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Abstract
Background: Sarcopenia and myosteatosis have been associated to a poor prognosis 
of cirrhosis and to a higher incidence of hepatic encephalopathy (HE). The prognostic 
implications of visceral and subcutaneous adiposity are less known.
Aim: To evaluate the modifications of visceral and subcutaneous adipose tissue after 
TIPS and to investigate their relationships with the modification of muscle mass and 
with the incidence of post- TIPS HE.
Patients and Methods: 35 cirrhotic patients submitted to TIPS were retrospectively 
studied. The modification of skeletal muscle index (SMI), muscle attenuation (my-
osteatosis), subcutaneous adipose tissue index (SATI), visceral adipose tissue index 
(VATI), assessed by CT- scan and plasma ammonia were evaluated before and after a 
mean follow- up of 19 ± 15 months after TIPS. The number of episodes of overt HE 
was also recorded.
Results: During the follow- up, the mean SMI and muscle attenuation increased sig-
nificantly; SATI significantly increased while VATI significantly decreased, although 
not uniformly in all patients. By comparing the patients with or without improvement 
in their nutritional status after TIPS, MELD remained stable while the number of epi-
sodes of overt HE was significantly lower in the patients with improved SMI and in 
the patients with improved SATI. Finally, inverse correlation was observed between 
the variation of ammonia and SATI (r = −.40; P < .05).
Conclusion: In addition to muscle mass, adipose tissue is modified after TIPS. The im-
provement of subcutaneous adipose tissue as well as of sarcopenia and myosteatosis 
is associated to the amelioration of cognitive impairment independently of liver func-
tion. The correlation between adipose tissue and ammonia modification may suggest 
an active role of the adipose tissue in the inter- organ ammonia trafficking.

This is an open access article under the terms of the Creative Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non- commercial and no modifications or adaptations are made.
© 2021 The Authors. Liver International published by John Wiley & Sons Ltd.
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1  | INTRODUC TION

It is known for a long time, that patients with cirrhosis have an al-
tered nutritional and metabolic status and that such alterations are 
clinically and prognostically important.1- 3 Most of the studies con-
centrated their attention on protein malnutrition and most recently 
to the relation between quantitative and qualitative muscle altera-
tions and the clinical outcomes in cirrhosis. Several studies have 
shown that sarcopenia (low muscle mass) and myosteatosis4 (patho-
logical fat infiltration into skeletal muscle) are associated with a poor 
prognosis and with different complications5- 10 including hepatic 
encephalopathy (HE).11- 13 The relations between muscle mass and 
hepatic encephalopathy may be due to the capacity of muscle in am-
monia handling by means of muscle glutamine synthetase activity.

For still incompletely known reason, both qualitative and quan-
titative muscle alterations ameliorate in most cirrhotic patients 
successfully treated with a transjugular intrahepatic portosystemic 
shunt (TIPS)14- 16 and such improvement was shown to be associ-
ated with an amelioration of the incidence of HE independent on 
the modification of liver function17 during the follow- up. The patho-
physiological basis of these observations is not well defined and the 
improvement in muscle mass is not observable in all patients after 
TIPS.

Recently, methods to study the quantitative alterations of adi-
pose tissue became available but the clinical implications of visceral 
adipose tissue (VAT) and subcutaneous adipose tissue (SAT) in terms 
of survival and prevalence of complications in cirrhotic patients are 
still poorly understood.18

The aim of the present study was to evaluate the modifications 
of both visceral and subcutaneous adipose tissue assessed by CT 
scan in 35 patients submitted to TIPS insertion and follow up in 
order to investigate their concurrence and relationships with the 
modification of muscle alterations and with the incidence of post- 
TIPS hepatic encephalopathy.

