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ABSTRACT

Background. The aim of this study was to report the prevalence and mortality associated with anticoagulant-related
nephropathy (ARN) through a systematic review of the literature.

Methods. Electronic searches were conducted in the Medline and EMBASE databases, and manual searches were performed
in the reference lists of the identified studies. The studies were selected by two independent researchers, first by evaluating
the titles and abstracts and then by reading the complete texts of the identified studies. Case series, cross-sectional studies,
cohort studies and case–control studies reporting the prevalence and factors associated with ARN were selected. The
methodological quality was assessed using the Newcastle–Ottawa scale. Meta-analyses of the prevalence of ARN and 5-year
mortality using the random effects model were performed when possible. Heterogeneity was assessed using the I2 statistic.

Results. Five studies were included. Prevalence of ARN ranged from 19% to 63% among the four included cohort studies.
Meta-analysis of these resulted in high heterogeneity [I2 96%, summary effect 31%; 95% confidence interval (CI) 22–42%].
Subgroup meta-analysis yielded an ARN prevalence of 20% among studies that included patients with fewer comorbidities
(I2 12%; 95% CI 19–22%). In a direct comparison, meta-analysis of the 5-year mortality rate between anticoagulated patients
who had experienced ARN and anticoagulated patients without ARN, patients with ARN were 91% more likely to die (risk
ratio ¼ 1.91; 95% CI 1.22–3; I2 87%). Risk factors for ARN that were reported in the literature included initial excessive
anticoagulation, chronic kidney disease, age, diabetes, hypertension, cardiovascular disease and heart failure.

Conclusions. ARN studies are scarce and heterogeneous, and present significant methodological limitations. The high
prevalence of ARN reported herein suggests that this entity is underdiagnosed in clinical practice. Mortality in patients with
ARN seems to be high compared with patients without this condition in observational studies.
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INTRODUCTION

Oral anticoagulation is widely used for preventing and treating
clinical conditions related to thromboembolic phenomena.
Although novel oral anticoagulants (NOACs), such as direct
thrombin inhibitors and factor Xa inhibitors, do not require reg-
ular monitoring of anticoagulation, warfarin remains the most
prescribed agent.

Anticoagulant-related nephropathy (ARN) is a complication
associated with the use of anticoagulants that has been
reported in recent years, especially in cases involving warfarin-
related nephropathy (WRN). This condition is frequently under-
diagnosed and is characterized by the following criteria, which
may not occur together: (i) excessive anticoagulation [interna-
tional normalized ratio (INR) >3 in most studies]; (ii) haematu-
ria; and (iii) acute renal failure (ARF) unexplained by other
causes (worsening of baseline creatinine by >0.3 mg/dL). In a
case series of patients with ARN, Brodsky et al. [1] identified
characteristic features of ARN in renal biopsies, including acute
kidney injury, presence of red blood cells in Bowman’s space
and renal tubular obstruction by red blood cell casts. Moreover,
the reported rate of ARN is higher in patients affected by
chronic kidney disease (CKD) [2], which might be a risk factor
for ARN.

This systematic review of ARN in humans was conducted to
better characterize the epidemiological aspects, risk factors and
associated renal outcomes.

MATERIALS AND METHODS
Selection of studies and data extraction

The EMBASE and Medline databases were searched for articles
on ARN. The searches were conducted with no start date speci-
fied and an end date of November 2017, without language
restrictions. These records were screened based on the title and
abstract, and the full text of the selected records were subse-
quently evaluated independently by two researchers.
Disagreements were resolved by consensus or by arbitration of
a third reviewer, either a methodologist or a nephrologist,
depending on the nature of the disagreement. Data were
extracted by two researchers independently. The complete
search strategy is presented in Supplementary data, Appendix
S1. The protocol of this systematic review was recorded in
PROSPERO (CRD42017081431).

Inclusion criteria

Observational studies and case series with five or more partici-
pants with data on the rate of ARN and clinical characteristics
of patients undergoing anticoagulant therapy by any indication
were included. Case reports or case series with four or fewer
participants, in vitro studies or animal studies were excluded.

