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Background: Currently, hepatocellular carcinoma (HCC) patients with refractory ascites (RA) have a very poor progno-
sis, and there are no effective treatments recommended by the guidelines. A treatment strategy that utilizes a
transjugular intrahepatic portosystemic shunt (TIPS) combined with subsequent antitumor treatment is explored in
this study for its feasibility and clinical value.
Methods:Onemonth after TIPS, the ascites grade and Child-Pugh scores and stageswere reassessed to compare changes
in the preoperative indicators.
Results:A total of 68 patients from 3 centers were enrolled. After TIPS, the following results were obtained: a complete
response (CR), partial response (PR), or absent RA response (AR) of 38 [55.9%], 21 [30.9%], and 9 [13.2%], respec-
tively. The control of RA was 86.8%. The median Child–Pugh scores prior to TIPS and one month after TIPS were 8
(IQR 7–9) and 7 (IQR 6–8), respectively. The down, unchanged, and elevated Child–Pugh stages were 26 [38.2%],
36 [53.0%], and 6 [8.8%], respectively. The postoperative Child–Pugh scores were significantly lower than the preop-
erative (p< 0.001). 92.6% (63/61) of the patients received subsequent anti-tumor treatment opportunities. The me-
dian overall survival (OS) was 8.7 (range, 0.4–49.6) months. The lower postoperative Child-Pugh stage(p = 0.001),
downward change of the Child-Pugh stage(p = 0.027), and downward change of the Child-Pugh score (p = 0.002)
were independent protected prognostic factors for OS.
Conclusion: As a minimally invasive method, TIPS can effectively control ascites and improve Child–Pugh scores and
stages. TIPS combined with subsequent anti-tumor therapy is a feasible and effective management for HCC patients
with RA.
Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers
worldwide [1]. A total of 80% of patients with HCC have associated liver
cirrhosis, which causes progressively increased portal hypertension. This
leads to a series of severe clinical complications related to portal hyperten-
sion [2,3]. Refractory ascites (RA) is one of the most common complica-
tions of HCC with cirrhosis [4,5]. RA is closely related to poor prognosis
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[6]. The median overall survival (OS) of RA in end-stage liver disease is
only six months, and this is even worse in HCC patients [7,8].

RA causes most patients with HCC to lose the opportunity for further
tumor treatment due to poor liver function restrictions, and current treat-
ment options are limited [9]. Most patients can only tolerate palliative
symptomatic treatment, and the most accepted palliative intervention is
large volume paracentesis (LVP) combined with supplementation of albu-
min [8]. RA is formed by persistent portal hypertension and secondary
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hemodynamic changes, and LVP only acts downstream of the pathophysio-
logical cascade, so it cannot produce survival benefits and seriously affects
patient quality of life (QOL) [6,10,11]. Therefore, treatment to relieve por-
tal hypertension is necessary, which provides possible opportunities to fur-
ther treat tumors and may bring survival benefits.

In recent years, the transjugular intrahepatic portosystemic shunt (TIPS)
has shown obvious advantages as aminimally invasivemodality formanag-
ing portal hypertension-related complications [12]. As a result of techno-
logical advances and the perfect performance of the stent, TIPS is
expanding its indications for portal hypertension-related complications
[13,14]. TIPS has been a common management model for RA for end-
stage liver disease [ 6,15]. Previous small sample studies have also shown
that in HCC patients with RA, this treatment may be a feasible palliative
management model, with significant benefits for improving symptoms
and QOL [16,17].

