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Abstract

Indoxyl sulfate (IS), a protein-bound uremic toxin, induces renal disorders and atrial fibrillation (AF). It is well known that
renal dysfunction is a risk factor for AF and radiofrequency catheter ablation (RFCA) improves the renal function. However,
the improvement in the renal function after RFCA in patients with early stage chronic kidney disease (CKD) and the serial
changes in the IS level have not been fully elucidated. This study aimed to investigate whether IS affects the improvement
in the renal function. A total of 91 consecutive patients with mild kidney dysfunction (CKD stage I-II) who underwent
RFCA and maintained sinus rhythm were prospectively enrolled. The plasma IS level and estimated glomerular filtration rate
(eGFR) were determined before, 3 months, and 1 year after RFCA. The patients were divided according to the IS quartiles
(Q1-4; < 04,0.4-0.7,0.7-1.2, and > 1.2 pg/ml). There was no significant difference in the eGFR among the IS quartiles.
A significantly higher eGFR improvement rate was obtained for IS-Q4 than the other quartiles (p =0.039). The 1S-Q4 IS
level significantly decreased at 1 year after RFCA (1.8 +0.8 to 1.2+0.7 pg/ml, p <0.01). The multivariable logistic model
revealed that a high-IS level (IS-Q4) was an independent predictor of an eGFR improvement (OR 3.33; 95% CI 1.16-9.59;
p=0.026). A high-IS level reduction after RFCA improved the renal function in AF patients with mild kidney dysfunction.
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Introduction

Recently, there have been many reports regarding renal dys-
function being a risk factor for developing atrial fibrilla-
tion (AF) and radiofrequency catheter ablation (RFCA) in
patients with AF improves the renal function [1-7]. How-
ever, the improvement in the renal function after RFCA in
patients with early stage chronic kidney disease (CKD) is
controversial.

Indoxyl sulfate (IS) is a highly protein-bound and poorly
dialyzable uremic toxin metabolized by dietary tryptophan
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[8—11]. Furthermore, it has been proposed as a critical factor
accelerating the fibrosis in various tissues and facilitates not
only the progression of CKD and cardiovascular disease, but
also atrial fibrosis and AF [9, 11-15].

After RFCA, the serial changes in the IS level in patients
with a normal kidney function or mild kidney dysfunction
have not been fully elucidated. The present study aimed
to investigate the improvement in the renal function after
RFCA in AF patients with mild kidney dysfunction and to
evaluate whether IS affects the improvement in the renal
function.

Methods
Study population and study design
This study enrolled 121 consecutive patients with CKD stage

GI-1I (eGFR > 60 ml/min/1.73 m?) who underwent RFCA
of AF at our institute between January 2016 and April 2017.
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The patients were followed up for at least 1 year after the
RFCA (19.6 + 4.4 months). Of those patients, 30 who had
recurrent AF during the follow-up period were excluded.
Finally, 91 patients who successfully underwent an RFCA
and maintained sinus rhythm (SR) for at least 1 year after
the RFCA were reviewed in this analysis. The serum IS
level and eGFR were determined before, at 3 months, and
1 year after the RFCA. The patients were divided into 4
groups based on the quartiles of the serum IS level measured
before the RFCA. The serial changes in the IS and eGFR of
the patients who maintained sinus rhythm after the RFCA
were investigated. The improvement in the renal function
was defined as a AeGFR> 5 ml/min/1.73 m? at 1 year after
RFCA [4, 6, 16]. The types and classification of AF were
defined according to the guidelines [17]. The serum IS con-
centrations were measured using high-performance liquid
chromatography (HPLC) (GULLIBER; JASCO Corpora-
tion, Tokyo Japan). Each serum sample (10 pl) was analyzed
by a reversed-phase HPLC (Capcell Pak MF Ph-1 SG80S5
4.6 mm L[.D. X 150 mm; SHISEIDO CO., LTD., Tokyo
Japan). The mobile phase, 0.1 M KH,PO,/Tetrahydrofuran
(95/5, VIV) (pH 6.5), was delivered at a flow rate of 1.0 ml/
min at 37 °C. The serum IS levels were determined by fluo-
rescence detection (excitation, 295 nm; emission, 390 nm).

RFCA procedure

All antiarrhythmic drugs (AADs), except for amiodarone,
were discontinued for at least 7 half-lives prior to the pro-
cedure and all patients were effectively anticoagulated for
more than 1 month. We did not perform the routine contrast
cardiac CT after RFCA. The electrophysiological study and
RFCA were performed under sedation with dexmedetomi-
dine and propofol. A 7Fr 20-pole 3-site mapping catheter
(BeeAT, Japan-Life-Line, Tokyo, Japan) was inserted into
the coronary sinus via the right jugular vein. The transseptal
procedure was performed using fluoroscopic landmarks, and
2 SLO sheaths (St. Jude Medical) were advanced into the left
atrium (LA). After a trans-septal puncture, a 3.5-mm open-
irrigated tip ablation catheter was used to circumferentially
and extensively perform the pulmonary vein isolation (PVI)
with the double-lasso technique. RFCA was guided with the
use of a 3D mapping system (CARTO, Biosense-Webster or
EnSite NavX, St. Jude Medical). The endpoint of the PVI
was the elimination of all PV potentials between the LA and
PVs at least 30 min after the successful PVI, and the elimi-
nation of any dormant PV conduction revealed by adenosine
triphosphate. Further, an incremental isoproterenol infu-
sion was also given before and after the PVI to identify any
induction of AF or any non-PV triggers. If frequent atrial
premature contractions originating from non-PV sites were
present, focal ablation was added to eliminate any non-PV
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foci. A cavotricuspid isthmus line ablation (CTI ablation)
was performed if any common atrial flutter was detected
before or during the procedure.

