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INTRODUCTION

SUMMARY

The use of certain technical principles and the selection of favorable cases can
optimize the results of extracorporeal shock wave lithotripsy (ESWL). The aim
of this study is to review how ESWL works, its indications and contraindications,
predictive factors for success, and its complications. A search was conducted on
the Pubmed® database between January 1984 and October 2013 using “shock
wave lithotripsy” and “stone” as key-words. Only articles with a high level of ev-
idence, in English, and conducted in humans, such as clinical trials or review/
meta-analysis, were included. To optimize the search for the ESWL results, sev-
eral technical factors including type of lithotripsy device, energy and frequency
of pulses, coupling of the patient to the lithotriptor, location of the calculus, and
type of anesthesia should be taken into consideration. Other factors related to
the patient, stone size and density, skin to stone distance, anatomy of the excre-
tory path, and kidney anomalies are also important. Antibiotic prophylaxis is
not necessary, and routine double J stent placement before the procedure is not
routinely recommended. Alpha-blockers, particularly tamsulosin, are useful for
stones >10mm. Minor complications may occur following ESWL, which gener-
ally respond well to clinical interventions. The relationship between ESWL and
hypertension/diabetes is not well established.

Key-words: lithotripsy, renal colic, ureter, urinary calculi, kidney calculi.

Extracorporeal shock wave lithotripsy (ESWL) was intro-
duced into medical practice in the 1980s, and since then
has become one of the main treatment options in patients
with renal and/or ureteral calculi. However, the progress of
endourology and minimally invasive surgeries with their
high success rates has reduced its applicability. From then
on, it has become necessary to search for the optimal tech-
nical parameters and careful selection of candidates for
ESWL in order to optimize its results and justify its indi-
cation. The aim of this study is to review how ESWL works,

its indications and contraindications, predictive factors
for success, and its early and late complications.

MEeTHoDS

A search was conducted on the Pubmed® database between
January 1984 and October 2013 using “shock wave litho-
tripsy” and “stone” as keywords in the title or summary,
resulting in 2,299 articles. This review only considered ar-
ticles written in English and conducted in humans, inclu-

» o«

ding “clinical trials”, “reviews” or “meta-analyses”, in a to-
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tal of 428 studies, excluding duplicates. The summaries of
these articles were assessed by two independent authors in
order to select the studies with the best level of evidence in
each theme covered during the review. Articles on specific
and relevant topics without a level of evidence over II were
also included (Figure 1).

TECHNICAL PRINCIPLES

ESWL consists of the fragmentation of calculi by means
of pulsed acoustic waves at high intensity and low fre-
quency directed at the stone from an external power sour-
ce to the patient, called a lithotriptor. To optimize the re-
sults of ESWL, several technical factors must be taken
into consideration, such as the type of device,' the energy
level, the frequency of the pulses, the quality of coupling
between patient and lithotripsy machine, the focal zone,
the site of the calculus, and anesthetic technique.

The procedure should start with a low energy level
(13-14KV) in each pulse, which is then gradually increa-
sed.? The successive shock waves result in direct shearing
forces, as well as in the formation of cavitation bubbles
around the stone, which when ruptured generate energy
that enhances the fragmentation of the calculus.> Curren-
tly, frequencies from 60-90 shocks/minute have been cho-
sen, with a gradual increase in energy with the aim of in-
creasing the fragmentation of the stone and reducing the

morbidity of the procedure.** A recent meta-analysis pro-
ved the superior efficacy of ESWL with a frequency of 60
in relation to 120 shocks per minute.* And as demons-
trated by Pace et al.,° this benefit is clearest in calculi over
10 mm.

The correct coupling of patients to lithotripsy machi-
nes increases the success of ESWL. The presence of air in
the path of the shock waves is inversely proportional to its
effectiveness.”” The focal zone has also been investigated
to optimize the delivery of shock waves, with current re-
commendations for a larger focal zone (50 x 9 mm) for re-
nal calculi and a smaller one (28 x 6 mm) for ureteral ones.?