2  | PATIENTS AND METHODS

All consecutive cirrhotic patients submitted to TIPS from January 
2017 to December 2020 in whom a CT scan was available before 
TIPS and during the follow- up were retrospectively enrolled in this 
study. During this study period, 80 cirrhotic patients candidate to 
TIPS were evaluated; among them, 17 were not submitted to the 
procedure because of the exclusion criteria for TIPS placement 
(Figure 1). In our Centre (Unit of Gastroenterology of Policlinico 
Umberto I of Rome), exclusion criteria for TIPS placement are age 
>75 years, bilirubin levels >5 mg/dL, creatinine levels >3 mg/dL, a 
serious cardiac or pulmonary dysfunction, a Child- Pugh's score >11 
(except for patients who were candidates for early TIPS), a MELD 

score >18, the presence of portal vein thrombosis, a diagnosis of 
hepatocellular carcinoma, sepsis, spontaneous bacterial peritonitis. 
Present HE or previous spontaneous/recurrent HE is also a contrain-
dication to TIPS; however, patients with only one episode of HE pre-
cipitated by variceal bleeding and ameliorated after the bleeding was 
controlled are not excluded.

Moreover, a total of 28 patients submitted to TIPS were not in-
cluded in the present analysis because of unavailability of the fol-
low- up CT scan (Figure 1). The characteristics of the 28 cirrhotic 
patients excluded (sex [M/F]: 21/7; age: 55.1 ± 7.4; aetiology [virus/

K E Y W O R D S

adipose tissue, ammonia, hepatic encephalopathy, sarcopenia, TIPS

Key points

• It has been showed that the TIPS placement, a radiologi-
cal procedure performed to reduce portal hypertension 
secondary to cirrhosis, lead to an amelioration of both 
quantitative and qualitative muscle alterations.

• In the present study, we show that TIPS lead also to 
modification in adipose tissue (subcutaneous adipose 
tissue increased and visceral adipose tissue decrease 
after TIPS).

• The patients with an improved muscle mass and an im-
proved subcutaneous adipose tissue had a lower num-
ber of episodes of hepatic encephalopathy after TIPS 
suggesting an active role of the adipose tissue in the 
inter- organ ammonia trafficking.

F I G U R E  1   Patient flowchart
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alcohol/other]: 10/14/4; TIPS indication [variceal bleeding/refrac-
tory ascites]: 13/15; previous overt HE [yes/no]: 3/25; MELD score 
11.4 ± 3.9; Child- Pugh class [A/B/C]: 14/10/2; Child- Pugh score: 
7.9 ± 1.7; sodium [mEq/dL]: 134 ± 4; venous plasma ammonia [μg/
dL]: 49.4 ± 19.5) were not statistically different from those of the 35 
patients included.

Finally, 35 patients were included in the analysis. Data recovered 
from medical charts included gender, age, weight, height, cirrhosis 
aetiology, presence of ascites or hepatic encephalopathy, liver bio-
chemistries including plasmatic ammonia levels. The clinical and lab-
oratory data used to calculate MELD and Child– Pugh scores were 
obtained the day before the TIPS placement and at the moment of 
the second abdominal CT scan. The 'Sapienza' University of Rome 
Ethical Committee approved the collection of data and informed 
consent for their data analysis was obtained for each patient.

2.1 | Skeletal muscle and adipose tissue assessment

All patients underwent a CT scan before TIPS for the evalua-
tion of the vascular hepatic system. The CT scan was performed 
3.2 ± 3.2 months before TIPS placement. The CT scan was then re-
peated during the follow- up for the evaluation of the TIPS patency 
and the detection of hepatocellular carcinoma when clinically indi-
cated. The follow- up CT scan was chosen when the interval from 
the index scan was at least 6 months in all patients but one and 
the mean time interval was 19 ± 15 months. For the quantitative 
analysis of muscle mass and of subcutaneous and visceral adipose 
tissue, the transverse CT image at the L3 level was selected for each 
scan. All CT images were analysed by two trained observers (SG, 
LC) with SliceOmatic V4.2 software (Tomovision), which enables 
specific tissue demarcation by using previously reported Hounsfield 
unit (HU) thresholds. Skeletal muscle is identified and quantified by 
HU thresholds of −29 to +150.19 With these specific HU thresholds, 
measurements of the muscle mass are not influenced by the pres-
ence of ascites. Subcutaneous adipose tissue (SAT) is defined as adi-
pose tissue below the skin and above the parietal peritoneal lining 
and it is identified and quantified by HU thresholds of −190 to −30 
while visceral adipose tissue (VAT) is defined as intraperitoneal adi-
pose tissue identified and it is quantified by HU thresholds of −150 
to −50.