Post-RFCA follow-up

All patients were followed up every 1-3 months in the out-
patient clinic within 1 year after the RFCA. A 12-lead elec-
trocardiogram, 24-h-Holter electrocardiogram, and assess-
ment of the symptoms were checked every month within
4—6 months after the RFCA. The blood tests including the
serum IS level and eGFR were checked before, at 3 months,
and 1 year after RFCA. Freedom from AF was defined as
no detectable AF/atrial tachycardias (ATs) on the electro-
cardiogram modalities performed multiple times after the
final procedure. AF recurrence was defined as sustained AF/
AT lasting more than 30 s after a 3-month blanking period.
AF recurrence within a 3-month period after the procedure
was considered transient. The AADs were not resumed in
the patients with paroxysmal AF; however, the AADs were
resumed for 3 months following the ablation in patients with
persistent AF. The patients who experienced AF recurrence
were excluded in this study.

Statistical analysis

All continuous data were expressed as the mean + stand-
ard deviation, medians (quartile: 25-75%), or numbers
(%). Comparisons between groups were analyzed using a
univariate analysis (Unpaired t test, Mann—Whitney U test
and Fisher’s exact test) and a multivariate analysis using a
logistic analysis model. A p value < 0.05 was considered sta-
tistically significant. The statistical analyzes were performed
using EZR software (Jichi Medical University, Japan), which
is a graphical user interface for R (The R Foundation for
Statistical Computing, version 2.13.0) [18].

Ethical considerations

The study protocol was approved by the institutional review
board of the Toho University Medical Center Omori Hos-
pital. All patients gave their informed consent for the study
protocol.

Results

Baseline characteristics

The mean age was 63.5 + 11.3 years, and 69 (75.8%) were
male. Paroxysmal AF was present in 64 patients (70.3%).
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In the 86 (94.5%) patients, AF occurred more than every
month. The mean eGFR and serum IS levels at baseline
were 77.2 + 13.2 ml/min/1.73 m? and 0.9 +0.7 pg/ml,
respectively. The patients were divided according to the
quartiles of the serum IS level (Q1-4; < 0.4, 0.4-0.7,
0.7-1.2, and > 1.2 pg/ml, respectively). Those baseline
characteristics are listed in Table 1. There was no sig-
nificant difference in the eGFR between the IS quartiles.

Furthermore, the serum IS had little correlation with the
eGFR in those patients (r = — 0.245, p=0.019).
Regarding the past medical history, there were no sig-
nificant differences in the patients with diabetes mellitus,
dyslipidemia, chronic heart failure, and ischemic cardiac
disease between the IS quartiles. However, the number of
those with hypertension differed between the 4 groups.
The left ventricular diastolic diameter (LVDd) in the

