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Abstract

Background: The outcome of transcutaneous aortic valve replace-
ment (TAVR) in patients with kidney transplant is unknown, as ma-
jority of these patients were excluded from the major TAVR clinical 
trials. We sought to compare patients with severe aortic stenosis who 
underwent TAVR versus surgical aortic valve replacement (SAVR) 
with a history of kidney transplant.

Methods: PubMed, Google Scholar and Cochrane databases were 
searched to identify relevant articles. The incidence of all-cause mor-
tality and acute kidney injury (AKI) was calculated using relative risk 
on a random effect model.

Results: A total of 1,538 patients (TAVR 328, SAVR 1,210) were 
included in the study. TAVR was associated with lower mortality as 
compared with SAVR at 30 days from the index procedure (odds ratio 
(OR) 0.48, 95% confidence interval (CI): 0.25 - 0.93; P = 0.03). One-
year mortality was studied in three studies and showed comparable 
mortality in patients undergoing TAVR and SAVR (OR: 0.76, 95% 
CI: 0.10 - 5.51; P = 0.78). Compared to SAVR, TAVR carries an iden-
tical risk of AKI (OR: 0.44, 95% CI: 0.10 - 1.90; P = 0.27). A sensitiv-
ity analysis performed by exclusion of Voudris et al study showed a 
non-significant difference in the mortality incidence of two groups at 
30 days (OR: 0.72, 95% CI: 0.27 - 1.91; P = 0.51).

Conclusions: In patients with a history of kidney transplant, TAVR 
was associated with a comparable risk of mortality and AKI com-
pared to SAVR.
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Introduction

Cardiovascular disease is considered the leading cause of 
death in patients with end-stage renal disease (ESRD) on 
chronic dialysis [1, 2]. Aortic stenosis (AS) is the most com-
mon valvular pathology in this population with AS being an 
independent risk factor for death in these patients. Patients 
with ESRD have rapid progression of AS, valvular and para-
valvular, due to severe calcification and hemodynamic chang-
es during hemodialysis and predispose to endocarditis [3-6]. 
Chronic kidney disease (CKD) stage > 3 is an important pre-
dictor of outcome and worsens 30-day mortality, acute kid-
ney injury (AKI), and stroke for both surgical aortic valve 
replacement (SAVR) and transcatheter aortic valve replace-
ment (TAVR) [7, 8].

Chronic hemodialysis patient with AS were routinely re-
ferred for SAVR. However, SAVR has been associated with 
higher mortality and adverse outcomes [9, 10]. Therefore, 
TAVR has emerged as an alternative treatment option for pa-
tients with severe AS who are low, intermediate and high sur-
gical risk candidates [11-13]. However, the outcome of TAVR 
in patients with ESRD and recipients of kidney transplant is 
not well known since these patients were excluded from major 
TAVR clinical trials [11].

The outcome of ESRD patients who undergo TAVR is 
worse than those who undergo the procedure with normal kid-
ney function [14]. Furthermore, there is a debate on whether 
SAVR or TAVR is comparable, and which procedure is better 
in terms of mortality outcomes in kidney transplant patients. 
Few observational data suggest comparable outcome of TAVR 
and SAVR in ESRD patients who are chronically on hemodi-
alysis [15-16].

Given this limited TAVR and SAVR outcome data in 
patients with ESRD on hemodialysis who received kidney 
transplant, we sought to study the patient characteristics, 
procedural outcomes and hospital length of stay of TAVR 
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compared with SAVR in recipients of kidney transplant with 
severe AS.

