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Abstract Introduction and Objectives: Mortality due to AKI has not changed significantly over the past 50 years.

~ This is due in part to failure to detect early AKI and to initiate appropriate therapeutic measures. There
is therefore a need to identify biomarkers that would improve the early detection of AKI. The objective
of this study was to assess whether cystatin C levels obtained at specific timepoints during laparoscopic
partial nephrectomy (PN) could be early predictors of AKI.
Materials and Methods: Twenty-five patients underwent laparoscopic PN for organ-confined tumors.
All procedures were performed by two surgeons in a single institution. Plasma samples were collected
preoperatively, and post-unclamping at 5, 20, 120 min and on the day following surgery. Plasma cystatin C
was measured by enzyme-linked immunosorbent assay. Correlation between levels of cystatin C and other
parameters of interest were assessed in order to define cystatin C ability to predict AKI and loss of renal
function following laparoscopic PN.
Results: The mean baseline eGFR was 93 ml/min/1.73 m?. Warm ischemia time varied between 16 and
44 min. Post-operative day 1 (POD1) cystatin C levels compared to baseline were increased in 13 (52%) of
the patients. There was a high correlation between the difference of POD 1 and baseline value, and eGFR
in the immediate postoperative period (r = —0.681; P = 0.0002) and at 12-month follow-up (r = —0.460,
P = 0.048). However, the variation in cystatin C levels at earlier timepoints were not associated to AKI nor
renal function.
Conclusions: High increase in POD 1 cystatin C levels from baseline may help identify patients with AKI
and those at higher risk of chronic kidney disease, following laparoscopic PN.
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INTRODUCTION of all renal tumors diagnosed and 38% of all renal tumors

excised."! Partial nephrectomy (PN) is now established as the
Incidental small renal masses (SRM) are frequently described standard of care for the management of SRM because of its
on imaging studies. Consequently, they represent 48-66% equivalent oncological outcomes*! and superior renal function

preservationp: relative to radical nephrectomy. The evolution
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of minimaﬂy invasive surgery has led laparoscopic PN to be
Quick Response Code:

Website: accepted as a surgical option. Although this technique is still
www.urologyannals.com considered challenging, this approach has become the first

choice for the treatment of selected renal tumors in centers
DOI: with high laparoscopic expertise.*® To perform an optimal
10.4103/0974-7796.140988 surgery, it is essential to operate in a bloodless field. This

can be obtained by temporary OCCILISiOI’l Of t:he renal artery
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or of the entire renal pedicle. However, the subsequent renal
ischemia-reperfusion insult can cause acute impairment of renal
function (acute kidney injury, AKI) and predispose to chronic
kidney disease (CKD).”

It is usually accepted that limiting renal warm ischemia time

7-19] For instance, Godoy

within a range of 20-25 min is safe.!
and colleagues reported that ischemia time <40 min is safe
in patients with normal contralateral kidney.[“lA recent
retrospective study of 362 patients with solitary kidneys who
underwent partial nephrectomy with utilization of warm
ischemia suggested that each minute of warm ischemia time was
associated with a 6% (hazard ratio 1.06; P < 0.001) greater
risk of acute renal failure and 4% (hazard ratio 1.04; P=0.03)
greater risk of stage IV CKD during follow-up. Furthermore,
the authors evaluated cut-points of warm ischemia and reported
that 25 min of warm ischemia was the best cut-point to
distinguish between patients who did and did not develop short
and long-term renal functional consequences.”®” In a different
cohort of patients with bilateral functioning kidneys, Pouliot
and colleagues.“ol demonstrated similar short-term results, with
accelerated loss of function occurring when warm ischemia was
beyond 30 min. However, it is important to acknowledge that
our current understanding of renal ischemia is derived from
animal studies and retrospective clinical studies in PN and
renal transplantation populations, showing conflicting data
regarding the tolerance of human kidney to an ischemic insult.
(81216 T hus, uncertainty remains with regard to our capacity to
predict the consequences of a given ischemic insult following

PN on kidney function.

