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ABSTRACT

INTRoDUCTION ~ Chronic kidney disease (CKD) is frequent in patients treated with transcatheter aortic valve
replacement. Yet, the procedure can improve kidney function, that is, it can lead to acute kidney recovery (AKR).
0BJECTIVES  The aim of the study was to assess kidney function changes after transcatheter aortic valve replace-
ment and their impact on long-term outcomes.

PATIENT AND METHODS  In 432 patients (median age, 83 years; female sex, 63.4% ), estimated glomerular filtra-
tion rate (eGFR) was measured before and after the procedure. Chronic kidney disease was defined as a prior
diagnosis or baseline eGFR of less than 60 ml/min/1.73 m2. Median (interquartile range [IQR]) follow-up was
44.7 (31.2-48) months.

RESULTS  Overall, 66.7% of patients had CKD. An increase in eGFR of 10% or greater at 48 hours (median [IQR],
39.8% [26.2%—51.8%]) was observed in 55.2% of patients with CKD and lasted until discharge (31.8% [17.8%—49%])
in 35.8% (the AKR group). In 17.4% of patients (64.3% with CKD), there was a drop in eGFR of 10% or greater
at 48 hours, which remained at discharge in 6.5% of patients (the AKI group; median [IQR] eGFR drop, —22.8%
[-40.6% to —14.9%] and —22.8% [-37.5% to —16.2%], respectively). There was a stepwise increase in AKR
prevalence from CKD stage 1 and 2 (11.5%) to 4 (52%) (P = 0.03). In-hospital mortality (P = 0.01) was highest
with AKI (10.7%); intermediate with CKD but no AKR (6.6%); and lowest with neither CKD nor AKI (1.5%) or with
AKR (1%). Estimated 4-year mortality was correspondingly different (46.9%, 47.2%, 25.5%, 35.4%, respectively;
P <0.001). The nonperipheral access was associated with more AKI and less AKR. Acute kidney recovery was
more frequent with a history of stroke or transient ischemic attack or a newer generation self-expanding valves.
concLusions  Transcatheter aortic valve replacement led to acute kidney recovery in a substantial number of
patients with CKD and an improved 4-year survival.

INTRODUCTION  Chronic kidney disease (CKD)
is frequent in patients treated with transcathe-
ter aortic valve replacement (TAVR; 70%)' with
a stepwise increase in subsequent mortality (early
and long-term) with decreasing estimated glomer-
ular filtration rate (eGFR)."? Acute kidney injury
(AKT) occurs after successful TAVR in 3.4% to 57%
of patients, is more frequent in those with lower
baseline eGFR, and adds to an early and 1-year
mortality.>* Although CKD is usually irreversible
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and progressive, an improvement in eGFR of 25%
or greater at 48 hours after TAVR was found in
every fourth of those with baseline eGFR of
60 ml/min/1.73 m? or less.® The average increase
in eGFR found immediately after TAVR was 8%
to 17% and was maintained at 1 and 6 months of
follow-up, especially for more advanced CKD stag-
es.5” There are only 2 studies providing conflicting
results regarding the long-term clinical impact of
acute kidney recovery (AKR) after TAVR: 1) one



WHAT'S NEW?

Chronic kidney disease (CKD), frequent among patients treated with transcath-
eter aortic valve replacement (TAVR; 70%), has a profound impact on mortality.
TAVR can improve kidney function, that is, can lead to acute kidney recovery
(AKR). We documented the independent prognostic value of AKR after TAVR
in a long-term follow-up implementing AKR definition relying on an increase
in estimated glomerular filtration rate (eGFR) that persists till the discharge,
which is vital for proper analysis. Successful TAVR led to an increase in eGFR
of 10% or greater after the procedure in 55.2% of patients with CKD, lasting
until discharge in only 35.8% of patients (AKR). In 17.4% of all patients, there
was a drop in eGFR of 10% or greater at 48 hours after TAVR that persisted
at discharge in 6.5% of patients (acute kidney injury, AKI). Those with CKD
and AKR had improved in-hospital and long-term outcomes that were similar
to the most favorable prognosis of those with neither CKD nor AKI. Both
phenomena remained predictive even after adjustment for other risk factors.

reported a 10% or greater increase in eGFR at 30
days postprocedure in 42% of those with baseline
eGFR of 60 ml/min /1.73 m? or less, but without
any favorable effect on 30-day-to-12-month mor-
tality (selected patients from PARTNER-1 [Place-
ment of Aortic Transcatheter Valve Trial 1]); and
2) the other reported serum creatinine decrease
of 0.3 mg/dl or greater in 37% of patients within
7 days after TAVR that was associated with 13.2%
lower 1-year mortality.® The present report an-
alyzes long-term (>1 year) outcomes of patients
with early (48 hours) signs of AKI or AKR that
were sustained when analyzed again at discharge
along with clinical correlates of AKI or AKR.

PATIENTS AND METHODS  Out of 445 consecutive
patients treated between August 2009 and Octo-
ber 2017, after excluding patients with failed de-
vice implantation (n = 8) or death at day 0 (n = 5),
there were 432 patients with TAVR success. All
patients were qualified by the Heart Team and
signed informed consent, and the study com-
plied with the Declaration of Helsinki and was
approved by the local ethics committee.

From the hospital database, we retrospective-
ly retrieved serial eGFR measurements calculat-
ed at baseline, at 48 hours after the procedure,
and at discharge. Creatinine levels were measured
at least once daily during an intensive care unit
stay and at the physician’s discretion thereafter
using the Cobas C501 analyzer (F. Hoffmann-La
Roche AG, Basel, Switzerland).