Materials and Methods

As for the methods, we searched Medline, EMBASE and 
Cochrane library for randomized controlled trial (RCT) 
studies that compared SAVR and TAVR outcomes in kid-
ney transplant patients. The combinations of medical terms 
“aortic stenosis”, “valve replacement”, “TAVR”, “SAVR”, 
and “outcome” were employed to conduct a comprehensive 
search in the above-mentioned databases. All searches were 
restricted to studies conducted in human subjects published 
from the date of the databases’ inception through November 
2019. There was no language restriction or use of additional 
filters. A cross-reference check of previously published re-
views and/or meta-analyses on this topic was performed. The 
literature searches and all analyses were conducted follow-
ing the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines and the PRISMA 
statement for network meta-analyses. After initial search 
and exclusion of duplicate studies and studies with no clear 
comparison between TAVR and SAVR in kidney transplant, 
a total of 10 studies were identified for the meta-analysis. 
The second selection step involved proof-reading of those 
articles to ensure that the first step was performed correctly. 
Articles were excluded if data on SAVR or TAVR for kidney 
transplant was missing or primary and secondary outcomes 
of interest were not available. In case of unclarity, inclusion 
of the studies was discussed amongst the authors to arrive at 
a final decision. A total of four studies were selected finally 
for comparison of outcome for TAVR versus SAVR in kidney 
transplant (Fig. 1).

The primary objective of the study is to evaluate the 30-
day and 1-year mortality, AKI, hospital stay in days of TAVR 
procedure compared with SAVR procedure in patients with 
kidney transplant. As limited trials are available, we collected 
all available data which compares the two variables in kid-
ney transplant patients for better understanding of outcome in 
terms of bigger sample size.

Data extraction and analysis

After careful title checking and reviewing full texts of all the 
studies, two investigators independently verified the inclusion 
criteria and abstracted the data from all the papers that met the 
inclusion criteria. Disagreements were resolved by consensus. 
All extracted data from the included studies were collected 
into a spreadsheet and verified by a third author. Summarized 
and weighted means and rates from each individual trial or 
observation study for baseline characteristics were reported. 
Data were pooled for the primary and secondary outcomes 
using summary risk ratios (RRs) and 95% confidence inter-
val (CI) using random effects models, while the within- and 
between-study variance was taken into account. Revman 5.3 
was used for meta-analysis of the study. Two-sided P values 

were calculated with P < 0.05 being considered significant for 
all tests. Heterogeneity was assessed by means of the I-square 
statistic (with an I-square value > 75% being considered the 
result of severe heterogeneity).

Sensitivity analysis was performed for different study de-
sign and baseline characteristics to evaluate for the consist-
ency of the main results across all studies that were included 
in the analysis. A two-tailed P value of < 0.05 was considered 
statistically significant. All data and supporting materials have 
been provided with the published article and all supporting 
data are available within the article.

End-point outcomes

Four studies were included in the meta-analysis from 250 
identified studies. All studies included in this study are retro-
spective studies. Studies were performed between 2013 and 
2019. Total number of patients in the study is 1,538 (TAVR 
328, SAVR 1,210). Studies were done in the USA and Ger-
many. The follow-up in studies lasted for a year or longer. All 
studies included studied outcome which is shown in Table 1 

Figure 1. PRISMA flow chart for selection of studies. PRISMA: Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses.
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[15, 17-19]. Mean age of patients was more than 65 in both 
groups.

Quality of study

The overall quality of the included studies was moderate. All 
studies were observational and retrospective, posing some the-
oretical risk of selection bias due to incomplete randomization 
and inadequate allocation concealment. We used New-Ottawa 
Scale to access the quality and all studies scored 8 - 9 on the 

scale of 1 - 9 (Table 2) [15, 17-19].
Since the research was a meta-analysis and there was no 

direct patient interaction, Institutional Review Board (IRB) 
Approval and Ethical Compliance With Human Study were 
not applicable.

Results

Study characteristics were almost similar between the two 
groups. The average age for TAVR was 69.45 ± 8.27 and for 

Table 1.  Demographic Profile of Included Studies

Studies Year Study type TAVR age SAVR Age TAVR man SAVR man
Fox et al [17] 2013 Retrospective 70 ± 7 67 ± 8 5 14
Buttner et al [15] 2016 Retrospective 69 65.5 - -
Herzog et al [18] 2019 Retrospective 72.9 66.7 57 141
Voudris et al [19] 2019 Retrospective 70.5 ± 8.5 62.7 ± 8.5 155 641

TAVR: transcutaneous aortic valve replacement; SAVR: surgical aortic valve replacement.

