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1 | INTRODUCTION

Abstract

Objective: We performed a systematic review and meta-analysis to explore the association
between chronic kidney disease (CKD) and mortality and procedural complications in transcath-
eter aortic valve replacement (TAVR).

Background: The impact of varying stages of CKD or end-stage renal disease (ESRD) on patients
receiving TAVR is not clearly identified.

Methods: We searched the databases of MEDLINE and EMBASE from inception to May 2018.
Included studies were published TAVR studies that compared the risk of mortality and proce-
dural complications in CKD patients compared to control patients. Data from each study were
combined using the random-effects model.

Results: Twelve studies (42,703 CKD patients and 51,347 controls) were included. Compared
with controls, CKD patients had a significantly higher risk of 30-day overall mortality (risk ratio
[RR] = 1.56, 95% confidence interval [Cl]: 1.34-1.80, I? = 60.9), long-term cardiovascular mor-
tality (RR = 1.44, 95% Cl: 1.22-1.70, |12 = 36.2%), and long-term overall mortality (RR = 1.66,
95% Cl: 1.45-1.91, 12 = 80.3), as well as procedural complications including pacemaker require-
ment (RR = 1.20, 95% Cl: 1.03-1.39, |12 = 56.1%) and bleeding (RR = 1.60, 95% Cl: 1.26-2.02,
I? = 86.0%). Risk of mortality and procedural complications increased with severity of CKD for
stages 3, 4, and 5, respectively, in terms of long-term overall mortality (RR = 1.28, 1.82, and
2.12), 30-day overall mortality (RR = 1.26, 1.89, and 1.93), 30-day cardiovascular mortality
(RR = 1.18, 1.75, and 2.50), and 30-day overall bleeding (RR = 1.19, 1.63, and 2.12).
Conclusions: Our meta-analysis demonstrates a significant increased risk of mortality and

procedural complications in patients with CKD who underwent TAVR compared to controls.
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stenosis (AS). In these patients, this intervention is superior to medical

therapy alone and has comparable results to the conventional surgical

Transcatheter aortic valve replacement (TAVR) is an increasingly com-

mon therapeutic procedure for symptomatic, moderate-severe aortic

Abbreviations: AS, aortic stenosis; CHS , cardiovascular health study; CKD,
chronic kidney disease; ESRD, end-stage renal disease; SAVR, surgical aortic
valve replacement; TAVR, transcatheter aortic valve replacement.

aortic valve replacement (SAVR).! TAVR is the treatment of choice for
symptomatic AS in inoperable patients or patients with unacceptably
high surgical risks.?

Decreased renal function is associated with worse outcomes in

many cardiovascular conditions, such as atherosclerosis, heart failure,
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pericardial and valvular disease, and outcomes of cardiac interven-
tions.® More than 75% of patients with severe AS may have some
degree of renal dysfunction.*> Moreover, chronic kidney disease
(CKD) is an independent risk factor for mid-term mortality in patients
with AS undergoing SAVR and TAVR.® The impact of varying stages
of CKD or end-stage renal disease (ESRD) on patients receiving TAVR
is not clearly identified.

We sought to determine the effect of different stages of CKD on
both short and long-term overall and cardiovascular mortality in
patients who underwent TAVR. Additional outcomes including pace-
maker implantation, vascular complications, bleeding, and cerebrovas-

cular accident were also evaluated.

2 | METHOD

2.1 | Search strategy

Two investigators (JK and PC) independently searched for published
studies indexed in MEDLINE and EMBASE databases from inception
to May 2018 using a search strategy, described in online Supporting
information Document 1, that included the terms “chronic kidney dis-
ease”, “aortic stenosis”, “transcatheter aortic valve replacement”,
“complications”, “vascular complications”, “bleeding”, “pacemaker”,
“cardiovascular mortality”, and “mortality”. Only English language pub-
lications were included. A manual search for additional pertinent stud-
ies and review articles using references from retrieved articles was

also completed.

2.2 | Inclusion criteria

The eligibility criteria included the following:

(1) Cohort study (prospective or retrospective) reporting incident
mortality and procedural complications after the TAVR procedure.

(2) Reported relative risk, odds ratio, hazard ratio, incidence ratio,
or standardized incidence ratio with 95% confidence intervals (Cls), or
sufficient raw data for their calculation.

(3) Participants without CKD as controls.

Study eligibility was independently determined by two investi-
gators (TR and CK) and differences were resolved by mutual con-
sensus. The Newcastle-Ottawa quality assessment scale was used
to evaluate each study in three domains: recruitment and selection
of the participants, similarity and comparability between the
groups, and ascertainment of the outcome of interest among cohort

studies.”

2.3 | Data extraction

A standardized data collection form was used to obtain the following
information from each study: title of study, name of first author, year of
study, year of publication, country of origin, number of participants,
demographic data of participants, method used to identify cases and
controls, method used to diagnose outcomes of interest (mortality and
procedural complications), average duration of follow-up, confounders
that were adjusted, adjusted effect estimates with 95% Cl, and covari-

ates that were adjusted for the multivariable analysis.

To ensure accuracy, all investigators independently performed
this data extraction process. Any data discrepancy was resolved by

referring back to the original articles.

2.4 | Definition of CKD

Chronic kidney disease was previously defined as the presence of
kidney damage or decreased kidney function for three or more
months, regardless of the cause, which was documented with Inter-
national Classification of Diseases, Ninth Revision. The definition
was introduced by the National Kidney Foundation, Kidney Disease
Outcomes Quality Initiative, and modified by the international guideline
group Kidney Disease Improving Global Outcomes.®? Chronic kidney
diseases included in our study were CKD stages 3A to CKD stage 5 or
glomerular filtration rate less than 60 mL/min/1.73 m2. Patients with
glomerular filtration rate more than or equal to 60 mL/min/1.73 m?

were considered as part of the control group.