In view of the current HCC with RA treatment dilemma, Fig. 1 shows a
proposed treatment strategy that uses TIPS to downgrade ascites and im-
prove Child-Pugh scores. It is proposed that with this strategy, patients
will obtain more effective subsequent anti-tumor treatment and achieve a
survival benefit. Therefore, the purpose of this study is to evaluate the fea-
sibility and clinical value of TIPS combined with subsequent antitumor
treatment in HCC patients with RA.
Materials and methods

Study population

From May 16, 2016 to January 17, 2020, 68 HCC patients with portal
hypertension-related RA from 3 centers of interventional radiology were
enrolled in this study. All of the patients received TIPS combined with se-
quential antitumor therapy. Informed consent was signed by all of the pa-
tients prior to their treatment with TIPS. The ethics committee of the Sun
Yat-sen University Cancer Center approved this study and waived the re-
quirement for patient consent for this retrospective analysis.
Inclusion and exclusion criteria

Patients could be considered for inclusion if they were 18–70 years,
met the diagnostic criteria for HCC and RA, had a tumor volume less
than 70% of the liver volume, and the East Coast Oncology Group
(ECOG) performance status was ≤2. Excluded patients had primary
cholangiocarcinoma, multiple hepatic cysts, refractory biliary and pan-
creatic obstruction, liver failure, or severe cardiopulmonary
dysfunction.
Fig. 1. Treatment strategy for hepatocellular carcinoma (HCC) patients with refractory a
in RA of HCC patients to obtain a downward grading of the ascites. The control of asci
patient may obtain subsequent anti-tumor therapy and have enhanced liver function to
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Diagnosis and definitions

The diagnostic criteria for HCC was based on the European Association
for the Study of the Liver [17]. A color doppler ultrasonography (CDUS)
was necessary to evaluate the status of portal blood flow [18]. The defini-
tion of refractory ascites was according to the International Ascites Club:
(a) intensive diuretics (spironolactone 400 mg/d combined with furose-
mide 160 mg/d) and sodium-restricted diet (<90 mmoVd) for at least
1 week have no response. (b) Lack of response to diuretic therapy.
(c) Early recurrence of ascites within 4 weeks. (d) Diuretic-induced compli-
cations. The grading of ascites was divided intomild ascites, moderate asci-
tes, and large or gross ascites [6].

The diagnosis of Portal vein tumor thrombosis(PVTT) was based on en-
hanced CT or MR. PVTT was found to be accompanied by HCC or invaded
by intrahepatic tumors. In this study, all the enrolled cases involved more
than the second-level branch of the portal vein.

The responses to TIPS follow. A complete response (CR) meant no clin-
ically obvious ascites or no requirement for diuretics and sodium limitation.
A partial response (PR) meant there existed clinically obvious ascites and
no need for further paracentesis. An absent response (AR) indicated the de-
velopment of large amounts of ascites after TIPS [19].

Shunt dysfunction was defined as follows: A maximum flow velocity
within the shunt of ≤60 cm/s or >180 cm/s or within the portal vein of
≤30 cm/s, recurrent ascites, or variceal bleeding. Suspected dysfunction
was diagnosed using portography and an evaluation of the portosystemic
pressure gradient (PSG) of ≥15 mmHg [18].

TIPS procedure

The primary process was similar to previous reports [18,19]. In brief, a
needle punctured the portal vein through the transjugular approach. After a
successful puncture, the parenchymal tract was dilated, and covered stents
were introduced in all patients(Viatorr; W. L. Gore & Associates, Inc., Flag-
staff, AZ, USA). Bare metal stents (Bard Murray Hill, NJ, USA) were im-
planted in 11 (16.2%) patients to ensure that the shunt tract was
adequately functioning. The specifications of the covered stents were
8 mm× 60 mm, 8 mm × 80 mm, and 8 mm× 100 mm. All of the diam-
eters of the bare stents were 8 mm, and the lengths were 80 mm and
100mm. The portal vein pressure wasmeasured before and after shunt cre-
ation. After the insertion of TIPS, all of the patients received a diuretic treat-
ment and a salt-limited diet until the ascites disappeared.

