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ABSTRACT

Shock wave lithotripsy (ESWL) remains the most common treatment for renal calculi. In
this article, recent literature pertaining to ESWL monotherapy of renal calculi was reviewed, with the
goal of improving ESWL results through better case selection.

When selecting the optimal surgical approach for a patient, multiple factors must be consid-
ered. Factors to consider include stone-related factors (size, number, composition and location), renal
anatomical factors, and patient-related factors. Each of these factors is presented in detail, with the
discussion limit to non-staghorn renal calculi.

Children, the elderly, patients with hypertension, and patients with impaired renal function,
may be at increased risk of ESWL complications and adverse effects and care should be taken to limit
the number and energy of shock waves applied in these special cases. Absolute contraindications to
ESWL remain pregnancy, distal obstruction, untreated infection, and uncorrected coagulopathy.
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INTRODUCTION

The goal of kidney stone surgical treatment
is to achieve maximal stone clearance with minimal
morbidity to the patient. Multiple options are currently
available including extracorporeal shock wave lithot-
ripsy (ESWL), percutaneous nephrolithotomy (PNL),
retrograde intrarenal surgery (RIRS), and in rare cases,
open or laparoscopic stone surgery. ESWL has revo-
lutionized the treatment of kidney stone disease and
the majority of “simple” renal calculi (about 80 - 85%)
can be treated satisfactorily with ESWL (1-3). How-
ever, continued technical improvements in
endourology, as well as the limitations of ESWL, have
fueled a re-evaluation of the indications for ESWL.

When selecting the optimal surgical approach
for a patient, multiple factors must be considered.
Factors to consider include stone-related factors (size,

number, composition and location), renal anatomical
factors, and patient-related factors (Table-1). We will
discuss each of these in detail with a review of the
recent literature and we will limit our discussion to
non-staghorn renal calculi. Absolute contraindications
to ESWL remain pregnancy, distal obstruction, un-
treated infection, and uncorrected coagulopathy.

STONE RELATED FACTORS

Treatment Decisions by Stone Burden
(Size and Number)

Stone burden remains the primary factor in
deciding the appropriate treatment for a patient with
kidney calculi (4) and multiple authors have attempted
to provide guidelines for the appropriate selection of
ESWL based on stone size and stone number. Stud-
ies of ESWL treatment of renal calculi, using a vari-
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ety of lithotriptors, have reported a reduction in stone-
free rates, an increase in the need for ancillary proce-
dures and re-treatments, and an increase in the rate of
residual fragments when an increasing stone burden
(size and number) is treated with ESWL (5-11). Simi-
larly, retrograde intrarenal surgery (RIRS) is also
negatively affected by an increasing stone burden but
to a lesser degree than ESWL. In contrast, PNL, al-
though more invasive and often associated with higher
morbidity, achieves better stone-free rates and is not
affected by stone size (12).

Calculi < 10 mm in diameter are most com-
mon representing 50 - 60% of all single renal stones
(10,11,13). Treatment results with ESWL for this
group of patients are satisfactory and are generally
independent of stone location or composition. How-
ever, as stone size increases there is a significant re-
duction in stone-free rates for single renal calculi
treated with ESWL monotherapy with reported mean
stone-free rates of 79.9% (range 63 - 90%), 64.1%
(range 50 -82.7%), and 53.7% (range 33.3 - 81.4%)
for stones less than 10 mm, 11 - 20 mm, and larger
than 20 mm respectively (10,11,14,15). Although
better results can be achieved using PNL or RIRS for
stones up to 10 mm, these more invasive procedures
associated with a higher morbidity rate are indicated
only in special circumstances (e.g. anatomic malfor-
mation causing obstruction, ESWL failure, etc.).

Calculi between 10 – 20 mm are still largely
treated with ESWL as the first line management (16).

However, stone composition and location do have an
impact on the results of ESWL for stones in this size
range and should be carefully considered. Patients
with renal stones 10 – 20 mm and factors predicting
poor results with ESWL should be advised about al-
ternative treatment modalities (PNL and RIRS).

The first-line management of renal stones
between 20-30 mm remains controversial. Lingeman
et al. (12) reported the frequency of multiple treat-
ments to increase from 10% to 33% when ESWL was
used to treat stones sized 1 to 2 cm and 2 to 3 cm
respectively. In a later series, the stone-free rate with
these larger stones was only 34% compared to 90%
in the PNL-treated group (17). Similarly, Psihramis
et al. (14) reported the results of ESWL for ninety-
four renal stones > 2 cm with only 33% becoming
stone free and patients with multiple stones having a
similarly low stone-free rate of 32%. However, a wide
variability in reported stone-free rates (33 - 65%) for
renal calculi in the 2 – 3 cm range exists. Subse-
quently, ESWL, in combination with ureteral stenting,
may still be considered an option if the patient is ad-
vised about the higher re-treatment rate and the lower
likelihood of achieving a stone-free rate status (13).

The optimal therapy for renal stones greater
than 3 cm is more definitive and ESWL should be
avoided. Murray et al. (18) reported 65 treatments
for renal calculi > 3 cm using ESWL monotherapy
and reported an overall success rate of only 27% at 3
months. The best stone-free rate (60%) was obtained

Table 1 - Factors affecting management of renal stones.

Stone Renal Anatomy Clinical (Patient)

Size Obstruction/Stasis      Infection

Number Hydronephrosis      Obesity

Composition                        Uretero-pelvic junction obstruction (UPJO)                Body habitus deformity
       Calyceal diverticulum                                                Coagulopathy

                                              Horseshoe kidney and other ectopic/fusion                                Children
                                            anomalies                                                             Elderly

           Lower pole anatomy                                        Hypertension
 Renal failure
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for stones < 500 mm2 located primarily within the
renal pelvis. The stone-free rate for stones with sur-
face areas > 1000 mm2 was a dismal 8%. Steinstrasse
occurred in 23% of the patients. Likewise, Lingeman
et al. (17) reported thirteen non-staghorn stones
greater than 3 cm treated with ESWL monotherapy.
Seventy-seven percent of the patients required fur-
ther treatment, while only 29% were rendered stone
free. Therefore, the procedure of choice for non-stag-
horn renal calculi greater than 3 cm is PNL regard-
less of stone size, location or composition.