Cross- sectional areas (cm2) were automatically computed by 
summing tissue pixels and multiplying by pixel surface area. Muscle 
cross- sectional, subcutaneous and visceral adipose tissue area were 
normalised for stature to obtain, respectively, the skeletal muscle 
index (SMI), the subcutaneous adipose tissue index (SATI) and vis-
ceral adipose tissue index (VATI) in cm2/m2.

The prevalence of sarcopenic patients was defined according to 
previously validated cut- offs.20

Because muscle attenuation indirectly measures fat infiltration 
in muscles, mean muscle attenuation in HU was reported for the 
entire muscle area from the same image used to calculate L3 SMI. 

To define the prevalence of myosteatosic patients we used cut- off 
values that have been associated with mortality: <41 HU in patients 
with a BMI up to 24.9 and <33 in those with a BMI ≥25.10,21As there 
are not well- validated cut- offs for both the sexes to define the 
clinically significance of VAT or SAT in cirrhosis, the prevalence of 
patients with altered SAT or VAT cannot be defined and the ab-
solute modifications of SATI and VATI before and after TIPS were 
compared.

2.2 | TIPS placement, follow- up and HE evaluation

All TIPS procedures were carried out by the same radiology team, 
using PTFE- covered stents of 10 mm diameter as previously 
described.22

The day before the procedure, a basal evaluation of HE, including 
an examination and grading of the patients' mental state and asterixis 
as well as the determination of venous blood ammonia were carried 
out as previously described.23 None of the patients received any 
pharmacological treatment to prevent the occurrence of HE. After 
TIPS, the patients remained hospitalised for 1 week. The evaluation 
of the patients’ mental status was repeated before the discharge. 
The patients were then followed- up once a week in the out- patients 
department for the first month and then every 3 months and con-
tacted by phone every month for the first 6 months. Thereafter, the 
patients were seen every 6 months until the execution of the fol-
low- up CT scan. Moreover, both the patients and their families were 
instructed about the importance of an immediate contact with the 
medical staff should any alteration in their mental state (lethargy, 
apathy, obvious personality changes, inappropriate behaviour or dis-
orientation to time and space) occur between the scheduled visits. In 
this case, the HE evaluation was repeated to confirm and stage the 
degree of HE. A grade II HE or higher was considered an episode of 
overt HE.23 All episodes, which occurred during the follow- up, were 
recorded.

2.3 | Statistical analysis

Data are expressed as mean ± SD, unless specified otherwise. 
Comparison between 2 groups was performed by chi- square test, 
for discrete variables, and by unpaired Student's t- test or Mann- 
Whitney test, when necessary, for continuous variables. The com-
parisons between data recorded twice in the same patients (SMI, 
SATI, VATI, MELD score, etc) were performed by paired Student's 
t test and by Wilcoxon Signed- Rank test when necessary. The re-
lationship between variables were analysed by stepwise multiple 
regression analysis. The sample size was based on the data of a pre-
vious study17 in which a sample size of 27 patients was sufficient to 
detect modification of muscle mass and its relationship with hepatic 
encephalopathy. The Number Cruncher Statistical System (NCSS) 
was used for all computations.
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3  | RESULTS

The demographic, clinical and biochemical characteristics of 35 pa-
tients included in this study are reported in Table 1. In one patient 
the TIPS placement was performed as an 'early TIPS' for the manage-
ment of acute variceal bleeding.

Before TIPS, according to SMI cut- off, sarcopenia was pres-
ent in 19 patients (54%; CI 37%- 71%). After a mean follow- up of 
19 ± 15 months from TIPS placement, SMI significantly improved 
from 47.3 ± 10.7 a 49.7 ± 10.6 cm2/m2 (P = .04) with an average 
increase of 2.39 ± 6.7 cm2/m2 corresponding to an increase of 6.6%. 
At the end of the follow- up, the increase in SMI was observed in 
22 patients (63%) whereas in 13 patients (37%) the SMI remained 
unchanged or worsened.

