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Abstract: Background: Prior studies suggest that patients’ body composition changes
following transjugular intrahepatic portosystemic shunt (TIPS) implantation, potentially
influencing complications and survival. Method: A prototype artificial intelligence (AI)-
based, automated computed tomography (CT) body composition analysis tool was used
to assess body composition imaging parameters in pre- and postinterventional scans of
TIPS patients: visceral (VAT) and subcutaneous adipose tissue (SAT) areas, psoas muscle
area (PMA), and total abdominal muscle area (TAMA). Sarcopenia was defined as a lum-
bar skeletal muscle index (LSMI) ≤ 38.5 cm2/m2 in women and ≤52.4 cm2/m2 in men.
We analyzed longitudinal changes in body composition and investigated the impact of
sarcopenia at TIPS implantation on the risk of TIPS thrombosis, hepatic encephalopathy,
complications, and death using Cox regression models. Results: No clear trend emerged
regarding changes in body composition parameters during postinterventional follow-up.
Sarcopenia at TIPS implantation increased the instantaneous risk of postinterventional
complications (hazard ratio (HR) 1.67; 95% confidence interval (CI) 0.95–2.93), development
of hepatic encephalopathy (HR 1.65; 0.81–3.33), as well as the risk of dying within one
year (HR 1.39; 0.66–2.92). Conclusions: CT body composition analysis may help in identi-
fying high-risk patients undergoing TIPS implantation. Sarcopenia was associated with
increased mortality and a higher incidence of postinterventional complications, particularly
hepatic encephalopathy.

Keywords: body composition; computed tomography; transjugular intrahepatic portosystemic
shunt; sarcopenia

1. Introduction
Transjugular intrahepatic portosystemic shunt (TIPS) insertion has been increasingly

used to treat the symptoms of portal hypertension, primarily refractory ascites, and variceal
bleeding, and is now considered the gold standard among interventional/surgical op-
tions [1,2]. Moreover, TIPS can help improve catabolism, thereby contributing to muscle
regeneration and the reduction in visceral fat [3]. Studies indicate that an increase in
muscle mass improves both long-term outcome and survival after TIPS implantation, since
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sarcopenic individuals have a higher risk of mortality [4]. Sarcopenia is characterized by
a loss of skeletal muscle mass, strength, and function. Several factors are involved in the
development of sarcopenia: dietary intake is often insufficient to meet energy expenditure,
absorption is impaired, and substrate utilization is disturbed due to liver disease [5,6].
Sarcopenia has also been associated with a higher rate of cirrhosis-related complications,
such as hepatic encephalopathy (HE), ascites, or infections, and impairs patients’ quality
of life [7,8]. Artificial intelligence (AI)-based computed tomography (CT) body composi-
tion has already been used in several studies to investigate the impact of sarcopenia on
patients’ outcomes, for example, in cardiovascular or oncological diseases [9–13]. CT body
composition analysis uses CT scans to quantify skeletal muscle mass since muscle atrophy
is characterized by both a smaller muscle size and a higher proportion of intermuscular
and intramuscular fat (myosteatosis) [14]. Compared to manual segmentation of CT data,
automated tissue segmentation allows analysis of larger data sets [9] and is recommended
for evaluating sarcopenia in the most recent version of the European Association for the
Study of the Liver clinical practice guidelines [15]. The skeletal muscle area (SMA) and
skeletal muscle index (SMI) can be derived from CT scans and have become the standard
for evaluating sarcopenia [15,16]. Since CT scans are acquired in the follow-up of many
therapeutic regimes, they can also be used to monitor dynamic changes in skeletal muscle
and fat mass in response to interventions and treatments.

Therefore, the aim of this study was to evaluate the imaging parameters of body
composition derived from automatically segmented CT scans as potential risk factors
for complications, TIPS thrombosis, development of hepatic encephalopathy, and death
following TIPS implantation.

2. Materials and Methods
Study Population: Retrospectively, 835 patients were included who underwent TIPS

treatment at our center between June 1993 and December 2018. All implantations were
analyzed with at least one CT examination before TIPS implantation (baseline, maximum
of 6 months prior implantation) or CT examinations after TIPS implantation (minimum
of 6 months, maximum of two follow-up scans). CT scans were excluded if they were
unsuitable, e.g., if lumbar vertebral body levels were not displayed. Preinterventional
imaging was usually performed to rule out hepatocellular carcinoma in patients with
cirrhosis, because of abdominal pain or for intervention planning.