Estimated glomelural filtration rate was calcu-
lated by the MDRD equation: eGFR =186 x (plas-
ma creatinine level [in mg/dl] - 1.154 x (age [in
y]) - 0.203. For women, the product of this equa-
tion was multiplied by 0.742.°

Relative changes in eGFR were calculat-
ed as follows: A% eGFR = 100% x (eGFR mea-
sured at 48 hours post-TAVR and at discharge
or the latest results prior to death/baseline) -
100%. AKI was defined as a decrease in eGFR
of 10% or greater at 48 hours persisting at the
time of discharge; AKR was defined as an increase

of 10% or greater at 48 hours persisting at dis-
charge.?" Patients with CKD either had a history
of CKD or a decreased baseline eGFR of less than
60 ml/min/1.73 m? Patients with CKD were strat-
ified: stage 1 and 2 (eGFR 260 ml/min/1.73 m?);
stage 3 (eGFR 30-60 ml/min/1.73 m?); stage
4 (eGFR 15-30 ml/min/1.73 m?); and stage 5
(eGFR <15 ml/min/1.73 m? plus those treated
with renal replacement therapy). We divided pa-
tients into the following groups: 1) no CKD and
no AKI; 2) AKR in patients with pre-existing CKD;
3) patients with pre-existing CKD and neither AKI
nor AKR; and 4) AKI regardless of pre-existing
renal function.

Data regarding baseline clinical characteristics,
and procedural variables were prospectively gath-
ered. In-hospital outcomes were prospectively col-
lected in accordance with the standardized end-
-point definitions by VARC-2. All patients were
followed on regular periodic visits. Survival sta-
tus and date of death were obtained from both
the National Registry of Population and the valve
policlinic. The primary endpoints were all-cause
1-year and 4-year mortality with 100% follow-up
at 12 and 24 months, 88.4% at 36 months, and
82.4% at 48 months.

Patients underwent pre- and postprocedur-
al echocardiography for maximal and mean aor-
tic valve gradients, valve area, and left ventricle
ejection fraction (LVEF). Electrocardiography-
-gated computed tomography was used for ac-
cess site selection and valve sizing (SOMATOM’,
Siemens Healthineers, Erlangen, Germany). Cor-
onaries were examined.

The procedure was performed as previously
described.'? TAVR was performed with either
a self-expandable supra-annular device, early
generation CoreValve or newer generation Evo-
lut R or Evolut PRO (CoreValve ReValving Tech-
nology, Medtronic Inc., Minneapolis, Minneso-
ta, United States); Acurate neo (Boston Scientif-
ic Corporation, Maple Grove, Minnesota United
States); or Engager (Medtronic, Inc.); a balloon
expandable early generation Edwards SAPIEN
or SAPIEN XT or newer generation SAPIEN 3
(Edwards Lifesciences, Irvine, California); or
a new-generation self-expanding intra-annular
Lotus Edge Aortic Valve System (Boston Scien-
tific Corporation).'

Statistical analysis Categorical data were pre-
sented as numbers and frequencies and com-
pared with the X? test or the Fisher exact test.
The 1-sample Kolmogorov—Smirnov test was
used to verify distribution (normal vs non-
uniform) of continuous parameters. Normal-
ly distributed variables were compared using
the t test and the Fisher analysis of variance.
The Mann-Whitney test and the Kruskal-Wal-
lis analysis of variance were used for compari-
sons of variables with nonnormal distributions.
All continuous variables were presented as medi-
ans and interquartile ranges (IQRs). Demograph-
ic, clinical, and procedural characteristics as well
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FIGURE 1 Number of
patients stratified by
chronic kidney disease
and acute kidney injury or
acute kidney recovery.
Abbreviations: AKI, acute
kidney injury; AKR, acute
kidney recovery; CKD,
chronic kidney disease;
eGFR, estimated
glomerular filtration rate
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as echocardiographic parameters were used to
search for independent predictors of AKI or AKR
and long-term all-cause mortality. The binary lo-
gistic regression was used to search for correlates
of AKI or AKR and entry criteria for multivariable
model was P value of less than 0.15 in the uni-
variable analysis (due to the low assumed inci-
dence of AKI and overall limited study popula-
tion). Independent long-term all cause-mortality
predictors were identified using the Cox propor-
tional hazards regression and entry criteria for
multivariable model was a P value of less than
0.05 in the univariable analysis. The predictive
importance on mortality of the study categories
of patients (CKD but neither AKR nor AKI, AKI,
and AKR) was analyzed in reference to the prog-
nosis of the no-CKD-and--no-AKI group, in uni-
variable and multivariable analysis. Important-
ly, predictive importance of AKR occurrence was
additionally analyzed in the subset of patients
with CKD. Cumulative survival rates were as-
sessed using the Kaplan-Meier analysis, com-
pared with the log-rank test, and adjusted for
multiple comparison using the Bonferroni meth-
od. A P value of less than 0.05 was considered sig-
nificant. The statistical analysis was performed
using the Statistical Package for Social Scienc-
es, version 16.0 (SPSS, Chicago, Illinois, Unit-
ed States).

RESULTS Weincluded 432 patients with the me-
dian (IQR) age of 82 (77-85) years (range, 40-
92 years). Most were female (63.4%), and most
(67.6%) were categorized as surgical high-risk.
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No CKD

(no prior diagnosis and baseline
eGFR =60 ml/min/1.73 m?)

Overall, 288 patients (66.7%) had CKD, out
of whom 26 (9%) had a prior CKD diagnosis, but
baseline eGFR of 60 ml/min/1.73 m? or greater
(stage 1 and 2 CKD). Out of 288 patients with
CKD, 159 (55.2%) had an increase in eGFR of
10% or greater at 48 hours and 103 out of those
patients (64.8%) had the same value persisting
at discharge (the AKR group; 35.8% of those with
CKD). There were 75 patients (17.4%) with a de-
crease in eGFR of 10% or greater at 48 hours and
28 patients (6.5%) with a decrease in eGFR of 10%
or greater persisting at discharge (the AKI group;
of whom 18 [64.3%] had CKD). Among 167 CKD
patients, 58% had neither AKR nor AKI. Finally,
there were 134 patients (31%) without CKD who
did not have AKI (FIGURE 1).

