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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Aim: URS is a very commonly used procedure for treatment of ureter stones. Increased 
hydrostatic pressure in the collecting system linked to fluids used during the procedure 
may cause harmful effects on the kidney. The aim of this study is to determine whether 
the URS procedure has a negative effect on the kidney by investigating NGAL, KIM-1, 
FABP and Cys C levels in urine.
Material and Methods: This study included 30 patients undergoing ureterorenoscopy 
(URS) for ureter stones. Urine samples were collected 5 times; before the URS procedure 
(control) and at 1, 3, 5 and 12 hours following the procedure. NGAL, KIM-1, FBAP and 
Cys C levels were measured in urine and compared with the control values.
Results: The NGAL levels in urine before the procedure and at 1, 3, 5 and 12 hours 
after the procedure were 34.59±35.34; 62.72±142.32; 47.15±104.48; 45.23±163.16 and 
44.99±60.79ng/mL, respectively (p=0.001). Similarly, the urinary KIM-1, FABP and Cys 
C levels were found to increase compared to control values; however this increase did 
not reach statistical significance (p >0.05).
Conclusions: After the URS procedure, there were important changes in NGAL, FABP, 
KIM-1 and Cys C levels. These changes reached statistical significance for NGAL, but 
did not reach significance for the other parameters. In conclusion, the URS procedure 
significantly affects the kidney; however, this effect disappears over time.

INTRODUCTION

URS, used as an alternative to open sur-
gery and ESWL for stone treatment, has revolu-
tionized treatment of stones located in the upper 
urinary system. It is reported to be a reliable and 
effective procedure even for complex cases like 
solitary kidney, pregnancy and obesity. However, 
the procedure has potential for serious complica-
tions like ureter injury and kidney loss (1, 2).

	The majority of complications reported 
for URS are related to traumatic injury caused by 
the direct effect of surgical tools on tissue. The 
effect of the procedure on the kidney has not been 
sufficiently revealed. Processes related directly to 
stone disease and to treatment may affect renal 
functions. There are limited studies on this topic 
and data are mostly related to the late period. The 
effect of the procedure on renal functions in the 
early period is not fully known. The small amount 

Vol. 43 (5): 887-895, September - October, 2017

doi: 10.1590/S1677-5538.IBJU.2016.0638

Keywords:
Acute Kidney Injury; Kidney; 
Lithotripsy

Int Braz J Urol. 2017; 43: 887-95

_____________________
Submitted for publication:
November 30, 2016
_____________________
Accepted after revision:
January 22, 2017
_____________________
Published as Ahead of Print:
July 31, 2017 



IBJU | EARLY EFFECT OF URS ON THE KIDNEY

888

of data related to renal injury in the post-op pe-
riod may be due to a lack of focus on the topic 
or problems with diagnosis. It is well known that 
markers like urea and creatinine used to monitor 
renal functions are not sufficiently reliable to de-
termine renal injury in the early period. Another 
reason may be that patients are discharged from 
hospital before classic symptoms of renal injury 
occur. When data is obtained from patients requi-
ring long post-op monitoring in hospital, renal 
injury appears to be more common than realized. 
A study on this topic found that renal injury oc-
curred in 40% of patients after cardiac surgery (3).

	Recently, some biomarkers have been sug-
gested with the ability to better identify renal da-
mage in the early period compared with traditional 
markers. The focus has mainly been on markers 
like neutrophil gelatinase-associated lipocalin 
(NGAL), cystatin C (Cys-C), kidney injury mole-
cule-1 (KIM-1) and liver-type fatty acids binding 
protein (L-FABP) and they are reported to identify 
renal injury earlier compared to creatinine (4).

	To the best of our knowledge in the litera-
ture to date, the effect of the URS procedure on the 
kidney has not been investigated using the new 
biomarkers NGAL, KIM-1, FABP and Cys-C. The 
aim of this study is to determine whether the URS 
procedure commonly used for stone treatment has 
a negative effect on the kidney by measuring the-
se new biomarkers in urine.

