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Abstract

AIM: To investigate the effect of transjugular intra-
hepatic porto-systemic shunt (TIPS) on malnutrition in
portal hypertensive cirrhotic patients.

METHODS: Twenty-one patients with liver cirrhosis and
clinical indications for TIPS insertion were investigated
before and 1, 4, 12, 52 wk after TIPS. For each patient
we assayed body composition parameters [dry lean
mass, fat mass, total body water (TBW)], routine liver
and kidney function tests, and free fatty acids (FFA).
Glucose and insulin were measured for the calculation
of the homeostasis model assessment insulin resistance
(HOMA-IR); liver function was measured by the galactose
elimination capacity (GEC); the severity of liver disease
was graded by model for end-stage liver disease (MELD).
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RESULTS: Porto-systemic gradient decreased after
TIPS (6.0 £ 2.1 mmHg s 15.8 £ 4.8 mmHg, P < 0.001).
Patients were divided in two groups according to initial
body mass index. After TIPS, normal weight patients
had an increase in dry lean mass (from 10.9 £ 5.9 kg to
12.7 £ 5.6 kg, P = 0.031) and TBW (from 345 £ 76 L
to 40.2 £ 10.8 L, P = 0.007), as well as insulin (from
88.9 + 49.2 pmol/L to 164.7 + 107.0 pmol/L, 2 = 0.009)
and HOMA-IR (from 3.36% =+ 2.18% t0 6.18% = 4.82%,
P = 0.023). In overweight patients only FFA increased
significantly (from 0.59 + 0.24 mmol/L to 0.93 %
0.34 mmol/L, P = 0.023).

CONCLUSION: TIPS procedure is effective in lower-
ing portal pressure in patients with portal hypertension
and improves body composition without significant
changes in metabolic parameters.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Portal hypertension and malnutrition are two important
complications of cirrhosis, both affecting prognosis and
risk of death!”. Portal hypertension is present in 60%
of cirrhotic patientsm; the existence of a portal-systemic
shunt modifies both fasting and post-prandial metabo-
lism, decreasing the hepatic first-pass effect of nuttients,
which become more available for peripheral tissues. Also
hormone levels, like insulin, shate a similar defect. The
lack of a significant first-pass removal by the liver makes
insulin flood the systemic circulation and promotes insu-
lin resistance, which is further aggravated by the produc-
tion of inflammatory molecules [tumor necrosis factor-o
(INF-), lipopolysaccharide (LPS), e#.] which have an an-
ti-insulin effect and contribute to systemic inflammation®.
The final event of the above alterations is a progressive
deterioration of liver function, also resulting in poor nutri-
tional status. Malnutrition, in turn, is a tisk factor for dis-
ease progression, and is associated with the development
of comp]jcationsm, with a high risk of death’” as well as
increased morbidity and mortality after transplantation'”.

Several studies demonstrated that transjugular intra-
hepatic porto-systemic shunt (TIPS) using polytetra-
fluorethylene (PTFE)-covered stents are the best rescue
therapy for failures of medical and endoscopic treatment
of portal hypertension™",

The effects of TIPS on metabolism and body com-
position are not well defined. Allard ez @/'" and Plauth
¢t al™ found that TIPS insertion in malnourished patients
with cirrhosis and hypermetabolism resulted in improved
body composition. No studies, however, have clearly
defined the relation between TIPS-induced metabolic
changes and changes in nutritional status, and/or the
underlying mechanism. In particular, no studies addressed
the potential impact of pre-TIPS overweight and obesity
and associated insulin resistance on the post-TIPS nutri-
tional status and insulin levels.

We aimed to test the effects of TIPS insertion on
nutritional status and insulin levels in a group of subjects
with cirrhosis and complications of portal hypertension.

