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Abstract
Objective: In this study, we aimed to investigate the early and late effect of percutaneous nephrolithotomy on renal function based on preoperative glome-
rular filtration rate levels.
Material and Method: Between January 2014 and November 2018, 345 patients who underwent percutaneous nephrolithotomy were included. According 
to the preoperative glomerular filtration rate, patients were divided into three groups: group 1 was consist of glomerular filtration rate >90 levels; group 2 
was consist of glomerular filtration rate levels between 60-90; group 3 was consist of glomerular filtration rate <60 levels. Glomerular filtration rate measu-
rements were performed preoperatively, at post-operative 1st day and 3rd month. 
Results: On postoperative 1st day, mean glomerular filtration rate was significantly decreased in group 1 and group 2, non-significantly decreased in group 
3. At 3rd month, the mean glomerular filtration rate was again increased compared to preoperative levels in group 1 and group 2 but this time it was statisti-
cally non-significant. However, mean glomerular filtration rate of group 3 was statistically significantly increased compared to preoperative levels.
Conclusions: Estimated glomerular filtration rate, as a better indicator of renal function, is significantly affected by the percutaneous nephrolithotomy 
procedure. Although, firstly renal function decreased after percutaneous nephrolithotomy because of the renal trauma procedure, kidney function is better at 
postoperative 3rd month because of the disappearance of kidney stone. So percutaneous nephrolithotomy was significantly improved the renal functions in 
patients with preoperative glomerular filtration rate <60 due to renal stone.
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Özet
Amaç: Bu çalışmada, perkütan nefrolitotominin böbrek fonksiyonları üzerindeki erken ve geç etkisini ve preoperatif glomerular filtrasyon hızı düzeylerine 
göre araştırmayı amaçladık.
Gereç ve Yöntemler: Ocak 2014 ve Kasım 2018 arasında perkütan nefrolitotomi uygulanan 345 hasta çalışmaya dahil edildi. Preoperatif glomerular filtras-
yon hızına göre hastalar üç gruba ayrıldı: Grup-1 glomerüler filtrasyon hızı>90, Grup-2 glomerüler filtrasyon hızı=60-90, Grup-3 glomerular filtrasyon hızı 
<60 seviyelerindeki hastalardan oluşmaktaydı. Glomerüler filtrasyon hızı ölçümleri ameliyat öncesi, postoperatif 1. gün ve 3. ayda yapıldı.
Bulgular: Postoperatif 1. günde, ortalama glomerüler filtrasyon hızı grup 1 ve grup 2’de anlamlı olarak azalmışken, grup 3’te anlamlı olarak azalmıştı.
Üçüncü aydaki ortalama glomerüler filtrasyon hızı, grup 1 ve grup 2’de preoperatif düzeylere göre anlamlı olarak artmazken, grup 3 de ortalama glomerüler 
filtrasyon hızı preoperatif düzeylere göre istatistiksel olarak anlamlı derecede artmıştı.
Sonuç: Glomerular filtrasyon hızı, böbrek fonksiyonlarının iyi bir göstergesidir ve perkütan nefrolitotomi prosedüründen önemli ölçüde etkilenir. Böbrek 
travma prosedürü nedeniyle perkütan nefrolitotomi sonrası böbrek fonksiyonu azalmış olsa da böbrek taşı nedeniyle ameliyat olan hastalarda postoperatif 3. 
ayda böbrek fonksiyonu iyiye gider. Bu nedenle perkütan nefrolitotomi, böbrek taşına bağlı preoperatif glomerular filtrasyon hızı<60 olan hastalarda böbrek 
fonksiyonlarını önemli ölçüde iyileştirir.
Anahtar kelimeler: Böbrek taşı, Glomerular filtrasyon hızı, Kreatinin klirensi, Perkutan nefrolitotomi
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INTRODUCTION

The incidence of adult renal stone disease is increasing 
over time, with prevalence of 2-20% worldwide (1). It is cer-
tain that urinary tract stone disease causes different degrees 
of renal dysfunction based on infective and obstructive mec-
hanisms. In addition, chronic diseases such as hypertension, 
diabetes mellitus, and metabolic syndrome, which are asso-
ciated with urinary tract stone disease, also affect renal func-
tion negatively (2). So, the treatment method for stone dise-
ase should have minimum effect on kidney function. Several 
studies reported that minimally invasive surgical techniques 
used in the treatment of kidney stones are superior to open 
surgical techniques due to their effect on renal function (3).

