Urol Res (2010) 38:327-331
DOI 10.1007/s00240-010-0291-4

SYMPOSIUM PAPER

Extracorporeal shock wave lithotripsy in the pediatric population

Caleb P. Nelson

Received: 21 June 2010 / Accepted: 24 June 2010 / Published online: 13 July 2010

© Springer-Verlag 2010

Abstract Following the successful introduction for treat-
ment of urolithiasis in adults in the early 1980s, shock wave
lithotripsy (SWL) rapidly became a standard treatment for
children with urolithiasis as well. SWL in children results
in stone-free rates of 60-80% with contemporary equip-
ment. Complication rates appear to be very low, although
long-term risks remain uncertain. Laboratory studies in ani-
mal studies have identified deleterious effects of shock
waves on renal tissue, and some have suggested that the
immature or developing kidney may be more susceptible to
such effects. However, clinical studies in pediatric human
patients treated with SWL have not consistently identified
serious long-term consequences of SWL. Therefore, despite
advances in endoscopic equipment and techniques that
facilitate endourologic management of pediatric urolithiasis,
SWL continues to be an apparently safe and effective option in
children with stones.
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Extracorporeal shock wave lithotripsy (SWL) was devel-
oped in the 1960s and 1970s as an outgrowth of research on
shock wave energy and propagation for both industrial and
biological purposes. By the late 1970s, the Dornier corpora-
tion had developed a practical lithotripter that allowed
shock waves to be focused on a solitary focal point, and
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after extensive in vitro and animal testing the first treat-
ments of kidney stones in human subjects were performed
in February 1980. The results of this initial series were pub-
lished later that year [1], and longer follow-up of a larger
series was published 2 years later [2].

Although there is no inherent reason that SWL would
not be applicable to children, concerns about potential
adverse effects of the technology on growing, developing
bodies meant that the initial treatments in children were not
conducted for several years. Nevertheless, as the success
and safety of SWL in adults became evident, the attractive-
ness of a minimally invasive option for stone management
in children eventually led to initial trials in pediatric
patients. By the mid-1980s, the first publications were
reporting excellent results with SWL in children [3, 4], and
the technique rapidly became widely accepted as the stan-
dard of care for pediatric stone disease [5].

In recent years, advances in endourologic technologies,
and the resulting transformation of urolithiasis manage-
ment, have led to speculation that the long reign of SWL
may be ending, even for pediatric patients [6]. It is, there-
fore, appropriate that we review the current state of pediat-
ric SWL, and assess the outcomes for this modality in the
contemporary era.

From the beginning, defining and measuring outcomes
after SWL have been a source of controversy and debate.
When we treat a patient with a kidney stone, we typically
seek to render the patient “stone-free”; that is, we want
the calcifications to be completely eliminated from the
patient’s urinary tract. However, defining “stone-free” has
proved more challenging that one might expect. The vary-
ing definitions used by investigators mean that meaningful
comparisons of outcomes become difficult, if not impossi-
ble. Certain studies, for example, have used plain abdomi-
nal radiographs for assessment of the post-operative stone
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burden, while other studies use CT scans. Obviously, these
imaging modalities have dramatically different sensitivities
for urinary tract stones, with similarly different outcome
results. Many papers use concepts such as “clinically sig-
nificant residual stones” as the measure of success or fail-
ure, meaning that a patient does not have to be truly “stone
free” to be counted as a success. Of course, the definition of
“clinically significant” itself varies widely among investi-
gators, with different thresholds of stone size or count.
Another widely used outcome measure is “re-treatment
rate”, but of course the decision to pursue re-treatment is
highly dependent on both clinician and patient and may not
reflect a reliable or objective stone burden.

Another problem with the assessment of SWL effective-
ness is that of technology creep. SWL technology and
equipment have continuously evolved since the introduc-
tion of the Dornier HM-3 in the early 1980s. This means
that SWL studies have been conducted using a wide range
of machines of different eras and manufacturers. Although
all lithotripters have continued to operate on the same basic
four principles (shock wave generator, shock wave focus-
ing, shock wave coupling, and localization/imaging), the
often significant differences among machines make com-
parisons difficult. Furthermore, the inherent delay from the
time of clinical treatment to research publication means
that, by the time the paper is finally published and available
for review, the lithotripter(s) used in the clinical series may
have become obsolescent, or may not be available (this is
true, for instance, for the HM-3 which is no longer manu-
factured).

Nonetheless, despite these challenges we can still get a
general sense of the effectiveness and safety of pediatric
SWL therapy through a review of the existing literature,
and in this review we will seek to do this.

The obvious question that comes up regarding pediatric
SWL is whether treatment of children with SWL differs
from that in adults in any meaningful way. Various authors
have proposed a range of relevant differences between chil-
dren and adults that might affect their response to SWL
treatment. These have included suggestions that: children
pass stone fragments more easily; stones in children frag-
ment more easily; there is less tissue between coupling
medium and stone; and localization of stones is easier in
children due to smaller body size.

