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Abstract

Background and Purpose: Shockwave lithotripsy (SWL) and ureteroscopy (URS) are minimally invasive treat-
ment alternatives for kidney stones. Although less invasive, SWL subjects the renal parenchyma to a high level of
energy and the potential to cause renal injury. The ability to detect renal injury post-SWL in a reliable and
noninvasive way would be clinically beneficial. Kidney injury molecule 1 (KIM-1) and N-acetyl-b-D-
glucosaminidase (NAG) are two proteins secreted by the kidney into the urine and have been found to be sensitive
markers of acute kidney injury in transplant patients. The aim of this work was to measure urinary levels of KIM-1
and NAG in patients with kidney stone who were treated by SWL or URS and in nonstone volunteers.
Patients and Methods: Patients with kidney stones who were treated by SWL (n = 50) or URS (n = 10) were
recruited. Voided urine samples were collected before and 2 to 3 hours after URS and SWL. In addition, further
urinary specimens were collected 2 days and 2 weeks post-SWL treatment. Voided urine samples from healthy
volunteers were also collected.
Results: Mean KIM-1 values were increased in patients with kidney stones when compared with volunteers.
KIM-1 and NAG levels significantly increased post-SWL and returned to baseline within 2 weeks post-SWL. Poor
kidney function was significantly associated with increased biomarker activity both in baseline and post-SWL
measurements. There was no significant change in urinary KIM-1 and NAG concentrations before and after URS.
Conclusions: Kim-1 and NAG levels significantly increased post-SWL treatment suggesting a potential role for
these urinary markers in identifying patients at higher risk of tissue injury.

Introduction

Shockwave lithotripsy (SWL) was introduced in the
early 1980s as a minimally invasive alternative to tradi-

tional open renal surgery techniques for urinary stones.1 It is
currently considered to be an effective first-line modality of
therapy for renal and ureteral calculi. SWL is very appealing
because of its noninvasive nature, minimal anesthesia re-
quirement, and high level of patient and physician accep-
tance. Although generally considered less invasive than other
stone management options, SWL still subjects the renal pa-
renchyma to high levels of energy, leading to possible renal
morphologic and physiologic alterations. There is no existing
adequate imaging modality available to assess parenchymal
injury, thus creating a need for a potential novel diagnostic
test that can reliably detect such injuries.

To date, there is no consistent dependable urinary marker
to permit detection of significant renal injury as a result of
SWL. The urinary excretion of various constitutive proteins
from kidney cells as markers of kidney injury has been ex-
plored in the past using multiple enzymes such as N-acetyl-b-
D-glucosaminidase (NAG),2 c glutamyltranspeptidase (GGT)3

and lactate dehydrogenase (LDH).4 Several of these have been
shown to be elevated after SWL in animal models, but have
been found to be inconsistent and less reliable in human
studies.5

Kidney injury molecule 1 (KIM-1) has been found to be a
sensitive marker of acute ischemic injury of the proximal tu-
bular cells.6 KIM-1 is excreted in urine and thus has been used
as a biomarker for acute kidney injury mostly in the renal
transplant population.7 Despite the observation that KIM-1
has outperformed other kidney injury markers of ischemia, it
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has not yet been evaluated in patients undergoing SWL. The
goal of this study was to test urinary KIM-1 and NAG con-
centration before and after SWL. A cohort of patients under-
going flexible ureteroscopy (fURS) for kidney stones and
nonstone volunteer participants served as controls.

Patients and Methods

Participant selection

This study was approved by our Institutional Research
Ethics Board. Fifty consecutive patients with renal calculi who
were treated in our institution by SWL were included in this
study. The Storz Modulith SLX-F2 lithotriptor was used,
which features a dual focus and an electromagnetic shock-
wave generator (Karl Storz Lithotripsy-America, Inc., Ken-
nesaw, GA). Ten additional consecutive patients treated by
fURS and 10 volunteers with no history of stone disease were
also included in this study. Inclusion and exclusion criteria are
detailed in Table 1.

Data and sample collection

On the day of treatment, patients’ medical history, labo-
ratory investigations, vital signs, and SWL or fURS operative
data were documented. Estimated glomerular filtration rates
(eGFR) were calculated from serum creatinine levels using the
Modification of Diet in Renal Disease (MDRD) Study equa-
tion,8 and the level of kidney disease was staged according to
the National Kidney Foundation Kidney Disease Outcomes
Quality Initiative Classification.9 All included patients pro-
vided a spontaneously voided urine sample 1 to 3 hours
before and 2 to 3 hours after SWL or fURS treatment. Twenty-
three patients provided additional urine samples at 2 days
and 2 weeks after SWL. At these follow-up visits, medical
history and imaging records were reviewed, and the presence
of perinephric/nephric hematoma was documented. Volun-

teers provided medical history information and one freshly
voided urine sample.

