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Non valvular atrial fibrillation (NVAF) is highly prevalent among chronic kidney disease (CKD) patients inwhom
it portends increased risk for subsequent stroke or systemic thromboembolic events. For these high risk patients
oral anticoagulation is recommended, after proper assessment of both thromboembolic and bleeding risk is ac-
curately ascertained.
However, current NVAF risk scores are inadequate for use in CKD subjects, since they do not take into account the
occurrence and the degree of renal function impairment.
Aimof this reviewwas therefore to provide the readerwith an analytical reviewof each risk factor included in the
available risk scores systems, as well as the evaluation of the accuracy of currently adopted score systems for ei-
ther bleeding or ischemic event risk prediction in patients with CKD.
On the basis of available data from literature, reclassifying those patients categorized at low-risk, for whom the
presence of renal impairment may be the only predictor for future adverse events emerges as a compelling
unmet need.
Accordingly, a new risk score calculator, specific for CKD patients is also provided.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia, oc-
curring in up to 1 to 2% of the general population [1] accounting for a
substantial cardiovascular morbidity, especially ischemic thromboem-
bolic stroke, and mortality [2,3].

AF is even more prevalent among Chronic Kidney Disease (CKD)
subjects [4–8] inwhich cardiovascular (CV) disease represents the lead-
ing cause of morbidity and mortality [9–11].

In particular, the risk of stroke or systemic thromboembolism
is increased in CKD [12].

To reduce the risk of stroke or systemic thromboembolism in AF pa-
tients, current guidelines on AF management suggest to provide oral
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anticoagulation therapy [13] based on a thorough clinical evaluation
that encompasses a proper assessment of both thromboembolic as
well as bleeding risk. These are usually estimated by CHA2DS2-VASc
and HASBLED scores [14,15]. Other risk scores such as CHADS2,
R2CHADS2 and ATRIA (Table 1) as well as ATRIA bleeding score,
ORBIT, HEMORRAGES (Table 2) are also available for assessment of
thromboembolism and bleeding risk, respectively [16–21]. Although
well calibrated in various high risk population, none of these scores
has been validated in CKD patients.

According to the most recent guidelines anticoagulation should be
started using a direct oral anticoagulant (DOAC) in all patients [13],
with the exclusion of those with moderate-to-severe mitral stenosis,
and those with mechanical heart valves. Furthermore, DOAC are not
recommended for subjects with severe renal function impairment
[22], in whom warfarin is still recommended as first choice
therapy. Because of CKD patients are at higher risk of major bleeding,
correct assessment of either thromboembolic or haemorragic risk is
mandatory. Hence, we aim at providing the readerwith an analytical re-
view of each risk factor included in the risk scores systems as well as a
meticulous evaluation of the accuracy of currently adopted score sys-
tems for risk of bleeding and ischemic event prediction in patients
with CKD.
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Table 1
Thromboembolism risk score.

CHA2DS2VASc CHADS2 R2CHADS2 ATRIA

CHF OR LVEF ≤40% CHF CHF OR LVEF ≤40% CHF
Hypertension (N140/90 mm Hg) Hypertension (N140/90 mm Hg) Hypertension (N140/90 mm Hg) Hypertension (ICD-9 CM)
Age ≥ 75 yrs.
Age 65–74 yrs

Age ≥ 75 yrs Age ≥ 75 yrs Age ≥ 85 yrs.
75 to 84
65 to 74
b65

Diabetes Diabetes Diabetes Diabetes
Prior stroke, TIA or thromboembolism Prior stroke, TIA or thromboembolism Prior stroke, TIA or thromboembolism Prior stroke
Vascular disease (prior MI, PAD or aortic plaque)
Sex category (female) Female

Renal Dysfunction
(eGFR ≤60 ml/min/1.73 m2)

eGFR b45 ml/min/1.73 m2

or ESRD (MDRD)
Proteinuria (urine dip-stick)

CHF; Congestive Heart Failure; LVEF; Left Ventricular Ejection Fraction; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; TIA, Transient Ischaemic
Attack; MI, Myocardial Infarction; PAD, Peripheral Artery Disease; eGFR, estimated Glomerular Filtration Rate; ESRD, End Stage Renal Disease.
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2. Thromboembolic risk scores

On the basis of current guidelines, recommended scores charts for
thromboembolic risk assessment in non valvular atrial fibrillation
(NVAF) are CHADS2, CHAD2VASc2, R2CHADS2 and ATRIA (Table 1).