Table 1 Patients characteristics

Factor 1S-Q1 1S-Q2 1S-Q3 1S-Q4 p value
among IS Q14
N=23 N=23 N=22 N=23
Age (years) 645+11.5 60.5+9.8 61.5+12.4 67.3+11.0 0.16
Height (cm) 165.3+104 167.3+10.3 165.8+7.9 166.5+£6.8 0.88
Weight (kg) 63.5+10.5 68.0+16.3 61.8+10.5 65.5+9.8 0.34
BMI (kg/m?) 232+2.6 24.1+4.4 224432 23.6+3.0 0.38
Male (%) 17 (73.9) 17 (73.9) 15 (68.2) 20 (87.0) 0.50
PAF (%) 14 (60.9) 17 (73.9) 17 (77.3) 16 (69.6) 0.65
CHADS, score 1.17+£1.11 0.78+0.85 0.82+1.22 1.22+0.67 0.30
HT (%) 13 (56.5) 8(34.8) 5(22.7) 17 (73.9) 0.003
CHF (%) 1(4.3) 2(8.7) 209.1) 2(8.7) 0.92
DL (%) 5(21.7) 9(39.1) 10 (45.5) 7(30.4) 0.36
DM (%) 3(13.0) 4(17.4) 209.1) 1(4.3) 0.54
Stroke (%) 3(13.0) 14.3) 209.1) 1(4.3) 0.63
Beta blocker (%) 12 (52.2) 8(34.8) 11 (50.0) 5(21.7) 0.12
ARB (%) 7(30.4) 6(26.1) 209.1) 7(30.4) 0.29
Diuretics (%) 1(4.3) 2(8.7) 209.1) 2(8.7) 0.92
AADs (%) 18 (78.3) 16 (69.6) 16 (72.7) 17 (73.9) 0.72
UA (mg/dl) 5.65+1.32 5.94+1.50 5.85+1.13 5.67+£1.02 0.83
Cr (mg/dl) 0.73+0.09 0.73+0.16 0.76 £0.15 0.79+0.12 0.36
eGFR (ml/min/1.73 m?) 780114 81.4+16.7 75.6+11.1 73.9+12.5 0.25
CCR (ml/min) 88.5+23.2 100.8+£24.6  85.8+21.4 84.3+25.8 0.09
IS (pg/ml) 0.26+0.10 0.59+0.11 0.96+0.14 1.82+0.77 < 0.001
BNP (pg/dl) 59.6+57.6 38.7+31.9 95.7+1149  64.0+78.8 0.11
EF (%) 65.4+7.0 68.4+8.8 68.0+7.3 70.5+11.6 0.29
LVDd (mm) 50.7+5.9 49.0+£59 453+45 52.0+5.2 0.001
LVDs (mm) 322+4.0 30.1+£5.5 28.0+3.9 30.8+6.5 0.05
LAD (mm) 37.4+6.1 38.0+7.8 354+6.8 38.2+6.6 0.52
Total procedure time (min) 176.5+30.8 168.9+32.6 177.8+37.6 158.4+36.8 0.25
Total RFCA time (min) 38.1+124 325+11.3 344+9.6 37.7+12.3 0.34
Contrast agent (ml) 273+5.5 244469 26.6+4.8 29.4+10.6 0.18
Extra PV foci (%) 10 (43.5) 7(31.8) 8(42.1) 4 (19.0) 0.31
Post-beta blocker (%) 10 (43.5) 9(39.1) 6 (27.3) 4(17.4) 0.22
Post-ARB (%) 5217 6(26.1) 14.5) 7(30.4) 0.16
Post-diuretics (%) 0(0.0) 14.3) 209.1) 2(8.7) 0.49
Post-AADs (%) 8(34.8) 3(13.0) 5(22.7) 5(21.7) 0.38

The patients were divided according to the quartiles of the IS (Q1—4; < 0.4, 0.4-0.7, 0.7-1.2, and > 1.2 pg/

ml)

BMI body mass index, PAF paroxysmal atrial fibrillation, HT hypertension, CHF congestive heart failure,
DL dyslipidemia, DM diabetes mellitus, ARB angiotensin receptor blocker, AADs anti-arrhythmia drugs,
UA uric acid, eGFR estimated glomerular filtration rate, CCR creatinine clearance, IS indoxyl sulfate, BNP
B-type natriuretic peptide, EF ejection fraction, LVDd/Ds left ventricular diameter (diastolic/systolic), LAD
left atrial diameter, RFCA radiofrequency ablation, PV pulmonary vein
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IS-Q4 patients was significantly larger than that for the
other quartile patients.

The transition in the renal function

We investigated the serial change of IS and eGFR in the 91
patients who maintained sinus rhythm after RFCA during
the follow-up period (19.6 +4.4 months). Figure 1 shows
the transition in the eGFR and serum IS levels. The serum
IS level in the high IS group (IS-Q4) significantly decreased
at 1 year after the RFCA (from 1.8+0.8 to 1.2+0.7 pg/
ml, p <0.001). Although the eGFR in all groups did not
change between that before and 1 year after the RFCA (from
77.2+13.2 to 75.2+12.7 ml/min/1.73 m?, p =0.066), the
eGFR in the IS-Q4 patients significantly increased after
the RFCA as compared to that of the eGFR in the patients
in the other quartiles (from 73.9+12.5 to 76.1 +15.4 ml/
min/1.73 m?, p=0.036).

On the other hand, Fig. 2 shows the transition in the
eGFR and serum IS levels in the AF recurrent groups. The
serum IS level in the high IS group (IS-Q4) once decreased
at 3 months after the RFCA, however, the serum IS level at
1 year after the RFCA numerically increased as compared
to the IS at 3 months (from 1.1+1.2 to 1.4 +0.62 pg/ml,
p=0.49). Furthermore, the eGFR in the IS-Q4 patients

Serial Change of eGFR

Serial Change of Serum Indoxyl Sulfate

numerically decreased after the RFCA (from 66.0+5.13 to
63.1+10.7 ml/min/1.73 m?, p=0.38).

