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Abstract

Introduction: Patients with atrial fibrillation (AF) receiving non-vitamin K oral anticoagulants (NOAC) have a slower decline in
renal function than those taking warfarin. Moreover, a warfarin-related nephropathy has been described.

Aim: We assessed variation of estimated glomerular filtration rate (eGFR) and occurrence of contrast-induced nephropathy (CIN)
after percutaneous coronary intervention (PCI) in patients with AF taking warfarin compared with NOAC.

Material and methods: We retrospectively enrolled consecutive patients taking oral anticoagulation for AF undergoing PCl. The
primary endpoint was variation in eGFR and serum creatinine levels within 48-72 h after PCl. The secondary endpoint was occur-
rence of CIN, defined as a > 25% relative increase, or a > 0.5 mg/dl absolute increase, in serum creatinine levels within 48-72 h.

Results: We enrolled 420 patients (mean age: 75.0 +5.5 years, 272 (64.7%) male), 124 (29.5%) treated with NOAC and 296
(70.5%) with warfarin. NOAC patients showed a reduced decline in renal function (eGFR change: —2.8 7.9 ml/min/1.73 m? vs. —4.5
+6.5 ml/min/1.73 m?, respectively, p = 0.02) and a smaller increase in serum creatinine levels (0.026 +0.112 vs. 0.055 +0.132, p =
0.032) after PCI compared with warfarin. In the multivariate linear regression model independent predictors of eGFR changes were
diabetes, baseline eGFR < 60 ml/min/1.73 m? and warfarin use. Occurrence of CIN did not differ between NOAC and warfarin pa-
tients (13 (10.5%) vs. 46 (15.5%), p = 0.22).

Conclusions: Patients with AF taking NOAC have a reduced decline in renal function after PCl compared with warfarin. The NOAC
may be a reasonable option for patients with a high risk of developing CIN.

Key words: percutaneous coronary intervention, warfarin, atrial fibrillation, non-vitamin K oral anticoagulants, contrast-induced
nephropathy.

Summary

Patients with atrial fibrillation (AF) receiving non-vitamin K oral anticoagulants (NOAC) have a slower decline in renal func-
tion than those taking warfarin. Moreover, a warfarin-related nephropathy has been described. Our study demonstrated that
patients with AF taking NOAC have a reduced decline in renal function after percutaneous coronary intervention compared
with warfarin. The NOAC may be a reasonable option for patients with a high risk of developing contrast-induced nephropathy.
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Introduction

Percutaneous coronary interventions (PCl) in patients
with atrial fibrillation (AF) requiring oral anticoagulation
account for up to 5-10% of all PCl procedures [1, 2]. Al-
though warfarin has been commonly used for more than
60 years in patients with AF, its harmful effects on renal
function, so-called warfarin-related nephropathy (WRN),
have only recently been recognized [3-5]. Indeed, it is es-
timated that as many as 20.5% of all patients taking war-
farin have experienced at least an episode of WRN during
their treatment course [4, 6]. In recent years, non-vita-
min K oral anticoagulants (NOAC) have been increasingly
used for the prevention of ischemic stroke and systemic
embolism in patients with AF as a safer alternative to
warfarin with a lower risk of intracranial hemorrhage
and other causes of major bleeding [7-11]. Interestingly,
a post-hoc analysis of the RE-LY trial [5] indicated that
patients with AF receiving dabigatran exhibited a slower
decline in renal function than those taking warfarin, and
another study demonstrated that among Asians with
AF, dabigatran was associated with a lower risk of acute
kidney injury (AKI) than warfarin [12]. Moreover, a recent
large registry showed that renal function decline is com-
mon among patients with AF treated with oral antico-
agulant agents. However, NOAC, particularly dabigatran
and rivaroxaban, were associated with a slower decline
in renal function and with lower risks of adverse renal
outcomes than warfarin [13].