Processing of urine samples

All urine samples were checked with a dipstick using Sie-
mens (Bayer) Multistix 8 SG Test Strips and a portable Clinitek
Status Urine Chemistry Analyser (Siemens Healthcare Diag-
nostics Inc., Tarrytown, NY). Urine samples were then centri-
fuged at a relative centrifugal force of 5,000 · g (greater than
earth gravity), aliquoted, and stored within 2 hours of collec-
tion at - 80�C. A commercially available colorimetric assay for
the determination of NAG in urine (Roche Diagnostics, Basel,
Switzerland) was used according to manufacturer references.

Urinary KIM-1 was measured by microbead based sand-
wich enzyme-linked immunosorbent assay on Luminex�

platform (Luminex, Austin, TX) as previously described and
validated.10 In summary, anti-human KIM-1 capture anti-
body (R&D Systems, Minneapolis, MN) was coupled to
COOH polystyrene beads (Bio-Rad, Hercules, CA). Coupling
occurs by formation of covalent bonds between the COOH
group on the beads and the NH2 groups on the antibody
proteins. Duplicates of 30 lL of urine along with serially di-
luted recombinant human KIM-1 standards (13 dilutions)
were then incubated with approximately 6000 polystyrene
beads for 1 hour. Plates were incubated with biotinylated anti-
KIM-1 detection antibody (R&D Systems) for 45 minutes and
then incubated for 15 minutes with Streptavidin Phycoery-
thrin (PE-Streptavidin) (Life Technologies Inc., Grand Island,
NY). The amount of KIM-1 in each sample was interpolated
by 5 Parameter Logistic nonlinear regression by means of a
13-point standard curve.

Urine creatinine was measured by the Jaffé assay using
Randox Daytona Analyzer (Randox Laboratories Ltd,
London, United Kingdom). Normalization with urinary cre-
atinine levels was performed to compensate for potential
variations in urinary concentrations.

Statistical analyses

An IBM SPSS software ver. 21 (IBM, New York, NY) was
used. Normality distribution was tested by the Shapiro-Wilk
test. An omnibus test was performed to control for type I
error. A chi square, Fisher exact test, or a Student t test was
used as appropriate. Given that multiple biomarker mea-
surements were later taken from each patient during follow-
up, group comparisons were adjusted using mixed modeling
with repeated measures analysis, and the Tukey-Kramer
method was used for pairwise comparisons. A univariate
linear regression model was used to test relationships with
dependent variables. The small number of positive observa-
tions among different groups precluded performance of
multivariate analyses. Results were considered significant
when the P values were <0.05.

Results

Baseline characteristics (Table 2)

Among the SWL group (n = 50), four patients had a history
of systemic illness including: Williams syndrome (a devel-
opmental disorder associated with facial and cardiovascular
anomalies), sarcoidosis, Crohn’s disease, and ulcerative coli-
tis. All patients were treated with a frequency of 120 shocks

Table 1. Inclusion and Exclusion Criteria

for Patient Groups

Inclusion criteria for SWL & fURS patients
1. Patients undergoing SWL or fURS with holmium:

yttrium-aluminum-garnet laser treatment for a stone(s)
located in the kidney

2. Radiopaque stone
3. Able and willing to give informed consent

Inclusion criteria for nonstone volunteers
1. No history of kidney or stone disease
2. Asymptomatic
3. No indwelling ureteral stent
4. Willing to provide medical history information
5. Able and willing to give informed consent

Exclusion criteria for SWL & fURS patients
1. Active urinary tract infection
2. Urinary tract obstruction causing hydronephrosis
3. Use of radiologic contrast for treatment guidance
4. Chronic renal failure (eGFR < 30, serum creatinine >200

for ‡ 3 months)
5. Bilateral SWL or URS
6. Ureteral stone

SWL = shockwave lithotripsy; fURS = flexible ureteroscopy; eGFR =
estimated glomerular filtration rate; URS = ureteroscopy.
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Table 2. Patients Baseline Characteristics

SWL
n = 50 (%)

fURS
n = 10 (%)

Volunteers
n = 10 (%) P value

Age
Mean 54 51 49 0.37
Median 55 48 48
Range 18–79 31–72 29–58

Sex
Male 28 (56) 3 (30) 5 (50) 0.31
Female 22 (44) 7 (70) 5 (50)

