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Abstract

Objective: We review the pathophysiology and possible prevention mea-
sures of complications after extracorporeal shock wave lithotripsy
(ESWL).

Methods: A literature search was performed with the Medline database
on ESWL between 1980 and 2004.

Results: ESWL application has been intuitively connected to complica-
tions. These are related mostly to residual stone fragments, infections,
and effects on tissues such as urinary, gastrointestinal, cardiovascular,
genital, and reproductive systems. Recognition of ESWL limitations, use
of alternative therapies, correction of pre-existing renal or systemic
disease, treatment of urinary tract infection, use of prophylactic anti-
biotics, and improvement of ESWL efficacy are the most important
measures of prevention. Decrease of shock wave number, rate and
energy, use of two shock-wave tubes simultaneously, and delivery of
two shock waves at carefully timed close intervals improve ESWL effi-
cacy and safety.

Conclusion: ESWL is a safe method to treat stones when proper indica-
tions are followed. The need for well-designed prospective randomised
trials on aetiology and prevention of its complications arises through the
literature review.

© 2006 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

worldwide because of its ease of use, noninvasive
nature, high efficacy in treating kidney and ureteral

Since its first presentation in West Germany in the  stones, and wide availability of lithotriptors. ESWL
early1980s [1], extracorporeal shock wave litho- acts via a number of mechanical and dynamic
tripsy (ESWL) has revolutionized the treatment of  forces on stones such as cavitation, shear, and
urinary lithiasis. ESWL has gained rapid acceptance  spalling [2]. The most important force is thought to
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Table 1 - Complications after ESWL for urinary stones

Immediate Delayed

Renal Function?
Hypertension?
Fertility?

Related to stone fragments
Infectious
Tissue effects
e Renal (haematoma, haemorrhage)
o Cardiovascular
o Gastrointestinal
o Genital system
e Foetus

be cavitation [2]. The destructive forces generated
when the cavitation bubbles collapse are responsible
for the ultimate stone fragmentation. However, they
can also cause trauma to thin-walled vessels in the
kidneys and adjacent tissues [3], which result in
haemorrhage, release of cytokines/inflammatory
cellular mediators, and infiltration of tissue by
inflammatory response cells. These may lead to
short-term complications and to formation of scar
and possible chronic loss of tissue function (Table 1).

In this review we present an overview of the post-
ESWL complications, their potential mechanisms
and predisposing factors, and various ways to
prevent them. A thorough Medline search was
performed to review various types of papers such
as clinical trials, randomised controlled trials,
reviews, meta-analysis, editorials, and letters to
the editor. Combinations of the following keywords
were used: ESWL; complications; stone fragmenta-
tion; failure; residual stones; obstruction; stein-
strasse; infection; renal anatomy; renal function;
hypertension; vascular; cardiac; gastrointestinal;
children; fertility; and pregnancy. We reviewed
3,937 abstracts and read 220 papers in full. Ninety-
three of these are sited in the reference list.

2. Complications related to stone fragments

Incomplete fragmentation, residual stone frag-
ments, steinstrasse, and obstruction are among
the problems urologists confront when ESWL fails to
completely fragment the stone treated (Table 2).

Growth of residual fragments <4 mm has been
documented in 21%-59% of patients who underwent
ESWL [4,5]. Streem et al demonstrated a 43% risk of
having a symptomatic episode or needing an
intervention, or both, after a mean 26-month
follow-up in patients with residual calculi <4 mm
[6]. With increasing renal persistence of residual
fragments, the probability of stone clearance seems
to decrease [5]. However, the location of residual
fragments does not significantly influence stone
clearance rate [5].

Table 2 - Complications of ESWL related to stone
fragments

Possible predisposing
factors

Possible prevention
measures

Hard stones Alternative therapy for hard and
large stones (PCNL, sandwich
therapy)

Stenting when treating large
stones

Improve ESWL efficacy

Large stones

Lower pole stones

Increased number of stones
Impaired renal anatomy
Increased shock wave rate
Decreased shock wave energy

2.1.  Predisposing factors

Predisposing factors to ESWL failure are stone
composition, size, location, and number, as well
as renal morphology and shock wave rate and
energy [7,8]. The fragmentation rate of cystine and
calcium oxalate monohydrate stones is low [9]. The
ESWL success rate decreases as the stone size
increases. Chaussy et al. in 1984 reported a stone-
free rate of 91% for stones less than 2 cm [1]; stone-
free rates for stones 2-3cm are 50%-70% and
decrease further for staghorn stones [10]. The
success rate of ESWL is lower for lower pole calculi
than for other stone locations [11]. Lingeman et al.
reported stone-free rates of 29% for patients with
lower pole calculi of 11-20 mm and 20% for those
with calculi >20 mm [11]. The presence of multiple
stones has also been related to a higher recurrence of
stones after ESWL [1-4]. ESWLis effective for stones in
the ureter, although less effective than initial treat-
ment than ureteroscopy [12]. The stone-free rate
seems to be related to stone location. For proximal
ureteral stones there has been a higher success rate
(65%-81%) than for lower ureteral stones (58%—67%).
ESWL should be considered as initial treatment in
cases such as stones <10 mm [12].

Shock wave rate affects stone fragmentation in
vitro and in vivo, improved ESWL efficiency occur-
ring at slower rates [13]. Similarly, progressive
increase in lithotripter output voltage improves
stone comminution in vitro [14]. However, only
two clinical studies [15,16] have addressed the effect
of varying shock wave rate on the efficiency of stone
fragmentation. The authors confirmed the positive
effect of lowering shock wave rates in treating
ureteral stones, which indicates the necessity of
large randomised clinical trials.

