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Abstract

Background: Transcatheter aortic valve implantation (TAVI) is currently a common treatment in high-risk aortic
stenosis patients, but the impact of hepatic insufficiency on prognosis after TAVI is debatable and whether TAVI is
superior to surgical aortic valve replacement (SAVR) in patients with hepatic insufficiency is uncertain.

Objective: To investigate the effect of abnormal liver function on the outcome and safety after TAVI and whether
TAVIis superior to SAVR in patients with hepatic insufficiency.

Methods: PubMed, Embase, the Cochrane Library and Web of Science were systematically searched from inception
up to 26 November 2021. Studies were eligible if mortality and complications after TAVI in patients with and without
hepatic insufficiency, or mortality and complications for TAVI versus SAVR in patients with hepatic insufficiency were
reported. The Newcastle—Ottawa scale (NOS) was used to evaluate the quality of each study. This meta-analysis was

registered with PROSPERO (CRD42021253423) and was carried out by using RevMan 5.3 and Stata 14.0.

Results: This meta-analysis of 21 studies assessed a total of 222,694 patients. Hepatic insufficiency was associated
with higher short-term (in-hospital or 30-day) mortality [OR = 1.62, 95% CI (1.18 to 2.21), P = 0.003] and 1-2 years
mortality [HR = 1.64, 95% CI (1.42 to 1.89), P < 0.00001] after TAVI. Between TAVI and SAVR in patients with hepatic
insufficiency, there was a statistically significant difference in in-hospital mortality [OR = 0.46, 95% Cl (0.27 to 0.81), P
= 0.007], the occurrence rate of blood transfusions [OR = 0.29, 95% CI (0.22 to 0.38), P < 0.00001] and the occurrence
rate of acute kidney injury [OR = 0.55,95% Cl (0.33 t0 0.91), P = 0.02].

Conclusions: TAVI patients with hepatic insufficiency may have negative impact both on short-term (in-hospital or
30-day) and 1-2-years mortality. For patients with hepatic insufficiency, TAVI could be a better option than SAVR.

Keywords: Transcatheter aortic valve implantation, Surgical aortic valve replacement, Hepatic insufficiency, Meta-
analysis, Mortality
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high-risk baseline profiles, and the number of surviving
patients falls off rapidly over time [1, 5, 6]. The impact of
hepatic insufficiency on prognosis after TAVI is debat-
able. For example, hyperbilirubinemia and hypoproteine-
mia, will lead to higher mortality and stroke rates after
TAVI, but some studies have shown that there is no sig-
nificant increase in complications after TAVI for liver
transplantation patients [7-9]. We conducted a system-
atic review and meta-analysis of existing studies to assess
whether hepatic insufficiency is associated with increased
mortality after TAVI and whether TAVI is superior to
surgical aortic valve replacement (SAVR) in patients with
hepatic insufficiency, aiming to provide ideas for improv-
ing the prognosis of patients with aortic valve disease or
patients undergoing TAVI.

Methods

Protocol and guidance

This study was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) [10]. The protocol for this systematic
review and meta-analysis was registered with PROS-
PERO (CRD42021253423).

Search strategy

Two of the authors (W] and CX) conducted the search
of several databases: PubMed, Embase, the Cochrane
Library, and Web of Science, by 26 November 2021. We
used the following MeSH terms and/or free-text terms:
“hepatic insufficiency’, “aortic valve stenosis’, and “tran-
scatheter aortic valve replacement” Additional file 1:

Table S1 presents the search strategy of PubMed.

Inclusion and exclusion criteria

Two analyses will be presented in the paper. The first is
the influence of hepatic insufficiency or not on the post-
operative outcome of TAVI. The second is the outcome
comparison between TAVI and SAVR in patients with
hepatic insufficiency.

The studies were eligible to access the influence of
hepatic insufficiency or not on the postoperative outcome
of TAVI according to the following inclusion criteria:
(1) population: patients undergoing TAVI; (2) interven-
tion and comparison: compare the patients with hepatic
insufficiency (impaired liver function and abnormal
imaging findings by any causes of liver cirrhosis and liver
diseases) or not with; (3) outcomes: the primary outcome
was all cause mortality, including short-term mortality
(in-hospital and 30-day mortality), 1 year mortality and 2
years mortality, and secondary outcomes were postoper-
ative complications. We considered trials to be eligible to
compare the clinical outcome between TAVI and SAVR
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in patients with hepatic insufficiency according to the
following inclusion criteria: (1) population: patients with
hepatic insufficiency; (2) intervention and comparison:
compared TAVI with SAVR; (3) outcomes: the primary
outcome was all cause mortality, including short-term
mortality (in-hospital and 30-day mortality), 1 year mor-
tality and 2 years mortality, and secondary outcomes
were postoperative complications.