The clinical characteristics of the patients with/without an
eGFR improvement are listed in Table 2. For the past medi-
cal history, echocardiographic parameters, post-RFCA medi-
cal therapies and dosage of the contrast agents, there were
no significant differences in the patients with/without an
improvement in the eGFR. In addition to thebaseline clini-
cal factors, the dosage of the contrast agent during the RFCA
procedure in the patients with an eGFR improvement did not
different from the dosage in those without an eGFR improve-
ment. Table 3 shows the serial change in the laboratory data
in the patients with/without an eGFR improvement before,
at 3 months, and 1 year after the RFCA. The patients with an
improvement in the eGFR had a significantly higher baseline
IS level (1.18 £1.06 vs. 0.83 £0.56 pg/ml, p=0.049); how-
ever, the baseline eGFR and creatinine clearance (CCR) in
the patients with an improvement in the eGFR did not differ
between the eGFR and CCR in those without an improve-
ment in the eGFR (eGFR; 73.2+12.5 vs. 78.4+ 13.3 ml/
min/1.73 m?, p=0.12, CCR; 89.7 +31.1 vs. 90.0 +22.4 ml/
min, p=0.96). Furthermore, a significantly higher rate of
an eGFR improvement was obtained for the IS-Q4 group
than the other quartile groups (p=0.039). At 1 year after the
RFCA, the serum IS level and uric acid level significantly
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decreased in the patients with an improvement in the eGFR
(Table 3).

The multivariable logistic model after adjusting for the
CHADS, score, type of AF, medical drugs after the RFCA,
and eGFR revealed that only a high IS (IS-Q4) was an inde-
pendent predictor of an eGFR improvement (OR, 3.33; 95%
CI, 1.16 - 9.59; p=0.026, Table 4).

We also investigated the relationship between the change
in the IS and eGFR measured before and at 1 year after
the RFCA, AIS, and AeGFR, respectively. Regarding the
correlation between the AIS and AeGFR, since the AIS
decreased, the AeGFR significantly increased (r = — 0.41,
p<0.001).

Discussion
Main findings

The main findings were as follows. First, a high IS was sig-
nificantly associated with an improvement in the renal func-
tion in AF patients with mild kidney dysfunction. Second,
the maintenance of SR after RFCA decreased the serum IS
level in the patients with a high IS.

We considered the following factors. There was no sig-
nificant difference in the baseline eGFR between the IS

quartiles. Furthermore, the serum IS had little correlation
with the eGFR in those patients. The serum IS level was a
significant predictor for an improvement in the renal func-
tion, independent of the eGFR. According to these find-
ings, IS decreased after RFCA and a reduction in IS might
improve the renal function after 1 year regardless of the
eGFR. As a result, a high IS was significantly associated
with an improvement in the renal function after RFCA.

Indoxyl sulfate and AF

It is well known that CKD has a higher incidence of AF and
the prevalence of AF in patients with CKD causes a decrease
in their eGFR [2, 3, 6,7]. The mechanism of this is proposed
to be inflammation and oxidant stress [19]. IS is a highly
protein-bound uremic toxin and, further, directly increases
the oxidative stress and production of reactive oxygen spe-
cies due to the activation of NADPH oxidases [20, 21]. IS
exaggerates cardiac fibrosis and exacerbates the develop-
ment of AF substrates [11, 22]. Another study showed that
IS increases delayed afterdepolarizations (DADs) in pul-
monary veins (PVs) and burst firings [23]. Therefore, CKD
causes AF to develop due to enhancing the PV arrhythmo-
genesis and AF substrate through the toxicity of IS. Healthy
kidneys excrete IS from the circulation into the urine [24].
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Table 2 Characteristics of the patients with/without an eGFR
improvement

Table 3 Serial change in the laboratory data in the patients with/with-
out an eGFR improvement

Factor eGFR imp (—) eGFR imp (+) p value Factor eGFR imp (—) eGFR imp (+) p value
N=T71 N=20 N=T1 N=20