Percutaneous nephrolithotomy (PCNL) is an effecti-
ve and safe, minimally invasive surgical option in patients 
with large and/or complicated renal calculi (4). The effect 
of PCNL on renal function was evaluated in many studies. 
However, studies about the effect of PCNL on renal function 
are inadequate and the results are contradictory. Although 
it was reported that glomerular filtration rate (GFR) may 
decrease during the first hours after tract dilation in animal 
models (5), there is insufficient data for humans. The long-
term impacts of PCNL on GFR were evaluated in several stu-
dies. The hole created in the kidney, complications such as 
bleeding during PCNL and the removal of stones from the 
kidney with PCNL is not known how the effect GFR in early 
and late period.

In this study, we aimed to evaluate the early and late effect 
of PCNL on renal function based on preoperative GFR levels.

MATERIALS AND METHODS

Seven hundred and ninety-four patients undergoing 
PCNL at single center between January 2014 and Novem-
ber 2018 were retrospectively reviewed. The study was car-
ried out at the Department of Urology, faculty of medicine, 
Ministry of Health University Izmir Bozyaka Training and 
Research Hospital. The study was approved by the Ethic 
Committee of Amasya University (2021/1680). Four hund-
red and forty-three patients under 18 years, with anatomic or 
functional solitary kidneys, who had bilateral kidney stones 
or received transfusion during surgery or after the procedu-
re, with hemodynamic changes during operation, prescribed 
nephrotoxic drugs, with tubeless or double J insertion proce-
dures or who had missing data were excluded from the study. 
According to preoperative GFR, patients were divided into 
three groups: group 1 consisted of GFR >90 ml/min; group 2 
consisted of GFR levels between 60-90 ml/min; and group 3 
consisted of GFR <60 ml/min.

After general anesthesia, a 5 or 6 F ureteral catheter was 
inserted and fixed to a Foley catheter. PCNL was performed 
in prone position. Access was obtained under fluoroscopy 
using an 18-gauge needle, and tract was dilated with Amplatz 
dilatators to 30 F caliber. Stone fragmentation was accomplis-
hed using a pneumatic lithotripter (Vibrolith; Elmed, Ankara, 
Turkey). At the end of the procedure, 14 F nephrostomy tube 

was inserted, and antegrade pyelography was performed. Pa-
tient demographics (age, gender, body mass index) and pe-
rioperative data were recorded by the surgeon immediately 
postoperatively. Perioperative data included operation side, 
stone burden, number of percutaneous tracts, surgery time, 
length of stay and estimated blood loss. Also, postoperative 
complications were noted according to the Clavien scoring 
system (6). Postoperative pain control was achieved with 
narcotic analgesics for all patients. Nonsteroidal anti-inflam-
matory drugs were not used in the perioperative and pos-
toperative period for all patients. Ceftriaxone was given as 
prophylaxis before the operation and continued until the 
nephrostomy tube was removed. Nephrotoxic drugs were not 
used before, during, or after the operation in all patients.

Preoperative, postoperative at 1st day and 3rd month af-
ter operation, serum creatinine was obtained from the hospi-
tal records of the patients. Creatinine clearance was calcula-
ted with the Cockcroft–Gault formula (7).

Statistical Analysis

Data were analysed using the Statistical Package for Soci-
al Sciences, version 20.0 (SPSS, Chicago, Ill) software prog-
ram. Categorical data was presented as numbers and collum 
percentages. Continuous data was evaluated by Kolmogo-
rov-Smirnov test to verify the normality of distribution of 
variables. Not normally distributed data was presented with 
median and IQR (25-75th) and Kruskal-Wallis test was used 
for comparison of CKG groups. Pearson Chi-square and 
Exact test analyses were used to compare the groups. Two 
related non-normally distributed data were compared with 
Wilcoxon test. Statistical significance was defined as p<0.05.