MATERIAL AND METHODS

Study Design
	This study was approved by the local ethics 

committee of Samsun University (2014/556). The 
study included 30 patients submitted to URS pro-
cedure due to ureter stones in 2015 and 2016. 
Before surgery direct urinary system graphy, uri-
nary ultrasound, intravenous pyelography, urine 
tests, urea, creatinine and other necessary tests 
were completed. The exclusion criteria for the 
study were age under 18 years, use of permanent 
catheter, urinary tract infection, muscular dise-
ases, use of cytotoxic medication, renal failure, 
and diseases that affect marker levels in urine 
or serum like protein leak. Additionally, cases 
with non-functioning kidney occurring due to 

the stone were excluded from the study. The pa-
tients signed a consent form after being infor-
med about the procedure.

	The surgical procedure was completed un-
der general anesthesia in the lithotomy position. 
During the procedure, a 10F semi-rigid ureteros-
cope (Storz, Germany) and laser lithotriptor (Sto-
nelight laser) were used. Urine samples were taken 
before surgery with a 10F nelathon catheter and 
after surgery with the aid of a 14F Foley catheter 
inserted in the bladder. Urine samples were obtai-
ned from patients 5 times; immediately before the 
URS procedure (baseline) and 1, 3, 5 and 12 hours 
after the procedure. Samples were stored at - 80ºC 
until laboratory study.

BIOCHEMICAL STUDY

Urinary Cystatin C measurement
	Measurements were completed with Bio-

vendor brand Human Cystatin C ELISA kits (Lot 
No: E15-001, Cat No: RD191009100) using the 
Sandwich-ELISA method. Urine samples were di-
luted 1/20 and read at 450nm wavelength with an 
ELISA reader (BioTek, ELx800).

Urinary FABP measurement
	FABP measurements were completed with 

Elabscience brand Human FABP3 ELISA kits (Lot 
No: AK0015APR21031 Catalog No: E-EL-H1431) 
using the Sandwich-ELISA method. Results were 
read at 450nm wavelength with an ELISA reader 
(BioTek, ELx800).

Urinary NGAL measurement
	Measurements used Boster Immunoleader 

brand Human Lipocalin-2/NGAL ELISA kits (Lot 
No: 5031059708 Catalog No: EK0853) with the 
Sandwich-ELISA method. Samples were diluted 
1/10 and results were read at 450nm wavelength 
with an ELISA reader (BioTek, ELx800).

Urinary KIM-1 measurement
	Measurements used the Sandwich-ELISA 

method with Boster Immunoleader brand Human 
KIM1 ELISA kits (Lot No: 5299125708 Catalog No: 
EK0883). Results were read at 450nm wavelength 
with an ELISA reader (BioTek, ELx800).
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Urinary Creatinine measurement
	Abbott brand trade creatinine kits (Creati-

nine Lot No: 78067UN14) were used in an Abbott 
Architect C8000 autoanalyzer at the Ministry of 
Health Ordu University Education and Research 
Hospital Biochemistry Laboratory.

	Markers measured in urine were normali-
zed according to 24-hour urine volume and crea-
tinine value.

Statistical analysis

	Data obtained from repeated measure-
ments in the study were assessed with variance 
analysis. The results are given as sample size, 
mean and standard deviation (SD). All statistical 
analyses were completed with “SPSS for Windows 
Version 20.0” program. Data with p value <0.05 
were accepted as significant.

RESULTS

	The mean age of patients was identified 
as 52.7±12.7 (28-78 years) (mean±SD) (min-max). 
According to sex, age distribution for females 
and males were identified as 53.1±13.8 years 
(31-78) and 51.6±12.4 years (28-72), respectively 
(p=0.707). Mean stone size was 9.7±1.8mm and 
operation duration was 24.8±9.3 minutes. In 
terms of stone localization, 15 patients (50%) 
had lower ureter, 11 patients (36.7%) had middle 
ureter and 4 patients (13.3%) had upper ureter 
stones. No serious complication was encountered 
after surgery. No patient had a double-J (DJ) 
stent inserted. Creatinine values in serum before 
the procedure and 10 days after the procedure 

were 0.81±0.15 and 0.89±0.31, respectively, and 
the variation was not statistically significant 
(p=0.117).

