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Abstract

Background: Atrial fibrillation (AF) and renal impairment share a bidirectional
relationship with important pathophysiological interactions. We evaluated the
impact of renal impairment in a contemporary cohort of patients with AF.
Methods: We utilised the ESC-EHRA EORP-AF Long-Term General Registry.
Outcomes were analysed according to renal function by CKD-EPI equation. The
primary endpoint was a composite of thromboembolism, major bleeding, acute
coronary syndrome and all-cause death. Secondary endpoints were each of these
separately including ischaemic stroke, haemorrhagic event, intracranial haemor-
rhage, cardiovascular death and hospital admission.

Results: A total of 9306 patients were included. The distribution of patients
with no, mild, moderate and severe renal impairment at baseline were 16.9%,
49.3%, 30% and 3.8%, respectively. AF patients with impaired renal function
were older, more likely to be females, had worse cardiac imaging parameters and
multiple comorbidities. Among patients with an indication for anticoagulation,
prescription of these agents was reduced in those with severe renal impairment,
p < .001. Over 24 months, impaired renal function was associated with signif-
icantly greater incidence of the primary composite outcome and all secondary

The members of the ESC-EHRA EORP-AF Long-Term General Registry Investigators are listed in Appendix.
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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia and it is associated with poor outcomes.
Due to the systemic nature of AF, it frequently has patho-
physiological interactions with other associated comor-
bidities. An example is chronic kidney disease (CKD),
which is defined as abnormalities involving the kidney
structure or function that lasts for more than 3 months
with health implications.! The prevalence of both AF and
renal impairment increases with age and pre-existing co-
morbidities.>* Moreover, there is a bidirectional relation-
ship between these conditions such that renal impairment
increases the risk of incident AF while the presence of
AF promotes the development and progression of renal
impairment.*

From a clinical perspective, there are many crucial
aspects to consider when treating patients with AF and
renal impairment. Most importantly, patients with AF suf-
fer from an increased risk of all-cause death and stroke,
and these risks are amplified in those with co-existing
renal impairment.” Preventive strategies include the use
of anticoagulation therapy such as warfarin, which has
been shown to be influenced by renal impairment and
consequently linked to poor outcomes.’ Alternatively,
non-vitamin K antagonist oral anticoagulants (NOACs)
may be used but these agents have varying degrees of
renal excretion. Hence, the presence of renal impairment
has a significant influence on the choice of anticoagula-
tion in patients with AF.

Presently, the impact of renal function on long-term
outcomes in AF remains ill-defined. The objectives of this
study were to evaluate the impact of renal impairment in
a contemporary cohort of AF patients across Europe by

outcomes. Multivariable Cox regression analysis demonstrated an inverse rela-
tionship between eGFR and the primary outcome (HR 1.07 [95% CI, 1.01-1.14]
per 10 ml/min/1.73 m?* decrease), that was most notable in patients with eGFR
<30 ml/min/1.73 m? (HR 2.21 [95% CI, 1.23-3.99] compared to eGFR >90 ml/

Conclusion: A significant proportion of patients with AF suffer from concomi-
tant renal impairment which impacts their overall management. Furthermore,
renal impairment is an independent predictor of major adverse events including
thromboembolism, major bleeding, acute coronary syndrome and all-cause death

atrial fibrillation, chronic kidney disease, death, kidney failure, major bleeding, outcome,

utilizing the EURObservational Research Programme in
AF (EORP-AF) General Long-Term Registry.

2 | METHODS

The EORP-AF General Long-Term Registry is a prospec-
tive, observational, large-scale multicentre registry from
250 centres in 27 participating European countries. A de-
tailed description of the design and baseline characteristics
have previously been provided.” In brief, patients with AF
who presented to inpatient and outpatient cardiology ser-
vices were enrolled between October 2013 and September
2016. All patients were equal or older than 18 years and
had documented AF on prior electrocardiographic eval-
uation within 12 months of enrolment. Institutional re-
view board approval of the study protocol was obtained
for every participating organisation, informed consent
was obtained from patients and the study was performed
in accordance to the European Union Note for Guidance
on Good Clinical Practice CPMP/ECH/135/95 and the
Declaration of Helsinki. Reporting of the study conforms
to broad EQUATOR guidelines.®