2.5 | Outcome definition

Outcomes (overall mortality, cardiovascular mortality, pacemaker
requirement, overall bleeding, major bleeding, cerebrovascular acci-
dent, major vascular complications, and overall vascular complications)
were adjudicated according to Valvular Academic Research Consor-
tium (VARC) criteria.’® Long-term overall mortality was defined as

over-all mortality at more than 30 days.

2.6 | Statistical analysis

We performed a meta-analysis of the included cohort studies
using a random-effects model. Studies were excluded if they did
not present an outcome in each intervention group or did not have
enough information required for continuous data comparison.
We pooled the point estimates of risk ratio (RR) and rate ratio
from each study using the generic inverse-variance method of
DerSimonian and Laird.!* The heterogeneity of effect size esti-
mates across these studies was quantified using the 12 statistic.
The 12 statistic ranges in value from O to 100% (I2 < 25%, low het-
erogeneity; 12 = 25%-50%, moderate heterogeneity; and 12 > 50%,

substantial heterogeneity).'?

A sensitivity analysis was performed
to assess the influence of the individual studies on the overall
results by omitting one study at a time. Publication bias was
assessed using funnel plot and Egger's regression test'® (P < 0.05
was considered significant). Potential sources of heterogeneity
from clinical characteristics were analyzed with subgroup analysis
and were compared with meta-regression. All data analyses were
performed using Stata SE Statistical Software: Release 14.1, Col-

lege Station, TX: StataCorp LP, StataCorp 2015.

2.7 | Sensitivity analysis

We used a sequential exclusion strategy, as described by Patsopou-
los et al., to examine whether overall estimates were influenced by
the substantial heterogeneity observed.'* In accordance with
Cochrane, evidence of publication bias was examined through fun-

nel plots if there were more than 10 available studies. Funnel plot
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asymmetry was further confirmed with Egger's test. If asymmetry
was present, we used the trim-and-fill method to adjust for

publication bias.

3 | RESULTS

3.1 | Description of included studies

Our search strategy yielded 908 potentially relevant articles (568 arti-
cles from EMBASE and 340 articles from MEDLINE). After exclusion
of 14 duplicate articles, 894 articles underwent title and abstract
review. Seven hundred and forty-seven articles were excluded at this
stage since they were not cohort studies, did not report the outcome
of interest (mortality or compilations) or were not conducted in
patients with CKD, leaving 147 articles for full-length article review.
One hundred and twenty-four of the 147 studies were excluded, as
they were descriptive studies without comparators. Two studies were
excluded because the same group of authors used the same database.
Nine more studies were excluded because of unclear outcome defini-
tion. Therefore, eight retrospective and four prospective cohort stud-
ies with 42,703 CKD patients and 51,347 controls were included in
this meta-analysis. Figure 1 outlines the search and literature review

process. Summaries of the included studies and the clinical character-

istics are shown in Table 1.

3.2 | Meta-analysis results

Twelve studies (42,703 CKD patients and 51,347 controls) were
included. Compared with controls, CKD patients had a significantly
higher risk of 30-day overall mortality (RR = 1.56, 95% Cl: 1.34-1.80,
I? = 60.9) (Figure 2A) and 30-day cardiovascular mortality (RR = 1.47,
95% Cl: 1.20-1.81, 1% = 13.2%) (Figure 2B). CKD patients had a signifi-
cantly higher risk of long-term cardiovascular mortality (RR = 1.44,
95% Cl: 1.22-1.70, I? = 36.2%) (Figure 3A) and long-term overall mor-
tality (RR = 1.66, 95% Cl: 1.45-1.91, 1? = 80.3) (Figure 3B).

Interestingly, risk of long-term overall mortality increased with
severity of CKD for stages 3, 4, and 5, respectively (RR = 1.28, 1.82,
and 2.12), 30-day overall mortality (RR = 1.26, 1.89, and 1.93), and
30-day cardiovascular mortality (RR = 1.18, 1.75, and 2.50).

Regarding procedural complications, CKD significantly increased risk
of 30-day pacemaker requirement (RR =1.20, 95% Cl: 1.03-1.39,
12 = 56.1%) (Supporting information Figure S1), 30-day overall bleeding
(RR = 1.60, 95% Cl: 1.26-2.02, I?> = 86.0%), and 30-day major bleeding
(RR = 140, 95% Cl: 1.10-1.78, I*> = 88.2%) (Supporting information

Figure S2). CKD increased the risk of 30-day major vascular complications

=
-g Records identified Additional records identified
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=
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=
—
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FIGURE 1
[Color figure can be viewed at wileyonlinelibrary.com]

Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of search strategy and included studies


http://wileyonlinelibrary.com

E119

WILEY

RATTANAWONG ET AL.

(senunuo))

Ajjenow jo

Su paseaJdul

PI0J-0M} < B pey YAV L
210J2q SIsAjelp uo

paysi|qe}sa syuaned ay |

YAVL Joye
Ajljeriow JedA-T
10351 paseasdul

ue yjim pajernosse
Ajpuspuadspui sue
aD |eanpadoidaid
9J9A3s pue gH
21U0JYD 'SaWOIIN0
1edA-T pue Aep-0g
9s1om pue d|yoid
ysuU-1aysiy e aney
YAVL SuioSiapun

QXD Yum spuaned

YAVS Jone Jaysiy
SEeM )Y/ 4O sl 3y L
“YAVS Pue YAV Ja3je
Anjeyiow Jo ysu

93 sesealdul g

01 qg sa8e3s XD

suonedldwod
JejnaseA pue
‘Buipaalq Suiuajeasyy
-3J1| pue Jofew
‘Ayljenow SAD

pue asned-||e

1O s3)el paseasdul
Yaim pajerdosse

aJe sisAjelp

pue @)D pasueApy

SJUSAS 3SIaApe
J0jsu Jay3y
pajuasald aseasip
|euad J1uoayd

219A3S U}IM Sjualied

YAV Suimoljoy
SjuaAD Sulpas|q pue
Ajjeniow e pue
Aliea jo ajeu uaysiy
€ U}IM pajeldosse

sem QXD pasueApy

sioyine Aq
uolsnjpuo)