BMI (kg/m2) category
Underweight ( < 18.5) 0 1 (10) 0 0.15
Normal weight (18.5–24.9) 12 (24) 2 (20) 5 (50)
Overweight (25.0–29.9) 20 (40) 2 (20) 2 (20)
Obese class I (30.0–34.9) 10 (20) 1 (10) 1 (10)
Obese class II (35.0–39.9) 7 (14) 3 (30) 2 (20)
Obese class III ( ‡ 40.0) 1 (2) 1 (10) 0

eGFR (mL/min/1.73m2) before SWL
1 normal ( ‡ 90) 20 (40) 6 (60) n/a 0.43
2 mild (60–89) 20 (40) 3 (30)
3 moderate (30–59) 2 (4) 1 (10)
Unknown 8 (16) 0

Medical history
DM 6 (12) 3 (30) 0 0.09
HTN 18 (36) 4 (40) 2 (20) 0.33
CVD 2 (4) 1 (10) 0 0.43
Renal influencing medications 28 (56) 5 (50) 5 (50) 0.52
Previous SWL 21 (42) 3 (30) 0 0.72
Time range of previous SWL 3m–35yrs 3m–18yrs n/a

BP on day of SWL
Normal ( < 120/80) 10 (20) 5 (50) n/a 0.11
Prehypertension (120–39/80–89) 25 (50) 5 (50)
HTN stage 1 (140–159/90–99) 13 (26) 0
HTN stage 2 ( > 160/100) 2 (4) 0

Side
Right/Left 27/23 4/6 n/a 0.5

Stone location
UC 4 (8) 1 (10) n/a 0.86
MC 6 (12) 1 (10)
LC 20 (40) 3 (30)
RP 17 (40) 4 (40)
UPJ 3 (10) 1 (10)

DJ stent
No 44 (88) 6 (60) n/a 0.47
Presented with in situ stent 1 (2) 4 (40)
Stent inserted day of procedure 5 (10) 10 (100)

Stone largest dimensions
Mean 6 8 n/a 0.28
Median 7 7
Range 3–17 4–16

Shockwaves number
Mean 2933 n/a n/a n/a
Median 3000
Range 2000 to 3000

Shockwaves energy
Mean 5 n/a n/a n/a
Median 4
Range 3 to 6

SWL = shockwave lithotripsy; fURS = flexible ureteroscopy; BMI = body mass index; eGFR = estimated glomerular filtration rate;
DM = diabetes mellitus; HTN = hypertension; CVD = cardiovascular disease; BP = blood pressure; UC = upper calix; MC = middle calix;
LC = lower calix; RP = renal pelvis; UPJ = ureteropelvic junction; DJ = Double-J; n/a = not applicable.
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per minute using the standard focal zone. Successful stone
fragmentation post-SWL treatment was observed in 47 pa-
tients. Among the fURS group (n = 10), one patient had ul-
cerative colitis. Renal influencing medications taken by all
patient groups are shown in Table 3.

Urinary biomarker concentrations

KIM-1 and NAG concentrations of all patients signifi-
cantly increased in voided urinary specimens collected 2 to 3
hours after SWL when compared with their preprocedure
baseline levels (Table 4). Urinary markers returned back to
baseline levels within 2 weeks after SWL (P < 0.01) (Fig. 1).
There were no significant differences detected in urinary
KIM-1 and NAG concentrations before and after fURS (Table
4). Baseline preprocedure voided urine samples collected
from patients with kidney stones revealed significantly
higher KIM-1 concentrations when compared with nonstone
volunteers’ voided urine (P < 0.01). There was no significant
change in urinary NAG concentrations documented among
the two groups (Table 4, Fig. 2). An estimated MDRD
eGFR < 60 mL/min/1.73m2 correlated with a significant in-
crease in baseline urinary KIM-1 and NAG when tested by
univariate linear regression (P < 0.05) The detected significant
increase in urinary KIM-1 and NAG concentrations after
SWL significantly correlated with low baseline MDRD eGFR
(P < 0.05). (Table 5, Fig. 3). No other baseline characteristic
variables were found to have a significant association by the
univariate linear regression model. All tested predictor vari-
ables are shown in Table 6.

Discussion

Most of our knowledge about SWL injury to the kidney is
based on experimental animal studies where invasive methods
were used to assess for tissue damage.11 A broad spectrum of
vascular kidney damage has been documented ranging from
self-limited hematuria to perinephric/nephric hematomas.11

Although most hematomas resolve, some may cause life-
threatening hemodynamic instability and acute renal failure.12

In the long term, animal11 and human13 studies have suggested
that these acute hemorrhagic lesions may progress to scar for-
mation and complete atrophy of the renal papillae.