Subsequent antitumor therapy

When the symptoms of portal hypertension were controlled, the
benefits of liver function a result of the improvement of ascites.
scites (RA). Transjugular intrahepatic portosystemic shunt(TIPS) is used to intervene
tes can improve a patient's Child–Pugh score and Child–Pugh stage. Therefore, the
tolerate the therapy. Finally, HCC patients with RA can obtain a survival benefit.
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Patients were reassessed using the Child-Pugh scores and stages, and
individualized anti-tumor treatment was selected. HCC was treated
primarily using transarterial chemoembolization (TACE), microwave
ablation (MWA), systemic therapy, TACE combined with MWA, or
TACE combined with systemic therapy at least one month after TIPS.
Finally, a total of 63 (92.6%) patients received sequential antitumor
treatment.

TACE was conducted for patients with a Child–Pugh stage of A/B
and rich blood flow in the tumor based on preoperative imaging. A
total of 31 (45.6%) patients received TACE, 10 (14.7%) received
TACE alone, and 21 (30.9%) received TACE combined with MWA.
MWA alone was administered in 3 (4.4%) patients due to the appropri-
ate tumor diameter and stage. A total of 32 (47.1%) patients received
systemic therapy (Sorafenib, Lenvatinib, or Apatinib). A total of 10
(14.7%) patients received TACE combined with systemic therapy.
Table 1
Patient characteristics.

Characteristics N (%)/median (IQRa)

Gender
Male 61(89.7%)
Female 7(10.3%)

Age 58 (46–63)
<60 37(54.4%)
≥60 31(45.6%)

Aetiology of liver disease
Follow up

The major follow-up outcomes were OS, change in Child–Pugh stage,
change in Child–Pugh scores, and the response of TIPS and complications.
OS was defined as the interval from TIPS to death or lost to follow-up.
The median follow-up time was 9.6 (range, 0.5–49.6) months. Laboratory
tests, such as blood count, liver and kidney function, coagulation function,
and AFP tests, were conducted at 1 and 2weeks and everymonth after TIPS
and at any time when symptoms recurred. Abdominal computerized to-
mography/magnetic resonance imaging (CT/MRI) and color Doppler ultra-
sound (CDUS) were performed at 1, 2, and 3 months, and then every two
months after TIPS.
Hepatitis B 66(97.1%)
Hepatitis C 2(2.9%)

ECOG statusa

0 20(29.4%)
1 35(51.5%)
2 13(19.1%)

Inside of Milan 15(22.1%)
Outside of Milan 53(77.9%)
Maximum tumor diameter
<5 cm 39(57.4%)
≥5 cm 29(42.65)

BCLC classificationa

A 10(14.7%)
B 10(14.7%)
C 36(52.9%)
D 12(17.6%)

PVTTa

No 23(33.8%)
Yes 45(66.2%)

Number of tumors
Single 23(33.8%)
Multiple 45(66.2%)

MELDa 12.0 (10.0–14.0)
<15 53(77.9%)
Statistical analysis

The statistical analysis was conducted using SPSS 26.0 (IBM, Chicago).
Significant differenceswere considered at p<0.05. Pearsonχ2was used to
compare the qualitative data. Quantitative data before and after TIPS were
evaluated using paired t-tests. The OS in the different subgroups was ana-
lyzed using a Kaplan-Meier analysis (log-rank test). A stratified Cox propor-
tional hazard regression model was used to explore the independent
prognostic factors that were related to OS. Finally, three levels of research
variables were included in this model. Liver function factors: preoperative
Child-Pugh stage (A,B,C), postoperative Child-Pugh stage (A,B,C), change
in Child-Pugh stage (down, unchanged, elevated), and change in Child-
Pugh score (down, unchanged/elevated). Ascites factors: postoperative
grading of ascites (0/1, 2/3) and response to TIPS (complete response, par-
tial response, absent response). Tumor factors: BCLC classification (A/B, C/
D), PVTT(yes, no), number of tumors (single, multiple), intrahepatic local
treatment (yes, no), AFP (<400, ≥400), model for end stage liver disease
(MELD) (<15, ≥15), and age (< 60, ≥60).
≥15 14(20.6%)
Symptomatic portal hypertension
Refractory ascites 68(100.0%)
Variceal bleeding 13(19.1%)
Gastrointestinal symptoms 2(2.9%)

