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Abstract 

Background: Small renal calculi are frequently observed in clinical practice, and chemo-lytic therapy has limited 
effects. The purpose of the study is to evaluate the effectiveness of extracorporeal shock wave lithotripsy (ESWL) in the 
treatment of small renal calculi.

Methods: We studied 60 patients with small renal stones from March 2017 to March 2019. After excluding eight 
patients with incomplete data, the remaining 52 patients were evaluated. Patients with symptomatic single or multi-
ple stones of 6–8 mm in diameter or asymptomatic on ultrasound and kidney-ureter-bladder radiograph were eligible 
for inclusion. Small stones were treated by ESWL. The data were analyzed using the Statistical Packages for Social Sci-
ences - version 25 (IBM Corporation).

Results: The mean age of the 52 patients was 34.5 ± 9.5 years. Forty-one (78.8%) patients were symptomatic, while 
11 (21.2%) were asymptomatic. Forty-seven (90.4%) had single small renal stones, while four patients had two stones 
(7.7%) and only one patient had three stones (1.9%). Forty-five stones were successfully treated by ESWL, while 13 
stones failed to respond.

Conclusion: ESWL is a useful tool for treating small renal calculi; it works either by fragmenting the stones or by act-
ing as a pushing force. However, further large prospective studies are needed to corroborate the above conclusions.
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1 Introduction
Urolithiasis affects 5 to 15% of the population worldwide 
[1–5]. It involves stones as small as a grain of sand or as 
large as a staghorn. Symptomatic or asymptomatic small 
renal stones that are 6–8 mm in diameter can either be 
treated by extracorporeal shock wave lithotripsy (ESWL) 
or retrograde flexible ureteroscopy [6–9]. The optimal 
treatment approach depends on the preferences of the 
physician and the patient, in addition to the availability 
of equipment.

Small symptomatic and asymptomatic calculi are 
treated to achieve pain relief, stone elimination in shorter 
period than expectant therapy. Moreover, it might pre-
vent the complications of renal colic, hematuria, infec-
tion or stone growth and reduce the need for invasive 
procedures [7, 9].

Many symptomatic small renal stones are treated 
expectantly. An empiric therapy (potassium citrate and 
thiazides) based on stone composition can reduce stone 
recurrence [10]. In stones visualized by kidney-ureter-
bladder radiographs (KUB), chemo-dissolution has lim-
ited applicability.

In this study, we aimed to evaluate the fragmentation 
and propulsive roles of ESWL in the treatment of small 
renal calculi.
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2  Methods
In this prospective study, we first included 60 patients 
with small renal stones who were admitted to our hospi-
tal/clinic from March 2017 to March 2019. Eight patients 
with incomplete data were excluded; thus, the remain-
ing 52 patients were considered for further evaluation. 
Patients with symptomatic single or multiple stones of 
6–8  mm diameter or asymptomatic on ultrasound (US) 
and\or KUB for at least 3 months were eligible for inclu-
sion in our study (Figs. 1, 2). Informed written consents 
were obtained from all patients before they were offered 
the option of ESWL. The study had been submitted and 
approved by ethics committee (scientific committee of 
surgical department, Medical College, AL Mustansiryiah 
University.

 Demographic data of the included patients are shown 
in Table 1. Prior to treatment with ESWL, all the patients 
underwent biochemical evaluation including urinaly-
sis and renal function tests. Stone size was defined as 
the longest stone diameter on plain abdominal radio-
graph and ultrasonography for opaque and lucent stones, 
respectively.

ESWL was performed by using two lithotripters: Sie-
mens lithoscope for opaque stones and Wolf piezoelec-
tric for radiolucent stones, with focal size of 12 mm and 
focal depth of 160  mm, in center with two lithotripter 
machine its useful to select the most appropriate device 
to maximize the success of stone fragmentation. All 
patients were treated in the supine position and were 
administered intramuscular diclofenac and tramadol 
30 min before pre ESWL.

The therapy started at a low power of 14 kV, which was 
gradually increased up to 20 kV. The maximum number 
of shocks per session was 3500, and the pulse frequency 
was 90 per minute. Post ESWL patients were advised to 
increase fluid intake, dissolution therapy (K-citrate) were 
used for lucent stone, while medical expulsive therapy 

were not used. No ancillary procedures were utilized 
among studied group.

Follow-up studies included US and/or KUB radiograph 
to assess fragmentation and obstruction, and the ESWL 
session was repeated at 2  weeks after the previous one. 
Finally, patients were evaluated 3  months after the last 
lithotripsy session; repeated sessions were done if stone 
still present or partial fragmentation was detected.