The preparation of the patient consists of an appro-
priate assessment before the procedure, using non-con-
trast spiral computed tomography as the investigation
of choice, as it provides fundamental information regar-
ding indication and prognosis.'’ Coagulation profiles and
urine cultures should be checked prior to the procedure.
The patient usually remains in a supine position, but in
cases of distal ureter calculi, horseshoe kidney or pelvic
kidney, changing to a ventral position generates a better

“window”, free from the iliac crest. According to the size,
density and location of the calculus, its identification is
made either by fluoroscopy or ultrasound. The latter me-
thod has the advantages of not using ionizing radiation
and a greater sensitivity in the characterization of low

Studies identified in Pubmed®
n=2,229

Exclusion criteria

Not in English, n = 455

Animal model, n = 174

N

v

Inclusion criteria

Clinical studies, n = 233

Titles and abstracts assessed

N =435

Reviews, n = 198

Meta-analysis, n = 4

N

A 4

Duplicates, n =7

Selected abst
Articles with lower

racts, n = 427

Evidence level lower than of the

evidence level on specific
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topics, n =15

Included studies, n = 40

article include, n = 402

FIGURE 1 Flowchart for the identified, selected and/or excluded studies in the review.
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density renal and ureteral stones. The exact location of
the calculus is essential to the success of ESWL, so that the
use of high frequency ventilation with low current volu-
me to reduce breathing movements is a valid alternati-
ve.! 12 Increasing the focal zone or the use of automated
tracking systems via fluoroscopy also help the correct de-
livery of shock waves on the calculus? After general anes-
thesia, which is preferred owing to better results,' or se-
dation, the procedure can begin. In most services, about
3,000 pulses are applied, with a total procedure time of
around 1 hour.

Table 1 summarizes the technical factors and their
respective levels of evidence/grade of recommendation
impacting the ESWL results.

Indications

Currently, ESWL is considered a first-line treatment for
renal calculi under 2.0 cm, with a success rate ranging from
33 to 91%." Some series have already reported the use of
ESWL for calculi over 2.0 cm, but the low success rates and
the need for multiple sessions to optimize results are li-
miting factors.!* Owing to its low invasiveness, ESWL is
also recommended in the use of ureteral calculi.'> A recent
meta-analysis demonstrated that emergency ESWL for
ureteral calculi presents an overall stone-free rate of 78%
(75-82%), with 79% (61-95%) in proximal ureter calculi,

78% (69-88%) in mid ureter calculi and 79% (74-84%) in
distal ureter calculi.'®

Contraindications

The formal contraindications for ESWL are: pregnancy, un-
treated urinary tract infection/urosepsis, decompensated
coagulopathy, uncontrolled arrhythmia, and abdominal
aortic aneurysm >4.0 cm."” In the presence of any of these

conditions, other treatment methods should be proposed.

Predictors of success

A series of factors can influence the results of ESWL, espe-
cially factors related to the calculus (size, location, compo-
sition-density), factors related to renal anatomy (obstruc-
tion/stasis, hydronephrosis, stenosis of the ureteropelvic
junction, calyceal diverticula, horseshoe kidney, ectopic kid-
ney/renal fusion) and patient-related factors (obesity, skin
to stone distance, renal failure).

ESWL presents results inversely proportional to the
size of the calculus. A meta-analysis published on 1994 by
Lingeman et al."* demonstrated that ESWL has a success
rate of 74, 56 and 33% for kidney stones up to 1.0 cm, 1.0
to 2.0 cm and greater than 2.0 cm, respectively.

Various articles have been published studying predic-
tors of the success of ESWL. Al-Ansari et al.’® in a retros-
pective study of 427 patients with calculi up to 3.0 cm un-

TABLE 1 Technical factors impacting the extracorporeal shock wave lithotripsy results