Moreover, after TIPS, muscle attenuation significantly improved 
from 37.22 ± 8.63 to 40.9 ± 8.6 (P = .003) with an average increase 
of 12.5%, indicating a reduction of myosteatosis.

SATI was significantly increased from 51.8 ± 34.4 a 67.7 ± 39.3 
cm2/m2 (P = .004) with an average increase of 15.9 ± 30.2 cm2/m2 
corresponding to an increase of 74.4%. Twenty- eight patients (80%) 
experienced an improvement of SATI and 7 (20%) did not.

VATI was significantly reduced from 45.9 ± 21.4 a 36.7 ± 18.2 
cm2/m2 (P = .007) with an average decrease of 9.2 ± 19.1 cm2/m2 
corresponding to a decrease of 10.7%. Twenty- four patients (69%) 
experienced a reduction of VATI and 11 (31%) did not.

Given the retrospective nature of this study, it is hard to establish 
how long after TIPS placement the improvement in SMI and SATI/
VATI appears. By dividing the patients according to the availability 
of the second CT scan within 12 months (n = 18) or after 12 months 
(n = 17), it seems that the proportion of patients with the improve-
ment in the body composition parameters was around 60%- 80% al-
ready in the first year of follow- up.

Finally, the increase of BMI and body surface after TIPS was not 
statistically significant.

The patients were then divided into groups with or without 
modifications of each index (SMI, SATI and VATI); and compared 
for their demographic, clinical, biochemical characteristics at the 
moment of TIPS placement. The results of these comparisons are 
reported in Tables S1- S3. There were no statistically significant 
differences in terms of sex, age, aetiology, stage of liver disease, 
biochemical parameters, indication to TIPS placement and previous 
overt HE episodes between each subgroup. Venous plasma ammo-
nia levels before TIPS were also similar. However, in the 23 patients 
who experienced an increase of SMI values, the initial SMI value 
was significantly lower and the prevalence of ascites before TIPS 
placement was significantly higher (86%) than in the 13 patients 
without increase (54%) (P = .03) (Figure 2, panel A). The presence of 
ascites was also more frequent in patients with SATI increase com-
pared to those without (82% vs 43%; P = .03) (Figure 2, panel B). 
At variance with SMI and SATI, VATI modifications were indepen-
dent on the presence of ascites before TIPS. The only difference 
observed in the group of patients in whom VATI was reduced after 
TIPS was basal VATI, which resulted to be significantly higher in the 
24 patients who experienced a decrease in VATI value after TIPS 
compared to the 11 patients who did not (51.5 ± 19 vs 33.9 ± 22.3; 
P = .02) (Table S3).

Thereafter, the basal value of SMI, SATI, VATI and muscle 
attenuation were correlated with each other to evaluate the re-
ciprocal relationship and the reason why some patients experi-
ence the improvement of the nutritional status and other do not. 
Actually, no correlations were found between SMI, SATI and VATI 
before TIPS but an inverse correlation was observed between the 
basal values of muscle attenuation with both basal SATI and VATI 
(r = −.39, P < .01 and r = −.45, P < .005 respectively) (Figure 3, 
panel A and B).

The patients with or without the increase of each index 
considered (SMI, SATI and VATI) were followed up until the 
time of the second CT scan. At least one episode of overt HE 
was recorded in 25 patients. The number of episodes of post- 
TIPS overt HE and of blood ammonia levels are reported in 
Table 2. In the group of patients with an improvement of SMI, 
the number of episodes of HE was lower than in those without 
the improvement (P = .01). In particular, the number of epi-
sodes of overt HE which occurred in the first month after TIPS 

TA B L E  1   Clinical and demographic characteristics of the 35 
patients at study inclusion (before TIPS)

Patients 
(n = 35)