2.1 | Data collection and definition

Data on demographics, comorbidities and management
strategies were collected with prospectively designed
data collection forms. Baseline serum creatinine, sex, age
and ethnicity were determined at enrolment for calcula-
tion of estimated glomerular filtration rate (eGFR) using
the Chronic Kidney Disease-Epidemiology Collaboration
(CKD-EPI) equation. Patients with missing data were
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excluded. Based on eGFR, patients were categorised
into four groups: no renal impairment (eGFR >90 ml/
min/1.73 m?), mild renal impairment (eGFR 60-89 ml/
min/1.73 m?), moderate renal impairment (eGFR 30-
59 ml/min/1.73 m?) and severe renal impairment (eGFR
<30 ml/min/1.73 m?). AF classification was determined
according to the European Society of Cardiology recom-
mendations.” Severity of AF-related symptoms was as-
certained using the European Heart Rhythm Association
(EHRA) classification.

2.2 | Study outcomes

The primary endpoint was a composite of thromboem-
bolism (TE), major bleeding, acute coronary syndrome
(ACS) and all-cause death. Secondary endpoints were
TE, ischaemic stroke, ACS, haemorrhagic event, major
bleeding, intracranial haemorrhage, all-cause death,
cardiovascular death and hospital admission. The
study outcomes were recorded over a 2-year follow-up
period. All outcomes were assessed and reported by
investigators.

2.3 | Statistical analyses

Continuous variables were tested for normality with
Kolmogorov-Smirnov test. Parametric variables were
described with mean and standard deviation, and were
compared using t-test. Non-parametric variables were
described with median and interquartile range (IQR),
and tested for differences using Kruskal Wallis test,
which evaluates for differences between all the groups.
Categorical variables were described with count and per-
centage, and tested for differences using chi-squared test
or Fisher's exact test (if expected cell count was less than
five). Plots of Kaplan-Meier curves for study endpoints
in relation to eGFR categories were performed and sur-
vival distributions compared using log-rank test. Cox
proportional hazards model was used to establish the re-
lationship between renal function and the risk of major
adverse events in AF. To adjust for possible confound-
ers, all variables that were significantly different between
the groups at baseline with a level of significance of p 10
were included in the univariate analysis. Subsequently,
risk factors associated with the composite outcome with
p value below .10 were incorporated into a forward mul-
tivariate proportional hazards model. The model was re-
peated with the inclusion of eGFR as either a categorical
or continuous covariate. A two-sided p value of <.05 was
considered statistically significant. Analyses were per-
formed using SPSS software version 24 (IBM Corp).

3 | RESULTS

A total of 9306 patients with AF were included in this
analysis, corresponding to 83.9% of the original cohort of
11,096 patients. The remaining patients were excluded
due to missing data for calculation of eGFR. Median age of
patients was 68.8 (IQR 62.0-77.0) years with 3841 (41.3%)
females. The distribution of patients with no, mild, moder-
ate and severe renal impairment were 1573 (16.9%), 4586
(49.3%), 2790 (30.0%) and 357 (3.8%), respectively. A total
of 5531 (59.4%) patients were enrolled during hospitalisa-
tion: 927 (58.9%) patients with no renal impairment, 2621
(57.2%) with mild renal impairment, 1723 (61.8%) with
moderate renal impairment and 260 (72.8%) with severe
renal impairment (p for trend <.001).

3.1 | Baseline characteristics

Baseline patient characteristics based on renal function
are summarised in Table 1. Median eGFR in the no, mild,
moderate and severe renal impairment groups were 96.8
(IQR 93.0-102.6) ml/min/1.73 m?, 74.7 (IQR 67.6-82.6)
ml/min/1.73 m? 49.2 (IQR 41.6-55.2) ml/min/1.73 m?
and 23.7 (IQR 18.4-27.7) ml/min/1.73 m? respectively.
AF patients with impaired renal function were older and
more likely to be females with larger left atrial diameter,
lower left ventricular function and greater proportion of
left ventricular hypertrophy. Furthermore, they had a
greater prevalence of permanent AF and comorbidities in-
cluding cardiomyopathy, chronic obstructive pulmonary
disease, coronary artery disease, diabetes mellitus, heart
failure, hypertension, peripheral vascular disease, prior
haemorrhagic event, prior TE, hypothyroidism and val-
vular heart disease. This is reflected by a graded increase
in CHA,DS,-VASc and HAS-BLED scores among patients
with impaired renal function.

