
Review – Renal Disease

The Predictive Role of Biomarkers for the Detection of Acute

Kidney Injury After Partial or Radical Nephrectomy: A Systematic

Review of the Literature

Alessandro Antonelli a, Marco Allinovi b, Andrea Cocci c,*, Giorgio Ivan Russo d,

Riccardo Schiavina e, Bernardo Rocco f, Giovanni Alberto Pini g, Antonio Celia h,

Antonio Galfano i, Virginia Varca j, Giorgio Bozzini k, Carlo Ceruti l, Francesco Grecom,

Paolo Verze n, Antonio Luigi Pastore o, Angelo Porreca p, Andrea Minervini c,

on behalf of the AGILE Group

aDepartment of Urology, Spedali Civili Hospital, University of Brescia, Brescia, Italy; bNephrology and Dialysis Unit, Meyer Children’s University Hospital, Florence,

Italy; cDepartment of Urology, University of Florence, Careggi Hospital, Florence, Italy; dDepartment of Urology, University of Catania, Catania, Italy; eDepartment

of Urology, University of Bolona, Bologna, Italy; fDepartment of Urology, University of Milan, Milan, Italy; gDepartment of Urology, San Raffaele Hospital, Milan,

Italy; hDepartment of Urology, University of Modena and Reggio Emilia, Modena, Italy; iUrology Unit, ASST Niguarda Hospital, Milan, Italy; jDepartment of

Urology, G. Salvini Hospital, Milan, Italy; k IRCCS Policlinico san Donato, Milan, Italy; lUrology Clinic, Città della Salute e della Scienza, University of Turin, Turin,

Italy; mCasa di Cura Dottor Pederzoli, Urology and Minimal Invasive Surgery, Peschiera del Garda, Italy; nDepartment of Urology, University of Naples, Naples,

Italy; oUrology Unit, “Sapienza” University of Rome, Rome, Italy; pDepartment of Urology, Abano Terme Hospital, Padua, Italy

E U R O P E A N U R O L O G Y F O C U S X X X ( 2 0 18 ) X X X – X X X

ava i lable at www.sc iencedirect .com

journa l homepage: www.europea nurology.com/eufocus

Article info

Article history:

Accepted September 27, 2018

Associate Editor:

Malte Rieken

Keywords:

Acute kidney injury

Biomarkers

Cystatin C

Partial nephrectomy

Predictors

Neutrophil gelatinase-associated

lipocalin

Radical nephrectomy

Abstract

Context: Postoperative acute kidney injury (AKI) is a serious complication after kidney surgery,
associated with prolonged hospital stay, high morbidity, and mortality. Biomarkers represent a tool
of increasing importance to identify renal impairment after partial nephrectomy (PN) or radical
nephrectomy (RN) in order to optimize and anticipate the diagnosis of AKI.
Objective: The goal of this systematic review is to investigate current insights on the role of
biomarkers in predicting renal impairment in patients undergoing PN or RN.
Evidence acquisition: A systematic review was conducted up to November 30, 2017 through PubMed,
Scopus, and Embase databases, to identify eligible studies evaluating the role of biomarkers for the
prediction of AKI after PN or RN. The Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) criteria were applied to select articles.
Evidence synthesis: According to the study selection criteria, 10 publications were included with a total
numberof 728patients. IncidenceofAKI  was26.7%(range:9–58%).Basedontheevidencereviewed,serum
cystatin C and urinary neutrophil gelatinase-associated lipocalin (NGAL) showed a significant correlation
with serum creatinine rise postoperatively, emerging as potential noninvasive and early biomarkers of AKI
in patients undergoing renal surgery. In this setting, serum cystatin C and urinary NGAL have preceded the
rise in serum creatinine peak from 3 up to 24 h, even in case of mild renal damage.
Conclusions: The literature underlines the potential usefulness of biomarkers such as cystatin C and
NGAL as promising and early tools to predict AKI after PN or RN. However, no strong evidence in
support of their use is available to date and further investigations are awaited.
Patient summary: We looked at the role of biomarkers in predicting renal injury in patients
undergoing partial or radical nephrectomy. Serum cystatin C and urinary neutrophil gelatinase-
associated lipocalin have emerged as promising noninvasive, accurate, and early biomarkers.
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1. Introduction

Postoperative acute kidney injury (AKI) is an important

surgical complication after kidney surgery, with a variable

incidence ranging from 5.5% to 34% [1–4].

AKI following partial nephrectomy (PN) and radical

nephrectomy (RN) is associated with increased morbidity

and mortality, new-onset chronic kidney disease (CKD),

worsening of pre-existing CKD, and prolonged hospitaliza-

tion [1,2]. Despite these burdens of potential severe harms,

so far the awareness of the urological community to the

onset of AKI after renal surgery is often overlooked and seen

only as a transitory functional failure. Renal injury is indeed

often subclinical, escaping the detection of available diag-

nostic tools or being diagnosed with delay, and therefore

more accurate tools to anticipate the diagnosis of AKI are

strongly needed. A diagnostic strategy for the early man-

agement of AKI could favor prompt treatment and its com-

plete regression to avoid sequelae; moreover, the knowl-

edge of the triggers of subclinical and early renal injury

should allow for the correction of any reversible factors and

intensify the monitoring of patients at risk. This might be

particularly important with the affirmation of novel medi-

cal therapies for AKI in the next future [5].

At present, renal impairment is diagnosed by merely

measuring serum creatinine notwithstanding its poor accu-

racy. The increase in serum creatinine is indeed a late,

poorly sensitive, and specific sign of AKI because it occurs

up to 48–72 h after injury, misses subclinical damage

remaining stable until >50% of decrease in functioning

nephrons, and does not differentiate between prerenal,

parenchymal, and obstructive nephropathy [6].