RESULTS

A total of 345 cases were included in this study. The 
number of patients in group-1, group-2, and group-3 were 
98, 172, and 75 respectively. Demographic and operation 
data are shown in Table 1. There were no statistically sig-
nificant differences between demographic data, blood loss, 
stone burden, stone density, surgery time and numbers of ac-
cess. Median (25-75th) preoperative GFR levels in group-1, 
group-2 and group-3 were 101.1 (96.4-111.5) ml/min/1.73 
m2, 76.1 (68.3-82.1) ml/min/1.73 m2 and 51.2 (44.8-56.7) ml/
min/1.73 m2, respectively.

A transitional decrease in GFR was observed on the 1st 
day after operation, but after that it increased gradually. In 
group-1 and group-2, GFR decreases were statistically sig-
nificant on the 1st day after operation compared to preope-
rative GFR values (p<0.001). But in group-3, GFR decrease 
was not statistically significant on the 1st day after operation 
compared to preoperative GFR values (p=0.138) (Table 2).

In the 3rd month, mean GFR was decreased compared 
to preoperative levels in group 1 and group 2 but it was not 
statistically significant (0.074 and 0.129 respectively). Howe-
ver, the GFR levels rose above preoperative levels in the 3rd 
month postoperative after PCNL (p=0.033) (Table 3). eGFR 
results of the groups were shown in Figure 1.
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Table 1. Demographic and perioperative data

Group-1 (N:98) Group-2 (N:172) Group-3 (N:75) p value^
Age, Years 46 (34.75-56) 49.5 (40.25-57) 52 (36-60) 0.076

BMI, kg/m2 26.2 (22.6-29.4) 25.7 (22.9-29.3) 27.3 (23.0-29.4) 0.411
Gender, n (%)
Female
Male

34 (34.7)
64 (65.3)

63 (36.6)
109 (63.4)

32 (42.7)
43 (57.3)

0.538*

Metabolic Syndrome, n (%) 12 (12.2) 14 (8.1) 13 (17.3) 0.104*

No. Side, n (%)
Left
Right

50 (51.0)
48 (49.0)

83 (48.3)
89 (51.7)

31 (41.3)
44 (58.7)

0.434*

Stone Localization, n (%)
Single Kalix or Pelvis
Partial Staghorn
Staghorn
Multiple

36 (36.7)
18 (18.4)
12 (12.2)
32 (32.7)

65 (37.8)
28 (16.3)
24 (14.0)
55 (32.0)

22 (29.3)
17 (22.7)
14 (18.7)
22 (29.3)

0.717*

Number of Accesses, n (%)
One
Two

87 (88.8)
11 (11.2)

157 (91.3)
15 (8.7)

65 (86.7)
10 (13.3)

0.527*

Stone Burden, mm2 314 (219-579) 345 (217-640) 392 (259-767) 0.426

Stone density, HU 1000 (800-1208) 1120 (800-1300) 1035 (800-1230) 0.103
Surgery Time, min. 100 (70-130) 90 (70-120) 95 (70-120) 0.108
Length of stay, day 3.5 (2-4) 3 (3-4) 4 (2-5) 0.498
Hg Drop, mg/dL 1.9 (0.77-2.80) 1.5 (0.80-2.20) 1.3 (0.60-2.20) 0.074
Stone free status, n (%) 68 (69.4) 113 (65.7) 50 (66.7) 0.824*
Complication grade, n (%)
Clavian 1
Clavian 2
Clavian 3A
Clavian 3B

12 (12.2)
9 (9.2)
13 (13.3)
1 (1.0)

17 (8.9)
13 (4.91)
7 (4.1)
4 (2.3)

6 (8.0)
5 (6.7)
3 (4.0)
1 (1.3)

0.125**

^Kruskall Wallis, *Pearson Chi-Square, **Exact test
Results are expressed in median (IQR (25-75th)), BMI: Body Mass Index, Hg: hemoglobin, HU: Hounsfield unit

Table 2. Comparison of preoperative GFR with postoperative 1st Day GFR

Mean Preoperative GFR 
(mL/min/1.73m2)

