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Objective. To study the nephroprotective effect of lercanidipine and its influence on creatinine clearance and cyto-
kine damage in patients with urolithiasis with obstructive uropathy. Material and methods. Of 96 patients evaluated,
66 were diagnosed with kidney stones in the ureteropelvic segment and obstructive uropathy, which was then treated
with percutaneous nephrostomy. All 66 patients were given antibacterial and anti-inflammatory therapy to prevent
postoperative infections, but in addition, 33 were treated with lercanidipine, 10 mg per day. IL-8, VEGF, MCP-1,
G-CSE and GM-CSF concentrations in the urine were determined by solid-phase ELISA. The estimated glomerular
filtration rate was calculated using the CKD-EPI formula. All studies were done preoperatively and on days 7, 14, 21,
and 28 after nephrostomy. A control group consisted of 30 people with kidney stones without sings of obstruction.
Results. In the patients with obstructive uropathy, a correlation was found between VEGE, IL-8, and MCP-1 concen-
trations in the urine and the serum creatinine and estimated glomerular filtration rate. Patients in the lercanidipine
group had a faster decrease in IL-8, VEGE, MCP-1, and GM-CSF concentrations in the urine and improved renal func-
tion compared with patients who did not receive lercanidipine. By day 21 after nephrostomy, the lercanidipine group
had values comparable with the control group, whereas the group not treated with lercanidipine did not achieve similar
values until day 28. Conclusion. The third generation calcium channel blocker lercanidipine is nephroprotective in
patients with obstructive uropathy.
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© ITens nccnepoBaHusa — usydeHye HeppoONpPOTEKTUBHOTO 3¢ deKTa TepKaHUANIINHA, BIVSHUE €T0 Ha AVHAMUKY KJIM-
PeHCa KpeaTVHMHA 1 YPOBHS LIMTOKMHOB IIOBPEX/IEHNA Y O0IbHBIX MOYeKaMeHHO 60/Ie3HbI0 ¢ Ha/IM4uueM 00CTPYK-
TYBHOJI YpOIIaTUY IIPU APeHMPOBaHMM TOYKY. Marepuan u MeTopbl. B 1ccnenoBanme ObIIM BKIIOUEHB! 96 MalIEHTOB,
U3 KOTOPBIX Y 66 ObUIM JUAarHOCTYPOBAHBI KOHKPEMEHTBI IOXaHOYHO-MOYEeTOYHMKOBOIO CETMEeHTa Y HapylIeHue OT-
TOKa MOYM Y3 IOYKM. BceM 66 GONBHBIM ¢ IpU3HaKaMy OOCTPYKILMM BBIIOMHAMU YPeCKOXKHOEe ApeHMpOBaHME MOY-
ku (HedppocTomus). Ilanmenram 1-it rpynmel (1 = 33) /1 mpefoTBpallleHNsA pasBUTHA MHQEKIMOHHBIX OCIOXHEHWI
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B TIOC/ICONIePALIIOHHOM IIep1ofie MIPOBOAVIN aHTHOAKTepHalbHYI0 U IPOTUBOBOCIAIUTENIbHYIO Tepalnio. bombHbIM
2-11 rpynisl (n = 33) KOIIOMHUTEIPHO Ha3HAYA/IN JIEPKAHUAUIINH B fo3e 10 Mr B CyTKM. Y Bcex HaOMogaeMbIx 60MbHBIX
ompepesin konnentpanuio IL-8, VEGE MCP-1, G-CSF u GM-CSF B moue MetogoM TBepaodasuoro VDA, o dop-
myne CKD-EPI paccunTsIBam CKOpOCTb KIy604IK0BOIT (prtbTpanyi. Bee nccienoBaHyst BHIIONHSIN HA [OOIIEPALIOH-
HOM 3Talle, a TakKe Ha 7, 14, 21 u 28-e cyTku nocine gpeHnpoBaHusa Nouku. Ipynny cpaBHenns coctaBuau 30 yemoBex
C KOHKpeMeHTaMI JallleK 11 6e3 Mpu3HakoB o6cTpykuun. Pesynbrarhl. Y 60IbHBIX C 0OCTPYKTUBHOM ypOIIaTHeil BbIAB-
JieHa KOppe/ANOoHHaA cBA3b Mexay comepskanneM VEGE IL-8, MCP-1 B Mode 11 ypoBHEM CbIBOPOTOYHOTO KpeaTMHMHA
u Benuuunoit CK®. Y manyeHTOB 2-11 TPYIIILI, MOMTYYaBLINX TePKAaHUAUIINH, OTMEYaI0Ch 6071ee ObICTpOE CHIDKEHE CO-
nepxkanus IL-8, VEGE, MCP-1, GM-CSF B Mode u yiydlileHne oKasaresieil HouYeIHON (GYHKIVI 10 CPAaBHEHMIO C 60TIb-
HbIMI 1-11 Tpynnbl. JJocTyDKeHe 3Ha4eHUIi TPYIIIIBI CpaBHEHVS Y 60/IbHBIX 2-11 IPYIIIBI JOCTUTANIOCh K 21-My IHIO ITOCTIe
IAPEeHUPOBaHMNA, a y MAMEHTOB 1-ii rpynnbl — K 28-My fHIO. 3aKkarodeHne. biokaTop KanblMeBbIX KaHAa/IOB TPEThErO
HOKOJIeHSA JIepKaHUIVIINH MOXKeT OBITh UCIIONb30BaH B Ka4eCTBe CPeiCTBa He(pPOIPOTEKTUBHOI Tepanuy B KOMIIIEKC-