In fifty-two patients 58 small stone treated with ESWL, 
46 (79.6%) stones had one session of shock wave litho-
tripsy, while 12 (20.4%) stones had two or three session.

Fig. 1 Ultrasound right upper pole small renal stone

Fig. 2 KUB radiograph, small opaque stone

Table 1 Demographic data of  patients with  small renal 
stone

Patients (n = 52) No %

Age (years)

 20—29 16 30.8

 30—39 20 38.5

 40—49 11 21.2

 ≥ 50 years 5 9.6

Gender

 Male 41 78.8

 Female 11 21.2

Symptomatic

 Yes 41 78.8

 No 11 21.2

Number of stones

 1 47 90.4

 2 4 7.7

 3 1 1.9

Total number of stones = 58

 PCS dilatation

  Yes 5 9.6

  No 47 90.4
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We divided outcome of lithotripsy of small renal stones 
as follows:

1. Stone-free group in which the stones had either frag-
mented and passed or passed completely after being 
treated by the shock waves.

2. Non-responding groups in which the patients exhib-
ited no response even after three sessions or the 
patients were unwilling to have further sessions after 
the failed first attempt. These patients were either 
offered treatment with another modality or were fol-
lowed up.

2.1  Statistical analysis
The data were analyzed using the Statistical Packages 
for Social Sciences - version 25 (IBM Corporation). The 
significance of differences was tested using Pearson’s Chi 
square test (c2-test) with application of Yate’s correction 
or Fisher’s exact test, whenever applicable.

3  Results
The mean age of the 52 patients was 34.5 ± 9.5  years, 
and the age ranged from 20 to 60  years. Forty-one 
(78.8%) patients had flank pain, while 11 (21.2%) were 
asymptomatic.

A total of 58 stones were treated with ESWL. Of them, 
47 (90.4%) were single small renal stones. Four patients 
had two stones (7.7%), and only one patient had three 
stones (1.9%). Forty-five stones were successfully treated 
by ESWL, while 13 stones failed to respond to the treat-
ment approach.

With regards to the distribution of the small stones, 5 
were pelvic stones associated with hydronephrosis, 53 
were calyceal stones, and 35 (60%) were mid calyceal 
stones.

Of the 45 successfully treated stones, 37 stones were 
fragmented, and the 8 remaining stones migrated down 
the ureter as the shock waves served as a pushing force 
rather than fragmentation force (Figs.  3, 4, 5). Of these 
migrated stones, two further needed ESWL in situ, while 
the others passed spontaneously.  

Among the factors studied included side, site, opacity, 
PCS dilatation, age, and number of ESWL session. Our 
findings revealed that the right-sided stones exhibited 
better statistically significant stone-free rate compared to 
the other side. Table 2 presents the renal stone character-
istics and ESWL outcomes.

At the end of the final treatment session, 45 (77.6%) 
stones were completely removed, and no fragmentation 
was observed in 13 (22.4%) stones.

Complications during the treatment include pain as 
reported by 10 patients (19.2%) who needed additional 

analgesia during the ESWL. Eight patients failed to 
attend the follow-up sessions.

4  Discussions
In this study, we used US and KUB radiographs for 
detecting stones in patients. The use of US alone for stone 
detection yields a sensitivity of 78.9% and a specificity of 

Fig. 3 KUB radiograph pre ESWL, bilateral small renal stone

Fig. 4 Post ESWL stone migrated or pushed to the left lower ureter
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83.7%. In comparison, the combined use of US and KUB 
radiographs has a sensitivity of 89.9% [11, 12].

US done by a single operator, Stone detected by 
ultrasound depend on presence of acoustic shadow, 
stone ≤ 5 mm does not produce shadow [13].

Fifty-eight (90.4%) small stones were found to be single 
and 60.3% stones were mid calyceal in this study. Forty-
one (78.8%) patients had flank pain for at least 3 months; 
five pelvic stones were obstructive stones, while the oth-
ers were non-obstructive. The reason for flank pain is not 
fully elucidated, but the pain subsided with ESWL.

Relief of pain after ESWL of non-obstructive renal 
stones might be multifactorial including stone-free sta-
tus, the analgesic effect of shock wave on tissue “shock 
wave application can induce nerve fiber degeneration” 
[14]. Long-standing flank pain associated with small 
renal stones and no obvious obstruction is called small 
stone painful syndrome [8]. The rationale for treating 
small symptomatic and asymptomatic calculi by ESWL is 
to relive pain rapidly compared to the expectant therapy. 
Moreover, ESWL prevents the complications of hematu-
ria, infection or stone growth and reduces the need for 
more invasive procedures with potentially higher mor-
bidity [7, 9].

