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Efficacy of the lithotripsy in treating lower pole renal stones
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Abstract Use of extracorporeal lithotripsy is declining in
North America and many European countries despite interna-
tional guidelines advocating it as a first-line therapy. Tradi-
tionally, lithotripsy is thought to have poor efficacy at treating
lower pole renal stones. We evaluated the success rates of
lithotripsy for lower pole renal stones in our unit. 50 patients
with lower pole kidney stones <15 mm treated between 3/5/11
and 19/4/12 were included in the study. Patients received lith-
otripsy on a fixed-site Storz Modulith SLX F2 lithotripter
according to a standard protocol. Clinical success was defined
as stone-free status or asymptomatic clinically insignificant
residual fragments (CIRFs) <3 mm at radiological follow-up.
The mean stone size was 7.8 mm. The majority of stones
(66 %) were between 5 and 10 mm. 28 % of stones were
between 10 and 15 mm. For solitary lower pole stones complete
stone clearance was achieved in 63 %. Total stone clearance
including those with CIRFs was achieved in 81 % of patients.
As expected, for those with multiple lower pole stones the
success rates were lower: complete clearance was observed in
39 % and combined clearance including those with CIRFs was
56 %. Overall, complete stone clearance was observed in 54 %
of patients and clearance with CIRFs was achieved in 72 % of
patients. Success rate could not be attributed to age, stone size or
gender. Our outcome data for the treatment of lower pole renal
stones (<15 mm) compare favourably with the literature.
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With this level of stone clearance, a non-invasive, outpatient-
based treatment like lithotripsy should remain the first-line
treatment option for lower pole stones. Ureteroscopy must
prove that it is significantly better either in terms of clinical
outcome or patient satisfaction to justify replacing lithotripsy.
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Introduction

Extracorporeal shockwave lithotripsy (ESWL) is considered a
safe and effective intervention for renal stones. However, the
rate of stone clearance by ESWL is affected by a number of
factors, namely body habitus, stone composition, size and
location [1]. Stones in the lower pole can be challenging to
treat as stone fragments created by ESWL are more likely to
remain within the lower pole. Unfavourable anatomical fac-
tors such as reduced infundibular width and lower infundib-
ulopelvic angle [2, 3] also reduce clearance rate of lower pole
stones. Previous studies have shown efficacy of clearance of
lower pole stones to be in the region of 35-54 %, with evi-
dence that only 21 % of stones larger than 10 mm are cleared
by ESWL [4-6]. Success rates may be improved with per-
cussion, diuresis and inversion (PDI) techniques [7]. Current
guidelines recommend ESWL as the first-line treatment
modality for renal stones under 20 mm but there is ongoing
debate as to whether ESWL for lower pole stones should carry
the same degree of recommendation [8]. Studies have shown
that ESWL is associated with fewer complications and a
higher level of patient satisfaction compared to ureteroscopy
and percutaneous nephrolithotomy (PCNL) [4, 5, 9].
Although PCNL is more effective at clearing stones of
10-20 mm (72-92 % clearance) compared with ESWL
(21-44 % clearance), prospective and retrospective studies
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both show a significantly longer hospital stay, more morbidity
and higher complication rate with PCNL [9, 10]. Ureteros-
copy does not have the limitations of reduced efficacy with
body habitus [11] but still carries the risks of a general
anaesthetic. Given the on-going debate surrounding the best
treatment modality for lower pole stones, further information
is needed to inform patients on efficacy of clearance with
ESWL in routine clinical practice. We have evaluated the
effectiveness of ESWL with a retrospective study of 50
patients who underwent ESWL to lower pole stones <15 mm
in size. The aims were to report the outcomes of a contem-
porary series of lower pole stones treated with ESWL to
improve informed decision making for these patients.

Patients and methods

The study included 50 patients with radiologically proven,
symptomatic, lower pole renal calculi measuring <15 mm.
Patients with an abnormal renal collecting system anatomy
(e.g. horseshoe kidney, duplex system, calyceal diverticu-
lum stone) and those with stents were excluded.