In summary, for stones < 10 mm, ESWL is
usually the primary approach. For stones between 10
– 20 mm, ESWL is still the first line treatment unless
factors of stone composition, location, or renal
anatomy shift the balance toward more invasive but
definitive treatment modalities (PNL or RIRS). Stones
greater than 20 mm should be primarily treated by
PNL, unless specific indications for RIRS are present
(i.e. bleeding diathesis, obesity, etc).

Treatment Decisions by Stone Composition
Multiple authors have reported that ESWL

fragility varies between different stone compositions
and even within stones of the same composition (19-
23). Cystine and brushite are the most ESWL-resis-
tant stones followed in descending order by calcium
oxalate monohydrate (COM), hydroxyapatite,
struvite, calcium oxalate dihydrate (COD), and uric
acid (23,24). Stone composition can also affect the
size of fragments produced as cystine and COM tend
to produce relatively large pieces which may be dif-
ficult to clear from the collecting system (23,25). As
a general rule, ESWL resistant stones (i.e. brushite,
cystine, COM) should only be treated with ESWL
when they are small (i.e. < 1.5 cm) with larger stones
preferentially treated with PNL or retrograde intra-
renal surgery (RIRS).

Cystinuric patients deserve special mention
as they may undergo multiple procedures for stone
removal during their lifetime (26) and this high like-
lihood of repeated procedures underlines the need to
select the least invasive but effective treatment mo-
dality to reduce long-term morbidity. ESWL for cys-
tine stones often yields poor results. Hockley et al.
(27) reported 43 cystinuric patients treated by ESWL

or PNL. Stone-free rates using ESWL for calculi 20
mm or less and more than 20 mm were 70.5% and
41% respectively, while the results for PNL were
100% and 92% respectively. Similarly, Kachel et al.
(28) reported 18 patients with cystine stones and re-
viewed the literature and recommended ESWL
monotherapy for cystine renal calculi < 15 mm and
PNL for stones greater than 15 mm in diameter. The
selective use of ESWL in cystinuric patients can pro-
duce acceptable results. Chow & Streem (26) per-
formed ESWL in 31 cystinuric patients and reported
an overall stone-free rate of 86.9%.

Brushite calculi are surpassed only by cys-
tine calculi in ESWL resistance (29) and a treatment
algorithm similar to cystine stones should be applied.
Our published experience (30) of 30 patients with a
total of 46 brushite stones reported an overall suc-
cess rate for ESWL monotherapy of 65% (including
fragments < 4 mm) with a mean of 1.5 ESWL ses-
sions per stone. However, only 11% of patients be-
came stone free. In contrast, PNL and ureteroscopy
each achieved a 100% success rate with stone-free
rates of 100% and 66% respectively. Of 20 kidneys
with residual fragments < 4 mm, 12 had rapid re-
growth to a significant size within 3 to 12 months,
underscoring the importance of an aggressive meta-
bolic work-up and medical treatment of identified
stone risk factors.

The rare and very soft matrix calculi are also
ESWL resistant. These radiolucent stones, often as-
sociated with urea splitting bacteriuria, are composed
of as much as 65% organic matter (in comparison to
2 - 3% organic matrix in most non-infected urinary
calculi). ESWL is not effective and matrix stones are
best managed with PNL (31).

Stone composition in cystinuric, uric acid,
and struvite stones can usually be predicted based on
the patient’s clinical presentation or prior stone analy-
ses, but the ability to differentiate pre-operatively
between subgroups of calcium oxalate stones and to
hopefully predict stone fragility remains elusive. Most
stones are not pure in composition and the density
and shape of a stone can be altered by the amount of
each crystalline component.

The ability to predict stone composition from
pre-operative imaging studies is potentially of great
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benefit in selecting the appropriate stone treatment.
The use of plain x-rays to differentiate subtypes of
calcium oxalate stones and the possible relationship
to stone fragility was first suggested by Dretler
(29,32). Wang et al. (22), using x-ray patterns to pre-
dict stone fragility, found that smooth edged stones
with a homogenous structure needed significantly
more shock waves to be completely fragmented com-
pared to rounded, radially reticulated stones with
spiculated edges, or stones with an irregular margin
and structure. Likewise, Bon et al. (33) found that
smooth, uniform, bulging stones which appeared
denser than bone (12th rib or transverse process) re-
sponded poorly to ESWL; the stone-free rate for
smooth radiologically dense and for stones with an
irregular outline was 34% and 79% respectively.
Unfortunately, in a recent prospective study, the over-
all accuracy of predicting stone composition from
plain radiographs was reported to be only 39% and
insufficient for clinical use (34).

The emergence of non-contrast computed
tomography (NCCT) in the assessment of renal colic
has led to a growing interest in comparing NCCT at-
tenuation values with stone composition. Mostafavi
et al. (35), in an in vitro study using spiral CT abso-
lute attenuation values at 2 energy levels, was able to
accurately predict the chemical composition of pure
urinary calculi. Likewise, Saw et al. (36) in an in vitro
study, found that CT scanning at 1 mm collimation
(120 kV) was able to differentiate between stone
groups (each containing at least 60% of one stone
constituent) based on absolute attenuation values. The
authors reported a definite effect of stone size on at-
tenuation measurements and a dramatic effect of beam
collimation width on the measured attenuation (36).
Finally, CT attenuation values in vitro may even pre-
dict the fragility of calcium stones (37).

