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Abstract

Objective

Frailty is a common condition in patients with severe aortic stenosis (AS) undergoing trans-
catheter aortic valve replacement (TAVR). The aim of this systematic review was to assess
the impact of frailty status on acute kidney injury (AKI) and mortality after TAVR.

Methods

A systematic literature search was conducted using MEDLINE, EMBASE, and Cochrane
databases from the inception through November 2016. The protocol for this study is regis-
tered with PROSPERQO (International Prospective Register of Systematic Reviews; no.
CRD42016052350). Studies that reported odds ratios, relative risks or hazard ratios com-
paring the risk of AKI after TAVR in frail vs. non-frail patients were included. Mortality risk
was evaluated among the studies that reported AKI-related outcomes. Pooled risk ratios
(RR) and 95% confidence interval (Cl) were calculated using a random-effect, generic
inverse variance method.

Results

Eight cohort studies with a total of 10,498 patients were identified and included in the meta-
analysis. The pooled RR of AKI after TAVR among the frail patients was 1.19 (95% CI 0.97—
1.46, 1% = 0), compared with non-frail patients. When the meta-analysis was restricted only
to studies with standardized AKI diagnosis according to Valve Academic Research Consor-
tium (VARC)-2 criteria, the pooled RRs of AKI in frail patients was 1.16 (95% CI 0.91-1.47,
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12 = 0). Within the selected studies, frailty status was significantly associated with increased
mortality (RR 2.01; 95% Cl 1.44-2.80, I° = 58).

Conclusion

The findings from our study suggest no significant association between frailty status and
AKI after TAVR. However, frailty status is associated with mortality after TAVR and may aid
appropriate patient selection for TAVR.

Introduction

Transcatheter aortic valve replacement (TAVR), also known as transcatheter aortic valve
implantation (TAVI), has been increasingly utilized for patients with severe aortic stenosis
(AS) who are at substantial or prohibitive risk for surgical aortic valve replacement (SAVR)
[1-5]. To date, more than 200,000 TAVR procedures have been performed [6, 7]. Although
TAVR is considered a less invasive treatment compared with SAVR, the one and two year
mortality following TAVR is still considerable at 24% and 34%, respectively [8, 9]. Acute kid-
ney injury (AKI) after TAVR is common with a varied reported incidence ranging from 15%
to 57% [2, 6, 10, 11]. Studies have demonstrated significant associations between AKI and
decreased survival in patients undergoing TAVR [7, 10, 12].

Frailty is a state of late-life deterioration and vulnerability, characterized by physical weak-
ness, wasting (involving both loss of muscle mass and weight), loss of endurance, decreased
balance and mobility, slowed performance, increased sedentary behaviour, and decreased cog-
nitive function [13, 14]. Studies have demonstrated that frailty is associated with adverse health
outcomes including postoperative complications, increased hospital length of stay, depen-
dency, falls, discharges to skilled nursing or assisted living facilities, and increased mortality in
both general and cardiac surgery populations [15-18].

Among hospitalized patients, a recent retrospective study demonstrated a potential asso-
ciation between frailty and AKI [19]. There is a paucity of data regarding the impact of
frailty on AKI incidence, for patients who undergo TAVR. Previous studies of patients
undergoing TAVR have not shown such an association [20-27]. Nevertheless, it is possible
that previous studies have been underpowered due to sample size. Also, the impact of frailty
on AKI after TAVR is unclear due also to the diversity of definitions used for frailty [20-
27]. Thus, we conducted this systematic review to assess the impact of frailty on AKI after
TAVR comprehensively.

Materials and methods
Search strategy

The protocol of this study is registered with PROSPERO (International Prospective Register of
Systematic Reviews; no. CRD42016052350). We also followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (S1 File) [28]. Two investiga-
tors (CT and WC) systematically searched and reviewed the published literature and confer-
ence abstracts indexed in MEDLINE, EMBASE, the Cochrane Central Register of Controlled
Trials, and the Cochrane Database of Systematic Reviews from database inception through
November 2016 without language restrictions, using the search strategy described in Text A in
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S2 File. Other pertinent references were obtained via manual review of these retrieved
references.

Inclusion criteria

The studies fulfilled the following inclusion criteria: 1) randomized controlled trials (RCTs) or
observational studies (cohort, cross-sectional, or case-control studies) published as original
articles or conference abstracts that evaluated the risk of AKI after TAVR in frail patients; 2)
available data with odds ratio, relative risk, or hazard ratio with 95% confidence intervals
(CIs); and 3) a reference group composed of non-frail patients. The primary outcome was AKI
after TAVR. Mortality risk was also evaluated among the studies that reported AKI-outcome.
Study eligibility was defined by the two investigators noted previously. Differing decisions
were solved by mutual consensus. The quality of each study was quantified via the validated
Newcastle-Ottawa quality assessment scale for cohort and case-control studies [29] and modi-
fied Newcastle-Ottawa scale [30] for cross-sectional studies.