Contrast-induced nephropathy (CIN) is a prevalent
but underdiagnosed complication of PCl that is associ-
ated with increased in-hospital morbidity and mortality
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taking OAC
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48 h available

— 88 patients with AF not taking OAC

— 12 patients with AF previously
taking warfarin and switched to
NOAC < 6 months before PCI
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Figure 1. Study flow chart of enrolled patients

AF—atrial fibrillation, CKD — chronic kidney disease, NOAC — non-vita-
min K oral anticoagulants, OAC — oral anticoagulation, PCl — percuta-
neous coronary intervention.
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[14, 15]. The importance of this complication is being
increasingly recognized, with an incidence that ranges
from 2.0% in patients with normal baseline renal func-
tion to as high as 20-30% in patients with a baseline
creatinine > 176 uM (or 2.0 mg/dl) prior to PCI [14]. Nash
et al. [16] reported that 11% of hospital-acquired renal
insufficiency cases are due to contrast media, with coro-
nary angiograms and PCl being the leading causes. Nev-
ertheless, there are no data about the risk of CIN accord-
ing to different types of oral anticoagulation in patients
undergoing PCl.

Aim

In this study, we aimed to asses variation of estimat-
ed glomerular filtration rate (eGFR) and the occurrence
of CIN after PCl in patients with AF taking warfarin com-
pared with patients taking NOAC.

Material and methods
Study design and patient population

We retrospectively enrolled consecutive patients un-
dergoing PCl in three hospitals in Italy and taking oral
anticoagulation for AF. The enrolment period was from
January 2015 to September 2017. Exclusion criteria were:
end-stage renal disease with an eGFR < 30 ml/min/1.73 m?
(n = 44 patients); patients had started taking warfa-
rin and then switched to NOAC < 6 months before PCl
(n = 12 patients); emergent PCl with cardiogenic shock
(defined as prolonged hypotension with systolic blood
pressure < 90 mm Hg for at least 30 min or requiring
inotropic support medication and/or intra-aortic balloon
pump to maintain systolic blood pressure > 90 mm Hg)
(n =12 patients) (Figure 1).

Procedure protocol

Coronary stenting with either bare-metal or drug-elut-
ing stents was performed according to standard practice
[17]. Radial access was the preferred choice in order to
reduce bleeding complications [17]. In non-urgent pa-
tients taking warfarin PCl was performed without in-
terrupting oral anticoagulation; in non-urgent NOAC
patients PCl was performed stopping NOAC 48 h before
the procedure without bridging therapy [18]. Urgent pa-
tients underwent PCl without stopping oral anticoagu-
lation. After PCI all patients were treated with aspirin
(75-100 mg/day) and clopidogrel (75 mg/day) for at least
1-6 months, along with oral anticoagulation, according
to recommendations of guidelines [18]. Other drugs, in-
cluding angiotensin converting enzyme inhibitors/angio-
tensin Il receptor blockers, B-blockers, calcium channel
blockers, diuretics and statin, were left to the discretion
of the cardiologists according to the clinical requirements
or recommendations of guidelines.

All patients undergoing elective PCl and with an eGFR
< 60 ml/min/1.73 m? received intravenous pre-hydration
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with NaCl 0.9% (1-1.5 ml/kg/h) for 12 h before PCI and
continuing for 12-24 h after the procedure. Metformin
was discontinued 48 h before in all diabetic patients.
Patients undergoing urgent PCl for acute coronary syn-
drome received an infusion of NaCl 0.9% (3 ml/kg/h) for
one hour followed by 1 ml/kg/h for 12 h. In patients with
an eGFR < 60 ml/min/1.73 m? N-acetylcysteine was ad-
ministered in all elective PCl (1200 mg per o.s. b.i.d. for
24 h before and 48 h after PCl) and urgent PCl (1200 mg
per o.s. b.i.d. for 48 h after PCl) [19].

Endpoint definition

The predefined primary endpoint of our study was
the variation in eGFR and serum creatinine levels after
PCl. Serum creatinine (SCr) levels were assessed before
PCl and at 48-72 h and eGFR was calculated using the
Modification of Diet in Renal Disease (MDRD) study
group equation [20].

