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ABSTRACT 

Background and Aims: Nowadays, percutaneous nephrolithotomy (PNL) is a common 

method for removal of upper urinary tract stones. Renal parenchymal damage occurs 

during this procedure. Dimercapto-succinic acid (DSMA) renal radioisotopes scan is one 

of the best methods for analyzing parenchymal kidney function. In this study we are going 

to show the impact of percutaneous nephrolithotomy on renal functions by using DMSA 

scintigraphy. Material and Methods: 40 patients who had undergone percutaneous 

nephrolithotomy were included. Preoperative DMSA scans were performed before the 

surgery, whereas postoperative scans were done within 3 months after the procedure. 28 

patients (70%) were approached through a single access tract and 12 (30%) were 

approached through multiple access sites. The kidney function and the extent of 

parenchymal damage compared and analyzed by SPSS 17. Results: There were no 

significant changes in the total scintigraphic functions of the treated kidneys in the whole 

study group (p=0.99). Also, there was no significant association between the scintigraphic 

function of the treated kidneys with number of tracts performed. Despite not quite 

statistically significant (p=0.08), the total scintigraphic function of the treated kidneys with 

pre-existent hydronephrosis seemed to improve after PNL (The mean renal split function 

was 36.7±13.1% before PCNL. After PNL, it became 40±13.15%). New focal cortical 

defects on DMSA scan were seen in nine patients (22.5%).The site of the focal defect 

corresponded to the access site for tract formation in two of these kidneys and was in the 

form of small peripheral cortical defects (reflecting pyelonephritic sequelae) in seven renal 

units. In the multivariable logistic regression analysis, the key risk factors for the 

development of post PNL cortical scarring were: post- operative development of 

SIRS/Urosepsis (OR = 54), intra-operative bleeding necessitating transfusion (OR= 8.44) 

and multiple access tracts (OR = 8.33). Conclusion: DMSA confirms that renal function is 

preserved or often improved (in renal units with pre- procedural pyelocaliceal system 

dilation) after percutaneous stone removal. PNL did not cause significant harm to the 

treated kidneys even when multiple access tracts were performed. 

INTRODUCTION 

Stone surgery is the most frequent practice 

in urology. Urologists currently the 

method of intervention in the treatment of 

nephrolithiasis depends on the availability 

of hospital equipment, the development of 

methodology, the surgeons experience and 

the patient’s choice (1, 2). 

PNL as a minimally invasive surgical 

procedure considered as most popular 

procedure for removal of large renal and 

upper ureteral calculi. Adequate access 

entry of targeted calyx and tract dilatation 

gently and safely are the most important 

step of this surgery (3). 

The postoperative measurements of renal 

function indicate that patients tolerate 

PNL well, but the immediate effects on 

renal functions are not well known 

quantitatively (4). Detecting renal 
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parenchymal loss and destruction, which 

are supposed to occur after PNL, is 

possible with 99m 

Technetium Dimercapto-Succinic Acid 

(99mTc-DMSA) scintigraphy, which is 

widely used to examine the renal 

parenchyma for other disease processes 

(5). 

In this study, we present our data 

comparing the difference between 

preoperative and postoperative 99mTc-

DMSA scintigraphic evaluation of kidneys 

treated with PNL for stone disease. 

PATIENTS AND METHODS 

This retrospective  study was conducted at 

Urology department (Al-Azhar University 

hospital, New Damietta) included 40 

patients who underwent PNL for renal 

stone disease from February, 2015, to 

August,  2015 The basic preoperative 

workups included: Full history, Clinical 

examination, Biochemical and 

hematologic profiles. The presence of the 

stone and its characteristics were 

evaluated with a plain abdominal 

radiography (KUB film), gray-scale 

abdomino-pelvic ultrasonography (U/S), 

excretory intravenous urography (IVU) 

and/or non-contrast abdomino- pelvic 

spiral CT scan (NCCT). Preoperative 

Renal DMSA scan was done before 

admission,. 

Informed consent was taken from the 

patients. The PCNL procedure was 

performed under general anesthesia (GA) 

with the patient in the conventional prone 

position. Tract dilatation was 

accomplished using Alken telescopic 

metal dilators. The tract was dilated to 30-

Fr before placement of an Amplatz sheath 

in the collecting system. Fragmentation 

and stone removal were accomplished in 

all patients with Pneumatic lithoclast and 

stone grasping forceps through standard 

26 Fr rigid nephroscope. Additional tracts 

were established when necessary 

according to the stone burden and calyceal  

anatomy with the aim of complete stone 

clearance. A nephrostomy tube was left in 

place at the end of the surgery. Patients 

were followed up for three months and 

finally assessed by an ultrasound scan and 

DMSA scintigraphy. Preoperative and 

follow-up scans were done in same 

institute, by same machine and the renal 

scan was reported by a same person .the 

evaluation of difference between pre and 

postoperative. scintigraphic function was 

considered as primary out come. All data 

were documented in detail and statistically 

analyzed using the computer program 

SPSS version 17. A P value <0.05 was 

considered statistically significant. 