	The NGAL values measured in uri-
ne were identified as 34.59±35.34 for baseli-
ne, 62.72±142.35 for 1st hour, 47.15±104.48 
for 3rd hour, 45.23±163.16 for 5th hour and 
44.99±60.79ng/dL for the 12th hour. The varia-
tion in NGAL values was statistically significant 
(p=0.001). Additionally, there were differences in 
the variation of this parameter within the group 
(p<0.05) (Table-1).

	The variation in FABP (pg/mL) during 
the URS procedure was similar; 128.59±104.48, 
214.50±251.57, 192.25±163.16, 192.76±142.32 
and 164.76±218.90, respectively. There was an 
increase in FABP value during the procedure 
compared to the baseline value. However, this 
increase did not reach statistical significance 
(p=0.292). Additionally, there were no differen-
ces in terms of this parameter within the group 
(p>0.05) (Table-2).

	The variation in KIM-1 (ng/mL) was 
as follows; 2.06±3.71, 3.62±6.43, 2.49±2.49, 
2.28±2.75 and 2.26±2.40. Though KIM-1 levels 
increased during the procedure compared to ba-
seline values, this variation was not significant 
(p=0.707). Additionally, there were no differences 
within the group (p >0.05) (Table-3).

	The variation in Cys-C (ng/mL) levels 
occurred as follows 27.38±25.20, 55.70±81.53, 
45.70±71.17, 37.60±46.37 and 33.49±27.60. 
Though the Cys-C levels increased compared 
to baseline values, this increase did not reach 
statistical significance (p=0.095). There were no 
differences in terms of this parameter within 

Table 1 - Time-linked variation in NGAL (ng/dL) measured in urine.

Parameter Mean Std.Dev P-value Linear Quadratic Cubic Order 4

NGAL-0 34.59a 35.34

0.001 0.010 0.062 0.541 0.157

NGAL-1 62.72 142.32

NGAL-3 47.15 104.48

NGAL-5 45.23a 163.16

NGAL-12 44.99 60.79

a significant difference within the group. 
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the group (p <0.05) (Table-3). The creatinine 
values measured in serum before and after the 
procedure (mg/dL) were 0.89±0.31 and 0.81±0.15, 
respectively (p=0.117) (Table-4).

DISCUSSION

	This study observed that the URS procedure 
affected kidney functions with increases measured 
in urinary NGAL, Cys-C, KIM-1 and FABP levels in 

the early period. The variations in biomarkers after 
the procedure only reached statistical significance 
for NGAL.

	The first imaging of the upper urinary 
system in 1912 brought about significant changes 
in surgical procedures related to the upper urinary 
system. The advances in endoscopic systems have 
brought URS to the forefront of treatment for 
ureter and kidney stones. Significant advantages 
of these procedures include effectiveness and 

Table 2 - Time-linked variation in FABP (pg/mL) measured in urine.

FABP Mean Std. Dev p-value

Control 128.59 104.48

0.292

1st hour 214.50 251.57

3rd hour 192.25 163.16

5th hour 192.25 142.32

12th hour 164.76 218.90

No differences between the groups

Table 3 - Time-linked variation in KIM-1 (ng/mL) measured in urine.

KIM 1 Mean Std. Dev P -value

Control 2.0662 3.71348

0.707

1st hour 3.6234 6.43728

3rd hour 2.4924 2.49448

5th hour 2.2866 2.75137

12th hour 2.2610 2.40135

No differences between the groups

Table 4 - Variation in Cys-C (ng/mL) measured in urine.

Cys C Mean Std. Dev P -value

Control 27.38 25.20

0.095

1st hour 55.70 81.53

3rd hour 45.70 71.17

5th hour 37.60 46.37

12th hour 33.49 27.60

No differences between the groups
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reliability of many procedures performed on the 
upper urinary system in addition to providing 
rapid post-op recovery (5). The majority of 
complications encountered during the URS 
procedure are insignificant and can be treated 
with simple approaches. A study investigating 
complications developing after URS reported the 
general complication rate after URS was 5.9% 
for 2436 URS cases. Among the most commonly 
encountered intraoperative problems are mucosal 
edema, mucosal injury, false passage, ureteral 
perforation and ureteral avulsion (6).