2.1. CHADS2

The CHADS2 risk score replaced the risk stratification criteria gener-
ated frompooled analysis of RCTs (Atrial Fibrillation Investigators –AFI)
and/or cohort studies (Stroke Prevention in Atrial Fibrillation – SPAF) in
an attempt to provide clinicians with an easy tool to stratify stroke risk.

It assigns one point to each variable taken in account: congestive
heart failure, hypertension [defined as blood pressure (BP) N 140/90
mmHg], age ≥ 75 years, diabetes, prior stroke, transient ischaemic at-
tack (TIA) or thromboembolism.

The CHADS2 risk index has been validated in multiple cohorts en-
rolled in many clinical studies where it showed quite different discrim-
ination rates (c-statistic ranging from 0.56 to 0.81) [23].

However, patient with low risk according to CHADS2 score contin-
ued to have a significant annual stroke rate [24].
Table 2
Bleeding risk score.

HAS-BLED ATRIA ORBIT

Hypertension (Uncontrolled, Systolic
Blood Pressure N 160 mm Hg)

Hypertension History
(diagnosed hypertension)

Abnormal Renal function (Dialysis, renal
transplantation, or creatinine N2.26
mg/dl)

eGFR b30 ml/min or
dialysis-dependent

eGFRb60 ml/min/

Cirrhosis or bilirubin N 2 × normal with
AST/ALT/AP N 3 × normal

Stroke
Bleeding Any prior hemorrhage

diagnosis
Bleeding history

INR, time in therapeutic range b 60%
Elderly N 65 years Age ≥ 75 years Older age (N74 ye
Aspirin, clopidogrel, NSAIDs Treatment with a

Alcohol ≥ 8 drinks/week
Anemia (Hgb b 13 g/dl in
male, Hgb b 12 g/dl in
females)

Abnormal Hemog
g/dl in females), H
females)

eGFR, estimated Glomerular Filtration Rate; AST, ASpartate Transaminase; ALT, ALanine Transam
dal Anti-Inflammatory Drugs; PLT, Platelet count; HgB, Hemoglobin; Hct, Haematocrit; CYP, Cy
2.2. CHAD2VASc2

CHAD2VASc2 risk score is an extension of CHADS2 since more de-
tailed and new variables, such as age ranging 65–74 years, sex, and
prior vascular disease, namely myocardial infarction, peripheral artery
disease or the presence of aortic plaque have been added to the original
CHADS2. Clinical discrimination of this new score is strongly affected by
clinical characteristics of the various cohorts, with c-statistic ranging
from 0.58 to 0.89. However, CHAD2VASc2 proved to be more accurate
than CHADS2 in identifying patients at low risk of stroke [23]. Thus,
guidelines recommend the CHAD2VASc2 for stroke risk assessment in
AF.
2.3. R2CHADS2

R2CHADS2 score has been calculated using data from the ROCKET AF
trial by adding two points for renal dysfunction, defined as eGFR or cre-
atinine clearance b60 ml/min, to the traditional CHADS2 score. It has
been validated in multiple cohorts, again showing different clinical dis-
crimination power (c-statistic range 0.50–0.87) [23] .
HEMORR2HAGES

Hypertension (uncontrolled, Systolic Blood
Pressure N 160 mm Hg)

1.73 m2 eGFR b30 ml/min/1.73 m2 or
dialysis-dependent

Cirrhosis, two fold or greater elevation of
AST o APT, or albumin b3,6 g/dl
Stroke history
Rebleeding risk (prior hospitalization for
bleeding)

ars) Older (age N 75 years)
ntiplatelets Reduced platelet count or function (aspirin

use, NSAIDs, PLT b 75,000/mmc, blood
dyscrasia)
Ethanol abuse

lobin (Hgb b 13 g/dl in male, Hgb b 12
ct b 40% for males, Hct b 36% for

Anemia (most recent Hct b 30%, or Hgb b 10
g/dl)