New generation types of the same lithotriptor
design or lithotriptors of different design show
variable fragmentation ability. Portis et al. [17]
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evaluated the HM3 and Lithotron devices, which both
use electrohydraulic power sources. The overall
success rate was 83% and 63% for the two machines,
respectively. Graber et al. [18], in a prospective
randomised study that compared the Dornier HM3
and the Lithostar Plus (an electromagnetic lithotrip-
ter) revealed that 91% and 65% of patients had
residual fragments <2 mm, respectively. However,
other studies showed no significant difference when
various piezoelectric lithotriptors [19] or electrohy-
draulic and electromagnetic lithotriptors [20] were
compared. These studies were longitudinal trials,
many of which did not include retreatment rates or
auxiliary procedures after ESWL, which made a meta-
analysis of the data difficult.

Despite major concerns about potential hazards
of ESWL in the growing child, highly satisfactory
results are being reported. Overall stone-free rates
are initially 37%-52%, and increase to 57%-100% in
long-term follow-up after ESWL [21,22]. ESWL mono-
therapy for staghorn calculi in children results in a
stone-free rate of 73.3% after an average of two
ESWL sessions [23]. Stone disintegration and clear-
ance after ESWLin children is easier and earlier than
in adults. This is probably because shock waves are
transmitted with little loss of energy through the
small bodies [24]. Other contributing factors could
be the composition of stones and the shorter duration
of uropathology in children. In addition, the paedia-
tric ureter is shorter and more elastic and distensible;
thus, it permits easier transmission of stone frag-
ments and prevents ureteral impaction [25,26].

2.2. Prevention

Complications related to stone fragments can be
prevented by realizing the limitations of ESWL for
large stone burdens and by using PCNL or ESWL
followed by PCNL and repeat ESWL (sandwich
therapy), as an alternative. Overall steinstrasse
occurs in 1%—4% of patients who undergo ESWL
[7]. The rate increases in 5%-10% of patients with
large stone burdens (>2 cm?) [27] and in up to 40%
of patients with partial or complete staghorn
calculi [28].

Stenting before ESWL reduces complications
caused by residual stone fragments, especially when
a large stone is treated [29]. However, stents do not
decrease the incidence of steinstrasse after litho-
tripsy of small to moderate-sized stones [27], so small
calculi rarely require ureteral stenting. Recently,
Okeke et al. [30] successfully used a ureteral access
sheath combined with ESWL to facilitate passage
of stone fragments in patients with large stone
burdens when PCNL was contraindicated.

More importantly, to alleviate stone fragment
problems, ESWL must become more effective. In
vitro,invivo, and preliminary clinical studies indicate
that using two confocal, opposing shock wave
sources triggered simultaneously could lead to an
increased stone comminution compared to using one
shock wave tube [31]. Similarly, delivery of two shock
wave sessions at carefully timed close intervals may
increase the exposure of stone to disintegrative
forces and lead to increased stone fragmentation
[31]. Finally, Heimbach et al. in an in vitro model
showed that chemolytic solutions may provide a
useful adjunctive modality for improving the
efficacy of stone comminution during shock wave
lithotripsy [32]. Certainly, more experimental and
clinical data are warranted before these adjuncts
and improvements in ESWL become established.

3. Infectious complications
3.1.  Incidence and severity

The renal trauma and vascular disruption asso-
ciated with ESWL may allow bacteria in urine to
enter the bloodstream. Moreover, when infected
calculi are destroyed, bacteria are released from the
stone into the urine and may be absorbed systemi-
cally [2]. As a consequence, bacteriuria, bacterae-
mia, clinical urinary tract infection (UTI), urosepsis,
perinephric abscess formation, endocarditis, candi-
dal and Klebsiella endophthalmitis, candidal septi-
caemia, tuberculosis, and (rarely) death have been
reported after ESWL [2] (Table 3).

Bacteriuria has been found in 7.7%-23.5% of
patients who undergo ESWL, including 7.7% in a
group of patients without infection-related stones
[2,33]. Clinical UTI is more common in patients with
struvite stones, multiple or complex stones, or who
undergo periprocedural stone or urologic manipula-
tion [2,34]. The rate of bacteraemia after ESWL is
reportedly as high as 14% [33] converted into sepsis

Table 3 - Infectious complications following ESWL

Possible predisposing
factors

Possible prevention
measures

Pre-existing UTI
Infected calculi
Multiple stones

Treatment of pre-existing UTI
Early diagnosis of UTI
Prophylactic antibiotics when
predisposing factors are present
Staghorn stones Prophylactic antibiotics for all?
History of recurrent UTIs
Urinary obstruction
Instrumentation

at the time of ESWL
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in <1% of cases, although for staghorn calculi, the
rate is elevated to 2.7% [10]. The risk of sepsis
increases when urine culture is positive before
ESWL or in the presence of urinary obstruction [35].

3.2.  Diagnosis and prevention

Patient symptoms, erythrocyte sedimentation rate
(ESR), white blood count (WBC), and urine and blood
cultures are all helpful in detecting post-ESWL
bacteriuria and bacteraemia. However, these studies
become positive when patient symptoms are
already established. C-reactive protein (CRP) mea-
surement on the first and third days after ESWL is
useful for early diagnosis of complications, before
urine and blood cultures become positive [36].
Whether early antimicrobial empiric therapy based
on CRP results will prevent these serious complica-
tions remains unclear.

The role of routine prophylactic antibiotics is
controversial. Pearle and Roehrborn [37], in a meta-
analysis of randomised controlled trials, indicated
that routine prophylactic antibiotics in all patients
who undergo ESWL is efficacious and cost effective
in decreasing the need for inpatient treatment of
urosepsis. However, several studies, including ran-
domised controlled trials [38], have demon-
strated no advantage of prophylactic antibiotics
in patients without preoperative UTI or infection
stones [38,39]. Preoperative antibiotics should be
given to patients with infection-related stones
(staghorn and struvite calculi), positive urine
cultures, or a history of recurrent UTIs and to those
who undergo instrumentation at the time of ESWL
[2,34,37,39).

4. Tissue effects of ESWL
4.1.  Renal complications

Renal complications can be subdivided into early
effects on kidney anatomy that lead to haematuria
and haematoma formation, and late complications
that affect kidney function and cause systemic
hypertension (Table 4).