New biomarkers of renal injury are receiving increasing
attention in an effort to achieve earlier diagnosis of AKI than
provided by serum creatinine. These biomarkers can potentially
better assess the extent and severity of parenchymal insults from
different causes and serve as markers of interest during clinical

trials.[172

'To the best of our knowledge, their usefulness in
PN as not been widely studied. Consequently, this study was
designed to assess whether plasma cystatin C levels obtained
at specific timepoints in the first 24 h following renal hilum
unclarnping could be early predictor of AKI and if so, to

see Whether we can predict longer term functional outcomes

following laparoscopic PN.
MATERIALS AND METHODS

Population description and study design

The Institutional Review Board at the Centre Hospitalier
Universitaire de Québec has approved this research protocol
and a written informed consent was obtained from each patient
enrolled. Twenty—five consecutive patients with a renal tumor

amenable to PN were recruited to participate to this study. ‘We
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reviewed medical charts, including patient characteristics, tumor
factors, intraoperative features and postoperative functional

outcomes. Clinical data were collected in a protected database.

Preoperative planning and surgical procedure
Preoperative work-up included a chest X-ray, abdominal and
pelvis computed tomography scan, nuclear renogram (split
function) and biochemistry tests that included renal function
assessment [serum creatinine (sCr) and estimated glomerular
filtration rate (eGFR)]. The R.E.N.A L. nephrometry score/**!
was calculated for each patient using findings from the CT=scan.
Patients underwent laparoscopic PN for organ-confined tumors.
All procedures were performed by two surgeons, in a single
institution. Transperitoneal or retroperitoneal approaches were
selected according to tumor location and surgeon preferences.
Hilar arterial clamping was achieved either en bloc by using a
laparoscopic Satinsky clamp or by clamping the artery alone
with a laparoscopic bulldog clamp.

Follow-up

During the follow—up, renal function biochernistry (sCr and
eGFR)) was evaluated postoperatively and reported on for day
2 (PODZ, postoperative day 2) and 12-month periods‘ The
renal split function on nuclear renogram was unfortunately not
obtained systernatically for all patients during follow—up because
of radioisotopes shortage in our hospital. Being available only
for a small number of patients, this information has not been

included in the present analysis.

Biochemical measurements

Blood samples were collected preoperatively, S min before
clamping, and post-unclamping at 5, 20, 120 min and on the
day following surgery (PODI, postoperative day 1). These
timepoints were chosen based on the marker kinetic reported in
another publication® showing a rise in plasma cystatin Cat 2 h
and 24 h following an ischemic event. Earlier timepoints were
also included in order to explore the kinetic of cystatin C rise
in plasma following the ischemic insult related to PN. Collected
samples were kept on ice until centrifugation (within 2 h).
Plasma was separated by centrifugation (2500 X g for 10 min at
4°C), and samples aliquoted. All collected samples were stored
at —80°C until analysis. Plasma creatinine was measured by
enzymatic assay (Crea Plus, Roche Inc.) in the hospital core lab.
Plasma Cystatin C was measured in duplicata by enzyme-linked
immunosorbent assay (BioVendor Inc., North Carolina, USA)

by our team according to the manufacturer’s instructions.

Definitions

There are no accepted criteria to define the occurrence
of an ischemic acute kidney injury (AKI) following PN.
Thus, general definitions of AKI based on the Acute
Kidney Injury Network classification (AKIN)W’] and Rusk,
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Injury, Failure, Loss and End—stage kidney disease (RIFLE)
criterial®”’ were used to identify patients who experienced
significant AKI following their PN surgery. The criteria of
these two classifications are summarized in Table 1. The
global renal function was reported as eGFR, calculated
with the abbreviated Modification of Diet in Renal
Disease (aMDRD) formula, where e GFR = 32788 X serum
creatinine 5% X age’o'zmx (1.203 if black) X (0.742 if
female).[zs] CKD was reported as per KDOQI stages of kidney
disease.*” Plasma cystatin C concentration was measured in
duplicata and reported as mean and standard deviation (SD).
The surgical complexity of renal masses was scored according
to the R.EN.A.L nephrometry score,?* defining low (score
of 4-0), intermediate (score of 7-9) and high risk (score
of 10-12) tumor category. The American Society of
Anaesthesiologists physical status classification (ASA) was
used as an indicator of patient’s health status'®”) where ASA
Physical Status I represents a normal healthy patient, ASA
Physical Status 2 a patient with mild systemic disease, ASA
Physical Status 3 a patient with severe systemic disease,
ASA Physical Status 4a patient with severe systemic disease
that is a constant threat to life andASA Physical Status §, a
moribund patient.