Outcomes

The primary outcome to be analysed was the prevalence of
ARN. The secondary outcomes evaluated included mortality,
progression to end-stage kidney disease, and clinical and socio-
demographic characteristics related to the development of ARN.

Risk of bias

Two researchers assessed the risk of bias in each study inde-
pendently using the Newcastle–Ottawa scale for cohort studies

[3], in which a maximum score of 9 was possible, and 7 was the
threshold for high quality.

Statistical analysis

Single-arm meta-analysis was performed to obtain a summary
measure of the observed frequency of ARN in the identified
studies. In a direct comparison risk ratio (RR), meta-analysis
comparing mortality rates between patients with and without
ARN was performed. Heterogeneity was assessed by the I2 sta-
tistic, with cut points of 25 and 75% for low, intermediate and
high heterogeneity. Moderate to high heterogeneity was ex-
plored by subgroup analysis whenever possible. For all meta-
analyses, summary frequencies and their 95% confidence inter-
vals (CI) were calculated using the random effects model, and
the results are represented in forest plots. The analyses were
conducted using the softwares comprehensive meta-analysis
version 2 (Biostat, Englewood, NJ, USA) and R revision 3.5.0
(package Meta). Outcomes that were not subjected to meta-
analysis because of insufficient data or non-reconcilable differ-
ences in the way they were reported between the studies were
presented in tabular form.

RESULTS
Selection of studies

Electronic searches identified 53 unique records. In the end, five
studies met the inclusion criteria of this systematic review. The
anticoagulant drug evaluated in all five studies was warfarin,
and none of the evaluated studies reported NOAC-related ne-
phropathy. The study selection flowchart is shown in Figure 1.
The reasons for not including studies in the full-text evaluation
phase are presented in Supplementary data, Appendix S2.

Characteristics of the studies and participants

The analysed studies were predominantly historical cohorts,
except for the study by Brodsky et al. [1], which is a case series.
Most of the studies used supratherapeutic INR (>3) associated
with creatinine measurements in distinct time points as an in-
clusion criterion. Two studies used inclusion criteria that were
distinct from those of the other studies, and patients at higher
risk of anticoagulation complications were included. The study
by Lim and Campbell [4] included patients with any INR, and
the sample consisted of anticoagulated patients admitted to a
general care unit for any cause. The study by Brodsky et al. [2]
published in Nephron Clinical Practice also included a sample
composed exclusively of chronic renal patients. All included
studies excluded patients with end-stage renal disease under-
going renal replacement therapy (RRT).

In the included studies, ARN was usually characterized by
the appearance of ARF according to the Acute Kidney Injury
Network (AKIN) [5] criteria (worsening of baseline creatinine by
0.3 mg/dL compared with baseline levels) related to a hypercoa-
gulability state (INR >3). The follow-up period ranged from
23 months to 5 years. The characteristics of the included studies
are summarized in Table 1.

The indication of anticoagulation for the majority of patients
studied in different cohorts was atrial fibrillation (AF). Deep ve-
nous thrombosis or pulmonary thromboembolism were the sec-
ond most frequent causes. Other indications were valve
replacement, stroke and anti-phospholipid antibody syndrome.

The frequency of ARN, defined by criteria of the AKIN guideline,
ranged from 19.3% to 63.0% in the five identified cohort studies. All
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nine cases reported by Brodsky et al. [1] had the diagnosis of ARN
confirmed by biopsy. ARN was more common in patients with pre-
existing CKD [6–8]. The frequencies of comorbidities and of con-
comitant use of other drugs are described in Table 2, and the main
results of the included studies are shown in Table 3.