The baseline eGFR was lowest in patients with
CKD (especially those with AKR), intermediate
in those with AKI (regardless of baseline kidney
function), and highest in those without CKD and
without AKI (1aBLE 1). The percentage increase in
eGFR at 48 hours was greater in those with AKR
versus those with an increase in eGFR of 10% or
higher at 48 hours that was not sustained at dis-
charge (median [IQR], 39.8% [26.2%-51.8%] vs
30.7% [17.6%-41.7%]; P = 0.048, respectively).
The percentage decrease in eGFR was similar be-
tween those with AKI as compared with those
with a decrease in eGFR of 10% or greater at 48
hours that was not sustained at discharge (medi-
an [IQR], -22.8% [-40.6% to -14.9%] vs -22.3%
[-35.7% to -16.3%]; P = 0.43, respectively).

There was a stepwise increase in the rate
of AKR from CKD stage 1 and 2 (3 out of 26



TABLE 1 Comparison of baseline demographic and clinical characteristics with pre- and postprocedural echocardiographic parameters in the study

groups

Characteristic

No CKD, no AKI

G

CKD, no AKR, no AKI

AKI

Estimated glomerular filtration rate

(n=134)

(n = 167)

(n = 28)

At baseline, ml/min/1.73 m? 73.1(67.1-83) 46.3 (37.5-53.6) 46.8 (38.2-55.7) 62.2 (46.4-74.8) <0.001
At 48 hours, ml/min/1.73 m? 84.8 (72.1-90) 62.6 (52.3-75.3) 48.5 (33.7-61.3) 40.9 (32.6-60.6) <0.001
% change at 48 hours 6.3 (0-17.4) 39.8(26.2-51.8) 2.7(-7.7t0 19.5) —-22.8 (-40.6 to —14.9)>  <0.001
At discharge, ml/min/1.73 m? 76 (65.3-87) 61.5(51.1-68.9)° 48.9 (38.5-57.3) 41.4 (34.3-57.3) <0.001
% change at discharge 0(-8.5t0-11.5) 31.8 (17.8-49)2 0.1(-7.4t08.9) —22.8 (-37.5t0 16.2) <0.001
Baseline demographic and clinical characteristics

Surgical high-risk 67 (50) 82 (79.6) 124 (74.3) 19 (67.9) <0.001
Age, y 81 (76-85) 82 (78-85) 82 (78-86) 81 (75.5-85) 0.04
Female sex 83(61.9) 68 (66) 107 (64.1) 16 (57.1) 0.82
Body mass index, kg/m? 26 (23-29) 26.7 (24.3-31.2) 26.7 (24.2-29.4) 28 (25.9-32)° 0.02
Diabetes mellitus 40 (29.9) 37(35.9) 69 (41.3) 14 (50) 0.1
Hypertension 97 (72.4) 84 (81.6) 132(79) 20(71.4) 0.3
Dyslipidemia 34 (25.4) 25(24.3) 43 (25.7) 8 (28.6) 0.97
Previous stroke or TIA 9(6.7) 25 (24.3) 22 (13.2) 5(17.9) 0.002
Peripheral vascular disease 18 (13.4) 15 (14.6) 16 (9.6) 3(10.7) 0.6
Chronic obstructive lung disease 20(14.9) 9(8.7) 22 (13.2) 5(17.9) 0.44
Previous cardiac surgery 26 (19.4) 20(19.4) 32(19.2) 7 (25) 0.91
Previous PCI 32(23.9) 37(35.9) 53 (31.7) 8 (28.6) 0.22
Previous Ml 25 (18.7) 20(19.4) 42 (25.1) 8 (28.6) 0.4
Atrial fibrillation 27 (20.1) 34 (33) 52 (31.1) 11(39.3) 0.05
Pacemaker implanted 14 (10.4) 19 (18.4) 29 (17.4) 4(14.3) 0.28
PCI within 90 days pre-TAVR 11(8.2) 12 (11.7) 17(10.2) 5(17.9) 0.47
Echocardiographic parameters

Index LVEF <50% 20(14.9) 30(29.1) 42 (25.1) 6 (21.4) 0.05
Baseline max AVG, mm Hg 84 (70.3-104.9) 81.6 (66-97) 84.1 (68.2-97.7) 83 (60-92) 0.58
Baseline mean AVG, mm Hg 52 (44-64.2) 50.3 (41.8-61.4) 50 (40.9-63.2) 49 (35.8-53.8) 0.44
Baseline AVA, cm? 0.7 (0.54-0.8) 0.67 (0.5-0.8) 0.63 (0.53-0.8) 0.71 (0.53-0.86) 0.3
Post-TAVR max AVG, mm Hg 17.5(12-23.3) 16 (12-20) 16 (12-22) 19 (10.1-28.8) 0.51
Moderate paravalvular leak 32(23.9) 30(29.1) 51 (30.5) 10 (35.7) 0.48

Data are presented as number (percentage) or median (interquartile range).

a P <0.05 for the comparison of patients with and without AKR (only in patients with CKD)

b P <0.05 for the comparison of patients with and without AKI

Abbreviations: AVA, aortic valve area; AVG, aortic valve gradient; LVEF, left ventricular ejection fraction; max, maximal; MI, myocardial infarction;
PCI, percutaneous coronary intervention; TAVR, transcatheter aortic valve replacement; TIA, transient ischemic attack; others, see FIGURE 1

[11.5%]) to CKD stage 3 (85 out of 230 [37%]),
to CKD stage 4 (13 out of 25 [52%]), followed
by a drop in the rate of AKR in patients with
CKD stage 5 (2 out of 7 [28.6%]; P = 0.03). On
the other hand, AKI occurred more frequent-
ly in CKD stages 1 and 2 (6 out of 26 [23.1%])
and stage 5 (1 out of 7 [14.3%]) as compared
to CKD stage 3 (4.8%, 11/230) and stage 4 (0;
P =0.004) (FIGURE 2).

Detailed serial values of eGFR (measured
at baseline, after the procedure, and at dis-
charge) are presented in Supplementary mate-
rial (Figures S1-S3) and stratified by CKD stages.

