placed over the other
guidewire. With 2 parallel stents in place, they were
simultaneously expanded in the middle of the original TIPS
stent, forming a waist. The degree of dilation of the
Express SD stent was adjusted to reach an end PSG of
12 mmHg and achievement of antegrade portal flow on
venogram. Repeat portal venous, right atrial pressure, and a
venogram were obtained after balloon dilation.

Stent Closure Access to the TIPS stent was gained in a
similar fashion. Venogram and pressure measurements
were taken. An Amplatzer plug (St Jude Medical, St Paul,
MN, USA) was then deployed in the existing stent [15].
Repeat venogram confirmed complete occlusion.

Statistical Analysis

Variables including age, gender, race, pre-procedure
MELD score, hemoglobin, creatinine, INR, total bilirubin,
albumin, history of pre-procedure HE, TIPS indication, and
presence of portal vein thrombus (PVT) were analyzed to
determine predictors of readmission for post-TIPS RHE.
We used logistic regression to determine independent
predictors of RHE. Initially, we performed univariate
logistic regression to determine significant predictors of
RHE followed by multivariate logistic regression control-
ling for other variables in the model and age. The signifi-
cance was determined by a p value of less than 0.05 in both
univariate and multivariate analysis. For other demo-
graphic variables, we conducted ¢ test and Chi-square test
to determine mean and distribution difference, respec-
tively. All analyses were performed using IBM SPSS
Statistics for Windows, version 23 (IBM Corp., Armonk,
NY, USA).

Results

Patient Demographics

Patient demographics and baseline laboratory values for
the 174 patients undergoing elective TIPS are shown in

Table 1 Patient demographics

Age (years) 56.6 £ 10.3
Gender

Male 108 (62)

Female 66 (38)
Ethnicity

White 118 (68)

Non-white 56 (32)
Hemoglobin (g/dL) 104 £ 2.1
INR 1.5+ 0.3
Creatinine (mg/dL) 1.0+ 04
Albumin (g/dL) 30+ 0.6
Albumin (g/dL)

<25 46 (26)

> 2.5 128 (74)
Total bilirubin (mg/dL) 2.0+ 1.7
MELD 135+ 44
Cirrhosis etiology

Viral 81 (47)

NASH 56 (32)

Alcohol 14 (8)

Other 23 (13)
Indication for TIPS

Ascites 79 (45)

Hydrothorax 25 (14)

Varices 26 (15)

Other 44 (25)
History of hepatic encephalopathy

No 124 (71)

Yes 50 (29)
Portal vein thrombosis

No 103 (59)

Yes 71 (41)
Initial portal pressure (mmHg) 257+ 175
Initial PSG (mmHg) 164 + 49
Final PSG (mmHg) 72 4+25
PSG difference (mmHg) 93 +£40
Shunt size

< 8 mm 147 (84)
> 8 mm 27 (16)

Values mean £ SD or n (%)
PSG portosystemic pressure gradient

Table 1. Men outnumbered women approximately 2:1.
Mean age was 56.6 £+ 10.3 years, and average MELD
score was 13.5 £ 4.4. Baseline laboratory data were
notable for an average creatinine of 1.0 £ 0.3 mg/dL,
albumin of 3.0 £ 0.6 g/dL, total bilirubin of
2.0 £ 1.7 mg/dL and INR of 1.5 £ 0.3. Fifty patients
(29%) had a history of HE prior to TIPS controlled with
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lactulose. Indications for TIPS were refractory ascites in 79
patients (45%), hepato-hydrothorax 25 patients (14%),
non-bleeding varices in 26 patients (15%), and other in 44
patients (25%). Seventy-one patients (41%) had non-oc-
clusive PVT without extension into the superior mesenteric
or splenic vein prior to TIPS.

Procedural Variables

At time of initial TIPS, mean initial PSG was
16.4 + 5.0 mmHg, final PSG was 7.2 £+ 2.5 mmHg, and
PSG difference was 9.3 £+ 4.0 mmHg. Forty-five patients
(26%) had a final PSG of < 5 mmHg.