Histopathological examination of human and
animal kidneys showed endothelial cell damage to
midsized arteries, veins, and glomerular capillaries
immediately after ESWL [40,41]. Thin-walled arcuate
veins in the corticomedullary junction are especially
vulnerable to shock wave exposure and are related
to haematuria and haematoma [40]. The lesion is
usually a focal process; most of the renal paren-
chyma is unaffected [40,41].

ESWL-induced acute renal damage may also
result in severe injury to the nephron, microvascu-
lature, and the surrounding interstitium [42]; renal
tubules and vessels are more vulnerable than renal
blood flow to discharge energy [43]. These injuries
may be related to the long-term effects of ESWL on
renal function.

4.2. Effects on renal anatomy

The most common clinical manifestation of renal
trauma is gross haematuria that spontaneously
resolves in a few days. Symptomatic intrarenal,
subcapsular, or perirenal fluid collections and
haematomas are rare and occur in <1% of patients
who undergo ESWL [44]. However, when computer-
ized tomography or magnetic resonance imaging is

Table 4 - Possible renal effects of ESWL

Effect

Possible predisposing factor

Possible prevention measures

Acute
Damage to vascular endothelium
Damage to nephron, renal tubules,
and interstitium
Loss of corticomedullary demarcation

Increased excretion in urine of
metabolites indicating renal damage

Haematuria

Haematoma

Decrease in GFR

Decrease in effective RPF

Chronic

New onset of hypertension?

Perirenal Fibrosis
Loss of renal function

Pre-existed hypertension
Pre-existed renal disease

Increased shock wave number,
rate, and energy
Increased patient age

Increased shock-wave number,
rate, and energy
Increased patient age

Use of different types of lithotriptor
Decrease shock wave number, rate,
and energy

Use of two shock wave tubes

Delivery of two shock-waves at
carefully timed close intervals

Decrease shock-wave number,
rate, and energy
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performed routinely after ESWL, the haematoma
rate may increase to 20%—25% [44].

Haemorrhage and haematomas may be related to
the type of lithotripter used [45,46]. The HM3, which
uses electrohydraulic energy, delivers more energy
per shock wave into the kidney and causes more
trauma than the Lithostar Plus machine that uses an
electromagnetic source [45]. The Lithostar appar-
ently exerts a greater pressure on the renal capsule,
which may account for the higher incidence of
subcapsular haematoma compared to EDAP LT-01
piezoelectric machine [46].

Potential risk factors for haematoma formation
are bleeding diathesis, the use of drugs with
antiplatelet activity, hypertension, obesity, diabetes
mellitus, and the number and intensity of shock
waves. In the setting of electrohydraulic lithotripsy
none of these factors have been consistently proved
to be a risk, although hypertension remains a
plausible factor [47]. The probability of haematoma
increased significantly with patient age during
electromagnetic lithotripsy, but was not associated
with increasing mean arterial pressure at treatment
or any other factor [44].

Treatment of the haematomas is conservative in
most cases. The most likely outcome is spontaneous
radiographic resolution of the haematoma within
two years without clinically evident adverse effects
on blood pressure or renal function [48]. However, a
decrease in renal blood flow has been reported and
associated with acute renal failure and hypertension
when there is bilateral involvement or in patients
with a solitary kidney [49]. These high-risk patients
should be closely followed up.

4.3.  Renal function after ESWL

Biochemical evidence of renal injury is apparent
immediately after ESWL. Blood and urine markers
such as renin, creatinine, N-Acetyl-b-D-glucosami-
nidase (NAG), b-galactosidase (BGAL), b-2-microglo-
bulin (B2M), and proteinuria return to near-normal
levels within a few days [41,50,51].

Studies on animals and humans [52,53] reveal a
reduction of glomerular filtration rate (GFR) and
renal plasma flow soon after ESWL, especially when
pyelonephritis coexists [54]. However, ESWL does
not affect GFR over the long-term, and immediate
renal damage appears to resolve over days to a
couple of months [52,53].

Renal function remains unaffected when ESWL is
applied to specific clinical situations. Definitive
treatment of urolithiasis after relief of obstruction
in patients with renal insufficiency further improves
renal function [55]. There are several conflicts in the

literature about the possibility of the detrimental
effect of shock waves on children’s growing kidneys.
Significant alterations of renal growth in children
after ESWL were observed in a long-term study,
although the authors could not determine whether
these alterations were secondary to the ESWL
treatment or to some underlying conditions that
are intrinsic to paediatric kidneys with urolithiasis
[56].

Shock wave energy induces transient functional
damage of tubular function in children [57] and the
renal vasoconstriction induced by ESWL is greater in
small kidneys than in large ones [58]. On the other
hand, assessment of long-term effects of ESWL on
GFR in children by renal scintigraphy revealed no
significant decrease in mean ipsilateral and total
GFR [59] Other long-term follow-up studies could
show no parenchymal damage in children who
underwent ESWL [21,60]. This evidence supports the
concern that has been raised about potential
damage to epiphyseal growth centres in children;
no long-term skeletal deformities to date having
been demonstrated [61].

There is evidence that shock wave lithotripsy
damage to the kidney is reduced when cavitation is
suppressed [62]. Minimizing the voltage and number
of shocks may decrease the deleterious effect [62].
Animal and cell-suspension studies as well as human
studies have shown that slowing of the shock wave
rate may reduce the level of tissue injury [63].
Experimental studies showed that animals treated
with two shock wave tubes showed decreased renal
damage than animals treated with a single tube [64].
Additionally, delivery of two shock waves at carefully
timed close intervals of microseconds led to reduced
renal trauma and improved stone comminution in a
porcine model [31]. Prospective trials are clearly
necessary to exclude any long-term deleterious
effects of ESWL and depict ways to prevent them.