Most patients with CKD (without or with
AKR) and most with AKI were categorized as

surgical high risk (asLe 1). With regard to body
mass index, patients without CKD had the low-
est values, those with CKD (without or with
AKR) had intermediate values, and those with
AKI had the highest values. Diabetes mellitus
was more frequent in patients with CKD (but
less frequent in those with AKR), with the high-
est prevalence in those with AKI. Patients with
AKR or patients with AKI most often had a his-
tory of stroke, transient ischemic attack (TIA),
or atrial fibrillation. There were no differenc-
es in the severity and etiology of aortic steno-
sis between the study groups. However, LVEF
of less than 50% was more common in patients
with CKD and AKI.
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CKD 1-2
(n = 26)

CKD 3
(n = 230)

CKD 4
(n = 25)

CKD5
(n=7)

AKI Neither AKR nor AKI - AKR A% eGFR at discharge (median [IQR]) =
[ ]
AKR OVERALL
23.1% 65.4% 11.5%
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FIGURE 2 The incidence of acute kidney injury or acute kidney recovery in patients at different stages of chronic kidney disease, along with

the corresponding percentage estimated glomerular filtration rate value measured at discharge (calculated separately for the acute kidney recovery
subgroup and the overall patients group).

Abbreviations: IQR, interquartile range; others, see FIGURE 1
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The transapical or direct aortic access was used
more frequently in patients with AKI and less fre-
quently in patients with AKR (35.7% vs 4.9%;
P <0.001; 1ABLE 2). Patients with AKR more often
had newer valve types, whereas those with AKI
tended to have older valve types. Similarly, pa-
tients with CKD who had AKR were treated more
often using newer generation of self-expanding
valves (41.7% vs 21.4%; P = 0.049; TABLE 2). Af-
ter adjustment for other confounders, the trans-
apical or direct aortic access was associated with
more frequent AKI and less frequent AKR. Also,
patients with CKD and a history of stroke or TIA
were more likely to have AKR (TABLE 3).

The median (IQR) follow-up was 44.7 (31.2-
48) months. Overall, a combined VARC-2 safety
endpoint was recognized in 117 patients (27.1%),
with in-hospital and 1-year mortality rates of
3.9% (n =17) and 17% (n = 58), respectively. Es-
timated 4-year mortality was 37.2%.

Life-threatening or disabling bleeding more
often occurred in patients with AKI and less fre-
quent in those with AKR (7ABLE 4). In-hospital
(P =0.01) and 1-year mortality (P = 0.002) were
highest in those with AKI (10.7% and 28.6%); in-
termediate in those with CKD but no AKR (6.6%
and 18.6%); and lowest in those with neither CKD
nor AKI (1.5% and 7.5%) or in those with AKR
(1% and 8.7%) (1ABLE 4). Interestingly, in-hospital
and 1-year mortality rates in 28 patients with AKI
were similar for those with (n = 18; 64.3%) and
without (n = 10; 35.7%) prior CKD (11.1% vs 10%
and 27.8% and 30%, respectively).

In a subgroup of 375 patients (86.8%) treat-
ed only via the transvascular access, in-hospital
(P = 0.03) and 1-year mortality (P = 0.02)
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remained highest among those with AKI (5.6%
and 22.2%); intermediate in those with CKD but
not AKR (6.4% and 18.6%); and lowest in patients
with neither CKD nor AKI (0.8% and 7.6%) or in
those with AKR (1% and 9.2%).

Estimated 4-year mortality rates remained the
highest in patients with AKI and lowest in those
with neither CKD nor AKI (Ficuge 3). Those with
CKD and neither AKI nor AKR also had a similarly
unfavorable prognosis, unlike patients with AKR
whose outcome was significantly better (P = 0.03)
and was similar to those with neither CKD nor AKI
(P = 0.6). Chronic kidney disease and AKI were
both independent correlates of a higher long-term
mortality when comparing prognosis to the no-
-CKD-no-AKI group. Patients with AKR had sim-
ilar prognosis to the no-CKD-no-AKI group of
most favorable outcome (TABLE 5). In the analysis
of the subgroup of patients with CKD after adjust-
ment for other identified predictors of all-cause
4-year mortality in the multivariable analysis, AKR
was associated with improved prognosis (haz-
ard ratio, 0.603; 95% CI, 0.402-0.904; P = 0.01).

DISCUSSION  The main findings of this study can
be summarized as follows: 1) Successful TAVR led
to a substantial (210%) increase in eGFR early af-
ter the procedure in 55.2% of patients with CKD,
but was often transient, lasting until discharge
in only 35.8% (AKR) with a substantial medi-
an (IQR) eGFR increase of 31.8% (17.8%-49%).
2) Conversely, in 17.4% of all patients after a suc-
cessful TAVR, there was a drop in eGFR of 10%
or greater at 48 hours that persisted at discharge
in 6.5% (AKI) with a substantial median (IQR)
eGFR decrease of -22.8% (-37.5% to -16.2%).