Refractory Hepatic Encephalopathy and Risk
Factors

Ten of 174 patients (5.7%) developed RHE requiring TIPS
reduction (n = 9) or closure (n = 1). Median time to revi-
sion procedure was 55 days (range 15-409). By study
inclusion criteria, all patients had at least 1 OF (RHE).
Seven patients met criteria for ACLF with 2 or more OF
using CLIF-C ACLF scores at the time of revision
(Table 3). Five had 2 OF; the remaining 2 patients had 3
and 4 OF. Average CLIF-C ACLF score of the 7 patients
was 50.1 (range 44-57). Average initial PSG was
8.6 mmHg (range 4-16). After the 9 reduction procedures,
final PSG increased to a mean of 13 mmHg (range 7-20).

Demographic and procedural variables for the groups
with and without RHE are presented in Table 2. On uni-
variate analysis, shunt size > 8 versus < 8§ mm (18.5 vs.
3.4%, p = 0.001), history of HE prior to TIPS (14 vs. 2%,
p = 0.007), and serum albumin levels < 2.5 vs. > 2.5 g/dL
(13.1 vs. 3.1%, p = 0.020) were associated with higher
incidence of RHE. Low serum albumin level as a contin-
uous variable was found to be a significant predictor of
RHE as well (p = 0.005). However, age, gender, MELD
score, indication for procedure, and presence of PVT did
not affect the risk of RHE. Furthermore, no procedural
hemodynamic variable was predictive of RHE. Of note, no
patient who developed RHE had a final gradient of
< 5 mmHg. On multivariate analysis, shunt size > 8§ mm
(p = 0.001), history of HE prior to TIPS (p = 0.006), and
serum albumin < 2.5 g/dL. (p = 0.022) remained inde-
pendent predictors of RHE, controlling for age and MELD
score.

Outcomes of TIPS Reduction/Closure
All patients were continued on lactulose and rifaximin
post-revision. Improvement in RHE was seen in 8 of 10

patients (80%). Only one patient after initial improvement
developed subsequent grade 2 HE requiring re-
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hospitalization within 90 days. The patient was admitted a
month after undergoing TIPS reduction from a skilled
nursing facility where she developed constipation from
inappropriate lactulose dosing. She improved rapidly with
titration of lactulose and had no further admissions for HE.

Outcome data are presented in Table 3. LT-free survival
was only 10% at 1 year (1 of 10 patients). Four patients
(40%) underwent successful LT at a median of 12.5 days
(range 3-126) after TIPS revision. Five patients (50%)
were not deemed candidates for LT and died within 1 year
of TIPS revision. The 2 patients with 3—4 OF had no sig-
nificant improvement after TIPS revision; 1 died and 1
required LT within 15 days. There was no good correlation
in outcome between patients with 1 versus 2 OF.

Discussion

Post-TIPS HE is a common and significant complication
after TIPS placement. In most cases, it can be managed
successfully with treatment of any precipitating events and
medical therapy with lactulose and rifaximin [24]. How-
ever, less commonly HE persists or is recurrent despite
maximal medical therapy and requires more complex
management.

In our study, 10 of 174 patients (5.7%) developed RHE
after initial elective TIPS placement. This was consistent
with prior studies who noted an incidence of post-TIPS
RHE of 3-8% [11-16]. In the largest single-center series
addressing RHE, Kochar et al. [11] found 38 of 733
patients (5.2%) undergoing TIPS over a 14-year period
developed RHE requiring TIPS revision. They noted a
potential association between older age and RHE but a
formal analysis of risk factors for RHE was not the focus of
their study. In a retrospective study of HE after TIPS with
PTFE grafts, Riggio et al. [25] noted 6 of 78 patients (8%)
developed HE. Increased creatinine level was the only
variable independently associated with RHE. Other studies
to date have not found any predictors for the development
of RHE.