Possible risk and protective factors

Possible risk factors for ARN were reported in all studies. Lim
and Campbell [4] reported that after multivariate analysis, the
risk factors were heart failure [odds ratio (OR) ¼ 1.64, 95% CI
1.19–2.25; P¼ 0.002] and alanine aspartate aminotransferase
(AST) at the time of INR >3 with interquartile intervals between
38 and 7002 (OR ¼ 2.29, 95% CI 1.51–3.46; P< 0.001). Brodsky et al.
[8] found that the risk factors were age (63.7 6 14.7 years in
patients with ARN and 61.7 6 15.6 years in patients without
ARN; P¼ 0.025), diabetes (47% in patients with ARN and 37% in
patients without ARN; P< 0.001), hypertension (82% in patients
with ARN and 72% in patients without ARN; P< 0.001) and heart
failure (62% in patients with ARN and 52% in patients without
ARN; P< 0.001). These authors identified similar risk factors in a
subsequent study. In a third study, Brodsky et al. [2] found that
excessive anticoagulation in the first 3 months of warfarin use
appeared to be a risk factor for ARN (33.3% in patients with ARN
and 12.9% in patients without ARN; P¼ 0.087). Lim and
Campbell [4] used the risk, injury, failure, loss of renal function,
end-stage renal disease classification (RIFLE) criteria [9] and
identified the following risk factors for ARN: haematuria (RR ¼
1.90, 95% CI 1.19–3.01; P¼ 0.01), urinary infection (RR ¼ 1.68, 95%
CI 1.05–2.7; P¼ 0.03), hypotension (RR ¼ 2.42, 95% CI 1.55–3.78;
P¼ 0.001) and hypovolaemia (RR ¼ 6.04, 95% CI 2.51–14.6;

P< 0.001). In this same study, the rapid normalization of the INR
with plasma, prothrombinex or vitamin K, but not excessive
anticoagulation per se, was associated with an increased risk of
ARN (RR ¼ 1.8, 95% CI 1.10–2.92; P¼ 0.03). For CKD, the only iden-
tified risk factor was heart failure on admission (RR ¼ 8.2, 95%
CI 1.78–38.1; P¼ 0.002).

There was no correlation between the magnitude of the in-
crease in INR and the risk of ARN in most cases. There were excep-
tions in the studies by Brodsky et al. [7, 8] and An et al. [6], which
reported that INR tended to be higher in patients with ARN.

With regard to possible protective factors for ARN, An et al.
[6] identified AF (OR ¼ 0.56, 95% CI 0.4–0.8; P< 0.001) and serum
albumin of 3.2–5.3 g/dL. Furthermore, the higher was the albu-
min level, the lower was the risk of ARN (albumin of 3.2–3.6 g/
dL: OR ¼ 0.46, 95% CI 0.31–0.67; P< 0.001; albumin of 3.7–4.0 g/
dL: OR ¼ 0.27, 95% CI 0.18–0.27; P< 0.001; and albumin of 4.1–5.3
g/dL: OR ¼ 0.19, 95% CI 0.12–0.30; P< 0.001).

Meta-analyses

Cohort studies with sufficient information were included in the
meta-analyses of the outcomes ARN prevalence and mortality
among ARN patients. The case series of Brodsky et al. [1] was
not included in the meta-analyses.

The prevalence of ARN was estimated at 31% (95% CI 22.0–
42.0), with a heterogeneity (I2) of 96%. The meta-analysis of ARN
prevalence is presented in Figure 2. With respect to the causes
of the high heterogeneity in the meta-analysis, the inclusion
criteria in the studies by Brodsky et al. [2] and Lim and Campbell
[4] were distinct from those used in the other studies, resulting
in the recruitment of patients with more comorbidities. Meta-

FIGURE 1: PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram for the selection of studies included in the systematic review and

meta-analysis.

402 | K.B. de Aquino Moura et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article-abstract/12/3/400/5273283 by U

niversidade Federal do R
io G

rande do Sul user on 26 N
ovem

ber 2019



T
ab

le
1.

C
h

ar
ac

te
ri

st
ic

s
of

th
e

st
u

d
ie

s
in

cl
u

d
ed

in
th

e
sy

st
em

at
ic

re
vi

ew
an

d
m

et
a-

an
al

ys
es

St
u

d
y,

ye
ar

St
u

d
y

d
es

ig
n

In
cl

u
si

o
n

cr
it

er
ia

Ex
cl

u
si

o
n

cr
it

er
ia

G
FR

m
et

h
o

d
D

ef
in

it
io

n
o

f
C

K
D

/A
R

F
D

ef
in

it
io

n
o

f
A

R
N

Fo
ll

o
w

-u
p

R
at

in
g

u
si

n
g

th
e

N
ew

ca
st

le
–

O
tt

aw
a

sc
al

e

A
n

et
al

.[
6]