	The majority of reported complications re-
lated to URS are due to traumatic effects of the to-
ols used. The correlation of this procedure to acute 
kidney injury (AKI) is not fully known. It is known 
that problems affecting kidney functions like obs-
tructive uropathy, surgical procedures and urinary 
sepsis are commonly encountered in this patient 
group. As a result, urologic patients may be con-
sidered a risk group in terms of renal functions. 
As the URS procedure is frequently reliable, post-
-op renal functions are not monitored. Patients 
are discharged from hospital on the same day or 
following day post-op and generally renal func-
tions are not monitored in this period. Additio-
nally, markers like urea and creatinine examined 
in this early period may be misleading in terms of 
showing renal functions in the late period. In con-
clusion, the effect of the URS procedure on renal 
tissue in the early period has not been fully resear-
ched to date. This study was designed to determine 
the effect of the URS procedure on early period 
renal functions. One of the rare studies on this 
topic by Caddeo et al. investigated the incidence 
of AKI developing after the URS procedure. The 
results of this study identified that AKI developed 
in nearly 3.6% of cases (7). However, in this study 
renal functions were based on serum creatinine 
evaluated in the late period and no information 
was given about the early period. Another study 
by Ghosh et al. assessed the effect of the URS pro-
cedure in a solitary kidney. The authors reported 
that renal functions were not affected by the pro-
cedure (8). This study assessed renal functions in 
the 3rd month post-op and did not study results 
related to the early period.

	In these studies, mostly late stage kidney 

functions were investigated and no information 
was given about the early period. As observed in 
our study results, renal functions are affected in 
the early period. In the literature, renal functions 
in the early function after URS are not known due 
to the scarcity of studies.

	The surgical tools and the high-pressure 
fluid used during the URS procedure are conside-
red to possibly affect renal functions. A study on 
this topic by Schwalb et al. investigated the effect 
of fluid pressure in an animal model. This study 
identified morphologic changes in renal tissue in 
the group with high pressure fluid used compared 
to the baseline group in both the early and late 
period. The authors reported the irrigation fluid 
used during the procedure had a damaging effect 
on the kidney (9). However, when the literature is 
examined most data relating to AKI developing 
after surgery comes from cardiac surgery studies. 
The reason for this may be that after cardiopulmo-
nary surgery patients are frequently monitored in 
surgical intensive care units (ICU) for several days. 
Thus, there is sufficient time for markers of renal 
injury in serum to change. The result of this close 
monitoring is that some studies report about 40% 
development of AKI post-op (3). One of the rare 
studies related to urologic surgery by Caddeo et 
al. reported the incidence of AKI in patients after 
urologic surgery was 0.7-43% (7). As shown by 
this study, renal injury after surgery is commonly 
encountered. However, due to problems with diag-
nosis of this disease, it may not be noticed. As a 
result, as interest in this topic increases, it is ex-
pected that as with other surgical branches, uro-
logy clinics will have an increase in the incidence 
of renal injury. Diagnosis of AKI, with high mor-
bidity and mortality rates, in the early period is 
important in order to take necessary precautions, 
to avoid factors affecting kidney functions and for 
replacement treatment. Studies have reported that 
AKI lengthens hospital stays, increases labor los-
ses and treatment costs and causes mortal compli-
cations (10).

	As with many surgeries, it may be diffi-
cult to identify renal injury developing after the 
URS procedure. The main reasons for this are 
that patients are discharged on the same day or 
on the following day post-op and renal functions 
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are rarely checked in this period. Another reason 
is the lack of a reliable imaging method or ma-
rker to show renal injury in the early period. Ma-
rkers commonly used for AKI diagnosis like urea 
and creatinine are reported to be insufficient to 
identify kidney damage in the early period and 
to predict severity and results. Additionally, it 
is known that markers like urea and creatinine 
measured in serum are affected by a variety of 
factors like age, sex, fluid and protein intake and 
muscle mass (4, 11). In conclusion, it may be mis-
leading to assess renal injury occurring in the 
early period after URS with serum urea and crea-
tinine values. As renal functions are not serious-
ly affected at this point, renal injury may not be 
noticed by the patient.