MATERIALS AND METHODS
Subjects

Twenty-six patients with liver cirrhosis, consecutively
undergoing an elective TIPS procedure were included
(Table 1). Three patients did not complete the baseline
examination protocol due to variceal bleeding requiring
intensive care and immediate TIPS insertion. Of the
remaining 23 patients (15 males and 8 females), one
received an orthotopic liver transplant after TIPS, and one
died during follow-up. Three patients missed one or more
follow-up evaluations; therefore, only 18 patients had all
the evaluations planned by protocol. The diagnosis of
cirrhosis was assessed on the basis of biochemical, clinical,
and ultrasonographic findings and confirmed by liver
biopsy in 8 cases. Among the 21 patients who completed
the follow-up, etiology was as follows: alcohol-related, 15;
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Variable Basal Pre-TIPS  After 52 wk P
HVPG (mmHg) 15.8+4.8 6.0+21 <0.001
Bilirubin (mg/ dL) 1.26+1.11 2.85+229 0.017
Creatinine (mg/dL) 1.02+0.56 114 +£0.61 0.18
Albumin (g/L) 31377 33.0+77 0.586
GEC (mmol/min) 1.79+048 1.61+041 0.081
MELD (score) (1 = 18)" 11 (6) 13 (7) 0.804
Blood glucose (mmol/L) 58+15 63+1.6 0.345
Plasma insulin (pmol/L) 128.9 +84.0 182.9 +£100.6 0.024
HOMA-B 269 + 409 233 +108 0.700
HOMA-IR 5.04 +4.07 7.82+£5.89 0.028
BMI (kg/m?) 262+58 274456 0.172
FFA (mmol/L) 0.54+0.23 0.89 £0.44 0.013
Creatinine (mg/dL) 0.98 £0.52 0.83 £0.34 0.053
Fat mass (%) 29477 27.8+87 0.278
Fat mass (kg) 23.4+10.5 22.9+10.0 0.812
Dry lean mass (kg) 14.0+58 148 £5.0 0.115
TBW (L) 323+9.6 433+10.3 0.017

'Median (interquartile range). Values were obtained 2 wk before (Basal)
and 52 wk after TIPS insertion. P < 0.05 is considered statically significant.
TIPS: Transjugular intrahepatic porto-systemic shunt; HVPG: Hepatic
venous pressure gradient; GEC: Galactose elimination capacity; MELD:
Model for end-stage liver disease; HOMA: Homeostasis model assessment;
IR: Insulin resistance; BMI: Body mass index; FFA: Free fatty acids; TBW:
Total body water.

autoimmune, 3; primary sclerosing cholangitis, 1; HCV-
related, 1; cryptogenic, 1. Abstinence from alcohol was
a goal during the study, and to our knowledge all but
one adhered to that policy. All patients signed a written
informed consent to take part in the study in accordance
with the Helsinki II Declaration. The study was approved
by the Research Ethics Committee of Aarhus County.

Experimental design

This was an observational prospective study. TIPS
patients were studied approximately 2 wk before TIPS
insertion, and were regularly re-evaluated at follow-
up visits 1, 4, 12, and 52 wk after the procedure. All
examinations were carried out after overnight fasting,

TIPS procedure

Indications for TIPS insertion were refractory ascites
(12 patients), secondary prevention of variceal bleeding
(seven patients) or both (two patients). None had ac-
tive variceal bleeding at the time of TIPS insertion. The
TIPS procedure was carried out using covered stents
according to the method described by Réssle ef al™. Af-
ter insertion, a clinical and ultrasonographic control of
the shunt was performed after 24 h, 4 wk, and then, at
12-wk intervals during the first year. Ascites was totally
removed by paracentesis before TIPS insertion.

Diet

Each patient had a dietetic investigation and a 7-d diary
report before TIPS insertion. During the study, food
intake remained unchanged both for quantity and type
of nutrients.
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Body composition

Bio-impedance analysis (Quadscan 4000, Bodystat Ltd.,
Isle of Man, UK) was used to estimate body composi-
tion. The predictive equations were taken from Kushner
et al' and Lautz et al™. Bio-impedance analysis was
chosen because, despite some limitations in patients with
ascites (not present in our patients both before and after
TIPS) it is a bedside tool for the determination of body
composition in cirrhotic patients with/without ascites'”
Dry lean body mass was calculated as body weight - fat
mass - total body water (IBW). Dry lean mass was pre-
ferred to lean mass to reduce the possible interference
of changes in TBW due to the fluctuating presence of
ascites. According to Tsiaousi ez al' we considered as
malnourished all patients with a body mass index (BMI)
lower than 23.

Liver function

The galactose elimination capacity (GEC) was used to
measure quantitatively metabolic liver function, from
blood concentration decay curves corrected for urinary
excretion, as described by Tygstrup[lgl. The clinical status
was assessed according to the model for end-stage liver
disease score (MELD)".

Biochemical analyses

Glucose, creatinine, bilirubin and prothrombin time were
routinely assayed by automatic analyzer on fresh serum/
plasma samples. Free fatty acids (FFA) were determined
with a colorimetric method using a commercial kit
(Wako Chemicals, Neuss, Germany). Blood aliquots for
insulin concentrations were stored at -80°C and measured
by a two-site immunospecific insulin enzyme-linked
immunosorbent assaylzoj.