TABLE 2 Comparison of the procedural characteristics between the study groups

Procedural characteristics No CKD, no AKI AKR CKD, no AKR, no AKI  AKI P value
(n = 134) (n = 103) (n = 167)
ASA preloading alone 89 (66.4) 67 (65) 109 (65.3) 17 (60.7) 0.95
ASA plus clopidogrel preloading 29 (21.6) 21(20.4) 30(18) 6(21.4) 0.87
Transfemoral access 109 (81.3) 94 (91.3)2 126 (75.4) 17 (60.7)° 0.002
Subclavian access 9(6.7) 4 (3.9) 14 (8.4) 1(3.6)
Transaxillary access 1(0.7) 0 0 0
Transapical access 13(9.7) 3(2.9) 24 (14.4) 7(25)
Direct aortic access 2(1.5) 2(1.9) 3(1.8) 3(10.7)
Transapical or direct aortic access 15 (11.2) 5(4.9) 27(16.2) 10 (35.7)° <0.001
Nominal valve diameter, mm 26 (26-29) 26 (25-29) 26 (26-29) 29 (25.3-29) 0.72
Self-expanding valve 81(60.4) 74 (71.8) 92 (55.1) 17 (60.7) 0.06
Newer generation valves 46 (34.3) 51 (49.5) 64 (38.3) 9(32.1) 0.09
Newer generation self-expanding valves 35 (26.1) 43 (41.7) 45 (26.9) 6 (21.4) 0.1
Predilatation 83(61.9) 62 (60.2) 96 (57.5) 15 (53.6) 0.79
Postdilatation 28(20.9) 27 (26.2) 35(21) 7 (25) 0.72
Surgical access 18 (13.4) 19 (18.4) 22 (13.2) 3(10.7) 0.58
Surgical closure 26 (19.4) 23 (22.3) 35(21) 4(14.3) 0.8
Contrast agent volume, ml 200 (150-200) 200 (130-200) 200 (133-200) 200 (100-200) 0.92
Fluoroscopy time, min 29 (20.3-37.9) 28 (22-36.1) 27.9 (20.2-34.9) 27.5(19.1-46.9) 0.66
Radiation, mGy 1212 (736-2047)  1151.5(734-2165.8) 1230 (781.3-1863.5) 1252.5(797.4-2373.5) 0.95

Data are presented as number (percentage) or median (interquartile range).
a P <0.05 for the comparison of patients with and without AKR (only in patients with CKD)
b P <0.05 for the comparison of patients with and without AKI

Abbreviations: ASA, acetylsalicylic acid; others, see FIGURE 1

TABLE 3 Correlates of acute kidney injury or acute kidney recovery

Variable Univariable analysis Multivariable analysis

HR 95% Cl Pvalue HR 95% CI P value
AKI
Body mass index 1.066  0.994-1.143 0.08 1.068  0.988-1.155 0.1
Diabetes mellitus 1.767  0.82-3.809 0.15 1.434  0.63-3.263 0.39
Transapical/direct aortic access 4.22 1.839-9.684 0.001 4253  1.794-10.083 <0.001
LT/D bleeding 2327 0.753-7.191 0.14 1.704  0.521-5.574  0.38
AKR?
Stroke or TIA history 1.96 1.063-3.615 0.03 2032 1.082-3.818 0.03
Transapical or direct aortic access 0.227  0.086-0.599 0.001 0.265 0.098-0.717  0.009
Newer generation self-expanding valves 1.935 1.164-3.218 0.01 1.668  0.998-2.855  0.053

a Analyzed only for the subset of patients with CKD

Abbreviations: HR, hazard ratio; LT/D, life-threatening or disabling; others, see FIGURE 1

3) Chronic kidney disease remained a potent risk
factor for increased early and long-term mortali-
ty; however, patients with CKD and AKR had im-
proved in-hospital and long-term outcomes which
were similar to the most favorable prognosis of
those with neither CKD nor AKI. 4) Occurrence
of AKI was an independent predictor of death,
whereas AKR remained predictive of improved
long-term survival.

Our results confirm observations indi-
cating higher prevalence of coronary and

cerebrovascular diseases in patients with aor-
tic stenosis and concomitant CKD, along with
more atrial fibrillation and lower LVEEF, all in-
dicating that hemodynamic abnormalities in
the setting of aortic stenosis may contribute to
renal dysfunction in patients with risk factors
for CKD (cardiorenal syndrome)."

In a recent study, 52% of TAVR patients with
baseline eGFR of 60 ml/min/1.73 m? or less had
an increase in eGFR of 10% or greater at dis-
charge."" In another analysis of 821 patients from
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TABLE 4 Comparison of in-hospital events in the study groups according to preceding chronic kidney disease and
acute kidney injury or acute kidney recovery occurrence

VARC-2 endpoints No CKD, no AKI  AKR CKD, no AKR, no AKI

(n = 134) (n=103) (n=167)
LT/D bleeding 13(9.7) 3(2.9) 11 (6.6) 4(14.3) 0.1
Major bleeding 24 (17.9) 16 (15.5) 33(19.8) 3(10.7) 0.62
Minor bleeding 45 (33.6) 35 (34) 59 (35.3) 13 (46.4) 0.62
Any red blood cell transfusion 42 (31.3) 31(30.1) 60 (35.9) 14 (50) 0.2
Major vascular complications 30(22.4) 17 (16.5) 29 (17.4) 3(10.7) 0.41
Minor vascular complications 44 (32.8) 32(31.1) 61 (36.5) 14 (50) 0.27
Stroke 2(1.5) 3(2.9) 2(1.2) 1(3.6) 0.66
New permanent pacemaker 20 (14.9) 14 (13.6) 39 (23.4) 4(14.3) 0.12
In-hospital mortality 2(1.5) 1(1) 11 (6.6) 3(10.7) 0.01
1-year overall mortality 10 (7.5) 9(8.7) 31(18.6) 8 (28.6) 0.002

Data are presented as number (percentage).

Abbreviations: VARC-2, Valve Academic Research Consortium 2; others, see FIGURE 1 and TABLE 3

Log rank test P = 0.0003

Number at risk /estimated overall mortality (%)

Non CKD nor AKI
134

AKR

CKD non AKR nor AKI

AKI

82.8%
0,
... 6.6% 74.5%
...... 64.65%
Non CKD nor AKI 62.2%
............ AKR 60.8%
CKD non AKR nor AKI 53.1%
AKI 52.8%
0 12 24 36 48
Follow-up, mo
) (7.5%) (13.4%) 0 (17.2%) (25.5%)
124 105 71
o (8.7%) (17.5%) (23.4%) n (35.4%)
85 73
(18.6%) (28.7%) (37.8%) (47.2%)
167 135 19 95 68
(28.6%) (35.7%) (39.2%) (46.9%)
28 20 18 16 12