The ability to assess AKI by a noninvasive tool and in its

early phase, with accurate graduations of severity and the

possibility to differentiate etiology, may improve the under-

standing of functional outcome after renal surgery with a

promising effect on their management.

Several novel biomarkers such as neutrophil gelati-

nase-associated lipocalin (NGAL), cystatin C, and Kidney

Injury Molecule-1 (KIM-1) have shown to potentially

enhance accuracy in detecting severity and etiology of

AKI, but to date they have been used only for research

purposes [6].

The objective of this systematic review is to investigate

current insights of the role of biomarkers in predicting

renal impairment in patients undergoing surgery for renal

tumor.

2. Evidence acquisition

2.1. Search strategy

A systematic review has been performed up to November

30, 2017, using PubMed, Scopus, and Embase, to identify

eligible studies evaluating the predictive role of biomarkers

for AKI after PN and RN, among English-written papers on

adult humans.

Abstract and full-text screening and extraction of data

were performed by two reviewers independently (G.R. and

M.A.). Possible conflicts were resolved by discussion or with

an independent arbiter (A.C.).

The Preferred Reporting Items for Systematic Reviews and

Meta-analysis (PRISMA) criteria were adopted by two inves-

tigators (G.R. and M.A.), and discordances were resolved by a

third investigator (A.C.). The following search strategy was

adopted: (“acute kidney injury” OR “renal impairment” OR

“renal function” OR “biomarker” OR “cystatin C”, “neutrophil

gelatinase-associated lipocalin” OR “Kidney Injury Molecule-

1”) AND (“partial nephrectomy” OR “radical nephrectomy”

OR “nephrectomy” OR “nephron sparing surgery” OR “urol-

ogy” OR “urogenital”). Randomized clinical trials and retro-

spective, observational, and comparative studies on humans

were included, whereas single case reports and histological

studies were excluded. According to the predefined inclusion

and exclusion criteria, title and abstracts were screened and

articles were categorized.

After reading the abstract, a more thorough assessment

was performed by looking at the full texts of the paper.

References from the included studies were manually

retrieved to identify additional studies of interest.

A new Excel table was built including data from the

selected articles and including number of participants,

interventions, comparators, outcomes, and study design

(PICOS), as indicated by the Systematic Review Guidance

of the Centre for Reviews and Dissemination of the Univer-

sity of York (UK) (Centre for Reviews and Dissemination.

Guidance for undertaking reviews in health care. www.

york.ac.uk/crd/guidance).

2.2. Outcome measures

Many urinary and serum biomarkers have been proposed

for the prediction of AKI following PN or RN: NGAL, KIM-1,

cystatin C, albuminuria, and lactase dehydrogenase (LDH).

Table 1 summarizes the characteristics of the novel bio-

markers and their performance to reveal AKI after PN or RN.

Fig.1 shows urinary and serum biomarkers of AKI in relation

to the nephron physiology.

Many urinary and serum biomarkers have been proposed

for the prediction of AKI following PN or RN, including NGAL,

KIM-1, cystatin C, albuminuria, and LDH among others. The

primary outcome was the predictive ability of these biomark-

ers with respect to the onset of renal injury and AKI, intended

as the relationship between the magnitudes of the variation

in biomarker value and the diagnosis of AKI.

Glomerular filtration rate (GFR) equations that are rou-

tinely used throughout medicine (Cockroft-Gault, MDRD,

CKD-EPI) are not routinely used in the acute setting, and all

the definitions of AKI are based on serum creatinine and

urine output changes.

International guidelines and study groups adopted the

following definitions criteria for AKI:

1. RIFLE [7]: serum creatinine >50% increase from baseline,

and/or urine volume <0.5 ml/kg/h for 6 h

2. AKIN [8]: serum creatinine >50% increase or by 0.3 mg/dl

from baseline in 48 h, and/or urine volume <0.5 ml/kg/h

for 6 h

E U R O P E A N U R O L O G Y F O C U S X X X ( 2 0 1 8 ) X X X – X X X2

EUF-613; No. of Pages 10

Please cite this article in press as: Antonelli A, et al. The Predictive Role of Biomarkers for the Detection of Acute Kidney Injury

After Partial or Radical Nephrectomy: A Systematic Review of the Literature. Eur Urol Focus (2018), https://doi.org/10.1016/j.

euf.2018.09.020



T
a
b
le

1
–
C
h
a
ra
c
te
ri
st
ic
s
o
f
n
o
v
e
l
b
io
m
a
rk

e
rs

o
f
A
K
I
a
ft
e
r
p
a
rt
ia
l
o
r
ra

d
ic
a
l
n
e
p
h
re
c
to
m
y
o
b
ta
in
e
d
fr
o
m

in
c
lu
d
e
d
st
u
d
ie
s.

A
u
th
o
r

(y
e
a
r)

B
io
m
a
rk
e
r
(s
o
u
rc
e
s

te
st
e
d
)

S
u
rg
ic
a
l

se
tt
in
g

N
o
.
o
f

p
a
ti
e
n
ts

A
g
e
(m

e
a
n
o
r

m
e
d
ia
n
[S
D
]
o
r

ra
n
g
e
)

C
o
m
o
rb
id
it
ie
s

(C
K
D
,
D
M
)

M
e
d
ia
n

is
ch

e
m
ia

d
u
ra
ti
o
n

(m
in
)

A
K
I

cr
it
e
ri
a

A
K
I

in
ci
d
e
n
ce

P
o
st
o
p
e
ra
ti
v
e
b
io
m
a
rk
e
r

T
im

in
g

S
ig
n
ifi
ca
n
tl
y

a
ss
o
ci
a
te
d

w
it
h
A
K
I

C
o
rr
e
la
te
d

w
it
h

N
o
t

co
rr
e
la
te
d
w
it
h

P
ro
p
o
se
d

ti
m
in
g
a
n
d

cu
to
ff

S
ch

m
id

(2
0
1
4
)
[1
8
]