In our study, the stone-free rate was 77.6%. In com-
parison, Gürbuz et al. reported 92.5% stone-free rate and 
found no statistical difference between ESWL and F-URS 
for treating small renal pelvic stones less than 10 mm in 
diameter [6].

The right-sided stones exhibited statistically significant 
stone-free rate n.26 (89.7%) P value 0.028 compared to 
the other side, as the right kidney inherent better image 
on ultrasound as the presence acoustic window of liver, 
consequently more precise targeting of stone in case of 
non-opaque stone, also less movement of right kidney in 
comparison to the left lead to better hit rate, in addition 
gas in the left colon might reduce efficiency of ESWL on 
left side. [15].

In this study, ESWL either fragmented the stones (31 
stone) or served as a pushing force. A total of 7 stones 
were migrated down the ureter after ESWL; in these 
cases, the shock waves played as a pushing force rather 
than the fragmentation role.

This propulsive effect of ESWL is similar to other tech-
niques were used like “focused ultrasound vibration or 
using external physical vibration Lithecbole” to enhance 
stone migration or what’s called stone relocation [3, 16].

Eleven patients (21.2%) exhibited asymptomatic renal 
stones that were treated by ESWL, and six of them 
became stone-free.

In many series, the surgical intervention required in 
asymptomatic calyceal stones that ranged 19–25% [17, 
18].

A previous study performed 4 year mean follow-up of 
293 patients to evaluate the natural history of asymp-
tomatic renal calculi and reported that ESWL was the 
primary therapy in 33 patients and ureteroscopy in 3 
patients [19].

Thirteen stones of studied group failed to respond to 
ESWL. Since stone response to ESWL cannot be pre-
dicted accurately, asymptomatic patients are offered the 
options of RIRS or observation. Some of the advantages 
of ESWL include shorter operative time and hospital stay 
in comparison to RIRS [20].

Fig. 5 Small stone passed post ESWL

Table 2 Renal stone characteristics and  their ESWL 
outcomes

Stones (n = 58) Outcome P value

Stone free No change

No % No %

Side of stone

 Right 26 89.7 3 10.3 0.028*

 Left 19 65.5 10 34.5

Site of stone

 Calyx 41 77.4 22.6 12 0.892

 Pelvis 4 80.0 1 20.0

Site of calyx stone (n = 53)

 Upper Calyx 6 100 – – 0.232

 Mid calyx 21 70.0 9 30.0

 Lower calyx 14 82.4 3 17.6

Dilated PCS

 Yes 4 80.0 1 22.6 0.892

 No 41 77.4 12 22.6

Lucent or Opaque

 Lucent 17 73.9 6 26.1 0.587

 Opaque 28 80.0 7 20.0

 Stone size (mm)

 6 4 100 – − 0.440

 7 15 71.4 6 28.6

 8 26 78.8 7 21.2
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The need for long-term follow-up for asymptomatic 
calyceal stones and the finding that painless silent hydro-
nephrosis developed in 2% of patients raise concern and 
mandate active treatment rather than the wait-and-see 
approach [17].

The EAU 2018 guidelines recommend the treatment 
of renal stones in patients with stone growth (> 5  mm) 
based on de novo obstruction, patient preference, social 
situation (professional or traveling), solitary kidneys, 
women planning on getting pregnant and in patients with 
chronic pain [21].

Prophylactic ESWL in asymptomatic renal calyceal 
stones, as reported by Keeleys et al., exhibited no advan-
tages for patients in terms of stone‐free rate, quality of 
life. However, the authors included only opaque lower 
calyceal stones that were within 15 mm in size [7].

In brief, we recommend using KUB radiography to 
ascertain whether the stones are opaque or lucent to help 
in decision of therapy. Symptomatic small renal stones 
visualized by KUB radiograph the role of empiric are 
limited.

Finally, modifying the technique and involving urolo-
gist actively in lithotripsy unit can improve ESWL out-
come. ESWL will keep its role as the single noninvasive 
treatment in small stone management [22].

The limitation of this study is that two lithotripters with 
different mechanisms of stone fragmentation were used.

5  Conclusion
Extracorporeal shock wave lithotripsy is a useful tool for 
treating small renal calculi as it works either by fragment-
ing the stones or by acting as a pushing force. However, 
further large prospective studies are needed to corrobo-
rate the above conclusions.
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