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Background and Objective: Transjugular intrahepatic portal shunt (TIPS) insertion
could promote weight gain and muscle and fat mass increase in patients with
cirrhosis. However, few studies have focused on metabolic changes after TIPS.
This study aims to explore metabolic changes after TIPS and potential biomarkers
of adverse events.

Methods: Peripheral and portal serum samples were collected before and after
TIPS insertion. Untargeted metabolomics was performed using ultra-high-
performance liquid chromatography-mass spectrometry. Spearman’s
correlation analysis was used to determine the relationship between
metabolites and clinical parameters. Metabolite set enrichment analysis was
performed to explore enriched pathways. The predictive value of the
metabolites was calculated by receiver operating characteristic curve (ROC)
analysis.

Results:Metabolites in the peripheral and portal serum significantly changed early
after TIPS. Some lipid metabolites were significantly correlated with liver function
parameters. Both elevated and depleted metabolites were mainly enriched in
amino acid metabolism. Nine and 12 portal metabolites have moderate predictive
value in post-TIPS liver function decline and hepatic encephalopathy (HE),
separately (area under curve >0.7).

Conclusion: Metabolites in the peripheral and portal veins significantly changed
after TIPS. Some metabolic changes might be ascribed to liver function decline
early after TIPS. Nine and 12 portal metabolites might be potential biomarkers in
prediction of liver function decline and HE, separately.
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1 Introduction

Portal hypertension is a common clinical syndrome frequently
accompanied by ascites, varices, and bleeding, which is the leading
cause of death and liver transplantation in patients with chronic liver
disease (Tsochatzis et al., 2014; Simonetto et al., 2019). Transjugular
intrahepatic portal shunt (TIPS) is an effective treatment for portal
hypertension (García-Pagán et al., 2010; Bureau et al., 2017). Besides
decreasing the portal pressure gradient, TIPS insertion could
produce weight gain in malnourished patients with portal
hypertension, as reported by previous studies (Trotter et al.,
1998; Plauth et al., 2004). Weight gain after TIPS insertion
usually increases muscle and fat mass (Dasarathy et al., 2011;
Jahangiri et al., 2019; Artru et al., 2020). Importantly, sarcopenia,
a surrogate marker of the malnourishment state, is independently
associated with adverse outcomes in patients with cirrhosis (Tandon
et al., 2021; Liu et al., 2022). Thus, the improvement of sarcopenia
after TIPS is a favorable factor in the prognosis of patients with
cirrhosis. In addition, weight gain following TIPS insertion was
associated with beneficial changes in circulating adipokine levels,
indicating that post-TIPS metabolism shifts to the anabolic function
of fat mass (Thomsen et al., 2012). These studies showed that
metabolism after TIPS significantly changed.

Metabolism is downstream of the gene regulatory and proteomic
networks, reflecting life activities (Judge and Dodd, 2020). Thus, the
comprehensive analysis of metabolites provides a more direct
characterization label and a more sensitive disease detection
method. Liquid chromatography-mass spectrometry (LC-MS)-
based metabolomics helps explore novel circulating metabolomic
profiles for many diseases (Wang et al., 2013; Stolzenberg-Solomon
et al., 2020). An increasing number of studies have used LC-MS to
explore potential predictors of prognosis from plasma, serum, urine,
or tissue (Fan et al., 2016; Luo et al., 2018; Chen et al., 2022). In
patients with advanced cirrhosis, lipids are generally suppressed, and
sphingomyelins and cholesteryl esters can distinguish patients with
different severity of cirrhosis (Claria et al., 2021). Furthermore,
changes in polyunsaturated fatty acids and lipid metabolism are
involved in the pathogenesis of lipid metabolism disorders in
hepatitis C patients (Miyoshi et al., 2011). Additionally, cirrhotic
patients with sarcopenia also had specific metabolic alternation. For
example, arabinose, succinate, xylose, alpha galactose,
hypoxanthine, formate, dimethylamine, isoleucine, and ethanol
were the most represented in sarcopenic cirrhotic patients
(Ponziani et al., 2021). However, few studies focused on the
metabolic changes after TIPS and the impact of sarcopenia
improvement.

