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Background: Dialysis is associated with higher rate of aortic valve calcification and higher cardiovascular mortal-
ity. Transcatheter aortic valve replacement (TAVR) is an established alternative for surgical aortic valve replace-
ment (SAVR) in patients with higher and intermediate co-morbidities including dialysis.
Methods: Two independent investigators systematically searched Medline, Cochrane, and Web of Science. The
ROBINS-I tool was used to analyze and assess the bias from the selected studies.
Results: The search resulted in 4 observational studies with a total of 966 patients. TAVR in dialysis patients was as-
sociated with no significant difference in in-hospital mortality [8.1% vs 10.3%; OR (95% CI) 0.74 (0.35, 1.60), I2 =
50%, P=0.45], risk-of-strokes at 30 days [2% vs 4.4%;OR (95%CI) 0.49 (0.22, 1.09), I2=0%, P=0.08], vascular com-
plications [12.7% vs 13.2%; OR (95% CI) 0.96 (0.55, 1.67), I2 = 0%, P = 0.89], need of blood transfusion [43.1% vs
66.4%; OR (95% CI) 0.27 (0.05, 1.39), I2 = 89%, P = 0.12], or bleeding risk [5.6% vs 6.8%; OR (95% CI) 0.91 (0.18,
4.64), I2 = 5%, P = 0.91] when compared to SAVR. TAVR was associated with significantly shorter length of stay
[8.5 days vs 14.2 days;meandifference (95%CI)−5.89 (−9.13,−2.64), I2=76%, Pb 0.0001] andhigher pacemaker
implantation [11.4% vs 6.8%; OR (95% CI) 1.74 (1.07, 2.81), I2 = 5%, P = 0.02].
Conclusion: TAVR outcomes were comparable to SAVR but had a significantly shorter length of stay and a higher
pacemaker implantation rate in dialysis patients.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Chronic kidney disease and end stage renal disease requiring dialysis
is associated with increasedmortality after cardiac surgery [1]. Calcified
aortic stenosis is themost common valvular pathology in patients on di-
alysis [2]. Previously, surgical aortic valve replacement (SAVR) was the
only available option for aortic valve replacement in severe aortic steno-
sis [3,4]. End-stage renal disease (ESRD) patients on dialysis are less
likely to be offered SAVR due to the perceived increased morbidity
and mortality associated with it [5–8]. Transcatheter aortic valve re-
placement (TAVR) procedure emerged as an alternative to SAVR in pa-
tients with intermediate and high-risk [9–13]. There are no randomized
controlled trials (RCT) comparing TAVR and SAVR specifically in dialysis
patients [14–18]. The available data is only from small retrospective
studies comparing TAVR and SAVR in dialysis patients [14–18]. The
goal of our meta-analysis is to evaluate the comparative outcomes of
TAVR versus SAVR in patients with dialysis.
hyal), skhayyat@kumc.edu
2. Methods

We searched three major electronic databases, Medline [Pub-
Med], Web of Science, and the Cochrane Library Database, from Jan-
uary 2004 to May 2018 for all randomized controlled trials and ob-
servational studies comparing TAVR and SAVR in ESRD patients on
dialysis. The search was conducted using the keywords: “transcathe-
ter aortic valve replacement,” “transcatheter aortic valve implanta-
tion,” “surgical aortic valve replacement,” “surgical aortic valve
implantation,” “end-stage renal disease,” “Chronic Kidney Disease,”
“Chronic Kidney Disease stage 5” and “dialysis.” We also screened
for significant cardiovascular conferences abstracts within the last
two years for relevant studies.

Two investigators independently (SK and MV) assessed and
screened the published data including the abstracts submitted to car-
diovascular conferences. No differences during the assessment and
screening between that investigators were noted. Included studies had
two arms comparing TAVR and SAVR in dialysis patients. Single arm
TAVR and SAVR study data from observational studies were excluded.
The same two independent authors performed data extraction which
was cross-checked by the team of investigators.
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Fig. 1. Selection process of the included studies.
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The quality of the identified studies was assessed with respect
to control for confounders, measurement of exposure, complete-
ness of follow-up, and blinding. We followed a scoring system
based on a checklist derived from recommended criteria recom-
mended by the QUOROM (The Quality of Reporting of Meta-
analyses) and PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines to assess the quality of
the trials used in this meta-analysis [19,20].

The extracted data included information regarding the patient
characteristics, study design, and outcomes. The primary outcomes
of interest were in-hospital mortality and stroke in 30 days. The sec-
ondary outcomes were vascular complications, need for blood trans-
fusions, bleeding risk, pacemaker implantation, and length of stay.
Once the data were extracted, the Robbins-I tool was used to analyze
and assess the bias from the selected studies. We performed a group
analysis for all of the primary and secondary outcomes of interest.
We calculated the percentages of various outcomes. We also
assessed study heterogeneity. All authors assessed publication bias.
We used the 95% confidence interval and a P value of b0.05 as statis-
tically significant in all our analyses. All analysis was conducted
using Rev-Man software version 5.3.
Table 1
Characteristics of the studies included.