The secondary endpoint was the occurrence of CIN,
defined as a > 25% relative increase, or a > 0.5 mg/dl
(44 mmol/l) absolute increase, in SCr levels within 48-72
h of contrast exposure [15].

We also recorded the need for use of renal replace-
ment therapy (RRT) after PCl during the index admission.
The decision to use RRT was made in patients with oli-
go-anuria (urine output < 20 ml/h for 24 h) despite the
administration of more than 1 g of intravenous furose-
mide and presence of volume overload. Moreover, epi-
sodes of peri-procedural major bleeding according to the
Bleeding Academic Research Consortium (BARC) classifi-
cation defined as BARC > class 2 were also recorded [21].

Statistical analysis

Data distribution was assessed according to the Kolm-
ogorov-Smirnov test. Continuous variables were com-
pared using the unpaired Student’s t-test or Mann-Whit-
ney U-test, as appropriate, and data were expressed as
mean + standard deviation (SD) or as median (range).
Categorical data were evaluated using the x? test or Fish-
er's exact test as appropriate. All tests were two-sided,
and a p-value < 0.05 represented statistically significant
differences.

Predefined subgroup analysis evaluating the occur-
rence of CIN according to the presence of a baseline
eGFR < 60 ml/min/1.73 m?, diabetes, age > 75 years, con-
trast volume > 150 ml, ACS as clinical presentation or
CHA,DS,-VASc score > 4 was planned.

Univariate linear regression analysis was applied to
assess the relation of individual variables with change
in eGFR. A multivariate linear regression model was then
performed to identify variables independently associated
with change in eGFR; to this aim we included in the mul-
tivariate model only variables showing a p-value < 0.05
in univariate analysis. All analyses were performed using
SPSS version 20 (SPSS Inc., Chicago, IL, USA).
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Results

Baseline clinical characteristics according to
type of oral anticoagulation

We enrolled 420 patients (mean age: 75.0 5.5 years,
272 (64.7%) male) taking oral anticoagulation for AF and
undergoing PCI. In particular, 124 (29.5%) patients were
treated with NOAC and 296 (70.5%) patients with warfa-
rin. Main clinical and procedural characteristics were sim-
ilar between patients taking NOAC or warfarin (Table ).
Baseline eGFR (67.5+18.4 vs. 68.1 £16.5, p = 0.74) and num-
ber of patients with baseline eGFR < 60 ml/min/1.73 m?
(28 (22.6%) vs. 61 (20.6%), p = 0.65) were similar be-
tween NOAC and warfarin patients. Of importance,
among NOAC patients dabigatran etexilate was the most
commonly used oral anticoagulant (59.7%), followed by
apixaban (21.0%), rivaroxaban (18.7%), and edoxaban
(0.8%) (Table I).

Changes in renal function according to type
of oral anticoagulation

Patients in the NOAC group had a reduced decline in
renal function after PCl compared with patients in the
warfarin group (Table ). In particular, the eGFR change
was =2.8 7.9 ml/min/1.73 m? in the NOAC group and
—4.5 £6.5 ml/min/1.73 m? in the warfarin group (p = 0.02)
(Figure 2). Accordingly, SCr levels after PCl had a smaller in-
crease in NOAC patients compared with warfarin patients
(0.026 +0.112 vs. 0.055 +0.132, p = 0.032) (Figure 2).

In univariate linear regression analysis, predictors of
decline in eGFR were diabetes (B = —4.01, 95% Cl: -5.36
—-2.66, p = 0.001), baseline eGFR < 60 ml/min/1.73 m?
(B = -3.56, 95% Cl: -4.96 — =2.17, p = 0.001), CHA,DS -
VASc score > 4 (B = —1.44, 95% Cl: —2.80 — —-0.08, p =
0.038), contrast volume (B = -1.53, 95% Cl: —-4.24 -
-0.27, p = 0.022), ACS as clinical presentation (p = -1.50,
95% Cl: —=2.86 — -0.14, p = 0.031), and warfarin use
(B =-1.66, 95% Cl: =3.11 —-0.20, p = 0.025) (Table II). Of
note, prior metformin use and statin therapy at admis-
sion did not predict eGFR changes after PCI.