. Level of Grade of
Factor Evidence Study type . . Authors
evidence recommendation
There is no difference between
Lithotripsy lithotripters (electrohydraulic,
) } ) o Case control 1 B Alanee S!
device electromagnetic or piezoelectric) in the
treatment of kidney stones
Start with low energy and increase Prospective,
Energy . Ib A Lambert EH?
gradually randomized
Meta-analysis of
Frequency of | A lower frequency (60Hz) performs better . . .
) randomized clinical la A Li K#
pulses than the high frequency (120Hz) .
studies
The presence of air in the path of the ) ) ) )
) ) In vitro study/Series of Pishchalnikov YA
Coupling shock wave negatively affects the results 1 B ) )
cases and Jain A%/Li G°
of ESWL
) Kidney movements during respiration )
Location of ’ ) Retrospective cohort Warner MA'" and
negatively affect ESWL. High frequency 11 B
the calculus o o study Cormack JR'
ventilation can optimize the results
) General anesthesia shows better results Retrospective cohort
Anesthesia ) 1 B Sorensen C'®
than sedation study
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dergoing ESWL reported a success rate (defined as patients
free of calculi or fragments under 4 mm) of 78% in three
months, while 53.1% of these required more than one ses-
sion and 8.4% had treatment complemented by another
procedure (percutaneous nephrolithotomy, flexible ure-
teroscopy or double-J stenting). In this study of cases, the
size, location and number of calculi, as well as renal ana-
tomy and congenital anomalies have an impact on the
success rate. Calculi smaller than 10 mm had a rate of suc-
cess of 90%, while those larger than 10 mm presented a
rate of 70% (p <0.05). Calculi located in the renal pelvis
and upper pole had a success rate of 87.3 and 88.5%, res-
pectively, while for lower pole calculi this was 69.5% (p
<0.05). Kidneys with a single calculus had a 78.3% success
rate compared to 62.8% in multiple kidney calculi (p<0.01).
Kidneys without dilation had an 83% success rate, while
for kidneys with hydronephrosis success reached 76%
(p<0.05). Kidneys without congenital anomalies had a
success rate of 79% compared to 54% in kidneys with ano-
malies (p<0.03). In a larger study of cases encompassing
2,954 patients with calculi less than 3.0 cm undergoing
ESWL, monotherapy with ESWL presented a stone-free
rate of 86.7% at a 3 month follow-up. A logistic regres-
sion confirmed that size, location, number of calculi, re-
nal anatomy and congenital disorders are predictors of’
success.

Some studies have analyzed the characteristics of the
calculus and the patient. In a retrospective study with 111
patients with calculi under 2.0 cm submitted to ESWL, Perks
et al.”” reported a stone-free rate of 40% and complete frag-
mentation in 24%. The multivariate analysis including body
mass index, size, location, attenuation, skin-to-stone dis-
tance (SSD) and composition of the calculation showed
that the latter three factors were significantly and indepen-
dently associated with elimination or complete fragmen-
tation outcomes. Patients with favorable parameters had
significantly better results than patients with unfavorable
parameters (odds ratio = 7.1, 95% confidence interval = 1.6
to 32, p=0.01).

In an attempt to create a clinical nomogram for pre-
dicting the success of ESWL for renal and ureteral calculi,
Wiesenthal et al.? studied 422 patients with renal or ure-
teral calculi less than 2.0 cm in size. The success rate with
a single session of ESWL was 70.2 and 60.3% for renal and
ureteral calculi, respectively, in a 3 month follow-up. In lo-
gistic regression, patient age, calculus area and SSD were
predictors of success of ESWL for renal calculi, while the
body mass index and stone size were predictors of success

of ESWL for ureteral calculi. In a similar study, Kanao et
al.*! studied 435 patients with renal and ureteral calculi and
developed a nomogram considering size, location (renal
pelvis renal vs. renal calyx vs. proximal ureter vs. distal ure-
ter) and number of calculi as predictors of success. The
highest success rate was obtained for single proximal ure-
teral calculiless than 5 mm (93.8%) while the worst was for
multiple calycine calculi larger than 21 mm (10.5%).

There are few prospective studies evaluating the pre-
dictors of success of ESWL in renal calculi. A study on 120
patients with a single renal calculus between 0.5 and 2.5
cm undergoing ESWL showed good results on a three-
-month follow-up with computed tomography, with 87.5%
of patients free of stones or with residual calculi less than
4 mm. In this study, only the body mass index (p = 0.04)
and calculus densities greater than 1000 Hounsfield units
(p = 0.02) were predictors of success after the multivaria-
te analysis.'?

A topic still under debate regarding ESWL is its in-
dication for lower calyx calculi, where renal anatomy,
more precisely the infundibular calicinal angle, infun-
dibular length, width and height can have a negative
impact.22*

Table 2 summarizes the main factors for poor prog-
nosis in the success of ESWL, as well as the levels of evi-
dence/grade of recommendation.