Age (mean ± SD) 58.6 ± 6.3

Sex (M/F) 28/7

Aetiology (virus/alcohol/other) 12/16/7

TIPS indication (bleeding/refractory ascites) 16/19

Child Pugh class (A/B/C) 17/16/2

Child Pugh Score 7 ± 1.3

MELD score 11.9 ± 4

Previous HE (no/yes) 33/2

Ascites (no/yes) 9/26

Previous variceal bleeding (no/yes) 16/19

Sarcopenia pre- TIPS (no/yes) 16/19

SMI pre- TIPS (cm2/m2) 47.3 ± 10.7

Muscle attenuation (HU) 37.2 ± 8.6

SATI pre- TIPS (cm2/m2) 51.8 ± 34.4

VATI pre- TIPS (cm2 m2) 46 ± 21.5

BMI (kg/m2) 25.2 ± 0.7

Body surface (m2) 1.97 ± 0.6

Albumin (g/dL) 3.4 ± 0.61

Bilirubin (mg/dL) 1.36 ± 0.61

INR 1.31 ± 0.15

Creatinine (mg/dL) 0.9 ± 0.2

Sodium (mEq/dL) 136.5 ± 5

Venous plasma ammonia (μg/dL) 54 ± 23.19

Note: Data are expressed as mean ±standard deviation, for the continue 
variables, and as number of patients for the discrete variables
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was similar in the two groups while the number of episodes of 
overt HE occurring in the following months was significantly 
lower in the patients with the improvement of SMI, despite 
similar length of follow- up. The same results were observed 
comparing the patients with and without the improvement of 
SATI. No differences were observed in the patients with and 
without reduction of VATI.

No differences in survival were observed by dividing the patients 
according to the improvement or not of SMI, of SATI or of VATI.

Finally, the correlation between the variations of ammonia 
and SMI, muscle attenuation, SATI and VATI (i.e. the difference 
between the final and initial value collected at the time of the two 
muscle evaluations) before and after TIPS are reported in Figure 4. 
Inverse correlations were observed between delta ammonia 
and delta SMI (r = −.61; P < .005), delta ammonia and delta SATI 
(r = −.40; P < .05), delta ammonia and delta muscle attenuation 
(r = −.40; P < .05).

4  | DISCUSSION

The present study investigates the modifications of body com-
position occurring after TIPS placement in cirrhotic patients. In 
addition to the modification of sarcopenia and myosteatosis, the 
paper describes the quantitative changes of both subcutaneous 
and visceral adipose tissue derivable by the CT scan evaluation, 
which is now considered a reliable tool for the quantitative estima-
tion of both muscle and fat mass. This study shows that after TIPS 
there is an amelioration of nutritional status involving both muscle 
and fat tissue. After a mean follow- up of 19 ± 15 months from 
TIPS placement, SMI and muscle attenuation, a measure of sarco-
penia and myosteatosis, respectively, significantly improved,14- 17 
subcutaneous adipose tissue index (SATI) increased, while visceral 
adipose tissue index (VATI) decreased. These results are in line 
with those of the study by Artru et al24 that shows an increase of 
subcutaneous fat surface and a decrease of visceral fat surface 

F I G U R E  2   Comparison of the 
variations of SMI (Panel A), of SATI (Panel 
B) and of VATI (Panel C) before and 
after TIPS between the patients with or 
without ascites before TIPS placement

F I G U R E  3   Correlation between 
muscle attenuation and subcutaneous 
adipose tissue index (SATI) before TIPS 
(Panel A) and correlation between muscle 
attenuation and visceral adipose tissue 
index (VATI) before TIPS in the 35 patients 
included in this study
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at the CT scan performed at 1- 3 months and at 6 months after 
TIPS placement in a group of 179 cirrhotic patients. Notably, in our 
study, the changes in body composition were independent on liver 
function modifications, being the MELD stable or even worsened 
after TIPS.

After TIPS insertion, the modifications of body composition were 
observed in the majority of patients, although not in all. In the pa-
tients with an improvement of nutritional status, the modifications 
of muscle and fat mass after TIPS are associated with a reduction of 
the episode of post- TIPS- HE and to a reduction of plasma ammonia 
which is significantly correlated to both SMI and SATI modifications.