C
y
st
a
ti
n
C
,
se
ru

m
P
N
,
R
N

3
1

6
0
(5
2
–
7
0
)

0
%
,
N
A

N
A

N
A

5
8
%

2
4
h

Y
e
s

G
F
R
a
t
1
y
r

N
A

2
4
h

S
h
a
la
b
i

(2
0
1
7
)
[1
9
]

N
G
A
L
,
u
ri
n
e

R
N

(l
a
p
a
ro
sc
o
p
ic
,

o
p
e
n
)

3
0

6
0
–
7
0

N
A
,
5
0

N
A

S
C
r
>
5
0
%

in
cr
e
a
se

o
r
b
y

0
.3

m
g
%
fr
o
m

b
a
se
li
n
e

4
1
%
la
p
a
r,

1
2
%
o
p
e
n

8
h
,
2
4
h

Y
e
s

N
A

P
n
e
u
m
o
p
e
ri
to
n
e
u
m

2
4
h
,

>
1
5
0
n
g
/m

g

cr
e
a
ti
n
in
e

K
IM

-1
,
u
ri
n
e

R
N

(l
a
p
a
ro
sc
o
p
ic
,

o
p
e
n
)

3
0

6
0
–
7
0

N
A
,
5
0

N
A

S
C
r
>
5
0
%

in
cr
e
a
se

o
r
b
y

0
.3

m
g
%
fr
o
m

b
a
se
li
n
e

4
1
%
la
p
a
r,

1
2
%
o
p
e
n

8
h
,
2
4
h

N
o

N
A

P
n
e
u
m
o
p
e
ri
to
n
e
u
m

8
h

C
h
e
n
(2
0
1
5
)

[1
3
]

C
y
st
a
ti
n
C
,
se
ru

m
P
N

8
9

4
9
!
1
2

0
%
,
9

2
6

A
K
IN

3
1
.5
%

2
4
h
,
4
8
h

Y
e
s

N
A

N
A

2
4
h

B
e
ta
2
-m

ic
ro
,
se
ru

m
P
N

8
9

4
9
!
1
2

0
%
,
9

2
6

A
K
IN

3
1
.5
%

2
4
h
,
4
8
h

N
o

N
A

N
A

2
4
h

A
lp
h
a
1
-m

ic
ro
,
u
ri
n
e
;

b
e
ta
2
-m

ic
ro
,
u
ri
n
e

P
N

8
9

4
9
!
1
2

0
%
,
9

2
6

A
K
IN

3
1
.5
%

2
4
h
,
4
8
h

N
o

N
A

N
A

2
4
h

M
ic
ro
a
lb
u
m
in
u
ri
a
,
u
ri
n
e

P
N

8
9

4
9
!
1
2

0
%
,
9

2
6

A
K
IN

3
1
.5
%

2
4
h
,
4
8
h

N
o

N
A

N
A

4
8
h

P
a
re
k
h

(2
0
1
3
)
[1
7
]

C
y
st
a
ti
n
C
,
se
ru

m
P
N

(o
p
e
n
)

3
8

5
5
(2
8
–
8
4
)

1
0
%
,
N
A

3
2

S
C
r
>
5
0
%

in
cr
e
a
se
,
in

2
4
h

1
3
%

2
h
,
2
4
h
,
4
8
h

N
o

N
A

Is
ch

e
m
ia

d
u
ra
ti
o
n
,

is
ch

e
m
ia

ty
p
e

2
4
h

N
G
A
L
,
se
ru

m
P
N

(o
p
e
n
)

3
8

5
5
(2
8
–
8
4
)

1
0
%
,
N
A

3
2

S
C
r
>
5
0
%

in
cr
e
a
se
,
in

2
4
h

1
3
%

2
h
,
2
4
h
,
4
8
h

N
o

Is
ch

e
m
ia

d
u
ra
ti
o
n

Is
ch

e
m
ia

ty
p
e

2
4
h

N
G
A
L
,
u
ri
n
e
;
K
IM

-1
,

u
ri
n
e
;
N
A
G
,
u
ri
n
e

P
N

(o
p
e
n
)

3
8

5
5
(2
8
–
8
4
)

1
0
%
,
N
A

3
2

S
C
r
>
5
0
%

in
cr
e
a
se
,
in

2
4
h

1
3
%

2
h
,
6
h
,
2
4
h

N
o

N
A

Is
ch

e
m
ia

d
u
ra
ti
o
n
,

is
ch

e
m
ia

ty
p
e

2
4
h

L
-F
A
B
P
,
se
ru

m
P
N

(o
p
e
n
)

3
8

5
5
(2
8
–
8
4
)

1
0
%
,
N
A

3
2

S
C
r
>
5
0
%

in
cr
e
a
se
,
in

2
4
h

1
3
%

2
h
,
2
4
h
,
4
8
h

N
o

N
A

Is
ch

e
m
ia

d
u
ra
ti
o
n
,

is
ch

e
m
ia

ty
p
e

2
h

IL
-1
8
,
u
ri
n
e
;

m
ic
ro
a
lb
u
m
in
u
ri
a
,
u
ri
n
e

P
N

(o
p
e
n
)

3
8

5
5
(2
8
–
8
4
)

1
0
%
,
N
A

3
2

S
C
r
>
5
0
%

in
cr
e
a
se
,
in

2
4
h

1
3
%

2
h
,
6
h
,
2
4
h

N
o

N
A

Is
ch

e
m
ia

d
u
ra
ti
o
n
,

is
ch

e
m
ia

ty
p
e

2
h

K
o
o
(2
0
1
5
)

[1
4
]

N
G
A
L
,
u
ri
n
e

P
N

(l
a
p
a
ro
sc
o
p
ic
,

o
p
e
n
)