Age (years) 63.7+10.6 62.8+13.9 0.77 Pre-RFCA
Height (cm) 1643+19.7 1654+104 0.81 Cr (mg/dl) 0.75+0.14 0.79+0.12 0.24
Weight (kg) 64.3+11.9 66.4+12.9 0.49 eGFR (ml/min/1.73 m?) 78.4+13.3 732+12.5 0.12
Male (%) 54 (76.1) 15 (75.0) 0.99 CCR (ml/min) 90.0+22.4 89.7+31.1 0.96
PAF (%) 50 (70.4) 14 (70.0) 0.99 IS (pg/ml) 0.83+0.56 1.18+1.06 0.049
CHADS, score 1.03+1.07 0.90+0.64 0.61 1S-Q4 14 (19.7) 9 (45.0) 0.039
HT (%) 33 (46.5) 10 (50.0) 0.81 UA (mg/dl) 5.85+1.30 5.51+1.04 0.29
CHF (%) 5(7.0) 2 (10.0) 0.65 BNP (pg/ml) 60.8+74.7 77.5+91.5 0.42
DL (%) 26 (36.6) 5(25.0) 0.43 Post-RFCA 3 months
DM (%) 9(12.7) 1(5.0) 0.45 Cr (mg/dl) 0.77+0.15 0.73+0.12 0.31
Stroke (%) 79.9) 0(0.0) 0.34 eGFR (ml/min/1.73 m?) 76.0+13.7 79.2+14.2 0.35
EF (%) 67.3+7.7 70.7+12.2 0.13 CCR (ml/min) 87.2+21.5 96.7+34.0 0.13
LAD (%) 373+7.2 37.1+5.4 0.89 IS (pg/ml) 0.86+0.65 0.99+0.56 0.44
Post-beta blocker (%) 22 (31.0) 7 (35.0) 0.79 UA (mg/dl) 5.81+1.24 5.26+0.93 0.07
Post-ARB (%) 17 (23.9) 2 (10.0) 0.23 BNP (pg/ml) 32.0+32.5 24.7+17.2 0.35
Post-diuretics (%) 3(4.2) 2 (10.0) 0.30 Post-RFCA 12 months
Post-AADs (%) 15 (21.1) 6 (30.0) 0.55 Cr (mg/dl) 0.79+0.15 0.69+0.11 0.005
Flecainide (%) 6 (8.5) 2 (10.0) 0.99 eGFR (ml/min/1.73 m?) 72.8+11.5 84.1+12.4 < 0.001
Amiodarone (%) 2 (2.8) 0(0.0) 0.99 CCR (ml/min) 84.4+21.3 101.6 +34.9 0.008
Bepridil (%) 7(9.9) 4(20.0) 0.25 IS (pg/ml) 0.97+0.96 0.86+0.57 0.66
Total procedure time (min) 173.2+35.0  1589+31.3 0.13 UA (mg/dl) 5.77+1.27 5.08+0.97 0.027
Total RFCA time (min) 36.0+11.8 348+11.0 0.72 BNP (pg/ml) 29.9+41.1 21.0+15.0 0.35
Contrast agent (ml) 27.0+7.8 26.8+5.7 0.95

. Data are expressed as the mean +SD or number (%)
Extra PV foci (%) 24 (35.3) 5(29.4) 0.78

Data are expressed as the mean + SD or number (%)

PAF paroxysmal atrial fibrillation, HT hypertension, CHF conges-
tive heart failure, DL dyslipidemia, DM diabetes mellitus, EF ejection
fraction, LAD left atrial diameter, ARB angiotensin receptor blocker,
AADs anti-arrthythmia drugs, RFCA radiofrequency ablation, PV pul-
monary vein, eGFR estimated glomerular filtration rate, eGFR imp
improvement of eGFR

Thus, IS is not accumulated and its level has been reported
to be 0.6 pg/ml in normal adults in the previous reports [13].

In this present study, the mean IS level at baseline was
0.9 +0.7 pg/ml; however, there were some patients with a
high IS level (IS > 1.2 pg/ml). The serum IS level was mildly
higher than that in the previous reports, because this study
enrolled patients presenting with AF.

Indoxyl sulfate and the renal function

IS accumulates in patients with renal dysfunction, espe-
cially with an impaired renal tubular excretory function
[24]. Further, patients with advanced renal dysfunction have
increased serum IS levels. On the other hand, it is reported
that in some patients who have a relatively well-preserved
eGFR, the serum IS level is increased [8, 9]. The reason is
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RFCA radiofrequency ablation, eGFR estimated glomerular filtration
rate, CCR creatinine clearance, IS indoxyl sulfate, UA uric acid, BNP
B-type natriuretic peptide, eGFR imp improvement of eGFR

Table 4 Predictors of an eGFR improvement by a multivariable logis-
tic analysis

Factor QOdds ratio (95% CI) p value
High IS (IS-Q4) 3.33 (1.160-9.590) 0.026
Post diuretics 4.15 (0.387-44.40) 0.240
Post AADs 1.71 (0.518-5.640) 0.378
PAF 1.43 (0.258-7.930) 0.681
eGFR 0.97 (0.927-1.020) 0.204
CHADS, score 0.76 (0.404-1.430) 0.392

IS indoxyl sulfate, AADs anti-arrthythmia drugs, PAF paroxysmal
atrial fibrillation, eGFR estimated glomerular filtration rate, 95% CI
95% confidence interval

reported to be that mildly a damaged renal tubular function,
high-protein diet, and gut-microflora affect the serum IS
level [25, 26]. In those patients with a well-preserved renal
function, the IS level may temporary increase and may not
be associated with a future risk [8].

In the present study, patients with a preserved renal func-
tion (eGFR > 60 ml/min/1.73 m?) were enrolled to eliminate
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the effect of renal dysfunction causing an accumulation of
the serum IS. There were no significant differences in the
characteristics of the patients such as in the weight, body
mass index, dyslipidemia, diabetes mellitus, or e§GFR among
the IS quartiles. Furthermore, the serum IS level had a week
correlation with the eGFR in those patients. In the patients
who maintained SR after the RFCA, the serum IS level sig-
nificantly decreased in the patients with a high IS and the
renal function in those patients with a high IS improved. In
the low-IS group, the serum IS level did not change, because
IS is metabolized by dietary tryptophan and cannot be elimi-
nated completely in the body. Therefore, RFCA did not
decrease the serum IS level in the low-IS group, compared
to that of the high-IS group. On the other hand, in the AF
recurrent group with high-IS level, the IS level temporarily
decreased after 3 months; however, the IS was tended to
increase at 1 year after RFCA. This may show because these
patients restored SR immediately following RFCA, serum
IS level once decreased at 3 months after RFCA as the acute
effect of RFCA and reduction of AF burden. However, the
serum IS level at 1 year after RFCA increased because of
the recurrence of AF. Thus, in the AF recurrent group, the
eGFR did not change after RECA.