4.4. ESWL and hypertension

The incidence of newly diagnosed hypertension
after lithotripsy was initially reported to be 8%
[65-67]. This does not differ from the incidence of
new onset hypertension in the general population,
which is approximately 6% [68].

Systolic hypertension per se has not been shown
to be increased after ESWL, but diastolic hyperten-
sion has been found in multiple studies [65,66,69].
Diastolic hypertension may be a dose-related phe-
nomenon; an increasing number of shock waves
correlates with more severe diastolic hypertension
[69]. These preliminary surveys were of uncertain
validity because of their retrospective nature, the
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lack of a non-ESWL control group, and a low
response rate (up to 33%).

To further elucidate the possible long-term
association between ESWL and hypertension, Linge-
man et al. [67] retrospectively surveyed 961 patients
who were treated for stone disease. Eighty percent of
the patients received therapy that exposed them to
shock waves; the rest were treated with percuta-
neous surgery or ureteroscopy and consequently
were not exposed to shock waves and served as
controls. Follow-up blood pressures were measured
one year after treatment. In patients treated with
ESWL the annualized incidence of hypertension
(2.4%) did not differ significantly from that in control
patients (4.0%). Moreover, patients who were
exposed to ESWL showed no correlation between
the incidence of hypertension and the laterality of
treatments, the number of shock waves adminis-
tered, the voltage applied, or the power index. There
was a statistically significant rise in diastolic blood
pressure (DBP) after treatment with ESWL. The
annualized incidence of new onset hypertension
in ESWL patients four years later was 2.1% compared
with 1.6% in non-ESWL patients (not significant). A
statistically significant difference in the annualized
mean DBP was identified in the ESWL-treated
patients compared to the non-ESWL patients at all
time intervals following treatment. This change in
blood pressure remained statistically significant
even after other statistically significant risk factors
such as pretreatment blood pressure, gender, age,
and factors such as years since treatment, direct
shock wave exposure to the kidney, and multiple
shock wave sessions were controlled for [70].

Patients over the age of 60 may develop hyperten-
sion at a higher rate than the control population,
which can be predicted by increased intrarenal
resistive indices [71]. Janetschek et al. demonstrated
a 45% incidence of new-onset hypertension after
ESWL in a small group of patients older than 60
(mean follow-up, 26 months) [71]. Close postopera-
tive screening for hypertension in the ESWL patients
older than 60 seems reasonable.

The true cause of hypertension after ESWL is
probably multifactorial, and whether there is a
direct causal link is unclear. Blood pressure is more
commonly affected by either renin-mediated [50] or
renin-independent [72] mechanisms. Recent studies
indicated that renal stone disease rather than the
type of treatment significantly increases blood
pressure during a follow-up period of 24 months [73].

Most of the preceding studies were retrospective
and did not stratify patients into at-risk groups or
exclude patients with pre-existing hypertension,
renal disease, or other risk factors for renal injury

after ESWL. Randomised controlled trials failed to
reveal any evidence that ESWL causes changes in
blood pressure [68,74,75]. Furthermore a recent study
indicated that extracorporeal lithotripsy for kidney
stones may be responsible for a drop in blood
pressure, possibly because the intrarenal metabolism
is altered. This decrease was related to the number
and the power of the shock waves applied [76].

4.5.  Cardiovascular complications during ESWL

Cardiac arrhythmias during ESWL are not uncom-
mon; the incidence is 11%-59% [77]. They usually
represent minor, unifocal premature ventricular
contractions. Morbid cardiac events [77] or biochem-
ical evidence of myocardial injury [78] are extremely
rare. The incidence can be reduced with gating of the
shock wave to the electrocardiogram pulse [77].
Ungated ESWL can be performed, but the incidence
of arrhythmia increases [79]. No correlation is
demonstrated between ventricular premature con-
tractions and patient age, gender, heart disease,
stone size and location, presence of a ureteral
catheter or nephrostomy tube, mode of anaesthesia,
number of shock waves, or types of lithotriptors [77].

ESWL may be performed safely on patients with
pacemakers with appropriate precautions [80]. The
treatment should be approved and supervised by a
cardiologist. Dual-chamber pacemakers should be
reprogrammed to the single-chamber mode, and
single-chamber rate-responsive devices should
have the activity mode programmed off. Patients
with the latter type of pacemaker implanted in the
abdomen should not have ESWL if the device will be
close to shock-wave focal point F2 [81].

Although several patients had abdominal aortic
aneurysmal rupture after ESWL [82], experimental
and clinical data indicate that patients with aortic
and renal aneurysms can be treated safely and
without complications [83]. Major vein thrombosis
after ESWL has been reported but is rare [84,85]. The
exact mechanism is unclear, but it can be precipi-
tated by haematological disorders [85].

4.6.  Gastrointestinal injury secondary to ESWL

In a recent review, 62 of 3,423 (1.81%) patients
experienced a documented gastrointestinal injury
(GI) complication after ESWL [86]. Small bowel
and colon perforation, ureterocolic fistula formation,
GI anastomosis dehiscence, cecal ulcers, colon
erythema, bruising and haematomas, bleeding per
rectum, pancreatitis and peripancreatic haematoma
and abscess formation, liver and spleen subcapsular
haematomas, and ileus have been reported in case
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studies [86]. Two studies specifically examined the
incidence of GI injury after ESWL. The first included
40 patients tested with pre- and postprocedural
endoscopy, of whom 32 (80%) sustained gastric or
duodenal erosions [87]. The second study included 54
patients who were screened with guaiac testing, of
whom 2 (3.7%) converted positive after lithotripsy
[88].

These adverse effects were associated with the
increase in the number and energy of shock waves
delivered but also with patient position. Most GI
perforations occurred when the patient was prone
and received shock-waves that exceeded the U.S.
Food and Drug Administration recommended num-
bers [86]. The exact pathophysiology is not yet clear,
but spallation, heat injury, and cavitation are
possible injury mechanisms [86]. Prospective ran-
domised studies are needed to determine the exact
incidence of Gl injury during ESWL and to determine
its true clinical impact on patients.