1
4
6

5
3
!
1
2

6
.8
%
,
1
3

2
1

A
K
IN

2
0
%
la
p
a
r,

2
6
%
o
p
e
n

3
h
,
2
4
h
,
4
8
h

N
o

P
re
o
p
e
ra
ti
v
e

n
o
rm

a
li
z
e
d

u
N
G
A
L

C
o
m
o
rb
id
it
ie
s,

su
rg
e
ry

ty
p
e
,

is
ch

e
m
ia

ty
p
e
,

is
ch

e
m
ia

ti
m
e
,

e
G
F
R
a
t
6
m
o

3
h

L
a
h
o
u
d

(2
0
1
5
)
[1
5
]

N
G
A
L
,
u
ri
n
e

P
N

(o
p
e
n
)

4
9

6
1
(2
9
–
8
5
)

N
A
,
1
8

2
4

S
C
r
>
5
0
%

in
cr
e
a
se

o
r
b
y

0
.3

m
g
%
fr
o
m

b
a
se
li
n
e

3
7
%

1
h
,
3
h
,

8
h
,
2
4
h
,

4
8
h
,
7
2
h

Y
e
s

L
o
n
g
e
r
cl
a
m
p

ti
m
e
,
h
ig
h
e
r

R
E
N
A
L
sc
o
re
,

m
o
re

fr
e
q
u
e
n
t

ce
n
tr
a
l

lo
ca
ti
o
n
o
f
th
e

tu
m
o
r

N
A

8
h
,>
1
5
0
n
g
/m

g

cr
e
a
ti
n
in
e

K
IM

-1
,
u
ri
n
e

P
N

(o
p
e
n
)

4
9

6
1
(2
9
–
8
5
)

N
A
,
1
8

2
4

S
C
r
>
5
0
%

in
cr
e
a
se

o
r
b
y

0
.3

m
g
%
fr
o
m

b
a
se
li
n
e

3
7
%

1
h
,
3
h
,

8
h
,
2
4
h
,

4
8
h
,
7
2
h

Y
e
s

N
A

N
A

8
h
,>

3
.5

n
g
/m

g

cr
e
a
ti
n
in
e

N
G
A
L
,
se
ru

m
;
K
IM

-1
,

se
ru

m

P
N

(o
p
e
n
)

4
9

6
1
(2
9
–
8
5
)

N
A
,
1
8

2
4

S
C
r
>
5
0
%

in
cr
e
a
se

o
r
b
y

0
.3

m
g
%
fr
o
m

b
a
se
li
n
e

3
7
%

2
4
h

N
o

N
A

N
A

2
4
h

M
ih
a
ly

(2
0
1
2
)
[1
6
]

N
G
A
L
,
se
ru

m
P
N
,
R
N

(r
o
b
o
t-

a
ss
is
te
d

la
p
a
ro
sc
o
p
ic
)

3
N
A

N
A

N
A

S
C
r
>
0
.3

m
g
%

in
cr
e
a
se

fr
o
m

b
a
se
li
n
e
,
in

4
8
h

N
A

6
h
,
1
2
h

N
o

N
A

N
A

6
h

N
G
A
L
,
u
ri
n
e

P
N
,
R
N

(r
o
b
o
t-

a
ss
is
te
d

la
p
a
ro
sc
o
p
ic
)

3
N
A

N
A

N
A

S
C
r
>
0
.3

m
g
%

in
cr
e
a
se

fr
o
m

b
a
se
li
n
e
,
in

4
8
h

N
A

6
h
,
1
2
h

N
o

N
A

N
A

6
h

E U R O P E A N U R O L O G Y F O C U S X X X ( 2 0 1 8 ) X X X – X X X 3

EUF-613; No. of Pages 10

Please cite this article in press as: Antonelli A, et al. The Predictive Role of Biomarkers for the Detection of Acute Kidney Injury

After Partial or Radical Nephrectomy: A Systematic Review of the Literature. Eur Urol Focus (2018), https://doi.org/10.1016/j.

euf.2018.09.020



T
a
b
le

1
(C
o
n
t
in
u
e
d
)

A
u
th
o
r

(y
e
a
r)

B
io
m
a
rk
e
r
(s
o
u
rc
e
s

te
st
e
d
)

S
u
rg
ic
a
l

se
tt
in
g

N
o
.
o
f

p
a
ti
e
n
ts

A
g
e
(m

e
a
n
o
r

m
e
d
ia
n
[S
D
]
o
r

ra
n
g
e
)

C
o
m
o
rb
id
it
ie
s

(C
K
D
,
D
M
)

M
e
d
ia
n

is
ch

e
m
ia

d
u
ra
ti
o
n

(m
in
)

A
K
I

cr
it
e
ri
a

A
K
I

in
ci
d
e
n
ce

P
o
st
o
p
e
ra
ti
v
e
b
io
m
a
rk
e
r

T
im

in
g

S
ig
n
ifi
ca
n
tl
y

a
ss
o
ci
a
te
d

w
it
h
A
K
I

C
o
rr
e
la
te
d

w
it
h

N
o
t

co
rr
e
la
te
d
w
it
h

P
ro
p
o
se
d

ti
m
in
g
a
n
d

cu
to
ff

A
b
a
ss
i

(2
0
1
3
)
[1
2
]

N
G
A
L
,
u
ri
n
e

P
N

(o
p
e
n
)

2
7

N
R

N
A

(R
a
n
g
e
6
–
4
7
)

S
C
r
>
5
0
%

in
cr
e
a
se

o
r
b
y

0
.3

m
g
%
fr
o
m

b
a
se
li
n
e

3
7
%

1
h
,
3
h
,
8
h
,

2
4
h
,
4
8
h
,

7
2
h

Y
e
s

Is
ch

e
m
ia

d
u
ra
ti
o
n
,

h
ig
h
e
r
R
E
N
A
L

sc
o
re

N
A

8
h

K
IM

-1
,
u
ri
n
e

P
N

(o
p
e
n
)