Malignancy History
Genetic factors (CYP 2C9*2 ore CYP 2C9*3, a
single nucleotide polymorphism)
Excessive fall risk

inase; AP, Alkaline Phosphatase; INR, International Normalised Ratio; NSAIDs, NonSteroi-
tochrome P450.
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R2CHADS2 score presents two limitations: it has been derived using
data from a selected anticoagulated clinical trial cohort, which only in-
cluded subjects at high risk (CHADS2 score ≥ 2 at least,with a limit of in-
clusion of only 10% of those with score = 2); subjects with creatinine
clearance b30ml/min were excluded.

2.4. ATRIA

ATRIA Thromboembolic risk score was calculated adding one point
for each of the following risk factors: female gender, diabetes, conges-
tive heart failure, hypertension, proteinuria, MDRD-derived eGFR b45
ml/min/1.73m2 or end stage renal disease (ESRD).Moreover, additional
points (from 0 to 9) are assigned, according to age and evidence of prior
thromboembolic event. Even tough c- statistic of this score that emerges
from multiple cohorts was low (from 0.53 to 0.67), the ATRIA score
proved to be better on average than the CHAD2VASc2 in predicting
stroke events [25].

3. Bleeding risk

Algorithms for risk of bleeding stratification recommended by na-
tional and international guidelines for management of patients with
non valvular atrial fibrillation (NVAF) are HAS-BLED, HEMORR2HAGES,
ATRIA, and ORBIT (Table 2).

3.1. HAS-BLED

The HAS-BLED hemorrhage risk score was derived from the Euro
Heart survey cohort that enrolled 3978 patients with atrial fibrillation
[15]. The score includes the following risk factors: hypertension, abnor-
mal renal function (i.e. serum creatinine ≥2.26 mg/dl, chronic dialysis,
or kidney transplant), abnormal liver function, prior stroke, prior hem-
orrhage, labile international normalised ratios (INRs), age N65 years,
medications predisposing to hemorrhage, and drug or alcohol use (N7
drinks/week). The c-statistic in the derivation and validation cohorts
was modest (c b 0.72) [23].

3.2. HEMORR2HAGES

HEMORR2HAGES risk score includes the following risk factors: he-
patic or renal disease (serum creatinine N2.5 mg/dL or end-stage renal
disease), alcohol abuse, malignancy, age N75 years, reduced platelet
count or function, prior hemorrhage, uncontrolled hypertension, ane-
mia, genetic factors (CYP 2C9 single nucleotide polymorphisms), exces-
sive fall risk, and history of stroke. The risk score was derived from
previously published risk scores and validated in the National Registry
of Atrial Fibrillation cohort (n=3932). The risk score showed poor to
modest discrimination with a c-statistic of 0.67, 0.72, and 0.66 when
tested in patients on warfarin, on aspirin, or no therapy, respectively
[23].

3.3. ATRIA

ATRIA risk score was derived from 9186 patients with atrial fibrilla-
tion receivingwarfarin included in the ATRIA study cohort [19]. The fol-
lowing variables were included in the risk score: anemia, severe kidney
disease (eGFR b30 ml/min/1.73 m2 or dialysis dependent), age N75
years, any prior hemorrhage, and hypertension. The c-statistic of the
risk score was 0.69 [23].

3.4. ORBIT

ORBIT risk score was derived from a sample of 7411 patients with
atrial fibrillation recruited in the ORBIT AF cohort and was validated in
ROCKET AF population. It is a five-factor risk score that includes older
age (N75 years), reduces hemoglobin/haematocrit/history of anemia,
bleeding history, insufficient renal function, and treatment with anti-
platelet. The c-statistic of the risk score was 0.67 [20].