HOM JIe4eHUY OONBHBIX C 0OCTPYKTUBHOI ypOIIaTHelL.

& Kmiouesvie cnosa: yyurokuHoBbIi po¢WIb; MOYa; 0OCTPYKTUBHAS YPOIATHsI; HepOIPOTEKIVS; IEPKaHUIUIINH.

INTRODUCTION

Patients with urolithiasis in the presence of different
degrees of obstruction in the urinary tract have a high
risk for complications, which includes calculous pyelo-
nephritis [1, 2]. Development of obstructive uropathy
(OU) is usually accompanied by structural and func-
tional changes in the renal parenchyma. This impair-
ment predominantly affects the tubulointerstitial tissue
and is associated with a reduction in renal function [3].
It has been previously established that even a small sized
concretion with obstruction may have a significant in-
fluence on renal function and clinical manifestation of
the disease [4].

Despite the active development of endoscopy-as-
sisted and percutaneous surgical approaches for treat-
ment of urological patients with urolithiasis and ob-
structive syndrome, there are clinical conditions which
require appropriate kidney drainage at the first stage.
Delayed treatment of OU may cause tubular atrophy,
interstitial fibrosis, and inflammation accompanied
by excessive production of a variety of cytokines and
mediators. Measuring the change in urine biomarker
levels can monitor the severity of structural and func-
tional damage. The risk for kidney diseases increases
with chronic OU, which may eventually lead to patient
disability. Prior to the development of subsequent com-
plications, OU has no apparent clinical manifestation in
the majority of cases but is accompanied by tubular and
glomerular damage.

The current established standard of nephroprotec-
tive therapy is based on angiotensin-converting enzyme
inhibitors (ACE inhibitors) and angiotensin II receptor
blockers (ARB) [5]. New studies provide data showing
the nephroprotective effect of new-generation calcium
channel blockers (CITATION). Studies of the new-

generation drug lercanidipine demonstrate a signifi-
cant nephroprotective effect (CITATION). A marked
decrease in intraglomerular pressure with persistent
vasodilation of not only afferent (as in traditional cal-
cium channel blockers), but also efferent (as in ACE in-
hibitors and ARBs) glomerular arterioles has now been
determined (CITATION). Calcium channel blockers
(lercanidipine and others) significantly decrease in-
traglomerular pressure, slowing renal damage [6]. The
mechanism of the efferent vasodilation in the presence
of the new-generation calcium channel blockers is not
yet clear. Specific roles are assigned to vasodilators pro-
duced by the vascular endothelium, namely nitric oxide
and prostaglandin II. Recent findings show that block-
ade of T-type calcium channels inhibit prostaglandin II
production, causing subsequent vasodilation of efferent
arterioles.