As the amelioration of malnutrition after TIPS might contribute
to a better prognosis for patients with cirrhosis, we hypothesize that
analysis of metabolomic profile changes after TIPS might identify
potential predictors of prognosis. Thus, we collected pre- and post-
TIPS serum samples and performed detailed metabolomics analysis
using ultra-high-performance liquid chromatography-mass
spectrometry (UHPLC-QTOF/MS). This study aims to describe
the metabolic change after TIPS and identify the specific
metabolomic profiles in patients with significant liver
function decline and hepatic encephalopathy (HE) during follow-
up, which might offer potential biomarkers for the prognosis
of TIPS.

2 Materials and methods

2.1 Patients and sample collection

We prospectively enrolled patients who underwent TIPS in
our department from December 2019 to July 2020. Patients with
any of the following characteristics were excluded: 1) no paired
pre- and post-TIPS serum samples, 2) age <18 years, 3) missing
clinical information, and 4) presence of diabetes or other
metabolic diseases. Portal and peripheral blood samples were
collected before and 24 h after the portosystemic shunt was
developed. All blood samples were centrifuged at 3500 rpm for
10 min at 4 °C, and serum samples were collected. The serum
samples were stored at −80 °C until analysis. The study protocol
was predefined and adhered to the principles of the Helsinki
Declaration II and was approved by the Ethics Committee of
Shijitan Hospital [2019 (01)]. Written informed consent was
obtained from all patients.

2.2 Chemicals and reagents

High-performance liquid chromatography-grade acetonitrile
was obtained from Thermo Fisher Scientific (Waltham, MA,
United States of America; A9554). Formic acid was purchased
from Sigma–Aldrich (St. Louis, MO, United States ; 64186).
Ultrapure water was produced by a Milli-Q water purification
system (Millipore; Bedford, MA, United States).

2.3 Serum sample pretreatment

Before analysis, serum samples were thawed at 4°C. Then 50 μL
of serum was added to a 1.5 mL EP tube, which contained 200 μL of
cold extract solution (acetonitrile: methanol = 1:1). Mixed samples
were put under vortex movement for 30 s and precipitated at −20°C
for 30 min. After two centrifugation steps (12000 rpm, 4°C, 10 min),
the supernatant was transferred to a clean tube for untargeted
metabolomics analysis.

2.4 Untargeted metabolomics by UHPLC-
QTOF/MS

Serum separation was performed using a UHPLC equipped
with an ACQUITY UPLC HSS T3 C18 column (2.1 × 100 mm,
1.7 μm). Mobile phase A and B consisted of 0.1% (v/v) formic acid
in H2O and acetonitrile, respectively. The elution gradient was set
as follows: 1% B, 0–1.5 min; 1%–99% B, 1.0–20.0 min; 99% B,
20.0–25.0 min; 99%–1% B, 25.0–25.1 min; 1% B, 25.1–30.0 min.
The column temperature was 30°C, the flow rate was 0.3 mL/min,
and the injection volume was 3 μL for each run. The
metabolomics profiling analysis was performed on a Xevo G2-
XS Q-TOF mass system and the MassLynx v14.1 workstation
(Waters; Milford, MA, United States). The source conditions in
the positive or negative modes were set as follows: the capillary
voltage was set at 3.0 kV for positive mode and 2.5 kV for negative
mode; the sampling cone voltage was set at 40 V; the desolation
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gas flow rate was maintained at 600 L/h with a cone gas flow rate
of 50 L/h; the desolation temperature was set at 350°C for positive
mode and 500°C for negative mode; the source temperature was
100°C; and the TOF/MS full scan range was 50–1,000 Da. To
ensure precise and stable scanning, leucine encephalin was used
as a lock spray reference (m/z 556.2771 for positive mode and m/z
554.2615 for negative mode). Quality controls (QCs) were
injected every 10 samples throughout the analytical run to
provide a dataset for assessing repeatability.