Data extraction

Two investigators (CT and WC) performed data extraction and analysis of study quality. A
standardized data collection template was used to extract the following information: last name
of the first author, article title, study design, year of study, country of origin, year of publica-
tion, sample size, AKI definition, and definition of frailty.

Statistical analysis

The data analysis was completed using Review Manager software (Version 5.3, Copenhagen,
Denmark) from the Cochrane Collaboration. Point estimates and standard errors were derived
from each included study and were combined by the generic inverse variance method of Der-
Simonian and Laird [31]. Given the likelihood of increased inter-observation variance, a ran-
dom-effect model was applied. Statistical heterogeneity was evaluated utilizing Cochran’s Q
test. These results complemented the I” statistic, which quantifies the proportion of the total
variation across studies due to heterogeneity rather than chance. The I values of <25%, 26%-
50%, 51%-75%, and >75% were deemed to represent insignificant, low, moderate, and high
heterogeneity, respectively [32]. The presence of publication bias was screened via funnel plots
of the logarithm of odds ratios vs. standard errors [33].

Results

Our search strategy yielded 538 articles. Of these, 474 were excluded based on relevance and
eligibility criteria following the review of the title and abstract. The remaining 64 articles
underwent full-length review, and subsequently, 56 were excluded for failing to meet all eligi-
bility requirements. Of these, 51 articles did not report the outcome of interest, and five articles
were not observational studies or RCTs. Eight cohort studies [20-27] with a total of 10,498
patients were included in the meta-analysis to assess the risk of AKI following TAVR in frail
vs. non-frail patients (Table 1). Fig 1 outlines our search methodology and selection process.

AKI definition

All included studies identified AKI occurrence, based on the change in serum creatinine (SCr)
or glomerular filtration rate (GFR) after TAVR. Seven [20-22, 24-27] of the eight studies used
standard AKI definitions as shown in Table 1. Four [20, 24-26] of the eight studies used stan-
dardized AKI diagnosis according to Valve Academic Research Consortium (VARC)-2
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Table 1. Main characteristics of the studies included in this meta-analysis[20-27].

Study Year | Total Frailty definition AKI definition Risk ratio for Risk ratio Quality
number AKI for mortality  assessment
Greenetal |2012|159 Frailty score, based on gait speed, grip Acute kidney injury 1.10(0.21-5.60) | 3.51(1.43— |S4,C0,03
[20] strength, serum albumin and activities of stage 2 or 3 according 8.62)
daily living status, > 5 to VARC-2 definition
Stortecky 2012 | 256 BMI < 20 kg/m2 Acute kidney injury 1.35(0.13— 2.43(0.92- |S4,C0,03
etal[21] stage 3 according to 13.56) 6.39)
RIFLE definition
Puls et al[22] | 2014 | 300 Katz index <6 Acute kidney injury AKI; 1.23(0.76— | 2.67 (1.7— S4,C0,03
according to modified | 2.00), AKl stage | 4.3)
RIFLE definition 3;2.23(1.12—
4.47)
Greenetal |2015|244 Frailty score, based on gait speed, grip Renal failure requiring | 1.62 (0.58-4.49) | 2.50 (1.40- |S4,C0,03
[23] strength, serum albumin and activities of dialysis 4.35)
daily living status, > 6
Yamamoto 2015|777 BMI < 20 kg/m2 Acute kidney injury 0.84 (0.26—2.70) | 0.68(0.29- |S4,C2,03
et al[24] according to VARC-2 1.61)
definition
Alfredson 2016 | 8,039 5-m gait speed <10 s Acute kidney injury 1.18(0.91-1.53) | 1.35(1.01— | S4,C0,03
et al[25] according to VARC-2 1.80)
definition
Koifman et al | 2016 | 491 BMI < 20 kg/m2 Acute kidney injury 1.04 (0.30-3.94) | 245(1.26- |S4,C0,03
[26] stage 2 or 3 according 4.75)
to VARC-2 definition
Sajietal[27] | 2016 | 232 The lowest tertile of normalized psoas Acute kidney injury 1.20(0.52-2.80) | 2.30(1.09- |S4,C0,03
muscle mass (cross-sectional areas of the stage 2 or 3 according 4.86)
psoas muscle at the L4 vertebra level to AKIN definition

measured by
surface area)

CT and normalized to body

Abbreviation: AKI, acute kidney injury; AKIN, Acute Kidney Injury Network; BMI, body mass index; S, selection; C, comparability; O, outcome; VARC, Valve

Academic Research Consortium.

https://doi.org/10.1371/journal.pone.0177157.t001

(definition consisting of the Acute Kidney Injury Network (AKIN) or the Kidney Disease
Improving Global Outcomes (KDIGO) criteria with the timing for AKI diagnosis up to 7 days
following a TAVR procedure) [34].