4. Risk factors in CKD patients

The systematic applicability of tools for thromboembolic as well as
bleeding episodes in CKD is hampered by numerous considerations.
Several risk score systems have been designed without taking into ac-
count any renal function indexes. Moreover, some risk factors included,
such as anemia or arterial hypertension, are defined according to cut-off
values validated in the general population and not necessarily consid-
ered applicable to the CKD population at large.

In the next section we will critically review accuracy and reliability
in CKD patients of different factors included in the ischemic as well as
bleeding risk score system.

4.1. Renal function

Only ATRIA and R2CHADS2 risk scores take into account renal func-
tion. ATRIA increases the risk profile for eGFR values lower than 45 ml/
min/1.73 m2 estimated by the 4 variable Modification of Diet in Renal
Disease, or end-stage renal disease without any further differentiation
on the basis of the degree of renal dysfunction, and without taking
into account the various renal replacement therapy modalities at
which patients may undergo.

In the R2CHADS2, eGFR lower than 60 ml/min/1.73 m2 provides
two additional points to the risk score. The R2CHADS2 was found
to be more accurate than CHADS2 and CHA2DS2-VaSc in stratifying
thromboembolic risk in patients with NVAF [26]. However, this
study excluded patients with advanced renal failure (eGFR b30 ml/
min), and a recent retrospective cohort study [27], although
confirming R2CHADS2’s accuracy in patients with mild renal dys-
function, failed to identify its superiority when compared with
CHADS2 and CHA2DS2-VASc in patients with advanced CKD. Lastly,
a real-life cohort study showed that adding CKD to CHADS2 or
CHA2DS2-VASc in 978 anticoagulated patients with AF did not pro-
vide additional benefit in risk stratification [28].

However, it is conceivable that assessing the presence of CKDmay
add little useful clinical information for risk stratification when pa-
tients are already stratified in the highest cardiovascular risk catego-
ries, according to CHADS2 and CHA2DS2-VaSc. By contrast, adding
information on renal function may be pivotal in patients at low risk
profile.

In a study that evaluated 338 patients classified at low risk on the
basis of CHA2DS2-VASc score, those with normal renal function had
an annual event rate of 0.2%, whereas in those with CKD it rose to 2.9%
(P b 0.001) [29]. Similarly, presence of CKD was associated with a 14-
fold increase in the rate of thromboembolic events in patients who
underwent AF ablation who were assigned CHA2DS2-VASc score of 0
to 1 [30]. Taken together, all these clinical studies confirm that CKD pa-
tients are at increased risk of thromboembolic events.

In CKD patients, increased procoagulative state, as the effect of dif-
fuse endothelial damage, atherosclerosis, dysfunctional activated pro-
tein C metabolism, reduced levels of plasminogen, and defective
expression of glycoprotein GPIb, has been reported [31]. Interestingly,
endothelial dysfunction, as expressed by abnormal brachial artery
flow- mediated dilation (FMD) is strongly dependent on renal function
as it progressively worsens along with eGFR decline [32,33]. Further-
more, in hemodialysis patients also, both flow- mediated endothe-
lium-dependent dilation and endothelium independent dilation
proved to be an additional factor that can increase the risk of thrombo-
embolisms [34].

By contrast, all bleeding risk scores take into account renal function,
thus reflecting the well-known tendency to haemorragic complications
of patients with renal disease [31,34].
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In HAS BLED onepoint is assigned to dialysis, transplanted, aswell as
patients with serum creatinine N2.26mg/dl.

The ATRIA score system assigns three points for eGFR values b30 ml/
min/1,73m2 or when a patient is dialysis-dependent. The same ap-
proach is used by the HEMORR2HAGES risk calculator, while the
ORBIT score only assigns one point for eGFR value lower than 60 ml/
min/1,73m2.

The increased haemorragic risk is deemed to be linked to platelet
dysfunction, presence of uremic toxins, reduced production of endoge-
nous erythropoietin, altered COX function and nitric oxide metabolism,
increased vascular PGI2 formation, altered Von Willebrand factor.
Moreover patients with CKD most frequently assume antiplatelet
agents [31,34],whereas those on extracorporeal treatment are adminis-
tered heparin during hemodialysis sessions.

