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Abstract
Objective: To monitor the impact of Shock Wave Lithotripsy (SWL) on the renal resisive index (RI) and to investigate the 

potential of the RI measurement for the estimation of the optimal duration between 2 SWL sessions. Material and methods: 
Thirty patients with single pelvis renalis stone were included. Participitants were grouped according to their age as group1 
(<40 years, mean age 36.2±3.9 years) and group 2 (≥40 years, mean age 55.4±6.5 years). RI measurement was performed 
in of all patients prior to SWL. After SWL, RI was monitored daily until RI returned to their pre-SWL values. Results: The 
mean stone size was 2 8.97±3.62 in group 1 and 10.08±4.67 mm in group 2 (p=0.077). Following SWL RI value of both goups 
increased and higher RI value was measured at 24th hour as compared with their pre-SWL values (p<0.001). In day 2 RI of the 
groups declined, but the differences were still statistically different from their pre-SWL RI values (p<0.001). However, on the 
third day, RI of group 1 was close to their pre-SWL level (p=0.143). But, in group 2, RI value returned to their pre-SWL limits 
on day 4 (p=0.229). Conclusions: RI measurement gives important data regarding SWL related acute renal trauma and should 
be used as an US marker for recovery after SWL. 
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Introduction

Urolithiasis is one of the most common urologi-
cal diseases, and extracorporeal shock wave lithotripsy 
(SWL) is the method of choice in majority of cases [1,2]. 
Although it rarely leads to serious complications, SWL 
treatment is generally accepted as safe and has negligible 
side effects on long-term follow-up. 

In urological practice, multiple SWL treatment ses-
sions may be required depending on stone composition 
and patient-related factors. However, an “off period” (du-
ration of stand-by time) between two SWL sessions is 
mandatory to protect the kidneys against repetitive shock 
wave-related trauma because acute adverse effects of 
SWL on renal morphology and function may occur despite 
its proven safety and efficacy during long-term follow-
up. Therefore, urologists accept that there should be some 
duration between SWL sessions for kidney recovery. On 
the other hand, the ideal time interval between two SWL 
applications is not well known and remains under debate 
in the field of urology. It is not known exactly when the 
acute effect of shock waves on renal parenchyma returns 
to its normal limits. This question should be answered to 
estimate the ideal “off period” duration between sessions. 
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Although some clinical experience with limited evi-
dence indicates the feasibility of repeated SWL sessions 
within 1 day for ureteral stone, the interval required be-
tween repeated SWL sessions for renal stone treatment 
remains unknown [3]. Therefore, there is no consensus 
about the duration between SWL sessions. The “off pe-
riod” varies between 5 days and 2 weeks in daily uro-
logical practice depending on urologist’s or SWL techni-
cian’s preference. 

There are numerous radiologic reports concerning 
the impact of SWL on renal morphology and function 
[2,4-7]. Some of the studies focusing on the immediate 
vascular supply and total effective renal plasma flow of 
the kidneys indicated a transient decrease in these func-
tions after SWL [4-7]. However, none of the radiological 
tools have been until now used to investigate the interval 
required between two SWL sessions. Measurement of 
the renal arterial resistive index (RI) of the kidney is a 
recently applied successful radiological tool that can re-
veal the resistance of intrarenal arteries, indirectly dem-
onstrating effective renal blood flow [8-10]. Recently, it 
was shown that shock waves may decrease renal blood 
flow, which can lead to transient impairments in renal 
function after SWL [11]. 

In the present study, we aimed to evaluate and moni-
tor renal RI changes after high-energy shock wave ap-
plication in patients with pelvis renalis stones by using 
color Doppler ultrasonography (CDU), to show the abil-
ity of daily RI measurement during post-SWL follow-up, 
and to find the safe time interval between the first and 
second SWL sessions.