Additionally, demographic information, clinical data, laboratory results, and procedu-
ral parameters were collected. Patients were observed until the end of data collection in
2018, or, if occurred before, death, liver transplantation, last recanalization attempt, iatro-
genic TIPS occlusion, or last patient contact during the observation period. In cases where
a patient experienced two consecutive complications, e.g., postinterventional bleeding with
an infection occurring later (e.g., pneumonia), the time interval until the first complication
was considered. The same approach was used for patients who suffered a recurrence
of dysfunction after TIPS thrombosis with appropriate therapy. We defined hepatic en-
cephalopathy (HE) as either a newly developed episode of overt HE or a documented
clinical worsening of pre-existing HE.

This retrospective study was approved by the hospital’s ethics committee (EA4/085/17).
Technique of TIPS: TIPS was performed as previously described [17], with treatment

decisions made through an interdisciplinary case review involving hepatologists, radiolo-
gists, and surgeons.

CT Body Composition Analysis: A picture archiving and communications system
(PACS)-integrated, AI-based software tool (Visage version 7.1, Visage Imaging GmbH,
Berlin, Germany), using a convolutional neural network, was used as previously de-
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scribed [10]. For analysis, 5 mm thick Digital Imaging and Communications in Medicine
(DICOM) slice files at the mid-L3 level were processed. Semiautomatic segmentation of
the following tissues was performed on single-slice images to quantify psoas muscle area
(PMA), total abdominal muscle area (TAMA), visceral adipose tissue (VAT), and subcuta-
neous adipose tissue (SAT) (Figure 1). All automatic segmentations were reviewed by an
experienced radiologist. Manual corrections were performed in a small number of cases
to prevent misclassification, for example, to exclude hypodense stool in the intestines that
could be mistakenly identified as body fat.

Figure 1. Example of semiautomated segmentations of subcutaneous adipose tissue (SAT; pale green),
visceral adipose tissue (VAT; brown), psoas muscle area (PMA; green), and total abdominal muscle
area (TAMA, beige + green) at L3 level (indicated by green and red line).

The abdominal adipose tissue ratio (ATR) was calculated as the ratio of VAT to SAT. The
lumbar skeletal muscle index (LSMI) at L3 was derived by normalizing the TAMA to the
patient’s body height: TAMA/body height2. Sarcopenia was defined as LSMI ≤ 38.5 cm2/m2

in women and ≤52.4 cm2/m2 in men [9,18], while sarcopenic obesity as sarcopenia in
combination with a Body Mass Index (BMI) ≥ 30 [9,19].

Statistical analysis: We report medians along with interquartile ranges (IQR) for
baseline body composition parameters, absolute and relative frequencies of all outcome
parameters, stratified by sarcopenia and sarcopenic obesity at baseline. The most relevant
body composition parameters are displayed longitudinally with reference to the time of
TIPS implantation by scatter and spaghetti plots, along with a locally weighted scatterplot
smoothing (LOESS) estimate.

Time to death is plotted using Kaplan–Meier curves, along with 95% confidence
intervals (CIs). Incidence rates per 100 person-years are reported for all outcome parameters
along with 95% CIs, stratified by sarcopenia at baseline. To assess the association between
sarcopenia or the LSMI at baseline with time to death, we used Cox proportional hazards
regression models. For the other outcomes of hepatic encephalopathy (HE), thrombosis,
and complication, Cox regression models accounting for the competing event death were
used. Cause-specific hazard ratio (HR) estimates for the event and the competing event
were derived. All models were run with and without adjustment for potential confounders,
and HR estimates are displayed with 95% CIs. Confounders (age, sex, ascites before
TIPS, and performance status) were selected based on clinical experience and literature
research. Statistical analyses and data handling were performed with R and additional R
packages [20–23].
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3. Results
Basic demographic data of the study population have been previously published [17].

According to our definition, 135 patients were classified as sarcopenic, of which 22 patients
were classified as sarcopenic obese. Median lumbar skeletal muscle index (LSMI) was
41.8 cm2/m2 and the adipose tissue ratio (ATR) was 0.7 (Table 1).