2
7

N
R

N
A

(R
a
n
g
e
6
–
4
7
)

S
C
r
>
5
0
%

in
cr
e
a
se

o
r
b
y

0
.3

m
g
%
fr
o
m

b
a
se
li
n
e

3
7
%

1
h
,
3
h
,
8
h
,

2
4
h
,
4
8
h
,

7
2
h

N
o

N
A

N
A

8
h

S
p
re
n
k
le

(2
0
1
3
)
[2
0
]

N
G
A
L
,
u
ri
n
e

P
N
,
R
N

1
2
0

6
0
(5
2
–
7
0
)

2
0
,
1
4

2
4

A
K
IN

1
7
%
P
N
,
4
7
%
R
N

0
h
,
4
h
,
8
h
,

2
4
–
4
8
h

N
o

R
N

Is
ch

e
m
ia

d
u
ra
ti
o
n
,

is
ch

e
m
ia

ty
p
e

1
2
–
2
4
h
,>
1
5
0
n
g
/m

l

T
a
k
a
g
i

(2
0
1
2
)
[2
1
]

L
D
H
,
se
ru

m
P
N

(o
p
e
n
)

1
9
5

5
8
(1
9
–
8
4
)

2
6
,
1
3

4
9

R
IF
L
E
,

d
e
cr
e
a
se

in

e
G
F
R
o
f
2
5
%

fr
o
m

b
a
se
li
n
e

9
%

5
d

Y
e
s

D
e
cr
e
a
se

o
f

e
G
F
R
a
t
3
a
n
d

6
m
o

P
re
o
p
e
ra
ti
v
e
C
K
D
,

cl
a
m
p
in
g
ti
m
e
,

P
P
R
P,

ra
d
iu
s

co
m
p
o
n
e
n
t,

e
n
d
o
p
h
y
ti
c/

e
x
o
p
h
y
ti
c,

n
e
a
rn

e
ss

co
m
p
o
n
e
n
t,

lo
ca
ti
o
n

co
m
p
o
n
e
n
t,
C
R
P,

B
T

5
d

C
R
P
,
se
ru

m
P
N

(o
p
e
n
)

1
9
5

5
8
(1
9
–
8
4
)

2
6
,
1
3

4
9

R
IF
L
E
,

d
e
cr
e
a
se

in

e
G
F
R
o
f
2
5
%

fr
o
m

b
a
se
li
n
e

9
%

5
d

N
o

N
A

N
A

5
d

A
K
I
=
a
cu

te
k
id
n
e
y

in
ju
ry
;
B
T
=
b
o
d
y

te
m
p
e
ra
tu
re
;
C
K
D
=
ch

ro
n
ic

k
id
n
e
y

d
is
e
a
se

(e
G
F
R

<
6
0
m
l/
m
in
);

C
R
P
=
C
-r
e
a
ct
iv
e
p
ro
te
in
;
D
M

=
d
ia
b
e
te
s
m
e
ll
it
u
s;

e
G
F
R
=
e
st
im

a
te
d

g
lo
m
e
ru

la
r
fi
lt
ra
ti
o
n

ra
te
;
G
F
R
=
g
lo
m
e
ru

la
r

fi
lt
ra
ti
o
n

ra
te
;

IL
=
in
te
rl
e
u
k
in
;

la
p
a
r
=
la
p
a
ro
sc
o
p
y
;

K
IM

-1
=
K
id
n
e
y

In
ju
ry

M
o
le
cu

le
-1
;

L
D
H
=
la
ct
a
se

d
e
h
y
d
ro
g
e
n
a
se
;

L
-F
A
B
P
=
li
v
e
r-
ty
p
e

fa
tt
y

a
ci
d
-b
in
d
in
g

p
ro
te
in
;

N
A
=
n
o
t

a
v
a
il
a
b
le
;

N
A
G
=
N
-a
ce

ty
l-
b
-D

-

g
lu
co

sa
m
in
id
a
se
;
N
G
A
L
=
n
e
u
tr
o
p
h
il

g
e
la
ti
n
a
se
-a
ss
o
ci
a
te
d

li
p
o
ca
li
n
;
P
N
=
p
a
rt
ia
l
n
e
p
h
re
ct
o
m
y
;
P
P
R
P
=
p
e
rc
e
n
ta
g
e

o
f
p
re
se
rv
e
d

re
n
a
l
p
a
re
n
ch

y
m
a
;
R
IF
L
E
=
ri
sk

,
in
ju
ry
,
fa
il
u
re
,
lo
ss

a
n
d

e
n
d
-s
ta
g
e

k
id
n
e
y

d
is
e
a
se
;

R
N
=
ra
d
ic
a
l
n
e
p
h
re
ct
o
m
y
;
S
C
r
=
se
ru

m
cr
e
a
ti
n
in
e
.

E U R O P E A N U R O L O G Y F O C U S X X X ( 2 0 1 8 ) X X X – X X X4

EUF-613; No. of Pages 10

Please cite this article in press as: Antonelli A, et al. The Predictive Role of Biomarkers for the Detection of Acute Kidney Injury

After Partial or Radical Nephrectomy: A Systematic Review of the Literature. Eur Urol Focus (2018), https://doi.org/10.1016/j.

euf.2018.09.020



3. KDIGO [9]: serum creatinine >50% increase within the

prior 7 d or by 0.3 mg/dl from baseline in 48 h, and/or

urine volume <0.5 ml/kg/h for 6 h

Unfortunately, their adoption to clinical practice was

found to be still insufficient as the majority of studies

referred exclusively to changes in serum creatinine, accord-

ing to various thresholds and magnitudes. Therefore, based

upon these limitations, for the present review, the predic-

tive role of biomarkers for AKI was evaluated according to

the respective definitions of AKI adopted by the studies.