Of importance, in the multivariate linear regression
modelindependent predictors of eGFR changes at 48-72 h
were diabetes (B = -3.08, 95% Cl: —4.76 — -1.40, p =
0.001), baseline eGFR < 60 ml/min/1.73 m? (B = —1.64,
95% Cl: =3.29 — —0.003, p = 0.05) and warfarin use (B =
-1.59, 95% Cl: —2.99 — -0.18, p = 0.027).

Finally, among NOAC patients a subgroup analysis did
not show significant differences in eGFR change accord-
ing to type of NOAC used (Figure 3).

Occurrence of contrast-induced nephropathy
and need for renal replacement therapy
according to type of oral anticoagulation

In the overall population, occurrence of CIN did not
differ between NOAC and warfarin patients (13 (10.5%)
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Table I. Clinical and procedural characteristics of overall study population and according to type of oral anti-
coagulation

Variables All patients Patients taking Patients taking P-value
(n = 420) NOAC (n = 124) warfarin (n = 296)
Clinical characteristics:
Age, mean + SD [years] 75.0 5.5 75.7 £5.8 74.7 5.3 0.09
Male, n (%): 272 (64.7) 75 (60.4) 197 (66.5) 0.24
Clinical presentation, n (%): 0.66
ACS 163 (38.8) 46 (37.1) 117 (39.5)
Stable angina 257 (61.2) 78 (62.9) 179 (60.5)
Risk factors, n (%):
Smoking 185 (44.0) 55 (44.3) 130 (43.9) 0.93
Hypertension 354 (84.3) 105 (84.7) 249 (84.1) 0.89
Hypercholesterolemia 230 (54.8) 64 (51.6) 166 (56.1) 0.40
Diabetes mellitus 145 (34.5) 47 (37.9) 98 (33.1) 0.37
Obesity (BMI > 30 kg/m?) 75 (17.9) 24 (19.4) 51(17.2) 0.60
Family history of CAD 113 (26.9) 29 (23.4) 84 (28.4) 0.29
Previous history, n (%):
Previous ACS 31(7.3) 10 (8.1) 21(7.1) 0.56
Previous PCI 95 (22.6) 31(25.0) 64 (21.6) 0.47
Previous CABG 13 (3.1) 4(3.2) 9 (3.0 1.0
Congestive heart failure 65 (15.5) 20 (16.1) 45 (15.2) 0.88
eGFR, mean + SD [ml/min/1.73 m?] 67.9 +18.8 67.5 £18.4 68.1+16.5 0.74
Patients with eGFR < 60 ml/min/1.73 m2, n (%) 132 (31.4) 39 (31.4) 93 (31.4) 1.0
CHA,DS,-VASc, mean + SD 3.94 £1.95 3.89 £1.88 3.96 £1.56 0.69
Medications at admission, n (%):
Antiplatelet therapy 138 (32.9) 48 (38.7) 90 (30.4) 0.1
B-Blockers 313 (74.5) 98 (79.0) 215 (72.6) 0.14
ACE inhibitors/ARB 273 (65.0) 80 (64.5) 193 (65.2) 0.91
Statins 268 (63.8) 77 (62.0) 191 (64.5) 0.66
Insulin 55 (13.1) 19 (15.3) 36 (12.1) 0.43
Oral hypoglycemic agents 108 (25.7) 35(28.2) 73 (24.7) 0.46
NOAC type:
Dabigatran etexilate 74 (17.6) 74 (59.7) -
Rivaroxaban 23 (5.5) 23 (18.5) -
Apixaban 26 (6.2) 26 (21.0) -
Edoxaban 1(0.2) 1(0.8) -
Procedural characteristics:
Access type: 0.60
Femoral 88 (21.0) 24 (19.4) 64 (21.2)
Radial 331 (78.8) 100 (80.6) 231 (78.0)
Other 1(0.2) 0 (0.0) 1(0.8)
Primary PCl 44.(10.5) 13 (10.4) 31(10.5) 1.0
Multivessel PCI 37 (8.8) 12 (9.7) 25 (8.4) 0.71
Contrast volume, mean + SD [ml] 164.9 +80.5 160.7 +82.6 166.7 +80.8 0.49
Pre-PCl i.v. hydration [ml] 427 231 445 +243 420 +205 0.13
Peri-procedural major bleeding 26 (6.2) 8 (6.4) 18 (6.1) 0.83