2.5 Statistics

The raw data were packaged and imported into Progenesis QI
v2.4 (Waters; Milford, MA, United States of America) for data
processing, including baseline filtering, peak recognition,
integration, retention time correction, peak alignment, peak
picking, and normalization. Data normalization used unit
variance scaling. Databases HMDB (https://www.hmdb.ca/)
and LIPID MAPS (https://lipidmaps.org/) were applied for
metabolite annotation, which was based on exact mass

measurement (mass error <5 ppm), fragments of MS/MS, and
isotope distribution obtained from UHPLC-QTOF/MS.

All statistical tests were performed with R v4.1 and the
MetaboAnalyst 5.0 platform (https://www.metaboanalyst.ca). The
coefficients of variation (CV) of QCs and principal component
analysis were applied to monitor the stability and reproducibility of
metabolomics datasets. A supervised model of orthogonal partial
least squares discriminant analysis (OPLS-DA) was performed to
maximize the distance between groups and identify significant
metabolites according to their variable importance in the
projection (VIP). Metabolites with VIP >1, p values <0.05, and
fold-change ≥2 or ≤0.5 were considered significant differences and
are shown in volcano plots. The correlations between significant
metabolites and clinical parameters were conducted by Spearman’s
correlation and are shown in hierarchical clustering heatmap. The
clinical parameters included alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl
transpeptidase (GGT), alkaline phosphatase (ALP), total protein
(TP), albumin (ALB), total bilirubin (TBIL), direct bilirubin (DBIL),
indirect bilirubin (IBIL), creatinine (CRE), activated partial
thromboplastin time (APTT), prothrombin time (PT),

FIGURE 1
Design flow of the study.
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international normalized ratio (INR), white blood cell count (WBC),
hemoglobin (HGB), platelets (PLT), and portal pressure gradient
(PPG). Metabolite set enrichment analysis (MSEA) was utilized to
explore biologically meaningful patterns. Receiver operating
characteristic curve (ROC) analysis calculates the predictive value
of the metabolites.

3 Results

3.1 Baseline characteristics of patients

A total of 28 patients were enrolled in this study, and 78 serum
samples were collected from these patients, including 19 paired pre-

TABLE 1 Baseline characteristics of patients.

Parameters Number of patients (%) Median (range)

Gender

Male 54

Female 46

Age (years) 58 (28–79)

BMI 23.2 (16.0–37.0)

Cause of portal hypertension

Alcoholic 29

Virus 21

Budd-Chiari syndrome 11

Idiopathic portal hypertension 11

Autoimmune liver disease 7

Others 21

Ascites

Absent 29

Mild 14

Severe 57

Esophagogastric varices

Mild 15

Severe 85

Variceal bleeding

Absent 21

Present 79

Cancer

Absent 71

Present 29

Stent diameter

8 mm 82

10 mm 18

Child-Pugh score 7 (5–11)

Child-Pugh category

A 32

B 54

C 14

MELD score 12.5 (4.7–26.3)

PPG (mmHg) 26 (5–37)

Bilirubin (μmol/L) 26.0 (2.5–273.3)

Creatinine (μmol/L) 60 (36–224)

INR 1.3 (1.0–1.9)

Albumin (g/L) 33.2 (24.7–56.1)

Abbreviations: BMI, body mass index; MELD, model for end-of-stage liver disease; PPG, portal pressure gradient; INR, international normalized ratio.
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and post-TIPS peripheral serum samples, and 20 paired pre- and
post-TIPS portal serum samples (Figure 1). The baseline
characteristics of the patients are summarized in Table 1.