	Studies in recent times have proposed 
some newly-emerging markers that are superior 
to creatinine to identify renal injury in the early 
period. The most noteworthy of these markers are 
NGAL, Cys-C, KIM-1 and FABP (12).

	NGAL is a small protein from the lipocalin 
family with 25kDA weight. Recent studies have 
reported that NGAL begins to increase in the ear-
ly period of renal injury. A study on this topic 
reported that NGAL may be effective in terms of 
identification in the early period after contrast ne-
phropathy (13). Another study compared NGAL 
with serum creatinine values for identification 
of early stage renal injury. The authors examined 
serum creatinine values to diagnose renal injury 
and reported this was 1-3 days delayed compared 
to NGAL (14). Another study investigated urinary 
NGAL levels to identify diabetic nephropathy in 
the early period. The results of this study reported 
that it may be a beneficial biomarker to identify 
renal injury in the early period (15). The same stu-
dy reported a correlation between severity of renal 
injury and NGAL levels.

	The power of NGAL to identify renal injury 
in the early period after surgery was investigated 
by Mishra et al. The authors reported that NGAL 
can identify renal injury within 2 hours post-op 
(16). In our study the urinary NGAL levels in the 
first hours after the URS procedure were signifi-
cantly increased compared to the baseline value. 
Later, the levels of this marker reduced in a time-
-linked fashion. In conclusion, the URS procedure 

affects renal functions in the early post-op period. 
This situation should be considered for critical pa-
tients in terms of renal functions.

	Cys-C is a cystein proteinase enzyme inhi-
bitor. As it has low molecular weight and does not 
bind to proteins, it is freely filtered by glomeru-
les. Under normal conditions it is reabsorbed by 
the proximal tubules and has low levels in urine. 
Any factor affecting the proximal tubule structure 
affects reabsorption of Cys-C. It is considered a 
sensitive marker of renal tubular injury (17). The 
study by Hall et al. reported that it was a benefi-
cial maker to identify renal injury developing in 
the early period in patients in the ICU after sur-
gery (18). For early identification of renal injury, 
Pirgakis et al. compared serum creatinine levels 
with Cys-C levels in surgical patients. The authors 
reported that the Cys-C value measured in the 6th 
hour post-op was a strong predictor of late period 
renal function (19). Another study by Liangos et 
al. reported that Cys-C increased in urine in the 
early period in ICU patients developing renal in-
jury (20). The power of Cys-C for early identifi-
cation of renal injury developing after urologic 
surgery has been investigated in several studies. 
One of these studies compared early identification 
of renal injury after partial/radical nephrectomy 
with serum creatinine levels on the 1st day post-
-op. The authors reported Cys-C performance was 
superior to creatinine to determine renal injury 
developing in the late period (21). Koyner et al. 
compared the performance of Cys-C, NGAL, and 
KIM-1 to identify renal injury developing in the 
early period after cardiac surgery. This study sug-
gested that Cys-C provided the best performance 
in terms of identifying renal injury in the early 
period (22). The authors also reported a correlation 
between this marker and mortality. The results of 
our study identified an increase in urinary Cys-
-C levels in the early post-op period compared to 
baseline values. This increase reduced over time; 
however, it did not reach statistical significance.