In truth, there have been a very few direct comparisons
of pediatric versus adult SWL outcomes, and in the one
such comparison of which we are aware, the stone-free,
retreatment, and complication rates were the same between
the adult and the pediatric patients, although fewer shocks
were needed for the children, and energy settings were
lower [7].

The initial reports of pediatric SWL using the Dornier
HM-3 reported consistently high success rates of over 85%,
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and some studies claimed up to 100% success [3, 4, 8].
A compilation of data on 194 patients from 7 studies pub-
lished between 1986 and 1989, all treated on the HM-3,
finds an overall stone-free rate of 80% (range 70-92%), and
retreatment rates from 8 to 40% [3, 4, 8—12].

Over time the number of available types and make of
lithotripters have expanded, and the range of results has
similarly widened. Examples of contemporary series have
included that of Myers et al. [13] whose 445 children were
treated on a Siemens Lithostar with a stone-free rate of
68%, with retreatment required in 14%. Aksoy et al. [14]
achieved a stone-free rate of 86—-90% on a Dornier MPL-
9,000, while Defoor et al. [15] treated 88 children using a
Dornier Compact Delta with 68% stone-free (74% after 2
treatments). Other reported pediatric series have usually
shown similar ranges.

Management of children with urolithiasis involves cir-
cumstances that are largely specific to the pediatric popula-
tion. For example, infants pose special challenges from
both therapeutic and anesthetic standpoints. Infants often
require multiple treatments. Lottmann et al. [16] treated 19
infants aged 5-24 months on a Technomed Sonolith or
Direx Nova with a 53% stone-free rate, but this increased to
95% after two sessions. Similarly, Ramakrishnan et al. [17]
treated 74 infants on a Wolf Piezolith with 88% stone-free,
although 35% needed retreatment; obstruction or UTI
occurred in seven children (5%). Even premature infants
can be treated effectively. Shukla etal. [18] reported a
series of eight premature infants aged 9-15 months on a
Dornier HM-3, with 100% stone free.

Another common scenario among pediatric stone patients
is concurrent anatomic or functional urological disease.
Hydronephrosis, vesicoureteral reflux, or bladder dys-
function may alter urinary drainage sufficiently to affect
stone clearance, and indeed in a review of the author’s
institution’s experience we observed stone-free rates of
13% for those with, versus 67% for those without, anatomic
risk factors [19]. Similarly, Tan et al. [20] reported 32 ver-
sus 65% stone-free with and without anatomic risk factors.
These results suggest that, children with concurrent urolog-
ical issues, such as UPJ obstruction, reflux, or neurogenic
bladder may best be treated with endourologic approaches
to urolithiasis.

Even large stones are often treated with SWL in chil-
dren, with sometimes surprisingly good results, supporting
the oft-repeated bromide that the pediatric upper tract can
accommodate and pass relatively larger stones than that of
adults. Shouman et al. [21] treated 24 children with stones
>25 mm. They achieved a stone-free rate of 83% using a
Dornier DoLi S, although they noted 4 instances of steinst-
rasse—ureteral obstruction due to impaction of a string of
stone fragments—and 2 of lesser colic, of whom 1 patient
required hospitalization. Similarly, Orsola et al. [22] treated
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15 children with staghorn stones on a Siemens Lithostar
and achieved 73% stone free after 1 or more sessions. Ure-
teral stent placement may facilitate stone passage in such
children; Al-Busaidy et al. [23] treated 42 children with
staghorn stones and found that stented patients had fewer
complications (0 vs. 21%), although all patients did rela-
tively well.

With respect to acute complications, SWL appears to be
tolerated remarkably well by most pediatric patients. A
recent compilation of almost 1,900 children who underwent
SWL found that the most common complication was hema-
turia, reported in 8% of patients [24]. Other, more signifi-
cant complications were consistently in low single digits,
including steinstrasse (1.6%) or other obstruction (0.9%),
colic (3%), and infection with or without fever (2.1%).
Although these low proportions may represent an under-
estimate due to underreporting, the underlying finding (that
SWL complications in children are uncommon) does appear
valid.

The issue of longer term complications, and specifically
the question of potential long-term effects of SWL on the
developing kidney, continues to be the subject of much dis-
cussion. A recent case control study [25] that suggested a
significantly higher incidence of diabetes mellitus in adult
patients with a history of SWL received much attention, but
subsequent analyses have failed to confirm this association
[26]. Nonetheless, numerous laboratory studies have dem-
onstrated that shock waves can have permanent detrimental
effects on renal and other tissues, with resulting pathologi-
cal phenomena including tubular atrophy, thickening of
Gerota’s fascia, renal fibrosis, decreased renal plasma flow
(RPF), and glomerular filtration, as well as hypertension
and proteinuria. A full discussion of this literature is
beyond the scope of this review, but we will briefly review
some of these data, specifically addressing whether the
pediatric kidney is more susceptible to such injuries than
the adult kidney.