3.2 Analytical method of assessing
metabolomics

The CV of positive/negative ions in QC samples was
calculated to evaluate the method’s stability. 25% and 29% of
ions in the peripheral and portal QC samples exhibited CV < 15%,
and 79% and 80% of ions in the peripheral and portal QC samples
displayed CV < 30% (Figure 2E). These results suggested that the
UHPLC-QTOF/MS system showed relatively high
reproducibility and stability. Furthermore, in the principal
component analysis score plots of negative electrospray

ionization (ESI-) and positive electrospray ionization (ESI+)
models of all serum samples, QC samples cluster tightly
together, indicating that the data quality is stable and reliable
(Figures 2A–D).

3.3 Metabolites in the peripheral and portal
serum significantly changed early after TIPS

In ESI- (Figures 3A,D) and ESI+ (Figures 3B,E) OPLS-DA
score plots, pre- and post-TIPS metabolites were separated.
Metabolites with VIP >1, p-value <0.05, and FC ≥
2 or ≤0.5 were identified as significantly changed after TIPS.
Volcano plots showed the significantly changed metabolites in the
portal (Figure 3C) and peripheral serum (Figure 3F), including
11 increased metabolites and 22 decreased metabolites in portal

FIGURE 2
Principal component analysis (PCA) score plots for all samples and coefficients of variation distribution of quality control (QC) samples. QC samples
cluster tightly together in both ESI- and ESI + mode of peripheral (A, B) and portal serum (C, D). (E) Coefficients of variation distribution of QC samples in
the combinational dataset of ESI+ and ESI- modes from the peripheral and portal serum. ESI-: negative electrospray ionization; ESI+: positive
electrospray ionization.
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serum and 6 increased metabolites and 1 decreased metabolite in
peripheral serum. When the false discovery rate <0.05 criterion
was applied, only PC(O-20:0/O-1:0) in portal serum and 5-
Pentacosyl-1,3-benzenediol in periphery serum were
significantly different between patients with and without post-
TIPS HE. Portal serum may offer more metabolic information as
more significantly altered metabolites were observed in portal
serum. Most of the above significantly altered metabolites belong
to lipids, amino acids, and peptides.

3.4 Correlations between significantly
altered metabolites and clinical parameters

The correlations between significantly altered metabolites
and clinical parameters were evaluated by Spearman’s
correlation analysis and are shown in hierarchical clustering
heatmaps (Figure 4A): some metabolites were significantly
related to liver function parameters, such as AST, GGT, CRE,
TBIL, DBIL, and IBIL (p < 0·05). Depleted lipid metabolites
erythro-6,8-Heneicosanediol, PG (20:0/0:0), Cer(d18:0/18:0),
and MG (a-25:0/0:0/0:0)[rac] were negatively correlated with
TBIL, IBIL, DBIL, and AST, respectively. These results
indicated that the decrease in lipid metabolites might be partly
ascribed to the deterioration of liver function. Additionally,
decreased 16-hydroxy hexadecanoic acid was positively related
to HGB and PLT, suggesting that altering blood components
might affect the change in metabolites after TIPS.

3.5 Metabolite set enrichment analysis
(MSEA) of the significant metabolites

To further clarify the function of the significant metabolic changes,
we performed MSEA on significant lipid metabolites, amino acids, and
peptides. The results demonstrated that elevated metabolites were
mainly involved in amino acid metabolism, including tyrosine
metabolism, phenylalanine, tyrosine and tryptophan biosynthesis,
D−glutamine and D−glutamate metabolism, phenylalanine
metabolism, arginine biosynthesis, arginine and proline metabolism,
alanine, aspartate and glutamate metabolism, and valine, leucine and
isoleucine biosynthesis (Figure 4B). Similarly, depleted metabolites
enriched in several amino acid metabolisms, such as arginine and
proline metabolism, cysteine and methionine metabolism, arginine
biosynthesis, alanine, aspartate and glutamate metabolism, glycine,
serine and threonine metabolism, etc (Figure 4C). These results
suggest that post-TIPS metabolism may switch to amino acid
metabolism, generating more protein to promote the body’s recovery.