Laboratory tests
Platelets [109/L] 87 (62–133)
INRa 1.31 (1.16–1.49)
AST [U/L]a 50.80 (37.80–69.5)
ALT [U/L]a 38.90 (25.53–51.93)
Albumin [g/dL] 34.30 (32.15–37.30)
Creatinine [mg/dL] 73.60(61.98–91.98)
Bilirubin [mg/dL] 30.50(22.28–40.63)

AFP [ng/mL]a

<400 48(70.6%)
≥400 20(29.4%)

a ECOG, Eastern Cooperative Oncology Group; BCLC, Barcelona Clinic Liver
Cancer; PVTT, portal vein tumor thrombosis; MELD, model of endstage liver dis-
ease; INR, international normalised ratio; AST, aspartate aminotransferase; ALT, al-
anine transaminase; AFP, alpha fetoprotein; IQR, interquartile range.
Results

Patient characteristics

The patient characteristics are presented in Table 1. The median
age was 58 (46–63) years. The most common baseline characteristics
were male (61 [89.7%]), hepatitis B (66 [97.1%]), with PVTT (45
[66.2%]), multiple tumors (45 [66.2%]), an AFP < 400 ng/mL (48
[70.6%]), outside of Milan(53 [77.9%]), maximum tumor diameter
<5 cm 39(57.4%), and a MELD <15 (53 [77.9%]). The distribution
in the BCLC classification of A, B, C, and D was 10 (14.7%), 10
(14.7%), 36 (52.9%), and 12 (17.6%), respectively. In addition, pa-
tients had symptomatic portal hypertension performed with RA (68
[100%]), variceal bleeding (13 [19.1%]), and gastrointestinal symp-
toms (2 [2.9%]).
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Efficacy of TIPS

After TIPS, the mean PSGwas lowered from 28.3 to 12.9 mmHg, and all
of the patients received successful TIPS treatment. As shown in Table 2, be-
fore TIPS, all of the patients had grade 2 ascites (19 [27.9%]) and grade 3
ascites (49 [72.1%]). One month after TIPS insertion, grades 0, 1, 2, and
3 were (15 [22.1%]), (32 [47.0%]), (16 [23.5%]), and (5 [7.4%]), respec-
tively. Postoperative grading of ascites was significantly lower than preop-
erative (p < 0.001). A complete response (CR), partial response (PR), and
absent response (AR) of RA were obtained in (38 [55.9%]), (21 [30.9%]),
and (9 [13.2%]), respectively. The control (proportion of CR and PR) for
RA was 86.8%.

Changes in the Child–Pugh stages and Child–Pugh scores

As shown in Table 2, prior to TIPS, the distribution of the Child–
Pugh stage A, B, and C were (7 [10.3%]), (49 [72.1%]), and (12
[17.6%]), respectively. One month after TIPS insertion, the



Table 2
Changes in the Child–Pugh scores, Child–Pugh stages, and ascites.

Variable Before TIPS One month after TIPS P

Child–Pugh stage 0.007b

A 7(10.3%) 22(32.4%)
B 49(72.1%) 37(54.4%)
C 12(17.6%) 9(13.2%)

Change of Child–Pugh stage
Down 26(38.2%)
Unchanged 36(53.0%)
Elevated 6(8.8%)

Child–Pugh scores (IQR)a 8 (7–9) 7(6–8)
Change of Child–Pugh scores <0.001c

Down 53(77.9%)
Unchanged 5(7.4%)
Elevated 10(14.7%)

Grading of ascitesa <0.001b

0 15(22.1%)
1 32(47.0%)
2 19(27.9%) 16(23.5%)
3 49(72.1%) 5(7.4%)

Responsea

CR 38(55.9%)
PR 21(30.9%)
AR 9(13.2%)

a IQR, interquartile range; according to the criteria of the International Ascites
Club: 0, no ascites; 1, mild ascites; 2, moderate ascites; and 3, large or gross ascites;
The response to TIPS: complete response (CR), no clinically detectable ascites with
or without diuretics and sodium limitation; partial response (PR), clinically detect-
able ascites without the requirement for further paracentesis; or absent response
(AR), development of large amounts of ascites after TIPS.