FIGURE 3  Survival curves in the study population

Abbreviations: see FIGURE 1

850

the PARTNER-1 or the Continued Access Regis-
try, 42% had an improvement in eGFR of 10% or
greater at 30 days, whereas 23.9% had a wors-
ening in eGFR of 10% or greater. The increase in
eGFR was not associated with improved 1-year
outcomes, and worsening of eGFR was associ-
ated with increased mortality.’ In 4 other stud-
ies,® 8911 the clinical effect of AKR was analyzed
regardless of a prior CKD diagnosis or a decreased
baseline eGFR with only 5.6% of those random-
ized to TAVR in the PARTNER-1 having creatinine
levels higher than 2 mg/dl."® In another analy-
sis of 204 patients treated with TAVR, serum
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creatinine decrease of 0.3 mg/dl or greater was
identified in 37% of patients within 7 days after
TAVR and was associated with an improved 1-year
survival; but the analysis included patients with-
out prior CKD and renal improvement was not
an independent correlate of a better outcome.®
Acute changes in cardiac function have been
associated with improved 1-year survival after
TAVR; however, this was lost during more pro-
longed follow-up when the Society of Thorac-
ic Surgeons score became a potent predictor of
survival, suggesting that noncardiac comorbidi-
ties could mask the beneficial effect of improved



TABLE 5 Predictors of all-cause 4-year mortality

Variable Univariable analysis Multivariable analysis

HR 95% ClI P value HR 95% ClI P value
Male sex 1.568 1.14-2.156 0.006 1.475 1.066-2.041 0.02
Index LVEF <50% 1.739 1.234-2.451 0.002 1.424 0.989-2.05 0.06
Surgical high-risk 1.757 1.206-2.562 0.003 1.398 0.936-2.087 0.1
Atrial fibrillation 1.48 1.063-2.061 0.02 1.256 0.894-1.765 0.19
COoPD 1.625 1.085-2.433 0.02 1.363 0.898-2.07 0.15
LT/D bleeding 2.405 1.471-3.934 <0.001 2.552 1.625-4.009 <0.001
CKD but neither AKR nor AKIP  2.289 1.514-3.46 <0.001 2.209 1.444-3.380 <0.001
AKI? 2.416 1.268-4.604 0.007 2.462 1.283-4.725 0.007
AKR? 1.427 0.877-2.321 0.15 - - -

a Analyzed in reference to the prognosis of the no-CKD-no-AKI group

Abbreviations: COPD, chronic obstructive pulmonary disease; others, see FIGURE 1 and TABLE 3

cardiac physiology.'® Our analysis indicated that
acute improvement in eGFR could reflect immedi-
ate hemodynamic improvement after TAVR that
resulted in a better survival during follow-up lon-
ger than 1 year to outweigh the deleterious im-
pact of other noncardiac comorbidities seen with
a higher STS score or EuroSCORE (eg, hyperten-
sion, diabetes mellitus, peripheral and coronary
artery disease).'® Lack of AKR after TAVR may
represent irreversibly decreased renal function-
al reserve to serve as a “failed renal stress test”
and a risk factor for future loss of kidney func-
tion, cardiovascular disease, and death, rather
than playing a causative role.'®

Patients in whom serum creatinine levels re-
turned to baseline after an episode of AKI are
at a lower risk of long-term adverse events as
compared with those with a sustained elevation
in serum creatinine levels.'® Currently, in a sub-
stantial number of patients, an increase or de-
crease in eGFR of 10% or greater early after TAVR
was transient and did not persist until discharge.

Acute kidney recovery was more likely to occur
in patients with more frequent history of stroke
or TIA, thus with probably more advanced vas-
cular disease and renal dysfunction due to sub-
stantial hemodynamic compromise,'” as well as
in patients treated with newer generation self-
-expanding valves. Less bulky delivery systems
allowed successful peripheral access in patients
who had been previously scheduled for a trans-
apical or transaortic procedure; and smaller ath-
eroma dislodgement from the aortic wall and less
traumatic aortic valve lumen gain with smaller re-
lease of atherosclerotic debris may have lowered
the risk of embolization to the renal arteries.'® On
the other hand, self-expanding valves are chosen
by operators for patients with a less calcified tar-
get site and in that way may indicate patients with
a more favorable long-term prognosis because
less calcium is associated with less overall bur-
den of atherosclerotic disease. Those with a sus-
tained improvement in eGFR (AKR) had the low-
est baseline eGFR (more advanced CKD) and had
the greatest early increase in eGRF indicating that

aortic stenosis contributed to a baseline decrease
in renal function and that hemodynamic improve-
ment was a major mechanism of AKR. Out of 32
patients with advanced CKD (stage 4 and 5), there
were 15 (46.9%) with AKR, with an increase in
eGFR of 50% at discharge."®

Acute kidney injury was more frequent in pa-
tients with higher body mass index. It tended to
be more frequent in patients with diabetes mel-
litus, atrial fibrillation, or prior stroke or TIA,
indicating importance of the atherothrombotic
profile increasing the risk of AKI.®'8.20 The early
(48 hours) percentage decrease in eGFR did not
differ between those with sustained or transient
renal function worsening, indicating a complex
interplay between 1) absolute extent of peripro-
cedural renal injury, 2) magnitude of the initial
hemodynamic disturbances in addition to base-
line renal function impairment, and 3) extent
of renal reparatory potential immediately after
TAVR. The incidence of life-threatening or dis-
abling bleeding associated with increased mortal-
ity?! was low but numerically higher in the group
of patients with AKI (P = 0.1). Hemodynamic dis-
turbances reducing perfusion of the kidneys asso-
ciated with bleedings were shown to be a strong
predictor for AKL?? and therefore, might have
contributed to the worsening of the kidney func-
tion in some patients.

This was a single-center retrospective study
with a limited number of patients particularly
in the subgroup analysis; however, all data were
obtained in a systematic manner. The diagnostic
workup of AKI was based solely on eGFR and not
on urine output. Glomerular filtration rate was
not measured directly and eGFR calculation was
based on the serum creatinine level that can be
affected by muscle mass, age, sex, or race.?® Also,
there were no data on pharmacological therapy
of patients.