2.3. Risk of bias

Based on the Cochrane risk of bias (RoB) tool, two reviewers

(G.R. and A.C.) independently assessed the RoB for each

included study [10]. Both RoB and applicability of the study

cohort level were assessed through the validated Quality

Assessment of Diagnostic Accuracy Studies (QUADAS-2)

scoring system [11]. Four domains were scored: (1)

patient selection, which describes the methods of patient

selection and exclusion; (2) index test, which describes the

tests performed and methodology; (3) reference standard,

which describes the reference standard used and how it was

conducted and interpreted; and (4) flow and timing, which

describes the flow of patient inclusion and exclusion, and

the interval between the index test and the reference

standard. Each item was scored as “yes,” “no,” or “unclear.”

Any discrepancy was solved by a third reviewer (M.A.).

3. Evidence synthesis

3.1. Results

3.1.1. Quality of the studies

Among a total of 221 studies, 165 were assessed for eligi-

bility and finally 10 publications were included in this

systematic review [12–21]. Fig. 2 outlines the study selec-

tion process according to the PRISMA flow. Ultimately,

10 studies met the inclusion criteria recruiting a total of

728 patients. Table 1 provides the summary of all included

studies. All included studies are prospective, with the sole

exception of a retrospective study [21] that analyzes a

Glomerular filtration and
proximal tubule function

Glomerular injury

Proximal tubule injury

Distal tubule

Loop of henle

Fig. 1 – Investigated biomarkers of AKI in relation to the site of injury in the nephron. AKI = acute kidney injury; IL = interleukin; KIM–1 = Kidney

Injury Molecule-1; LDH = lactase dehydrogenase; L-FABP = liver-type fatty acid–binding protein; NAG = N-acetyl-b-D-glucosaminidase; NGAL = neutrophil

gelatinase–associated lipocalin.
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potential biomarker already present in clinical practice.

Overall, there was a low RoB across all studies (Fig. 3),

despite wide heterogeneity in cohorts and AKI definitions.

Thirty-two additional papers were referenced in this review

to (1) clarify the physiopathology of the markers, (2) explain

their potential role in the clinical practice, and (3) introduce

concepts such as “subclinical AKI” or “multifactorial etiol-

ogy of AKI.”

3.1.2. Characteristics of study populations

The pooled mean age of patients was 56.3 yr (standard

deviation [SD]: !4.9) and the pooled mean ischemia time

in patients undergoing PN was 29.9 min (SD: !8.3).

Incidence of postoperative AKI was 26.7% (range: 9–58%).

It was found that most of the studies did not adopt any

conventionally accepted definition of AKI, omitting the

criterion of the urine output and relying on arbitrary thresh-

olds of serum creatinine.

3.1.3. Biomarkers

3.1.3.1. NGAL. NGAL, a lipocalin protein involved in innate

immunity, is produced by renal tubular cells in response

to ischemic and toxic injury (Fig. 1), and its concentration in

serum and urine increases from 8 to 24 h prior to the

increase in serum creatinine [22]. NGAL has emerged as a

promising noninvasive, sensitive, and early biomarker of

AKI in several different settings, and is the most widely

studied biomarker for AKI [23].

Five studies reported that NGAL increased after PN or RN

in proportion to the amount of renal injury, according to a

definition of AKI. NGAL was measured in the urine in four

studies [12,14,19,20] and in both in three studies [15–17].

In three studies [12,15,19], postoperative levels of urinary

NGAL were significantly increased in patients with AKI

compared with patients without AKI, and correlated with

ischemia. Regarding the timing of increase, urinary NGAL

was augmented after 8 h following PN [12,15], but more

precociously—3 h—in patients with further diagnosis of AKI,

it was not associated with ischemia duration [14].

On the contrary, three studies [16,17,20], even confirming

postoperative increase of urinary NGAL levels, failed to

found an association with peak serum creatinine and ische-

mia time.

Furthermore, several studies did not find a significant

increase in serum NGAL levels after laparoscopic [16] and

open PN [15,17].

3.1.3.2. KIM-1. KIM-1 is a type I membrane protein expressed

at very low levels in the normal kidney, but its expression in

renal tubules (Fig. 1) increases under ischemia, demonstrat-

ing its biological plausibility as a marker of AKI [24]. KIM-1

was proved to be an early biomarker of AKI and to have a

potential role in predicting long-term renal outcome [25].

In four studies, urinary KIM-1 levels were investigated in

patients who underwent PN or RN [12,15,17,19]. All studies

showed a postoperative KIM-1 rise and its subsequent

decrease in all patients. Compared with patients without

AKI, urinary KIM-1 levels at 8 [12,19] and 24 h [17] were

found to not have significantly increased. One study dem-

onstrated that patients who developed postoperative AKI

exhibited a higher percentage of increase from baseline in

urinary KIM-1 after 8–24 h, as compared with patients with

postoperative normal kidney function [15].

3.1.3.3. Cystatin C. Cystatin C is produced at a constant rate by

all nucleated cells, and is freely filtered by the glomerulus and

reabsorbed by the proximal tubule (Fig. 1). It is not secreted

by renal tubules and does not vary with gender, race, weight,

changes of muscle mass, and nutrition [26]. Serum cystatin C

is a well-validated biomarker of GFR and may reveal AKI with

more accuracy than creatinine [27].

