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ABSTRACT

Balloon angioplasty with or without stent placement has become the mainstream treatment of Budd-Chiari syndrome (BCS).
Restenosis of hepatic vein (HV) is a tough problem. The aim of this study was to perform a meta-analysis to compare the
restenosis in HV involvement type BCS patients treated by balloon dilatation with versus without stent. Meta-analysis was used
to calculate the combined effect size and their 95% confidence intervals (Cl), based on random effect; and calculate the risk
ratio (RR) and its 95% Cl based on fixed effect. The publication bias was assessed by funnel plot and Begg’s test. Sixteen
studies were selected for meta-analysis. One thousand and eighty-two patients (1,019 from Asian, 63 from non-Asian countries)
were included. Seven hundred and five of 1,019 (69%) Asian patients received HV balloon dilatation alone. RR value (RR=0.85,
95% Cl 0.68-1.08) of the two groups was obtained through meta-analysis, which meant that the risk of restenosis in balloon dila-
tation alone group was 15% lower than that in combined with stent placement group; although there was no significant statis-
tical difference between two groups (p=0.178). The current meta-analysis indicated that balloon dilatation alone is first
preferred approach in Asian BCS patients compared to the non-Asian patients. Balloon dilatation combined with stent placement
does not reduce restenosis risk over balloon dilation alone in the treatment of BCS with HV occlusion. It is suggested that stent
should be used cautiously for such patients.
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INTRODUCTION Scholars had different opinions on whether to implant stent
after balloon dilatation.” A recently published prospective
randomised controlled study suggested that routine stent
implantation could reduce the risk of restenosis in patients
with BCS. However, only 11 HV type BCS patients were
included in this study, and there was no comparative analysis
according to the lesion types, so it is insufficient evidence in
evidence-based medicine.®

In 1845, British clinician William Budd described the abnormally
thickened hepatic veins (HVs) for the first time in his seminal
book "On diseases of the liver", considering HV occlusion
caused by HV inflammation." In 1899, the Austrian pathologist
Hans Chiari reported 13 cases of venous endometritis at the
opening ofthe HV, which was called HV occlusive phlebitis.> This
livervasculardisorderwas called BCS.

Therefore, this meta-analysis was conducted to quantitatively
study the restenosis rate of balloon dilatation with or without
stent placement, in orderto provide the basis for clinical treat-
mentofBCSwithHV occlusion.

In China, the majority of HV involvement BCS were membra-
nous obstructivelesions, accountingforabout 88-99%.** There-
fore, most patients could obtain good curative effectby HV reca-
nalisation. In western countries, only 25%-41% of patients were
membranous or short segment (< 4cm) lesions of proximal HV METHODOLOGY
and the majority were diffuse obstructive lesions of HVs. There-
fore, transjugular intrahepatic portosystemic shunt (TIPS) was
oftenused.>

CNKI, Wanfang, VIP, PubMed, Cochrane Library and EMBASE
databases were searched from the establishment of the
database to May 5, 2020. Clinical studies of HV recanalisation
in patientswithBCSwith HV obstructionwere collected. Inaddi-
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ment, venoplasty, balloon dilatation, balloon angioplasty, and
stent.

Each searched study was separately reviewed by two
researchers (two interventional radiologists with experience of
13 and 9 years, respectively) to determine if it was suitable for
inclusion. The inclusion criteria were: the participants diag-
nosed with primary BCS with HV obstruction and treated by HV
recanalisation, observational studies regardless of retrospec-
tive or prospective data, and detailed information of treatment
plan, restenosis cases, etc. If studiesinvolving the same popula-
tion or from the same medical team had been published for
many times, the study with the largest sample size, the longest
inclusion period or the latest published study was selected;
publication date, publication language, or publication status
were not restricted. Exclusion criteria were: non-availability of
full text of the literature, incomplete and unclear data, inconsis-
tent outcome indicators, case reports (<10 patients), nursing
related, surgical treatment, comment, review, diagnostic,
dissertation, conference paper, animal studies, etc. If the two
researchers did not reach an agreement about eligibility of the
article, thethirdreviewer participatedin consensus building.

Data were extracted by two reviewers independently and disa-
greements were adjudicated by the third interventional radiolo-
gist with experience of 30 years. Data were collected fromall 16
studies regarding first author, publication year, country, demo-
graphic data (age), study duration, follow-up duration, the time
of primary restenosis, study results (the number of patients who
underwent HV balloon dilatation and HV stent placement, and
thenumberof patients with primary restenosis afterHVrecanal-
izationineach group).