The absence of hematoma detection by conventional im-
aging techniques does not rule out the occurrence of poten-
tially significant injury to the SWL-treated kidneys. A need
exists to find a noninvasive diagnostic test that can reliably
identify kidney injuries, especially in certain populations such
as children, patients with preexisting renal disease, or those
undergoing multiple SWL treatments.

Over the last decade, interest in urinary markers of kidney
injury has increased, and transplant scientists predicted a
potential role of markers in predicting survival after kidney
injury.14 The American Society of Nephrology categorized
biomarker development as a top research priority.15 Various
urinary proteins like glutathione-S-transferases (GST),16

neutrophil gelatinase-associated lipocalin,17 interleukin (IL)-
18,18 GGT,3 LDH,4 and NAG2 have been investigated as po-
tential noninvasive biomarkers for the detection of kidney
injury. Many of these markers were found to be unreliable,
and the precise indications for their use remain unclear.

Table 3. Renal Influencing Medications Taken by the Different Patient Groups

Patient group Medication class Type of medication

SWL group
n = 28/50 (56%)

Antihypertensives Lisinopril, hydrochlorothiazide, ramilpril,
enalapril, irbesartan and/or telmesartan

Analgesics ASA and/or ibuprofen
Oral hypoglycemic Metformin
Immunosuppressant Infliximab

fURS group
n = 5/10 (50%)

Antihypertensives Valsartan, ramipril, aliskiren, telmisartan,
and/or perindopril

Analgesics Celecoxib and/or ASA
Oral hypoglycemic Metformin

Volunteer group
n = 4/10 (40%)

Antihypertensives Irbesartan and/or valsartan
Analgesics ASA and/or ibuprofen

SWL = shockwave lithotripsy; ASA = acetylsalicylic acid; fURS = flexible ureteroscopy.

Table 4. Urinary Biomarker Levels Across Study Groups

KIM-1 NAG

n Mean SE P value Mean SE P value

Pre-SWL 50 5.78 0.8 < 0.001 4 0.3 < 0.001
2-3H post-SWL 50 10.14 1.4 5.53 0.4

Pre-URS 10 5.78 2 0.893 4.8 0.6 0.674
2–3 h post-fURS 10 5.49 0.7 5.23 3.4

Pre-SWL or fURS 60 5.78 0.7 < 0.01 4.13 0.3 0.344
Volunteers 10 1.07 0.1 3.65 0.4

KIM-1 = kidney injury molecule 1; NAG = N-acetyl-b-D-glucosaminidase; SWL = shockwave lithotripsy; UR = ureteroscopy; fURS = flexible
ureteroscopy; SE = standard error.
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In addition, various biologic and metabolic interactions
were found to influence their specificity as markers for renal
injury. For example, hepatic parenchymal injury increases
LDH levels,19 GST needs a specific preservative added to the
urine, GGT in urine is unstable after 4 hours and can be altered
by the presence of different other urinary components,20 IL-18
is nonspecific and can be elevated in various conditions in-
cluding sepsis.18 Overall, the investigative role of urinary
biomarkers seems to be superior when the etiology and tim-
ing of renal injury is known,21 rendering them a potential
useful tool in assessing acute kidney injury after SWL.

NAG, an enzyme found at the brush border of the proximal
tubules, is one of the most commonly studied biomarkers in
the context of SWL. Results, however, have been inconsistent,
with NAG levels found to be altered by endogenous urea,
nephrotoxic agents, impaired glucose tolerance, rheumatoid
arthritis, hyperthyroidism, and after exercise, undermining its
role as a biomarker.20

KIM-1 is a type I transmembrane protein that appears to
play an important role in the clearance of apoptotic debris
from the tubular lumen. Despite the fact that KIM-1 out-
performed all other tested kidney injury biomarkers,5,10 it had

FIG. 1. Mean urinary biomarker concentrations in relation to shockwave lithotripsy (SWL) treatment. Treatment arm (A)
and (C). Follow-up arm (B) and (D). Pg = pictogram; mU = milliunits; uCr = urinary creatinine; KIM-1 = kidney injury mole-
cule 1; NAG = N-acetyl-b-D-glucosaminidase.