TREATMENT DECISIONS BY RENAL
ANATOMY

Congenital or acquired anatomical factors
that impair renal drainage are known risk factors for
both kidney stone disease and impaired stone clear-
ance with ESWL. Congenital anomalies associated

with a higher risk for kidney calculi include uretero-
pelvic junction obstruction (UPJO) (38), horseshoe
kidney and other ectopic or fusion anomalies (39),
and calyceal diverticula (40). Additional anatomical
factors lowering the success of ESWL stone clear-
ance include hydronephrosis (41,42), distal obstruc-
tion (5) and lower pole calyceal location.

Ureteropelvic Junction Obstruction
Ureteropelvic junction obstruction (UPJO) in

adults is commonly associated with urinary stones.
However, distinguishing between primary UPJO and
obstruction due to edema from an impacted UPJ stone
can be difficult. Furthermore, the presence of a stone
at the UPJ may worsen the degree of pre-existing
obstruction and potentially exacerbate an already
compromised renal unit (25). Stasis of urine has been
the presumed etiology of stone formation in these
patients, but Husmann et al. (43) reported a high in-
cidence of metabolic abnormalities in this population.
The authors reviewed the records of 111 patients with
simultaneous UPJO and renal calculi and found that
71% of patients with non-struvite stones were found
to have significant metabolic abnormalities. Further-
more, greater than 60% of recurrent calculi in the non-
struvite group occurred in the contralateral kidney.
Likewise, of 22 pediatric patients treated for UPJO
associated with renal calculi at a median follow-up
of 9 years, 68% had recurrent stones (38).

Calyceal Diverticula
The incidence of stone formation in calyceal

diverticula ranges from 9.5 to 39% (44-46). Most di-
verticula do not require intervention, as only one third
of patients become symptomatic. Stasis of urine in
the diverticulum is believed to be the underlying cause
of the stone formation. Although Hsu & Streem (47)
reported metabolic abnormalities in 50% of 14 pa-
tients with calyceal diverticular calculi, Bell &
Lingeman (48) reported long-term follow-up of 44
patients with calyceal diverticular calculi treated with
PNL (mean follow-up 47 months) and found that stone
recurrence occurred in only 13% of patients. Like-
wise, Liatsikos et al. (49) found a low incidence of
metabolic abnormalities in 49 patients with calyceal
diverticular stones.

SHOCK WAVE LITHOTRIPSY FOR RENAL CALCULI
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ESWL monotherapy for diverticular stones
remains controversial and is appropriate only in a few
selected cases (40,50). Streem & Yost (51) reported
19 patients with diverticular stones < 1.5 cm and a
functionally patent diverticular neck. Stone-free and
symptom-free rates at a mean follow up of 24 months
were 58% and 86% respectively. Although the stone
free rate for calyceal diverticular stones treated with
ESWL averages only 21% (range 4 - 58%), an aver-
age of 60% (range 36 - 86%) may be rendered symp-
tom free (at least temporarily) following ESWL (13).
However, to prevent stone recurrence, eradication of
the diverticulum must accompany stone removal, and
PNL remains the treatment of choice (40).

Horseshoe Kidney and Renal Ectopia
Horseshoe kidney is the most common con-

genital fusion anomaly and up to two-thirds of pa-
tients with horseshoe kidneys experience urinary sta-
sis/hydronephrosis, infection, or urolithiasis (52,53).
A common finding is the high insertion of the ureter
into an elongated anteriorly rotated renal pelvis re-
sulting in impaired urinary drainage. The results of
ESWL for horseshoe kidney stones vary widely and
stone-free rates between 28% and 78% have been re-
ported (53-58). When stratified by location, Theiss
et al (55) reported poorer results with lower calyceal
stones compared to mid and upper calyceal stones
(stone free rate of 100% vs. 53.8%). Stone size is
also a factor in stone clearance from a horseshoe kid-
ney. Kirakali et al. (56) reported a stone free rate of
28% in 18 patients with stones greater than 11 mm in
diameter.

In addition to poor results with ESWL, a high
rate of stone recurrence in patients with retained frag-
ments is reported. Lampel et al. (56) reported a re-
currence rate of 86% (6 of 7 kidneys) in patients with
retained fragments in comparison to a 14% recurrence
rate in patients who were stone free.

Renal calculi in horseshoe kidneys treated
with ESWL require a higher number of shock waves
per treatment and have a higher re-treatment rate (30%
vs. 10%) than similar stones in normally located re-
nal units (5,6,59). The anomalous orientation of the
calyces also makes localization of the stone during
ESWL more difficult, especially for stones lying in

the antero-medial calyces. Prone positioning can of-
ten assist in stone localization (60) or the “blast path”
technique can be utilized (61).

In summary, ESWL in cases of horseshoe
kidney can achieve satisfactory results in properly
selected patients with small stones (< 1.5 cm) and
normal urinary drainage. For larger stones or in cases
of impaired urinary drainage, PNL should be used as
the primary approach.

An ectopic kidney can be found in a pelvic,
iliac, abdominal, thoracic, or crossed position. The
pelvic kidney is most common with an estimated in-
cidence of 1 in 2200 to 1 in 3000 in autopsy series
(62). Although the retroperitoneal location of the kid-
ney in the pelvis may create positioning problems dur-
ing ESWL, calculi in pelvic kidneys should be ap-
proached initially with ESWL whenever feasible
(63,64). If the stone is shielded from the shock wave
by the bony pelvis, prone positioning may be utilized.
When ESWL fails or when a large stone burden is
present, alternative modalities should be used. Kupeli
et al. (54) reported 7 patients with pelvic kidney cal-
culi treated with ESWL with successful fragmenta-
tion in most patients. However, the stone free rate at
three months was only 54%.