ACS — acute coronary syndrome, ACE — angiotensin-converting enzyme, ARB — angiotensin-receptor blockers, BMI — body mass index, CABG — coronary artery bypass
grafting, eGFR — estimated glomerular filtration rate, i.v. — intravenous, PCl — percutaneous coronary intervention.
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Table II. Occurrence of endpoints in overall population and according to type of oral anticoagulation

Variables All patients Patients taking NOAC Patients taking P-value
(n = 420) (n=124) warfarin (n = 296)

Change in eGFR, mean + SD [ml/min/1.73 m?] —3.96 +6.9 -2.8+7.9 —4.5+6.5 0.02

Change in SCr, mean + SD [mg/dl] 0.046 £0.109 0.026 +0.112 0.055 +0.132 0.032

Occurrence of CIN, n (%) 59 (14.0) 13 (10.5) 46 (15.5) 0.22

Need for RRT, n (%) 9 (2.1) 2(1.6) 7 (2.3) 1.0

CIN — contrast-induced nephropathy, eGFR — estimated glomerular filtration rate, RRT — renal replacement therapy, SCr — serum creatinine.
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Figure 2. Mean post-procedural change in eGFR (A) and serum creatinine levels (B) according to type of oral
anticoagulation

vs. 46 (15.5%), p = 0.22, respectively). In a predefined  Of note, clinical characteristics of patients with baseline
subgroup analysis considering only patients with im-  eGFR < 60 ml/min/1.73 m? were not different between
paired renal function (eGFR < 60 ml/min/1.73 m?), the  NOAC and warfarin patients. No significant differences
occurrence of CIN was higher, although not significantly, in the occurrence of CIN were observed between NOAC
among warfarin patients compared with NOAC patients  and warfarin patients in predefined subgroup analysis
(3 (7.7%) vs. 19 (20.4%), p = 0.08, respectively) (Figure 4).  according to the presence of diabetes, age > 75 years,

Table lIl. Variables associated with eGFR variation in univariate and multivariate linear regression analysis

Parameter Univariate analysis Multivariate analysis (R? = 0.11)
B (95% CI) P-value B (95% CI) P-value
Diabetes —4.01 (-5.36 ——2.66) 0.001 -3.08 (-4.76 —-1.40) 0.001
CHA,DS,-VASc score > 4 -1.44 (-2.80 —-0.08) 0.038 = NS
Baseline eGFR < 60 ml/min/1.73 m? —3.56 (-4.96 —-2.17) 0.001 -1.64 (-3.29 —-0.003) 0.05
Contrast volume > 150 ml —2.67 (-4.57--0.77) 0.006 - NS
ACS as clinical presentation -1.50 (-2.86 ——0.14) 0.031 - NS
Warfarin vs. NOAC therapy —-1.66 (-3.11—-0.20) 0.025 -1.59 (-2.99 —-0.18) 0.027

ACS — acute coronary syndrome, eGFR — estimated glomerular filtration rate, NOAC — non-vitamin K oral anticoagulant. Regression coefficients (B) with 95% confi-
dence intervals (95% Cl) and p-values for the univariate and multivariate analysis. R? displayed for the multivariate model.
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Figure 3. Mean post-procedural change in eGFR
across different types of NOAC. P-values are not

significant for all comparisons between groups

contrast volume > 150 ml, ACS as clinical presentation or
CHA,DS,-VASc score > 4.