H
is

to
ri

ca
l

co
h

o
rt

>
18

ye
ar

s,
IN

R
>

3
w

it
h

cr
ea

ti
n

in
e

m
ea

-
su

re
d

1
w

ee
k

af
te

r
th

e
ev

en
t

an
d

6
m

o
n

th
s

be
fo

re

R
R

T
;b

as
el

in
e

G
FR

>
17

5
m

L/
m

in
M

D
R

D
C

K
D

;G
FR

<
60

m
L/

m
in

C
re

at
in

in
e

in
cr

ea
se

>
50

%
o

r
>

0.
3

1
w

ee
k

af
te

r
IN

R
>

3

23
.3

6
26

.8
m

o
n

th
s

7

B
ro

d
sk

y
et

al
.[

8]
H

is
to

ri
ca

l
co

h
o

rt
N

A
N

A
N

A
N

A
In

cr
ea

se
in

cr
ea

ti
n

in
e

by
>

0.
3

m
g/

d
L

1
w

ee
k

af
-

te
r

IN
R
>

3

5
ye

ar
s

6

B
ro

d
sk

y
et

al
.[

7]
H

is
to

ri
ca

l
co

h
o

rt
IN

R
>

3
(s

er
u

m
cr

ea
ti

-
n

in
e

m
ea

su
re

d
1

w
ee

k
af

te
r

an
d

3
m

o
n

th
s

be
fo

re
th

e
ep

is
o

d
e)

Pr
is

o
n

er
s,
<

18
ye

ar
s,

en
d

-s
ta

ge
re

n
al

fa
il

-
u

re
,s

ig
n

ifi
ca

n
t

bl
ee

d
in

g
1

w
ee

k
af

-
te

r
IN

R
>

3

C
K

D
-E

PI
A

R
F:

In
cr

ea
se

in
cr

ea
ti

-
n

in
e
�

0.
3

m
g/

d
LC

K
D

:
IC

D
-9

58
5.

1–
58

5.
5

o
r

58
5.