Insulin secretion and sensitivity

Basal insulin secretion and sensitivity were assessed by
means of the homeostasis model assessment (HOMA)?"*,
Secretion was estimated using the Beta index (HOMA-),
while peripheral sensitivity was measured by HOMA-IR,
with the following equations: HOMA-f3 = 20 X fasting plas-
ma insulin (mU/L)/[fasting plasma glucose (mmol/L) - 3.5];
HOMA-IR = fasting plasma insulin (mU/L) X fasting
plasma glucose (mmol/1))/22.5 .

Statistical analysis

Data analysis was performed using STATA 10 statistical
software (StataCorp LP, Texas, USA). Results are given
as mean T SD. Changes from baseline were explored by
analysis of variance (ANOVA) for repeated measurements.
Changes from baseline to end-of-observation and between
groups were also tested by parametric and non-parametric
paired and unpaired methods, whenever appropriate. Due
to non-systematic factors, blood samples were missing from
8 examinations in 6 patients. For the statistical analyses
these missing values were replaced by the mean of adjacent
values. A P-value < 0.05 was considered significant in a
two-tailed test.
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Time x treatment ANOVA, P = 0.019

Dry lean body mass (kg)

1-wk 4-wk 12-wk 52-wk

Baseline

Figure 1 Time course of dry lean body mass in normal weight (black
bars) and overweight subjects (white bars) following the TIPS procedure.
The data are presented as means and standard error. Trend shows significant
difference (P =0.019).

RESULTS

TIPS was well tolerated by all patients, and there were no
procedure-related complications. TIPS insertion produced
a reduction in hepatic venous pressure gradient (P <
0.001) (Table 1). Three patients needed a stent revision
during follow-up. Transient hepatic encephalopathy was
observed in three patients and was reversed by diet and
oral disaccharides without the need for shunt reduction.

At the end of the study period, a non-significant
increase in BMI was observed in the whole population
(Table 1). Patients were divided in two groups according
to their BMI at enrolment [BMI < 25 kg/ m’, normal/
underweight (NW), » = 12; BMI > 25, overweight/
obesity (OW), #» = 9]. A few NW cases (# = 7; 58%)
showed clinical evidence of malnutrition, but only
3 had a BMI below the lower cut-off of normality
(18.5 kg/ m’). Analysis of variance (ANOVA) for repeated
measurements did not show differences in the time trend
of BMI after TIPS between the two groups. Also the
non-parametric analysis of 52-wk changes failed to detect
differences in BMI changes over time.

Body composition
Dry lean mass increased in NW patients by 14.5% (from
10.9 £ 5.9 kg to 12.7 £ 5.6 kg, P = 0.031), but did not
change in OW patients; the trend was significant on
ANOVA test for repeated measures (P = 0.002) (Figure 1).
The increase in dry lean body mass in normal weight
patients paralleled a significant increase in TBW of 14.3%,
(from 34.5 £ 7.6 L to 40.2 £ 10.8 L, P = 0.007). Fat mass,
both as absolute value or as percentage of body weight, did
not vary significantly in the 2 groups (ANOVA, P = (.815).
Regarding liver function, GEC did not vary over time
in TIPS-treated patients; similatly MELD increased non-
significantly by over 2 points during the observation
period (Table 1). These changes were largely due to
increased MELD values in NW patients, while no changes
were observed in the OW group. Similarly, GEC remained
stable in NW patients while in the OW group there was a
trend toward a significant deterioration (Table 2).
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Variable Basal Pre-  After 52 wk P
TIPS
HVPG (mmHg) NW 16.4£5.0 63+23 <0.001
oW 15.0£4.7 57+21 <0.001
Albumin (g/L) NW 30.8 £8.4 32.6£8.1 0.871
oW 319+7.1 33.4£76 0.581
Bilirubin (mg/dL) NW 1.20+047 321+282 0.061
oW 1.71+£0.81 244 +1.61 0.164
GEC (mmol/min) NW 1.62+036  157+047 0.623
ow 1.96+£055  1.65+036  0.088
MELD (score) (n = 9) NW 11 (5) 13 (4) 0.727
ow 11 (6) 12 (8) 0.289
Blood glucose (mmol/L) NW 57+15 57+0.8 0.941
oW 5.9+1.5 68+1.9 0.271
Insulin (pmol/L) NW 88.9+492 164.7+1069 0.009
OW  1714+944 203.0£949 0466
HOMA-B NwW 152+ 88 253 +118 0.042
ow 413 + 588 209 + 95 0.316
HOMA-IR NwW 336+218 6.18+482  0.023
oW 6.91+494 9.64+670  0.262
BMI (kg/m?) NW  214#26  241+40 0220
oW 309+£37 30.8+5.1 0.944
FFA (mmol/L) NW 049+£022 086+053 0.124
oW 059+024 093+£034 0.023
Creatinine (mg/dL) NW 0.84+043 076+039  0.149
oW 117+£059  092+£026  0.157
Fat mass (%) NW 27.6+72 253+83 0.334
oW 31.5+£79 30.5+£87 0.638
Fat mass (kg) NwW 16.9+3.7 17.5+6.7 0.782
oW 305+11.0 28.8+99 0.649
Dry lean mass (kg) NW 10.9+59 12.7£5.6 0.031
oW 17.4+£33 17.1£29 0.557
TBW (L) NW 345+7.6 402+108  0.007
oW 44.6+8.9 46.6 £9.2 0.459