Table 1. Body composition imaging parameters of the study population at baseline. BMI—Body
Mass Index, LSMI—lumbar skeletal muscle index, PMA—psoas muscle area, SAT—subcutaneous
adipose tissue, SMA—skeletal muscle area, TAMA—total abdominal muscle area, VAT—visceral
adipose tissue.

No Sarcopenia
(n = 60)

Sarcopenia
(n = 135)

Total
(n = 195)

BMI (Median (IQR)) 29.05 (26.1, 33.1) 24.86 (21.9, 28.6) 26.26 (23.03, 30.0)

TAMA (Median (IQR)) 158.5 (121.7, 179.8) 113.1(89.1, 137.3) 124.5 (97.2, 147.7)

VAT (Median (IQR)) 127.9 (70.6, 196.4) 62.5 (31.5, 121.4) 77.4 (41.5, 150.9)

SMA (Median (IQR)) 142.3 (110.5, 160.2) 100.0 (82.4, 122.1) 111.3 (88.4, 131.5)

ATR (Median (IQR)) 0.6 (0.4, 0.9) 0.7 (0.4, 1.1) 0.7 (0.4, 1.0)

LSMI (Median (IQR)) 54.0 (45.0, 60.1) 37.4 (31.6, 43.7) 41.8 (33.9, 49.7)

PMA (Median (IQR)) 14.7 (11.1, 20.0) 11.2 (7.8, 14.9) 12.2 (8.6, 15.8)

SAT (Median (IQR)) 211.4 (147.1, 289.3) 90.1 (54.4, 164.9) 132.8 (63.1, 212.6)

Peri- and postinterventional complications such as infections or bleeding were more
common in patients with sarcopenia (44.4% vs. 28.3%), but not in patients with sarcopenic
obesity. In patients with complications, the median LSMI was lower (40.6 cm2/m2 vs.
42.6 cm2/m2). HE was more common in patients with sarcopenia (26.7% vs. 16.7%), and
the LSMI was very similar for patients with HE compared to those who did not develop
HE (41.7 cm2/m2 vs. 42.0 cm2/m2). TIPS dysfunction due to stenosis or thrombosis of the
stent was less common in patients with sarcopenia (20.7% vs. 26.7%). Yet, TIPS disfunction
was more common in patients with sarcopenic obesity than in patients without (40.9% vs.
19.9%) (see also Table 2).

Table 2. Synopsis of descriptive analysis based on outcome parameters. HE—hepatic encephalopathy,
LSMI—lumbar skeletal muscle index.

Outcome
Parameters

Sarcopenia
(n = 135)

No Sarcopenia
(n = 60)

Sarcopenic
Obesity
(n = 22)

No Sarcopenic
Obesity (n = 171)

LSMI [cm2/m2]
41.8 (33.9, 49.7)

HE
Yes 36 (26.7%) 10 (16.7% 7 (31.8%) 38 (22.2%) 41.70 (34.48, 48.26)

No 99 (73.3%) 50 (83.3%) 15 (68.2%) 133 (77.8%) 42.03 (33.85, 49.83)

Complication
Yes 60 (44.4%) 17 (28.3%) 8 (36.4%) 67 (39.2%) 40.61 (31.62, 49.59)

No 75 (55.6%) 43 (71.7%) 14 (63.6%) 104 (60.8%) 42.56 (36.23, 49.78)

TIPS
dysfunction

Yes 28 (20.7%) 16 (26.7%) 9 (40.9%) 34 (19.9%) 42.49 (33.74, 52.50)

No 107 (79.3%) 44 (73.3%) 13 (59.1%) 137 (80.1%) 41.59 (34.23, 48.26)

Death
Yes 34 (25.2%) 13 (21.7%) 3 (13.6%) 44 (25.7%) 42.64 (36.90, 50.16)

No 101 (74.8%) 47 (78.3%) 19 (86.4%) 127 (74.3%) 41.51 (33.69, 49.62)

Body composition parameters (LSMI, ATR, TAMA, SMA, PMA, VAT, SAT) themselves
show no clear trend after TIPS implantation. The data are presented for the period 2 months
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before and 12 months after TIPS implantation in order to ensure a clearer visualization, as
the observed time points after TIPS implantation were very heterogeneous (Figure 2).