We excluded studies if they were conference proceed-
ings, guidelines, systematic reviews, case reports, letters
and studies without full-text literature; if hazard ratios
(HR), odds ratios (OR) and their 95% confidence inter-
vals (CI), or sufficient raw data could not be obtained or
calculated.

Study selection and data extraction

Two independent researchers (W] and ZC) screened all
titles and abstracts and reviewed full texts when stud-
ies were deemed eligible. Then, two researchers (W] and
ZC) independently performed the data extraction pro-
cess using a standard data extraction form to extract data
from the included studies. Disagreements were resolved
by consensus.

Risk of bias and quality assessment

The Newcastle-Ottawa scale (NOS) was used to evaluate
the quality of each study [11]. The NOS used for cohort
studies consists of three categories: selection, compara-
bility, and outcome. A study can be awarded from zero
up to nine stars. The certainty of the overall evidence was
assessed following the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE)
approach. Publication bias was assessed with funnel plots
for asymmetry using Egger’s tests [12].

Statistical analysis

To pool study results, this meta-analysis was carried out
by using random effects models in RevMan 5.3 and Stata
14.0. We used HRs and ORs and their associated 95% Cls
to assess outcomes, and considered a P value less than
0.05 to be statistically significant. Heterogeneity was
assessed by calculating the I? statistic and its P value [13].

Results

Study selections and study characteristics

A total of 1300 records were initially identified. After
exclusion of 444 duplicate articles, the remaining arti-
cles underwent title and abstract review. 735 arti-
cles were excluded at this stage since they were not
related to this meta-analysis, leaving 121 articles for
full-length article review. Therefore, 21 studies were
finally included in this meta-analysis (14 were used to
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analyse the influence of hepatic insufficiency or not on
the postoperative outcome of TAVI and 7 were used to
analyse the outcome comparison between TAVI and
SAVR in patients with hepatic insufficiency). The flow
chart of study selection is shown in Fig. 1. Summaries
of the included studies and the clinical characteristics
are shown in Tables 1 and 2.
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Study quality

All included studies that underwent quality assessment
with the use of the NOS received a total of 6 to 8 stars,
and were thus deemed to have a low risk of bias. The
results of the study quality are shown in Additional file 1:
Table S2 and S3. The GRADE quality assessment of all
outcomes is shown in Additional file 1: Table S4.

1300 records identified through database searching

423 in PubMed 379 in Web of Science
488 in Embase 10 in Cochrane Library

'

Fig. 1 Flow chart of study selection of this meta-analysis
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'

1300 records were initially identified

\> Exclusion of 444 duplicate articles

/

856 Abstract and title screened
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Table 1 Patients baseline characteristics in the first analysis
Study Patient number Age Male (%) LD (%) Country History of History
PCI (%) of CABG
(%)
Beohar 2014 485 NR 53.80 2.7 American NR NR
Beohar 2016 1063 84.67 56.50 26 American NR 36.7
Elbadawi 2019 20,210 80.79 513 26 American 185 205
Krittanawong 2020 6368 814 +£8.1 504 2.5 American 8.6 0.5
Lantelme 2020 20,443 82.7 50.0 58 France NR NR
Lee 2021 2424 NR 57.6 25 American NR 0.5
Schymik 2015 2688 81.4+6.6 423 29 17 countries 30.5 16.0
Thomas 2011 1038 81.1 44.5 30 Europe NR 227
Thourani 2016 2531 84.4 524 2.7 American 396 426
Tirado-Conte 2018 228 75.2 614 NR Europe and Canada NR 9.2
Ullah 2020 161,049 NR 534 20 American 6.2 17.7
Wendler 2013 1387 80.6 7.1 415 34 Europe 285 255
Wendt 2017 640 804 43.8 NR Germany NR NR
Yassin 2018 226 79.5 45.0 NR American NR NR

LD liver disease, NR not reported

Results of meta-analysis

Fourteen studies were identified to analyse the influence
of hepatic insufficiency or not on the outcome of TAVL
Eight studies [14-20] were included in the analysis of
1-2 years mortality, all of which reported the HR value
of hepatic insufficiency (compared with no hepatic insuf-
ficiency) in Cox survival analysis. Seven studies [21-27]
were included in the short-term mortality analysis.

In-hospital and 30-day mortalities

In this meta-analysis, hepatic insufficiency showed a
detrimental effect on short-term mortality after TAVI
[OR = 1.86, 95% CI (1.23-2.80), P = 0.003; P for het-
erogeneity = 0.002, I = 72%, Fig. 2A]. Sensitivity analy-
sis was performed to evaluate the impact of qualitative
heterogeneity on the pooled effect estimate. Individual
studies were excluded one by one, and heterogene-
ity decreased when Ullah 2020 [24] was excluded (P for
heterogeneity = 0.33, I> = 14%, Fig. 2B), suggesting that
heterogeneity was caused by Ullah 2020. The final meta-
analysis results showed that patients with hepatic insuf-
ficiency were at a 1.88-fold higher risk than patients
without hepatic insufficiency [OR = 1.62, 95% CI (1.18
to 2.21), P = 0.003; P for heterogeneity = 0.33, I* = 14%,
Fig. 2B].