We suggest that IS may affect renal dysfunction in
patients with a preserved renal function or mild renal dys-
function, unlike that in the previous reports. Furthermore,
a reduction in the IS in those patients may be useful for
improving their renal function.

Mechanism of the improvement in the renal
function

Kidney dysfunction increased the risk of new onset AF, and
AF increased the risk of the development of kidney disease.
The mechanisms of the increase in the prevalence of AF in
the CKD patients have been well reported [2, 3, 6, 7]. How-
ever, the mechanism of developing renal dysfunction in AF
patients has not been fully elucidated, because AF and CKD
share risk factors, and common pathophysiologic processes
drive both outcomes. It is well known that RFCA of AF
improves the renal function in patients with CKD [4, 6]. AF
patients with CKD present with a reduction in the left atrial
(LA) contractile function, decreased LA appendage velocity,
and higher prevalence of a spontaneous contrast echo [27].
After the RFCA, an improvement in the left atrial function
is demonstrated [28—30]. Furthermore, the improvement in
the renal function can result from the improvement in the LA
function and cardiac output [4]. On the other hand, several
studies have shown that in patients with an eGFR of > 90 ml/
min/1.73 m?, their eGFR decreases after RECA regardless
of any freedom from AF [4, 6]. This may be attributed to the
phenomenon of the regression to the mean [6].

Actually in this present study, the eGFR in the patients
with a low IS had a decreased level at 1 year after the RFCA.
However, the IS level in those with a high IS level signifi-
cantly decreased gradually at 3 months and 1 year after the
RFCA, and the eGFR improved. This may be able to deny
the effect of the regression to the mean in the group. Further-
more, compared to the eGFR and IS level in the AF recur-
rent group, serum IS and eGFR were significantly improved
after RFCA in the patients who maintained SR. The main-
tenance of SR may increase the renal flow and reduce the
serum IS level in patients with a mild renal dysfunction. As
a result, a reduction in the IS level prevented the progres-
sion of CKD. On the other hand, we could not check the
change of LV function in the echocardiographic parameters;
however, the BNP level was significantly decreased after
RFCA. The reduction of serum BNP level suggested that
RFCA improved the LV function and the improvement of LV
function might increase the renal flow. We considered that
IS may play a significant role in the development of CKD in
AF patients with a preserved kidney function. To prevent a
progression of CKD in patients with AF, a reduction in the
IS level by RFCA is a feasible treatment.

Study limitations

This study had some potential limitations. First, this study
was a single-center trial. We did not have very many
patients. Second, we also considered the effect of the times
of the plasma IS and eGFR examinations. The plasma IS
levels were examined at only one point in time, before, at
3 months, and at 1 year, which might have caused a statisti-
cal bias.

Third, the precise mechanism of the improvement in the
renal function still remains unclear. We could not completely
deny other mechanisms that suggested that increasing the
renal flow improved the eGFR and, as a result, the IS was
just washed out. Further, we did not measure the cardiac
output or the renal flow before and after RFCA in this study.
However, the baseline characteristics showed that there was
no significant difference in the eGFR between the IS quar-
tiles and the serum IS had little correlation with the eGFR.
Therefore, it is better to propose that a reduction in the IS
level prevented the progression of CKD. Further research
is needed with a greater number of patients to confirm this.

Conclusions

In the patients with a high IS level, their serum IS level
decreased after a successful RFCA. Further, a high IS level
was a significant predictor of an improvement in the renal
function in the AF patients with mild kidney dysfunction. A
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reduction in the IS level after RFCA prevented the progres-
sion of CKD.

Acknowledgments This manuscript was supported in part by Grants-
in-Aid (15K09103 and 16K01433 to T.1.) for Scientific Research from
the Ministry of Education, Culture, Sports, Science and Technology of
Japan. We thank Mr. John Martin for his help with the preparation of
the manuscript and Mr. Osuka for his help in supporting this present
study.

Compliance with ethical standards

Conflict of interest This research received no grants from any fund-
ing agencies in the public, commercial, or not-for-profit sectors. The
authors declare that there is no conflict of interest.

References

10.

11.