Statistical analysis

Continuous variables are presented as a mean with SD, while
discrete variables are expressed in percent. Biomarker concentration
variations from preoperative baseline at different time intervals
post—unclamping (5 min, 20 min, 2 h, PODI) were calculated.
Linear correlation between variations of cystatin C level from
baseline (at S min, 20 min, 2 h and PODT) and other important
parameters [age, body mass index (BMI), tumor size, R. EIN.A.L.
score, warm ischemia time (WIT') and eGFR at POD2 and at
12 months] were performed using a Pearson’s correlation analysis.
All time intervals (5 min, 20 min, 2 h, PODI) were analyzed but

only statisticaﬂy signiﬁcant results were considered and presented

Table 1: RIFLE and AKIN criteria for the diagnosis of AKI

herein. Factors potentiaﬂy inﬂuencing variations of Cystatin C
levels were also assessed in univariate analysis. Multivariate analysis
was not considered in the context of our small cohort of patients.
Continuous variables were compared using the Mann—Withney U
test. Qualitative variables were compared by Fisher’s or Chi-square
test, as appropriate. Statistical analyses were performed using

Prism software (Graphpad, San Diego, USA).

RESULTS

Demographics are listed in Table 2. A total of 25 patients were
enrolled (13 males, 12 females), with a mean age of 61 years.
The mean BMI was 29.6 kg/ m” Among our cohort of patients,
48% were treated for hypertension and 24% for diabetes. The
ASA score was above 2 in 16% of patients. The mean baseline
sCr and eGFR before surgery were 76 umol/1 and 93 ml/
min/1.73 m?, respectively. The preoperative mild (stage IT) and
moderate (stage III) CKD rates were 40% and 4%, respectively.

Table 2: Study population preoperative characteristics

No. patients 25
Gender
Male 13 (52)
Female 12 (48)
Age (years) 6113
BMI (kg/m?) 29.6+5.4
Hypertension 12 (48)
Diabetes 6 (24)
Baseline sCr (umol/L) 7628
ASA
1 4 (16)
2 17 (68)
3 4 (16)
Baseline eGFR (ml/min/1.73 m?) 93+25
eGFR>90 14 (56)
eGFR 60-90 10 (40)
eGFR 30-60 1(4)

Continuous variables are expressed as mean=standard deviation,
discrete variable are expressed as number (%), BMI: Body mass
index, ASA: American Society of Anesthesiologists score, sCr: Serum
creatinine, eGFR: Estimated glomerular filtration rate

Risk, Injury, Failure, Loss, and End-Stage Kidney Disease (RIFLE) Criteria

Serum creatinine X 3, or serum creatinine =4 mg/dL with an acute rise >0.5

Urine Output Criteria

<0.5 mi/kg/h X 6 h

<0.5 mli/kg/h X 12 h

<0.3 mi/kg/h X 24 h, or
anuria X 12 h

Class GFR Criteria
Risk Serum creatinine X 1.5
Injury Serum creatinine X 2
Failure
mg/dL
Loss Persistent acute renal failure = complete loss of kidney function >4 wks
ESKD End-stage kidney disease >3 mo

Acute Kidney Injury Network (AKIN) Classification
Stage

1 Increase in serum creatinine = 0.3 mg/dL or increase to =150%-200% (=1.5- to

2-fold) from baseline

2 Increase in serum creatinine to >200%-300% (>2- to 3-fold) from baseline

Serum Creatinine Criteria

Urine Output Criteria
<0.5 ml/kg/h X 6 h

<0.5 mi/kg/h X 12 h

3 Increase in serum creatinine to >300% (>3-fold) from baseline (or serum creatinine <0.3 ml/kg/h X 24 h or

of =4.0 mg/dL with an acute increase of at least 0.5 mg/dL)

anuria X 12 h
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The tumors characteristics on preoperative imaging are shown

in Table 3. The mean tumor size was 3] mm. The mean

Table 3: Tumor characteristics and peroperative outcomes

Tumor size (mm) 3117
[14 cm 17 (68)
>4 cm 8 (32)

R.E.N.A.L. score 7.0£1.9
Low (4-6) 10 (40)
Intermediate (7-9) 12 (48)
High (10-12) 3(12)

Radius parameter 1.3+0.5
1 17 (68)
2 8(32)
3 0 (0)

Exophytic parameter 1.9+0.7
1 7 (28)
2 13 (52)
3 5(20)