1-2 years mortality

Eight studies compared 1-2 years mortality between
patients with hepatic insufficiency and without hepatic
insufficiency after TAVI. The results showed that hepatic
insufficiency was associated with higher 1-2 years

mortality [HR = 1.64, 95% CI (1.42-1.89), P < 0.00001; P
for heterogeneity = 0.55, I* = 0%, Fig. 3] and there was
statistically significant funnel plot asymmetry (two-tailed
P =0.032).

When focusing on the outcome between TAVI and
SAVR in patients with hepatic insufficiency, 7 stud-
ies [28—34] were included, and all of them reported the
number of outcome events (number of hospitalized
deaths, number of blood transfusions and number of
acute kidney injury) and the total number of people in
both the hepatic insufficiency group and the non-hepatic
insufficiency group. Adjusted data were extracted from
propensity score matching (PSM) pairs in 4 studies, and
unadjusted data were abstracted from 3 studies.

In-hospital mortality

Seven studies compared in-hospital mortality between
the two groups. The pooled analysis indicated that there
was a statistically significant difference in in-hospital
mortality between TAVI and SAVR in patients with
hepatic insufficiency [OR = 0.46, 95% CI (0.27-0.81),
P = 0.007; P for heterogeneity = 0.20, 2 = 30%, Fig. 4]
and no statistically significant funnel plot asymmetry
(two-tailed P = 0.263).

Secondary outcomes: postoperative complications

In addition, postoperative complications after TAVI or
SAVR were also evaluated. The occurrence rate of blood
transfusions was evaluated in five studies. Heterogeneity
among trials was not significant and we found a signifi-
cant difference between the two groups [OR = 0.29, 95%
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Table 2 Patients baseline characteristics in the second analysis

Study Patient Age Male Country
number

Algahtani 2017

TAVR 134 711 62.7%

SAVR 134 71£10 59.0% America

P - 0.784 0.641

Dhoble 2017

TAVR 55 67.2 65.5% America

SAVR 55 67.0 65.5%

P - 0.893 1.00

Greason 2013

TAVR 6 NR 83.0% America

SAVR 12 NR 83.0%

P - - 0.73

Khan 2020

TAVR 298 674 +86 71.6% America

SAVR 901 657+93 71.6%

P - <0.01 0.98

Peeraphatdit 2020

TAVR 55 754 £94 70.9% America

SAVR 50 684 +87 64.0%

P - 0.0002 045

Seppelt 2020

TAVR 43 75.2 62.8% Germany

SAVR 42 716 47.6%

P - NR NR

Thakkar 2015

TAVR 36 73.36 £ 1.69 77.8% America

SAVR 93 66.08 £ 0.89 67.7%

P - < 0.0001 0.3

NR not reported, TAVI transcatheter aortic valve implantation, SAVR surgical
aortic valve replacement

CI (0.22-0.38), P < 0.00001; P for heterogeneity = 0.38,
12 = 4%). Four trials reported the occurrence rate of acute
kidney injury (AKI). Heterogeneity among trials was not
significant, and we found a significant difference between
the two groups [OR = 0.55, 95% CI (0.33-0.91), P = 0.02;
P for heterogeneity = 0.99, I = 0%) (Fig. 5).

Discussion

The main results of the present meta-analysis are as fol-
lows: TAVI patients with hepatic insufficiency may have
negative impact both on short-term (in-hospital or 30
days) and 1-2-years mortality; among patients with
hepatic insufficiency, there was a statistically difference
in in-hospital mortality after TAVI and SAVR, and SAVR
was more likely to have AKI and blood transfusion.
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There is a high proportion in TAVI patients with coro-
nary artery disease, chronic obstructive pulmonary dis-
ease and chronic kidney disease, and these diseases are
also risk factors for high postoperative mortality and
a high occurrence rate of complications [5, 6, 35]. The low
prevalence of hepatic insufficiency in TAVI patients does
not mean that these patients do not have to be evaluated
preoperatively. This meta-analysis evaluated the impact
of hepatic insufficiency on postoperative mortality after
TAVI, and the results showed that hepatic insufficiency
could lead to increased short-term and 1-2 years mortal-
ity after TAVL

There are limited studies that compare the postop-
erative conditions of patients with and without hepatic
insufficiency. Tirado-Conte et al. [23] compared the inci-
dence of postoperative complications in patients with
and without hepatic insufficiency. The results showed
that patients with hepatic insufficiency were more likely
to have stage 1 AKI after TAVI (23% vs. 9%, P = 0.011),
and had longer hospital stays [median 7 (6-11) vs.
median 6 (5-8), P = 0.017]. In the study by Yassin et al.
[26], hepatic insufficiency affected the incidence of acute
myocardial infarction after TAVI (4.45% vs. 2.78% with-
out hepatic insufficiency), but the difference was not sta-
tistically significant. More studies are needed to focus on
the incidence of postoperative complications in patients
with hepatic insufficiency after TAVI.