5. Effects of ESWL on fertility and pregnancy

There is enough evidence from experimental and
clinical studies that ESWL does not have severe
permanent effects on testicular and ovarian func-
tion [89,90]. Consequently, male and female fertility
are not affected by ESWL [89,90]. Pregnancy is the
only absolute contraindication to ESWL because of
the potential disruptive effects of the shock wave
energy on the foetus that are found in numerous
experimental studies [91]. These animal studies are
supported by clinical reports of spontaneous mis-
carriages secondary to ESWL [89]. However, there
are case reports of successful delivery of healthy
babies with no detectable malformations or chro-
mosomal anomalies, despite the inadvertent appli-
cation of ESWL during pregnancy [92]. One possible
explanation is that embryotoxic or teratogenic
sequelae do not occur when shock waves are
focused outside the uterus [93]. Further research is
necessary to determine whether this procedure can
ever be performed safely during pregnancy.

6. Conclusions

ESWL is a safe method to treat stones in the urinary
tract when proper indications are followed. Today,
25 years after its implementation, various side
effects have been reported and studied, but most
are rare and do not hamper the effectiveness of this
technique. Preventive measures can be taken to
minimize the frequency of these side effects.

References

[1] Chaussy C, Schuller J, Schmiedt E, Brandl H, Jocham D,
Liedl B. Extracorporeal shock-wave lithotripsy (ESWL) for
treatment of urolithiasis. Urology 1984;23:59-66.

[2] Moody JA, Evans AP, Lingeman JE. Extracorporeal shock-
wave lithotripsy. In: Weiss RM, George NJR, O'Reilly PH,
editors. Comprehensive Urology. Mosby International
Limited; 2001. p. 623-36.

[3] Evan AP, McAteer JA. Q-effects of shock-wave lithotripsy.
In: Coe FL, Favus MJ, Pak CYC, Parks JH, Preminger GM,
editors. Kidney stones: Medical and Surgical Manage-
ment. Philadelphia: Lippincott Raven; 1996. p. 549-70.

[4] Sun BY, Lee YH, Jiaan BP, Chen KK, Chang LS, Chen KT.
Recurrence rate and risk factors for urinary calculi after
extracorporeal shock wave lithotripsy. J Urol 1996;156:
903-5, discussion, 906.

[5] Osman MM, AlfanoY, Kamp S, Haecker A, Alken P, Michel

MS, Knoll T. 5-year-follow-up of patients with clinically

insignificant residual fragments after extracorporeal

shockwave lithotripsy. Eur Urol 2005;47:860-4.

Streem SB, Yost A, Mascha E. Clinical implications of

clinically insignificant store fragments after extracorpor-

eal shock wave lithotripsy. J Urol 1996;155:1186-90.

[7] Madbouly K, Sheir KZ, Elsobky E, Eraky I, Kenawy M. Risk
factors for the formation of steinstrasse after extracor-
poreal shock wave lithotripsy: a statistical model. J Urol
2002;167:12349-442.

[8] Abdel-Khalek M, Sheir KZ, Mokhtar AA, Eraky I, Kenawy
M, Bazeed M. Prediction of success rate after extracorpor-
eal shock-wave lithotripsy of renal stones- a multivariate
analysis model. Scand J Urol Nephrol 2004;38:161-7.

[9] Zhong P, Preminger GM. Mechanisms of differing stone
fragility in extracorporeal shock wave lithotripsy.
J Endourol 1994;8:263-8.

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

[11] Lingeman JE. Prospective randomized trial of extracorpor-
eal shock wave lithotripsy and percutaneous nephrosto-
lithotomy for lower pole nephrolithiasis: initial long-term
follow up. J Endourol 1997;11:95.

[12] Anagnostou T, Tolley D. Management of ureteric stones.
Eur Urol 2004;45:714-21.

[13] Greenstein A, Matzkin H. Does the rate of extracorporeal
shock wave delivery affect stone fragmentation? Urology
1999;54:430-2.

[14] Zhou Y, Cocks FH, Preminger GM, Zhong P. The effect of
treatment strategy on stone comminution efficiency in
shock wave lithotripsy. ] Urol 2004;172:349-54.

[15] Robert M, Rakotomalaia E, Delbos O, Navratil H. Piezo-
electric lithotripsy of ureteral stones: influence of shock
wave frequency on sedation and therapeutic efficiency.
J Endourol 1999;13:157-60.

[16] Madbouly K, El-Tiraifi AM, Seida M, El-Faqgih SR, AtassiR,
Talic RF. Slow versus fast wave lithotripsy rate for
urolithiasis: a prospective randomized study. ] Urol
2005;173:127-30.

[6



988 EUROPEAN UROLOGY 50 (2006) 981-990

[17] Portis AJ, Yan Y, Pattaras JG, Andreoni C, Moore R, Clay-
man RV. Matched pair analysis of shock wave lithotripsy
effectiveness for comparison of lithotriptors. J Urol
2003;169:58-62.

[18] Graber SF, Danuser H, Hochreiter WW, Studer UE. A pro-
spective randomized trial comparing two lithotriptors for
stone disintegration and induced renal trauma. ] Urol
2003;169:54-7.

[19] Ng CF, MacLornan L, Thompson TJ, Tolley DA. Compar-
ison of 2 generations of piezoelectric lithotriptors using
matched pair analysis. ] Urol 2004;172:1887-91.

[20] Sheir KZ, Madbouly K, Elsobky E. Prospective randomized
comparative study of the effectiveness and safety of
electrohydraulic and electromagnetic extracorporeal
shock wave lithotriptors. ] Urol 2003;170:389-92.

[21] Brinkmann OA, Griehl A, Kuwertz-Broking E, Bulla M,
Hertle L. Extracorporeal shock wave lithotripsy in chil-
dren. Efficacy, complications and long-term follow-up.
Eur Urol 2001;39:591-7.