P < 0.05 is considered statistically significant.

Metabolic parameters
Plasma insulin and HOMA-IR significantly increased in
TIPS-treated cirrhotic patients without any change in fast-
ing glucose (Table 1). The changes were mainly limited to
normal weight patients who also had a significant increase
in HOMA-B (Table 2). However, no significant differ-
ences were demonstrated by repeated-measures ANOVA.
After TIPS insertion, changes in FFA plasma levels
(Table 1) were exclusively observed in OW patients (Table 2).
No systematic changes in serum creatinine were
observed (Tables 1 and 2), but patients with mild renal
failure (creatinine levels = 1.2 mg/dL, » = 7) slightly
improved their values (from 1.75 + 0.37 mg/dL to 1.45 £
0.43 mg/dL, P = 0.23).

DISCUSSION

The main finding of this study is that dry lean body
mass significantly increases in NW patients with cirrhosis
after TIPS insertion. Advanced cirrhosis is associated
with reduced lean masst; a significant protein-calorie
malnutrition is present in at least 30% of patients with
cirrhosis”. Both parameters appear to be related to the
severity of the liver disease™". Considering that a large
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fraction of our NW patients showed signs of malnutrition
at baseline, TIPS appears to modify the natural history
of malnutrition. This finding agrees with the results
obtained by Plauth ¢ 2/'” and Allard ¢ a/'". Both reported
an increase in dry lean mass but many questions on the
metabolic mechanisms involved remain unresolved™.
The significant increase in dry lean mass of about 1.84 kg
in the year after TIPS insertion is paralleled by an increase
in TBW that, in the absence of ascites and/or regional
edemas, is indicative of muscle tissue formation””. Our
results are in keeping with a very recent preliminary
report by Camci e# @/, on six TIPS-treated malnourished
cirrhotic patients.

This beneficial effect of TIPS on lean body mass was
not observed in overweight or obese subjects at baseline.
The reasons for this different metabolic response are not
easy to determine. NW cases wete characterized by lower
insulin resistance at baseline, but also lower insulin and
lower insulin secretion. In these normal- or under-weight
individuals, the additional metabolic and hormonal ab-
normalities already in the group with excess body weight
do not increase the cirrhosis-related insulin resistance’”.
Muscle tissue takes up 80%-85% of glucose infused dur-
ing hyperinsulinemic euglycemic clampmm. After TIPS
placement, these cases were characterized by a signifi-
cant increase in serum insulin, without changes in blood
glucose levels, and consequently by increased HOMA-
IR and HOMA-f, and stable liver function. Under these
conditions, the improved hemodynamic state, in the
presence of a normal intake of nutrients, could promote
insulin production and insulin action, favoring the im-
proved nutritional state. This mechanism might not be
operative in the OW group, with a much higher degree
of insulin-resistance than NW cases, and where insulin
did not increase further after TIPS placement. In these
patients, the TIPS procedure was followed by a remark-
able reduction of HOMA-f, and the decreased insulin
production could not sustain lean body mass formation.

After TIPS the plasma levels of FFA increased signifi-
cantly only in the OW group. In agreement with the hy-
pothesis of Yki-Jirvinen ez al’™ the increase in FFA levels
is likely to stimulate hepatic gluconeogenesis and competi-
tion with glucose in muscle metabolism. These metabolic
changes could further promote insulin resistance.