Based on the sample size of individual studies, exact binomial
confidenceintervals were calculated foreach study, and pooled
measure was calculated as along with an equal weighted
average rate (weighted by each study’s sample size) in all
samples by forest plot. The I’ index were used to assess hetero-
geneity among studies. The ‘leave one out’ sensitive analysis
was carried out using I> >50 % and p <0.1 as the criteria to eval-
uate the studies with substantial impact on between-study
heterogeneity. Publication bias was estimated by Begg'’s test
and funnel plots. All statistical analyses were performed with
STATA version 15 (Stata Corporation, College Station, Texas,
USA). All reported probabilities (p values) were two-sided, with
p <0.05 considered statistically significant.

RESULTS

The study identification and selection processes were shown in
Figure 1. Sixteen eligible studies which conformed the inclusion
criteria, included 1,082 (1019 from Asian, 63 from non-Asian
countries) BCS with HV obstruction patients treated by HV reca-
nalisation in this meta-analysis. Among them, 737 (68%) cases
(705 from Asian, 32 from non-Asian patients) underwent
balloon dilatation alone, 345 (32%) cases (314 from Asian, 31
from non-Asian patients) underwent balloon dilatation with
stent placement. A total of 280 cases (26%) developed

restenosis, 188 cases occurredinballoon dilatation alone group
and 92 cases in balloon dilatation with stent placement group.
Eleven studies were from China, four from India, and one from
England. Two studies were reported in Chinese language, the
remaining 14 were in English. Baseline characteristics of
included studies were shown in Table I.

Restenosis was defined as no or reverse flow signals in the orig-
inal opened HV or accessory HV lumen detected by ultrasonog-
raphy, or the stenosis was more than 30% of the original lumen
diameter after venoplasty, and collateral vessels were formed
simultaneously, with orwithoutrecurrence of BCSrelated symp-
toms. PTBA was defined as balloon dilatation alone. Stent was
defined as balloondilatation combined with stent placement.

Fourteen papers were analysed for this meta-analysis. Hetero-
geneity test (I’=0.0 % <50%, p=0.83 >0.1) suggested that
there was no significant heterogeneity among the included 14
literatures. Based on the fixed effect, the RR value (RR=0.85,
95%Cl 0.68-1.08, p=0.178) of the two groups was obtained
(Figure 2). In conclusion, the risk of restenosis in PTBA group
was 15%, lower than that in stent group, although there was no
significantstatistical difference betweentwo groups.

Fourteen papers were analysed for this meta-analysis. Hetero-
geneity test (1’=70.03% >50%, p <0.01) suggested that there
was significant heterogeneity between the included 14 litera-
tures. In orderto ensure the accuracy and stability of the study,
sensitivity analysis was conducted. Sensitivity analysis showed
none of 14 literatures caused greatinterference to the results of
this meta-analysis, indicating that this study has good stability.
Based on the meta-analysis of random effect, the total effect
quantity of 14 studies was 0.21, and the 95% confidence
interval was 0.13-0.29, which was statistically significant (p
<0.001, Figure 3). The pooled result (95 % CI) of the restenosis
rateinPTBAgroupwas21%(13-29%).Sixteenpaperswereanal-
ysed for this meta-analysis. Heterogeneity test (’=49.25%
<50%, p <0.1) suggested that there was significant hetero-
geneity between the included 16 literatures. In order to ensure
the accuracy and stability of the study, sensitivity analysis was
conducted. Sensitivity analysis showed none of 16 literatures
caused great interference to the results of this meta-analysis,
indicating thatthis study has good stability. Based onthe meta--
analysis of random effect, the total effect quantity of 16 studies
was0.21,andthe 95% confidenceintervalwas 0.13-0.29, which
was statistically significant (p <0.001, Figure 4). The pooled
result (95 % Cl) of the restenosis rate in stent group was 21%
(13-29%).

Funnel plot was used to detect publication biasin comparison of
restenosis rate between the two groups. The results showed
thatboth sides of funnel plot were basically symmetrical (Figure
5), indicating no obvious publication bias. Begg's test was
further applied to assess publication bias of the results in the
studies. It indicated that there was no publication bias on the
restenosis rate of PTBA group (p=0.701), stent group
(p=0.300), PTBA versus stent group (p=0.913).
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Table I: Baseline characteristics of included studies of interventional treatment with HV involvement type BCS.