[22] Muslumanoglu AY, Tefekli A, Sarilar O, Binbay M, Altun-
rende F, Ozkuvanci U. Extracorporeal shock wave litho-
tripsy as first line treatment alternative for urinary tract
stones in children: a large scale retrospective analysis.
J Urol 2003;170:2405-8.

[23] Orsola A, Diaz I, Caffaratti J, Izquierdo F, Alberola ], Garat
JM. Staghorn calculi in children: treatment with mono-
therapy extracorporeal shock wave lithotripsy. J Urol
1999;162:1229-33.

[24] Longo JA, Netto Junior NR. Extracorporeal shock wave
lithotripsy in children. Urology 1995;46:550-2.

[25] Gofrit ON, Pode D, Meretyk S, Katz G, Shapiro A, Golijanin
D, et al. Is the pediatric ureter as efficient as the adult
ureter in transporting fragments following extracorporeal
shock wave lithotripsy for renal calculi larger than
10 mm?. J Urol 2001;166:1862-4.

[26] Picramenos D, Deliveliotis C, Alexopoulou K, Makrichor-
itis C, Kostakopoulos A, Dimopoulos C. Extracorporeal
shock wave lithotripsy for renal stones in children. Urol
Int 1996;56:86-9.

[27] Bierkens AF, Hendrikx AJ, Lemmens WA, Debruyne FM.
Extracorporeal shock-wave lithotripsy for large renal cal-
culi: the role of ureteral stents. A randomized trial. J Urol
1991,145:699-702.

[28] Wirth MP, Theiss M, Frohmuller HG. Primary extracorpor-
eal shockwave lithotripsy of staghorn renal calculi. Urol
Int 1992;48:71-5.

[29] Preminger GM, Kettelhut MC, Elkins SL, Seger J, Fetner CD.
Ureteral stenting during extracorporeal shock wave litho-
tripsy: Help or hindrance. ] Urol 1989;142:32-6.

[30] Okeke Z,Lam]S, Gupta M. Use of ureteral access sheath to
facilitate removal of large stone burden during extracor-
poreal shock wave lithotripsy. Urology 2004;63:574-6.

[31] Putman SS, Hamilton BD, Johnson DB. The use of shock
wave lithotripsy for renal calculi. Curr Opin Urol 2004;
14:117-21.

[32] Heimbach D, Kourambas J, Zhong P, Jacobs ], Hesse A,
Mueller SC, et al. The use of chemical treatments for
improved comminution of artificial stones. J Urol 2004;
17:1797-801.

[33] Muller-Mattheis VG, Schmale D, Seewald M, et al. Bacter-
iemia during extracorporeal shock wave lithotripsy of
renal calculi. ] Urol 1991;146:733-6.

[34] Dincel C, Ozdiler E, Ozenci H, Tazici N, Kosar A. Incidence
of urinary tract infection in patients without bacteriuria
undergoing SWL: comparison of stone types. ] Endourol
1998;12:1-3.

[35] Zink RA, Frohmueller HG, Eberhardt JE, et al. Urosepsis
following ESWL. J Urol 1988;139:265A.

[36] Yilmaz E, Batislam E, Tuglu D, Kilic D, Basar M, Ozluk O,
Basar H. C-reactive protein in early detection of bacter-
iemia and bacteriuria after extracorporeal shock wave
lithotripsy. Eur Urol 2003;43:270-4.

[37] Pearle MS, Roehrbom CG. Antimicrobial prophylaxis prior
to shock wave lithotripsy in patients with sterile urine
before treatment: a meta-analysis and cost-effectiveness
analysis. Urology 1997;49:679-86.

[38] Pettersson B, Tiselius HG. Are prophylactic antibiotics
necessary during extracorporeal shockwave lithotripsy?
Br J Urol 1989;63:449-52.

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

[40] Karlsen SJ, Smevik B, Hovig T. Acute morphological
changes in canine kidneys after exposure to extracorpor-
eal shock waves: A light and electron microscopic study.
Urol Res 1991;19:105-15.

[41] Recker F, Hofmann W, Bex A, Tscholl R. Quantitative
determination of urinary marker proteins: A model to
detect intrarenal bioeffects after extracorporeal litho-
tripsy. J Urol 1992;148:1000-6.

[42] Delvecchio F, Auge BK, Munver R, Brown SA, Brizuela R,
Zhong P, et al. Shock wave lithotripsy causes ipsilateral
renal injury remote from the focal point: the role of
regional vasoconstriction. J Urol 2003;169:1526-9.

[43] Connors BA, Evan AP, Willis LR, Blomgren PM, Lingeman
JE, Fineberg NS. The effect of discharge voltage on renal
injury and impairment caused by lithotripsy in the pig. J
Am Soc Nephrol 2000;11:310-8.

[44] Dhar NB, Thornton J, Karafa MT, Streem SB. A multi-
variate analysis of risk factors associated with subcapsu-
lar hematoma formation following electromagnetic
shock wave lithotripsy. ] Urol 2004;172:2271-4.

[45] Graber SF, Danuser H, Hochreiter WW, Studer US. A pro-
spective randomized trial comparing 2 lithotriptors for
stone disintegration and induced renal trauma. J Urol
2003;169:54-7.

[46] Momose A, Funyu T, Takahashi N, Suzuki T. Effect of
pressure distribution of shockwave on renal hemorrhage
after extracorporeal shockwave lithotripsy: comparison
of EDAP LT-01 and Siemens Lithostar. J Endourol
1999;13:165-71.

[47] Newman LH, Saltzman B. Identifying risk factors in
development of clinically significant post shock wave
lithotripsy subcapsular hematomas. Urology 1991;38:
35-8.



EUROPEAN UROLOGY 50 (2006) 981-990 989

[48] Krishnamurthi V, Streem SB. Long-term radiographic
and functional outcome of extracorporeal shock wave
lithotripsy induced perirenal hematomas. ] Urol
1995;154:1673-5.