All lithotripsy treatments were carried out on the same
Storz Modulith F2 lithotripter by one of two experienced
radiographers. All patients were treated in a supine position
using fluoroscopic guidance (n = 45) or ultrasound guid-
ance (n = 5). Lithotripsy was delivered at low energy for
~200 shocks to acclimatise the patient and kidney [12] to
lithotripsy and then gradually increased to the highest tol-
erable/maximum recommended intensity at a frequency of
1.5-2 Hz for a maximum of 4,000 shocks. We aimed to
deliver 4,000 shocks in each treatment in total but reduced
this if the patient could not tolerate the treatment or if the
stone was adequately fragmented. This resulted in most
treatment times lasting around 35-40 min. Audiovisual
distraction was provided via a wall-mounted 32 inch
(82 cm) television (Technika) with wireless headphones
(Sony) to mitigate any discomfort [13].

Patients with successful fragmentation proven on ultra-
sonography/CT scanning and/or X-ray of the kidney, ureter
and bladder were reviewed at a mean of 57 days after their
last treatment. Treatment success was determined by the
criteria: asymptomatic; stone-free on X-ray of the kidney,
ureter and bladder; or clinically insignificant residual
fragment (CIRF <3 mm).

Results
Demographics and treatment

50 patients with lower pole calculi <15 mm were treated
with ESWL. The demographics of group are typical for
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stone formers and are summarised in Table 1. The mean
stone size was 7.8 mm. The majority of stones were
between 5 and 10 mm (66 %), but 28 % of stones were
between 10 and 15 mm. Where there were multiple stones
the largest stone was taken as the reference size. There was
a non-significant trend towards increased treatment num-
bers and size of stone or multiple stones. Most stones
required two or three lithotripsy sessions (Fig. 1).

Outcomes

Overall, complete stone clearance was observed in 54 % of
patients and clearance with only CIRFs was achieved in
72 % of patients. Success rate could not be attributed to
age or gender (Table 2). Success rate did not decrease
significantly with increasing stone size. Those with stone
size 10-15 mm had a comparable success rate of 71 %
compared with the 73 % success rate of the 5 to <10 mm
stone group. For solitary lower pole stones the success rates
were higher with complete stone clearance achieved in
63 %. When clearance is defined as including those with
CIRFs, as was the case by Albala et al. [4], the clearance
rate for solitary stones rises to 81 %. As expected, for those
with multiple lower pole stones the success rates were
lower. Complete clearance was observed in 39 %. Total
clearance rate including those with CIRFs was achieved in
56 % (Table 3).

Discussion

Lithotripsy is a well-established method of stone frag-
mentation. Since its introduction to clinical practice in the
1980s it has proven to be a valuable non-invasive method
of stone treatment [14]. Extracorporeal lithotripsy is rec-
ommended as first-line treatment in joint EAU/AUA
guidelines in 2007 [15]. In the recent EAU guidelines
(2012), ESWL remains a first-line recommendation for

Table 1 Demographics and clinical characteristics

Male Female Total
(n =39) (n=11) (n = 50)
Mean (SD) age (years) 52.2 (17.0) 50.4 (18.5) 51.8 (17.2)

Median age (years) 54 49 52.5

Stone side (left: right) 18:21 4:7 22:28
Mean stone size (SD) 8.08 (2.51) 691 (1.61)  7.82 (2.38)
No. of patients with stone size

<5 mm 2 1 3

5 to < 10 mm 23 10 33

10 to 15 mm 14 0 14

SD standard deviation
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Fig. 1 Number of lithotripsy treatments required for a successful
outcome

Table 2 Comparison of characteristics of those treated successfully
with those that failed treatment

Successful stone clearance Failed stone

(including clinically clearance
insignificant residual fragments)
Male 29 (74 %) 10 (26 %)
Female 7 (64 %) 4 (36 %)
Mean (SD) age 51 (18) 53 (15)
(years)
Average stone size 7.69 (2.55) 8.14 (1.92)
(SD)
Stone size (including multiple stones)
<5 mm 2 (67 %) 1 (33 %)
5to < 10 mm 24 (73 %) 9 (27 %)
10 to 15 mm 10 (71 %) 4 (29 %)
All patients 36 (72 %) 14 (28 %)