Reduced portal hypertension might be an additional
factor playing a role in the improved metabolic and nu-
tritional status. Portal hypertension increases the perme-
ability of enteric mucosa that promotes intestinal bacte-
rial translocation and the systemic diffusion of LPS and
other pro-inflammatory molecules, ultimately producing
interleukin-1p, interleukin-6 and TNF-o. These mole-
cules promote insulin-resistance and have an anti-insulin,
catabolic effect, leading to protein mass wasting. Any
mechanism mediated by anti-insulin molecules might
play a differing effect in relation to BMI and to the lev-
els of insulin resistance, much higher in obesity. Obesity
per se is a chronic inflammatory state that sustains insulin-
resistance”; in the presence of obesity the multiple
factors sustaining insulin resistance could not be totally
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removed by TIPS; in contrast, in subjects with poor nu-
tritional status the less severe insulin resistance might be
removed by TIPS, thus explaining improved nutritional
status. Larger studies are needed to explore the potential
benefits of TIPS on long-term survival of underweight
patients with cirrhosis, at higher risk of morbidity and
mortality according to several previous studies™.

Finally, the presence of insulin-resistance might be
related to advanced liver disease and this condition could
justify the absence of any improvement in OW patients
with liver cirrhosis. We used GEC, an estimate of the
functional liver mass with a prognostic value in the me-
dium term interval®™”
GEC over time, however, in OW patients a trend towards
a decrease in GEC was observed. During the study, food
intake remained unchanged both for quantity and type
of nutrients. Further, it is our policy that alcohol has to
be withdrawn in patients before TIPS insertion, as alco-
hol itself increases portal hypertension and may thus be
involved in both the risk of variceal bleeding and ascites
formation. During follow up, alcohol abstinence is im-
portant and this policy is reflected in the high number
of alcohol abstainers in the present study. We therefore
suggest that changes in body composition do not reflect a
change in food and/or alcohol intake but are an effect of
TIPS and of the reduction in portal pressure per se.

Finally, the study confirmed the effectiveness of TIPS
on portal hypertension with a reduction in Hepatic ve-
nous pressure gradient (HVPG) to a value of 6 mmHg,
lower than the 12 mmHg threshold value of increased risk
for variceal bleeding, re-bleeding and mortalityll’4J. The
absence of re-bleeding episodes and the disappearance
of ascites confirm this hypothesis. Furthermore, patients
with functional renal failure at baseline improved their
creatinine levels at follow-up. Considering that lean mass
increased, this value does not reflect a worsening of mal-
nutrition™ but is due to a positive effect of TIPS on the
hemodynamic state”.

In conclusion, the TIPS procedure is effective in
lowering portal pressure in patients with portal hyperten-
sion and improves body composition without significant
changes in metabolic parameters.
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Background

Malnutrition in portal hypertensive cirrhotic patients increases the risk and the
severity of clinical complications. Transjugular intrahepatic porto-systemic shunt
(TIPS) is a well established therapy for complications of portal hypertension in
cirrhotic patients. However, the effect of TIPS on malnutrition is unclear.
Research frontiers

The article provides insight into the beneficial effects of TIPS in regard to
improvement in nutritional status. Malnutrition in liver diseases is an important
area of research as it is an independent factor resulting in increased morbidity
and mortality. Furthermore, the article addresses the effects of shunting
of hormones/peptides etc. especially insulin, that relate to the possible
mechanisms behind insulin resistance in patients with liver cirrhosis.

Innovations and breakthroughs

Related papers have focussed on improvement in body composition without
addressing the pre-TIPS nutritional status. With a simple yet comprehensive
separation into normal weight and overweight subjects, the results suggest
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additional nutritional benefits in the group of malnourished patients from TIPS
insertion (see next section).

Applications

TIPS treatment of the complications of portal hypertension seems to improve
nutritional status in liver cirrhosis, especially in patients suffering from
malnutrition. Ultimately, malnutrition may provide an additional reason/indication
for TIPS insertion in patients with liver cirrhosis.

Terminology

The TIPS procedure is a minimally invasive procedure used in patients with liver
cirrhosis to reduce portal hypertension and thereby ameliorating complications
of portal hypertension. Using a catheter technique via the right jugular vein, a
stent is placed within the liver connecting the portal vein and the hepatic vein
and thus reducing portal hypertension.

Peer review

This is an interesting and novel study showing an amelioration of nutritional
parameters after TIPS especially in lean cirrhotic patients. An improvement in
the body composition (nutritional status) of liver cirrhosis patients after TIPS
implementation has been studied previously. And this study is well conducted
and long term follow up data are provided.
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