Material and methods

Adult patients with normal laboratory results (normal 
liver and kidney function tests, prothrombin time, acti-
vated partial thromboplastin time), no urinary tract infec-
tion, and a radiologically proven normal urinary system 
(no congenital anomaly, no obstruction) were enrolled in 
the study after approvel  by the local ethics committee 
and providing written informed consent. Patients older 
than 18 years of age and having unilateral single pelvis 
renalis stone smaller than 20mm were included for the 
study. The diagnosis of calculi was confirmed by non-
contrast computed tomography (CT) and contrast en-
hanced images were taken to evaluate the urinary sys-
tem anatomy in same CT session. Multiple stones, any 
kidney lesion other than stone, history of previous stone 
treatment (SWL or surgery), metabolic disease threaten-
ing kidney function such as hypertension or diabetes, 
obstructive stone, and body mass index > 30 were the ex-
clusion criterias of the study. All participants underwent 

a physical exam, urine culture to exclude urinary tract 
infection, and routine biochemical tests. Then, patients 
were grouped according to age into group 1 (<40 years) 
and group 2 (≥40 years).

Shock wave monotherapy was performed by using 
an electrohydraulic lithotriptor under analgesia that was 
achieved by intramuscular diclofenac sodium prior to 
SWL therapy. Upper limit for SW recieved by patients 
was 3000 at a frequency of 1–1.5 Hz and 18 kV for the 
first SWL therapy session. The energy was increased in 
a stepwise manner with a pulse rate of 80/minute to the 
maximum intensity after 500 SW. 

Before the SWL session, the patients were evaluated 
using renal CDU (General Electric, Lociq 9, Milwaukee, 
USA) to measure their interlobar or arcuate RI. RI values 
of the upper, middle, and lower parts of the kidney were 
measured, and the arithmetic means of the three values 
were defined as the RI of the kidney. The RI of the con-
tralateral kidney was also assessed using the same proto-
col. After the SWL therapy, all patients were followed for 
a daily RI measurement until their RI values returned to 
their pre-SWL limits. The daily RI values of the groups 
were compared with each other and their pre-SWL RI 
values. 

Statistical Package for the Social Sciences (SPSS) 
version 17 was used for the data analysis. Repeated 
measures analysis of variance, paired t tests, chi square 
test, and Mann Whitney-U tests were used for the statis-
tical analysis. Values of p<0.05 were considered statisti-
cally significant at the 95% confidence level.

Results

Thirty patients were included in the study. Most of the 
stones in our study were on the left side (12 in the right 
and 18 in the left kidney). Table I represents the patients’ 
demographic characteristics according to groups. 

Before SWL monotherapy, RI values of the treated 
and nontreated kidneys were close to each other within 
the groups (p=0.192 group 1, p=0.347 group 2). In the 
treated kidneys, the RI value increased significantly after 
SWL session in both groups compared to their pre-SWL 
values (p<0.001). Although a slight decrease was seen 
on day 2 the mean RI values of both groups remained 
high comparing with their corresponding pre-SWL RI 
values (p<0.001). However, on day 3, the mean RI val-
ue of group 1 was not significantly different from their 
pre-SWL value (p=0.143), and the difference in 3rd day 
RI values between the two groups (group 1 and 2) was 
statistically significant (p<0.001). The mean RI value of 
group 2 returned to the normal limit (pre-SWL RI) on 
day 4 (p=0.229), and the difference between group 1 and 
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2 was not significant by day 4 (p=0.154). Evaluation of 
RI in the contralateral nontreated kidneys revealed no 
significant change in RI values of pre-SWL versus early- 
and late-term post-SWL values in both groups (table II). 

Discussions

Renal stones, one of the most common urological dis-
eases, should be treated by SWL according to urological 
guidelines. SWL treatment success depends on technical, 
stone, and patient-related factors, and repeated sessions 
are frequently needed for stone disintegration. However, 
an “off period” is suggested between SWL sessions to 
protect the renal parenchyma against repetitive trauma 
caused by the shock waves [3]. The underlying reason for 
this suggestion depends on the fact that SWL causes acute 
trauma to the treated kidney parenchyma and its vascu-
lature. On the other hand, the optimal duration of an “off 
period” between SWL sessions is debatable in urology. In 
present study, we aimed to show the capability of RI slope 
after SWL therapy to monitor shock wave-related trauma 
to kidneys with pelvis renalis stones in order to estimate 
the optimal “off period” time interval by age.