b Chi-square test.
c Paired t-test.
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distribution of the Child–Pugh A, B, and C scores was (22 [32.4%]),
(37 [54.4%]), and (9 [13.2%]), respectively. The down, unchanged,
and elevated Child–Pugh stages were (26 [38.2%]), (36 [53.0%]),
and (6 [8.8%]), respectively. The postoperative Child–Pugh stages
were significantly lower than the preoperative (p = 0.007). Similarly,
the median Child–Pugh scores prior to TIPS and one month after TIPS
were 8 (IQR 7–9) and 7 (IQR 6–8), respectively. The down, un-
changed, and elevated Child–Pugh scores were (53 [77.9%]), (5
[7.4%]), and (10 [14.7%]), respectively. The postoperative Child–
Pugh scores were significantly lower than the preoperative scores (p
< 0.001).

Overall survival

ThemedianOSwas 8.7 (range, 0.4–49.6)months. ThemedianOS in the
BCLC classifications of A, B, C, and D was 14.5 (range, 2.6–49.6), 8.9
(range, 3.8–44), 7.8 (range, 0.5–18.8), and 4.9 (range, 0.4–28.8) months,
respectively.

As shown in Table 3 and Figs. 2 and 3, the Univariate Kaplan-Meier
analysis showed that the preoperative Child-Pugh stage did not show a
significant difference (p = 0.330). However, after TIPS, the lower
postoperative Child-Pugh stage [A/C: P < 0.001, HR = 0.109 (95%
CI: 0.039–0.301); B/C: P < 0.001, HR = 0.201 (95% CI:
0.086–0.468)], downward change of the Child-Pugh stage [down/ele-
vated: P = 0.002, HR = 0.174 (95% CI: 0.057–0.531); the un-
changed/elevated: P = 0.020, HR = 0.308 (95% CI: 0.115–0.829)],
and the downward change of Child-Pugh scores [down/(unchanged/
elevated): P < 0.001, HR = 0.198 (95% CI: 0.098–0.398)] displayed
better OS. Similarly, a good OS was significantly related to lower post-
operative grading of ascites [(0/1)/(2/3): P < 0.001, HR = 0.226
(95% CI: 0.115–0.441)] and a better response to TIPS [CR/AR: P <
0.001, HR = 0.120 (95% CI: 0.049–0.296); PR/AR: P = 0.023, HR
= 0.359 (95% CI: 0.149–0.868)]. In terms of tumor factors, good OS
results were significantly associated with a lower BCLC classification
[(A/B)/(C/D): P = 0.049, HR = 0.446 (95% CI: 0.212–1.025)], no
4

PVTT [yes/no: P = 0.011, HR = 0.353 (95% CI: 0.159–0.785)], re-
ceived intrahepatic local treatment [yes/no: P = 0.002, HR = 0.302
(95% CI: 0.142–0.642)], a single tumor [single/multiple: P = 0.043,
HR = 0.421 (95% CI: 0.182–0.971)], and an AFP < 400 [<400/
≥400: P = 0.002, HR = 0.341 (95% CI: 0.174–0.672)].

The Cox proportional hazards regression analysis found that the postop-
erative Child-Pugh stage [A/C: P < 0.001, HR = 0.023 (95% CI:
0.003–0.167); B/C: P=0.003, HR=0.141 (95%CI: 0.03–0.507)], change
in the Child-Pugh stage [down/elevated: P= 0.011, HR= 0.542 (95% CI:
0.198–0.731); unchanged/elevated: P = 0.036, HR = 0.645 (95% CI:
0.293–0.879)], change in the Child-Pugh score [down/(unchanged/ele-
vated): P = 0.002, HR = 0.085 (95% CI:0.018–0.398)], and AFP
[<400/≥400: P=0.005, HR=0.277 (95%CI: 0.113–0.679)]were inde-
pendent prognostic factors for OS.