Unique to our study is the finding that shunt size
> 8 mm, history of HE prior to TIPS, and low serum
albumin (< 2.5 g/dL) were significant predictors of RHE.
Each of these variables has been previously shown to be
risk factors for HE but not in the RHE population. A recent
trial showed a higher incidence of post-TIPS HE in patients
randomized to receive a 10 versus 8 mm covered stent
during TIPS for variceal prevention [26]. History of HE
prior to TIPS is one of the most well-known, robust pre-
dictors of HE. Low albumin has been shown in 2 prior to
studies to be a predictor of HE [27]. A recent study by
Nardelli found that sarcopenia was an independent risk
factor for post-TIPS HE [28]. Likewise, decreased muscle
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Table 2 Predictors of

No revision Revision p value
refractory hepatic n=164 n=10
encephalopathy
Age (years) 56.7 + 10.4 539 + 104 0.404
Gender 0.744
Male 101 (62) 7 (70)
Female 63 (38) 3 (30)
Ethnicity 0.729
White 112 (68) 6 (60)
Non-white 52 (32) 4 (40)
Hemoglobin (g/dL) 105 £ 2.1 92+£1.6 0.055
INR 1.5+ 0.3 14 +£0.2 0.829
Creatinine (mg/dL) 1.0+ 04 1.1 £0.6 0.268
Albumin (g/dL) 3.0 0.6 25103 0.005
Albumin (g/dL) 0.002
<25 40 (24) 6 (60)
>25 124 (76) 4 (40)
Total bilirubin (mg/dL) 1.9+ 1.7 22+ 1.0
MELD 134 £ 44 146 £53 0.399
Indication for TIPS 0.427
Ascites 74 (45) 5 (50)
Hydrothorax 24 (15) 1 (10)
Varices 23 (14) 3 (30)
Other 43 (26) 1 (10)
History of hepatic encephalopathy 0.007
No 121 (74) 3 (30)
Yes 43 (26) 7 (70)
Portal vein thrombosis 0.742
No 98 (60) 5 (50)
Yes 66 (40) 5 (50)
Initial portal pressure (mmHg) 258 £ 7.6 23.8 £ 4.8 0.401
Initial PSG (mmHg) 164 £ 5.0 16.7 £ 4.2 0.863
Final PSG (mmHg) 7.1+£26 8.1+ 1.7 0.221
PSG difference (mmHg) 94 + 4.0 8.6 £ 3.7 0.553
Shunt size 0.009
< 8§ mm 142 (87) 5 (50)
> 8 mm 22 (13) 5 (50)

Bold values indicate statistical significance (p < 0.05)

Values mean & SD or n (%)

PSG portosystemic pressure gradient

mass was shown to worsen rates of minimal HE and overt
HE in a prospective study of cirrhotic patients not under-
going TIPS [29]. This link is possibly due to the involve-
ment of skeletal muscle in ammonia metabolism [30]. As
low serum albumin (< 2.5 g/dL) was predictive of RHE
while MELD score was not in our study, this difference
could have been driven by malnutrition. Numerous studies
have also demonstrated that malnutrition and sarcopenia
are risk factors for multiple other complications and death
[27].

Of note, no hemodynamic variables were found to pre-
dict RHE, including final PSG. A prior study noted a final
PSG of < 5 mmHg to predict low-pressure gradient-related
complications, defined as death, RHE or deterioration of
hepatic function [13]. In our study, the average final PSG
was 8.1 mmHg and no patient with a final PSG < 5 mmHg
developed RHE.

Nine patients underwent TIPS shunt reduction and 1
patient underwent closure. RHE initially improved in 8 of
10 patients (80%). However, long-term outcomes were
poor. Four patients underwent transplant, 3 of whom
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Table 3 Outcomes of TIPS revision

Patient Prior Albumin Initial Post-TIPS  Time to Total CLIF-C  Pre- Post- RHE Outcome
HE (g/dL) shunt size  PSG revision organ ACLF revision revision improved?
(mmHg) (mmHg) (days) failures  Score PSG PSG
(mmHg) (mmHg)