Atrial fibrillation was reported to be the primary di-
agnosis at baseline admission or consultation in most
patients (Table S1). Nonetheless, the frequency of other
primary diagnoses including non-cardiovascular con-
ditions was increased with impaired renal function.
Additionally, these patients were significantly more likely
to have severe symptoms attributable to AF. Recent diag-
nostics and baseline interventions performed according to
renal function are provided in Table S2.

3.2 | Management strategies

Overall, there was a good rate of prescription of oral an-
ticoagulants (n = 8061 [86.7%]) in this patient cohort
(Table 2). There were 1066 (11.5%) patients on reduced
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doses of NOAC therapy. When the analysis was limited
to the subgroup of patients in whom anticoagulation
was indicated (CHA,DS,-VASc >2 [male] or >3 [female];
n = 6998), prescription of these agents was significantly
reduced in those with severe renal impairment (78.6%).
Furthermore, there was an increased preference for vita-
min K antagonist (VKA) over NOACs with impaired renal
function (Figure 1).

In terms of rhythm control strategies, patients with im-
paired renal function were less likely to be prescribed anti-
arrhythmic medications at baseline. Moreover, although
few (20.6%) patients in this cohort received rhythm con-
trol interventions during the follow-up period, this was
particularly evident in those with worse renal function
(11.5% in patient with severe renal impairment vs. 26.1%
in patients with no renal impairment), p < .001.

3.3 | Major adverse events

During a median follow-up of 24 months, there were
a total of 727 (8.6%) recorded events for the composite
outcome of TE, major bleeding, ACS and all-cause death
(Table 3). In this regard, patients with worse renal func-
tion had significantly more adverse events (p < .001) with
rates of 4.9%, 7.5%, 11.4% and 17.6% in the no, mild, mod-
erate and severe renal impairment groups, respectively. A
total of 842 (9.0%) patients were lost to follow-up for the
primary endpoint. Worse renal function was associated

100%
90%
80%
70%
60%
50%
40%

30%

Percentage of study cohort

10% 8.1%

0%
No renal impairment

(n=1573) (n=4586)

H No antithrombotic

Mild renal impairment

Antiplatelet only = VKA

WILEY-L22"

with significantly higher incidences of any TE (p = .043),
ischaemic stroke (p = .034), ACS (p < .001), any haemor-
rhagic event (p < .001), major bleeding (p = .002), intrac-
ranial haemorrhage (p = .010), all-cause death (p < .001),
cardiovascular death (p < .001) and hospital admissions
(p < .001).

In comparison to patients with no renal impairment,
those with mild, moderate and severe renal impairment
had crude hazard ratios (HRs) for the composite outcome
of 1.50 (95% CI, 1.16-1.96), 2.40 (95% CI, 1.84-3.14) and
4.87 (95% CI, 3.38-7.00), respectively (Table 4). A simi-
lar trend was observed for the risk of any TE, ischaemic
stroke, major bleeding, ACS, all-cause death and cardio-
vascular death. Kaplan-Meier survival analyses demon-
strated that worse renal function in AF was linked to
significantly increased risk for time to the composite out-
come of TE, major bleeding, ACS and all-cause death (log-
rank p < .001), any TE (log-rank p = .007), major bleeding
(log-rank p < .001) and all-cause death (log-rank p < .001)
(Figure 2).