Renal parenchyma damage caused by OU initiates a
cascade of molecular interactions with several morpho-
logical changes, which have triggered several investiga-
tions to discover agents to protect or at least limit the
extent of structural and functional renal damage and
help influence on restoration rate. The current litera-
ture is quite focused on the search of urinary markers
in patients with pyelonephritis and urolithiasis for the
assessment of inflammatory changes [7-11] and also
to estimate the severity of acute renal damage [12-14].
However, there is a growing need for studies on easily
extracted markers in urine, which can characterize the
degree of renal function restoration.

The aim of this research was to study the nephropro-
tective effect of lercanidipine and its influence on IL-8,
vascular endothelial growth factor (VEGF), MCP-1,
G-CSF and GM-CSF levels, and creatinine clearance in
urolithiasis patients with OU.
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MATERIALS AND METHODS

We recruited 96 urolithiasis patients treated in
2015-2017 in the Mirotvortsev S.R. clinic in the
VI Razumovsky Saratov State Medical University.
Before enrollment in the study, each patient pro-
vided written, informed consent. Enzyme immuno-
assays of the above-mentioned markers were per-
formed according to symptoms and medical history.
All patients had a physical examination, complete
blood count and chemistry, urine test, plain kidney
and urinary tract X-ray, excretory urography, ultra-
sonography, and multispiral computer tomography
with image reconstruction. Group 1 included 33 pa-
tients with concretions from 1.0 to 2.0 cm in size lo-
cated in the ureteropelvic segment. The average age
of patients in group 1 was 45.8 years (range: 25 to
60 years). According to X-ray and ultrasonography,
all patients in group 1 had signs of upper urinary
tract obstruction, with the size of renal calyces vary-
ing from 6 mm to 10 mm, renal pelvis - 1.8-3.5 cm,
as well as unilaterally reduced excretory renal func-
tion as assessed by excretory urography. The dura-
tion of obstruction (time from onset of renal colic)
ranged from 1.5 to 12 weeks. However, there were
no signs of hyperthermia or other symptoms of ac-
tive pyelonephritis in this period. Enrolled patients
had a decreased GFR of 30 to 60 ml/min. Group 2
included 33 patients with a similar clinical picture,
age, distribution of sex, and clinical characteristic
data. In both groups, standard nephrostomy was
performed in the operative room using the surgi-
cal set for percutaneous nephrostomy before litho-
tripsy. All patients were given antibacterial and anti-
inflammatory therapy in the postoperative period,
but in addition, 33 were treated with lercanidipine,
10 mg per day for 1 month for nephroprotection.
The second step of treatment (lithotripsy) was per-
formed on days 28-35 after nephrostomy. A con-
trol group had 30 patients with calyceal concre-
tions 1 cm to 1.5 cm in size but without obstruc-
tion, with age and sex similar to the treatment
groups.

We measured VEGE, MCP-1 (Monocyte Che-
1), IL-8 (Interleukin-8),
G-CSF  (Granulocyte-colony stimulating factor),

moattractant Protein
and GM-CSF (Granulocyte-macrophage colony-
stimulating factor) in the urine of patients in treat-
ment groups five times. The first urine sample was
taken during the renal pelvic puncture. The urine was
collected into a special container which was previ-

ously injected with preservative ProClin 300, 20 mcL
(SUPELCO, USA) and capped. The following urine
samples were obtained on days 7, 14, 21, and 28 after
nephrostomy from a nephrostomic drainage. In the
control group, a single urine sample was taken. Cy-
tokine concentrations in urine were determined by
solid-phase ELISA using Vektor-Best panel (Novosi-
birsk). In patients with OU, blood samples to measure
creatinine levels and urine samples were obtained
simultaneously (blood samples from patients in the
control group were taken once). The serum creatinine
level was used for calculation of GFR using the CKD-
EPI formula for Europeans.