Finally, there was no difference in the need for RRT be-
tween NOAC and warfarin patients (2 (1.6%) vs. 7 (2.3%),

p =1.0).

Discussion

Our study represents the first study evaluating the
changes in renal function in patients with AF and un-
dergoing PCl according to the type of oral anticoagu-
lation. We demonstrated that patients taking warfarin
have a significantly greater decline in renal function
after PCl compared with patients taking NOAC. In mul-
tivariate analysis warfarin use, the presence of dia-
betes and a baseline eGFR < 60 ml/min/1.73 m? were
independent predictors of an increased decline in re-
nal function. Moreover, occurrence of CIN and need
for RRT were similar between NOAC and warfarin pa-
tients, although rates of CIN were non-significantly
higher among warfarin patients when considering

A

only patients with an impaired baseline renal function
(eGFR < 60 ml/min/1.73 m?).

Worsening of renal function after exposure to contrast
medium is a common drawback for patients undergoing
PCl. Previous studies reported an incidence of CIN that
ranged from 2.0% in patients with normal baseline renal
function to as high as 20-30% in patients with impaired
renal function prior to PCl [14, 22]. Indeed, when renal
integrity is already impaired by disease, the kidney is less
likely to tolerate the additional stresses conferred by ex-
creting contrast medium. Therefore, one of the strongest
risk factors associated with CIN is a pre-existing CKD [22,
23]. In this context, our study provides the first evidence
suggesting that WRN may represent an underlying, often
unrecognized, clinical condition that may predispose AF
patients to a greater decline in renal function after PCI.

Of interest, a recent large registry [13] demonstrated
that renal function decline is common among patients
with AF treated with oral anticoagulant agents. Approx-
imately 1 in 4 patients had at least a 30% decline in
eGFR, and 1 in 7 had an episode of AKI within 2 years.
In comparison with warfarin, treatment with NOAC was
related to lower risks of > 30% decline in eGFR, doubling
of SCr, and AKI. The risk of kidney failure was also nu-
merically lower in patients treated with NOAC compared
with warfarin, but this was not statistically significant.
In particular, the lower risk in renal outcomes was more
evident for dabigatran and rivaroxaban patients. Of note,
in a subgroup analysis, warfarin-treated patients with an
average INR > 3 had much higher rates of eGFR decline
of at least 30%, doubling of SCr, and AKI. However, in
comparison with warfarin-treated patients whose mean
INR was < 2 or 2 to 3, NOAC may still be associated with
lower risks, suggesting that differential renal outcomes
are not attributable solely to poor INR control with warfa-
rin and that other mechanisms may be involved [13]. Of
note, differences in the pattern of excretion of different

B
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Figure 4. Incidence of contrast-induced nephropathy according to type of oral anticoagulation in the overall

population (A) and in patients with baseline eGFR < 60 ml/min/1.73 m? (B)
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Figure 5. Mechanisms explaining the greater decline in renal function after PCl in warfarin-treated patients

compared with NOAC patients

NOAC — non-vitamin K oral anticoagulants, OAC — oral anticoagulant, PCI — percutaneous coronary intervention.

NOAC do not seem to be involved in determining renal
outcomes, probably because patients with end-stage re-
nal disease are not included in clinical studies and be-
cause the choice of NOAC dosage is also determined by
baseline renal function in order to avoid drug accumula-
tion and over-anticoagulation.