A number of animal studies have found more significant
physiologic changes after SWL in immature kidneys as
compared to adults. Studies in monkeys found that RPF
decreased and plasma rennin increased more in infants [27].
In rats, immature animals had greater changes in renal func-
tion and histology after SWL, but normal body and renal
growth [28]. Supplementing these findings in animals, there
have been a few long-term studies in human pediatric SWL
cohorts suggesting a negative effect on the developing kid-
ney. Lifshitz et al. [29] reported on 29 children with 9 year
follow-up after SWL (HM-3). They compared actual renal
size to expected size for age and found decreased renal
length versus expected among treated kidneys. They could
not distinguish between effects of SWL on kidney growth,
versus intrinsic renal defects or effects of the stone disease
itself. Furthermore, overall renal function was normal, and

only 1 patient had hypertension. Similarly, Villanyi et al.
[30] observed evidence of proximal tubular dysfunction
after SWL in pediatric kidneys (increases in urine aspartate
transaminase, alkaline phosphatase, LDH, and beta 2-micro-
globulin), but there were no changes in measures of overall
renal function or serum electrolytes, and the markers of cell
damage returned to baseline within 15 days.

Other clinical studies of the effect of SWL on the pediat-
ric kidney have failed to find significant or persistent
changes. Glomerular filtration rate has been shown to be
stable in the initial post-treatment months [31], and out to
3 years after treatment [32]. Several studies have used renal
scintigraphy to evaluate renal status after SWL and have
consistently found no significant effects [16, 31, 33, 34].
Other studies in pediatric patients have found no impact on
serum creatinine or renal blood flow [35].

Taken together, these findings suggest that, despite the
concerning results of animal studies, there seems to be few
demonstrable effects of SWL on long-term function in pedi-
atric kidneys. Nonetheless, it is likely prudent to minimize
exposure of children to shock wave energy as much as pos-
sible. Strategies to reduce the number of shocks or the
energy level of lithotripters during treatment have been suc-
cessfully applied without an obvious decrease in efficacy.

One final safety consideration of specific concern in the
pediatric population pertains to adjacent organ damage. The
potential for lung injury has long been recognized, and
experimental data in rats shows massive vascular and alveo-
lar rupture and rapid death from a single SWL treatment
directed at the chest [36]. Because in children the lungs are
more proximate to the kidneys, special care needs to be
taken to protect lung parenchyma from the shock waves,
particularly for upper pole stones. The large F2 and high
power of the original Dornier HM-3 were of particular con-
cern, and most early SWL practitioners took care to shield
the lung fields with shock wave-absorbing materials, such as
sheets of polystyrene or foam. In practice, however, the
most early series found low rates of acute lung injury. Occa-
sional, but infrequent adverse events included hemoptysis
[9, 16], and pulmonary edema [10]. As a rule, these patients
recovered promptly, without longer term sequellae. The
lower power settings (and smaller focal zone) of contempo-
rary lithotripters means that problems with adjacent organ
damage are less of a concern than previously, but pulmonary
precautions such as shielding should still be taken particu-
larly when treating small patients with upper pole stones.

Other treatment options do exist for children with
urolithiasis. With progressive improvements in technology,
endoscopic management of urolithiasis has become increas-
ingly popular over the past 10-15 years, with ureteroscopy
and laser lithotripsy supplanting SWL as the procedure
of choice for many clinicians. A number of reports have
compared outcomes in adult patients treated with SWL or
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ureteroscopy, and overall neither approach has emerged as
clearly superior, particularly for proximal ureteral or renal
stones. In general, stone-free rates and effectiveness are
similar between URS and SWL [37-40], although retreat-
ment rates are higher and SWL is less effective for large
or obstructing stones [39]. Although serious complica-
tions are uncommon in both approaches, complication rates
do tend to be higher with URS [37, 40] and patients more
frequently need ancillary procedures (e.g., stent removal)
[38].

Direct comparisons of endoscopic versus SWL in chil-
dren have not been performed. Although the smaller patient
size in the pediatric population magnifies the technical
issues associated with endoscopic access to the upper tracts,
several groups have reported good results in children [6, 41],
and these procedures appear to have good safety profiles in
properly selected pediatric patients. Whether potential
long-term complications of endoscopic therapy (e.g., ure-
teral stricture) may outweigh potential renal injury after
SWL remains to be determined.

In summary, SWL in children results in stone-free rates
of 60-80% with contemporary equipment. Complication
rates appear to be very low, although long-term risks
remain uncertain. Despite advances in endoscopic equip-
ment for endourologic management of stones, SWL contin-
ues to be an excellent option in children with stones.
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