	Studies related to KIM-1 have reported it 
may be a beneficial marker to identify renal injury 
in the early period (4). A study by Han et al. inves-
tigated the performance of KIM-1 to identify renal 
damage developing post-op in the early period. 
This study showed that from the 3rd hour after in-



IBJU | EARLY EFFECT OF URS ON THE KIDNEY

893

jury urinary levels began to increase. The authors 
reported that KIM-1 was a beneficial marker to 
identify AKI in the early period (23). Liangos 
et al. reported that urinary KIM-1 levels were a 
beneficial marker to determine prognosis of pa-
tients in the ICU developing AKI (24). Another 
study by Song et al. investigated the correlation 
between KIM-1 levels and tissue injury occurring 
in renal tissue in renal transplant patients deve-
loping tissue rejection. The researchers reported 
a strong correlation between KIM-1 levels and 
tubular cell and tissue injury shown with biopsy 
in patients developing rejection. They reported 
that this marker began to increase before tissue 
damage developed or before traditional serum 
markers began to increase (25). In our study the 
KIM-1 levels measured in urine increased espe-
cially in the first hours after the URS procedure 
compared to baseline values. Though this increa-
se was not statistically significant, the damaging 
effect of the URS procedure on the kidney was 
observed in the increase in urinary KIM-1 levels.

	Under normal conditions there are trace 
amounts of FABP in urine, with the amount in-
creasing when renal injury develops. A study by 
Matsui et al. compared FABP with creatinine in 
terms of determining AKI in the early period. The 
results indicate FABP identified renal injury ear-
lier compared to creatinine (26). Yamamoto et al. 
investigated the performance of FABP to deter-
mine early stage renal injury in both animal mo-
dels and kidney transplant patients. The authors 
reported that FABP in urine was a beneficial bio-
marker to predict acute ischemic injury develo-
ping after ischemia-reperfusion injury (27). This 
opinion was later supported by Matsui et al. (28). 
Another study by Manabe et al. showed that uri-
nary FABP levels were good indicators to predict 
AKI developing linked to contrast nephropathy 
(29). Another study investigated the correla-
tion between urinary FABP, KIM-1, VENAG and 
NGAL levels and prognosis for terminal renal in-
jury. This study reported that FABP and NGAL 
were effective to predict results of terminal renal 
injury (30). In our study the urinary FABP values 
increased in the early post-op period after the 
URS procedure compared to baseline values. Ho-
wever, this variation did not reach statistical sig-

nificance. In accordance with our results, in the 
literature some studies have not shown positive 
results for FABP.

	This study investigated the use of new ma-
rkers reported to show renal injury in the early pe-
riod to determine the effect of the URS procedure on 
the kidney. To the best of our knowledge this study 
is the first on this topic in the literature. This study 
showed that kidney functions were affected in the 
early period with increases occurring in the markers 
in urine. The results of the study were that levels 
of all markers increased in urine in the first hours 
(especially 1st and 3rd hours) and later reduced in a 
time-linked fashion. The variation in marker levels 
only reached significance for NGAL. From these re-
sults, it is understood that the URS procedure affects 
kidney functions in the early period. It is very di-
fficult to explain the cause of this injury because 
there are insufficient studies on the effect of the URS 
procedure on the kidney in the early period.

	A cause of this injury may be reduced re-
nal blood perfusion, though this was not investi-
gated in our study. The high intra-pelvic pressu-
re caused by the fluid used during the procedure 
may cause a reduction in renal blood perfusion. 
Another cause may be medications used during 
anesthesia with contributions from hypotensive 
attacks occurring during the procedure and many 
other unknown reasons. There is a need for detai-
led studies on this topic.

	Our study is the first study to evaluate the 
results of the URS procedure in the early period 
using new markers in urine. As a result, there is no 
study in the literature that we can use to directly 
compare our results.

	There are some limitations to this study. 
Among these are the low number of cases and the 
fact that the study was completed at a single cen-
ter. Also, the lack of knowledge about renal blood 
perfusion during the procedure is another signifi-
cant limitation. However, as this is the first study 
on this topic and the results are noteworthy we 
consider this to be a significant study.

CONCLUSIONS

	In conclusion, in our study the URS proce-
dure had significant effects on the kidney with an 
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increase in NGAL, FABP, KIM-1 and Cys C levels 
examined in urine. However, these variations only 
reached statistical significance for NGAL. Accor-
ding to our idea, the URS procedure is not the har-
mless procedure it is generally accepted to be. As a 
result, kidney functions should be closely monito-
red, especially for patients with borderline kidney 
functions. Classic markers like urea and creatinine 
are not sufficiently reliable to show damage in the 
early period. As shown by our results, after more 
comprehensive studies new markers may be bene-
ficial in identifying renal damage in the early pe-
riod and in terms of taking necessary precautions.