Author & year of publication Alqahtani et al., 2017 Condad
Study type Observational Observ
Study population Dialysis Dialysi
TAVR arm (number) 197 30
SAVR arm (number) 197 30
Risk of bias (ROBINS-I) Moderate Moder
3. Results

A total of 63 published manuscripts were identified, of which 14
were excluded as duplicates and 24 were excluded based on the title
the abstract. Full texts of the remaining 25 studies were examined.
Twenty-one studies were excluded after examination of the full text.
Eventually, four observational studies were included in the qualitative
analysis. Of the studies included for analysis, two were, and two had
Cox proportional hazard model for matching the variables. Fig. 1 sum-
marizes the selection process of the included studies. The overall risk
of bias judgment for the propensity-matched studies was low; for the
two Cox proportional hazard models' risk of bias was low to moderate
due to confounding.

A total of 966 patient were included. Of these 444 underwent TAVR
and 522 underwent SAVR. Table 1 summarizes the baseline characteris-
tics of the included studies and Table 2 summarizes the demographic
and clinical characteristics of the study cohort.

TAVR in dialysis patients was associatedwith no significant difference
in in-hospitalmortality [8.1% vs 10.3%; OR (95% CI) 0.74 (0.35, 1.60), I2=
50%, P= 0.45, Fig. 2A], risk of strokes at 30 days [2% vs 4.4%; OR (95% CI)
0.49 (0.22, 1.09), I2=0%, P=0.08, Fig. 2B], vascular complications [12.7%
o et al., 2017 Korbin et al., 2015 Nguyen et al., 2012
ational Observational Observational
s Dialysis CKD and dialysis

194 101
194 23

ate Moderate Moderate



Table 2
Demographic and clinical characteristics of the study population.

Study characteristic Alqahtani et al.a Condado et al.b Korbin et al.a Nguyen et al.b

TAVR SAVR TAVR SAVR TAVR SAVR TAVR SAVR

Age (mean) 73 72 71c 63c 77.7 78 79.6 60.7
Male (%) 65 64 70 63.3 58 56 60.9 52.5
Caucasian (%) 69 67 53.3 26.7 NA 82.6 45.5
African American (%) 17.8 20.8 NA 14 14 NA
Hypertension (%) 86.8 87.3 90 100 NA 95.7 95.1
Diabetes (%) 45.7 45.2 63.3 43.3 69 66 52.2 46.5
Chronic pulmonary disease/COPD (%) 27.9 24.9 43.3 16.7 53 52 47.8 24.7
Atrial fibrillation/flutter (%) 42.6 40.1 43.3 50 NA NA
Peripheral vascular disease/PAD (%) 31.5 26.9 43.3 23.3 86 88 60.9 20.8
Coronary artery disease/CABG (%) 47.2 44.2 63.3 53.3 NA 39.1 16.8
Congestive heart failure (%) 11.7 12.7 93.3 76.7 97 95 NA
Liver disease (%) 6.6 6.6 NA 11 12 NA
Cerebrovascular accident (%) NA 30 3.3 NA 34.8 6.9
Dyslipidemia (%) NA 96.7 76.7 NA 100 49.5
Body mass index - kg/m2 (mean) NA 26.3c 28.3c NA 28 28.7

a Propensity matched cohort.
b Cox hazard matched cohort.
c Median.
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vs 13.2%; OR (95% CI) 0.96 (0.55, 1.67), I2= 0%, P=0.89 Fig. 3A], need of
blood transfusion [43.1% vs 66.4%; OR (95%CI) 0.27 (0.05, 1.39), I2=89%,
P = 0.12, Fig. 3B], or bleeding risk [5.6% vs 6.8%; OR (95% CI) 0.91 (0.18,
4.64), I2 = 5%, P = 0.91 Fig. 3C], when compared to SAVR. TAVR was as-
sociated with significantly shorter length of stay [8.5 days vs 14.2 days;
mean difference (95% CI) −5.89 (−9.13, −2.64), I2 = 76%, P b 0.0001,
Fig. 3D] and higher pacemaker implantation [11.4% vs 6.8%; OR (95% CI)
1.74 (1.07, 2.81), I2 = 5%, P = 0.02, Fig. 3E].

4. Discussion

Dialysis in ESRD patients is associated with an increased risk
cardiovascular disease including valvular disorders [21–23]. The
improvement of the care of ESRD patients led to declining mor-
tality rates in this complex population which in turn reflected in
increased the number of patients living with complex comorbid
conditions and the procedures that they may be subjected to
giving they are living longer [24]. While TAVR showed an
Fig. 2. A. In-hospital mortality, TAVR & SAVR in dialysis. B
improved outcome in patients with high surgical risk and com-
parable results in those with intermediate risk [9–13], it is un-
clear whether TAVR offers a comparable outcome in ESRD on
dialysis as these patients were not studied well in randomized
controlled trials (RCT).