However, even though renal function is currently taken into account
by all available bleeding risk calculators, they all adopt non-validated
thresholds of eGFR, nor they differentiate between subjects on renal re-
placement therapy vs those not receiving dialysis when the relative risk
of bleeding is assessed and quantified.

There is also no consensus on how to calculate renal function in clin-
ical practice. Several clinical studies used the Cockroft-Gault equation to
grade renal dysfunction and adjust medications dosing when renal
function impairment is present [35]. CKD-EPI and CKD-MDRD formulas
more correctly identify the degree of renal function reduction [36].
However, a general practice and public health perspective favors
adopting the CKD-EPI equation since it performs better at higher GFRs
(approximately 60 ml/min per 1.73 m2) [37], thus resulting in a safer
and more adherent prescription of potentially dangerous medications
such as anticoagulants. By contrast, in recent trials on direct oral antico-
agulant (DOAC), study eligibility and drug dose assignmentswere based
on renal function as assessed by Cockcroft-Gault estimated creatinine
clearance [38–41]. However, in these trials, Cockcroft-Gault equation
was based on actual body weight, while the original equation should
adopt patient's ideal body weight [35,38–41].

Recent guidelines on chronic kidney disease and arrhythmias rec-
ommend a team-based, multidisciplinary approach, particularly involv-
ing the nephrologist, the cardiologist, as well as the primary care
physician, approach that may be useful to evaluate the risk–benefit of
any decision regarding choice of vitamin K antagonist or a DOAC [42].

It is therefore conceivable that the adoption of CKD stages, by using
CKD-EPI equation, could better stratify both thromboembolic and
haemorragic risk of subjects with renal dysfunction. However, future
studies should test this hypothesis.
4.2. Proteinuria and albuminuria

Although abnormal urinary protein excretion is associated with in-
creased CV risk (especially with stroke risk) [10,43–45], the ATRIA
stroke score is the only available thromboembolic risk calculator that in-
cludes proteinuria defined as 30 mg/dl or higher.

Albuminuria and stroke may share a common pathophysiologic
background although still not clearly identified. Albuminuria is amarker
of systemic endothelial dysfunction that involves impaired nitric oxide
(NO) synthesis and may represent a plausible link between
microalbuminuria and cardiovascular disease development.

Moreover, systemic vascular disease is linked to large systemic
transcapillary albumin leakage that, in turn, may predispose to a
greater storage of atherogenic lipoprotein in arterial wall, leading
to progressive atherosclerosis. Indeed, patients with proteinuria
show an increased risk of CV disease irrespective of a higher preva-
lence of traditional cardiovascular disease risk factors including
older age, hypertension, diabetes mellitus, higher BMI and
dyslipidemia.

Notably, recent data suggest that proteinuria and albuminuria are
stronger predictors of stroke. risk than reduced GFR, as documented in
patients with chronic kidney disease enrolled in the Chronic Renal In-
sufficiency Cohort (CRIC) study [12,44].

In contrast to the thromboembolic risk calculator, none of the bleed-
ing risk scores takes into account the presence of proteinuria. This is in
striking disconnection with evidence suggesting that abnormal urinary
protein excretion is a risk factor for bleeding in patients with decreased
renal function [46,47].

It is conceivable that the addition of the information of proteinuria,
as suggested by the KDIGO classification, could result in a better risk
stratification for both thromboembolic and haemorragic events in sub-
jects with renal dysfunction.

4.3. Anemia

Hemoglobin levels b13 g/dl in men, and 12 g/dl in women [48] or
haematocrit b40% formales and 36% for females, is considered a risk fac-
tor for bleeding in both ATRIA andORBIT risk score systems. By contrast,
HASBLED doesn't take into account hemoglobin value.

Moreover, elevated hemoglobin is not taken into account by any
score system for thromboembolic risk stratification.