Lower Pole Stones (LPS)
Multiple authors utilizing a variety of

lithotriptors have documented impaired stone frag-
ment clearance from the lower pole calyx following
ESWL (14,15,65,66). An increase in the percentage
of ESWL treatments for renal calculi in the lower
pole has also been reported (2% in 1984 to 48% in
1991) (15). Lingeman et al. (15) reported the results
of a meta-analysis which showed that the overall
stone-free rate for ESWL when applied to LPS was
60%. In comparison, the results of ESWL for upper
and middle calyceal stones range from 70 - 90% (13).
Furthermore, stone size affects the results of ESWL
treatment for LPS more than it does the results for
stones in other calyceal locations. When stratified by
stone size, the results of the meta-analysis showed a
stone-free rate of 74%, 56%, and 33% for stones <
10 mm, 11 – 20 mm, and > 20 mm respectively (15).
Havel et al. (67), in a retrospective study comparing
the efficacy of ESWL (587 patients) and PNL (73
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patients) for LPS, found no significant difference
between the two treatment modalities for stones less
than 10 mm (stone-free rate 84% and 69% for PNL
and ESWL respectively). However, PNL was supe-
rior to ESWL in the treatment of stones 10 –20 mm
in diameter (72.5% vs. 44%). As expected, PNL had
a higher morbidity rate than ESWL (7% vs. 0.5% for
LPS < 10 mm and 20% vs. 15% for LPS < 10 – 20
mm). The authors concluded that although PNL is
superior to ESWL in the treatment of midsize LPS (10
– 20 mm), the higher morbidity associated with PNL
may favor the use of ESWL as the initial approach,
accepting the high likelihood of repeat ESWL sessions.
Likewise, May & Chandhoke (68) used a decision
analysis model to determine the cost-effectiveness of
ESWL and PNL for lower pole stones. In the model
design, if the primary treatment (either ESWL or PNL)
failed, the patient underwent PNL as a salvage
therapy. The authors suggested that treatment of LPS
< 20 mm is more cost effective with ESWL as the
initial approach, while stones > 20 mm are treated more
cost-effectively using primary PNL. In contrast, a cost
analysis by Riddell et al. (69) reported that while PNL
and ESWL were equally effective for stones less than
10 mm, PNL was more cost-effective for larger stones.
Similarly, the results of the Lower Pole Study Group
(70) suggest that PNL should be considered as the pri-
mary approach for LPS > 10 mm.

Clearance of stone fragments from the lower
pole following ESWL may be influenced by lower
pole collecting system anatomy. Sampaio first de-
scribed the spatial anatomy of the lower pole as a
possible factor in stone passage (71,72). Using en-
docasts from cadaveric kidneys to study the anatomy
of the renal collecting system, 3 anatomical features
that potentially affect stone clearance were described:
the angle between the lower pole infundibulum and
the renal pelvis, the diameter of the lower pole in-
fundibulum, and the spatial distribution of the caly-
ces. The authors measured the lower pole infundibulo-
pelvic angle (LIP) as the angle created by the lower
border of the pelvis with the medial border of the
lower pole infundibulum. They suggested that a LIP
less than 90 degrees, lower pole infundibulum diam-
eter less than 4 mm, and multiple lower pole calyces
may decrease stone clearance (73). In a later prospec-

tive trial, Sampaio et al. (74) found that 39 of 52 (72%)
patients became stone free when the LIP angle was >
90 while only 5 of 22 (23%) patients were stone free
when the angle was < 90. Using the parameters de-
scribed by Sampaio, Sabnis et al. (75) reported that
patients with favorable factors had a post ESWL clear-
ance rate of 70% or greater, whereas those with unfa-
vorable factors had a clearance rate of less than 20%.
Using the same method of measuring the LIP angle
as Sampaio and Sabnis, Keeley et al. (76) reported
116 patients that underwent ESWL for LPS. The LIP
angle was the only factor to attain significance in pre-
dicting stone-free status. The stone-free rate was 34%
and 66% in patients with LIP angle of less than 100
degrees or more than 100 degrees respectively. Com-
bining all 3 negative factors (i.e. an acute angle, dis-
torted calyx, and narrow infundibulum), the stone-
free rate dropped to 9%. With 3 positive factors, the
stone-free rate was 71% (76). Elbahnasy et al. (77) in
a retrospective study of 159 patients reviewed the
impact of radiographic spatial anatomy on the results
of ESWL, PNL, and RIRS. The authors measured the
LIP angle on the preoperative IVP as the angle be-
tween two lines; the ureteropelvic axis (a line drawn
through the central point of the renal pelvis and cen-
tral point of the proximal ureter) and the central axis
of the lower pole infundibulum. The authors reported
that the LIP angle and the infundibular width (IW)
played a significant role in stone clearance after
ESWL for LPS, and added infundibular length (IL)
as an additional significant predictive factor. All pa-
tients with three favorable factors i.e., LIP > 70°, IL
< 3 cm, and IW > 5 mm, became stone free. Con-
versely, in patients with a combination of 3 unfavor-
able factors (5% of all patients) (i.e., LIP 40°, IL > 3
cm, and IW 5 mm), only 16% became stone free (77).
Similarly, Gupta et al. (78) reported recently the re-
sults of 88 patients undergoing ESWL for LPS. The
LIP angle was reported as the most significant factor
affecting LPS clearance followed by infundibular
width IW. However, infundibular length was not a
statistically significant factor for stone clearance. In
contrast, the results from a recent small prospective
randomized study failed to show an effect of differ-
ences in parameters of intra-renal anatomy on stone
clearance following ESWL (70).
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In summary, ESWL is the preferred initial
approach for most patients with LPS < 1 cm, while
PNL is the front-line therapy for stones greater than
2 cm. For patients with stones between 1 and 2 cm,
stone composition and lower pole spatial anatomy
should be considered when choosing a treatment ap-
proach.