Statistical data analysis was performed by Sta-
tistica 10.0, SPSS13.0 software (COMPANY, CITY,
STATE). There was no normal distribution of values
in the series, and therefore we used nonparametric
statistical methods including median, interquartile
range, and box plots. A nonparametric Mann-Whit-
ney U test was used to test for differences between two
independent groups. The level of significance for all
statistics was defined as p < 0.05. To assess diagnostic
utility for urine markers, a characteristic curve (ROC
analysis) was created.

RESULTS

In groups 1 and 2, there was a nearly 2-fold increase
in VEGE MCP-1, and IL-8 concentrations, 1.4-fold for
GM-CSF and 7.9-fold for G-CSF compared with the
control group (Table 1, PVALUE). There was no signifi-
cant difference between treatment groups.

To assess the diagnostic utility for these markers,
ROC analysis was performed (Fig. 1). The diagnostic
utility was determined for VEGF (sensitivity — 95.2%,
specificity — 95%), IL-8 (sensitivity — 83.9%, specific-
ity - 85%), MCP-1 (sensitivity — 87.1%, specificity -
95%), GM-CSF (sensitivity — 87.1%, specificity — 85%),
and G-CSF - 5.89 pg/ml (sensitivity - 77.3%, specific-
ity — 90%).

Resolving the obstruction caused a significant de-
crease in VEGFE, MCP-1, IL-8, GM-CSF levels in the
urine. Change of marker levels are shown in Figure 2-5
(X-axis — days, Y-axis — marker concentration, pg/ml;
red curve - the group 1, green curve - the group 2, blue
curve - the control group).

After nephrostomy, we observed decreased levels of
VEGF down to values similar to the control group by
day 28. However, for lercanidipine, urine VEGF levels
decreased faster and reached the values similar to con-
trol as early as day 21 (see Fig. 2).
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Such tendency was also observed in urine MCP-1
levels in patients with OU (Fig. 3). A gradual decrease
in MCP-1 level was determined after nephrostomy in
patients with OU. Moreover, the lercanidipine group
had a more rapid decrease in MCP-1. By day 21 after
nephrostomy, the patients who received lercanidipine
had values comparable to the control group.

While resolving the obstruction, we observed a
gradual decrease of urine IL-8 levels in both patient
groups, reaching levels comparable to the control group
by day 21 in the lercanidipine group and by day 28 in
patients who did not receive lercanidipine (Fig. 4).

After nephrostomy, patients with OU had an increase
in urine GM-CSF concentration, with the peak by day
14 and following decrease of marker levels. In addition,
the levels in patients without lercanidipine reached the
control values by day 28 and in patients who received
lercanidipine as early as by day 21.

For urine G-CSF concentrations, there was no sig-
nificant correlation with time from nephrostomy in

Assessment of renal function in both groups before
nephrostomy showed an increase of serum creatinine
up to 140+10.6 mcmol/l and a decrease in GFR up to
55+13.3 ml/min. After restoration of urine drainage
from the kidney, the levels of these parameters became
normalized, with a more rapid improvement in pa-
tients who received lercanidipine as nephroprotector
(Fig. 6).

Correlations between levels of urine markers and
serum creatinine and GFR are shown in Table 2. Cor-
relations between urine VEGE, IL-8, MCP-1, and serum
creatinine, and GFR were determined.