Data comparing TAVR in dialysis patients to patients with a normal
renal functionwould showsimilar improvement inNewYorkHeart Asso-
ciation class if there were no significant peri-procedural complications in
dialysis group [25]. Data are less clear when there is a complication re-
lated to TAVR.

Our study is trying to pool existing non-randomized data avail-
able to offer a potential answer in the light of the current lack of
data derived from RCT. As compared to dialysis patients who
underwent SAVR, TAVR patients had a significantly shorter length
of stay at the expense of a higher pacemaker implantation rate. The
bleeding risk need for transfusion, vascular complications, in-house
mortality, and 30-day stroke outcomes were similar in the TAVR
and SAVR arms.
. Risk of stroke at 30 days, TAVR & SAVR in dialysis.



Fig. 3. A. Vascular complications, TAVR & SAVR in dialysis. B. Need for blood transfusion, TAVR & SAVR in dialysis. C. Bleeding risk, TAVR & SAVR in dialysis. D. Pacemaker implantation rate,
TAVR & SAVR in dialysis. E. Length of stay, TAVR & SAVR in dialysis.
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Several other studies assessed the outcomes of TAVR in dialysis
patients but were not propensity-matched nor compared to SAVR
outcomes. Alqahtani et al. [16] study included the data from the Na-
tional Inpatient Sample database which collected the data from 2005
to 2014. Bhise V et al. [26] and Alkhalil et al. [27] studies were ex-
cluded from the analysis to avoid duplication as the data for that
study came from the same National Inpatient Sample from years
2012 to 2014. Thourani et al. reported that SAVR was associated
with increased in-hospital mortality in end-stage renal disease pa-
tients with dialysis compared with patients who do not have a
renal disease (15.8% vs 2.9%; P b 0.01) [7]. Similarly, Dumonteil
et al. also reported that all-cause high 30-day mortality rate after
the TAVR procedure in end-stage renal disease patients with dialysis
when compared to patients who do not have a renal disease (15.2%
vs 1.8%; P b 0.007) [28].

There is an abundant amount of TAVR and SAVR outcomes data from
the different registries such as German Aortic Valve Registry, Nordic
Aortic Valve Intervention Trial, and the placement of Aortic Transcathe-
ter Valves trial registry but there are very few studies comparing TAVR
and SAVR outcomes in End Stage Renal Disease patients with dialysis
[5–8,14–18,21,22]. Dialysis patients often coexist with other cardiovas-
cular risk factors such as dyslipidemia, smoking, psychosocial stressors,
diabetes, hypertension and obesity which increases the cardiovascular
mortality risk [29]. Dialysis is also associatedwithmarkers of inflamma-
tion such as TNF-alpha, which may play a role in cardiovascular
(myocardial infarction, stroke, etc.) and non-cardiovascular mortality
causation (septicemia and bacteremia) [30,31]. It should be noted that
dialysis is also associated with an increased risk of peripheral vascular
disease and vascular calcification which may lead to an increased risk
of vascular complications as well as bleeding. Interestingly we did not
see this potential impact affecting the outcomes of TAVR patients in
this meta-analysis [32–34].

In this day and age of health care reform and resource utilization,
when the TAVRand SAVRhave almost similar outcomes, the gravity to re-
duce the cost of hospitalization and post-hospital care has been of utmost
importance. SAVR patients are more likely to need skilled nursing care
and long-term care post-surgery before they return home. The length of
stay has been significantly shorter in the TAVR group when compared
to the SAVR patients from our meta-analysis, which may play a role in
the near future especially in a certain patient population who are lacking
resources. It should also be noticed that most of the patients included in
our cohort were between 2002 and 2014. TAVR valves improved signifi-
cantly since then with smaller sheaths sizes leading to lower vascular
complications, improved pacemaker rate and length of stay with the
newer generations of TAVR. These improvements lead to significant im-
provement in the cost-effectiveness of TAVR in patients at higher risk
profile.

This meta-analysis has some limitations. First, single arm observa-
tional reporting data only in TAVR and SAVR outcomeswithout any com-
parison arms were excluded from the study. Second, even though we
merged the propensity-matched and Cox hazard group data in our anal-
ysis, there were multiple possible confounding factors. Third, not all the
studies included in the analysis have the same variables used for propen-
sitymatching orwithCoxhazard grouping. Fourth, therewere limited ob-
servational data in both TAVR and SAVR groups to find outcomes that are
predicted with a high degree of sensitivity and specificity.
5. Conclusions

TAVR, when compared to SAVR, had a significantly lower length of
stay but also had higher pacemaker implantation rates. More robust
data is needed in dialysis patients undergoing TAVR and SAVR proce-
dures for further delineation. More long-term outcomes should be
followed in future studies as the data are scarce in both TAVR and
SAVR groups.
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