[49] Tuteja AK, Pulliam JP, Lehman TH, Elzinga LW. Anuric
renal failure from massive bilateral renal hematoma
following extracorporeal shock wave lithotripsy. Urology
1997,50:606-8.

[50] Neal Jr DE, Kaack MB, Harmon EP, Puyau F, Morvant A,
Richardson E, et al. Renin production after experimental
extracorporeal shock wave lithotripsy: A primate model.
J Urol 1991;146:548-50.

[51] Perez-Blanco FJ, Arrabal Martin M, Ocete Martin C, Arias
Puerta JJ, Garcia-Valdecasas Bernal J, Rodriguez Cuartero
A, et al. Urinary glycosaminoglycans after extracorporeal
shock wave lithotripsy in patients with kidney lithiasis.
Arch Esp Urol 2001;54:875-83.

[52] Williams CM, Kaude JV, Newman RC, Peterson JC, Thomas
WC. Extracorporeal shock wave lithotripsy: long-term
complications. AJR Am ] Roentgenol 1998;150:311-5.

[53] Rutz-Danielczak A, Pupek-Musialik D, Raszeja-Wanic B.
Effects of extracorporeal shock wave lithotripsy on renal
function in patients with kidney stone disease. Nephron
1998;79:162-6.

[54] Evan AP, Connors BA, Pennington DJ, Blomgren PM, Linge-
man JE, Fineberg NS, et al. Renal disease potentiates the
injury caused by SWL. ] Endourol 1999;13:619-28.

[55] Paryani JP, Ather MH. Improvement in serum creatinine
following definite treatment of urolithiasis in patients
with concurrent renal insufficiency. Scand J Urol Nephrol
2002;36:134-6.

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

[57] Villanyi KK, Szekely JG, Farkas LM, Javor E, Pusztai C.
Short-term changes in renal function after extracorporeal
shock wave lithotripsy in children. J Urol 2001;166:222-4.

[58] Willis LR, Evan AP, Connors BA, Blomgren P, Fineberg NS,
Lingeman JE. Relationship between kidney size, renal
injury, and renal impairment induced by shock wave
lithotripsy. ] Am Soc Nephrol 1999;10:1753-62.

[59] Goel MC, Baserge NS, Babu RV, Sinha S, Kapoor R. Pedia-
tric kidney: functional outcome after extracorporeal
shock wave lithotripsy. ] Urol 1996;155:2044-6.

[60] Traxer O, Lottmann H, Archambaud F, Helal B, Mercier-
Pageyral B. Extracorporeal lithotripsy in children. Study of
its efficacy and evaluation of renal parenchymal damage
by DMSA-Tc 99m scintigraphy: a series of 39 cases. Arch
Pediatr 1999;6:251-8.

[61] Kroovand RL. Pediatric urolithisis. Urol Clin North Am
1997,24:173-84.

[62] Evan AP, Willis LR, McAteer JA, Bailey MR, Connors BA,
Shao'Y, et al. Kidney damage and renal functional changes
are minimized by waveform control that suppresses cavi-
tation in shock wave lithotripsy. J Urol 2002;168:1556-62.

[63] Paterson RF, Kuo RL, Lingeman JE. The effect of shock
wave delivery on the efficiency of lithotripsy. Curr Opin
Urol 2002;12:291-5.

[64] SheirKZ,Lee D, Humphrey PA, Morrissey K, Sundaram CP,
Clayman RV. Evaluation of synchronous twin pulse tech-
nique for shock wave lithotripsy: in vivo tissue effects.
Urology 2003;62:964-7.

[65] Lingeman JE, Kulb TB. Hypertension following extracor-
poreal shock-wave lithotripsy. J Urol 1987;137:142A.

[66] Williams CM, Kaude JV, Newman RC, et al. Extracorporeal
shock-wave lithotripsy: long-term complications. AJR
1988;150:311-5.

[67] Lingeman JE, Woods JR, Toth PD. Blood pressure changes
following extracorporeal shock-wave lithotripsy and
other forms of treatment for nephrolithiasis. JAMA
1990;263:1789-94.

[68] Jewett MA, Bombardier C, Logan AG, Psihramis KE, Wes-
ley-James T, Mahoney JE, et al. A randomized controlled
trial to assess the incidence of new onset hypertension in
patients after shock wave lithotripsy for asymptomatic
renal calculi. ] Urol 1998;160:1241-3.

[69] Yokoyama M, ShojiF, Yanagizawa R, et al. Blood pressure
changes following extracorporeal shock-wave lithotripsy
for urolithiasis. J Urol 1992;147:553-7.

[70] Lingeman JE, Woods JR, Nelson DR. ESW and blood pres-
sure. ] Urol 1995;154:2-4.

[71] Janetschek G, Frauscher F, Knapp R, Hofle G, Peschel R,
Bartsch G. New onset hypertension after extracorporeal
shock-wave lithotripsy: age related incidence and
prediction by intrarenal resistive index. J Urol 1997;158:
346-51.

[72] Begun FP, Knoll CE. Chronic effects of focused electrohy-
draulic shock waves on renal function and hypertension.
J Urol 1991;145:635-9.

[73] Strohmaier WL, Schmidt ], Lahme S, Bichler KH. Arterial
blood pressure following different types of urinary stone
therapy. Presented at the 8th European Symposium on
Urolithiasis, Parma, Italy, 1999. Eur Urol 2000;38:753-7.

[74] Zanetti G, Montanari E, Trinchieri A, et al. Long-term
follow up of blood pressure after extracorporeal shock
wave lithotripsy. ] Endourol 1992;6:195-6.

[75] Elves AW, Tilling K, Menezes P, Wills M, Rao PN, Feneley
RC. Early observations of the effect of extracorporeal
shockwave lithotripsy on blood pressure: a prospective
randomized control clinical trial. BJU Int 2000;85:611-5.