Cardiac surgical teams should consider whether to
perform TAVI or SAVR in cases of severe comorbidities.
Studies have shown that compared with SAVR, patients
undergoing TAVI have lower mortality and fewer compli-
cations [36—38]. The results of our meta-analysis showed
that TAVI patients with hepatic insufficiency had lower
in-hospital mortality than SAVR and fewer postopera-
tive complications (blood transfusion and AKI). In addi-
tion, other outcomes after TAVI were superior to SAVR.
For example, in the 30 pairs of the study by Thakkar et al.
[34], the postprocedural length of stay in the TAVI group
was shorter than that in SAVR group (6.2 days vs. 14.3
days, P = 0.006). In the study by Alqahtani et al. [28], the
non-family discharge rate in the SAVR group was sig-
nificantly higher than that in the TAVI group (31.3% vs.
53%, P < 0.0001). Therefore, intervention options should
be selected after careful, individualized evaluation of the
suitability and risks of the technique in high-risk patients
(such as those with hepatic insufficiency).

Limitations

The limitations of our meta-analysis are as follows:
Firstly, significant heterogeneity was encountered per-
haps due to various operation details, different causes
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A Odds Ratio Odds Ratio
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Fig. 2 Forest plot of short-term mortality after TAVI in patients with and without hepatic insufficiency (A 7 trials were included, and there was
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Hazard Ratio

Hazard Ratio

Study or Subgroup log[Hazard Ratio SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Beohar 2014 1.0438 0.4395 2.8% 2.84[1.20,6.72] -
Beohar 2016 0.3148 0.3883 3.5% 1.37[0.64, 2.93] ]

Lantelme 2020 0.3429 0.1072 46.3% 1.41[1.14, 1.74]

Schymik 2015 0.5068 0.2535 8.3% 1.66 [1.01, 2.73]

Thomas 2011 0.9042 0.4413 2.7% 2.47[1.04, 5.87]

Thourani 2016
Tirado-Conte 2018
Wendler 2013

Total (95% CI)

0.6627
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Fig. 3 Forest plot of 1-2 years mortality TAVI in patients with and without hepatic insufficiency
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Without hepatic insufficiency ~ With hepatic insufficiency

and duration of liver disease, center settings, and popula-
tions enrolled, calling for cautious interpretation of the
results. Next, all the studies were retrospective studies
and may suffer from sources of bias. Moreover, the effect
was assessed by a few studies, so the evidence to support
it is low, and data related to postoperative complications
and hospitalization were not combined, and the sever-
ity of hepatic insufficiency was not classified, leading to
fewer outcome indicators.

Conclusions

Overall, TAVI patients with hepatic insufficiency may
have negative impact both on short-term (in-hospital
or 30-day) and 1-2-years mortality. For patients with
hepatic insufficiency, TAVI could be a better option than
SAVR. The presence of hepatic insufficiency provides
prognostic information that should be taken into account
for patients undergoing TAVI.
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TAVI SAVR Odds Ratio Odds Ratio
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Fig. 4 Forest plot of in-hospital mortality after TAVI versus SAVR in patients with hepatic insufficiency
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Khan 2020 55 273 185 404 34.8%
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1.2.2 AKI

Algahtani 2017 11 134 19 134  95%
Peeraphatdit 2020 2 55 4 50 2.1%
Seppelt 2019 12 43 17 42  7.3%
Thakkar 2015 6 30 9 30 4.4%
Subtotal (95% CI) 262 256 23.2%
Total events 31 49

Heterogeneity: Tau? = 0.00; Chi? = 0.09, df = 3 (P = 0.99); I = 0%
Test for overall effect: Z =2.33 (P = 0.02)

M-H. Random, 95% CI

M-H. Random,95%CI
0.40 [0.24, 0.67] e
0.20 [0.09, 0.46]
0.30[0.21, 0.43] =
0.16 [0.07, 0.37]
0.33[0.11, 0.95]
0.29 [0.22, 0.38] L 2

—_—

0.54 [0.25, 1.19]
0.43 [0.08, 2.48]
0.57 [0.23, 1.41]
0.58 [0.18, 1.91]
0.55 [0.33, 0.91]

*

0.01 0.1 1 10 100
TAVI SAVR

Fig. 5 Forest plot of complications after TAVI versus SAVR in patients with hepatic insufficiency
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