The amelioration in nutritional parameters after TIPS has been 
repeatedly observed and described.14- 17 The mechanisms leading to 
the observed modifications and the reason why they occur in a por-
tion of the patients are not completely understood. In our study, the 
modifications of muscular and adipose tissue parameters were more 
pronounced in the patients with ascites before TIPS (Figure 2) than in 
those without. In cirrhotic patients with ascites, an increase in basal 
energy expenditure (BEE) reversed by a large volume paracentesis 
has been described.25 The reason is not completely understood: 
weight of ascites per se and a higher abdominal heat dispersion due 
to the presence of ascites may play a role. In any case, the presence 
of ascites, by increasing the energy expenditure may accelerate the 
appearance of protein- energy malnutrition. Thus, the long- term res-
olution of ascites induced by TIPS can contribute to the amelioration 
of body composition particularly in the patients with ascites before 
TIPS. In a study by Allard JP et al,26 BEE was measured in 14 cir-
rhotic patients submitted to TIPS because of refractory ascites who 
showed a significant improvement in their nutritional parameters. 
Actually, BEE remained stable in these patients when expressed as 
unit of lean body mass. The possibility that the amelioration in body 
composition in the ascitic patients is due to a reduction in the BEE 
after TIPS needs therefore to be confirmed.

The degree of muscle and adipose tissue modifications after TIPS 
may also be influenced by the initial values of SMI, VATI and SATI. 
In the present study, the modifications of these parameters were 
more evident in the patients with the more pronounced muscular 
and adipose tissue alterations before TIPS (Supplementary Tables), 
confirming the observation of Tsien C et al study where a lower pre- 
TIPS muscle area was an independent predictor of reversal of sarco-
penia after TIPS.15

As far as the adipose tissue modifications, TIPS placement may 
lead to favourable changes by modifying the serum levels of adi-
pokines. Thomsen et al observed that adiponectin increased and 
retinol- binding protein 4 decreased after a TIPS configuring an ana-
bolic condition where the adipose tissue possessed residual capacity 
for energy storage.27

In cirrhotic patients, sarcopenia has been associated with poor 
outcomes in terms of survival and incidence of complications5- 10 in-
cluding infections and hepatic encephalopathy.4,11,12,28,29 However, 
the data on the prognostic relevance of the alteration of adipose tis-
sue and their influence on the clinical outcomes of cirrhotic patients 
are less known and a clear cut- off for considering the modifications TA
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of these indices as clinically significant is lacking. Montano- Loza 
et al described that in male patients with cirrhosis, high visceral 
adiposity (VATI ≥ 65 cm2/m2) was associated with a higher risk of 
hepatocellular carcinoma before liver transplant as well as with a 
higher rate of recurrence after liver transplant.30 According to these 
data, a reduction of VATI observed in our study after TIPS may be 
considered as desirable but further studies are needed to establish 
the role of such component of fat mass in patients with cirrhosis. 
Low subcutaneous adiposity (SATI < 60 cm2/m2) was independently 
associated with mortality after adjusting for age, alcohol- related 
cirrhosis, albumin and MELD score in female patients with cirrho-
sis.31 Moreover, SATI resulted to be lower in patients with previous 
or ongoing episodes of clinical decompensation compared to com-
pensated patients and a significant inverse correlation between SATI 
and hepatic venous pressure gradient was showed, suggesting a link 
between subcutaneous adipose tissue and portal hypertension.32 
Thus, again the increment in SATI observed in the present study may 
be considered as desirable.

The most relevant observation of the present study is on the ef-
fects of the modifications of body composition on the occurrence of 
HE after TIPS. The incidence and/or the recurrence of HE probably 
depends on several factors (liver function, portosystemic shunting, 
body composition, etc). What we are showing here is that, given such 
balance among different factors, the modification of one of them, 
muscle and fat, may have effect on hepatic encephalopathy.