[76] Protogerou V, Deliveliotis Ch, Protogerou A, Kotsis V,
Karayiannis V, Zakopoulos N, et al. Extracorporeal shock-
wave lithotripsy for kidney stones reduces blood pres-
sure: use of 24-hour ambulatory monitoring for study of
blood-pressure changes induced by SWL. J Endourol
2004;18:17-22.

[77] Zanetti G, Ostini F, Montanari E, Russo R, Elena A, Trinch-
ieri A, et al. Cardiac dysrhythmias induced by extracor-
poreal shockwave lithotripsy. ] Endourol 1999;13:409-12.

[78] Eaton MP, Erturk EN. Serum troponin levels are not
increased in patients with ventricular arrhythmias during
shock wave lithotripsy. ] Urol 2003;170:2195-7.

[79] Winters JC, Macaluso Jr JN. Ungated Medstone outpatient
lithotripsy. J Urol 1995;153:593-5.

[80] Albers DD, Lybrand 3rd FE, Axton JC, Wendelken JR.
Shockwave lithotripsy and pacemakers: experience with
20 cases. ] Endourol 1995;9:301-3.



990 EUROPEAN UROLOGY 50 (2006) 981-990

[81] Asroff SW, Kingston TE, Stein BS. Extracorporeal shock
wave lithotripsy in patient with cardiac pacemaker in an
abdominal location: case report and review of the litera-
ture. ] Endourol 1993;7:189-92.

[82] NeriE, Capannini G, Diciolla F, Carone E, Tripodi A, Tucci
E, et al. Localized dissection and delayed rupture of the
abdominal aorta after extracorporeal shock wave litho-
tripsy. ] Vasc Surg 2000;31:1052-5.

[83] Deliveliotis C, Kostakopoulos A, Stavropoulos N, Karagio-
tis E, Kyriazis P, Dimopoulos C. Extracorporeal shock wave
lithotripsy in 5 patients with aortic aneurysm. J Urol
1995;154:1671-2.

[84] Desmet W, Baert L, Vandeursen H, Vermylen J. Iliac-vein
thrombosis after extracorporeal shock-wave lithotripsy.
N Engl ] Med 1989;321:907.

[85] Brodmann M, Ramschak H, Schreiber F, Stark G, Pabst E,
Pilger E. Venous thrombosis after extracorporeal shock-
wave lithotripsy in a patient with heterozygous APC-
resistance. Thromb Haemost 1998;80:861.

[86] Maker V, Layke ]J. Gastrointestinal injury secondary to
extracorporeal shock wave lithotripsy: a review of the
literature since its inception. ] Am Coll Surg 2004;198:
128-35.

[87] Al Karawi MA, Mohamed AR, el-Etaibi KE, Abomelha MS,
Seed RF. Extracorporeal shock-wave lithotripsy (ESWL)-
induced erosions in upper gastrointestinal tract. Prospec-
tive study in 40 patients. Urology 1987;30:224-7.

[88] Bauer]J, Finger MJ, Heidenberg HB, Preston DM, Moses FM,
Watson RA, et al. Incidence of stool guaiac conversion
following extracorporeal shock wave lithotripsy. Urology
1997,50:192-4.

[89] Basar MM, Samli MM, Erbil M, Ozergin O, Basar R, Atan A.
Early effects of extracorporeal shock-wave lithotripsy
exposure on testicular sperm morphology. Scand J Urol
Nephrol 2004;38:38-41.

[90] Vieweg], Weber HM, Miller K, Hautmann R. Female ferti-
lity following extracorporeal shock wave lithotripsy of
distal ureteral calculi. J Urol 1992;148:1007-10.

[91] OhmoriK, Matsuda T, Horii Y, Yoshida O. Effects of shock
waves on the mouse fetus. ] Urol 1994;151:255-8.

[92] Deliveliotis CH, Argyropoulos B, Chrisofos M, Dimopoulos
CA. Shockwave lithotripsy in unrecognized pregnancy:
interruption or continuation? J Endourol 2001;15:787-8.

[93] Frankenschmidt A, Heisler M. Fetotoxicity and teratogen-
esis of SWL treatment in the rabbit. ] Endourol 1998;12:
15-21.

Editorial Comment
Evangelos N. Liatsikos, Patras, Greece
liatsikos@yahoo.com

The authors present an interesting review article
summing up the experience of the literature with
the complications and potential preventing factors
of extracorporeal shock wave lithotripsy. They
address in a meticulous manner, controversial
issueslike “stenting or not stenting”, “prophylactic
antibiotics”, “renal trauma”, etc.

Twenty five years of clinical experience with
extracorporeal shock wave lithotripsy has proved
and established its safety and efficacy. Never-
theless, there is an ongoing debate among inves-
tigators pertaining to its acute and chronic effects.
In the beginning of the 80’s the first Dornier HM3
lithotriptor was introduced and indeed revolutio-
nised the management of lithiasis. Nevertheless,
progress with extracorporeal shock wave litho-
tripsy has been unexpectedly slow since then.

Current lithotripters have not reached the poten-
tial of the original electrohydraulic device and
provided inferior fragmentation rates compared
with the original generation. The industry, in an
attempt to minimise morbidity, compressed
energy and reduced the size of the lithotriptor focal
zone [1]. The theoretical aim was to strike the stone
harder and expose less tissue to the potential
deleterious effects of shock waves. Nevertheless,
third generation lithotripters proved to have lower

efficacy than the original HM3 but with an
increased rate of side effects. Stone fragmentation
rates were not improved and many authors
reported higher re-treatment rates. In addition,
success rates declined the larger the stone and
the further the stone progressed distally within
the ureter, leading to a continuous increase in
alternative methods (i.e. ureteroscopic procedures)
for the removal or ureteral stones [2,3].

The authors finally conclude that there is a need
for well designed prospective randomised trials on
the aetiology and prevention of treatment related
complications. Furthermore, future research for
the development of new generation lithotripters,
that will be safe for the patients but will also
provide a more effective fragmentation rate, is
deemed necessary.
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