Table 2.  New-Ottawa Scale for Quality Assessment of Studies

Studies Selection Compatibility Exposure Total score Adequate follow-up
Fox et al [17] *** ** *** 8 *
Buttner et al [15] *** ** *** 8 *
Herzog et al [18] **** * *** 8 *
Voudris et al [19] **** ** *** 9 xx

Figure 2. (a) 30-days mortality plot with OR and 95% CI. TAVR has low mortality rates than SAVR. Results were statistically 
significant. (b) 1-year mortality. TAVR has comparable rates of 1-year mortality as SAVR. OR: odds ratio; CI: confidence interval; 
TAVR: transcutaneous aortic valve replacement; SAVR: surgical aortic valve replacement.
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SAVR 64.68 ± 11.29. Majority of patients were men in both 
groups (TAVR 70.45%, SAVR 66.89%).

Primary composite outcome (30-day/in-hospital mortality, 
1-year mortality, AKI)

The 30-day in-hospital mortality was studied in 1,538 patients 
(TAVR 328, SAVR 1,210). TAVR had better outcomes in terms 
of 30-day mortality than SAVR (odds ratio (OR): 0.48, 95% 
CI: 0.25 - 0.93; P = 0.03) (Fig. 2a). After the exclusion of Vo-
udris et al, mortality at 30 day is comparable between the two 
groups (OR: 0.72, 95% CI: 0.27 - 1.91; P = 0.51) [19].

One-year mortality was studied in 369 patients (TAVR 
109, SAVR 260). SAVR had comparable outcomes as TAVR 
in terms of 1-year mortality (OR: 0.76, 95% CI: 0.10 - 5.51; P 
= 0.78). The results are mainly determined by Stefan et al in 
view of big sample size (Fig. 2b). AKI was studied in 1,235 
patients (TAVR 247, SAVR 988). TAVR had comparable out-
come as SAVR in terms of AKI (OR: 0.44, 95% CI: 0.10 - 
1.90; P = 0.27) (Fig. 3a). Hospital stay in days was studied in a 
total of 1,195 patients (TAVR 227, SAVR 968). TAVR has very 
low hospital stay in days as compared to SAVR (OR: 0.41, 
95% CI: -0.59 to -0.23; P < 0.00001) (Fig. 3b).

Publication bias

The publication bias was illustrated graphically with funnel 
plotting. The vertical axis of the plot used standard error to 
estimate the sample size of the study, plotting large population 
studies on top and smaller at the bottom. The horizontal spread 

reflected the power and effect size of the included studies. On 
visual assessment, our funnel plot was symmetrical, indicating 
that the limited scatter was due to sampling variation and not 
publication bias (Fig. 4).

Discussion

Our meta-analysis is the first study to compare TAVR versus 
SAVR in kidney transplant patients. TAVR had better odds in 
terms of survival outcome at 30 days and hospital stay than 
SAVR in patients with kidney transplant. However, on long-
term follow-up mortality results are comparable between the 
two procedures. TAVR and SAVR procedures have compara-
ble AKI outcomes post procedure in kidney transplant patients. 

Figure 3. (a) AKI has comparable results in TAVR and SAVR. (b) Hospital stay, TAVR has better rates than SAVR. AKI: acute 
kidney injury; TAVR: transcutaneous aortic valve replacement; SAVR: surgical aortic valve replacement.

Figure 4. Funnel plot for bias of study. There is no significant scatter on 
the funnel plot which relates to less bias in publication.
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The duration of hospital stays post procedure had low odds for 
TAVR procedure than SAVR. Our overall results show that pa-
tients with kidney transplant are more inclined towards TAVR 
than SAVR.