9

In
cr

ea
se

in
cr

ea
ti

n
in

e
�

0.
3

m
g/

d
L

w
it

h
in

1
w

ee
k

o
f

IN
R
>

3

5
ye

ar
s

8

Li
m

an
d

C
am

p
be

ll
[4

]
Pr

o
sp

ec
ti

ve
co

h
o

rt
El

d
er

ly
w

h
o

re
m

ai
n

ed
in

a
ge

n
er

al
ca

re
u

n
it

fo
r
�

1
d

ay

R
ea

d
m

is
si

o
n
<

28
d

ay
s,

IN
R
<

2,
te

rm
i-

n
al

st
ag

e,
IU

C
,U

T
I,

d
ia

ly
si

s

M
D

R
D

an
d

A
u

st
ra

la
si

an
C

re
at

in
in

e
C

o
n

se
n

su
s

W
o

rk
in

g
G

ro
u

p

A
R

F:
R

IF
LE

o
r

A
K

IN
N

A
4–

6
w

ee
ks

9

B
ro

d
sk

y
et

al
.[

2]
H

is
to

ri
ca

l
co

h
o

rt
C

K
D

(S
ta

ge
2–

4)
,e

p
i-

so
d

e
o

f
IN

R
>

3,
cr

e-
at

in
in

e
m

ea
su

re
-

m
en

ts
1

ye
ar

be
fo

re
,

af
te

r
an

d
w

it
h

in
1

w
ee

k
af

te
r

ep
is

o
d

e,
an

d
m

ed
ic

al
re

co
rd

A
n

o
th

er
m

ed
ic

al
co

n
-

d
it

io
n

at
th

e
ti

m
e

o
f

IN
R
>

3
th

at
ex

p
la

in
ed

th
e

A
R

F

N
A

A
R

F:
In

cr
ea

se
in

cr
ea

ti
-

n
in

e
�

0.
3

m
g/

d
L

In
cr

ea
se

in
cr

ea
ti

n
in

e
�

0.
3

m
g/

d
L

in
d

u
ri

n
g

IN
R
>

3

2
ye

ar
s

6

B
ro

d
sk

y
et

al
.[

1]
C

as
e

se
ri

es
R

en
al

bi
o

p
sy

u
n

ex
-

p
la

in
ed

A
R

F
an

d
h

ae
m

at
u

ri
a

A
ct

iv
e/

ac
u

te
gl

o
m

er
u

lo
n

ep
h

ri
ti

s
G

FR
in

m
L/

m
in

N
A

C
o

m
p

at
ib

le
bi

o
p

sy
5

ye
ar

s
N

A

G
FR

,
gl

o
m

er
u

la
r

fi
lt

ra
ti

o
n

ra
te

;
M

D
R

D
,

M
o

d
ifi

ca
ti

o
n

o
f

D
ie

t
in

R
en

al
D

is
ea

se
;

eG
FR

(m
L/

m
in

/1
.7

3
m

2
)
¼

17
5
�

(S
C

r)
�

1
.1

5
4
�

(a
ge

)�
0

.2
0

3
�

0.
74

2
[i

f
fe

m
al

e]
�

1.
21

2
[i

f
B

la
ck

];
N

A
,

n
o

t
av

ai
la

bl
e;

C
K

D
-E

PI
,

C
h

ro
n

ic
K

id
n

ey
D

is
ea

se
Ep

id
em

io
lo

gy

C
o

ll
ab

o
ra

ti
o

n
;I

U
C

,i
n

d
w

el
li

n
g

u
ri

n
ar

y
ca

th
et

er
;U

T
I,

u
ri

n
ar

y
tr

ac
t

in
fe

ct
io

n
;A

K
IN

,A
cu

te
K

id
n

ey
In

ju
ry

N
et

w
o

rk
.

Anticoagulant-related nephropathy | 403

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article-abstract/12/3/400/5273283 by U

niversidade Federal do R
io G

rande do Sul user on 26 N
ovem

ber 2019



T
ab

le
2.

C
h

ar
ac

te
ri

st
ic

s
of

p
at

ie
n

ts
in

cl
u

d
ed

in
th

e
sy

st
em

at
ic

re
vi

ew
an

d
m

et
a-

an
al

ys
es

St
u

d
y

N
M

al
e

(%
)

A
ge

(y
ea

rs
),

m
ea

n
6

SD

In
d

ic
at

io
n

fo
r

an
ti

co
ag

u
la

ti
o

n
(%

)

Pr
ev

al
en

ce
o

f
C

K
D

(%
)

C
o

m
o

rb
id

it
ie

s
(%

)
M

ed
ic

at
io

n
s

in
u

se
(%

)

A
F

St
ro

ke
D

ee
p

ve
n

o
u

s
th

ro
m

bo
si

s
PT

E
D

ia
be

te
s

H
yp

er
te

n
si

o
n

H
ea

rt
fa

il
u

re
A

n
ti

p
la

te
le

t
ag

en
ts

N
SA

ID
s

A
n

ti
-

h
yp

er
te

n
si

ve
d

ru
gs

a

A
n

et
al

.[
6]

12
97

51
.7

68
.4

6
12

.5
40

.7
44

.8
13

.4
12

28
.3

37
80

.8
32

.8
N

A
N

A
N

A
B

ro
d

sk
y

et
al

.[
8]

40
59

N
A

63
.7

6
14

.7
b

N
A

N
A

N
A

N
A

N
A

39
74

54
N

A
N

A
N

A
61

.7
6

15
.6

c

B
ro

d
sk

y
et

al
.[

7]
40

06
52

.8
2

63
.6

6
14

.7
b

N
A

N
A

N
A

N
A

22
.7

39
.1

74
.2

1
46

36
.4

4.
72

53
.3

61
.7

6
15

.6
c

Li
m

an
d

C
am

p
be

ll
[4

]
15

0
62

80
6

8.
0

82
N

A
N

A
7.