RESULTS 

Forty patients (22 men and 18 women) 

with a mean age of 45.35 years (range 25–

63 years) were evaluated prospectively for 

any alteration of renal morphology and 

function after end urologic treatment for 

nephrolithiasis. PNL was performed on 21 

right and 19 left kidneys. Mean stone 

burden was 39.28 mm. PNL was 

performed using a single tract in 28 

patients and two tracts in 12 patients. 

There were no major complications and 

deaths in our series. The majority of the 

complications were bleeding, urinary 

leakage after removal of the nephrostomy 

tube, and postoperative fever. The initial 

success rate was 65%. The rate increased 

to 85% at 3 months after a second 

intervention (SWL). The duration of 

surgery raged from 35 – 140 min., with a 

mean duration 87.62 ± 28.46 min. 

Perioperative and Postoperative Findings 

are summarized in table 1. 

99mTc-DMSA scan was performed within 

3 months after the procedure. There were 

no significant changes in the total 

scintigraphic functions of the treated 

kidneys in the whole study group (p=0.99) 

(Table 2). 
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Also, there was no significant association 

between the scintigraphic function of the 

treated kidneys with number of tracts 

performed. But when we compare the total 

scintigraphic function of the treated 

kidneys with pre-existent hydronephrosis, 

it seemed that PNL protected renal units 

with pre- existent pyelocaliceal system 

dilation through removal of their 

obstructing calculi and even improved 

their total scintigraphic function. The  

mean renal split function was 36.7±13.1% 

before PNL. After PNL, the mean renal 

split function became 40±13.15% in the 

operated renal units. However the renal 

function differences were not quite 

statistically significant (p=0.08) (Table 3). 

Of 40 renal units, new focal cortical 

defects on 99mTc-DMSA scan were seen 

in nine patients (22.5%). We observed 

difficulties in establishing the tract in 

seven of these patients who had focal 

cortical defects. The site of the focal 

defect corresponded to the access site for 

tract formation in two of these kidneys 

and was in the form of small peripheral 

cortical defects (reflecting pyelonephritic 

sequelae) in seven renal units. When 

associating different variables evaluated 

with the development of post-PNL cortical 

scarring, cortical scarring was 

significantly related to five factors, 

namely: complex stones (p=0.042), 

multiple access tracts (p=0.006), the 

volume of the irrigant fluid consumed 

(p=0.007), intra-operative bleeding 

necessitating transfusion (p=0.007) and 

the post-operative development of 

SIRS/Urosepsis (p=<0.001) (Table 4). In 

the multivariable logistic regression 

analysis, the key risk factors for the 

development of post PNL cortical scarring 

were: post-operative development of 

SIRS/Urosepsis (OR = 54), intra-operative 

bleeding necessitating transfusion (OR = 

8.44) and multiple access tracts (OR = 

8.33) (Table 5). 

Table 1: Perioperative and 

Postoperative Findings 

 

 

Tract No. & Site 

1 
28 

(70%) 

lower 
20 

(50%) 

middle 8 (20%) 

 

2 

 

12 

(30%) 

Lower & middle 
10 

(25%) 

Lower & Upper 2 (5%) 

 

Operative time (min.) 

Range Mean ± SD 

(35 – 140) 87.62 ± 28.46 

Initial success Rate (Stone free + CIRF) 26 (65%) 

Over-all Stone free rate 34 (85%) 

Complications: 

SIRS managed with additional antibiotics 

in the ward (instead of prophylactics) 
11 (27.5%) 

Bleeding requiring blood transfusion 9 (22.5%) 

Persistent urine leakage managed by 

ureteric stenting 
5 (12.5%) 

Table (2): Changes in total function 

before and after PCNL 

 
Mean ± 

SD 
P 

 

Total scintigraphic functions 

of the treated kidneys 

Pre. 
41.971 ± 

11.584 
 

0.99 

(NS) Post. 
41.967 ± 

10.609 

SD: standard deviation P:Probability P 

significance when<0.05 Test used: Student's t-test 

Table (3): Changes in total function 

before and after PCNL in relation to 

Hydronep hrosis and Tracts No. 

 
Total 

scintigraphic 

function 

Mean ± 

SD 
P 

 

Hydronephrosi

s 

No 

Pre. 
45.917 ± 

8.878 
0.3(NS) 

Post. 
43.4 ± 

8.530 

Yes 

Pre. 
36.711 ± 

13.138 0.08(NS

) 
Post. 