Fox et al (2013) studied 26 patients for primary outcome 
in terms of survival (TAVR 8, SAVR 18); mortality at 30 days 
was 0% versus 11.1% and 1-year mortality was 0% versus 
16.7% in TAVR versus SAVR respectively. AKI was reported 
in 12.5% versus 11.11% in TAVR versus SAVR. Comparison 
of hospital stay was not significant between the groups (P = 
0.084) [17]. Buttner et al (2016) studied a total 40 of patients 
(TAVR 20 vs. SAVR 20) for primary outcome of mortality 
and AKI; 30-day mortality was 10% versus 10% and 1-year 
mortality was 10% versus 30% in TAVR versus SAVR [15]. 
Herzog et al (2019) studied 303 patients; 30-day mortality was 
3.7% versus 5.4% in TAVR versus SAVR respectively. The 
final results of our study for 1-year mortality were more de-
termined by this study (30.2% vs. 12.4%) [18]. Voudris et al 
(2019) recently studied 1,167 patients for complications post 
procedure; 30-day mortality was 2.3% versus 6.7% with P = 
0.032. AKI results were comparable (31.96% vs. 37.68%; P 
= 0.120) [19]. The major limitations of all these studies were 
inclusion of the smaller scale population and being relatively 
underpowered to assess the long-term outcomes of the proce-
dures. Overall, the findings of these studies should be inter-
preted with caution as they were subject to the biases inherent 
to the non-randomized assignments. This, along with the fact 
that all studies reported conflicting findings, motivated us to 
perform this meta-analysis.

Our study is the first to pool the findings from four studies 
including 1,538 patients (TAVR 328, SAVR 1,210). Our study 
revealed overall better odds for 30-day mortality with TAVR 
than SAVR. One-year mortality was comparable and results 
were determined by Herzog et al, as its total contribution was 
82.12% (heterogeneity of results was high, 84%) [18].

We compared our results with literature available. Moat et 
al have given a 30-day mortality following TAVR in high surgi-
cal risk patients of 7.1% [20]. Wenaweser et al reported similar 
mortality rates in TAVR and SAVR at 30 days in high surgical 
risk patients [21]. Sharma et al reviewed data of 1,335 kidney 
transplant patients. Surgical valve replacement procedures are 
at higher risk of mortality in kidney transplant patients with an 
approximate rate of 20% per year [22]. Conradi et al in their 
study reported 30-day mortality in TAVR versus SAVR of 7.3% 
and 8.6%, however, without statistical difference [23]. One-
year mortality was comparable in our study in TAVR group and 
SAVR group. A study by Ben-Dor et al revealed TAVR having 
higher mortality in patients with higher surgical risk than SAVR 
and balloon/medical management having worst outcome [24]. 
Wenaweser et al have reported 1-year mortality of 18.7% for 
SAVR and 17.1% for high surgical risk patients [21]. Conradi 
et al have reported better results trending towards SAVR than 
TAVR in high surgical risk patients [23].

Our study revealed TAVR and SAVR in kidney transplant 
with comparable rates of AKI. Bagur et al revealed a higher 
incidence of AKI in patients who had SAVR than TAVR [25].

Our study revealed that TAVR is associated with low hos-
pital days of admission than SAVR in kidney transplant pa-
tients. Conradi et al have reported more days of hospitalization 

in TAVR than SAVR in high risk surgical patients [23].

Limitations

Our study is constrained by the limitations of the included stud-
ies. Three studies were abstracts where we did not have exact 
details of comorbidities; however, studies have mentioned that 
baseline comorbidity was almost similar. A significant barrier 
was our inability to perform a stratified subgroup analysis based 
on the variable follow-up durations and different selection crite-
ria. The inherent heterogeneity in the observational data limits 
our ability to draw definitive conclusions about the outcomes in 
kidney transplant patient undergoing TAVR versus SAVR. The 
predictive odds of all the components could not be calculated 
due to insufficient reporting of the stratified event rates.

Conclusions

Our study suggests that in patients with a history of kidney 
transplant, both SAVR and TAVR have a comparable risk of 
AKI and mortality at both short- and long-term follow-up.
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