3
90

.6
6

24
60

.7
48

25
.3

N
A

a

B
ro

d
sk

y
et

al
.[

2]
49

55
.1

59
.0

8
6

16
.1

b
53

.0
N

A
30

.6
N

A
10

0
N

A
N

A
36

.7
N

A
N

A
N

A
62

.8
6

8.
3c

B
ro

d
sk

y
et

al
.[

1]
9

55
.5

61
.6

N
A

N
A

N
A

N
A

10
0

N
A

N
A

N
A

0
0

33
.3

a
A

n
gi

ot
en

si
n

-c
o

n
ve

rt
in

g
en

zy
m

e
in

h
ib

it
o

rs
(4

4.
7%

),
an

gi
o

te
n

si
n

2
re

ce
p

to
r

bl
o

ck
er

s
(2

4.
7%

),
d

iu
re

ti
cs

(5
9.

3%
)a

n
d

b-
bl

o
ck

er
s

(9
.3

%
).

b
W

it
h

A
R

N
.

c W
it

h
o

u
t

A
R

N
.

PT
E,

p
u

lm
o

n
ar

y
th

ro
m

bo
em

bo
li

sm
;N

SA
ID

S,
n

o
n

-s
te

ro
id

al
an

ti
-i

n
fl

am
m

at
o

ry
d

ru
gs

;N
A

,n
o

t
av

ai
la

bl
e.

T
ab

le
3.

M
ai

n
re

su
lt

s
of

st
u

d
ie

s
in

cl
u

d
ed

in
th

e
sy

st
em

at
ic

re
vi

ew
an

d
m

et
a-

an
al

ys
es

St
u

d
y

Pr
ev

al
en

ce
o

f
A

R
N

(%
)

5-
ye

ar
m

o
rt

al
it

y
(%

)
B

as
el

in
e

cr
ea

ti
n

in
e

(m
g/

d
L)

b

C
re

at
in

in
e

at
th

e
ti

m
e

o
f

ex
ce

ss
iv

e
an

ti
co

ag
u

la
ti

o
n

(m
g/

d
L)

b
M

ea
n

IN
R

in
an

ti
co

ag
u

la
te

d
p

at
ie

n
ts

b

G
en

er
al

W
it

h
A

R
N

W
it

h
o

u
t

A
R

N
G

en
er

al
W

it
h

A
R

N
W

it
h

o
u

t
A

R
N

G
en

er
al

W
it

h
A

R
N

W
it

h
o

u
t

A
R

N
G

en
er

al
W

it
h

A
R

N
W

it
h

o
u

t
A

R
N

A
n

et
al

.[
6]

19
.3

(2
50

/1
29

7)
10

.6
21

.2
8.

59
1.

05
6

0.
86

1.
13

6
0.

99
1.

03
6

0.
83

1.
16

6
0.

94
1.

93
6

1.
44

0.
98

6
0.

66
3.

89
6

1.
24

4.
19

6
0.

56
3.

82
6

1.
14

B
ro

d
sk

y
et

al
.[

7,
8]

20
.6

(8
38

/4
05

9)
30

.1
42

.0
27

.0
1

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

Li
m

an
d

C
am

p
be

ll
[4

]
63

(5
1/

81
)

N
A

N
A

N
A

1.
24

6
0.

48
a

N
A

N
A

N
A

N
A

N
A

4.
8

6
2.

2
N

A
N

A
B

ro
d

sk
y

et
al

.[
2]

36
.7

(1
8/

49
)

N
A

N
A

N
A

1.
42

6
0.

53
N

A
N

A
1.

67
6

0.
69

N
A

N
A

N
A

4.
91

6
3.

1
4.

21
6

1.
3

B
ro

d
sk

y
et

al
.[

1]
10

0
(9

/9
)

N
A

N
A

N
A

1.
2

N
A

N
A

4.
3

N
A

N
A

4.
3

N
A

N
A

a
T

o
co

n
ve

rt
lm

o
l/

L
to

m
g/

d
L,

d
iv

id
e

by
88

.0
.

b
D

at
a

ar
e

p
re

se
n

te
d

as
m

ea
n

6
SD

.

A
R

N
,A

n
ti

co
ag

u
la

n
t-

re
la

te
d

n
ep

h
ro

p
at

h
y;

N
A

,n
o

t
av

ai
la

bl
e;

IN
R

,i
n

te
rn

at
io

n
al

n
o

rm
al

iz
ed

ra
ti

o
.