Frailty and AKIl risk after TAVR

The pooled RR of AKI after TAVR in frail patients was 1.19 (95% CI 0.97-1.46), compared
with non-frail patients, as shown in Fig 2. The statistical heterogeneity was insignificant with
an I” of 0%. When the meta-analysis was restricted only to studies with standardized AKI diag-
nosis according to VARC-2 criteria, the pooled RRs of AKI in frail patients was 1.16 (95% CI
0.91-1.47,1° = 0).

Of the eight studies, frailty status was identified by frailty score or gait speed in four studies
[20, 22, 23, 25] and body mass index (BMI) or psoas muscle mass in the other four studies [21,
24, 26,27] (Table 1). The pooled RR of AKI after TAVR in frail patients based on frailty score,
or gait speed was 1.21 (95% CI 0.97-1.51, I? = 0). The pooled RR of AKI after TAVR in frail
patients based on BMI or psoas muscle mass was 1.07 (95% CI 0.60-1.93, I* = 0).

Frailty and mortality risk after TAVR

All included studies [20-27] evaluated the association between mortality (within 1 year after
TAVR) and frailty status. The pooled RR of mortality in frail patients was 2.01 (95% CI 1.44-
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Potentially relevant articles identified from search of MEDLINE, EMBASE,
Cochrane Database of Systematic Reviews, Cochrane Central Register of
Controlled Trials and clinicaltrials.gov

(n=538)

v

Title and abstract reviewed for screening.

474 articles were excluded
based on title and abstract
for clearly not fulfilling
inclusion criteria on basis of
type of article, study design,
population or outcome of
interest.

v

A 4

64 potentially relevant articles included for full-
length article review.

51 articles were excluded because
they did not report the outcomes of
interest.

A 4

S articles were excluded because
they were not observational studies
or RCTs

A 4

8 articles were identified.

Fig 1. Outline of our search methodology.
https://doi.org/10.1371/journal.pone.0177157.9001

2.80, I” = 58), as shown in Fig 3. The pooled RR of mortality after TAVR in frail patients based
on frailty score or gait speed was 2.19 (95% CI 1.38-3.47, I” = 70). The pooled RR of mortality
after TAVR in frail patients based on BMI or psoas muscle mass was 1.78 (95% CI 0.99-3.21,
I’ =54).
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE_Weight 1V, Random, 95% CI IV, Random, 95% CI
Stortecky et al 0.300105 1.185547 0.8% 1.35[0.13, 13.79)
Green et al (1) 0.09531 0.837606 1.6% 1.10 [0.21, 5.68] ]
Koifman et al 0.039221 0.656927 2.6% 1.04 [0.29, 3.77)

Yamamoto et al
Green et al (2)
Saji et al

Puls et al
Alfredson et al

Total (95% Cl)

Heterogeneity: Tau? = 0.00; Chi? = 0.77, df = 7 (P = 1.00); I = 0%
Test for overall effect: Z = 1.64 (P = 0.10)

i
u

-0.17435 0.597022 3.1% 0.84 [0.26, 2.71)
0.482426 0.522087 4.1% 1.62 [0.58, 4.51)]
0.182322 0.429476  6.0% 1.20 [0.52, 2.78) ]
0.207014 0.246833 18.3% 1.23 [0.76, 2.00] ]
0.165514 0.132546 63.5% 1.18 [0.91, 1.53)

T

100.0% 1.19 [0.97, 1.46]

1 ]

001 0.1 10 100
Favours [Control] Favours [Frailty]

“Teo ™

Fig 2. Forest plot of included studies comparing the risk of AKI after TAVR in frail vs. non-frail patients. Square data markers represent risk ratios
(RRs), and horizontal lines represent the 95% confidence intervals (Cls) with marker size reflecting the statistical weight of the study using random-effects
model. A diamond data marker represents the overall RR and 95% CI for the outcome of interest.

https://doi.org/10.1371/journal.pon

£.0177157.9002

Evaluation for publication bias

Funnel plots to evaluate publication bias for the risks of AKI and mortality after TAVR in frail
patients are summarized in Fig A and B in S2 File. The graphs suggested no significant publi-
cation bias.

Study quality

All included cohort studies were of moderate to high quality [20-27], with a median Newcas-
tle-Ottawa quality assessment scale of 7 (range 7-9) as shown in Table 1.