TREATMENT DECISIONS BY PATIENT-
RELATED FACTORS

Any co-existing clinical factors that may im-
pact on the treatment results and safety of ESWL must
be considered pre-operatively. Urinary tract infection
in the presence of stones can be difficult to eradicate
unless the stones are completely removed. In these
patients, PNL or ureteroscopy may be preferable to
ESWL. Although the incidence of sepsis following
ESWL is less than 1%, the risk of sepsis increases if
the urine culture is positive and in the presence of
obstruction (79,80). ESWL should be performed only
if the urine is sterile and there is no distal obstruc-
tion. In general, prophylactic antibiotics are not re-
quired before ESWL but should be considered in high-
risk patients (81-83).

Morbid obesity poses a problem to the suc-
cessful treatment of kidney stones. The ESWL gan-
try or table may not be able to support the weight of
the patient and the increased distance from the skin
surface to the stone may render positioning of the
stone at the focus of the shock wave impossible. Uti-
lization of the “blast path” may be necessary to over-
come this problem (84). Although successful ESWL
treatment in obese patients (weight range 300 - 402
pounds) was reported with an overall stone free rate
at 3 months of 68% (85), higher energy settings are
required. When a choice is available between differ-
ent ESWL machines, the patient should be placed on
a machine with a greater focal length and higher peak
pressures (86).

Although ESWL in patients with uncorrected
coagulopathy can result in life-threatening hemor-
rhage, such patients can be treated once the bleeding
diathesis is corrected (87). However, when antico-
agulation cannot be temporarily discontinued, the use

of ureteroscopy in combination with Holmium: YAG
laser lithotripsy is preferred. Grasso et al. (88) re-
ported that even when patients’ coagulopathies were
not fully corrected, stones could be successfully
treated with no increase in complications from bleed-
ing.

Children, the elderly, patients with hyperten-
sion, and patients with impaired renal function, may
be at increased risk of ESWL complications and ad-
verse effects and care should be taken to limit the
number and energy of shock waves applied in these
special cases (89-91).

CONCLUSION

ESWL remains the predominant therapy for
renal calculi. Proper patient selection with therapy
based on a comprehensive evaluation of stone related
factors (size, number, location, composition), renal
anatomy, and patient clinical factors will allow the
patient to be treated with the most efficient method
of achieving a stone free status with low morbidity.

This work was supported in part by NIH
grant P01- DK43881 and the Methodist

Hospital of Indiana Kidney Stone Research
Fund. Dr. Paterson and Dr. Kuo are AFUD

Scholars. Dr. Siquiera is an Endourology Society
scholar (Boston Scientific Co. sponsorship).

REFERENCES

1. Wickham JEA: Treatment of urinary tract stones.
BMJ. 1993; 307: 1414-7.

2. Krings F, Tuerk CH, Steinkogler I, Marberger M:
Extracorporeal shock wave lithotripsy treatment (“stir-
up”) promotes discharge of persistent calyceal stone
fragments after primary extracorporeal shock wave
lithotripsy. J Urol. 1992; 148: 1040-2 .

3. Chaussy CG: ESWL: past, present and future. J
Endourol. 1988; 2: 97-105.

4. Motola JA, Smith AD: Therapeutic options for the
management of upper tract calculi. Urol Clin North
Am. 1990; 17: 191-206.

SHOCK WAVE LITHOTRIPSY FOR RENAL CALCULI



298

5. Drach GW, Dretler S, Fair W, Finlayson B,
Gillenwater J, Griffith D et al.: Report of the United
States cooperative study of extracorporeal shock wave
lithotripsy. J Urol. 1986; 135: 1127-33.

6. Lingeman JE, Newman D, Mertz JHO, Mosbaugh PG,
Steele RE, Kahnoski RJ et al.: Extracorporeal shock
wave lithotripsy: Methodist Hospital of Indiana ex-
perience. J Urol. 1986; 135: 1134-7.

7. Gleeson MJ, Griffith DP: Extracorporeal shock wave
lithotripsy monotherapy for large renal calculi. Br J
Urol. 1989; 64: 329-32.

8. El-Damanhoury H, Scharfe T, Ruth J, Roos S,
Hohenfellner R: Extracorporeal shock wave lithot-
ripsy of urinary calculi: experience in treatment of
3.278 patients using the Siemens Lithostar and
Lithostar Plus. J Urol. 1991; 145: 484-8.

9. Mobley TB, Myers DA, Jenkins JM, Grine WB, Jor-
dan WR: Effects of stents on lithotripsy of ureteral
calculi: treatment results with 18.825 calculi using the
Lithostar lithotriptor. J Urol. 1994; 152: 53-6.

10. Logarakis NF, Jewett MAS, Luymes J, Honey RJ D’A:
Variation in clinical outcome following shock wave
lithotripsy. J Urol. 2000; 163: 721-5.

11. Cass AS: Comparison of first generation (Dornier
HM3) and second generation (Medstone STS)
lithotriptors: Treatment results with 13, 864 renal and
ureteral calculi. J Urol. 1995; 153: 588-92.

12. Lingeman JE, Coury TA, Newman DM, Kahnoski RJ,
Mertz JH, Mosbaugh PG et al.: Comparison of re-
sults and morbidity of percutaneous
nephrostolithotomy and extracorporeal shock wave
lithotripsy. J Urol. 1987; 138: 485-90.

13. Renner CH, Rassweiler J: Treatment of renal stones
by extracorporeal shock wave lithotripsy. Nephron.
1999;  81(suppl. 1): 71-81.

14. Psihramis KE, Jewett MAS, Bombardier C, Caron D,
Ryan M: Lithostar extracorporeal shock wave lithot-
ripsy: the first 1,000 patients. J Urol. 1992;  147: 1006-
9.