DISCUSSION

Even without apparent clinical manifestation,
unilateral OU is associated with tubular and glomer-
ular damage. Urine stagnation causes an increase of
intraurethral and intrapelvic pressure, renal blood
flow alteration, and mechanical tension of renal tu-
bules [15]. This process is accompanied by activation

both groups of patients. of tubulocytes and vascular endothelial cells which
Table 1
Preoperative median concentrations of urine markers in patients with obstructive nephropathy and a control
group
Marker Urine Me (25-75%)
(pg/ml) Control group, n = 30 Group 1, n = 33 Group 2, n = 33
VEGF 231.9 (198.8-242.1) 539.5 (454-546.5) 524.34 (387-546.4)
IL-8 20.6 (19-23.55) 43.5 (38.2-45) 43.7 (32.8-45.8)
MCP-1 320.5 (295.9-338) 641.22 (568.9-650) 647 (425.6-709.6)
G-CSF 0 (0-3.15) 7.99 (6.78-9.8) 7.98 (5.6-11.23)
GM-CSF 5.3 (3.75-5.6) 7.35 (6.6-8.3) 7.35 (7.02-7.86)

Note. p > 0.05 between the groups 1 and 2; p > 0.05 between the treatment groups and control group for all markers.

Sensitivity /
YyBCTBUTENBHOCTb

Fig. 1. ROC curves to assess sensitivity
and specificity for urine VEGF, MCP-1,
IL-8, G-CSF, GM-CSF concentrations in
patients with urolithiasis and obstructive

0 0.5 1.0 uropathy
Specificity / 1-CneumdnyHoCTb Puc. 1. ROC-kpuBble 4yBCTBUTEJIBHOCTH
VEGF x=y u crneunduunoctn VEGE, MCP-1, IL-8,
MCP-1 G-CSF G-CSF, GN}—CSF B Moue B OLEHKe 00-
CTPYKTHBHOH yponaTHH y GOJIbHBIX He(hpo-
eecees|-8 e GM-CSF
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Fig. 2. Change of urine VEGF levels in patients with obstructive uropa-
thy in the first month after nephrostomy and in controls

Puc. 2. Namenenne aktuBuoctu VEGF B Moue G0oJibHBIX ¢ 0OCTPYKTUB-
HOI yporiatheil B TedeHHe Mecsilia rocJie APeHHPOBaHUST MOYKH W PYIIbl
CpaBHEeHHs!
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Fig. 4. Change of urine IL-8 levels in patients with obstructive uropathy
in the one month after nephrostomy and in controls

Puc. 4. VMamenenne axkruBroctd IL-8 B Moue GosbHBIX ¢ 0OCTPYKTHB-
HOIl ypornaTheil B TeueHHe MecsiLia MocJjie APeHUPOBAHUST TOUKH H FPYMITbl
cpaBHeHHs!

produce a variety of pro-inflammatory cytokines and
chemokines, initiating migration of neutrophil, leu-
kocyte, and macrophages to the damaged interstitial
tissue and to form inflammatory infiltrates. One of
the main factors promoting its formation is MCP-1,
which is produced by activated tubulocytes and regu-
lates the migration of monocytes/macrophages to the
inflammation area. Interleukin-8 (IL-8) is released
by macrophages and endothelial cells and is involved
in maintaining chronic inflammation, plays the same
significant role in this process. It has been demon-
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Fig. 3. Change of urine MCP-1 levels in patients with obstructive urop-
athy in the one month after nephrostomy and in controls

Puc. 3. Mamenenne akruHoctd MCP-1 B Moue GOJIbHBIX ¢ 06CTPYKTUB-
HOI yporiaTheil B TeueHHe Mecsilia MocJje APeHHPOBaHKsT MOYKH H FPYMITbl
cpaBHeHHs!
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Fig. 5. Change of urine GM-CSF levels in patients with obstructive
uropathy in the one month after nephrostomy and in controls

Puc. 5. Mamenenne axrusHocty GM-CSF B moue GoJibHBIX ¢ 00-
CTPYKTHBHOH yponartueil B TeueHHe Mecsilia MOC/e APEHUPOBAHHS M0U-
KH U TPYIIbl CPABHEHHsI

strated that production of this chemokine increases
in unilateral obstruction associated with urodynamic
alteration and local inflammation. Development of
OU leads to remodeling of blood flow and tissue hy-
poxia which induces an increase of VEGF production
in glomerular podocytes and tubular cells [16]. Ad-
ditionally, GM-CSF is produced by tubulocytes and
contributes to monocyte survival and macrophage
activation. Production of this cytokine increases with
the development of OU. One more cytokine which
has been observed in patients with OU is granulo-