Ananthapanyasut W, Napan S, Rudolph EH, Harindhanavudhi T,
Ayash H, Guglielmi KE, Lerma EV (2010) Prevalence of atrial
fibrillation and its predictors in nondialysis patients with chronic
kidney disease. Clin ] Am Soc Nephrol 5:173-181

Horio T, Iwashima Y, Kamide K, Tokudome T, Yoshihara F,
Nakamura S, Kawano Y (2010) Chronic kidney disease as an inde-
pendent risk factor for new-onset atrial fibrillation in hypertensive
patients. J Hypertens 28:1738-1744

Iguchi Y, Kimura K, Kobayashi K, Aoki J, Terasawa Y, Sakai K,
Uemura J, Shibazaki K (2008) Relation of atrial fibrillation to
glomerular filtration rate. Am J Cardiol 102:1056-1059
Navaravong L, Barakat M, Burgon N, Mahnkopf C, Koopmann
M, Ranjan R, Kholmovski E, Marrouche N, Akoum N (2015)
Improvement in estimated glomerular filtration rate in patients
with chronic kidney disease undergoing catheter ablation for atrial
fibrillation. J Cardiovasc Electrophysiol 26:21-27

Soliman EZ, Prineas RJ, Go AS, Xie D, Lash JP, Rahman M, Ojo
A, Teal VL, Jensvold NG, Robinson NL, Dries DL, Bazzano L,
Mohler ER, Wright JT, Feldman HI, Chronic Renal Insufficiency
Cohort (CRIC) Study Group (2010) Chronic kidney disease and
prevalent atrial fibrillation: the chronic renal insufficiency cohort
(CRIC). Am Heart J 159:1102-1107

Takahashi Y, Takahashi A, Kuwahara T, Okubo K, Fujino T,
Takagi K, Nakashima E, Kamiishi T, Hikita H, Hirao K, Isobe M
(2011) Renal function after catheter ablation of atrial fibrillation.
Circulation 124:2380-2387

Watanabe H, Watanabe T, Sasaki S, Nagai K, Roden DM, Aizawa
Y (2009) Close bidirectional relationship between chronic kid-
ney disease and atrial fibrillation: the Niigata preventive medicine
study. Am Heart J 158:629-636

Yoshikawa D, Ishii H, Suzuki S, Takeshita K, Kumagai S, Hayashi
M, Niwa T, [zawa H, Murohara T (2014) Plasma indoxyl sulfate
and estimated glomerular filtration rate. Circ J 78:2477-2482
Barreto FC, Barreto DV, Liabeuf S, Meert N, Glorieux G, Tem-
mar M, Choukroun G, Vanholder R, Massy ZA, European Ure-
mic Toxin Work Group (EUTox) (2009) Serum indoxyl sulfate is
associated with vascular disease and mortality in chronic kidney
disease patients. Clin J Am Soc Nephrol 4:1551-1558

Niwa T, Takeda N, Tatematsu A, Maeda K (1988) Accumulation
of indoxyl sulfate, an inhibitor of drug-binding, in uremic serum
as demonstrated by internal-surface reversed-phase liquid chro-
matography. Clin Chem 34:2264-2267

Aoki K, Teshima Y, Kondo H, Saito S, Fukui A, Fukunaga N,
Nawata T, Shimada T, Takahashi N, Shibata H (2015) Role of

@ Springer

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

indoxyl sulfate as a predisposing factor for atrial fibrillation in
renal dysfunction. ] Am Heart Assoc 4:¢002023

Lekawanvijit S, Kompa AR, Manabe M, Wang BH, Langham RG,
Nishijima F, Kelly DJ, Krum H (2012) Chronic kidney disease-
induced cardiac fibrosis is ameliorated by reducing circulating
levels of a non-dialysable uremic toxin, indoxyl sulfate. PLoS One
7:e41281

Niwa T, Ise M (1994) Indoxyl sulfate, a circulating uremic toxin,
stimulates the progression of glomerular sclerosis. J Lab Clin Med
124:96-104

Shimazu S, Hirashiki A, Okumura T, Yamada T, Okamoto R,
Shinoda N, Takeshita K, Kondo T, Niwa T, Murohara T (2013)
Association between indoxyl sulfate and cardiac dysfunction
and prognosis in patients with dilated cardiomyopathy. Circ J
77:390-396

Sun CY, Hsu HH, Wu MS (2013) p-Cresol sulfate and indoxyl
sulfate induce similar cellular inflammatory gene expressions in
cultured proximal renal tubular cells. Nephrol Dial Transplant
28:70-78

Ishani A, Grandits GA, Grimm RH, Svendsen KH, Collins AJ,
Prineas RJ, Neaton JD (2006) Association of single measurements
of dipstick proteinuria, estimated glomerular filtration rate, and
hematocrit with 25-year incidence of end-stage renal disease
in the multiple risk factor intervention trial. ] Am Soc Nephrol
17:1444-1452

Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei
B, Castella M, Diener HC, Heidbuchel H, Hendriks J, Hindricks
G, Manolis AS, Oldgren J, Popescu BA, Schotten U, Van Putte B,
Vardas P, Agewall S, Camm J, Baron Esquivias G, Budts W, Car-
erj S, Casselman F, Coca A, De Caterina R, Deftereos S, Dobrev
D, Ferro JM, Filippatos G, Fitzsimons D, Gorenek B, Guenoun
M, Hohnloser SH, Kolh P, Lip GY, Manolis A, McMurray J,
Ponikowski P, Rosenhek R, Ruschitzka F, Savelieva I, Sharma
S, Suwalski P, Tamargo JL, Taylor CJ, Van Gelder IC, Voors
AA, Windecker S, Zamorano JL, Zeppenfeld K (2016) 2016 ESC
guidelines for the management of atrial fibrillation developed in
collaboration with EACTS. Europace 18:1609-1678