Shunt dysfunction

A total of 10 (14.7%) patients were diagnosed with shunt dysfunc-
tion used with CDUS during follow-up. The primary patency rates at
30 and 90 days were 95.6% (65/68) and 89.7% (61/68), respectively.
Thrombosis occurred in 3 patients within 30 days after the TIPS inser-
tion, and tumor invasion led to shunt dysfunction as diagnosed by CT
in 7 patients. Among these patients with shunt dysfunctions, TIPS re-
vision using balloon dilation or additional stent placement were per-
formed in 2 and 5 patients, respectively. All 10 patients received a
75-mg daily oral dose of clopidogrel (Plavix; Bristol-Myers Squibb,
Princeton, NJ, USA) after the revision.

Procedure-related complications

The TIPS-related complications are shown in Table 4. Due to puncture
injury, small amounts of localized hematomaswere found infive (7.4%) pa-
tients. One case (1.5%) of biliary bleeding was diagnosed according to per-
sistent melena and CT images. These patients were relieved after
symptomatic treatment. Intraabdominal bleeding occurred in 6 (8.8%) pa-
tients, and this was found using persistent light red ascites. Most of these
cases did not require special intervention, and only 1 (1.5%) developed
shock and required emergency intervention to staunch the bleeding. Labo-
ratory tests showed a transient increase in the ALT/AST (30 [44.1%]) and
bilirubin (14 [20.6%]). However, most of these indicators did not exceed
four times their amount prior to surgery, and patients recovered after re-
ceiving symptomatic treatment. Only 1 (1.5%) patient developed acute
liver failure and died 11 days after TIPS. Six (8.8%) patients experienced
a mild HE (grade I–II), and only three (4.4%) patients experienced a
grade III-IV HE, which improved after receiving standard medical
treatment.

Discussion

This research demonstrated that the proposed treatment strategy
that combined TIPS with subsequent antitumor treatment improved
the OS of HCC patients with RA by improving the grading of ascites
and Child–Pugh scores. Clinically significant portal hypertension is
an independent influencing factor in the prognosis of HCC patients
[20,21]. RA, one symptom of clinically significant portal hyperten-
sion, seriously affects a patient's QOL and the choice of subsequent
treatment strategies [6,10,22].

To date, there are no guideline recommendations for the treatment
of HCC patients with RA. Therefore, this exploratory study discussed
the feasibility and clinical value of TIPS combined with subsequent
antitumor therapy for these patients. Previous studies have shown
the effectiveness of TIPS in the management of RA [23]. TIPS acts on
the initial stage of portal hypertension to relieve RA. It can improve
the QOL and improve Child–Pugh scores, in addition to providing
the possibility for subsequent antitumor treatment(as shown in
Fig. 4). This is also the theoretical basis for the treatment strategy



Table 3
Univariate analysis and Cox proportional hazards regression analysis related to OS.

Variable Univariate analysis Multivariate analysis

HR6 95%CIb P HR 95%CI P

Preoperative Child-Pugh stage 0.330
A 0.401 0.105–1.524 0.180
B 0.615 0.277–1.367 0.233
C

Postoperative Child-Pugh stageb <0.001 0.001
A 0.109 0.039–0.301 <0.001 0.023 0.003–0.167 <0.001
B 0.201 0.086–0.468 <0.001 0.141 0.039–0.507 0.003
C

Change of Child-Pugh stageb 0.009 0.027
Down 0.174 0.057–0.531 0.002 0.542 0.198–0.731 0.011
Unchanged 0.308 0.115–0.829 0.020 0.645 0.293–0.879 0.036
Elevated

Change of Child-Pugh scoreb Down 0.198 0.098–0.398 <0.001 0.085 0.018–0.398 0.002
Unchanged/elevated

Postoperative grading of ascitesb 0/1 0.226 0.115–0.441 <0.001 0.541 0.137–2.130 0.379
2/3