Mean Postoperative 1st Day GFR 
( mL/min/1.73m2) p value^

Group-1 101.1 (96.4-111.5) 87.3 (79.7-101.9) <0.001
Group-2 76.1 (68.3-82.1) 64.9 (57.8-75.5) <0.001
Group-3 51.2 (44.8-56.7) 46.3 (37.3-53.0) 0.138
^Wilcoxon test
GFR: Glomeruler Filtration Rates
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Table 3. Comparison of preoperative GFR with posto-
perative 3rd Month GFR

Mean 
Preoperative 

GFR (mL/min)

Mean Postoperative 
3rd Month GFR 

(mL/min)
p value^

Group-1 101.1 
(96.4-111.5) 101.3 (90.5-110.2) 0.074

Group-2 76.1 (68.3-82.1) 74.3 (66.1-82.7) 0.129

Group-3 51.2 (44.8-56.7) 54.2 (43.9-63.5) 0.033

^Wilcoxon test
GFR: Glomeruler Filtration Rates

DISCUSSION

PCNL is the primary treatment modality in patients with 
high stone burden today. Some studies reported PCNL cau-
sed scar formation after operation in animals (8,9). Percuta-
neous access might lead to damage of kidney parenchyma 
around the access point. This damage can favorably evolve 
with healing or progress to fibrosis, thus causing an irrever-
sible loss of function in this location (5).

On the other hand, decline in renal function was attri-
buted to trauma induced vasoconstriction in both kidneys 
based on studies such as Nazaroglu et al. (10) who demons-
trated a temporary increase in resistive indices of both kid-
neys following unilateral SWL (shock-wave lithotripsy). The 

suggested mechanisms of vasoconstriction in the contrala-
teral kidney are neural and hormonal. Efferent and afferent 
renal nerves contribute to renorenal reflexes that enable kid-
neys to have balanced and regulated function (11). Connors 
et al. (12) explained the role of renal nerves in renal blood 
flow regulation by showing that the unilateral denervation 
of a kidney prevented a decrease in renal plasma flow of that 
kidney following contralateral kidney SWL. As such, unila-
teral PCNL can induce vasoconstriction of the contralateral 
kidney through sympathetic nervous system stimulation. 
From the hormonal point of view, Atici et al. (13) showed 
a significant increase in serum renin and aldosterone levels 
during PCNL, which can contribute to bilateral renal vaso-
constriction. These mechanisms lead to an increase in serum 
creatinine levels. However, glomerular filtration rate is more 
sensitive than serum creatinine levels. Elevation in serum 
creatinine levels is equivalent to a decrease in glomerular filt-
ration rate.

Several blood and urine markers have been used to assess 
kidney function, but there were differences between results 
(14,15). The accuracy of the renal scan depends mainly on 
the method used to calculate clearance. Plasma clearance ap-
pears to be the most accurate; however, it necessitates multip-
le blood samples. In a recent study we used plasma clearance 
which was calculated with the Cockcroft–Gault formula (7).

Nouralizadeh et al. (16) reported that renal GFR decrea-
ses immediately after PCNL, reaches a nadir 48 h after opera-
tion, and then increases slowly in patients with preoperative 

Figure 1. GFR changes within groups
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normal creatinine levels. However, the late effect of PCNL on 
GFR changes was not investigated in that study. Handa et al. 
(17) reported that the drop in GFR returned to preoperative 
values within postoperative 72 hours. Webb and Fitzpatrick 
reported that renal function returned to normal values ac-
cording to radionuclide imaging 2 weeks after PCNL (9). As 
a result of these studies, it can be concluded that GFR returns 
to normal values 3-14 days after PCNL. In our study, we ai-
med to assess the effect of PCNL on kidney functions accor-
ding to basal functional reserve with repeated GFR measure-
ments of patients on postoperative 1st day and 3rd months. 
Our findings were consistent with Nouralizadeh et al. (16) 
who reported that GFR decreased on the 1st postoperative 
day 1 in all groups. We evaluated GFR in the postoperative 
3rd month again for late global renal function.