3.4 | Multivariable analyses

The relationship between renal function and risk of major
adverse events in AF was determined after adjustment
for other important risk factors identified on univariate
analyses: age, body mass index, left atrial size, left ven-
tricular function, exercise frequency, chronic obstructive

18.5%
9.6%
[ 4.6% |

Severe renal impairment
(n=357)

Moderate renal
impairment (n=2790)

ENOAC

FIGURE 1 Antithrombotic regime in patients with a valid indication at baseline according to renal function. VKA, vitamin K
antagonist; NOAC, non-vitamin K antagonist oral anticoagulant; OAC, oral anticoagulant
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TABLE 3 Major adverse events at 2-years according to renal function
Major adverse events, Total eGFR 290 eGFR 60-89 eGFR 30-59 eGFR <30 p value
n (%) (n=9306) (n=1573;16.9%) (n =4586;49.3%) (n=2790;30.0%) (n=357;3.8%) (trend)
Composite of 727 (8.6) 71 (4.9) 313(7.5) 289 (11.4) 54(17.6) <.001
thromboembolism,
major bleeding,
acute coronary
syndrome and all-
cause death
Any thromboembolism 173 (2.1) 22 (1.6) 77 (1.9) 66 (2.7) 8(2.7) .043
Ischaemic stroke 93(1.1) 8(0.6) 45(1.1) 34 (1.4) 6(2.0) .034
Acute coronary 208 (2.5) 23 (1.6) 101 (2.4) 71 (2.8) 13 (4.2) <.001
syndrome
Haemorrhagic event 306 (3.6) 34 (2.4) 140 (3.3) 111 (4.4) 21(6.8) <.001
Major bleeding 83 (1.0) 4(0.3) 40 (1.0) 34(1.3) 5(1.6) .002
Intracranial 28 (0.3) 0(0.0) 13(0.3) 14(0.6) 1(0.3) .010
haemorrhage
All-cause death 850 (9.1) 68 (4.3) 301 (6.6) 373 (13.4) 108 (30.3) <.001
Cardiovascular death 341 (3.8) 20(1.3) 118 (2.6) 153 (5.8) 50 (15.5) <.001
Any admission 2046 (25.7)  327(23.6) 997 (24.8) 648 (28.1) 74 (31.1) <.001
AF-related admission 1237 (14.7) 256 (17.9) 606 (14.5) 345 (13.7) 30(9.8) <.001
Abbreviations: AF, atrial fibrillation, eGFR, estimated glomerular filtration rate.
TABLE 4 Effects of renal impairment on 2-year outcomes in atrial fibrillation
eGFR >90 eGFR 60-89 eGFR 30-59 eGFR <30

(n =1573;16.9%)

2-Year outcomes

Composite of thromboembolism, major Ref.
bleeding, acute coronary syndrome and
all-cause death

Any thromboembolism Ref.
Ischaemic stroke Ref.
Major bleeding Ref.
Acute coronary syndrome Ref.
All-cause death Ref.
Cardiovascular death Ref.

(n = 4586; 49.3%) (n =2790;30.0%) (n=357;3.8%)

Unadjusted HR (95% CI)

1.50 (1.16-1.96) 2.40 (1.84-3.14) 4.87 (3.38-7.00)

1.17 (0.73-1.88)
1.91 (0.90-4.05)
3.51 (1.26-9.82)
1.60 (1.012.53)

1.43 (1.09-1.87)
1.94 (1.20-3.12)

1.84 (1.13-2.98)
2.65 (1.22-5.71)
5.20 (1.84-14.68)
1.97 (1.22-3.19)
3.09 (2.37-4.03)
4.54 (2.85-7.25)

2.30 (1.02-5.17)
4.74 (1.65-13.67)
8.53 (2.29-31.76)
3.79 (1.91-7.52)
8.94 (6.54-12.22)
14.09 (8.35-23.78)

Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.

pulmonary disease, coronary artery disease, diabetes mel-
litus, heart failure, hypertension, liver disease, known ma-
lignancy peripheral vascular disease, prior haemorrhagic
event, prior TE, valvular heart disease, antiplatelet treat-
ment and NOAC therapy (Table S3). Multivariable Cox
regression analysis using eGFR as a categorical variable
found that severe renal impairment was an independent
predictor of the composite outcome of TE, major bleeding,
ACS and all-cause death with an adjusted HR of 2.21 (95%
CI, 1.23-3.99) [Figure 3]. No significant association be-
tween mild and moderate renal impairment, and adverse
outcomes in AF were found. Repeat testing using eGFR

as a continuous variable demonstrated that each decrease
of 10 ml/min/1.73 m? in renal function contributed to an
adjusted HR of 1.07 (95% CI, 1.01-1.14) for the primary
composite outcome.