Of importance, a post-hoc analysis from the RE-LY tri-
al indicated that warfarin was associated with a greater
decline in eGFR at follow-up than either low-dose or stan-
dard-dose dabigatran [5], in particular among patients
with INR above the target range and in patients with di-
abetes. Moreover, a recent study enrolling Asian patients
with AF demonstrated that dabigatran was associated
with a lower risk of AKI at follow-up compared with warfa-
rin, whether or not patients had any prior kidney disease
[12]. Of interest, patients who took warfarin had an in-
creased risk of AKl as the CHA,DS -VASc score increased in
both the CKD-free and CKD cohorts. Conversely, the annual
incidence of AKI for dabigatran users remained stable de-
spite the increase in CHA,DS,_-VASc score [12]. In contrast,
a recent meta-analysis demonstrated that the risk of renal
failure deriving from the use of NOAC (dabigatran, apix-
aban, or rivaroxaban) was similar to that with warfarin or
low molecular-weight heparin [24]; however, it was noted
that rivaroxaban was associated with an increased risk of
creatinine elevation in the J-ROCKET and RECORD 1-2 tri-
als [25-27], probably suggesting a different effect in renal
function according to the type of NOAC.

Previous studies showed that warfarin might direct-
ly induce a nephropathy due to different pathogenic
mechanisms (Figure 5). In particular, severe glomerular
hemorrhage caused by over-coagulation seems to play
a major role. Indeed, pathological studies showed that
kidney biopsies of patients taking warfarin and with INR
> 3 presented severe glomerular hemorrhage and con-
sequent tubular obstruction with many renal tubular
cross sections filled with red blood cells, including red
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blood cell casts. Remarkably, the glomeruli were normal
or nearly normal by light, immunofluorescence, and elec-
tron microscopy, suggesting that the massive glomerular
hemorrhage was not explained by traditional measures
of glomerular injury [4, 28, 29]. However, the finding that
NOAC patients had a slower decline in renal function
compared with warfarin patients having a mean INR < 2
or 2 to 3 suggests that mechanisms other than glomeru-
lar hemorrhage induced by over-coagulation are involved
[13]. Indeed, warfarin may also induce calcification of re-
nal arteries, vascular inflammation, and increased plaque
load mediated by the inhibition of the vitamin K-depen-
dent protein y carboxyglutamic acid (matrix Gla protein)
[30, 31]. Moreover, the decline in eGFR may be amplified
by several atherosclerotic factors, including diabetes, and
warfarin use has been correlated with other rare renal
complications, including allergic interstitial nephritis,
spontaneous atheromatous embolism, and renal pelvis/
ureteral hematomas [32]. Of importance, occurrence of
WRN is associated with a higher risk of mortality and
kidney morbidity [4, 6].

The benefit in terms of renal function of NOAC com-
pared with warfarin may be related to a more predictable
dose-response effect and a lower risk of over-coagulation
(Figure 5). However, a few case reports describing dabiga-
tran-related AKI have been reported [33, 34]. Moreover, in
a nephrectomy rat model with CKD dabigatran resulted
in a dose-dependent increase in SCr and haematuria in
both control and CKD rats [35]. Of note, both CKD and
control rats took high doses of dabigatran, thus suggest-
ing that nephropathy may also occur with NOAC in case
of over-coagulation [28].

Our study has several limitations. First, our study
has a retrospective design and we cannot exclude the
presence of a selection bias between NOAC and warfarin
patients. Second, we demonstrated a greater decline in
post-PCl renal function among warfarin-treated patients.
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However, whether this finding translates into a differ-
ent clinical outcome cannot be deduced from our study.
Thus, larger prospective studies are needed in order to
confirm our results. Third, we have no data about time in
the therapeutic INR range prior to PCl for patients taking
warfarin and the consequent individual risk of WRN re-
lated to over-coagulation. Finally, we have no data about
life span in anticoagulant therapy prior to PCI. As a con-
sequence, we cannot exclude a time-dependent effect
on the renal function deriving from a different temporal
exposure to anticoagulant therapy between NOAC and
warfarin patients.

Conclusions

Our study shows for the first time that patients with
AF taking warfarin have a significantly greater decline in
renal function after PCI compared with patients taking
NOAC. These findings suggest that patients taking warfa-
rin should undergo accurate peri-procedural surveillance
in order to avoid the occurrence of AKI. Moreover, the use
of NOAC may be a reasonable option for patients with
AF requiring oral anticoagulation and with a high risk of
developing contrast-induced nephropathy.
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