ETHICAL STANDARD

	This study was supported by the Ordu Uni-
versity Scientific Research Projects Coordination 
Department (Project number: 2014/AR-1344)

CONFLICT OF INTEREST

None declared.

 
REFERENCES

1.	 Marshall VF. Fiber optics in urology. J Urol. 1964;91:110-4.
2.	 Wright AE, Rukin NJ, Somani BK. Ureteroscopy and stones: 

Current status and future expectations. World J Nephrol. 
2014;3:243-8.

3.	 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.

4.	 Tsigou E, Psallida V, Demponeras C, Boutzouka E, 
Baltopoulos G. Role of new biomarkers: functional and 
structural damage. Crit Care Res Pract. 2013;2013:361078.

5.	 Dasgupta P, Cynk MS, Bultitude MF, Tiptaft RC, Glass JM. 
Flexible ureterorenoscopy: prospective analysis of the Guy’s 
experience. Ann R Coll Surg Engl. 2004;86:367-70.

6.	 Geavlete P, Georgescu D, Niţă G, Mirciulescu V, Cauni V. 
Complications of 2735 retrograde semirigid ureteroscopy 
procedures: a single-center experience. J Endourol. 
2006;20:179-85.

7.	 Caddeo G, Williams ST, McIntyre CW, Selby NM. Acute 
kidney injury in urology patients: incidence, causes and 
outcomes. Nephrourol Mon. 2013;5:955-61.

8.	 Ghosh A, Somani BK. Safety and feasibility of day case 
ureteroscopy and laser lithotripsy (URSL) in patients with a 
solitary kidney. Cent European J Urol. 2016;69:91-5.

9.	 Schwalb DM, Eshghi M, Davidian M, Franco I. Morphological 
and physiological changes in the urinary tract associated 
with ureteral dilation and ureteropyeloscopy: an experimental 
study. J Urol. 1993;149:1576-85.

10.	 Lameire NH, Bagga A, Cruz D, De Maeseneer J, Endre Z, 
Kellum JA, et al. Acute kidney injury: an increasing global 
concern. Lancet. 2013;382:170-9.

11.	 Ympa YP, Sakr Y, Reinhart K, Vincent JL. Has mortality from 
acute renal failure decreased? A systematic review of the 
literature. Am J Med. 2005;118:827-32.

12.	 Han WK, Waikar SS, Johnson A, Betensky RA, Dent CL, 
Devarajan P, et al. Urinary biomarkers in the early diagnosis 
of acute kidney injury. Kidney Int. 2008;73:863-9. Erratum 
in: Kidney Int. 2009;76:348-9.

13.	 Hirsch R, Dent C, Pfriem H, Allen J, Beekman RH 3rd, Ma Q, et 
al. NGAL is an early predictive biomarker of contrast-induced 
nephropathy in children. Pediatr Nephrol. 2007;22:2089-95.

14.	 Wagener G, Jan M, Kim M, Mori K, Barasch JM, Sladen RN, 
et al. Association between increases in urinary neutrophil 
gelatinase-associated lipocalin and acute renal dysfunction after 
adult cardiac surgery. Anesthesiology. 2006;105:485-91.

15.	 Bolignano D, Lacquaniti A, Coppolino G, Donato V, Fazio MR, 
Nicocia G, et al. Neutrophil gelatinase-associated lipocalin 
as an early biomarker of nephropathy in diabetic patients. 
Kidney Blood Press Res. 2009;32:91-8.

16.	 Mishra J, Dent C, Tarabishi R, Mitsnefes MM, Ma Q, Kelly 
C, et al. Neutrophil gelatinase-associated lipocalin (NGAL) 
as a biomarker for acute renal injury after cardiac surgery. 
Lancet. 2005;365:1231-8.