Kanda Y (2013) Investigation of the freely available easy-to-use
software "EZR’ for medical statistics. Bone Marrow Transplant
48:452-458

Issac TT, Dokainish H, Lakkis NM (2007) Role of inflammation
in initiation and perpetuation of atrial fibrillation: a systematic
review of the published data. J Am Coll Cardiol 50:2021-2028
Dou L, Jourde-Chiche N, Faure V, Cerini C, Berland Y, Dignat-
George F, Brunet P (2007) The uremic solute indoxyl sulfate
induces oxidative stress in endothelial cells. ] Thromb Haemost
5:1302-1308

Shimoishi K, Anraku M, Kitamura K, Tasaki Y, Taguchi K,
Hashimoto M, Fukunaga E, Maruyama T, Otagiri M (2007) An
oral adsorbent, AST-120 protects against the progression of oxida-
tive stress by reducing the accumulation of indoxyl sulfate in the
systemic circulation in renal failure. Pharm Res 24:1283-1289
Dudley SC Jr, Hoch NE, McCann LA, Honeycutt C, Diamando-
poulos L, Fukai T, Harrison DG, Dikalov SI, Langberg J (2005)
Atrial fibrillation increases production of superoxide by the left
atrium and left atrial appendage: role of the NADPH and xanthine
oxidases. Circulation 112:1266-1273

Chen WT, Chen YC, Hsiech MH, Huang SY, Kao YH, Chen YA,
Lin YK, Chen SA, Chen YJ (2015) The uremic toxin indoxyl
sulfate increases pulmonary vein and atrial arrhythmogenesis. J
Cardiovasc Electrophysiol 26:203-210

Enomoto A, Takeda M, Tojo A, Sekine T, Cha SH, Khamdang S,
Takayama F, Aoyama I, Nakamura S, Endou H, Niwa T (2002)
Role of organic anion transporters in the tubular transport of
indoxyl sulfate and the induction of its nephrotoxicity. J Am Soc
Nephrol 13:1711-1720



Heart and Vessels (2019) 34:641-649

649

25.

26.

27.

28.

Huc T, Nowinski A, Drapala A, Konopelski P, Ufnal M (2018)
Indole and indoxyl sulfate, gut bacteria metabolites of tryptophan,
change arterial blood pressure via peripheral and central mecha-
nisms in rats. Pharmacol Res 130:172-179

Konopelski P, Ufnal M (2018) Indoles—gut bacteria metabolites
of tryptophan with pharmacotherapeutic potential. Curr Drug
Metab. https://doi.org/10.2174/1389200219666180427164731
Providencia R, Fernandes A, Paiva L, Faustino A, Barra S,
Botelho A, Trigo J, Nascimento J, Leitao-Marques A (2013)
Decreased glomerular filtration rate and markers of left atrial
stasis in patients with nonvalvular atrial fibrillation. Cardiology
124:3-10

Muellerleile K, Groth M, Steven D, Hoffmann BA, Saring D,
Radunski UK, Lund GK, Adam G, Rostock T, Willems S (2013)

29.

30.

Cardiovascular magnetic resonance demonstrates reversible atrial
dysfunction after catheter ablation of persistent atrial fibrillation.
J Cardiovasc Electrophysiol 24:762-767

Machino-Ohtsuka T, Seo Y, Ishizu T, Yanaka S, Nakajima H,
Atsumi A, Yamamoto M, Kawamura R, Koshino Y, Machino T,
Kuroki K, Yamasaki H, Igarashi M, Sekiguchi Y, Tada H, Aon-
uma K (2013) Significant improvement of left atrial and left atrial
appendage function after catheter ablation for persistent atrial
fibrillation. Circ J 77:1695-1704

La Meir M, Gelsomino S, Luca F, Pison L, Rao CM, Wellens F,
Maessen JG (2013) Improvement of left atrial function and left
atrial reverse remodeling after minimally invasive radiofrequency
ablation evaluated by 2-dimensional speckle tracking echocardi-
ography. J Thorac Cardiovasc Surg 146:72-77

@ Springer


https://doi.org/10.2174/1389200219666180427164731

	The relationship between serum indoxyl sulfate and the renal function after catheter ablation of atrial fibrillation in patients with mild renal dysfunction
	Abstract
	Introduction
	Methods
	Study population and study design

	RFCA procedure
	Post-RFCA follow-up
	Statistical analysis

	Ethical considerations
	Results
	Baseline characteristics
	The transition in the renal function

	Discussion
	Main findings
	Indoxyl sulfate and AF
	Indoxyl sulfate and the renal function
	Mechanism of the improvement in the renal function
	Study limitations

	Conclusions
	Acknowledgments 
	References