UAVL J1oye
JuswaaIinbau

sisAjelp Jo duspUIAY] 678 0'SL

julod pus Ajajes
pauiquod Aep-Qg pue
‘55920NS 92IAIP ‘MY
‘suorjedljdwod 3uipas|q
pue JejndseA ayo.3s
‘I “Ayljerow SAD
pue asned-|je

Aep-0g ‘leAMINS JeA-T 0’18 9L

DIV ‘uoisnjsues; DY
‘suo|3edl|dwod JejndseA
‘043s ‘sueah g

03 dn Ajljepow asned-|ly  6°6/ 0

JUSPIDDE UB|NISBAOIGDID
|endsoyur ‘uonjejuedwi
Jxewsded jusueuwnsad
M3U ‘aun|ie} 92I1A3p
‘suojedl|dwod JejndseA

Jofew ‘Buipaajq iofey T8 00T

Jaxewaded ‘suoizedijdwod

Je|ndseA ‘sdulpas|q

930435 ‘||N “Ajljeow
SAD ‘Aleiow [eloAQ 128 00T

selwylAy.le pue
$90UBUNISIP UOI}ONPUOD
‘suoijedljduwiod JejnaseA ‘Hy
‘suonedljdwod Suipas|q

uoniuyap (s1eah) (%)a103s (%) 3je uonendod

1IN ‘%035 ‘Ajjero|N 508 19
awodIn0 98e S1SYysiH
ueajy|

(G 98e3s axD)

LW €4 T/Ulw/w GT > pue

‘(7 98e3s @MD) W €£°T

/uiw/ 1w 6Z-GT (qg 98e1s aMD)

LW ELT/UIW/TW H-0€

‘(e 98e3s AMID)

LW ELT/UIW/TW 6G-Gt

¥'€S 919

(@H) sisAjelpoway

21U0JYD UO 350y} pue aXD

(Ulw/Tw Qg >) 919A8s pue

‘(Ul/ W 6G-0€) d1e49pow

(uw/qu 68-09) pliw

8'€s (473

ce9 LSO'T

(Al dnou3) sisAjelp

pue ‘(j|| dnous) ,w /T
/ulw/qw ogs ‘(] dnoug) Jw e/'T
Ui/ 09 03 T€ ‘(| dnoJs)

Lvy 0T
W ELT/UW/ W 6T
pue GT usamiaq pue
LW ELT/UIW/ W 6G

pue Qg uaamiaq

(W € T/ulw/w GT>)

G a8e3s pue

(W e T/uIw/W 62-GT)

¥ 98e3s ‘(LW ££'T

Julw/quw 65-0€) €

a8e1s ‘(,w ££'T

Juiw/ w09 2 Y499)

667 SL0'T

lelol

W L T/ulW/ W 09 2 Y499

‘(Uuw/ W 062) Y493 [eWION

G 03 qg sa8e3s aMD

ZW ELT/UIW/TW 09< Y493

W ELT/UIW/W 09 = Y43

Z-1 sedels ayD

dnoug ainsodx3

sisAjelp
uo Ajsnoinald

@H 21uoyd uo
‘auluiesd wniss
|eanpasoudaud
uissin

saunpasoud
Aduasiowa
JuaMIapun
‘SOA|BA 1eay Jay3o
UO UOIJUdAI}UI JO
Uo[}eZ1Ie|NISEADS

Ateuo.od 3ujo8iapun

9s3yd 3|soy
40 eji0e uje|adiod

(5-17 s38e3s aXD)
uo112UNYSAp |eual
21U0JYD PAdUBAPY

sisAjelp ui Jo

W ELT/U/W GT

uey} ss9| adueses|d
€ Yum sjusijed

sisAjelp snoiaaid

pue aseasip

Asuppy a3ejs-pus
Yam sjualzed

eLIg)LId uoisn[oxg

aJnpasoud
YAVL 34}
910J9q Hoddns
sisAjelp Suuinbai paseq Apnjs Juoyod
jou sjusied ||y [eydsoH 9AI3Rdsold /10T
YAVL Juamiapun paseq Apnis 30yod
oym sjualjed ||y [endsoH  9AIDadsoliy £T10Z
Juawade|dal aneA
2J134oe ue aJinbau
OYM SY/ 3J9A3S JO
sisougelp e yum
paniwpe sjuaijed paseq Apnis 310yod
1INpe SAIIN23sSU0D Iy |epdsoH 9AIdadsold 9102
dAVL
JUaMISPUN OYM
SV dlrewoldwAs
219A3S Y3m paseq Apnis 10yod
sjuaed sANd3asUO)  [e3dsoH 9AI3dadsold 9102
suonnlnsul 8y} paseq Apn3s 110402
Jo sjusned YAVL IV [epdsoH aAadsold €102
YAVL Juamiapun
oym sjuaijed paseq Apnis Joyod
9ANJasuUO) |eudsoH  9AIdadsonRy  $T0T

12sap  Apnis Jo
juedpdiped  8umes

usisap Apnis  Jeap

AN

2ouel

Aey

[oeIs|

Aey

epeue)

uisuo

40 Auno)

SO13SIIS30BIEYD [BDIUID DY} pUE SBIPNIS PAPN[dUl 33 JO SaLleWIWNG

[IVER

|oruowng

o319,

J3UpoD

ozua2sy,q

apualy
Joyiny

T31avl



RATTANAWONG ET AL.