Nearness parameter 1.8+0.8
1 10 (40)
2 9 (36)
3 6 (24)

Anterior parameter
a 8(32)
p 7 (28)
X 10 (40)

Location parameter 1.9+0.8
1 9 (36)
2 9 (36)
3 7 (28)

Clamping technique
Artery alone 7 (28)
Hilum en bloc 18 (72)

Operative time (min) 18845

Estimated blood 195+186

loss (ml)

Clamping time (min) 277

Histology
Clear cell 15 (60)
Papillary 4 (16)
Benign 6 (24)

Continuous variables are expressed as mean=standard deviation,
discrete variable are expressed as number (%)

Table 4: Postoperative renal function after laparoscopic
partial nephrectomy

AKI

AKIN classification?® 4 (16)

RIFLE classification?” 4 (16)
POD, renal function

sCr (umol/L) 87+44

eGFR (ml/min) 85+28

Absolute change in eGFR from baseline (ml/ -8+13

min)

Relative change in eGFR from baseline (%) -10£15
12-month renal function

sCr (umol/L) 89+48

eGFR (ml/min) 86126

Absolute change in eGFR from baseline (ml/ -10+23

min)

Relative change in eGFR from baseline (%) -12+26

Continuous variables are expressed as mean=standard deviation,
discrete variable are expressed as number (%), AKI: Acute kidney
injury, AKIN: Acute kidney injury network, RIFLE: Risk, injury, failure,
loss and end-stage kidney disease criteria, POD: Postoperative day;

sCr: Serum creatinine, eGFR: Etimated glomerular filtration rate
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R.E.N.A.L. nephrometry score was 7. Overall, 48 and 12% of
tumors were classified as moderately or highly complex masses,
respectively. The mean operative time was 188 minutes. Mean
estimated blood loss was 195 ml. Hilar control was achieved
en bloc in 72% of the cases. Clamping time (or WIT) varied
between 16 to 44 min for a mean of 27 min. 76% of patients
had a malignant tumor with a predominant clear cell subtype

histology.

The functional results are presented inTable 4. Post—operatively,
4 of the 25 patients had a 1.5 to 1.9-fold increase in serum
creatinine from baseline and were identified with AKI (stage I
according to the AKIN classification and risk category of injury
according to RIFLE criteria). On POD?2, the mean sCr and
eGFR were 87 Umol/I and 85 ml/min/1.73 m?, respectively.
With regard to eGFR, the mean relative change from baseline
was a reduction of 10%. At 12-month, the kidney function was
similar to postoperative values with a mean sCr and eGEFR of
89 wmol /1 and 86 ml/min/1.73 m?, respectively, representing
areduction of 12% in eGFR compared to baseline. In Figure I,
we can VisuaHy appreciate the difference in cystatin C elevation
following the ischemic insult in patients that suffered AKI as
compared to the rest of the cohort. Moreover, the kinetic of
cystatin C concentration revealed a biphasic course with a
first peak of elevation at 5 min and another at 24 h. For this
reason, we have performed correlation and univariate analysis
between the cystatin C variation at 5 min, 2 h and PODI
and other variables of interest. Despite cystatin C levels were
increased from baseline in 12 (48%) patients early after
unclamping (5 min and 2 h), none of the variables presented
in Table S were correlated to cystatin C variation for these
timepoints (data not shown). However, cystatin C variation
at 24 h (PODT) showed interesting results. For these reasons

the following observations will only applied to this timepoint.
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Figure 1: Post-unclamping kinetic of plasmatic cystatin C according
to the presence or absence of Acute Kidney Injury (AKI). In patients
suffering from AKI post-unclamping following laparoscopic partial
nephrectomy, plasmatic cystatin C has reached higher values
compared to patients without AKI (Mann—Whitney test, P = 0.008).
The biomarker kinetic has shown a biphasic elevation pattern at 5 min
and 24 h post-unclamping
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Table 5: Factors associated with cystatin C variation at POD1
versus baseline: Linear regression and univariate analyses