 

Figure 2. Development of body composition imaging parameters over time; plots are limited to
2 months before TIPS and 12 months after TIPS, but all data are included in the LOESS estimator.
Body composition parameters (LSMI, ATR, TAMA, SMA, PMA, VAT, SAT) show no clear trend after
TIPS implantation.

The Kaplan–Meier curves show a higher mortality in sarcopenic patients within the
first 1 year or 1.5 years. Within this first year after TIPS, the incidence of mortality in
sarcopenic patients was 46 per 100 person-years compared to about 28 in non-sarcopenic
patients. Within the later observational period, this trend changes, such that the Cox propor-
tional hazards assumption might not be fulfilled for the whole time period. Furthermore,
the incidences of HE and complication are higher for sarcopenic patients throughout the
whole observation period, whereas the incidence of thrombosis is reduced (Figures 3 and 4).
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Figure 3. Survival probability shown as Kaplan–Meier curves along with 95% confidence intervals
(CIs) for the whole observation period, just as for the first year after TIPS implantation, stratified
by sarcopenia at baseline. The Kaplan–Meier curves show a higher mortality in sarcopenic patients
within the first 1 year or 1.5 years.

Figure 4. Incidence rates per 100 person-years for all outcome parameters along with 95% confidence
intervals, stratified by sarcopenia at baseline. The incidence of death, complication, and HE, but not
of thrombosis is increased in patients who are sarcopenic at baseline (i.e., at TIPS).

We estimated that sarcopenic patients have about 1.6-fold increased hazards of death
within the first year (HR = 1.56; 95% CI 0.74–3.26), where this effect is only slightly reduced
given adjustment for confounders (HR = 1.39; 0.66–2.92). Sarcopenic patients also have
about 1.6-fold increased cause-specific hazards of a first complication after TIPS (cause-
specific HR = 1.67; 0.95–2.81), also independent of confounders. The effect estimate for the
competing event death (cause-specific HR 0.70; CI 0.30–1.62) indicates that the hazards for
death without prior complication are reduced due to sarcopenia, which means that patients
often have a complication before they die. In line with this finding, an LSMI increase of
10 units lowered the hazards of postinterventional complications (cause-specific HR 0.85,
CI 0.69–1.04). The hazards of a first thrombosis after TIPS are reduced if the patient was
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sarcopenic at baseline, about 0.6-fold (cause-specific HR = 0.62; CI 0.34–1.16), where this
effect slightly increases when adjusted for the confounders. The effect estimate for the
competing event death indicates that there is no influence regarding the risk of death if
there was no thrombosis before (cause-specific HR 1.04 CI 0.51–2.14). Sarcopenia was also
associated with an increased instantaneous risk of postinterventional HE (cause-specific
HR 1.65; CI 0.81–3.33). An increase in the LSMI by 10 units lowered a patient’s risk of
developing postinterventional HE (cause-specific HR 0.92; CI 0.71–1.20) (Figure 5). Due
to the low number of observations and events, the estimation of the association between
sarcopenia or the LSMI and the outcome parameters is very imprecise, reflected in wide
confidence intervals.

 
Figure 5. Unadjusted and adjusted hazard ratio estimates derived from Cox regression (for death
within 1 year) and competing risk Cox regression models (all other), along with 95% confidence
intervals (CIs). For the outcome variables HE, thrombosis, and complication, cause-specific hazard
ratio estimates are displayed along with the effect estimates for the competing event of death.
Sarcopenia at baseline (i.e., at TIPS) increases the hazards of death, complication, and HE but reduces
the hazards of thrombosis. Adjusted and unadjusted effects are rather similar. The results for the
LSMI are in line with these findings.

4. Discussion
The present study investigated the use of AI-based CT body composition analysis

in pre- and postinterventional CT scans to assess body composition imaging parameters,
including the visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) area,
psoas muscle area (PMA), and total abdominal muscle area (TAMA). Additionally, we
analyzed the association between these imaging parameters and survival, as well as the oc-
currence of postinterventional complications, TIPS thrombosis, and hepatic encephalopathy
in patients undergoing TIPS procedures.