Anemia is a highly prevalent complication of chronic kidney disease
associated with an increased cardiovascular disease (CVD) risk [49] and
attributed to multiple factors such as chronic inflammation, iron defi-
ciency and/or decreased production of erythropoietin that often needs
therapy with erythropoiesis stimulating agents (ESA) [50]. Indeed, ane-
mic patients with reduced renal function enrolled in the Atherosclerosis
Risk in Communities (ARIC) studywere found to have an increasing risk
of stroke [51], and low hemoglobin proved to be associated with higher
risk of hemorrhagic stroke in patients with CKD 5D in the Q-cohort
study [52].

However, in clinical practice, the WHO criteria for defining anemia
are not applicable to CKDpatients [53]. In fact, KDIGO guidelines recom-
mend to start ESA therapy when Hb concentration drop to b10 g/dl or
between 9 and 10 g/dl in CKD 5D patients, with the aim of achieving
Hb values above 11.5 g/dl but not N13 g/dl, in order to limit the risk of
potential adverse effects such as stroke and hypertension [53].

Accordingly, a value of hemoglobin b10 g/dl, as identified in the
HAEMORR2HAGE Score, should be considered a reliable threshold for
identifying the risk of bleeding for CKD patients.

Whether ESA dose or higher levels of hemoglobin are associated
with increased risk of stroke is still matter of an intense debate. In the
TREAT trial the incidence of stroke was significantly increased in the
group assigned to active treatment with darbopoetin alfa as compared
to placebo group [54]. The association of higher hemoglobin levels
with stroke was further confirmed in a large national case-control sam-
ple of CKDpatients with anemia, inwhich those treatedwith ESAs com-
pared to than non-treated patients had a 30% greater odds of adverse
events [55,56].

Even though available trials do not disentangle the role of ESA vs he-
moglobin [57,58], on the basis of clinical evidence Hb concentration
should be taken into account when evaluating thromboembolic risk of
CKD patients. In particular, it is conceivable that hemoglobin values
N12.5–13 g/dl should be assumed as cut-off for thromboembolic risk
and likely improve risk stratification of renal patients.

4.4. Hypertension

The item “hypertension” is present in almost all thromboembolic
and bleeding risk scores.

However, the definition of arterial hypertension is quite heteroge-
neous different several risk calculators: blood pressure levels N140/90
mm Hg identify hypertensive patients in the CHADS2, R2CHADS2 as
well as CHA2D2VASc risk scores. The ATRIA score uses the International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-
CM) diagnosis of hypertension regardless of clinically assessed blood
pressure values. By contrast, uncontrolled blood pressure, defined as
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systolic blood pressure N160mmHg is the criterion applied by theHAS-
BLED and the HEMORR2HAGES score risk calculators to define popula-
tion at increased haemorragic risk while the ORBIT score does not in-
clude blood pressure level.

All cited calculators do not take into account the KDIGO Guidelines
on Arterial Hypertension in renal disease that recommend blood pres-
sure levels ≤140/90 mmHg in diabetic and non-diabetic CKD patients
without albuminuria and ≤130/80 mmHg in diabetic and non-diabetic
CKD patients with micro- or macro-albuminuria [59]. Similarly, the
more recentAmerican College of Cardiology and theAmericanHeart As-
sociation (ACC/AHA) Guidelines on the management of hypertension
recommend blood pressure goal b130/80 mm Hg although they do
not suggest different blood pressure targets based on CKD stages or al-
buminuria level [60].

Hence, it is conceivable that the threshold of 130/80 mmHg or blood
pressure CKD specific thresholds should be systematically adopted by
all available scores to refinemore accurate tools for risk score stratifica-
tion of both thromboembolic and haemorragic risk in subjects with
renal dysfunction.
5. Conclusions and perspectives