4 | DISCUSSION

Our main findings from this large, contemporary, prospec-
tive study across 250 centres in 27 participating European
countries of patients with AF are that impaired renal
function was associated with: (1) increased age, female
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FIGURE 2 Kaplan-Meier curves for the composite outcome of thromboembolism, major bleeding, acute coronary syndrome and
all-cause death (A), thromboembolism (B), major bleeding (C) and all-cause death (D) according to renal function. No renal impairment is
represented by dark blue, mild renal impairment by light blue, moderate renal impairment by green and severe renal impairment by red

sex, unfavourable cardiac imaging parameters and greater
prevalence of other comorbidities, (2) greater CHA,DS,-
VASc and HAS-BLED scores, (3) reduced use of rhythm
control interventions and anticoagulation therapy, the
latter of which was more frequently achieved using VKA
over NOACs and (4) higher incidence of adverse events
including composite outcome of TE, major bleeding, ACS
and all-cause death; any TE; ischaemic stroke; ACS; any
haemorrhagic event; major bleeding; intracranial haem-
orrhage; all-cause death; cardiovascular death and hos-
pital admissions. In fact, worse renal function and eGFR
below 30 ml/min/1.73 m?* remained an independent pre-
dictor for the composite outcome of TE, major bleeding,
ACS and all-cause death, after accounting for other risk
factors. Furthermore, 83% of patients with AF in this co-
hort had evidence of reduced renal function.

4.1 | Baseline parameters and
management strategies

It was relatively unsurprising that AF patients with im-
paired renal function were older with greater structural
and functional changes detected on cardiac imaging
alongside multiple comorbidities. However, reasons for
an increased proportion of females among patients with
reduced renal function remain unclear. Similar findings
have also been reported in other observational studies,'O!
despite prior evidence suggesting that female sex may
have a renoprotective effect secondary to oestrogen.'> A
potential explanation may be that male patients with AF
have worse outcomes in terms of increased mortality rates
compared to females, although this was not supported by
our study.



10 of 16
4|_Wl LEY

DING ET AL.

(A)

Variables
Age (per year)
BMI (per unit increase)
e¢GFR 60-89 vs eGFR >90
e¢GFR 30-59 vs eGFR >90
eGFR <30 vs eGFR >90
LA size (per mm increase)
LV EF (per % decrease)

No physical activity

COPD

Coronary artery disease
Diabetes mellitus

Heart failure

Hypertension

Liver disease

Known malignancy
Peripheral vascular disease
Prior haemorrhagic event
Prior thromboembolic event
Valvular heart disease
Antiplatelet treatment
NOAC therapy
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(B) Variables
Age (per year)

BMI (per unit increase)
eGFR (per 10 unit decrease)
LA size (per mm increase)
LV EF (per % decrease)

No physical activity

COPD

Coronary artery disease
Diabetes mellitus

Heart failure

Hypertension

Liver disease

Known malignancy
Peripheral vascular disease
Prior haemorrhagic event
Prior thromboembolic event
Valvular heart disease
Antiplatelet treatment
NOAC therapy

<

Worse outcomes
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1
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1
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1
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1
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1
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0.5 1.5 2.5 3.5
>

Better outcomes

Worse outcomes

HR (95% CI)
1.03 (1.02 - 1.05)

0.96 (0.94 - 0.99)
1.08 (0.71 - 1.64)
1.29 (0.82 - 2.02)
2.21 (1.23 - 3.99)
1.00 (0.98 - 1.01)
0.99 (0.98 - 1.00)
1.29 (1.03 - 1.61)
1.20 (0.87 - 1.67)
1.57 (1.21 - 2.02)
1.12 (0.88 - 1.44)
1.15 (0.89 - 1.47)
0.92 (0.72 - 1.17)
1.15 (0.87 - 2.51)
1.73 (0.85 - 3.52)
1.06 (0.75 - 1.50)
0.93 (0.61 - 1.42)
1.56 (1.17 - 2.10)
0.89 (0.70 - 1.12)
1.90 (1.46 - 2.49)
1.32 (1.03 - 1.68)