3.6 Post-TIPS metabolic changes might be
potential predictive biomarkers of adverse
events

To explore the role of these metabolic changes in clinical
practice, we calculated the predictive value of the metabolic
changes in adverse events after TIPS, such as liver function
decline and HE. Patients with Child-Pugh scores that increased

FIGURE 3
Metabolites in peripheral and portal serum significantly changed early after TIPS. Both ESI- (A) and ESI+ (B)models of orthogonal partial least squares
discriminant analysis (OPLS-DA) of portal metabolites were separated. Both ESI- (D) and ESI+ (E) models of peripheral metabolites were separated.
Volcano plots showed significant metabolic changes in portal (C) and peripheral (F) with p-value <1, variable importance in the projection (VIP) > 1, and
fold change ≥2 or ≤0.5.
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over 2 points (ΔCP ≥ 2) within 1 year were defined as having
significant liver function decline. Nine of 28 patients had
considerable liver function damage 1 year after TIPS. ROC
analysis suggested 3 increased metabolites (Figure 5A) and
6 decreased metabolites (Figure 5B) in portal serum with an area
under the curve (AUC) > 0.7. Their AUCs are shown in Table 2.
These metabolites would be potential predictive biomarkers of liver
function decline after TIPS. Additionally, HE was diagnosed
according to the West Haven criteria (Conn et al., 1977), and 6/
28 patients developed post-TIPS HE within 1 year. ROC analysis of
HE indicated 12 depleted metabolites in portal serum with
AUC >0.7 (Figures 5C,D), and 5 of them produced a better

classification performance with an AUC >0.75 (Figure 5D). Their
AUCs and 95% confidence intervals are shown in Table 3. However,
only the AUC of GDP-4-Dehydro-6-deoxy-D-mannose (Table 2)
and MG (a-25:0/0:0/0:0) [rac] (Table 3) with p < 0.05, so these
metabolites should be paid more attention in the future research.

4 Discussion

TIPS is a common and effective treatment for portal
hypertension (Tripathi et al., 2020; Horhat et al., 2021). However,
the effect of TIPS on body components is unclear, which might

FIGURE 4
Biologicallymeaningful patterns of significantmetabolites. (A) Somemetabolic changes were significantly associatedwith liver function parameters.
(B) The enriched metabolites sets in increasing metabolic changes. (C) The enriched metabolites sets in decreasing metabolic changes.
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influence the prognosis of TIPS. Few studies have explored body
component changes following TIPS, and it was found that TIPS
might improve sarcopenia by increasing muscle and fat mass

(Dasarathy et al., 2011; Thomsen et al., 2012; Artru et al., 2020).
However, little is known regarding the metabolomic change after
TIPS. This study showed that some metabolites significantly

FIGURE 5
Potential biomarker of adverse events after TIPS. (A) Increased portal metabolites had good predictive value in liver function decline (AUC >0.7). (B)
Decreased portal metabolites with good predictive value in liver function decline (AUC >0.7). (C) Depleted portal metabolites performed a good
distinctive value in HE (0.7< AUC <0.75). (D) Five decreased portal metabolites had better predictive value in post-TIPS HE (AUC ≥0.75).

TABLE 2 Receiver operating characteristic curve analysis of liver function decline.