Sarcopenia before TIPS is strongly correlated to post- TIPS HE13 
and our results, by confirming what already observed on the TIPS in-
duced modifications of sarcopenia and myosteatosis,17 add data on a 
possible role of the adipose tissue. In fact, in the subgroup of patients 
who experienced an increase in SATI, a significantly lower number of 
episodes of HE after TIPS occurred during the follow- up compared 
to those observed in the group without fat modification. In our series 
the modifications, adipose tissue paralleled those of muscle indices 
in the majority of patients and the modification of only one of the 
parameters occurs in a small proportion of patients. Therefore, it is 
very hard to discriminate the specific role of adipose tissue or muscle 
improvement observed after TIPS on post TIPS hepatic encephalop-
athy. The correlation between the differences of subcutaneous fat 
(delta- SATI) and of ammonia observed in the present study before 
and after the TIPS may suggest the hypothesis of a role of subcuta-
neous adipose tissue on ammonia handling and on ammonia levels' 
reduction. As the correlation between the modification of SATI and 

ammonia was only moderate, this result must be interpreted with 
caution. However, the observation may have its physio- pathological 
basis in an improvement of ammonia metabolisms by means of 
an increase activity of glutamine synthetase, which in conditions 
such as liver failure and portosystemic shunting may become the 
main mechanism for ammonia disposal. This metabolic adaptation 
has been well documented by studies based on ammonia balance 
through splanchnic area (liver) and peripheral tissue (legs) and at-
tributed to the capacity of muscle tissue in ammonia handling by glu-
tamine synthetase activity.33 The exact fate of ammonia in adipose 
tissue is less well known, but there is the possibility that ammonia 
and glutamate conversion to glutamine by glutamine synthase may 
also occur in adipose tissue. By selective cannulation of the brachial 
artery and a subcutaneous abdominal vein and the determination of 
glutamine to glutamate ratio in adipose tissue biopsies Esbjornsson 
M. et al showed, in normal individuals during an exercise, a positive 
arterio- subcutaneous abdominal venous plasma NH3 concentration 
differences, indicating a net uptake of NH3 from blood to adipose 
tissue34 and opening a new perspective about the role of the adipose 
tissue on ammonia metabolism.

4.1 | Limitations of this study

This study has several limitations mainly related to its retrospective 
design. Data on the patients' body composition were obtained by 
reviewing the CT scans and a second scan was available only in 56% 
of them, when clinically indicated. Although the comparison of the 
basal characteristics of the patients included and excluded showed 
no differences the reason that led to the second CT scan could have 
introduced a selection bias.

Another consequence of the retrospective design of this study 
is that time since TIPS and second TC scan is not homogeneous and 
not allowing to study how long after TIPS placement the improve-
ment in SMI and SATI/VATI appears.

Another note of caution in the interpretation of the results sug-
gesting that the increase in adipose tissue decreases post- TIPS HE 
derives by the fact that the improvement in muscle and fat parame-
ters after TIPS occurred at the same times making it difficult to know 
if improvement of adipose tissue without improvement of skeletal 
muscle would also have a beneficial impact on HE. We considered 
inadequate analysing the patients with selective improvement in 

F I G U R E  4   Correlation between the 
variations of ammonia and skeletal muscle 
index (SMI) (Panel A) and correlation 
between the variations of ammonia and 
subcutaneous adipose tissue index (SATI) 
(Panel B) before and after transjugular 
intrahepatic portosystemic shunt in the 35 
patients included in this study
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muscle or adipose parameters due to the limited sample size and to 
the possible interactions expected in subgroup analysis. This study 
can only suggest a contribution of adipose tissue to the observed 
phenomenon of the parallel amelioration of post- TIPS encephalopa-
thy and nutritional parameters.

4.2 | Conclusion

In conclusion, after TIPS there is a significant amelioration of body 
composition involving both muscle and adipose tissue in the majority 
of patients. The effect is more evident in the patients with ascites 
before TIPS. In the patients with muscle and fat mass improvement, 
a significant lower number of episodes of HE after TIPS can be re-
corded in comparison with the patients not showing an improve-
ment in nutritional status. Plasma ammonia is also reduced in the 
ameliorated patients and its modification is significantly correlated 
to the modification of subcutaneous fat, supporting the hypothesis 
of a significant contribution of subcutaneous adipose tissue to am-
monia metabolism and disposal which may become very important 
in conditions such as liver failure and portosystemic shunting. These 
observations confirm the prognostic importance of nutritional status 
and body composition in cirrhotic patients and their relevance in the 
complications of advanced liver disease such as hepatic encepha-
lopathy. The amelioration of nutritional status and body composition 
should be considered an important endpoint in the management of 
cirrhotic patients.
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