15. Lingeman JE, Siegel YI, Steele B, Nyhuis AW, Woods
JR: Management of lower pole nephrolithiasis: a criti-
cal analysis. J Urol. 1994; 151: 663-7.

16. Clayman RV, McDougall EM, Nakada SY: Percuta-
neous Therapeutic Procedures. In: Walsh PC, Retik
AB, Vaughan ED, Wein AJ, (eds). Campbell’s Urol-
ogy. Philadelphia, WB Saunders. 1998; pp. 2809-64.

17. Lingeman JE: Non-staghorn Renal Calculi. In:
Lingeman JE, Smith LH, Woods JR, Newman DM,
(eds.). Urinary Calculi. Philadelphia, Lea and Febiger.
1989;  pp. 149-162.

18. Murray MJ, Chandhoke PS, Berman CJ, Sankey NE:
Outcome of extracorporeal shock wave lithotripsy
monotherapy for large renal calculi; effect of stone
and collecting system surface areas and cost-effec-
tiveness of treatment. J Endourol. 1995; 9: 9-13.

19. Bhatta KM, Prien EL, Dretler SP: Cystine calculi-
rough and smooth: a new clinical distinction. J Urol.
1989; 142: 937-40 .

20. Sakamoto W, Kishimoto T, Takegaki Y, Sugimoto T,
Wada S, Yamamoto K et al.: Stone fragility-measure-
ment of stone mineral content by duel photon
absorptiometry. Eur Urol. 1991; 20: 150-3.

21. Wu TT, Hsu TH, Chen MT, Chang LS: Efficacy of in
vitro fragmentation by extracorporeal, electrohydrau-
lic, and pulsed-dye laser lithotripsy. J Endourol. 1993;
7: 391-3.

22. Wang YH, Grenabo L, Hedelin H, Pettersson S,
Wikhol G, Zachrisson BF: Analysis of stone fragility
in vitro and in vivo with piezoelectric shock waves
using the EDAP LT 01. J Urol. 1993;  149: 699-702.

23. Pittomvils G, Vandeursen H, Wevers M, Lafaut JP,
De Ridder D, De Meester P et al.: The influence of
internal stone structure upon the fracture behavior of
urinary calculi. Ultrasound Med Biol. 1994; 20: 803-
10.

24. Saw KC, Lingeman JE: Lesson 20 - Management of
calyceal stones. AUA Update Series. 1999; lesson-
20: 154-9.

25. Rutchik SD, Resnick MI: Ureteropelvic junction ob-
struction and renal calculi. Urol Clin North Am. 1998;
25: 317-21.

26. Chow GK, Streem SB: Contemporary urological in-
tervention for cystinuric patients: immediate and long-
term impact and implications. J Urol. 1998; 160: 341-
5.

27. Hockley NM, Lingeman JE, Hutchinson CL: Rela-
tive efficacy of extracorporeal shock wave lithotripsy
and percutaneous nephrostolithotomy in the manage-
ment of cystine calculi. J Endourol. 1989; 3: 273-85.

28. Kachel TA, Vijan SR, Dretler SP: Endourological
experience with cystine calculi and a treatment algo-
rithm. J Urol. 1991; 145: 25-8.

29. Dretler SP: Stone fragility: a new therapeutic distinc-
tion. J Urol. 1988; 139: 1124-7.

30. Klee LW, Brito CG, Lingeman JE: The clinical im-
plications of brushite calculi. J Urol. 1991.145: 715-
8.

31. O’Connor KP, Choyke PL, Pahira JJ: Matrix urinary
calculi. J Endourol. 1990; 4: 393-7.

32. Dretler SP, Polykoff G: Calcium oxalate stone mor-

SHOCK WAVE LITHOTRIPSY FOR RENAL CALCULI



299

phology: fine tuning our therapeutic distinctions. J
Urol. 1996; 155: 828-33.

33. Bon D, Dore B, Irani J, Marroncle M, Ingrand P,
Aubert J: Radiographic prognostic criteria for extra-
corporeal shock-wave lithotripsy: a study of 485 pa-
tients. Urology. 1996;  48: 556-61.

34. Ramakumar S, Patterson DE, LeRoy AJ, Bender CE,
Erickson SB, Wilson DM, Segura JW: Prediction of
stone composition from plain radiographs: a prospec-
tive study. J Endourol. 1999; 13: 397-401 .

35. Mostafavi MR, Ernst RD, Saltzman B: Accurate de-
termination of chemical composition of urinary cal-
culi by spiral computerized tomography. J Urol. 1998;
159: 673-5 .

36. Saw KC, McAteer JA, Monga AG, Chua GT,
Lingeman JE, Williams JC Jr: Helical CT of urinary
calculi: effect of stone composition, stone size, and
scan collimation. AJR. 2000; 175: 329-32.

37. Saw KC, McAteer JA, Fineberg NS, Monga AG, Chua
GT, Lingeman JE et al.: Calcium stone fragility is pre-
dicted by helical CT attenuation values. J Endourol.
2000;  14: 471-4.

38. Husmann DA, Milliner DS, Segura JW: Ureteropel-
vic junction obstruction with concurrent renal pelvic
calculi in the pediatric patient: a long-term follow-
up. J Urol. 1996; 156: 741-3.

39. Jones DJ, Wickham JEA, Kellett MJ: Percutaneous
nephrolithotomy for calculi in horseshoe kidneys. J
Urol. 1991; 145: 481-3.

40. Cohen TD, Preminger GM: Management of calyceal
calculi. Urol Clin Nor Am. 1997; 24: 81-96.

41. Winfield HN, Clayman RV, Chaussy CG, Weyman
PJ, Fuchs GJ, Lupu AN: Monotherapy of staghorn
renal calculi: a comparative study between percuta-
neous nephrolithotomy and extracorporeal shock wave
lithotripsy. J Urol. 1988; 139: 895-9.