Linear A cystatin C A cystatin C>100 ng/ml
regression (continuous variable, (qualitative variable)
analysis ng/ml)
Pearson’s P value
coefficient (r)
Age 0.162 0.450
Tumor size 0.387 0.061
R.E.N.A.L. 0.038 0.860
score
BMI -0.068 0.754
WIT 0.055 0.800
Change in -0.681 0.0002
POD2 eGFR
Change in -0.460 0.048
12-month
eGFR
Univariable Mann-whitney Fisher’'s
analysis U test exact test
A Cystatin C Pvalue OR 95% CI P
mean value
Age (years)
<60 46.5 0.751  Ref
1
160 97.0 1.68 0.32-8.76 0.684
Tumor size
(cm)
4 -10.2 0.006 Ref
1
>4 235.7 5.83 0.98-34.6 0.095
R.E.N.A.L.
score
Low 67.3 0.663 Ref
1
Intermediate 95.6 1.50 0.56-8.19 0.691
High 78.2 1.27 0.43-7.39 1.000
BMI (kg/m?)
<30 90.0 0.371  Ref
1
130 53.6 0.52 0.10-2.66 0.682
WIT (min)
<25 63.6 0.908 Ref
1
[125 78.7 0.75 0.15-3.83 1.000
AKI
No 19.8 0.007 Ref
1
Yes 435.9 14.3 0.68-300.1 0.039
Change in
POD2 eGFR
(from baseline)
(%)
<10 -47.0 0.005 Ref
1
10 190.5 15.0 2.02-111.2 0.012
Change in
12-month
eGFR (from
baseline) (%)
<10 -20.5 0.01 Ref
1
110 180.4 14.0 1.54-127.3 0.023

POD: Postoperative day, A: Variation, BMI: Body mass index, WIT: Warm
ischemia time, eGFR: Estimated glomerular filtration rate, AKI: Acute
kidney injury as defined by AKNI/RIFLE classification, OR: Odds ratio,
R.E.N.A.L.: Nephrometry scoring system for renal masses
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The linear correlation and univariate analyses involving the
variation of cystatin C at PODI are summarized in Table 5.
PODI cystatin C levels compared to baseline were increased
in 52% of the patients. There was a high correlation between
PODI cystatin C variation and eGFR in early postoperative
period (PODZ) (r=-0.681; P =0.0002). Interestingly, the
variation of PODI cystatin C was also significantly correlated
with Ionger term [2-month eGFR (r=-0460, P=0.048).
None of the other variables considered in our analyses has
demonstrated a significant correlation with PODI cystatin
C. In univariate analysis, similar ﬁndings were observed. When
PODI cystatin C variation was considered as a continuous
parameter, a significant relationship was observed with either
the occurrence of AKI and the loss of eGFR >10% (at both
POD?2 and 12-month intervals). Also, tumor size above 4 cm
was significantly associated with higher level of cystatin C at
PODI, potentially reflecting the impact of a more complex
surgery on kidney damage, but not captured by other parameters
such as RIEINA.L. score or WIT. Finally, if cystatin C was
dichotomized for an increase of >100 or <100 ng/ml at
PODI, results were similar. Taking together, these results
confirmed the interest for cystatin C in predicting functional
outcomes (the occurrence of AKI, loss of renal function early

after the surgery and at 12-month) following a laparoscopic PN.

DISCUSSION

Several articles documented that prolonged renal ischemia lead
to AKI, which may cause high morbidity and mortality.[so'n:
In a population-based study of more than one million adults,
Go et all**! demonstrated that longitudinal ¢GFR was inversely
associated with higher rates of hospitalization, cardiovascular
events (Le., acute myocardial infarction, heart failure, or stroke),
and death from any cause, More speciﬁcaﬂy, patients with CKD
stage I, IV, and V carried higher adjusted hazard ratios for death
from any cause compared to those patients with stages I or I CKD.
As aresult, the initial conceptual framework behind the evolving
surgical approach was that PN would lead to better renal function,
which would then confer a better overall survival. Therefore, in
this clinical context, identifying biomarkers that improve the early
detection of AKI is important in order to identify patients at
higher risk of bad outcomes such as CKD, after a PN.