It is well known that shock wave-related high energy 
can potentially impair renal function. In the literature, the 
effects of shock waves on the morphology and function 
of treated kidneys have been subjected to several clini-
cal and experimental studies [2,4-6]. Many were concen-

trated to clarify the short- or long-term effect of the shock 
waves on the renal parenchyme and the vast majority of 
the studies showed that the acute effect of SWL on the re-
nal tissues was temporary due to its compensatory mech-
anism [12]. Today it is accepted that SWL treatment for 
renal stones is safe and reliable on long-term follow-up. 

Although many studies have shown the efficacy and 
reliability of SWL, the optimal duration of the “off peri-
od” between SWL sessions has yet to be determined. This 
is an unanswered traditional question in urology because 
estimating the optimal safe time is important to protecting 
the renal parenchyma against repetitive shock wave-relat-
ed trauma. Although some clinical experience with low 
degree of evidence indicates the possibility of repeating 
SWL session within 1 day for ureteral stones, we found 
no clinical study or experience concerning this aspect 
[2]. The degree of impact of shock waves on ureteral and 
renal tissue has not been largely studied. However, it is 
expected that renal tissue is more prone to SWL-related 
damage owing to its highly vascular thick parenchyma 
compared to that of ureteral tissue. Therefore, it may be 
logical to think that the “off period” for renal tissues in re-
nal stone lithotripsy should be longer than that of ureteral 
tissue. The present study was the first to measure daily 
RI to demonstrate its decreases. Here we tried to monitor 
the slope of the RI decrease after SWL therapy and to de-
velop an understanding of the time required for RI values 
of treated kidneys to return to normal limits. 

Table 1. Demographic charecteristics of the Younger (Group1) and Older (Group 2) gorups.
Group 1 Group 2 p value

Age (years) 36.2±3.9 55.4±6.5 <0.001
Female 3 (27.3%) 6 (31.6%) 0.064
Male 8 (72.7%) 13 (68.4%) 0.071
BMI 26.2±4.2 28.3±3.0 0.085
Kreatinin (mg/dl) 0.97±0.3 1.08±0.7 0.261
BUN 13.2±3.8 15.7±4.7 0.063
Stone size (mm) 8.97±3.62 10.08±4.67 0.077
SWL duration (min) 45.1±5.8 46.9±8.8 0.125
SBP (mmHg) 110±10.5 128±15.2 0.074
DBP (mmHg) 66±4.8 72±9.9 0.088
Number of Shock Waves 2859±100 2921±57 0.095
Total Energy, kW 2.98±0.49 3.09±0.45 0.182

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; min: Minute; mm: milimeters

Table II. The values of RI in treated and non-treated kidneys before and after SWL session 
Groups pre-SWL 24th hrs 2ndday 3rd day 4th day p 
Treated kidney Group 1 0.588±0.11 0.679±0.07 0.643±0.11 0.597±0.14 0.592±0.08 <0.001

Group 2 0.596±0.04 0.683±0.13 0.661±0.11 0.642±0.22 0.601±0.09 <0.001

Non-treated kidney Group 1 0.581±0.09 0.583±0.41 0.579±0.22 0.592±0.14 0.575±0.32 0.09

Group 2 0.585±0.05 0.593±0.13 0.591±0.08 0.586±0.16 0.590±0.11 0.12
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Some radiological tools that were used to measure 
total effective renal plasma flow of the kidneys indi-
cated a transient decrease in renal function after SWL 
[4,6,7]. Also, numerous radiological studies have shown 
the potential usefulness of imaging techniques in the as-
sessment of early renal damage [7,13,14]. Almost all ra-
diological studies in the literature have focused on the 
limitations of radiologic tools to understand SWL-related 
changes. Among these tools, CDU is easy to apply, cost 
effective, and has the potential to determine renal func-
tion and kidney microcirculation [8,9,15-17]. CDU was 
recently used as a noninvasive method to estimate renal 
function and has been used to obtain functional informa-
tion after SWL sessions. 