A substantial increase in eGFR at 48 hours af-
ter TAVR that lasted until discharge was seen in
35.8% of patients with chronic kidney disease,
indicating AKR that led to a significantly lower
in-hospital and 4-year mortality, thus TAVR may
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be the preferred treatment in patients with aor-
tic stenosis and CKD. The described correlates
of AKR contribute to a better understanding of
the disease mechanisms and thus help to better
select candidates for TAVR.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.

ARTICLE INFORMATION

CONTRIBUTION STATEMENT K conceived the concept of the study. tK,
KZ, GSM contributed to the design of the research. All authors were involved
in data collection. tK, KZ, and IK analyzed the data. All authors edited and
approved the final version of the manuscript.

CONFLICT OF INTEREST M. Dabrowski received speaker honoraria
from Boston Scientific and personal fees from Boston Scientific, Medtron-
ic and Edwards Lifesciences. AW is a proctor of Medtronic and Edwards
Lifesciences and received speaker honoraria from Abbott, Boston Scientif-
ic, and Edwards Lifesciences. Other authors declare no conflict of interest.

OPEN ACCESS This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 Inter-
national License (CC BY-NC-SA 4.0), allowing third parties to copy and re-
distribute the material in any medium or format and to remix, transform, and
build upon the material, provided the original work is properly cited, distrib-
uted under the same license, and used for noncommercial purposes only. For
commercial use, please contact the journal office at pamw@mp.pl.

HOW TO CITE Kalinczuk t, Zielinski K, Chmielak Z, et al. Improvement in
long-term survival with acute kidney recovery after a successful transcath-
eter aortic valve replacement. Pol Arch Intern Med. 2020; 130: 844-852.
doi:10.20452/pamw. 15540

REFERENCES

1 Thourani VH, Forcillo J, Beohar N, et al. Impact of preoperative chronic
kidney disease in 2,531 high-risk and inoperable patients undergoing trans-
catheter aortic valve replacement in the PARTNER trial. Ann Thorac Surg.
2016; 102: 1172-1180. (£

2 Liiders F, Kaier K, Kaleschke G, et al. Association of CKD with outcomes
among patients undergoing transcatheter aortic valve implantation. Clin
J Am Soc Nephrol. 2017; 12: 718-726. (7

3 Arnold SV, Zhang Y, Baron SJ, et al. Impact of short-term complications
on mortality and quality of life after transcatheter aortic valve replacement.
JACC Cardiovasc Interv. 2019; 12: 362-369. (£

4 Oguri A, Yamamoto M, Mouillet G, et al. Impact of chronic kidney dis-
ease on the outcomes of transcatheter aortic valve implantation: results
from the FRANCE 2 registry. Eurolntervention. 2015; 10: e1-e9. (77

5 Azarbal A, Malenka DJ, Huang YL, et al. Recovery of kidney dysfunc-
tion after transcatheter aortic valve implantation (from the Northern New
England cardiovascular disease study group). Am J Cardiol. 2019; 123:
426-433. (7

6 Mufoz-Garcia AJ, Mufoz-Garcia E, Jiménez-Navarro MF, et al. Clinical
impact of acute kidney injury on short- and long-term outcomes after trans-
catheter aortic valve implantation with the CoreValve prosthesis. J Cardi-
ol. 2015; 66: 46-49. ('

7 Thongprayoon C, Cheungpasitporn W, Kittanamongkolchai W, et al.
Changes in kidney function among patients undergoing transcatheter aortic
valve replacement. J Renal Inj Prev. 2017; 6: 216-221. (%'

8  Blair JEA, Brummel K, Friedman JL, et al. Inhospital and post-discharge
changes in renal function after transcatheter aortic valve replacement. Am
J Cardiol. 2016; 117: 633-639. (7'

9 Beohar N, Doshi D, Thourani V, et al. Association of transcatheter aortic
valve replacement with 30-day renal function and 1-year outcomes among
patients presenting with compromised baseline renal function: experience
from the PARTNER 1 trial and registry. JAMA Cardiol. 2017; 2: 742-749. (7'

10 Miller WG, Jones GRD. Estimated glomerular filtration rate; laborato-
ry implementation and current global status. Adv Chronic Kidney Dis. 2018;
25:7-13. (%

11 Okoh AK, Kambiz K, Unnikrishnan D, et al. Effect of transcatheter aortic
valve implantation on renal function in patients with previous renal dysfunc-
tion. Am J Cardiol. 2019; 124: 85-89. (%"

12 Kalinczuk t, Zielinski K, Chmielak Z, et al. Effect on mortality of system-
ic thromboinflammatory response after transcatheter aortic valve implanta-
tion. Am J Cardiol. 2019; 124: 1741-1747. (£

13 Chmielak Z, Witkowski A, Dabrowski M, et al. Comparison of mid-
-term results of transcatheter aortic valve implantation in high-risk patients
with logistic EuroSCORE >20% or <20. Kardiol Pol. 2016; 74: 224-230. (7'

14 Wang A, Sangli C, Lim S, et al. Evaluation of renal function before
and after percutaneous mitral valve repair. Circ Cardiovasc Interv. 2015; 8:
€001349. ('

POLISH ARCHIVES OF INTERNAL MEDICINE  2020; 130 (10)

15 Sato K, Kumar A, Jones BM, et al. Reversibility of cardiac function pre-
dicts outcome after transcatheter aortic valve replacement in patients with
severe aortic stenosis. J Am Heart Assoc. 2017; 6: €005798. ('

16 Heung M, Steffick DE, Zivin K, et al. Acute kidney injury recovery pat-
tern and subsequent risk of CKD: an analysis of veterans health administra-
tion data. Am J Kidney Dis. 2016; 67: 742-752. (7

17 Greve AM, Dalsgaard M, Bang CN, et al. Stroke in patients with aor-
tic stenosis: the Simvastatin and Ezetimibe in Aortic Stenosis study. Stroke.
2014; 45: 1939-1946. (£

18  Shishikura D, Kataoka Y, Pisaniello AD, et al. The extent of aortic ath-
erosclerosis predicts the occurrence, severity, and recovery of acute kidney
injury after transcatheter aortic valve replacement. Circ Cardiovasc Interv.
2018; 11: e006367. ('