HR (95% CI)
1.03 (1.02 - 1.05)

0.96 (0.94 - 0.99)
1.07 (1.01 - 1.14)
1.00 (0.98 - 1.01)
0.99 (0.98 - 1.00)
1.29 (1.03 - 1.62)
1.20 (0.86 - 1.66)
1.57 (1.21 - 2.03)
1.14 (0.89 - 1.45)
1.13 (0.88 - 1.46)
0.91(0.72 - 1.16)
1.47 (0.87 - 2.49)
1.75 (0.86 - 3.55)
1.07 (0.75 - 1.51)
0.95 (0.63 - 1.46)
1.58 (1.18 - 2.11)
0.88 (0.70 - 1.12)
1.92 (1.47 - 2.50)
1.31 (1.03 - 1.68)

FIGURE 3 Multivariable Cox regression analysis for independent predictors of the composite outcome of thromboembolism, major

bleeding, acute coronary syndrome and all-cause death with eGFR as a categorical (A) and continuous (B) covariate. Dashes represent

hazard ratio and line edges represent limits of 95% confidence intervals. BMI, body mass index, CI, confidence intervals; COPD, chronic

obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LA, left atrial; LV EF, left ventricular ejection

fraction; NOAC, non-vitamin K antagonist oral anticoagulant
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Though rhythm control strategies are typically indi-
cated for symptom relief, we found that rhythm control
interventions in AF were reduced among patients with
impaired renal function despite having a greater burden
of AF-related symptoms. Indeed, the ORBIT-AF registry
found that the rhythm control strategy was used less fre-
quently among patients with creatinine clearance (CrCl)
of less than 60 ml/min.'* This may relate to the perception
that these patients have a lower probability of maintaining
sinus rhythm. Schmidt et al. found that patients with an
eGFR below 60 ml/min had significantly increased risk
of AF recurrence at 1-month following cardioversion.* A
prospective study of patients with new-onset AF post-ACS
in the GUSTO (Global Use of Strategies to Open Occluded
Coronary Arteries)-III trial found that rhythm control in
those with CrCl less than 60 ml/min was associated with
lower odds of sinus rhythm at discharge compared to their
counterparts.'® Nevertheless, this was not statistically sig-
nificant after adjusting for other risk factors.

Our data highlights the fact that among AF patients
with a valid indication for anticoagulation, those with an
eGFR below 30 ml/min/1.73 m* were less likely to receive
treatment. This may reflect the current literature which
do not provide sufficient evidence in favour of anticoagu-
lation in this subgroup of patients who are exposed to an
increased risk of bleeding.* Furthermore, there was a pref-
erence for VKA therapy over NOACs, which remain un-
tested in this high-risk subgroup. An in-depth analysis of
the GARFIELD-AF (Global Anticoagulant Registry in the
FIELD-Atrial Fibrillation) registry found that moderate
or worse CKD (eGFR <60 ml/min/1.73 m?) was strongly
associated with the choice for anticoagulant therapy, with
more frequent use of VKA.

4.2 | Rate of adverse events

In the SPAF (Stroke Prevention in Atrial Fibrillation) 3
trial, patients with eGFR below 60 ml/min had a twofold
greater risk of ischaemic stroke or systemic embolism."’
In GARFIELD-AF, even mild CKD (eGFR 60-89 ml/
min/1.73 m*) was an independent risk factor for all-cause
mortality, after adjusting for baseline characteristics and
antithrombotic use.'® Furthermore, moderate or severe
CKD was independently associated with a higher risk of
stroke or systemic embolism, major bleeding, new-onset
ACS and new or worsening heart failure. Interestingly,
the impact of renal impairment was significantly greater
in patients from Asia than elsewhere.'® However, as indi-
vidual CKD status was recorded by the respective physi-
cians, this observation may be due to misclassification bias
secondary to variations in screening practices for CKD.
Moreover, there may be differences in the performance

of formulas used to calculate eGFR across the various
ethnicities.