Although some authors showed no change in kid-
ney RI, most studies reported increased RI values after 
SWL sessions [18-20]. The discrepancies between stud-
ies might be due to study group differences and study 
population heterogeneity. In some series, RI values were 
studied in stone-related obstructed cases but others were 
measured RI in patients without obstruction. Although 
there is some contraversies about the impact of obstruc-
tion on RI value, obstruction may have potential to af-
fect renal vascular resistance and causes renal perfusion 
changes [21-24]. Also, patients in the different studies 
were subjected to different numbers of shock waves. This 
may also help explain differences among studies show-
ing the relationship between RI and SWL in different 
series. Therefore, here we studied non-obstructed cases 
to exclude the possible impact of obstruction on renal tis-
sues. Additionally, the number of shock waves used in 
our series was similar between groups. 

Currently, an increase in RI values is expected after 
SWL therapy, which has been confirmed in many studies, 
though there are a few exceptions [11,18]. In the present 
study, we found higher RI values after SWL sessions in 
patients in both groups, comparable to that reported pre-
viously in literature. Increases in RI values were simi-
lar between groups as well. In the literature, increases in 
RI are time-dependent and the acute effect of the shock 
waves disappears after some time, most likely due to 
compensatory mechanisms of the kidney [22]. In agree-
ment with the literature, the RI values in our series re-
turned to almost pre-SWL values several days after SWL 
treatment. High RI values of the treated kidney lasted 
from a few days up to day 4 after SWL depending on 
age group.

The relationship between age and increase in RI val-
ues is also well studied. Almost all of the results showed 
that the increase in RI after SWL sessions is not related 
to age [25]. We also found high RI values immediate-
ly after SWL treatment in both groups. However, until 

now, no clinical study has examined the RI decrease on 
a day-to-day basis; in fact, almost all previous studies 
measured RI over a predetermined time interval, which 
cannot determine the exact day of RI recovery to normal 
values (pre-SWL values). Therefore, we monitored the 
daily RI of each treated kidney and found that the mean 
RI values returned to their pre-SWL levels on day 3 in 
the younger group (<40 years) and on day 4 in the older 
group (>40 years). We do not have data to explain the 
underlying reason for the differences in RI recovery be-
tween age groups. However, in the literature, higher RI 
values in older versus younger patients were explained 
by decreased elasticity in the renal tissues of elderly pa-
tients [8]. This conclusion seems logical but should be 
confirmed by preclinical studies.

Limited studies have evaluated the untreated con-
tralateral kidney in response to SW and data shows a 
debate in this issue. Some authors found no significant 
changes in RI values of untreated kidneys versus treated 
kidneys [26]. In contrast, Mitterberger et al found higher 
RI measurements after SWL in the contralateral kidney 
[8]. We found no significant increase in RI values of un-
treated kidneys after SWL. The difference in the litera-
ture can be explained by group heterogeneity, different 
numbers of shock waves, or the use of medication before 
SWL in the different study groups. 

Although our data confirm the ability of RI to moni-
tor renal blood flow and renal parenchymal RI and 
assess the optimal “off period” between the first and 
second SWL sessions, this study has some limitations. 
First, its main limitation is the few subjects included. 
Second, the quantitative data obtained from the CDU 
could not be compared with the histological findings; 
therefore, the exact relationship between RI value and 
renal tissue resistance or transient functional alteration 
after SWL is obscure. Lastly, two experienced radiolo-
gists measured the RI of the patients due to multicen-
tricity of the study. However, despite the absence of 
such data, our results demonstrate the ability of RI to 
estimate the optimal “off period” in patients with renal 
stones, and that RI decreases with age among patients 
receiving SWL. 

Conclusions

RI gives an idea regarding SWL related acute renal 
trauma and should be used as an US marker for recovery 
after SWL and for prediction in estimating the optimal 
period between two SWL procedures. However, further 
studies including more patients are required. 
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