In our analyses, we observed no clear trend regarding changes in body composition
parameters (PMA, TAMA, VTA, and SAT) within one year after TIPS implantation. Lui
et al. reported an increase in the skeletal muscle area, skeletal mass index, and fat mass
indicators five months post-TIPS, which were preserved for one year [5]. Other studies have
also documented increases in body weight and muscle mass following TIPS [24,25]. These
changes may result from improved dietary intake, enhanced nutrition absorption, and
better metabolic function after TIPS [14,26]. By alleviating the symptoms of portal hyper-
tension, especially by reducing ascites, patients have more appetite and improved nutrient
absorption once their ascites and other symptoms of portal hypertension subside [27].

We found sarcopenia at TIPS implantation to be associated with a higher postinter-
ventional mortality (HR = 1.56). Similarly, previous studies have identified sarcopenia
as a predictor of poorer prognosis in patients with cirrhosis [5,28–30], likely due to poor
nutritional and physical status independent of liver function [31]. Further supporting the
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impact of a patient’s nutritional status on survival, TIPS implantation has been reported
to reverse sarcopenia and improve survival [5]. Given the high prevalence of sarcopenia
in liver cirrhosis, particularly in decompensated cases (up to 50%), body composition
parameters may help identify patients requiring closer monitoring [15,16]. However, some
studies do not report increased mortality in sarcopenic patients [32], suggesting that a
diagnosis of sarcopenia alone should not be considered a contraindication for TIPS.

In our study, sarcopenia was associated with an increased instantaneous risk of postin-
terventional complications, such as infection or bleeding (HR = 1.63). Similarly, previous
research reported sarcopenia to be associated with severe complications, including acute-
on-chronic liver failure in decompensated liver cirrhosis [33]. Hepatic encephalopathy
(HE), one of the most concerning complications of the procedure, results from the shunting
of portal blood into the systemic circulation after TIPS [6]. The overall incidence of HE
after TIPS ranges from 25% to 45%, while a lower range of 13–36% is reported when only
new or exacerbated HE is considered [34]. Two key factors contribute to HE development
post-TIPS: shunt volume and pre-TIPS hepatic function. Our findings confirm sarcopenia
as a risk factor for the development of post-TIPS HE (HR = 1.71), consistent with the
results of previous studies [35,36]. Skeletal muscle plays a compensatory role in ammonia
metabolism and degradation, through the enzyme glutamine synthetase, and changes in
muscle mass and quality may lead to elevated circulating ammonia levels, increasing HE
risk [35]. Beyond muscle loss, myosteatosis is also associated with chronic liver disease
and higher risk of HE in cirrhotic patients [37]. Other studies found an increase in the
skeletal muscle index (SMI) > 10% after TIPS compared with baseline (pre-TIPS) to be
associated with reduced ammonia levels and a lower prevalence of HE and overt HE
episodes compared with patients with an improvement in the SMI < 10% [38]. These results
suggest that the nutritional status should be assessed prior to TIPS placement to reduce the
incidence of HE.

Our study is primarily limited by its retrospective design. Both baseline and follow-up
imaging were not performed at standardized time points but based on clinical indica-
tions (e.g., screening for liver tumors, abdominal pain, or complications following TIPS
implantation). Therefore, post-TIPS CT scans were not available for many patients, as they
are not part of routine follow-up. This may partly explain why no clear trends in body
composition after TIPS were observed in our study. Sarcopenia was defined using the
lumbar skeletal muscle index, which requires not only CT imaging but also the patient’s
height, which was not consistently available in the clinical system. Additionally, patients’
dietary habits and other lifestyle factors were not documented and could therefore not
be considered in this retrospective analysis. There was also insufficient documentation
of complementary therapies, such as physiotherapy or nutritional counseling after TIPS
implantation. Furthermore, criteria for the assessment of sarcopenia are derived from the
data of healthy individuals, though evidence suggests that these thresholds may require ad-
justment for patients with liver cirrhosis [5]. Automated segmentation, which only required
verification, offers the possibility to analyze higher numbers of cases in a standardized
approach and with comparatively low time expenditure, and thus may be used in large
patient populations. In the future, this tool could also be applied prospectively to monitor
patients after TIPS in the clinical setting.

5. Conclusions
In conclusion, our research highlights the clinical relevance of body composition

imaging parameters and their association with postinterventional complications after
TIPS, especially the development of hepatic encephalopathy and overall survival. These
results underscore the importance of considering body composition and sarcopenia into
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the clinical management and prognosis of patients undergoing interventions. Sarcopenia
can be dynamically monitored using body composition analysis of follow-up CT scans.
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