The role of cystatin C as a predictor of AKI has been

investigated in three studies [13,17,18] showing direct asso-

ciation with postoperative AKI. Elevated serum cystatin C

levels were significantly correlated with the postoperative

221 of records
identified
through
database
searching

180 of records after
duplicates removed

15 of records
excluded:

3 Review

8 Not in english

4 Editorial
180 of records
screened

155 of full-text
articles
excluded, with
reasons

42 Animal
studies

113 Out of
scopes

165 of full-text
articles assessed
for eligibility

10 of studies
included in
qualitative
synthesis

Fig. 2 – Study flow diagram according to CONSORT statement.
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occurrence of AKI [10], and serum cystatin C at 24 h

appeared to be superior to creatinine in predicting CKD

development at 1-yr follow-up [15]. On the contrary, Parekh

et al [17] argued that there was no correlation between the

change in creatinine and the change in serum cystatin C

at 24 h.

3.1.3.4. Albuminuria. Albuminuria is a sensitive marker for

glomerular damage (Fig. 1), increasing after AKI in several

settings of patients, but only limited studies have suggested

the real utility as a biomarker for AKI. From experimental

models, which were further corroborated in humans, albu-

minuria was described to increase as early as 4 h following

injury only due to intrinsic renal causes (ischemia reperfu-

sion, nephrotoxin, and rhabdomyolysis) and not in either

prerenal (secondary to endotoxin) or postrenal (obstructive

uropathy) conditions [28].

Only two studies described the role of albuminuria after

PN [13,17], showing its poor role as an AKI biomarker. Both

studies found that AKI-group patients had higher levels of

preoperative albuminuria compared with the non-AKI-

group, but albuminuria exhibited a poor predictive ability

at postoperative 2 [17] and 24 h [13].

3.1.3.5. LDH. LDH is an enzyme that catalyzes the conversion

of lactate to pyruvate, and the kidney is relatively rich in

LDH. Serum LDH might be considered a biomarker of AKI

because it is released when tubular cells are disordered and

finds its way into the blood [29].

Postoperative LDH, measured 5 d after surgery, appeared

as a predictor for renal insufficiency after open PN

[21]. Although LDH does not appear to be a promising

biomarker of AKI due to lack of specificity and its heteroge-

neous behavior in different tissues, it was tested only in a

single study on patients who underwent PN or RN.

3.1.3.6. Other biomarkers. Liver-type fatty acid–binding protein

(L-FABP), a cytoplasmic protein found in the renal proximal

tubule, appeared as a promising biomarker because its

serum and urinary concentrations were significantly higher

in patients with ischemic and nephrotoxin-induced AKI

[30].

N-acetyl-b-D-glucosaminidase (NAG) is an enzyme pro-

duced by the lysosomes of the renal proximal tubular cells.

NAG might be a useful biomarker of AKI. Its increase in urine

derives from tubular damage and occurs about 12 h before

the rise in serum creatinine in a intensive care unit setting

[31].

Interleukin-18 (IL-18) is an important mediator of tubular

apoptosis, and its urinary concentrations were found to be

significantly higher in patients with ischemic AKI, in several

settings [32].

Several different biomarkers (serum L-FABP, serum and

urinary beta 2-microglobulin, urinary alpha-1 microglobu-

lin, urinary NAG, and urinary IL-18), which appeared to be

promising biomarkers of AKI in different settings, were

tested in single studies on patients who underwent PN or

RN, but they did not show any association with AKI and

ischemia time [17]. They all had significant changes after

surgery; however, the median increases of these novel

biomarkers were modest only in comparison with changes

in serum creatinine.

3.2. Discussion

After decades of being deemed reversible and a mere com-

plication of severe illness, AKI has gained recognition as a

serious contributor to short- and long-term morbidity and

mortality.

Depending on the definition of AKI and surgical techni-

ques adopted, data showed that AKI occurred in 13–47% of

patients who had undergone RN and 9–41% of patients who

had undergone PN (Table 1), suggesting that AKI remains a

common clinical condition in this particular setting of

patients. This figure is reasonably underestimated, consid-

ering that the majority of studies did not adhere to a

Fig. 3 – (A) Graph of risk of bias and applicability concerns: review authors’ judgments about each domain presented as percentages across included

studies. (B) Summary of risk of bias and applicability concerns: review authors’ judgments about each domain for each included study.

E U R O P E A N U R O L O G Y F O C U S X X X ( 2 0 1 8 ) X X X – X X X 7

EUF-613; No. of Pages 10

Please cite this article in press as: Antonelli A, et al. The Predictive Role of Biomarkers for the Detection of Acute Kidney Injury

After Partial or Radical Nephrectomy: A Systematic Review of the Literature. Eur Urol Focus (2018), https://doi.org/10.1016/j.

euf.2018.09.020



rigorous definition of AKI but were based exclusively on

serum creatinine levels, omitting the rate of cases in which

AKI appears as a reduction in urine output.

Accumulating evidence supports the use of a nephron-

sparing approach for clinically localized tumors to prevent

or reduce the incidence of postoperative AKI and conse-

quently the development of new-onset CKD [2,4]. Indeed,

although several clinical factors may impact renal function

after kidney surgery, preoperative CKD and RN (when com-

pared with PN) are identified as independent predictors of

postoperative AKI [33]. Although a rise in serum creatinine

after RN is expected, often this is not a reflection of AKI

(which should be considered an injured remaining kidney)

but simply a loss of parenchymal volume. In other words, an

acute increase in serum creatinine after PN was thought to

be primarily due to functional parenchymal mass reduction

and ischemia [2,34], but AKI, particularly in this setting, has

a multifactorial etiology depending on ischemia-reperfu-

sion injury, microembolization, inflammation and conse-

quent endothelial injury [35], intraoperative hypotension

and decreased renal perfusion pressure (eg, bleeding, anes-

thetics, and pneumoperitoneum) [36], hemodilution, and

use of nephrotoxic drugs. However, the contribution of each

of these factors is unknown, and this lack of knowledge is

clinically relevant because some of the different causes

underlying surgical renal insult are preventable or revers-

ible and therefore their identification could be paramount.