40.056 ± 

13.197 

 

 

Tracts No. 

single 

Pre. 
40.54 ± 

9.61 
0.4(NS) 

Post. 
41.62 ± 

10.18 

multipl

e 

Pre. 
44.3 ± 

14.660 
0.7(NS) 

Post. 
42.5 ± 

11.929 

SD: standard deviation P:Probability P 

significance when<0.05 Test used: Student's t-test 
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Table (4): Predictors of scarring 

(Univariate Analyses) 

 
Cortical scarring  

P No Yes 

Total patients 31 9 - 

Age Mean ± SD 
42.37±13.8

3 
52.40±8.41 0.14(NS) 

Sex 
Male n. 

(%) 

18 (58%) 4 (44.4%) 0.47 

(NS) Female 13 (42%) 5 (55.6%) 

 

ASA 

1.0  

n. 

(%) 

13 (41.9%) 3 (33.3%) 

0.9 (NS) 2.0 15 (48.4%) 5 (55.6%) 

3.0 3 (9.7%) 1 (11.1%) 

 

Stone complexity 

1.0 
 

n. 

(%) 

12 (38.7%) 1 (11.1%) 

 

0.042 (S) 

2.0 13 (41.9%) 2 (22.2%) 

3.0 4 (12.9%) 5 (55.6%) 

4.0 2 (6.5%) 1 (11.1%) 

Tracts No. 
single n. 

(%) 

25 (80.6%) 3 (33.3%) 
0.006 (S) 

multiple 6 (19.4%) 6 (66.7%) 

Operative time 

Mean ± SD 

89.38±34.2

5 

91.00±14.3

2 
0.9(NS) 

Volume of the 

irrigant fluid 
18.63±8.07 27.20±7.16 0.007(S) 

Occurrence of 

Complications 

No 

 
 

n. 

(%) 

13 (42%) 1 (11.1%) 0.09 

(NS) Yes 18 (58%) 8 (88.9%) 

Bleeding requiring 

blood transfusion 

No 27 (87%) 4 (44.4%) 
0.007 (S) 

Yes 4 (13%) 5 (55.6%) 

SIRS/ Urosepsis 
No 27 (87%) 1 (11.1%) <0.001 

(S) Yes 4 (13%) 8 (88.9%) 

SD: standard deviation P: Probability P significance 

when<0.05. Test used: Student's t-test for data 

expressed as mean ± SD and Chi-square for data expressed as 

frequency. 

Table (5): Predictors of scarring 

(Multivariate Analysis) 
 P OR 95% C.I. 

Step 1a SIRS/ Urosepsis 
0.000

8 
54 5.26 554.48 

Step 2b 

Bleeding requiring 

blood transfusion 
0.01 8.44 1.57 45.39 

Tracts No. 0.01 8.33 1.60 43.29 

P: Probability, OR: odd's ratio, CI: confidence interval. 

Discussion 

With PNL as a minimally invasive 

technique the maximal stone clearance 

with nephron preservation is the desired 

result in the treatment of renal calculi. In 

clinical practice, 99mTc- DMSA 

scintigraphy, a noninvasive procedure, has 

been used to evaluate the impact of 

various pathological processes on the 

renal cortex, including cortical functional 

integrity and and detection of renal scaring 

(5,6). 

Although the results of some studies like 

Handa et al. (7) and Demirtaş et al. (8) 

look like PNL gives harm to the kidney 

tissue and  functions, large studies like 

Holman et al. (9), Dawaba et al. (10) and 

Wadhwa et al. (11), tell us  that PNL is 

not harmful even in the early term. 

Besides, it improves renal functions. 

However, we have to consider the 

existence of a response to surgical trauma 

induced by PNL. 

Ekelund et al. (12) determined that renal 

functions worsen scintigraphically on the 

postoperative 1st day but recover after 2 

weeks. In the light of DMSA and GFR, 

Mayo et al. (13) claimed that PNL 

protects the renal functions. 

In 2006, Moskovitz et al. (4) studied a 

series of 88 patients with a mean age of 

47±16 years by sequential DMSA 

examinations before and after PNL. There 

was no statistically significant difference 

in the uptake by the treated kidneys before 

versus after PNL. 

In another study, a series of 37 patients 

with a mean age 43.11 years underwent 

PNL. They were examined by 99mTc-

DMSA renal imaging before and 2 month 

after surgery. They showed that the mean 

renal split function was 37.05% in the 

affected (operated) kidney before PNL. 

