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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-CSF, 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 VEGF, 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, VEGF, 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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 Цель исследования — изучение нефропротективного эффекта лерканидипина, влияние его на динамику кли-
ренса креатинина и уровня цитокинов повреждения у больных мочекаменной болезнью с наличием обструк-
тивной уропатии при дренировании почки. Материал и методы. В исследование были включены 96 пациентов, 
из которых у 66 были диагностированы конкременты лоханочно-мочеточникового сегмента и нарушение от-
тока мочи из почки. Всем 66 больным с признаками обструкции выполняли чрескожное дренирование поч-
ки (нефростомия). Пациентам 1-й группы (n = 33) для предотвращения развития инфекционных осложнений 
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в  послеоперационном периоде проводили антибактериальную и противовоспалительную терапию. Больным 
2-й группы (n = 33) дополнительно назначали лерканидипин в дозе 10 мг в сутки. У всех наблюдаемых больных 
определяли концентрацию IL-8, VEGF, МСР-1, G-CSF и GM-CSF в моче методом твердофазного ИФА, по фор-
муле CKD-EPI рассчитывали скорость клубочковой фильтрации. Все исследования выполняли на дооперацион-
ном этапе, а также на 7, 14, 21 и 28-е сутки после дренирования почки. Группу сравнения составили 30 человек 
с конкрементами чашек и без признаков обструкции. Результаты. У больных с обструктивной уропатией выяв-
лена корреляционная связь между содержанием VEGF, IL-8, MCP-1 в моче и уровнем сывороточного креатинина 
и величиной СКФ. У пациентов 2-й группы, получавших лерканидипин, отмечалось более быстрое снижение со-
держания IL-8, VEGF, МСР-1, GM-CSF в моче и улучшение показателей почечной функции по сравнению с боль-
ными 1-й группы. Достижение значений группы сравнения у больных 2-й группы достигалось к 21-му дню после 
дренирования, а у пациентов 1-й группы — к 28-му дню. Заключение. Блокатор кальциевых каналов третьего 
поколения лерканидипин может быть использован в качестве средства нефропротективной терапии в комплекс-
ном лечении больных с обструктивной уропатией.

 Ключевые слова: цитокиновый профиль; моча; обструктивная уропатия; нефропротекция; лерканидипин.

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), МСР-1, 
G-CSF and GM–CSF levels, and creatinine clearance in 
urolithiasis patients with OU.



 urologicheskie vedomosti	 	 	 2018			Vol.	8			No	3	 ISSN	2225-9074	

22 original papers

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 VEGF, MCP-1 (Monocyte Che-
moattractant Protein 1), IL-8 (Interleukin-8), 
G-CSF  (Granulocyte-colony stimulating factor), 
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 р < 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 VEGF, 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 VEGF, 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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Marker  
(pg/ml)

Urine Me (25–75%)

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.

Table 1
Preoperative median concentrations of urine markers in patients with obstructive nephropathy and a control 
group
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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	
uropathy
рис. 1.	 ROC-кривые	 чувствительности	
и	 специфичности	 VEGF,	 MCP-1,	 IL-8,	
G-CSF,	 GM-CSF	 в	 моче	 в	 оценке	 об-
структивной	уропатии	у	больных	нефро-
литиазом

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 
both groups of patients.

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 VEGF, 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 
of tubulocytes and vascular endothelial cells which 
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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
рис. 2.	Изменение	активности	VEGF	в	моче	больных	с	обструктив-
ной	уропатией	в	течение	месяца	после	дренирования	почки	и	группы	
сравнения

100

400

1000

900

200

600

500

300

800

700

7 14 21 280

MCR 1

MCR 2

MCR ср.

fig. 3.	Change	of	urine	MCP-1	levels	in	patients	with	obstructive	urop-
athy	in	the	one	month	after	nephrostomy	and	in	controls
рис. 3.	Изменение	активности	MCP-1	в	моче	больных	с	обструктив-
ной	уропатией	в	течение	месяца	после	дренирования	почки	и	группы	
сравнения

fig. 4.	Change	of	urine	IL-8	levels	in	patients	with	obstructive	uropathy	
in	the	one	month	after	nephrostomy	and	in	controls
рис. 4.	 Изменение	 активности	 IL-8	 в	 моче	 больных	 с	 обструктив-
ной	уропатией	в	течение	месяца	после	дренирования	почки	и	группы	
сравнения
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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
рис. 5.	 Изменение	 активности	 GM-CSF	 в	 моче	 больных	 с	 об-
структивной	 уропатией	 в	 течение	 месяца	 после	 дренирования	 поч-
ки	и	группы	сравнения
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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-

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-
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Renal function  
parameters

Molecular  
markers

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

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

fig. 6.	 Renal	 function	 in	 patients	 with	 obstructive	 uropathy	 before	 and	 after	 nephrostomy	 by	 treatment	 group.	 a:	 creatinine	 level	 (μmol/L);	
b:	eGFR	by	CKD-EPI	(mL/min)
рис. 6.	Функциональное	состояние	почек	у	больных	с	обструктивной	уропатией	1-й	и	2-й	групп	до	и	после	дренирования	почки:	а	—	уровень	
креатинина	(мкмоль/л);	b	—	СКФ	CKD-EPI	(мл/мин)
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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 VEGF, 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 (VEGF, 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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