The majority of the studies on AKI adopt serum creati-

nine as an indicator of renal damage although its limitations

are well known, being influenced by age, body composition,

and nutritional and fluid status (such as the dilutional effect

of fluid overload and the use of diuretics) [37].

With this systematic review, we found that specific

biomarkers could be useful for the prediction of postopera-

tive AKI after renal surgery, as complementary rather than

in competition with serum creatinine.

Renal biomarkers of AKI can suggest normal or impaired

function of the kidney. Many novel urinary and serum

biomarkers have been proposed for the prediction and early

detection of AKI following PN or RN: NGAL, KIM-1, cystatin

C, albuminuria, and LDH.

We found significant changes after renal surgery for

most of the evaluated biomarkers, indicating that any renal

damage provokes a prompt variation of these substances in

serum or urine.

Based on the evidence reviewed (Table 1), serum cystatin

C and urinary NGAL showed a significant correlation with

serum creatinine rise postoperatively, emerging as potential

noninvasive and early biomarkers of AKI in patients under-

going PN and RN. In this setting, both were elevated at

earlier time points (3–24 h after the end of surgery) com-

pared with serum creatinine (12–48 h after surgery) and

were significantly correlated with the postoperative occur-

rence of AKI. Moreover, the former appeared to be superior

to creatinine in predicting renal function at 1 yr follow-up

[18], and the latter, historically considered the “troponin of

the kidney,” appeared to be the earliest biomarker in this

setting, showing a remarkable increase, of up to 100-fold

from baseline, within 2–8 h after surgery [12,15,16,19].

Conversely, all the other reviewed biomarkers had sig-

nificant changes after surgery but did not correlate with

peak serum creatinine.

As expected, urinary NGAL did not show a significant

correlation with creatinine peak in patients undergoing RN

[16,20]. This might suggest a potentially better application of

the tubular biomarkers (biomarkers of renal damage) in the

PN setting and of the biomarkers of GFR (biomarkers of

nephron mass) such as cystatin C in the RN setting. However,

tubular biomarkers might also be useful in detecting subclin-

ical damage in the contralateral kidney after RN. In fact, loss of

parenchymal volume leads to a change in creatinine inde-

pendent of the injury to the remaining kidney.

Besides the volume of preserved renal parenchyma, type

and duration of ischemia during PN remain one of the most

important modifiable factors for renal functional outcome.

The impact of renal ischemia-reperfusion injury on renal

function was studied with different biomarkers (Table 1),

which did not show any correlation with ischemia type and

duration [14,17,20,21], with the exception of urinary NGAL

that showed conflicting results [12,14,15,20]. This might be

explained by a selection bias: patients were younger and

had fewer comorbidities than in real clinical practice. More-

over, as recently demonstrated by Parekh et al [17] and

reviewed by Mir et al [37], human kidneys can safely toler-

ate 30 min of controlled clamp ischemia or even more

(depending on concurrent comorbidities), with only mild

structural changes and no acute functional loss.

Novel biomarkers can predict early damage before creati-

nine rise, detect mild renal damage not identified by creati-

nine (subclinical AKI) [38,39], and therefore be useful for the

diagnosis of AKI within the context of CKD. This could explain

why biomarker levels after surgery failed to reveal an associ-

ation with peak serum creatinine in several studies that we

previously analyzed, suggesting that it would be better to

compare biomarker levels after surgery with new-onset or

worsening CKD at a long-term follow-up. Despite heteroge-

neity in the AKI definition adopted by different studies, the

lack of correlation between AKI and biomarker variations

suggests that serum creatinine is not sufficiently adequate

to depict (mild to moderate) renal injury and that the defini-

tion of AKI should be redefined by the introduction of novel

biomarkers into clinical practice and maybe also accounting

for lost parenchymal volume [40].

Although novel biomarkers can address diagnostic delay

in AKI, further research is needed to advance biomarkers

from the laboratory to bedside.

Recently, the US Food and Drug Administration approved

the first AKI point-of-care biomarker device NephroCheck. It

measures urinary levels of TIMP-2 and IGFBP7, which are

biomarkers of cell cycle arrest in tubular epithelial cells, a key

mechanism implicated in AKI. A recent meta-analysis dem-

onstrated that urine [TIMP-2]*[IGFBP7] is a promising candi-

date for early detection of AKI in different settings [41], but it

has never been tested in patients undergoing PN and RN.

Novel biomarkers need to prove their clinical applicabil-

ity, accuracy, and cost effectiveness prior to implementation

into clinical practice, and further large-scale prospective

cohort studies are required.
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With the application of new AKI definition criteria and

available AKI biomarkers, a more accurate evaluation of the

real incidence of kidney dysfunction in patients undergoing

PN and RN could be documented.

Limitations of this study include the lack of diagnostic

meta-analysis aiming to assess the accuracy of current

biomarkers in predicting AKI.

Perhaps in the future, the combination of biomarkers of

kidney damage (NGAL, KIM-1, NephroCheck, albuminuria)

and kidney function (creatinine or cystatin C, and urine

output), rather than a single biomarker (which represents a

single biological process), will be needed to facilitate the

diagnosis of AKI and positively improve a patient’s long-

term renal functional outcomes.

4. Conclusions

In this systematic review of the literature, we have

highlighted the usefulness of biomarkers in predicting

AKI after PN or RN. In an effort to move away from the sole

use of creatinine in diagnosing renal injury, the paradigms

proposed in this review might lead physicians to further

investigate the role of serum cystatin C and urinary NGAL

within clinical setting in order to better personalize patient

care. Surgeons are in need of a better definition of AKI more

related to a highly sensitive and early biomarker. Large

clinical studies are needed before defining the role of these

biomarkers of AKI in urological patients. Novel biomarkers

have to prove their clinical applicability, accuracy, and cost

effectiveness prior to implementation into clinical practice.
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