Nouralizadeh et al. (16) in a prospectively planned study 
evaluated CrCl (creatinine clearance) changes in 94 patients 
following unilateral PCNL, whose mean±SD creatinine 
clearance according to the Cockcroft-Gault equation was 
87.5±32.2 ml/min before operation. They showed a decrease 
in CrCl in 20% of patients on the first postoperative day with 
an improvement trend in 72 h. Handa et al. (5) reported a 
decrease in bilateral renal function and perfusion following 
unilateral PCNL in pigs with normal renal function and also 
a significant increase in serum creatinine in 126 of 196 pa-
tients who underwent unilateral PCNL on the first postope-
rative day. In our study, a transitional decrease in GFR was 
observed on the 1st day after operation, but then it increa-
sed gradually. In group-1 and group 2, GFR decreases were 
statistically significant, although the GFR decrease was not 
significant in group 3, compared to preoperative GFR values 
on the 1st day. 

Gupta et al. (18) reported that 33 patients who underwent 
kidney stone treatment such as PCNL, SWL, ureteroscopic 
stone extraction, alkalinisation and open surgery had hi-
gher serum creatinine levels of 2 mg/dl. The postoperative 
serum creatinine value in 32 of 33 patients was lower than 
the preoperative value (mean 2 vs. 3.2 mg/dl, P<0.001). Bilen 
et al. (19) reported significant improvement of patients with 
late stage renal disease who underwent PCNL; however they 
showed deterioration of patients with early stage renal disea-
se. Kukreja et al. (20) reported 84 patients with kidney stone 
disease and impaired renal function who underwent PCNL. 
They showed that 33 of 84 patients had improvement of renal 
function according to preoperative renal function, while 24 
of 84 patients had deterioration of renal function. Watts et 
al. (21) compared renal functional outcomes in patients with 
and without chronic kidney disease at a minimum of 6 mont-
hs post-surgery. Patients without chronic kidney disease had 
an overall decrease in GFR from 105.6 to 103.3 ml/min/1.73 
m2 üst karakter olacak (p=0.494). Patients with CKD had an 
overall increase in mean GFR post-operatively, from 47.3 to 
54.0 ml/min/m2 (p=0.067). Etemadian et al. (22) performed 
PCNL on 60 patients with a creatinine level higher than 1.5 

mg/dL and found that creatinine level significantly decreases 
after the operation. In our study, in patients with GFR<60, 
GFR decreased to some degree on the postoperative 1st day 
although it was not significant, but by the postoperative 3rd 
month GFR levels in this group significantly improved and 
exceeded preoperative GFR levels.

In a recent study, nephrotoxic drugs were not used pre-
operatively or postoperatively. Nephrotoxic drugs can affect 
the speed of GFR drop or nadir value of GFR. Handa et al. 
(17) reported that during PCNL applied with nephroscopy 
and normal saline irrigation, tract dilation, stone fragmenta-
tion caused bilateral renal vasospasm and decreasing GFR in 
PCNL patients with normal contralateral kidney. This is an 
important study to explain how the preoperative GFR values 
affect postoperative GFR changes in PCNL and when GFR 
returns to the normal value.

The main limitations of the present study are its retrospe-
ctive design which could possibly cause some bias, and using 
serum creatinine value to calculate GFR may not be the best 
method. The Cockcroft–Gault formula is a widely used and 
shows GFR changes with appropriate error (8). However, the 
aim of our study was not to define the most accurate GFR 
measurement. We use GFR only for follow up purposes and 
preoperative classification. So, we think that the Cockcroft–
Gault formula will not cause significant errors in the results. 
Our study has some potential advantages. Firstly, the same 
surgeons performed PCNL in our clinic with the same pro-
tocol so there was no surgery-effect bias. The other important 
issue is that we did not evaluate only early PCNL effects. In 
addition, we evaluated the impact of percutaneous surgery 3 
months after PCNL because early evaluation alone may cause 
errors about the effect of PCNL on renal function.

In conclusion; estimated GFR, as a better indicator of re-
nal function, is significantly affected by the PCNL procedu-
re. Although, renal function initially decreased after PCNL 
because of the renal trauma procedure, kidney function is 
better by the postoperative 3rd month because of the disap-
pearance of kidney stones. So PCNL significantly improved 
renal functions in patients with preoperative GFR <60 due to 
renal stone.
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