1. No 2.1 8 11 15 2 44 4 9 Yes Alive at
1 year

2. Yes 2.9 8 6 27 1 n/a 7 11 Yes LT
126 days
later

3. Yes 2.5 10 11 42 2 45 13 Occluded Yes Death
273 days
later

4 No 2.7 10 8 972/20* 4 48 16 20 Yes LT 13 days
later

5. No 3.1 8 8 295 1 n/a 11 16 Yes Death
32 days
later

6 Yes 2 10 7 202/168* 2 51 10 15 Yes LT 12 days
later

7. No 2.2 8 8 73 2 50 4 7 No LT 3 days
later

8. No 24 8 8 25 3 57 9 15 No Death
15 days
later

9 No 2.6 10 7 169/67* 2 56 4 11 Yes Death
154 days
later

10 No 2.2 10 7 593/409* 1 n/a 8 13 Yes Death
55 days
later

HE hepatic encephalopathy, CLIF-C ACLF Chronic Liver Failure Consortium Acute-on-Chronic Liver Failure, PSG portosystemic pressure

gradient, LT liver transplant

“Four patients required dilatation of TIPS stenosis between initial TIPS and TIPS reduction. Second value is time from revision of stenosis to

TIPS reduction

occurred within 2 weeks of shunt reduction. Of the
remaining 6 patients, 90-day and 1-year survival was only
50 and 10%, respectively. Kochar et al. noted poorer out-
comes in patients who developed RHE within 90 days of
TIPS and in patients who did not respond to shunt revision.
More complications related to increased portal hyperten-
sion were seen in patients undergoing shunt closure
(n = 29) versus shunt reduction (n = 9) [11]. A more recent
article by Schultheiss et al. also noted relatively poor
outcomes after TIPS revision/closure in 17 patients. Mor-
tality at 4 weeks was 30 and 47% at 1 year. Patients who
developed RHE in the setting of liver insufficiency have a
particularly poor prognosis [16]. Five of our 10 patients
(50%) had early RHE which could account for our lower
transplant-free survival rates. The 2 patients with CLIF-C
ACLF scores of 3 and 4 had no significant benefit from the
procedure. Proceeding to immediate transplant or
addressing goals of care in non-LT candidates could avoid
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subjecting these patients with severe ACLF to futile pro-
cedures. In stark comparison, overall 1-year transplant-free
survival after TIPS was found to be 88% in one study [31].
Therefore, preventing post-TIPS RHE appears critical.

There was variability in the final PSG at time of initial
TIPS placement or balloon dilation of TIPS stenosis and
the initial PSG at time of TIPS revision. Overall PSG
decreased by a mean of 0.5 mmHg with 3 patients devel-
oping gradients of 4 mmHg (2 with 8 mm shunts, 1 with a
10 mm shunt). Part of this difference could be contributed
to the recognized phenomenon of passive expansion of the
stent beyond the size of balloon dilation at the time of stent
placement [32]. Of the 5 patients with initial shunt dilation
to 8 mm, the average decrease was slightly higher at
1.2 mmHg. However, it is unlikely this small difference
negates our findings on multivariate analysis.

Our study does have limitations. Data were collected
retrospectively and from chart review. Inclusion was based
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on admit and discharge diagnoses in patient records which
could have been inaccurate or incomplete as we also were
only able to capture patients admitted post-procedure at our
medical center. It is also not possible to ensure the devel-
opment of RHE was a complication of TIPS and not natural
progression of liver disease. However, to avoid this, we
chose a 1l-year follow-up period and 5 of 10 patients
developed RHE within 90 days of initial TIPS. We also
were unable to assess the incidence of grade 0 or 1 HE
before or after TIPS and TIPS revision as we do not rou-
tinely monitor for this. Furthermore, the degree of stent
balloon dilation accounted for factors such as history of
HE. Given a balloon dilation to 6 mm was initially used in
these patients, we likely underestimate the harm of larger
diameter shunts. It is likely that more frequent use of stents
< 8 mm would have been beneficial, especially in high-
risk patients (low albumin, prior HE, older age, high
bilirubin), as 5 of 10 patients who developed RHE had
8 mm stents. Finally, the operational definition of RHE
was arbitrarily chosen to be 72 h from admission—this was
based on our center’s anecdotal clinical experience in
management admissions for hepatic encephalopathy.
Treatment with lactulose and rifaximin on uniform dosing
and schedule was used in all patients which limits treat-
ment bias.

Conclusion

In conclusion, RHE is a relatively uncommon but severe
complication after TIPS. While TIPS revision successfully
improves RHE in most cases, long-term outcomes are very
poor without LT. Limiting shunt size, especially in patients
with a history of HE or low serum albumin, may mitigate
the risk of post-TIPS RHE.
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