In AF patients the presence of CKD, as defined by low eGFR and/
or increased albuminuria, is associated with elevated risk of all-
cause mortality, and both bleeding and thromboembolic events,
such as stroke and transient ischemic attacks [61]. However, cur-
rently used AF risk scores are largely inadequate and not validated
for use in patients with any degree of CKD. Indeed, renal status as-
sessment is lacking in most calculators evaluating the risk of
thromboembolism and the definition of renal impairment is not
standardized in the bleeding scores that encompass this piece of in-
formation, likely resulting in unreliable risk profile stratification of
renal patients.
Fig. 1. Risk score on the basis of the prognosis of CKD by GFR and albuminuria categories acco
prognosis of CKD: score assigned 3 points for very high risk (red area), 2 points for high risk
area). Abbreviations are: CKD, Chronic Kidney Disease; GFR, Glomerular Filtration Rate.
A recent large population-based study that analyzed the perfor-
mance of available thromboembolic and haemorragic risk prediction
scores in patients with AF and CKD, showed that kidney dysfunction is
an independent predictor of thromboembolic and bleeding events.
Moreover, risk increased along progressive renal disease worsening
[61].

Based on a review of available evidence, it is conceivable that a new
AF risk score specifically constructed for renal patientsmay improve risk
stratification of both thromboembolic and haemorrhagic events in this
high-risk population. In more detail, a properly designed risk score
should be especially useful for those patients who are at low risk for
stroke or hemorrhage according to current calculators, in whom the
concomitant presence of renal impairment could actually be the only re-
liable predictor of subsequent adverse events.

The new proposed thromboembolic score could include the tradi-
tional risk factors of CHA2D2VASc together with the new risk attributed
according to CKD prognosis as per KDIGO guidelines on chronic kidney
diseasemanagement, (i.e. defined by eGFR and albuminuria strata) (Fig.
1). Hypertension should be defined as blood pressure values higher
than 130/80 mmHg, according tomore recent guidelines in chronic kid-
ney disease,while hemoglobin N12,5 g/dl on ESA treatment could assign
1 additional point to the final score (Table 3 A).

Similarly, the new risk assessment according to CKD prognosis (Fig.
1) and the new cut-off values for defining hypertension should be
added to all the traditional variables of HAS-BLED to construct the
new bleeding risk score in which hemoglobin lower than 10 g/dl
could assign 1 additional point to the final score (Table 3 B).

These new calculators should be tested and then validated in large
cohorts of patients with NVAF and CKD with the aim of improving the
identification of patients previously classified at low risk.
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Table 3
New thromboembolic and bleeding risk score for CKD patients.

A) Points assigned to each thromboembolic risk factor

Thromboembolic score AF-CKD Points
KDIGO- CKD risk category 0–3
Hemoglobin ≥ 12.5 g/dl undergoing ESA 1
Hypertension ≥ 130/80 mm Hg 1
CHF 1
Age ≥ 75 yrs 2
Diabetes 1
Prior stroke, TIA or thromboembolism 2
Vascular disease (prior MI, PAD or aortic plaque) 1
Age 65–74 years 1
Female 1

B) Points assigned to each bleeding risk factor

Bleeding-Score AF - CKD Points
KDIGO-CKD risk category 0–3
Anemia (most recent Hct b 30%, or Hgb b 10 g/dl) 1
Hypertension ≥ 130/80 mm Hg 1
Cirrhosis or bilirubin N 2 × normal with AST/ALT/AP N 3 × normal 1
Stroke 1
Bleeding 1
INR, time in therapeutic range b 60% 1
Elderly N 65 years 1
Aspirin, clopidogrel, NSAIDs 1
Alcohol ≥ 8 drinks/week 1

KDIGO-CKD risk category is calculated on the basis of Fig. 1. Thereafter, the score obtained
should be added to Table 3 A and B. Hemoglobin and Hypertension cut-off values are spe-
cifically established for patients with CKD.
Abbreviations are: AF, Atrial Fibrillation; CKD, Chronic Kidney Disease; ESA, Erythropoie-
sis-Stimulating Agents, CHF, Congestive Heart Failure; TIA, Transient Ischemic Attack;
MI, Myocardial Infarction; PAD, Peripheral Artery Disease; Hct, Haematocrit; HgB, Hemo-
globin; AST, ASpartate Transaminase; ALT, ALanine Transaminase; AP, Alkaline Phospha-
tase; INR, International Normalised Ratio; NSAIDs, NonSteroidal Anti-InflammatoryDrugs.
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