SD standard deviation

Table 3 Comparing stone clearance rates for a solitary stone and
multiple stones

Solitary ~ Multiple  All
stone stones stones
Number of patients treated 32 18 50
No stone visible at follow-up 20 7 27
Complete clearance rate 63 % 39 % 54 %
Asymptomatic clinically insignificant 6 3 9
residual fragment remains (<3 mm)
Combined success rates 81 % 56 % 72 %

small (<10 mm) stones and for larger stones (10—15 mm)
where there are “favourable factors for ESWL” [8]. In the
UK, the number of lithotripsy cases has been increasing
each year over the last decade and exceeds the number of
ureteroscopies for stones [16]. However, in North America
and other European countries there has been a decline in
lithotripsy use and a compensatory rise in the number of

ureteroscopies performed. The reason for this change is not
clear. Factors may include patient choice, surgeon choice,
local success rates, access to lithotripsy and flexible uret-
eroscopy, and local costs and remuneration systems.

Treatment choice for lower pole stones less than 2 cm
remains contentious. Previous landmark studies have sug-
gested that lower pole stones are relatively resistant to
lithotripsy. The widely cited lower pole stone papers of
Albala et al. [4] and Pearle et al. [17] demonstrated a low
success rate (35-37 %) with lithotripsy. Various factors
have been correlated with lithotripsy clearance rates
including body habitus, infundibulopelvic angle, infun-
dibular width, and stone composition. These factors were
not measured in this study and thus are the limitations.
However, the data presented represents 50 consecutive
unselected lower pole stones, and, because we have access
to a fixed-site lithotripter on site, it is our practice to offer
these patients lithotripsy as a first-line treatment.

The purpose of our study was not to compare clearance
efficacy of lithotripsy to ureteroscopy but to ascertain
whether outpatient lithotripsy can achieve high clearance
rates in an unselected patient group. Several other studies
have compared lithotripsy and ureteroscopy. One ran-
domised trial did not find any difference in clearance rates
[17]. Another retrospective series suggested higher clear-
ance rates with ureteroscopy [18]. If the clearance rates and
complication rates are comparable, clinicians and patients
may need to balance possible small differences in stone
clearance and complication rates against the impact of the
treatment on their quality of life and also treatment cost.
Ureteroscopy, with its associated anaesthetic, urinary tract
instrumentation and possible stent insertion may have a
greater negative impact on quality of life than lithotripsy.
Currently there is insufficient data to answer this. Fur-
thermore, to date, the limited number of studies have not
been able to determine which treatment is more cost
effective [19, 20]. Clearly, in cases of failed lithotripsy and
in those in whom lithotripsy is contraindicated, ureteros-
copy and PCNL are necessary treatments. However, given
the non-invasive nature of ESWL, it should be considered
as initial treatment.

Our average review period was 57 days compared to
previous studies that have a review period of 3 months
[4, 17, 18]. It may be that longer follow-up may allow time
for more of the CIRFs to be eliminated from the kidney. We
recognise the importance of continued follow-up of these
patients as a significant number of patients with CIRFs
after ESWL do need retreatment as time goes on [21].
However, there is no clear evidence as to the significance
and natural history of CIRFs left after ESWL compared to
those patients who are completely stone free. CIRFs can
take 30 months to pass spontaneously, and with increased
use of CT scanning for post-treatment evaluation, very
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small fragments are being picked up that would not have
been noticed before on plain radiograph [21, 22].

Our outcome data for the treatment of lower pole renal
stones (<15 mm) compares favourably with the literature
[17, 23]. Reasons for this success should be attributed to
the dedication of the lithotripsy team in optimising treat-
ment and ensuring accurate targeting, good coupling and
appropriate analgesia. With these levels of success, a non-
invasive, outpatient-based treatment like lithotripsy should
remain a first-line treatment option for lower pole stones.
The onus is on ureteroscopy to prove that it is significantly
better either in terms of clinical outcome or patient satis-
faction to justify replacing lithotripsy.
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