19 Damluji A, Bilsker MS, Cohen MG. Reversal of end stage renal disease
in patient with transcatheter aortic valve replacement. Catheter Cardiovasc
Interv. 2014; 83: 482-484. ('

20  Aregger F, Wenaweser P, Hellige GJ, et al. Risk of acute kidney injury in
patients with severe aortic valve stenosis undergoing transcatheter valve re-
placement. Nephrol Dial Transplant. 2009; 24: 2175-2179. (%"

21 Kochman J, Rymuza B, Huczek Z, et al. Incidence, predictors and im-
pact of severe periprocedural bleeding according to VARC-2 criteria on
1-year clinical outcomes in patients after transcatheter aortic valve implan-
tation. Int Heart J. 2016; 57: 35-40. (7'

22 Konigstein M, Ben-Assa E, Banai S, et al. Periprocedural bleeding,
acute kidney injury, and long-term mortality after transcatheter aortic valve
implantation. Can J Cardiol. 2015; 31: 56-62. (%'

23 Vassalotti JA, Stevens LA, Levey AS. Testing for chronic kidney dis-
ease: a position statement from the National Kidney Foundation. Am J Kid-
ney Dis. 2007; 50: 169-180. (7"


https://doi.org/10.1161/JAHA.117.005798
https://doi.org/10.1161/JAHA.117.005798
https://doi.org/10.1161/JAHA.117.005798
https://doi.org/10.1053/j.ajkd.2015.10.019
https://doi.org/10.1053/j.ajkd.2015.10.019
https://doi.org/10.1053/j.ajkd.2015.10.019
https://doi.org/10.1161/STROKEAHA.114.005296
https://doi.org/10.1161/STROKEAHA.114.005296
https://doi.org/10.1161/STROKEAHA.114.005296
https://doi.org/10.1161/CIRCINTERVENTIONS.117.006367
https://doi.org/10.1161/CIRCINTERVENTIONS.117.006367
https://doi.org/10.1161/CIRCINTERVENTIONS.117.006367
https://doi.org/10.1161/CIRCINTERVENTIONS.117.006367
https://doi.org/10.1002/ccd.25127
https://doi.org/10.1002/ccd.25127
https://doi.org/10.1002/ccd.25127
https://doi.org/10.1093/ndt/gfp036
https://doi.org/10.1093/ndt/gfp036
https://doi.org/10.1093/ndt/gfp036
https://doi.org/10.1536/ihj.15-195
https://doi.org/10.1536/ihj.15-195
https://doi.org/10.1536/ihj.15-195
https://doi.org/10.1536/ihj.15-195
https://doi.org/10.1016/j.cjca.2014.11.006
https://doi.org/10.1016/j.cjca.2014.11.006
https://doi.org/10.1016/j.cjca.2014.11.006
https://doi.org/10.1053/j.ajkd.2007.06.013
https://doi.org/10.1053/j.ajkd.2007.06.013
https://doi.org/10.1053/j.ajkd.2007.06.013
https://www.doi.org/10.20452/pamw.15540
http://creativecommons.org/licenses/by-nc-sa/4.0
https://doi.org/10.1016/j.athoracsur.2016.07.001
https://doi.org/10.1016/j.athoracsur.2016.07.001
https://doi.org/10.1016/j.athoracsur.2016.07.001
https://doi.org/10.1016/j.athoracsur.2016.07.001
https://doi.org/10.2215/CJN.10471016
https://doi.org/10.2215/CJN.10471016
https://doi.org/10.2215/CJN.10471016
https://doi.org/10.1016/j.jcin.2018.11.008
https://doi.org/10.1016/j.jcin.2018.11.008
https://doi.org/10.1016/j.jcin.2018.11.008
https://doi.org/10.4244/EIJV10I9A183
https://doi.org/10.4244/EIJV10I9A183
https://doi.org/10.4244/EIJV10I9A183
https://doi.org/10.1016/j.amjcard.2018.10.042
https://doi.org/10.1016/j.amjcard.2018.10.042
https://doi.org/10.1016/j.amjcard.2018.10.042
https://doi.org/10.1016/j.amjcard.2018.10.042
https://doi.org/10.1016/j.jjcc.2014.09.009
https://doi.org/10.1016/j.jjcc.2014.09.009
https://doi.org/10.1016/j.jjcc.2014.09.009
https://doi.org/10.1016/j.jjcc.2014.09.009
https://doi.org/10.15171/jrip.2017.41
https://doi.org/10.15171/jrip.2017.41
https://doi.org/10.15171/jrip.2017.41
https://doi.org/10.1016/j.amjcard.2015.11.047
https://doi.org/10.1016/j.amjcard.2015.11.047
https://doi.org/10.1016/j.amjcard.2015.11.047
https://doi.org/10.1001/jamacardio.2017.1220
https://doi.org/10.1001/jamacardio.2017.1220
https://doi.org/10.1001/jamacardio.2017.1220
https://doi.org/10.1001/jamacardio.2017.1220
https://doi.org/10.1053/j.ackd.2017.09.013
https://doi.org/10.1053/j.ackd.2017.09.013
https://doi.org/10.1053/j.ackd.2017.09.013
https://doi.org/10.1016/j.amjcard.2019.04.008
https://doi.org/10.1016/j.amjcard.2019.04.008
https://doi.org/10.1016/j.amjcard.2019.04.008
https://doi.org/10.1016/j.amjcard.2019.08.036
https://doi.org/10.1016/j.amjcard.2019.08.036
https://doi.org/10.1016/j.amjcard.2019.08.036
https://doi.org/No query supplied in the request!
https://doi.org/No query supplied in the request!
https://doi.org/No query supplied in the request!
https://doi.org/10.1161/CIRCINTERVENTIONS.113.001349
https://doi.org/10.1161/CIRCINTERVENTIONS.113.001349
https://doi.org/10.1161/CIRCINTERVENTIONS.113.001349