Response to TIPSa <0.001 0.248
CR 0.120 0.049–0.296 <0.001 1.316 0.205–8.441 0.772
PR 0.359 0.149–0.868 0.023 2.434 0.623–9.515 0.201
AR

BCLC classificationa A/B 0.466 0.212–1.025 0.049 64,709 0.001–79,050 0.910
C/D

PVTTa No 0.353 0.159–0.785 0.011 0.001 0.001–3303 0.914
Yes

Number of tumors Single 0.421 0.182–0.971 0.043 0.822 0.225–3.004 0.767
Multiple

Intrahepatic local treatmentc Yes 0.302 0.142–0.642 0.002 0.680 0.181–2.558 0.568
No

AFPa <400 0.341 0.174–0.672 0.002 0.277 0.113–0.679 0.005
≥400

MELDa <15 1.701 0.662–4.370 0.270 0.971 0.312–3.024 0.960
≥15

Age <60 1.387 0.722–2.666 0.326 1.394 0.606–3.205 0.434
≥60

The p-value with bold indicates a statistically significant difference.
a The response to TIPS: complete response (CR), no clinically detectable ascites with or without diuretics and sodium limitation; partial response (PR), clinically detectable

ascites without the requirement for further paracentesis; or absent response (AR), development of large amount of ascites after TIPS; BCLC, Barcelona Clinic Liver Cancer;
PVTT, portal vein tumor thrombosis; AFP, alpha fetoprotein; MELD, model of end stage liver disease; IQR, interquartile range; CI. Confidence interval.

b At one month after TIPS, the grading of ascites, Child-Pugh stage, and Child-Pugh score were reassessed.
c Including transarterial chemoembolization and ablation.
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presented in this research. The results of this study also showed that
patients that had an opportunity to receive intrahepatic local treat-
ment after TIPS had a higher OS [P = 0.002, HR = 0.302 (95% CI:
0.142–0.642)].

ThemedianOS in this studywas 8.7months. The end-stage liver disease
and tumor conditions ofmost of these patients were higher than that of pre-
vious studies [6,23–25]. This treatment was able to reduce the ascites bur-
den of patients through TIPS, prevent the continued loss of beneficial
substances, such as albumin, and increase the effective blood volume and
liver function perfusion. After TIPS, 55.9% of patients achieved CR of asci-
tes, 30.9% of patients achieved PR, and the ascites control rate was as high
as 86.8%. Correspondingly, 77.9% of the patients' Child–Pugh scores and
38.2% of the Child–Pugh stages were reduced, which provides for the pos-
sibility of subsequent anti-tumor treatment. In this study, 92.6% (63/61) of
the patients received subsequent anti-tumor treatment opportunities, and
50% (34/68) of the patients received intrahepatic local treatment opportu-
nities. 11(16.2%) patients with BCLC classification C/D still received
intrahepatic local treatment after TIPS due to the improvement of liver
function and ascites brought by TIPS. Therefore, TIPS increased the chance
of intrahepatic local treatment by at least 16.2% (11/68).Which resulted in
a survival benefit.

This study explored the prognosis of HCC patients with RA from three
aspects. In terms of liver function, the lower postoperative Child-Pugh
stage (p < 0.001), the downward change in the Child-Pugh stage (p =
0.009), and the downward change in the Child-Pugh scores (p < 0.001)
5

indicated better OS. In terms of ascites factors, a good OS was significantly
related to lower postoperative grading of ascites (p < 0.001) and a better
response to TIPS (p < 0.001). In terms of tumor factors, good OS results
were significantly associated with a lower BCLC classification (p =
0.049), no PVTT (p = 0.011), receiving intrahepatic local treatment (p =
0.002), presence of a single tumor (p = 0.043), and an AFP < 400 (p =
0.002). TIPS improved the Child-Pugh score by reducing ascites, and pa-
tients could better tolerate subsequent anti-tumor therapy, thereby affect-
ing survival through changes in liver function. The Cox proportional
hazards regression analysis also indicated that the lower a postoperative
Child-Pugh stage (p < 0.001), a downward change in the Child-Pugh
stage (p = 0.027), and a downward change in the Child-Pugh score (p =
0.002) were independent protected prognostic factors for OS. Prognosis
of HCC with RA was determined using multiple factors of tumor burden
and liver function [23,26]. Liver function should be improved before anti-
tumor treatment, and this treatment strategy responds to this demand.
Therefore, this treatment strategy is reasonable.