Metabolites AUC 95% CI p-value

3′-N-Acetyl-4′-O-(14-methylpentadecanoyl)fusarochromanone 0.726 0.452–1.000 0.0648

2-(2,4-dihydroxy-5-methoxyphenyl)-3-(3,7-dimethylocta-2,6-dien-1-yl)-5-hydroxy-8,8-dimethyl-4H,8H-pyrano [3,2-g]chromen-4-one 0.714 0.400–1.000 0.0764

PS[DiMe(11,3)/MonoMe(11,3)] 0.702 0.426–0.979 0.0839

2-Hydroxy-4-trifluoromethyl benzoic acid 0.708 0.389–1.000 0.0804

Cer(d18:0/18:0) 0.738 0.483–0.993 0.0547

MG (0:0/a-25:0/0:0)[rac] 0.702 0.367–1.00 0.086

GDP-4-Dehydro-6-deoxy-D-mannose 0.774 0.591–0.956 0.0237

(1R,2R)-3-oxo-2-pentyl-cyclopentanehexanoic acid 0.732 0.474–0.990 0.0579

16-Hydroxy hexadecanoic acid 0.702 0.449–0.956 0.0893

Abbreviations: AUC, area under the curve; 95% CI, 95% confidence interval.
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changed early after TIPS, especially peptides, amino acids, and lipid
metabolites. Some metabolic changes were significantly associated
with the alternation of liver function early after TIPS. Notably, some
early metabolic changes had moderate predictive value in liver
function decline and post-TIPS HE after TIPS.

Over 50% of decompensated cirrhosis cases are accompanied
by sarcopenia (European Association for the Study of the Liver,
2019; Cruz-Jentoft et al., 2019; Traub et al., 2021). Sarcopenia has
been demonstrated to be an independent risk factor for mortality
in cirrhosis patients (Ebadi et al., 2019; Tantai et al., 2022).
Several studies have indicated that TIPS could improve
sarcopenia by increasing muscle and fat mass (Artru et al.,
2020; Liu et al., 2022). Similarly, this study found that
metabolites, especially peptides, amino acids, and lipid
metabolites significantly changed early after TIPS. Of note, the
significantly increased metabolites included peptides, amino
acids, and lipid metabolites, but the most significantly depleted
metabolites were lipid metabolites. In a previous study, it was also
observed that the subcutaneous fat surface increased, but the
visceral fat surface decreased after TIPS (Artru et al., 2020). Thus,
the post-TIPS alteration of lipid metabolites is complicated.
Furthermore, metabolite set enrichment analysis showed that
the increased metabolites were mainly enriched in amino acid
metabolism, indicating that elevated amino acids might be more
critical in metabolite changes after TIPS. Sarcopenic obesity and
myosteatosis are frequently observed in patients with cirrhosis
(Montano-Loza et al., 2016; Ahn et al., 2021). Therefore, the
complicated lipid metabolism might result from amino acid
metabolism. Additionally, more significant metabolites
appeared in portal serum, demonstrating that portal
metabolites might offer more insight into metabolic changes
after TIPS. Hence, we focused on portal metabolic changes in
subsequent analysis.

The correlation analysis showed that some metabolic changes
were significantly related to the alteration in liver function after

TIPS. For example, depletion of erythro-6,8-Heneicosanediol, PG
(20:0/0:0), and Cer(d18:0/18:0) was negatively correlated with
changes of TBIL, IBIL, and DBIL, respectively. A high
concentration of bilirubin implies hepatocellular injury or biliary
obstruction in most settings (Kwo et al., 2017). Generally, impaired
hepatocytes could not produce more lipid metabolites through de
novo lipogenesis (Badmus et al., 2022). Furthermore, circulating
fatty acids taken up by liver could not be disposed of because fatty
acid oxidation and lipids export would reduce during liver
dysfunction, leading to circulating lipid metabolites decrease and
liver lipids accumulation (Ipsen et al., 2018). A large number of
accumulated lipids produce hepatotoxicity, further impairing liver
function and forming a vicious circle (Ipsen et al., 2018; Badmus
et al., 2022). The above-mention hepatic lipid metabolism
mechanism might be the reason that liver dysfunction might
impact lipid metabolite changes after TIPS.

Additionally, apart from the liver function parameters, the
alteration of blood components, such as HGB and PLT, also
affects the change in metabolites after TIPS. No significant
association with other factors, such as PPG and inflammation,
was found in our study. However, most metabolites were not
significantly associated with clinical parameters. Thus, other
factors might also affect the change in metabolites. Further
research is needed to explore the reason for the metabolic
changes after TIPS.