After procedure the mean renal split 

function was 36.71% in the affected 

kidney. The renal function differences 

were not statistically significant before 

and after intervention (p=0.41) (14). 

In another similar study, Ünsal et al. (15) 

compared percutaneous dilatation methods 

(balloon, Amplatz, and Alken).They found 

that they did not affect the renal functions 

according to method of diltation. 

On the other hand, Demirtaş et al. (8) 

studied the effects of access count in PNL 

on renal functions by 99mTc-DMSA. 

They showed that the treated sides’ 

differential functions decreased 

significantly after the procedure when 
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compared to preoperative levels 

(p=0.003). When considered according to 

evaluation time, in those which were 

evaluated before the postoperative 6th 

month (early term), the treated side 

decreased significantly (p=0.02). After the 

6th month (late term), the treated sides’ 

functions significant decrease continued 

(p=0.04). 

In our study, Twenty-eight of 40 cases 

underwent percutaneous nephrolithotomy 

with a single access site and 12 with 

multiple access sites. There were no 

significant changes in the total 

scintigraphic functions of the treated 

kidneys in the whole study group 

(p=0.99). Also, there was no significant 

association between the scintigraphic 

function of the treated kidneys with 

number of tracts performed. But when we 

compare the total scintigraphic function of 

the treated kidneys with pre-existent 

hydronephrosis, it seemed that PNL 

protected renal units with pre-existent 

pyelocaliceal system dilation through 

removal of their obstructing calculi and 

even improved their total scintigraphic 

function. The mean renal split function 

was 36.7±13.1% before and after PNL., 

the mean renal split function became 

40±13.15% in the operated renal units. 

However, the renal function differences 

were not quite statistically significant 

(p=0.08). 

A single PNL procedure produces a small 

but permanent parenchymal scar at the site 

of the nephrostomy tract after several 

weeks. However, tissue adjacent to, as 

well as relatively distant from, the tract is 

also injured during PNL. Such injury and 

any associated interstitial inflammation 

may resolve but may also progress to 

fibrosis and scarring (7). 

Samad et al. (16) researched 60 renal 

units by using DMSA scan at the first 

post-operative month. They only found 

renal scars in 17% of cases. However, 

they mentioned that scar formation might 

be related with PNL in only 5% of all 

cases. 

In the study of Ünsal et al. (15), of 50 

renal units examined by 99mTc-DMSA 

renal imaging before and 3-6 months after 

surgery, new focal cortical defects were 

seen in nine patients (18%). In six of these 

kidneys the site of focal defect 

corresponded to the access site for tract 

formation during PNL. 

Cicekbilek et al. (17) researched 41 renal 

units of 40 children with a mean age 9.5 

years underwent PCNL. They were 

examined by 99mTc-DMSA renal 

imaging before and 3 months after 

surgery. The total relative uptake in the 

treated kidneys increased from 42.3% to 

44.1% and new focal cortical defects on 

99mTc-DMSA scans were seen in 4 

(9.7%) patients. 

On the other hand, Dawaba et al. (10) 

studied DMSA and DTPA in 72 renal 

units. None of them had a renal scar. 

In our series, new focal cortical defects on 

99mTc-DMSA scan were seen in nine 

patients (22.5%). We observed difficulties 

in establishing the 

tract in seven of these patients who had 

focal cortical defects. The site of the focal 

defect corresponded to the access site for 

tract formation in two of these kidneys 

and was in the form of small peripheral 

cortical defects (reflecting pyelonephritic 

sequelae) in seven renal units. 

When associating different variables 

evaluated with the development of post-

PNL cortical scarring, cortical scarring 

was significantly related to five factors, 

namely: complex stones (p=0.042), 

multiple access tracts (p=0.006), the 

volume of the irrigant fluid consumed 

(p=0.007), intra-operative bleeding 

necessitating transfusion (p=0.007) and 
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the post-operative development of 

SIRS/Urosepsis (p=<0.001). In the 

multivariable logistic regression analysis, 

the key risk factors for the development of 

post PNL cortical scarring were: post-

operative development of SIRS/Urosepsis 

(OR = 54), intra- operative bleeding 

necessitating transfusion (OR = 8.44) and 

multiple access tracts (OR = 8.33). 

Conclusion 

99mTc-DMSA is a non-invasive method 

that is able to assess changes in individual 

renal function. DMSA confirms that renal 

function is preserved or often improved 

(in renal units with pre-procedural 

pyelocaliceal system dilation) after 

percutaneous stone removal. PCNL did 

not cause significant harm to the treated 

kidneys even when multiple access tracts 

were performed. The key risk factor for 

the development of post PCNL cortical 

scarring was the post-operative occurrence 

of SIRS/Urosepsis. 
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