Cystatin C is an interesting biomarker candidate. It is a protease
inhibitor that is expressed by all nucleated cells and excreted
solely by the kidney, independent of muscle catabolism.
Cystatin C plasrnatic concentrations may be more accurate
than creatinine for estimating glomerular filtration rate in
patients with diabetes or significant muscle wasting.****
Furthermore, unlike creatinine, Cystatin C has some favorable
characteristics. First of all, its production is a stable process

that is not inﬂuencedby the constitution of the body or dietetic
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factors. Creatinine levels are known to be strongly influenced
by many non-renal factors such as protein intake, dehydration,
gastrointestinal bleeding, infection or steroid use and muscle
breakdown. Moreover, cystatin C biochemical characteristics
allow free filtration in the renal glomerulus, and subsequent
reabsorption and total catabolism by proximal tubules without

[3637

re-entering the bIOOd stream. ] It has ShOWI’l 1ts advantages

in detecting acute renal injury earlier and in a more sensitive
manner than creatinine in several randomized studies.384°]
Cystatin C has also shown great clinical potential as a
biomarker of AKI. For instance, in a study of 85 critically
ill patients at risk of developing AKI, increases in serum
cystatin C were shown to predict AKI I1-2 days before serum
creatinine increased.*! Similarly, in a prospective study of 72
adult cardiac surgery patients, elevations in urinary cystatin C
levels 6 h after ICU admission were also signiﬁcant predictors
of AKL®In addition, the urine cystatin C/urine creatinine
ratio after surgery or in the ICU setting was significantly
higher for patients with AKI who required renal replacement
therapy (RRT) compared with those with AKI and no
short-term need for RRT. Another study also confirmed that
measurements of urinary cystatin C were able to predict the
need for RRT in patients with established AKI at least one
day earlier than conventional measurements.*8JA variety of
other studies have also established cystatin C as a promising
early marker of AKL**) Indeed, cystatin C has shown great
clinical potential as a biomarker of AKIL. However, to the best
of our knowledge, there is no data available in the specific renal
surgery setting of PN, where the ischemic insult is directly
applied to the kidney.

The objective of this study was to assess whether plasma cystatin
Clevels obtained at specific timepoints during laparoscopic PN
could be early predictors of AKI. We have demonstrated that
cystatin C is rising early after unclamping. However, according to
our study, the early variations of the biomarker at 5, 20 min and
2 h did not show correlation with any renal function parameters.
Only the variation at PODI was predictive of renal outcomes.
Indeed, our results have demonstrated a high correlation between
the cystatin C variation at PODI and the occurrence of AKI (by
using either AKIN or RIFFLE classification) and early loss of
eGFR, foﬂowing PN. To a wider extent, the correlation observed
between the variation of cystatin C at PODI and the loss of
eGEFR at 12-month was also strong, showing the ability of this
biomarker to predict the future of renal function following PN.
Interestingly, WIT and R.EN.A.L. score were not associated
with cystatin C biomarker variation at any timepoints. Thus, our
data show that cystatin C can predict AKI earlier than creatinine
but maybe more interesting, the evolution at [ year follow—up,
To the best of our knowledge this has not been reported or
studied elsewhere.
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This study has shown limitations that need to be discussed.
Despite the interesting results obtained, the small number
of patients enrolled in this study has unfortunately limited
the strength of our observations. Moreover, it would have
been very interesting to correlate the biomarker variation
with the split function changes of the affected kidney over
time, as a direct functional measure of the operated renal
unit. These preliminary results are encouraging regarding
the future of cystatin C as a biomarker of AKI and renal
function in PN. However, larger studies will be necessary
to confirm our findings in order to spread its utilization

n urology.

CONCLUSIONS

High variation in cystatin C levels at PODI may help identify
patients with AKI and those at higher risk of CKD following
laparoscopic PN. However, earlier intraoperative cystatin C
levels do not seem to be indicators of AKI. A larger cohort
of laparoscopic PN-treated patients will be needed to better
assess the predictive potential of cystatin C.
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Written informed consent was obtained from the patients
for the publication of this study and accompanying results.
A copy of the written consent is available for review by the
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ACKNOWLEDGMENTS

We thank Dr. Vincent Fradet and Dr. André Caron for thoughtful
discussions and valuable help with the statistical analyzes in

connection with this project.
REFERENCES

1. GilllS, Aron M, Gervais DA, Jewett MA. Clinical practice. Small renal mass.
N Engl J Med 2010;362:624-34.

2. Campbell SC, Novick AC, Belldegrun A, Blute ML, Chow GK, Derweesh IH,
et al. Guideline for management of the clinical T1 renal mass. J Urol
2009;182:1271-9.

3. Scosyrev E, Messing EM, Sylvester R, Campbell S, Van Poppel H. Renal
function after nephron-sparing surgery versus radical nephrectomy: Results
from EORTC randomized trial 30904. Eur Urol 2014,65:372-7.