Importantly, our study demonstrated that early metabolite
changes might be involved in adverse events after TIPS. ROC
analysis found 3 increased and 6 depleted metabolites in portal
serum hadmoderate predictive value in liver function decline, which
mainly belonged to lipid metabolites, such as PS(DiMe(11,3)/
MonoMe(11,3)), Cer(d18:0/18:0), and MG (0:0/a-25:0/0:0)[rac].
These results further confirmed the vital value of lipid
metabolites in post-TIPS outcomes. Similarly, 5 depleted
metabolites in portal serum showed moderate performance in the
prediction of post-TIPS HE, including 2-Hydroxy-4-trifluoromethyl

TABLE 3 Receiver operating characteristic curve analysis of hepatic encephalopathy.

Metabolites AUC 95% CI p-value

Abiraterone sulfate 0.734 0.478–0.991 0.0716

erythro-6,8-Heneicosanediol 0.703 0.418–0.988 0.1138

2-Amino-4-oxo-6-(1′,2′,3′-trihydroxypropyl)-diquinoid-7,8-dihydroxypterin 0.734 0.478–0.991 0.0716

MG (0:0/a-25:0/0:0)[rac] 0.719 0.281–1.000 0.1007

TG (16:0/16:0/20:1 (11Z)) 0.742 0.327–1.000 0.0781

GDP-4-Dehydro-6-deoxy-D-mannose 0.703 0.402–1.000 0.1035

(1R,2R)-3-oxo-2-pentyl-cyclopentanehexanoic acid 0.703 0.451–0.955 0.1179

2-Hydroxy-4-trifluoromethyl benzoic acid 0.766 0.486–1.000 0.0594

Codeine-6-glucuronide 0.766 0.531–1.000 0.0511

PG (20:0/0:0) 0.750 0.495–1.000 0.0689

PS(20:0/18:1 (11Z)) 0.750 0.493–1.000 0.0623

MG (a-25:0/0:0/0:0)[rac] 0.836 0.632–1.000 0.0236

Abbreviations: AUC, area under the curve; 95% CI, 95% confidence interval.
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benzoic acid, Codeine-6-glucuronide, PG (20:0/0:0), PS(20:0/18:1
(11Z)), and MG (a-25:0/0:0/0:0)[rac]. However, only the AUC of
GDP-4-Dehydro-6-deoxy-D-mannose and MG (a-25:0/0:0/0:0)
[rac] have statistical significance. Thus, GDP-4-Dehydro-6-deoxy-
D-mannose (Table 2) and MG (a-25:0/0:0/0:0) [rac] should be paid
more attention to in future research.

To the best of our knowledge, little research focuses on post-TIPS
metabolic changes, so this study is explorative. However, our study is
limited by the small sample size and the absence of strict dietary
restrictions for patients during follow-up. To minimize the impact of
our limitations, we evaluated the metabolic changes in the peripheral
and portal serum, applied conservative statistical criteria, and combine
univariate and multivariate analysis to identify significant changes.
However, some results were still insignificant because of the small
sample size, such as several metabolites with AUC >0.7 but p > 0.05.
Thus, further in-depth studies with larger sample sizes and multiple
centers are warranted to validate the changes after TIPS and validate the
predictive value of these metabolites in clinical practice.

In conclusion, the peripheral and portal metabolites significantly
changed after TIPS. More significant metabolic changes were
observed in portal serum, so the metabolites in portal serum
might offer more insight into metabolic alteration after TIPS.
Some metabolic changes might be ascribed to a decline in liver
function. Importantly, 9 portal metabolites have good predictive
value in post-TIPS liver function decline, and 12 portal metabolites
have amoderate classification performance in HE, whichmight offer
a reference for biomarker research.
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