Bx | WILEY

(senunuo))

sjuaned

YAVL Ul Ayijepiow

1e2A-T asned-||e uoy

J0301pa.d Juedyiusis

€ S| 9Seas|p |eudl
219A3s dAIeIad0ald

DIV Suidojanap
JO sl J93eaud
e 19ju0d 0} Jeadde
Qululleald wnuas
aAnesado-aid
pa1eAs|d pue NG
Bunsixa-a4d Jo aouasaud
YL "'AMD yim

sjuanzed Joj 24es S| YAV L

sjuaned

YAVL uljou ing

‘sjuaned YAVS ul

Aegs Jo (psus| DI

pue ‘Aejs jo yidus|

[exdsoy ‘Ajijezsow

|e3idsoy-ul pasea.toul

UM pajeldosse sem
uoiPUNy [BUSL SUIUISIOAA

ZW/uUi/W 09> Y499
uaym @D 4O S|aA3)

||e Ul SSWOod3IN0 Ul
S20URJYIp JUedIUSIS
pamoys sisAjeue
snonuiuod “1 Yy
10/pue yjeap 4O s
paseasoul ue 0} spea)

93e3s gyD Suiseadu|

¥AV.L Sulodispun
sjuaijed ul
Ayjeniow [eydsoy-un
19Y31Y Yum pajerdosse
SIDIV "HAVL 121e
sawod3no [e3idsoy-ul
9SI0M dABY (Q¥ST

10 XD Ym spuaized

YAVL J9e DV
pue Ajljezow Jo ysu

2y} asealoul Jou
S20p @YD dAiesadoald

sioyine Aq
uojsnjpuod

suonedldwod
Je|naseA Jofew

‘IIN ‘SisAjeip mau
‘J19xewaded jusuewsd
M3U ‘930.3s ‘Sulpas|q
Jofew ‘Ayijeriow SAD

‘asned> Aue wolj yiesgd  G'v8 00T ¥'Zs 1€5T ‘Ulw/Tw 09< Y499
Aess Jo (p3ua) (pW €L°T/UW/TW 09< Y4D3)
||e4an0 ‘suoizedijdwod dnous gyD-ou pue (;w g/£'T
Jenasen ‘[N ‘AjlleloN €718 19 A 8Tl /uiw/qw 09> ¥499) dnois axd
peoj 1sesjuod
‘Aels Jo yi3us|
‘duluieasd agleydsip
‘NDI ‘uolie|iIusA
‘Buipas|q ‘aJnjiey [euss
Bujuasiom ‘sisAjelp ulw/ W OEs Y499
Mau ‘eluownaud pue ‘uiw/Ju 09-T¢ paseq
‘4v ‘@j0ks ‘uoisnysuel]  Z'z8 00T 8¢ LS9T [edSOH Y499 ‘Ulw/TW 09< Y493
dnou3 |013u0d e se SuInIas
Z pue T sadejs pauiquo)
(u/uw/w G >
¥499 = g adeys
WU/ 6z-GT
10449 = 7 98e)s
ZW/uIw/ W 65-0€ 40 4492 = €
Y104 jo ausodwod a3e)s ‘,w/uiw/ W 68-09
210 ‘13 JO Y49 = Z 98eys ‘ w/uiw/Jw 06<
juawalinbal mau ¥499 = T 33e1s @YD) Y499
‘asned Aue wolj yreag 96’18 VN €€'15 8LL'vY Aq paziues.o ‘sadejs G sey adD
uonejueduw
Jaxewsded
10 JuaWaJInbal
‘suojesl|dwod
Je|ndseA Jofew
‘Buipaa)q Jofew
‘o4 ‘|IN 83nde 90°GE PUE GO'GE SIP0d
‘SJUaA3 SAD ‘Ajljepiow ND-6-ADI 8uish payiuspl
[eydsoy-ut asnex-|ly  1°18 VN €¢s S2O'TY 21aM XD YHm spuaiied
uofjesadoal (LYY J0 pasu ay) 10 ‘%Gz ueyy
‘“Joxewaded mau ‘| ¥y 1918318 JO Y49 JO Isealdap
‘I “Ud149p d180j04N3U ‘191913 40 Ip/3w €0
jualsues) ‘9X043s ‘yjeap JO 3UJUIE3ID JO UOIIBAD)D)
oelpied ‘Ayjeriow Aep-og 9’18 VN 444 0LC IV ‘@siom pue ¢ a3e3s aXD
uoniuyap (s1eah) (%)a103s (%) 3le uonendod dnou8 aunsodx3
swoono  a8e SISYSIH le3oL
uesap

ulw/qu og > Y49 pue
‘ul/quw 09-1¢€ ¥49

YAVL Yim

uonejue|dsuesy pajea.y pue

|euau 3sod A13s13a1 ssadoe
‘ezep Suissiw 0} snonuiuod pue
anNp Y45 3y [} 1INLAVd 243 paseq Apnjs 11040d
9e[nojed Jouue) ui pajjoJud sjusnjed  [e3dsOH  9AI3DRds0.IRY  9TOZ vsn
sjuaned
sisAjelpoway ¥AVL Jusmispun paseq Apnjs Juoyod
JuoayD  spuaned aAndasuo)  [eadsoH  9AI3dRds0NRY  STOT N
s|eydsoy
aJeoyyjeay Alow
1e sjuswade|das
SA[EA D1JI0R
S|9A3] auluIeaID Pa1€[0SI SAIIN2ISUOD paseq Apnis 310yod
9|qeAsl}all|  ||e Jo) SpIodal [edlpal  [eNdSOH  9AI3dRds0.RY  £TOT vsn
dip 391483 [espw
J0 Jredas SAjeA |esjiw ¥AVL SuloSispun
PaAIDdal Jey} asoy) sjusnjed uo GT0Z
pue ‘quspuadap Jaquiaydas y3nouyy
sisAlelp Ajpuaind T10Z JoquanoN
JW/ulu/w ogT< wody Ai3si3al JAL
SjusWaINSEaW Y4 JDV/SLS paseq Apn3s 1ioyod
Yum sjualjed sy wou eje@ [epdsoq  2Andadsondy  LT0T vsn
YAVL
JUaMISpUN oYM
ays3a sleaA gT < a3e paseq Apnis Joyod
Yim sjusijed sjuaned |l [eydsoq  dARdadsondy  £10T vsn
J9juad ayy je
uolnejue|dwi
9A|eA D1Ioe
Ja)3Y3edsues)
sisAjelpoway |eaidesueJy paseq Apnis Juoyod
21UOJYD UO SJUdled  JuaMISpUN sjualed ||y [eldsoH andadsold €107 Aueusn
BLI9)LID uoIsn|IX3 uondudssp Apnis jo usisap Apnig Jesp uiSuio
juedpied  Sumass jo Aiauno)
(Panunuod)

ueinoy |

uewyey

UaAnSN

uasueH

eydno

[2g20D
Joyiny

T I1avl



WILEY-&2

RATTANAWONG ET AL.