404 | K.B. de Aquino Moura et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article-abstract/12/3/400/5273283 by U

niversidade Federal do R
io G

rande do Sul user on 26 N
ovem

ber 2019



analysis of subgroup of studies (Figure 3) was performed as a
sensitivity analysis and yielded a 20% prevalence of ARN with
only 12% heterogeneity between the two studies with compara-
ble inclusion criteria (An 2013 [6] and Brodsky 2010 [8]).

In a direct comparison, meta-analysis (Figure 4) of the risk of
death in 5 years between anticoagulated patients exposed to
ARN and anticoagulated patients not exposed to ARN, patients
exposed to ARN were 91% more likely to die (RR ¼ 1.91; 95% CI
1.22–3.0; I2 87%).

DISCUSSION

To the best of our knowledge, this is the first systematic review
of ARN to date. Although our systematic review has focussed on
anticoagulants in general, only studies on warfarin were identi-
fied. Thus our results do not apply to anticoagulant agents in
general, and we have not found evidence to support or to ex-
clude the association of other coumarin derivates (e.g., acenocu-
marol) or other newer anticoagulants to nephropathy.

Most available studies are case reports, which were not in-
cluded in the present review. This review selected five cohort
studies and one series of nine cases with histopathological
analysis of ARN. In the present study, we decided to perform
quantitative synthesis of information whenever possible due to
the novelty and to the scarcity of information on the subject of

ARN. One of the main reasons to perform meta-analysis is to
pool results of available studies as a means of reaching a better
understanding of clinical phenomena.

The prevalence of ARN in the identified studies varied signif-
icantly according to the risk of the study population and
reached 63% in high-risk patients, including those requiring
hospitalization [4]. However, the best estimate of prevalence in
the present study was 20.4%, obtained by the meta-analysis of
three representative studies of outpatients undergoing anticoa-
gulation therapy with warfarin using sensitivity analysis that
excluded studies on populations with high risk of ARN.

With respect to 5-year mortality, although there appears to
be an increased risk of death among patients with ARN in the
meta-analysis of this outcome’s frequency, the limited number
of studies and the lack of direct comparisons between patients
with and without ARN prevented us from making definitive
conclusions.

It is believed that the pathophysiological mechanisms asso-
ciated with ARN are multifactorial. Macroscopically, the lesions
caused by ARN are formed by rupture of the glomerular filtra-
tion barrier with consequent haemorrhage of capillaries and
Bowman’s space and obstruction of renal tubules by red
blood cell casts, resulting in damage to the tubular epithelium
[1, 10–12]. However, the mechanisms at the cellular and bio-
chemical levels are poorly understood. There is direct damage

FIGURE 2: Meta-analysis of studies reporting prevalence of warfarin-related nephropathy. Random effects model (heterogeneity ¼ I2 ¼ 96%).

FIGURE 3: Meta-analysis of studies reporting prevalence of warfarin-related nephropathy by subgroup of type of patient included. Random effects model (within group

heterogeneities of 12 and 88%).

FIGURE 4: Random effects model meta-analysis comparing 5-year mortality rates in patients with and without warfarin-related nephropathy (heterogeneity ¼ I2 ¼
87%).
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to tubular epithelial cells by oxidative stress, in which free hae-
moglobin binds to receptors in tubular cells, dissociates into
globin and haem, and activates the formation of reactive
oxygen species, lipid peroxidation and pro-inflammatory path-
ways [13–15]. Warfarin may inhibit the activation of Gla matrix
protein and the growth arrest-specific gene 6, affecting glomerular
haemodynamics and the migration of smooth muscle cells,
leading to vascular calcification and apoptosis [16]. Animal
model studies suggest that anticoagulants cause direct glomer-
ular damage by inhibiting the activation of vitamin K-depen-
dent proteins such as thrombin, preventing the activation
of the proteinase-activated receptor, thereby destabilizing the
capillary endothelium and inducing glomerular haemorrhage
[11, 17].