@ UROLOGICHESKIE VEDOMOSTI

2018 Vol. 8 No3 ISSN 2225-9074



ORIGINAL PAPERS

150
140
130
120
110
100
90
80
70
60

14
Days /
CyTkm

21

-} 1stgroup / 1-s rpynna
-[@- 2"group / 2-5 rpynna

a

14

21 28

Days /
CyTkm

o} 1stgroup / 1-a rpynna
-[@- 2"group / 2-5 rpynna

b

Fig. 6. Renal function in patients with obstructive uropathy before and after nephrostomy by treatment group. a: creatinine level (pmol/L);

b: eGFR by CKD-EPI (mL/min)

Puc. 6. OyHkuMOHaMbHOE COCTOSTHUE TT0YEK Y GOJBHBIX ¢ 06CTPYKTUBHON yponaTtueil 1-ii u 2-# Tpynn 1o 1 nocJsie ApeHHpoBaHKs MOYKH: @ — ypPOBEHb

KpeaTHuuna (MkMob/1); b — CK® CKD-EPI (ma/mun)

Table 2
Correlation between levels of urine biomarkers and renal function parameters
Molecular
Renal function markers
parameters

VEGF MCP-1 IL-8 G-CSF GM-CSF
Serum creatinine r=0.51 r=0.511 r=0.375 r=-0.05 r = 0.266
GFR (CKD-EPI) r = -0.551 r = -0.602 r=-0.381 r =0.032 r=-0.19

cyte-colony stimulating factor (G-CSF). This factor
activates growth and differentiation of hematopoi-
etic cells, in particular granulocytes, macrophages,
and eosinophils, and also stimulates neutrophil che-
motaxis [17]. Resolution of obstruction and subse-
quent restoration of appropriate urodynamics pro-
vide a decrease in intrapelvic pressure and reduces
the traumatic effect on renal tubules in decreasing
the production of these inflammatory markers. Re-
ducing these markers down to the level of the control
group indicates a completion and resolution of these
pathological processes and thus suggests a possibil-
ity for second stage surgical treatment. In addition,
this aims to minimize risks of complications, such as
active pyelonephritis and long-term renal fibrosis.
Our results of reduced urine VEGE, IL-8, MCP-1,
GM-CSF levels on day 28 after obstruction should
be considered as optimal terms for lithotripsy in pa-
tients with OU without lercanidipine therapy. Ler-
canidipine therapy promotes a more rapid restora-

tion of renal function and decrease of cytokine levels.
Considering the improvement in these marker levels,
the administration of lercanidipine is preferred after
nephrostomy. However, lercanidipine efficacy was
not studied in patients with unresolved obstruction.
Lercanidipine therapy reduces terms for lithotripsy
by day 21 after nephrostomy.

Therefore, lercanidipine therapy restores renal
function in urolithiasis patients with OU after neph-
rostomy, through the rapid decrease in inflammatory
and angiogenesis markers, renal fibrosis and colony-
stimulating factors, correlating with a decrease in
serum creatinine levels and increased GFR. We rec-
ommend lercanidipine as a nephroprotector in this
particular group of patients. At the recommended
dose of 10 mg per day for 3-4 weeks, lercanidipine
may reasonably reduce the waiting period before the
second stage of surgical treatment, which then offers a
reduction in the total duration of treatment and opti-
mization of urological flow.
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CONCLUSION

1. The calcium channel blocker lercanidipine
may be used as nephroprotector during the resolu-
tion of obstruction for treatment of urolithiasis pa-
tients. The data suggest that lercanidipine (at a dose
of 10 mg per day) may be recommended in patients
with urolithiasis to reduce terms for renal drainage
prior to lithotripsy.

2. Urine mediator levels (VEGE, MCP-1, IL-8), cor-
relate with GFR values and may be used as non-inva-
sive indices for assessment of structural and functional
changes of the renal parenchyma in urolithiasis patients
with OU.
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