ainpadsoud ayj Jaye
sajel Ajijesow ysiy jo
asnedaq 3uiduajjeyd
paJapIsuod [|13s si
 98e3s QXD Yam
sjuaned JoJ YAV.L
'S9WO02INO [BDIUD
wIapiw pue Apes Joy
UoIed1J11E1IS HSII SMO|[Ee
¥AVL 240)3q sade1s
aMD jJo uonedyisse;y

YAVL 404
uoljeIapIsuod

alow e ‘gy

219A9S ynm syuaned
Msu-y3iy |esiduns uo4
"aMd Yam sjusied
104 3s1 pasealdul

ue Jeaq 03 Waas Jou
so0p sisayisoid

SA[EARI0D BY} YHM YAVL

sioyine Aq
uoisnjpuo)

'$93E1S PaluN ‘YSN ‘wop3ury pajiun YN ‘Adesyl sAjeA Jajayiedsuel) ‘| Al Juswade|dal SAJBA DI1IOE J93ayledsuel) ‘YAYL ‘uoading dioeloy] 4o) A18100S ‘S1S

uonejuedw
Jaxewsaded ‘uoisnjsuel
‘suofjeal|dwod
Je|ndseA ‘@34eydsip je
sisAlelp 104 pasau ‘N
‘jons ‘I ‘Ajijeriow
‘Aeys [eydsoy Jo (pus  G'eg 00T

Ayljepsow Aep-0g
‘Adeusyy Juswade|das

uoniuyap (s1eah) (%)a103s (%) 3je uonendod

[eual ‘uoldouny eUY 8 00T
awo21nQ 98e SIS YsiH
uesy

AjpAnadsas ‘W 4T

/ulw/ W 6Z2-ST PUB ‘pi-0€ ‘65-S1
‘09 2 Y499 JO siseq ay3 uo

 98€3s gD pue ‘qg a8e3s ayd

1314 9 ‘eg 93e31s AMD ‘Z + T 98e1s XD
€z a3e3s QyD 01
jusjeAnbs ‘ulw/w 09s

118 661 Y499 |eanpadoid-aid

dnoug ainsodx3
|elol

YAVL dJ10j2q aH
Jejn3au 3ulARd9Y

14y
|euonuaniajul-aid
Joj pasu ul Jo gH
21uo.yd uo syusned
J0 YAV Joye
44y uipm

palp oym spuaijed

eLIg)LId uoisn[oxg

‘Juswade|dal SAjeA J1jJoe [BD13INS “YAVYS ‘Adelayl Juswade|dal [eusd ‘1 Yy ‘UoIFdJesUl [BIPJEIOAW ‘||A HUN SJeD DAISUDIUL ‘ND)| ‘2SESSIP JO UOIIeDIHISSE[D [BUOIFRUISIUL ‘OD)| ‘SISAleIpoway ‘QH ‘aseasip |euas a8e3s pus ‘Qys3
‘91eJ uoIjeJ}|l) Je|nIdwWo|3 Pajewllss Y499 UeNISeAOIpIed ‘SAD (9SeasIp ASupIy J1uUoIyd ‘gD ‘SISOuUdls dIloe ‘Sy ‘Aunful Asupp 93nde ‘MY ‘uone(juqly |eue ‘4y ‘ASojoipied Jo 939)|0D ueduswy QDY :Suol

A1qqy

YAVL
JUaMIapuUn oym paseq Apnis 310yod
sjuafjed aAlNd3SUOD)  [e3dsoH dAIpRdsold €102 dUel{ OjoWewer
sisayjsoad
SAEARI0D)
Y} YIM YAVL
Bulo3ispun gy
apess-ysiy
J1jewoldwAs paseq Apnis Joyod
yum sjuaned [endsoH  9Andadsosisy Z10oz  Auewssn ESEI
uondudsap Apnjs jo ugisap Apnls  Jeap uisuo Joyiny
ned  Suies 40 Auno)
(penunuo)) T 3I1avl



RATTANAWONG ET AL.

B2 | WILEY

(A) Study, CKD stages, year Risk Ratio ~ %Weigh
CKD 3 '
Allende. 2014 — 1.28 (0.89, 1.84) 6.46
Ascenzo 2013 —I—-G_ 2.96 (0.70, 12.44) 0.96
Dumonteil 2013 —— gl 1.51 (0.91, 2.51) 4.69
Hansen 2017 - 1.27 (1.11, 1.45) 9.74
Nguyen 2013 —_— 072 (0.21,2.44)  1.28
Thourani 2016 - 0.99 (0.70, 1.39) 6.75
Yamamoto 2013 (CKD 3a) by —m 1.37 (0.67,2.79) 3.06
Yamamoto 2013 (CKD 3b) —— 1.82(0.94,351)  3.41
Subtotal (I-squared = 0.0%, p = 0.553) 0: 1.26 (1.13, 1.41) 36.34
3 1
CKD 4
Allende. 2014 —— 1.71 (1.21, 2.42) 6.69
Ascenzo 2013 T g 3.45 (0.74, 16.06) 0.85
Dumonteil 2013 —_— 1.52 (0.64, 3.59) 2.30
Hansen 2017 == 1.90 (1.47,2.44) 8.12
Yamamoto 2013 —— 3.04 (1.43, 6.48) 2.80
Subtotal (I-squared = 0.0%, p = 0.614) :<> 1.89 (1.56,2.29)  20.75
3 1
CKD 5 '
Allende 2014 ——— 1.80 (1.07, 3.03) 4.57
Dumonteil 2013 —_ 1.52 (0.64, 3.59) 2.30
Ferro 2017 ——— 2.29 (1.17,4.47) 3.33
Goebel 2013 — 0.99 (0.40,2.42)  2.16
Gupta 2017 | = 258 (2.1, 3.16) 8.86
Hansen 2017 —_— 1.14(0.40,324) 168
Subtotal (I-squared = 38.4%, p = 0.150) o 1.93 (1.42, 2.62) 22.90
. 1
Nonspecific :
Gobel 2013 (CKD 3-4) —_— 0.99 (0.40, 2.42) 216
Gupta 2017 (CKD 3-4) -> 1.39 (1.24,155)  10.01
Nguyen 2013 (CKD 4-5) = 1.01 (0.11, 9.40) 0.42
Rahman 2015 (CKD 3-5) * > 3.49(0.40,30.32) 0.45
Thourani 2016 (CKD 4-5) —_— 174 (1.13,268) 554
Wessely 2015 (CKD 3-5) —_— 0.50 (0.16, 1.59) 1.43
Subtotal (I-squared = 6.6%, p = 0.374) O 1.39 (1.17,1.65)  20.00