Discussion

In this systematic review, we demonstrated a statistically insignificant and potentially clinically
relevant association between frailty and AKI after TAVR. This association remained insignificant

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE_Weight 1V, Random, 95% CI IV, Random, 95% CI
Stortecky et al 0.887891 0.494417 7.9% 2.43[0.92, 6.40] ]
Green et al (1) 1.255616 0.458268 8.7% 3.51[1.43, 8.62]
Yamamoto et al -0.38566 0.437273 9.3% 0.68 [0.29, 1.60] — ==
Sajiet al 0.832909 0.381342 10.9% 2.30 [1.09, 4.86) I
Koifman et al 0.896088 0.338529 12.3% 2.45[1.26, 4.76) ESSEES
Green et al (2) 0.916291 0.28921 14.2% 2.50 [1.42, 4.41) ===
Puls et al 0.982078 0.236731 16.4% 2.67 [1.68, 4.25) _
Alfredson et al 0.300105 0.147407 20.3% 1.35[1.01, 1.80] il
Total (95% Cl) 100.0% 2.01 [1.44, 2.80] . 2
Heterogeneity: Tau? = 0.12; Chi? = 16.54, df = 7 (P = 0.02); I* = 58% 50‘ o1 of p : 1=0 1 00*

Test for overall effect: Z = 4.10 (P < 0.0001)

Favours [Control] Favours [Frailty]

Fig 3. Forest plot of included studies comparing the risk of mortality after TAVR in frail vs. non-frail patients. Square data markers represent risk
ratios (RRs); horizontal lines represent the 95% Cls with marker size reflecting the statistical weight of the study using random-effects model. A diamond data
marker represents the overall RR and 95% ClI for the outcome of interest.

https://doi.org/10.1371/journal.pon

£.0177157.g003
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after limiting studies to those that only utilized an AKI diagnosis according to VARC-2 criteria.
However, within all included studies, frailty was significantly associated with increased mortality
within 1 year in patients undergoing TAVR.

Studies have demonstrated abnormalities in frail patients including immune dysfunction,
chronic low-grade systemic inflammation, and endocrine dysregulation such as insulin resis-
tance and testosterone deficiency [13, 35]. Since it is well known that renal ischemia-reperfu-
sion injury incites inflammation that subsequently exacerbates further injury, it has been
postulated that frailty in cardiac surgery patients (especially with cardiopulmonary bypass)
[36] may predispose patients to AKI [19]. However, based on the findings of this meta-analysis
despite higher statistical power, there was no observed significant association between frailty
and the risk of AKI after TAVR. These results suggests that the magnitude of frailty impact on
AKI after TAVR is likely small compared to other known risk factors for AKI after TAVR
(baseline renal function, transapical approach, blood transfusion and the need for circulatory
support) [37-42].

Despite an insignificant association between frailty and AKI after TAVR, frail patients still
carry a higher mortality risk after TAVR [20-27, 43-46]. Compared with non-frail patients,
our meta-analysis demonstrated that frail patients had an approximately two-fold increased
mortality risk within one year after TAVR. The increased mortality after TAVR in frail patients
is likely multifactorial [15-18], but less likely due to AKI based on the findings of our study.
Thus, frailty and AKI may independently affect patients’ mortality without significant syner-
gistic effects. Despite limited data on cause of death in the included studies, it has been previ-
ously shown that frailty is associated with increased cardiovascular diseases and events that
result in increased mortality [47].

Although the studies included in our meta-analysis were all of moderate to high quality,
there are some limitations that worth mentioning. First, there are multiple methods to measure
or characterize AKI and frailty in the literature [20-27]. VARC-2 standardized the timing for
the AKI diagnosis, extending from 72 hours to 7 days following a TAVR procedure using stan-
dardized criteria, i.e., the AKIN criteria and KDIGO criteria. Although VARC-2 definition is
widely adopted as the standardized endpoint definition for TAVR, these three definitions are
very similar with minor differences. Thus, the use of different AKI definition should not result
in significant heterogeneity and the findings of our study suggest a statistically insignificant
association between frailty and AKI after TAVR in different definitions. The definition of
frailty is currently not standardized, and greater than 20 instruments for measurements of
frailty have been developed [5]. BMI is used as a simple surrogate for wasting, whereas frailty
score might provide more comprehensive functional assessment of the frailty condition [5].
Although there was no significant heterogeneity in our meta-analysis, a standardized defini-
tion of frailty and universal frailty assessment tools are needed in order to better understand-
ing the impact of frailty on mortality. Second, there was limited data regarding the cause of
death after TAVR. Thus, future studies are warranted to identify the underlying mechanisms
on frailty-related mortality after TAVR. In addition, future studies are needed to evaluate if
interventions to prevent and improve frailty can reduce mortality after TAVR. Lastly, this is a
meta-analysis of observational studies subject to the inherent limitations for which a causal
relationship cannot be inferred.

Our meta-analysis indicates no association between frailty and the risk of AKI after TAVR.
However, frailty assessment should be part of comprehensive evaluation before TAVR and
may aid patient selection process since it is significantly associated with higher mortality in
patients undergoing TAVR.
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