The present systematic review identified candidate risk fac-
tors for ARN in the included studies, including age, diabetes, hy-
pertension, pre-existing CKD, cardiovascular disease and heart
failure [4, 7, 8]. In addition, there are factors related to warfarin
anticoagulation in other contexts, including excessive anticoa-
gulation at the onset of warfarin use [2, 6, 7], excessive anticoa-
gulation (INR >3) in the presence of hypoalbuminaemia and
increased AST after an increase in INR [6], anticoagulation in
patients with underlying glomerulopathies such as immuno-
globulin A nephropathy [18] and thin glomerular basement
membrane disease [19], and genetic polymorphisms such as a
variant of the CYP2C9*3 gene associated with increased risk of
bleeding [20]. Despite the rationale for a true association of
these possible risk factors with a higher frequency of ARN, the
available information is still limited, and there may be con-
founding bias. All of the possible risk factors for ARN that were
reported in the included studies are themselves causes of acute
kidney injury, and there was insufficient adjusting for con-
founding. For instance, there was no adjusting for albuminuria
in the assessment of hypoalbuminaemia as a risk factor in the
study by An et al. [6]. Likewise, the report by Lim and Campbell
[4] that rapid normalization of INR was also a risk factor is in it-
self a confounding factor for a causal relationship. These and
other examples weaken the credibility of a potential cause-and-
effect relationship to warfarin. Thus, the identification of risk
factors for ARN remains an open question.

In practical terms, most experts recommend that, in cases of
suspicion of ARN, anticoagulants are discontinued (if possible)
or their dose is reduced and adjusted for therapeutic levels of
the INR. There is no evidence that reversal of an excessive anti-
coagulation state limits renal injury. However, prolonged peri-
ods of supratherapeutic INR can maintain and aggravate
tubular damage and glomerular haemorrhage [11]. Other feasi-
ble strategies for decreasing the risk of ARN include antiplatelet
therapy suspension and control of arterial hypertension [11].
With respect to the monitoring of renal function in anticoagu-
lated patients, the guidelines of the European Heart Rhythm
Association recommend quarterly monitoring [21]; however,
this interval may be too long to identify ARN because ARN may
occur within the first few weeks of drug use. The use of N-ace-
tylcysteine [13] and corticosteroids [22] is restricted to an experi-
mental study or a case report, respectively, without clinical
evidence of their efficacy.

Some experts recommend the monthly monitoring of serum
creatinine in the first 3 months of anticoagulation therapy and
quarterly monitoring after this period [11]. In most patients
with ARN, serum creatinine levels are maintained or decreased
in the first few weeks after correction of coagulopathy [1]. In
cases in which serum creatinine continues to increase or
remains elevated above baseline after resolution of

coagulopathy, differential diagnosis with another condition
should be performed by renal biopsy. Biopsy should also be per-
formed in cases in which haematuria persists or develops after
achieving therapeutic INR, suggesting underlying glomerulone-
phritis [18] or structural changes in the glomerular basement
membrane, including thin glomerular basement membrane dis-
ease [19]. However, it is of note that renal function is not recov-
ered or is only partially recovered in some patients [7], and
patients with CKD are more susceptible in this context [2].

Some limitations of this systematic review should be
addressed: (i) the very high heterogeneity and the lack of suffi-
cient information to permit confounder-adjusted comparative
mortality risk meta-analyses precludes the use of the estimated
summary effects for practical applications; (ii) the impossibility
of performing a meta-analysis of the possible risk factors of
ARN; (iii) the impossibility of excluding the occurrence of publi-
cation bias because of the small number of studies included and
the limited understanding of the nature of this type of bias in
systematic reviews of observational studies; and (iv) despite
these limitations, we believe that we are providing a valuable
contribution to the literature by identifying and organizing,
through a systematic review and meta-analysis, a set of cur-
rently available studies on a recently described relevant clinical
entity.

In conclusion, WRN is a real clinical entity with clinical defi-
nition and histopathological documentation. The rate of WRN
was high in the clinical studies identified in the present system-
atic review, and this complication seems to be underdiagnosed
in care practice. There are no clinical–epidemiological studies
on NOAC-related nephropathy, and the presence of this associ-
ation is unknown.
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