1
Overall (I-squared = 60.9%, p = 0.000) o 1.56 (1.34, 1.80) 100.00
NOTE: Weights are from random effects analysis :
T T

(B) A 10
Study, CKD stages, year Risk Ratio  %Weight
CKD 3 [
Allende 2014 — 1.26 (0.90, 1.77) 23.44
Ascenzo 2013 — 2.47 (0.58,10.52) 1.93
Dumonteil 2013 —I—O— 1.35(0.78,2.33) 11.54
Thourani 2016 N 0.93 (0.61, 1.41)  17.56
Subtotal (I-squared = 0.0%, p = 0.455) <>| 1.18 (0.94, 1.49) 54.48
. 1
CKD 4 l
Allende 2014 = 1.74 (1.00,3.04) 11.21
Ascenzo 2013 r + 3.45(0.74,16.06) 1.73

Dumonteil 2013
Subtotal (I-squared = 0.0%, p = 0.609)

CKD 5

Allende 2014

Dumonteil 2013

Goebel 2013

Subtotal (I-squared = 0.0%, p = 0.558)

Nonspecific

Gobel 2013 (CKD 3-4)

Thourani 2016 (CKD 4-5)

Subtotal (I-squared = 0.0%, p = 0.963)

Overall (I-squared = 13.2%, p = 0.315)

—— 1.38 (0.54,3.53) 4.43
<> 175 (1.11,2.77)  17.37
'
|
1
——— 1.99 (0.99, 4.00)  7.61
—_— 3.02(1.22,7.45) 4.75
; 470 (0.94, 23.55) 1.57
g 250 (1.48,4.22) 13.93
1
|
' 1.55(0.42,5.62) 2.42
—— 1.60 (0.93,2.74)  11.81
< 1.59 (0.97,2.61) 14.22
1
1
<> 1.47 (1.20,1.81)  100.00

NOTE: Weights are from random effects analysis
T

A

FIGURE 2 Forest plot of 30-day overall mortality (A) and 30-day cardiovascular mortality (B) according to stage of CKD [Color figure can be

viewed at wileyonlinelibrary.com]

(RR = 1.19, 95% Cl: 0.97-1.45, I
Figure S3) as well as 30-day overall vascular complications (RR = 1.06,
95% Cl: 0.99-1.14, I? =

did not reach statistically significant.

= 0.0%) (Supporting information

0.0%) (Supporting information Figure S4) but

Subgroup analysis of CKD stage 4 increased risk of cerebrovascu-
lar accident (RR = 1.89, 95% Cl: 1.22-2.94, I? = 0.0%) but did not

reach statistically significant in overall CKD when compared to control
(RR = 1.19, 95% ClI: 0.95-1.50, |2 = 26.9%).

Similar to risk of mortality, risk of 30-day overall bleeding increased
with severity of CKD for stages 3, 4, and 5, respectively (RR = 1.19,
1.63, and 2.12) (Figure 4A) as well as 30-day major bleeding (RR = 1.09,
1.12, and 1.86) (Figure 4B).
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(A) Study, CKD stages, year

WILEY-£2

Risk Ratio  %Weigh

CKD 3 !

Allende 2014 Bt 1.18 (0.98,1.42) 22.59

Ascenzo 2013 e 1.18 (0.46,3.07) 2.76

Codner 2016 —_— 1.12(0.59,2.12) 5.59

Thourani 2016 e 1.24 (0.93,1.66) 16.23

Subtotal (I-squared = 0.0%, p = 0.988) ! 119 (1.02,1.39) 47.17
'

- 1

CKD 4 !

Allende 2014 —— 1.63 (1.21,2.21) 15.45

Ascenzo 2013 - 2.76 (1.05,7.27) 2.69

Codner 2016 |—— 2.22(1.53,3.23) 12.12

Subtotal (I-squared = 8.7%, p = 0.334) > 1.90 (1.48,2.43) 30.27
1

. 1

CKD 5 I

Allende 2014 L — 1.29 (0.81,2.06) 9.04

Codner 2016 : 1.01(0.31,3.30) 1.85

Subtotal (I-squared = 0.0%, p = 0.707) :j|> 1.25(0.81,1.93) 10.90

. 1
1

Nonspecific !

Thourani 2016 (CKD 4-5) —— 1.62(1.10,2.39) 11.67

Subtotal (I-squared = .%, p =) = 1.62(1.10,2.39) 11.67
1

Overall (I-squared = 36.2%, p = 0.118) é 1.44 (1.22,1.70) 100.00
X

NOTE: Weights are from random effects analysis .