42. Shigata M, Kasaoka Y, Yasumoto H, Inoue K, Usui
T, Hayashi M, Tazuma S: Fate of residual fragments
after successful extracorporeal shock wave lithotripsy.
Int J Urol. 1999; 6: 169-72.

43. Husmann DA, Milliner DS, Segura JW: Ureteropel-
vic junction obstruction with a simultaneous renal
calculus: long-term follow-up. J Urol. 1995; 153: 399-
402.

44. Michel W, Funke PJ, Tunn UW, Senge T:
Pyelocalyceal diverticula. Int Urol Nephrol. 1985; 17:
225-30.

45. Timmons JW, Malek RS, Hattery RR, Deweerd JH:
Calyceal diverticulum. J Urol. 1975; 114: 6-9.

46. Middleton AW, Pfister RC: Stone-containing

pyelocalyceal diverticulum: embryogenic, anatomic,
radiologic and clinical characteristics. J Urol. 1974;
111: 2-6.

47. Hsu THS, Streem SB: Metabolic abnormalities in
patients with calyceal diverticular calculi. J Urol.
1998; 160: 1640-2.

48. Bell BB, Lingeman JE: Absence of metabolic activ-
ity following percutaneous treatment of calyceal di-
verticular calculi. J Urol. 1999; 161: 4 (suppl.): 375.

49. Liatsikos EN, Bernardo NO, Dinlenc CZ, Kapoor R,
Smith AD: Calyceal diverticular calculi: is there a role
for metabolic evaluation? J Urol. 2000; 164: 18-20.

50. Shalhav AL, Soble JJ, Nakada SY, Wolf JS Jr,
McClennan BL, Clayman RV: Long term outcome of
calyceal diverticula following percutaneous
endosurgical management. J Urol. 1998; 160: 1635-
9.

51. Streem SB, Yost A: Treatment of calyceal diverticu-
lar calculi with extracorporeal shock wave lithotripsy:
patient selection and extended follow-up. J Urol. 1992;
148: 1043-6.

52. Evans WP, Resnick MI: Horseshoe kidney and uroli-
thiasis. J Urol. 1981; 125: 620-1.

53. Lampel A, Hohenfellner M, Schultz-Lampel D, Lazica
M, Bohrien K, Thuroff JW: Urolithiasis in horseshoe
kidneys: therapeutic management. Urology. 1996; 47:
182-6.

54. Kupeli B, Isen K, Biri H, Sinik Z, Alkibay T, Karaglan
U et al.: Extracorporeal shock wave lithotripsy in
anomalous kidney. J Endourol. 1999; 13: 349-52.

55. Theiss M, Wirth MP, Frohmuller HGW: Extracorpo-
real shock wave lithotripsy in patients with renal mal-
formation. Br J Urol. 1993;72: 534-8.

56. Kirkali Z, Esen AA, Mungan MU: Effectiveness of
extracorporeal shockwave lithotripsy in the manage-
ment of stone-bearing horseshoe kidneys. J Endourol.
1996; 10: 13-5.

57. Esuvaranathan K, Tan EC, Tung KH, Foo KT: Stones
in horseshoe kidneys: results of treatment by extra-
corporeal shock wave lithotripsy and endourology. J
Urol. 1991; 146: 1213-5.

58. Van Deursen J, Baert L: Electromagnetic extracorpo-
real shock wave lithotripsy for calculi in horseshoe
kidney. J Urol. 1992; 148: 1120-2.

59. Chaussy CG, Schuller J,Schmiedt E, Brandl H,
Jocham D, Liedl B: Extracorporeal shock wave lithot-
ripsy (ESWL) for treatment of urolithiasis. Urology.
1984; 23: 59-66.

60. Jenkins AD, Gillenwater JY: Extracorporeal shock
wave lithotripsy in the prone position: Treatment of

SHOCK WAVE LITHOTRIPSY FOR RENAL CALCULI



300

stones in the distal ureter or anomalous kidney. J Urol.
1988; 139: 911-15.

61. Locke DR, Newman RC, Steinbock GS, Finlayson
B: Extracorporeal shock-wave lithotripsy in horseshoe
kidneys. Urology. 1990; 35: 407-11.

62. Bauer SB. Anomalies of the Kidney and Ureteropel-
vic Junction. In: Walsh PC, Retik AB, Vaughan ED
Jr., Wein AJ (ed.), Campbell’s Urology. Philadelphia,
WB Saunders. 1998; pp. 1708-56.

63. Zafar FS, Lingeman JE: Value of laparoscopy in the
management of calculi complicating renal malforma-
tions. J Endourol. 1996; 10: 379-83.

64. Harmon WJ, Kleer E, Segura JW: Laparoscopic
pyelolithotomy for calculus removal in a pelvic kid-
ney. J Urol. 1996; 155: 2019-20,

65. Tolley DA, Downey P: Current advances in shock
wave lithotripsy. Curr Opin Urol. 1999; 9: 319-23.

66. Graff J, Diederichs W, Schulze H: Long-term follow-
up in 1.003 extracorporeal shock wave lithotripsy
patients. J Urol. 1988; 140: 479-83.

67. Havel D, Saussine C, Fath C, Lang H, Faure F,
Jacqmin D: Single stones of the lower pole of the kid-
ney. Comparative results of extracorporeal shock wave
lithotripsy and percutaneous nephrolithotomy. Eur
Urol. 1998; 33: 396-400.

68. May DJ, Chandhoke PS: Efficacy and cost-effective-
ness of extracorporeal shock wave lithotripsy for soli-
tary lower pole renal calculi. J Urol. 1998; 159: 24-7.