17.	 Conti M, Moutereau S, Zater M, Lallali K, Durrbach A, 
Manivet P, et al. Urinary cystatin C as a specific marker of 
tubular dysfunction. Clin Chem Lab Med. 2006;44:288-91.

18.	 Hall IE, Koyner JL, Doshi MD, Marcus RJ, Parikh CR. Urine 
cystatin C as a biomarker of proximal tubular function 
immediately after kidney transplantation. Am J Nephrol. 
2011;33:407-13.

19.	 Pirgakis KM, Makris K, Dalainas I, Lazaris AM, Maltezos CK, 
Liapis CD. Urinary cystatin C as an early biomarker of acute 
kidney injury after open and endovascular abdominal aortic 
aneurysm repair. Ann Vasc Surg. 2014;28:1649-58.

20.	 Liangos O, Tighiouart H, Perianayagam MC, Kolyada 
A, Han WK, Wald R, et al. Comparative analysis of 
urinary biomarkers for early detection of acute kidney 
injury following cardiopulmonary bypass. Biomarkers. 
2009;14:423-31.



IBJU | EARLY EFFECT OF URS ON THE KIDNEY

895

21.	 Schmid M, Dalela D, Tahbaz R, Langetepe J, Randazzo M, 
Dahlem R, et al. Novel biomarkers of acute kidney injury: 
Evaluation and evidence in urologic surgery. World J 
Nephrol. 2015;4:160-8.

22.	 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.

23.	 Han WK, Wagener G, Zhu Y, Wang S, Lee HT. Urinary 
biomarkers in the early detection of acute kidney 
injury after cardiac surgery. Clin J Am Soc Nephrol. 
2009;4:873-82.

24.	 Liangos O, Perianayagam MC, Vaidya VS, Han WK, 
Wald R, Tighiouart H, et al. Urinary N-acetyl-beta-(D)-
glucosaminidase activity and kidney injury molecule-1 
level are associated with adverse outcomes in acute renal 
failure. J Am Soc Nephrol. 2007;18:904-12.

25.	 Song L, Xue L, Yu J, Zhao J, Zhang W, Fu Y. Kidney injury 
molecule-1 expression is closely associated with renal 
allograft damage. Bosn J Basic Med Sci. 2013;13:170-4.

26.	 Matsui K, Kamijo-Ikemori A, Hara M, Sugaya T, Kodama 
T, Fujitani S, et al. Clinical significance of tubular and 
podocyte biomarkers in acute kidney injury. Clin Exp 
Nephrol. 2011;15:220-5.

27.	 Yamamoto T, Noiri E, Ono Y, Doi K, Negishi K, Kamijo A, 
et al. Renal L-type fatty acid--binding protein in acute 
ischemic injury. J Am Soc Nephrol. 2007;18:2894-902.

28.	 Matsui K, Kamijo-Ikemori A, Sugaya T, Yasuda T, Kimura 
K. Usefulness of urinary biomarkers in early detection of 
acute kidney injury after cardiac surgery in adults. Circ J. 
2012;76:213-20.

29.	 Manabe K, Kamihata H, Motohiro M, Senoo T, Yoshida S, 
Iwasaka T. Urinary liver-type fatty acid-binding protein level 
as a predictive biomarker of contrast-induced acute kidney 
injury. Eur J Clin Invest. 2012;42:557-63.

30.	 Fufaa GD, Weil EJ, Nelson RG, Hanson RL, Bonventre JV, 
Sabbisetti V, et al. Chronic Kidney Disease Biomarkers 
Consortium Investigators. Association of urinary KIM-
1, L-FABP, NAG and NGAL with incident end-stage renal 
disease and mortality in American Indians with type 2 
diabetes mellitus. Diabetologia. 2015;58:188-98.

   

_______________________
Correspondence address:

Erdal Benli, MD
Department of Urology

Faculty of Medicine, Ordu University
Cumhuriyet, 52100, Ordu, Turkey

Telephone: + 90 532 716-9115
E-mail: drerdalbenli@gmail.com