4. Haber GP, Gill IS. Laparoscopic partial nephrectomy: Contemporary
technique and outcomes. Eur Urol 2006;49:660-5.

5. Hacker A, Albadour A, Jauker W, Ziegerhofer J, Albquami N, Jeschke S,
et al. Nephron-sparing surgery for renal tumours: Acceleration and
facilitation of the laparoscopic technique. Eur Urol 2007;51:358-65.

6. Jack C, Thangathurai D, Roffey P, Riad M, Butani N, Mogos M. Median
nerve injury following massive fluid resuscitation during prolonged surgery.
Can J Anaesth 2005;52:888-9.

7. Kim SP, Thompson RH. Kidney function after partial nephrectomy: Current
thinking. Curr Opin Urol 2013;23:105-11.

8. Thompson RH, Lane BR, Lohse CM, Leibovich BC, Fergany A, Frank |,
et al. Every minute counts when the renal hilum is clamped during partial
nephrectomy. Eur Urol 2010;58:340-5.

303



20.

21.

22.

23.

24.

25.

304

Alesawi, et al.: Cystatin C for detection of AKI after partial nephrectomy

Thompson RH, Lane BR, Lohse CM, Leibovich BC, Fergany A, Frank |, et al.
Renal function after partial nephrectomy: Effect of warm ischemia relative
to quantity and quality of preserved kidney. Urology 2012;79:356-60.
Pouliot F, Pantuck A, Imbeault A, Shuch B, Calimlim B, Audet JF, et al.
Multivariate analysis of the factors involved in loss of renal differential
function after laparoscopic partial nephrectomy: A role for warm ischemia
time. Can Urol Assoc J 2011:5:89-95.

Godoy G, Ramanathan V, Kanofsky JA, O'Malley RL, Tareen BU,
Taneja SS, et al. Effect of warm ischemia time during laparoscopic partial
nephrectomy on early postoperative glomerular filtration rate. J Urol
2009;181:2438-45.

Lane BR, Russo P, Uzzo RG, Hernandez AV, Boorjian SA, Thompson RH,
et al. Comparison of cold and warm ischemia during partial nephrectomy
in 660 solitary kidneys reveals predominant role of nonmodifiable factors
in determining ultimate renal function. J Urol 2011;185:421-7.

Sharfuddin AA, Molitoris BA. Pathophysiology of ischemic acute kidney
injury. Nat Rev Nephrol 2011;7:189-200.

Bonventre JV, Yang L. Cellular pathophysiology of ischemic acute kidney
injury. J Clin Invest 2011;121:4210-21.

Venkatachalam MA, Griffin KA, Lan R, Geng H, Saikumar P, Bidani AK.
Acute kidney injury: A springboard for progression in chronic kidney disease.
Am J Physiol Renal Physiol 2010;298:F1078-94.

Solez K, Morel-Maroger L, Sraer JD. The morphology of “acute tubular
necrosis” in man: Analysis of 57 renal biopsies and a comparison with the
glycerol model. Medicine (Baltimore) 1979;58:362-76.

Lameire NH, Vanholder RC, Van Biesen WA. How to use biomarkers
efficiently in acute kidney injury. Kidney Int 2011;79:1047-50.

Koyner JL, Vaidya VS, Bennett MR, Ma Q, Worcester E, Akhter SA, et al.
Urinary biomarkers in the clinical prognosis and early detection of acute
kidney injury. Clin J Am Soc Nephrol 2010;5:2154-65.

Siew ED, Ware LB, lkizler TA. Biological markers of acute kidney injury.
J Am Soc Nephrol 2011;22:810-20.

Krawczeski CD, Goldstein SL, Woo JG, Wang Y, Piyaphanee N, Ma Q,
et al. Temporal relationship and predictive value of urinary acute kidney
injury biomarkers after pediatric cardiopulmonary bypass. J Am Coll Cardiol
2011;58:2301-9.

Haase M, Devarajan P, Haase-Fielitz A, Bellomo R, Cruz DN, Wagener G,
et al. The outcome of neutrophil gelatinase-associated lipocalin-positive
subclinical acute kidney injury: Amulticenter pooled analysis of prospective
studies. J Am Coll Cardiol 2011;57:1752-61.

Portilla D, Dent C, Sugaya T, Nagothu KK, Kundi |, Moore P, et al. Liver
fatty acid-binding protein as a biomarker of acute kidney injury after cardiac
surgery. Kidney Int 2008;73:465-72.