Currently, few studies have reported on the feasibility and efficacy of
TIPS in HCC patients [23,26–28], and this study further demonstrated the
feasibility and effectiveness of TIPS in HCC patients with RA. First, a tech-
nical success of up to 100%was achieved in this study. This proposed treat-
ment performed better than that of previous research, where two patients
had portal cavernomas. That approach consisted of a percutaneous
transhepatic puncture of the portal vein to increase the technical success
[29]. Second, this study had an acceptable complication. Only 1 (1.5%)



Fig. 2.Overall survival related to the Child–Pugh scores and Child–Pugh stages. Onemonth after TIPS, the Child-Pugh scores and Child-Pugh stages were reassessed, and the
results were used to determine the changes in the Child-Pugh score and Child-Pugh stage. a. Preoperative Child-Pugh stage; b. Postoperative Child-Pugh stage; c. Change in
the Child-Pugh stage; d. Change in the Child-Pugh score.
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patient developed intraabdominal bleeding with shock and required emer-
gency intervention to staunch the bleeding. The patient eventually recov-
ered. Liu et al. reported on five cases of tumor rupture caused by
intraabdominal bleeding, and two patients died [31]. The patients in this
study underwent strict selection and evaluation, and the operation was per-
formed by senior surgeons. These measures ensured the safety of the oper-
ation. Furthermore, the incidence of HE was 13.2%. This result is similar to
previous research, which indicated that TIPS for HCC patients was able to
obtain an acceptable HE [26–30]. Finally, the primary patency rates at 30
and 90 days were 95.6% and 89.7%, respectively. Thrombosis occurred
in 3 patients within 30 days after TIPS, and only 7 patients experienced
shunt dysfunction that was due to the invasion of a tumor. The shunt dys-
function in this study was lower than that reported by Bettinger et al.
[26] Their study included more cases of tumor thrombus and the use of
bare stents, which increases the risk of tumors invading the shunt. In this
study, a new type of covered stent was used to further reduce the occur-
rence of shunt dysfunction.

The proportion of complete response of RAwas higher than reported by
Liu et al. [31]. Thismay be related to the selection of cases. All of their cases
were BCLC classification C/D, and our study included 20 (29.4%) patients
in BCLC classification A/B, the earlier stage of patients may have better re-
covery capabilities.

This study had some limitations. First, the median follow-up time of pa-
tients with the BCLC classification of A/B was only 12.5 months, and 50%
of the patients were still alive, which seriously reduced the OS of these
6

patients. In addition, the sample size of this study was small, and the num-
ber of patients in the different BCLC classifications was too small. Finally,
this study was also limited because it is a retrospective study and lack of
control group.

Conclusion

As a minimally invasive method, TIPS can effectively control ascites of
HCC patients with RA and improve the Child–Pugh scores and stages.
TIPS combined with subsequent anti-tumor therapy is a feasible and effec-
tive management for HCC patients with RA. This study provided a new al-
ternative treatment strategy for HCC patients with RA.
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Table 4
Procedure-related complications.

Complications N(%)

Localized hematoma 5(7.4%)
Intraabdominal bleeding 6(8.8%)
Bile duct bleeding 1(1.5%)
Tumor rupture 0(0.0%)
ALT/AST increasing† 30(44.1%)
Bilirubin increasing 14(20.6%)
Acute liver failure 1(1.5%)
HE†
I-II 6(8.8%)
III-IV 3(4.4%)

Note:1. A LT, alanine transaminase; AST, aspartate aminotrans-
ferase; 2. HE. hepatic encephalopathy.
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