T T
(B) A 1 10
Study, CKD stages, year Risk Ratio  %Weigh

CKD 3

Allende 2014

Ascenzo 2013

Codner 2016

D'errigo 2015

Hansen 2017

Thourani 2016

Yamamoto 2013 (CKD 3a)

1.07 (0.90, 1.28) 6.77
1.97 (0.93,4.19) 227
1.66 (0.95,2.90) 3.33

—— 1,52 (1.25,1.85) 6.56
- 1.27 (1.18,1.38) 7.45
= 1.04 (0.88,1.23) 6.81

—— 1.34 (0.83,2.16) 3.94

Yamamoto 2013 (CKD 3b) — 1.71(1.09,2.68) 4.15
Subtotal (I-squared = 55.8%, p = 0.027) < 1.28 (1.13,1.45) 41.29
. 1
CKD 4 X
Allende 2014 —— 1.35(1.01,1.81) 5.64
Ascenzo 2013 ——— 2.11(0.92,4.88) 1.96
Codner 2016 |— 3.01(1.72,5.26) 3.33
D'errigo 2015 —— 2,02 (1.57,2.60) 6.04
Hansen 2017 - 1.75 (1.50,2.03) 6.97
Subtotal (I-squared = 50.2%, p = 0.091) < 1.82(1.49,2.23) 23.94
. 1
CKD 5 X
Allende 2014 —— 1.72(1.33,2.22) 6.03
Codner 2016 — 2.25(0.93,5.44) 1.80
D'errigo 2015 | —— 2.87 (2.04,4.03) 5.16
Ferro 2017 | —— 2.46 (1.90,3.18) 5.99
Hansen 2017 —_—— 1.32(0.71,2.45) 2.96
Subtotal (I-squared = 56.5%, p = 0.056) <> 2.12(1.63,2.75) 21.94
. 1
Nonspecific X
Rahman 2015 (CKD 3-5) —_— 1.24 (0.65,2.36) 2.80
Thourani 2016 (CKD 4-5) - 1.66 (1.34,2.06) 6.43
Yamamoto 2013 (CKD 4-5) j— 291 (1.73,490) 3.60
Subtotal (I-squared = 60.0%, p = 0.082) = 1.83(1.22,2.74) 12.83
. 1
Overall (l-squared = 80.3%, p = 0.000) <> 1.66 (1.45,1.91) 100.00
NOTE: Weights are from random effects analysis :

T T

A 1 10

FIGURE 3 Forest plot of long-term cardiovascular mortality (A) and long-term overall mortality (B) according to stage of CKD [Color figure can

be viewed at wileyonlinelibrary.com]

Meta-regression was performed in 30-day overall mortality, long-term
overall mortality, 30-day pacemaker implantation, and overall bleeding.
Stages of CKD were significant sources of heterogeneity for 30-day overall
mortality (P = 0.024), long-term overall mortality (P = 0.001), and overall
bleeding (P = 0.021). As shown in subgroup analysis in Figure 2A, hetero-
geneity of 30-day overall mortality analysis decreased to 0%, 0%, and
38.4% in CKD stages 3, 4, and 5 subgroups, respectively. Heterogeneity of

long-term overall mortality also decreased to 55.8%, 50.2%, and 56.5% in
CKD stages 3, 4, and 5 subgroup, respectively (Figure 3B). However, stages
of CKD and high-risk preoperative evaluation were not significant sources
of heterogeneity of 30-day pacemaker implantation (P = 0.246 and
P = 0.355, respectively). According to sensitivity analysis, no study was
found to be a source of heterogeneity in 30-day major bleeding, 30-day

overall mortality, and long-term overall mortality.
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(A) Study, CKD stages, year Risk Ratio  %Weigh
T
CKD 3 l :
Allende 2014 - 1.03 (0.72, 1.47) 8.10
Ascenzo 2013 _°:|:|._ 0.70 (0.30, 1.65)  4.31
Codner 2016 1,66 (0.75,3.69)  4.65
Dumonteil 2013 - 0.77 (0.59, 1.00) 8.84
Nguyen 2013 Lo 2.29 (0.21,24.94) 0.89
Thourani 2016 —— 2.25 (1.54, 3.29) 7.90
Subtotal (l-squared = 78.5%, p = 0.000) <> 1.19(0.75,1.89)  34.68
1
N 1
CKD 4 |
Allende 2014 :—0— 2.39 (1.40, 4.08) 6.58
Ascenzo 2013 —0—:— 0.99 (0.36, 2.67) 3.59
Codner 2016 | ——— 5.19 (2.43,11.09) 4.90
Dumonteil 2013 — 0.57 (0.32,1.04)  6.06
Subtotal (l-squared = 87.3%, p = 0.000) = 1.63(0.62,4.31) 21.12
. 1
CKD 5 !
Allende 2014 —— 2.15(1.49, 3.11) 7.99
Codner 2016 | —— 7.90 (2.76,22.60) 3.34
Dumonteil 2013 —_— 1.00 (0.54, 1.87) 5.85
Gupta 2017 - 2.13(1.85,2.45)  9.61
Subtotal (I-squared = 74.0%, p = 0.009) L 212(1.39,3.23)  26.81
1
N 1
Nonspecific !
Gupta 2017 (CKD 3-4) - 1.35(1.27,1.44)  9.87
Nguyen 2013 (CKD 4-5) —e- > 3.46 (0.12, 100.29) 0.47
Thourani 2016 (CKD 4-5) —— 2.64(1.63,4.26) 7.05
Subtotal (I-squared = 73.9%, p = 0.022) < 1.83(1.00,3.34)  17.39
1
Overall (I-squared = 86.0%, p = 0.000) ¢ 1.60 (1.26, 2.02) 100.00
NOTE: Weights are from random effects analysis .
| |
(B) N 1 10
Study, CKD stages, year Risk Ratio  %Weigh
CKD 3 ‘ |
Allende 2014 —0—:' 1.03 (0.72, 1.47) 9.51
Ascenzo 2013 —_— 0.70 (0.30, 1.65) 4.78
Dumonteil 2013 —— 0.77 (0.59, 1.00) 10.49
Thourani 2016 ! —_— 2.25(1.54,3.29) 9.24
Subtotal (I-squared = 86.2%, p = 0.000) <:> 1.09 (0.64, 1.87) 34.01
. 1
CKD 4 |
Allende 2014 —— 2.39 (1.40,4.08) 7.55
Ascenzo 2013 : 0.99 (0.36, 2.67) 3.94
Dumonteil 2013 —_— 0.57 (0.32, 1.04) 6.90
Subtotal (I-squared = 83.8%, p = 0.002) ——=———_1 T ——= 1.12 (0.42,2.98) 18.38
1
. 1
CKD 5 !
Allende 2014 | — 2.15(1.49,3.11) 9.37
Dumonteil 2013 ; 1.00 (0.54, 1.87) 6.64
Gupta 2017 : - 2.13 (1.85,2.45) 11.55
Subtotal (I-squared = 62.8%, p = 0.068) . 1.86 (1.34,2.58) 27.56
. 1
Nonspecific :
Gupta 2017 (CKD 3-4) - 1.35(1.27,1.44) 11.91
Thourani 2016 (CKD 4-5) | —— 2.64 (1.63,4.26) 8.14
Subtotal (I-squared = 86.4%, p = 0.007) _ — 1.81(0.94, 3.46) 20.05
1
. |
Overall (I-squared = 88.2%, p = 0.000) <> 1.40 (1.10, 1.78) 100.00
1
NOTE: Weights are from random effects analysis !
T T