FIG. 2. Mean urinary biomarker concentrations among stone patients and volunteer group. Pg = pictogram; mU = milliunits;
uCr = urinary creatinine.
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not previously been evaluated in patients undergoing SWL.
KIM-1 has been found to be stable in urine for extended pe-
riods and not affected by urinary biochemical variations.20

One unit elevation of KIM-1 was associated with 12 times
increased odds for ischemic acute tubular necrosis.6

After unifying measurement units, urinary KIM-1 and
NAG concentrations measured in the volunteer group of this
study were comparable to previously reported levels.10,22 In

this work, urinary KIM-1 activity was significantly increased
in persons with kidney stones when compared with nonstone
volunteers. This can be partially explained by the fact that
crystal deposition during stone formation has been shown to
be associated with obstruction, extensive cell injury, and
production of reactive oxygen species leading to oxidative
damage.23,24 In contrast to our study, Nikoobakht and asso-
ciates25 reported a higher NAG activity among stone patients,
and this activity significantly correlated with stone size. In
their study, 82% of patients had stones >1 cm, of which 12%
were >2 cm. In our study, only 20% of patients had stones
>1 cm.

As a regional center for SWL referral, our program serves a
large patient population with many patients living a consid-
erable distance from our city. As such, of the 50 SWL patients
recruited in this study, it was not possible to obtain 2 day and
14 day urine samples for all subjects.

We have demonstrated a significant increase in urinary
KIM-1 and NAG activity in patients with kidney stones un-
dergoing SWL treatment and not fURS. Even though baseline
levels were higher in some patients than the post-SWL levels
in other patients, it is the increases within patient samples that
were consistent and likely valuable to the clinician. While
NAG activity findings of this study were comparable with
previous reported observations, no previous studies to our

Table 5. Univariate Linear Regression Testing

the Association Between Chronic Kidney Injury

Stage and Urinary Biomarker Concentration

in the Shockwave Lithotripsy Patient Group

Dependent
variable

Odds
ratio SE

95% Confidence
interval P value

Pre-SWL
KIM-1 1.961 0.616 1.035–4.226 0.049
NAG 1.209 0.570 0.954–2.364 0.041

2–3 h post-SWL
KIM-1 6.450 3.116 1.136–12.764 0.045
NAG 1.701 0.682 1.319–3.084 0.017

SE = standard error; SWL = shockwave lithotripsy; KIM-1 = kidney
injury molecule 1; NAG = N-acetyl-b-D-glucosaminidase.

FIG. 3. Mean urinary biomarkers in relation to chronic kidney injury (CKI) stage. Treatment arm (A) and (C). Follow-up
arm (B) and (D). Pg = pictogram; mU = milliunits; uCr = urinary creatinine; KIM-1 = kidney injury molecule 1; NAG =
N-acetyl-b-D-glucosaminidase.

1460 FAHMY ET AL.



knowledge have reported NAG and KIM-1 activity in patients
undergoing fURS.

In a trial to identify baseline characteristic variables that
may identify patients at risk of significant injury after SWL,
we performed a linear regression analysis. The small number
of positive observations precluded performance of a multi-
variate analysis, but on univariate regression, eGFR was the
only independent variable that significantly correlated with
elevated urinary KIM-1 and NAG activity in baseline speci-
mens and post-SWL treatment. These findings are compara-
ble to those of previous studies indicating increased KIM-1
and NAG activity in association with decreased eGFR.26 Still,
this finding should be examined carefully given the limited
number of persons with impaired eGFR included in this
study.

Tissue damage in SWL was previously found to be dose-
dependent,27,28 but because in this study, almost all patients
were treated with similar shockwave parameters, there was
no significant association with urinary biomarker activity.
The presence of a ureteral stent, a history of SWL, and the
number of shockwaves used tended to be associated with
increased biomarker activity, but this was not statistically
significant (P £ 0.07).

This study has several limitations that were previously
discussed and should be considered as a pilot study. In this
work, KIM-1 seemed to outperform NAG and, demonstrating
increased activity even in the presence of stones <1 cm, ex-

hibited a greater increase after SWL when compared with
NAG. It should also be noted that normalization of urinary
biomarkers within 2 weeks after SWL only mirrors the end of
cellular injury and enzymatic leak, but does not reflect actual
ongoing residual damage. To further identify patients at risk
for kidney injury after SWL, larger prospective case controlled
studies need to be conducted.
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eGFR¼ estimated glomerular filtration rate
fURS¼flexible ureteroscopy
GGT¼ gamma glutamyltranspeptidase
GST¼ glutathione-S-transferases

IL¼ interleukin
KIM-1¼ kidney injury molecule 1

LDH¼ lactate dehydrogenase
MDRD¼Modification of Diet in Renal Disease

NAG¼N-acetyl-b-D-glucosaminidase
SWL¼ shockwave lithotripsy
URS¼ureteroscopy
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