69. Riddell JVB, Denstedt JD, Lingeman JE, and the
Lower Pole Study Group: Prospective randomized
trial of ESWL and PCNL for lower pole nephrolithi-
asis: financial sub-analysis. J Urol. 1999; 161: 369
abstract 1431.

70. Albala DM, Assimos DG, Clayman RV, Denstedt JD,
Grasso M, Gutierrez-Aceves J et al.: Lower pole I: a
prospective randomized trial of extracorporeal shock
wave lithotripsy and percutaneous nephrostolithotomy
for lower pole nephrolithiasis-initial results. J Urol.
2001; 166: 2072-80.

71. Sampaio FJB, Aragao AHM: Inferior pole collecting
system anatomy: its probable role in extracorporeal
shock wave lithotripsy. J Urol. 1992; 147: 322-4.

72. Sampaio FJB, Zanier JFC, Aragao AH, Favorito LA:
Intrarenal access: 3-dimentional anatomical study. J
Urol. 1992; 148: 1769-73.

73. Sampaio FJB, Aragao AHM: Limitations of extracor-
poreal shockwave lithotripsy for lower calyceal
stones: Anatomic insight. J Endourol. 1994; 8: 241-
7.

74. Sampaio FJB, D’Anunciacao AL, Silva EC: Compara-

tive follow-up of patients with acute and obtuse in-
fundibulum-pelvic angle subjected to extracorporeal
shock wave lithotripsy for lower calyceal stones: pre-
liminary report and proposed study design. J Endourol.
1997; 11: 157-61.

75. Sabinis RB, Naik SH, Patel SH, Desai MR, Bapat
SD: Extracorporeal shock wave lithotripsy for lower
calyceal stones: can clearance be predicted? Br J Urol.
1997; 80: 853-7.

76. Keeley FX, Moussa SA, Smith G, Tolley DA: Clear-
ance of lower-pole stones following shock wave lithot-
ripsy: effect of the infundibulopelvic angle. Eur Urol.
1999; 36: 371-5.

77. Elbahnasy AM, Clayman RV, Shalhav AL, Hoenig
DM, Chandhoke P, Lingeman JE et al.: Lower-pole
calyceal stone clearance after shockwave lithotripsy,
percutaneous nephrolithotomy, and flexible
ureteroscopy: impact of radiographic spatial anatomy.
J Endourol. 1998; 12: 113-9.

78. Gupta NP, Singh DV, Hemal AK, Mandal S:
Infundibulopelvic anatomy and clearance of inferior
calyceal calculi with shock wave lithotripsy. J Urol.
2000; 163: 24-7.

79. Zink RA, Frohmueller HG, Eberhardt JE, Kraemer
KE: Urosepsis following ESWL. J Urol. 1988; 139:
265A.

80. Meretyk S, Bigg S, Clayman RV, Kavoussi LR,
McClennan BL: Caveat emptor: calyceal stones and
the missing calyx. J Urol. 1992; 147: 1091-5.

81. Bierkens AF, Hendrikx AJ, Ezz el Din KE, de la Ro-
sette JJ, Horreverts A, Doesburg W et al.: The value
of antibiotic prophylaxis during extracorporeal shock
wave lithotripsy in the prevention of urinary tract in-
fections in patients with urine proven sterile prior to
treatment. Eur Urol. 1997; 31: 30-5.

82. Kattan S, Husain I, El-Faqih SR, Atassi R: Incidence
of bacteremia and bacteriuria in patients with non-
infection-related urinary stones undergoing extracor-
poreal shock wave lithotripsy. J Endourol. 1993; 7:
449-51.

83. Pettersson B, Tiselius HG: Are prophylactic antibiot-
ics necessary during extracorporeal shock wave lithot-
ripsy? Br J Urol. 1989; 63: 449-52.

84. Whelan JP, Finlayson B, Welch J, Newman RC: The
blast path: theoretical basis, experimental data and
clinical application. J Urol. 1988; 140: 401-4.

85. Thomas R, Cass AS: Extracorporeal shock wave
lithotripsy in morbidly obese patients. J Urol.1993;
150: 30-2.

86. Hofmann R, Stoller ML: Endoscopic and open stone

SHOCK WAVE LITHOTRIPSY FOR RENAL CALCULI



301

surgery in morbidly obese patients. J Urol.  1992. 148:
1108-11.

87. Streem SB, Yost A: Extracorporeal shock wave lithot-
ripsy in patients with bleeding diatheses. J Urol. 1990;
144: 1347-48.

88. Grasso M, Chalik Y: Principles and applications of
laser lithotripsy: experience with the holmium laser
lithotrite. J Clin Lasers Surg Med. 1998; 16: 3-7.

89. Janetschek GJ, Frauscher F, Knapp R, Hofle G,
Peaschel R, Bartsch G: New-onset hypertension after
extracorporeal shock wave lithotripsy: age-related in-

cidence and prediction by intrarenal resistive index. J
Urol. 1997; 158: 346-51.

90. Lifshitz DA, Lingeman JE, Zafar FS, Hollensbe DW,
Nyhuis AW, Evan AP: Alterations in predicted
growth rates of pediatric kidneys treated with extra-
corporeal shock wave lithotripsy. J Endourol. 1998;
12: 469-75.

91.   Evan AP, Willis LR, Lingeman JE, McAteer JA: Re-
nal  trauma and the risk of long-term complications in
shock wave lithotripsy. Nephron. 1998; 78: 1-8.

Received: February 26, 2002
Accepted after revision: March 10, 2002

Correspondence address:
Dr. James E. Lingeman
Methodist Urology
1801 North Senate Blvd., Suite 220
Indianapolis, Indiana, 46202, USA
Fax: + 1 317 962-2893
E-mail: jlingeman@clarian.com

SHOCK WAVE LITHOTRIPSY FOR RENAL CALCULI