A

1

FIGURE4 Forest plot of 30-day overall bleeding increased with severity of CKD (A) as well as 30-day major bleeding (B) [Color figure can be

viewed at wileyonlinelibrary.com]

3.3 | Quality assessment of included studies

Quality of each study was evaluated by two independent authors (PC,
WV). The Newcastle-Ottawa scale (0-9) was used to evaluate included
studies on three domains: selection, comparability, and outcomes.
Higher scores represent higher study quality. The score of each study

ranged from 7 to 9 which reflected high quality (Supporting information

Table S1). Intra-study risks of bias of included studies are also described
in supplement Table 2.

Funnel plots of long-term overall mortality, long-term cardiovas-
cular mortality, 30-day overall mortality, and 30-day cardiovascular
mortality are shown in Figure 5. Funnel plots were symmetric for
long-term cardiovascular mortality and 30-day mortality. However,

funnel plots were asymmetric for long-term overall mortality and
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(A) Funnel plot with pseudo 95% confidence limits
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(B) Funnel plot with pseudo 95% confidence limits
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FIGURE 5

mortality (D) [Color figure can be viewed at wileyonlinelibrary.com]

30-day cardiovascular mortality. By Egger's test, there was significant
publication bias regarding long-term overall mortality (P = 0.019) and
30-day cardiovascular mortality (P = 0.006). Funnel plots for 30-day
cerebrovascular accident, 30-day pacemaker implantation, 30-day
major bleeding, 30-day overall bleeding, and 30-day vascular compli-

cations were symmetric (not shown).

4 | DISCUSSION

To date, there is limited evidence regarding the association between
varying CKD stages and outcomes in patients undergoing TAVR. Our
study is the first meta-analysis to address the association between
TAVR complications and CKD stages.

Several comorbidities are known to be associated with poor out-
comes in patients who receive TAVR. According to the Edwards
SAPIEN Aortic Bioprosthesis European Outcome (SOURCE) Registry,
which was conducted in 1,038 patients, CKD was among the stron-
gest independent predictors of 30-day mortality in patients undergo-
ing TAVR.Y® A meta-analysis published in 2018 demonstrated an
association between advanced CKD, including stages 4 and 5, and
higher mortality in high-risk patients undergoing TAVR. However, this
study did not demonstrate association between early and advanced

stages of CKD and outcomes. Moreover, several studies that were

(C) Funnel plot with pseudo 95% confidence limits
o4
} 4 N
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(D) Funnel plot with pseudo 95% confidence limits
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Funnel plots of long-term overall mortality (A), long-term cardiovascular mortality (B), 30-day mortality (C), and 30-day cardiovascular

included in that meta-analysis used CKD stage 4, instead of a normal
kidney function control, as a control compared to CKD stage 5.17:18
Therefore, selection bias of cases and controls was, in our opinion, a
major limitation in the previous meta-analysis.

Previous work from Hansen et al. reported significantly increased
mortality in stage 3 CKD patients who underwent TAVR.Y® However,
most studies conducted prior to Hansen et al.2°~2° found this associa-
tion insignificant. The association between stage 4 or 5 CKD and
increased mortality was

reported as significant in later

studies.}?2925-28 However, several studies did not report significant
association between CKD and risk of mortality in TAVR patients.?? 32
Our meta-analysis demonstrated the association between CKD and
30-day overall mortality, 30-day cardiovascular mortality, long-term
cardiovascular mortality, and long-term overall mortality. In meta-
regression, stages of CKD also showed to be a significant source of
heterogeneity thus confirming the significant correlation between the
progression of stages of CKD and 30-day overall mortality, overall
bleeding, and long-term overall mortality.

CKD is an established risk factor for stroke.’?3® Our study
showed that CKD stage 4 was associated with increased 30-day cere-
brovascular accidents. Nonetheless, the association was not signifi-
cant in CKD stage 3 and stage 4 patients due to lack of power in
included studies since there were a limited number of included studies

that reported the incidence of stroke.
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Several mechanisms lead to bleeding tendency in CKD patients.
Platelet dysfunction progresses as CKD advances. The mechanisms
are multifactorial including uremic toxins, anemia, and increased nitric
oxide.®* Our study revealed that CKD progression was associated
with increased 30-day major bleeding. The association, however, was
insignificant in CKD stages 3 and 4. This could be attributed to het-

erogeneity among studies and underpower.

5 | LIMITATIONS

Our meta-analysis is not without limitations. First, included studies
were prospective and retrospective cohorts that were observational
in nature. Hence, they were subject to confounders; however, a
randomized-controlled trial would be impractical. Second, certain out-
comes reported in the studies varied slightly in their definitions and
durations. Random-effect modeling was, therefore, used for the meta-
analysis. Third, the included studies were conducted mostly in Cauca-

sian populations.

6 | CONCLUSION

Stage of CKD prior to procedure positively correlated with overall
bleeding complication, 30-day mortality, and long-term overall mortal-
ity in patients undergoing TAVR. The presence of CKD, from early to
advanced stages, provides prognostic information that should be

taken into account when considering a patient for TAVR.
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