. Time of restenosis post

:ifr's)z:::zla\:i;%ear Country | Study type Study duration Age :?:::‘::l:'l:?:laol Restenosis, NO i;\::ar;l;:::]i:nal Follow-u%nduration,

PTBA Stent PTBA Stent PTBA Stent
(L;g;g)%mei China | cohort study | 2011.1-2018.12 36.1%11.1 40 6 10 2 NA NA 30.3+18.300.1-96(]
:’;ggg)?i“he China RCT 2014.7-2017.9 NA 6 5 2 0 NA NA 27019-41]
(Czhoelns)zl?ongke China | cohortstudy | 2011.6-2016.8 32.6+108 60 8 17 2 NA NA 294 +13.6
f‘;;i;)“fo“k“”d India | cohortstudy | 2010.11-2014.10 31.6 (1-67) 14 48 0 4 None | 0.25,3,12,8 4300-720
(22“0'\1":)?39"9 China | cohortstudy | 1990.1-2017.5 43.3 (2-79) 361 106 99 41 NA NA NA
(52"(‘)%';)21 India | cohortstudy | 2000.4-2016.8 10.5 (2-17) 4 23 0 8 None NA 13.5 (1-155)
(Tz”opf‘;;ll England | cohort study 1987-2014 34.9 £10.9 32 31 12 6 0.678 0.5-17 113(1.2-1178.6)
fzagl)g)rlzxi“ China | cohortstudy | 1995.5-2014.12 38.8211.45 0 27 0 3 None NA 82.25+46.16
(Dzig%;;‘?”gxu China | cohortstudy | 2005.1-2013.12 | 39.83%12.54 (15-72) 90 0 8 0 NA None 52.46+27.99(1-96)
(Szag&')"z?”gfa China | cohortstudy | 2003.6-2012.6 42+2.2 (17-71) 15 3 24 5 NA NA 24 +1.3(6-62)
f;é?j;i? India | cohortstudy | 2000.1-2011.2 10.5 (2-16) 3 18 1 4 13 0.5,14,75.6 6.5
(Zzh(flng)z?" China | cohortstudy | 2007.6-2012.6 3629 (19-50) 0 15 0 3 None 0.5,4,21 27.6+15.4(6-61)
fzho”l“;;if'd"”y India | cohort study NA 28.28 + 8.93 (14-57) 2 10 1 4 0.25 025134 | 27.6+15.4(6-61]
(L;g(')agr;é'“ China | cohortstudy | 1996.9-2008.10 31.3 (15-57) 90 2 28 0 <24 None 24
(Y;Ogg;‘zwe“ China | cohort study 2004-2008 1935 14 2 1 0 12 None 338
(Léggf;?'a” China | cohort study 1998-2003 42 (24-63) 6 18 2 5 <3 <24 324
Data are presented as n = mean; standard deviation = (+ SD); median, or range; BCS = Budd-Chiari syndrome; HV = Hepatic vein; PTBA = percutaneous transluminal balloon
angioplasty; RCT = randomised controlled study; No. = number; M = months, NA = not available.
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Figure 1: Flow diagram of studies selection in meta-analysis. BCS,
Budd-Chiari syndrome, HV, hepatic vein.

DISCUSSION

To the authors’ knowledge, the present study was the first
meta-analysis to evaluate the restenosis rate in HV involve-
ment type BCS, treated with balloon dilatation with versus
without stent. The findings from this meta-analysis indicated
that there was no significant difference in restenosis rate
between balloon dilatation alone, and balloon dilatation

combined with stent placement. It is suggested that balloon
dilatation alone is first preferred approach in Asian BCS
patients compared to the non-Asian. Stent placement is not
supported as the first-line treatment, but only as a supple-
mentary treatment for obvious residual stenosis after
balloon dilatation.

A total of 16 studies were included in this meta-analysis, 11
from China, four from India and one from England. It indicated
that the incidence rate of BCS in Asia was relatively high. In
China, HV lesions were mostly membranous or short segmental
obstructive lesions, so the first choice was HV recanalisation.’
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Figure 2: Forest plot of the restenosis rate of PTBA versus stent. RR,
risk ratio.
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Figure 3: Forest plot of the restenosis rate of PTBA group. ES, effect
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Figure 4: Forest plot of the restenosis rate of stent group; ES, effect
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Figure 5: Funnel plot of the restenosis rate of PTBA versus stent.

When HV recanalisation was not successful or the symptoms
were not relieved after venoplasty or there was irreversible
severe cirrhosis with serious complications (such as
repeated esophageal varices, upper gastrointestinal
bleeding, intractable ascites), TIPS should be performed in
time.® However, in Europe, diffuse occlusion of HVs was
common, and HV short segment obstructive lesion
accounted for only 25%.>® Therefore, majority chose TIPS
instead of HV recanalisation in Europe.'®** A total of 1,082
patients were enrolled in this study. All patients underwent
HV recanalisation due to membranous or segmental HV
occlusion. Among them, 737(68%) cases (705 from Asian, 32
from non-Asian) underwent HV balloon dilatation alone,
345(32%) cases underwent balloon dilatation combined with
stent implantation, which indicated that balloon dilatation
alone is still the mainstream treatment for HV involvement
BCS, especially in Asian countries (69%, 705/1019).
Restenosis occurred in 280 cases (26%). Restenosis leads to
disturbance of hepatic blood flow, degeneration and necrosis
of hepatocytes around the centre of hepatic lobule, which
leads to the changes of laboratory indexes such as liver func-
tion. Meanwhile, intrahepatic fibrous tissue hyperplasia,
portal vein pressure increase, gastrointestinal bleeding and
intractable ascites are produced. A 30-year follow-up study
by Zhang et al. suggested that restenosis was an indepen-
dent factor for survival of BCS patients after interventional
therapy.” Therefore, the occurrence of restenosis is the core
factor affecting the survival. Timely detection of restenosis
and re-intervention is the key to improve the prognosis.