Thomas AA, Demirjian S, Lane BR, Simmons MN, Goldfarb DA,
Subramanian VS, et al. Acute kidney injury: Novel biomarkers and potential
utility for patient care in urology. Urology 2011;77:5-11.

Kutikov A, Uzzo RG. The R.E.N.A.L. nephrometry score: A comprehensive
standardized system for quantitating renal tumor size, location and depth.
J Urol 2009;182:844-53.

Wald R, Liangos O, Perianayagam MC, Kolyada A, Herget-Rosenthal S,
Mazer CD, et al. Plasma cystatin C and acute kidney injury after
cardiopulmonary bypass. Clin J Am Soc Nephrol 2010;5:1373-9.

26. MehtaRL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al.
Acute Kidney Injury Network: Report of an initiative to improve outcomes
in acute kidney injury. Crit Care 2007;11:R31.

27. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P. Acute renal
failure-definition, outcome measures, animal models, fluid therapy and
information technology needs: The Second International Consensus Conference
ofthe Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 2004;8:R204-12.

28. KDOQI Clinical practice guidelines and clinical practice recommendations
for diabetes and chronic kidney disease. Am J Kidney Dis 2007;49:512-154.

29. Available from: https://lwww.asahq.org/For-Members/Clinical-Information/
ASA-Physical-Status-Classification-System.aspx [Last accessed on may 2013].

30. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW. Acute kidney
injury, mortality, length of stay, and costs in hospitalized patients. J Am Soc
Nephrol 2005;16:3365-70.

31. Lameire N, Van Biesen W, Vanholder R. Acute renal failure. Lancet
2005;365:417-30.

32. BellomoR, Kellum JA, Ronco C.Acute kidney injury. Lancet 2012;380:756-66.

33.  GoAS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease
and the risks of death, cardiovascular events, and hospitalization. N Engl
J Med 2004;351:1296-305.

34. de Boer IH, Katz R, Cao JJ, Fried LF, Kestenbaum B, Mukamal K, et al.
Cystatin C, albuminuria, and mortality among older adults with diabetes.
Diabetes Care 2009;32:1833-8.

35.  Beringer PM, Hidayat L, Heed A, Zheng L, Owens H, Benitez D, et al. GFR
estimates using cystatin C are superior to serum creatinine in adult patients
with cystic fibrosis. J Cyst Fibros 2009;8:19-25.

36. Tenstad O, Roald AB, Grubb A, Aukland K. Renal handling of
radiolabelled human cystatin C in the rat. Scand J Clin Lab Invest
1996;56:409-14.

37. Abrahamson M, Olafsson |, Palsdottir A, Ulvsback M, Lundwall A,
Jensson O, et al. Structure and expression of the human cystatin C gene.
Biochem J 1990;268:287-94.

38. Herget-Rosenthal S, Poppen D, Husing J, Marggraf G, Pietruck F,
Jakob HG, et al. Prognostic value of tubular proteinuria and enzymuria in
nonoliguric acute tubular necrosis. Clin Chem 2004;50:552-8.

39.  Koyner JL, Bennett MR, Worcester EM, Ma Q, Raman J, Jeevanandam V,
et al. Urinary cystatin C as an early biomarker of acute kidney injury following
adult cardiothoracic surgery. Kidney Int 2008;74:1059-69.

40. Villa P, Jimenez M, Soriano MC, Manzanares J, Casasnovas P. Serum
cystatin C concentration as a marker of acute renal dysfunction in critically
ill patients. Crit Care 2005;9:R139-43.

41. Herget-Rosenthal S, Marggraf G, Husing J, Goring F, Pietruck F, Janssen O,
et al. Early detection of acute renal failure by serum cystatin C. Kidney Int
2004;66:1115-22.

How to cite this article: Alesawi A, Nadeau G, Bergeron A, Dujardin T,
Lacombe L, Caumartin Y. Cystatin C for early detection of acute kidney injury
after laparoscopic partial nephrectomy. Urol Ann 2014;6:298-304.

Source of Support: This study was supported by a grant from the Canadian
Urological Association-Canadian Urologic Oncology Group partnership. Y.C.
holds a scholarship from Fonds de Recherche du Québec - Santé. Conflict
of Interest: None.

Urology Annals | Oct - Dec 2014 | Vol 6 | Issue 4