A retrospective cohort study showed that moderate
and severe CKD were associated with an increased risk
of stroke, bleeding and mortality in patients with AF.'® In
the EORP-AF General Pilot Registry, impaired renal func-
tion was independently associated with increased risk of
stroke, transient ischaemic attack or death.'! Additionally,
the authors highlight the prognostic implications of using
different formulas for determining eGFR. The ATRIA
(Anticoagulation and Risk Factors in Atrial Fibrillation)
study found that eGFR below 45 ml/min/1.73 m?® and
proteinuria were each independently associated with in-
creased risk of TE." The latter suggests that an assess-
ment of other markers for kidney damage should not
be overlooked. In contrast, a study from the Loire Valley
Atrial Fibrillation Project demonstrated that reduced
renal function was not an independent predictor for isch-
aemic stroke or TE.*

Our analysis confirms that there is an inverse relation-
ship between renal function and long-term major adverse
events including TE, major bleeding, ACS and all-cause
death among patients with AF, independent of other risk
factors. Furthermore, patients with lower eGFR had more
hospital admissions, though because of their greater bur-
den of comorbidities, this was less likely to be due to AF
per se. Unlike many of the aforementioned studies which
were limited to 1-year outcomes, we found that the impact
of renal impairment on AF persisted at 2-year follow-up
even after rigorous adjustment for possible confounders.
Therefore, patients with AF and renal impairment should
be considered for a more holistic and integrated care ap-
proach,21 which has been associated with improved clini-
cal outcomes.*>**

4.3 |
in AF

Prevalence of renal impairment

As many as 83% of patients with AF in our cohort had
reduced renal function, including 33% with moderate
or severe CKD. Few patients had eGFR less than 30 ml/
min/1.73 m?. Similar rates were reported in a retrospec-
tive cohort study of 116,506 patients with AF from an elec-
tronic record database in Israel'® and in other studies.'**

Overall, while a significant proportion of patients with
AF have reduced renal function, the true prevalence of
renal impairment is not well-defined. Though patients
with eGFR below 60 ml/min/1.73 m? fulfil the criteria for
a diagnosis of CKD, labelling those with eGFR between
60 and 89 ml/min/1.73 m* as having ‘mild CKD’ and
equal or more than 90 ml/min/1.73 m? as ‘no CKD’ is not
strictly accurate. Indeed, based on the current guidelines,
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the presence of a marker of kidney damage such as albu-
minuria, urine sediment abnormalities and structural ab-
normalities detected by imaging is required to diagnose
CKD in patients with eGFR equal or more than 60 ml/
min/1.73 m%?*** In this regard, majority of studies in AF
have relied solely on eGFR when referring to CKD. This
may provide an explanation for the neutral effects of mild
CKD in patients with AF. Additionally, misclassification
bias within the ‘no CKD’ group may contribute to dimin-
ished effect sizes when compared to patients with mod-
erate or worse CKD, thereby under-estimating the true
impact of renal impairment on outcomes in AF.

4.4 | Limitations

The main limitations of our analysis were related to its
observational nature and the fact that there were few
patients with severe renal impairment (eGFR <30 ml/
min/1.73 m?). Nonetheless, our findings were consistent
with many other studies in this area, as discussed above.
The EORP-AF General Long-Term Registry was based ex-
clusively on cardiology practices and should be interpreted
with caution in the wider AF population. Moreover, the
association of enrolling centres with European Society of
Cardiology activities may have contributed to increased
anticoagulation uptake. Furthermore, residual bias may
be present due to factors that were unaccounted for, and
we lacked follow-up data on renal function. Despite these
limitations, our data provides a comprehensive overview
and useful insights into the current practice involving AF
patients with renal impairment across Europe.

5 | CONCLUSIONS

A significant proportion of patients with AF suffer from
concomitant renal impairment which is associated with
greater CHA,DS,-VASc and HAS-BLED scores, and re-
duced use of rhythm control interventions and antico-
agulation therapy. Furthermore, renal impairment is an
independent predictor of major adverse events includ-
ing TE, major bleeding, ACS and all-cause death during
long-term follow-up in AF. Therefore, a holistic approach
that embeds clinical risk stratification should be utilised
among these patients.
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