The problem of restenosis after BCS intervention treatment
has been plaguing clinicians. Restenosis is often accom-
panied by recurrence of symptoms, which means that the
previous treatment failed, and patients need to undergo re-
intervention or other treatments, which increases the
patient's pain and financial burden. In Europe, European
Association for the Study of the Liver guidelines suggested
that HV stent placement can reduce restenosis,’ but there is
no specific clinical data to support it. In China, interventional
therapy experts generally recommend that the indication of
HV stent placement is that the pressure drop of HV after
balloon dilatation is not ideal, or the elastic retraction of HV
lumen is more than 50%."

In this study, the restenosis rate after balloon dilatation alone
and balloon dilatation combined with stent implantation was
compared by meta-analysis. The results showed that the inci-
dence of restenosis in balloon dilatation alone group was
85%; of that in balloon dilatation combined with stent place-
ment group, that is, the risk of restenosis was 15% lower than
that of stent placement, but there was no significant differ-
ence (RR = 0.85, 95% Cl 0.68-1.08, P = 0.178). Although it is
not certain that balloon dilatation alone has a lower incidence
of restenosis than balloon dilatation combined with stent
placement, it can be confirmed that balloon dilatation
combined with stent placement does not show obvious advan-
tages in reducing postoperative restenosis compared with
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balloon dilatation alone. Tripathi et al. retrospectively anal-
ysed 63 HV involvement BCS patients who underwent angio-
plasty in a single centre for 27 years, and the median follow-
up time was 113.0 months.” In the balloon dilation group, 16
cases (50%) occurred restenosis; in the balloon dilatation
combined with stent placement group, 11 cases (35.5%)
occurred restenosis, but we did not know whether there was
any statistical difference between the two groups. Cui et al.
retrospectively analysed 140 patients with HV involvement
BCS who received HV recanalisation successfully.* The
average follow-up time was 33.9 £ 15.3 months (7-75
months). There were 22 cases (18.3%) in PTBA alone group
and 6 cases (3.8%) in PTBA with stent group occurred
restenosis, but there was no significant difference between
two groups. It also suggested that HV segmental occlusion is
an independent predictor of restenosis.* Zu et al. reported the
average time of the restenosis occurrence was 23.65 * 2.60
months."® Compared with balloon dilatation alone, stent place-
ment increases more risks. Zu et al. retrospectively analysed
49 cases of patients with HV stent implantation. Two cases
(4.1%) had IVC obstruction, and five cases (2%) had stent
rupture.’’” The anatomic characteristics of HV are gradually
thinning from proximal to distal. Clinical available HV stents
are straight tube. The distal end of stent is easy to aggravate
and stimulate intimal hyperplasia. Therefore, restenosis at
the distal end of HV stent is common. If the stent re-obstruc-
tion, it will bring difficulties for re-intervention, or lose the
opportunity to open the HV again. Therefore, stent placement
should be cautiously selected for HV involvement BCS
patients.

This study has few limitations. Firstly, the operational profi-
ciency and the choice of instruments influenced the treat-
ment outcomes. Secondly, most of the literatures in this
meta-analysis are single arm studies, and part of the hetero-
geneity comes from this. Thirdly, heterogeneity may also be
due to differences in research methods, including selection
bias. When the RR values between PTBA and stent group
through meta-analysis were calculated, there was no hetero-
geneity. Heterogeneity appeared in the calculation of the
combined effect of each group, but sensitivity analysis
showed that none of the inclusive literatures caused great
interference to the results of this meta-analysis, which means
that these studies have good stability. Begg’s test for each
group also found no publication bias.

CONCLUSION

Findings from this meta-analysis indicate that balloon dilata-
tion alone is first preferred approach in Asian BCS patients
compared to the non-Asian. Balloon dilatation combined with
stent implantation does not show obvious advantages over
balloon dilation alone in the treatment of BCS with HV occlu-
sion. Stent implantation is not supported as the first-line
treatment, but only as a supplementary treatment for
obvious residual stenosis after balloon dilatation.
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