ESWL adjuvant factors

The use of antibiotics for ESWL in patients with sterile
urine is not necessary.”® A meta-analysis involving nine
studies with a total of 1,364 patients showed that anti-
biotic prophylaxis did not reduce the incidence of fever
(RR 0,36 95% CI 0.07-2.36, p=0.31) and urinary infection
(RR 0.54,95% CI 0.29-1.01, p=0.05) (Level of evidence: 1a;
Grade of recommendation A).

Routine double-J stenting before ESWL does not in-
crease the stone-free rate and does not reduce complica-
tions, and therefore should not be encouraged (Level of
evidence: 1a; Grade of recommendation A). Even in pa-
tients with a single kidney the procedure without urete-
ral catheter is feasible, although it requires a careful se-
lection of candidates.?® A systematic review,”” using
sources such as the PubMed®, Embase® and Cochrane
databases evaluated the results and complications of’
ESWL in the treatment of calculi of the upper urinary
tract with or without double-J stenting before the proce-
dure. Rate of calculus-free response, steinstrasse, lower
urinary tract symptoms, hematuria, fever, infection, pain,
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TABLE 2 Predictors of the success of extracorporeal shock wave lithotripsy

Factor Evidence Study type Level of Grade of Authors
evidence | recommendation
Size of the Size is inversely proportional to the ESWL result Meta-analysis of | lla B Lingeman JE™
calculus cohort studies
calculus High density calculi present worse results (>1000 Prospective IIb B El-Nahas AR
density UH) cohort study
Location of Lower pole renal calculi present worse results than Retrospective 11 B Al Ansari
the calculus mid-pole and upper pole calculi. Calycine calculi cohort study A'® and Kanao
have worse outcomes compared to renal pelvic K2
and ureteral stones.
Skin-to-stone | Distances over 9 cm negatively affect ESWL Retrospective 1] B Perks AE" and
distance cohort study Wiesenthal JD?°
Anatomy of Unfavorable anatomy (infundibulopelvic angle Retrospective I B Elbahnasy??

the excretory | <90°, infundibular length > 3.0 cm and

cohort study

path infundibular width of <4-5 mm) negatively affect

ESWL
Kidney Kidneys with congenital anomalies have lower Retrospective 1 B Al Ansari A
anomalies elimination rates cohort study

nausea and vomiting were analyzed, as well as the need
for analgesia and auxiliary procedures for elimination of
the calculi. Eight randomized studies were identified, in-
cluding a total of 876 patients divided into two groups:
453 with catheters and 423 without catheters. The result
of the meta-analysis showed no significant difference
between groups (RR 0.97,95% CI 0.91-1.03, p=0.27). The
incidence of steinstrasse in the catheter group was simi-
lar to the group without catheters, except in one study.
Nevertheless, the incidence of lower urinary tract symp-
toms was much higher in patients with a catheter (RR
4.10,95% CI 2.21-7.61, p<0.00001). There was no signifi-
cant difference in rates of hematuria, fever, infection, pain,
nausea or vomiting, and need for analgesia or auxiliary
procedures between the groups. It was concluded that
double-] stenting prior to ESWL does not increase the
rate of patients free from stones or reduce the need for
auxiliary procedures, and boosts the presence of lower
urinary tract symptoms.

In relation to care after ESWL, there is good eviden-
ce that drug treatment with alpha-blockers, specifically
tamsulosin, provides benefits (Level of evidence: 1a; Gra-
de of recommendation A). A recent meta-analysis has
been published assessing the real efficacy of tamsulosin
in patients undergoing ESWL,? verifying that the drug
increases the average calculus elimination rate by 16% (5
to 27%) and decreases calculus elimination time by 8 (3 to
20) days on average. Other medication such as nifedipi-

ne have also proved effective as an adjunct to ESWL treat-
ment, but with a higher rate of side effects such as dizzi-
ness and hypotension.?

Complications

A series of minor complications can occur after ESWL.
Pain in the costovertebral angle and flank, the appea-
rance of petechiae or subcutaneous bruising at the entry
and exit point of the shock waves are common, requi-
ring analgesics in up to 40% of cases.>® Microscopic he-
maturia occurs in virtually all cases, however gross he-
maturia appears only in about one third of patient.** A
prospective study of 3,241 patients with calculi larger
than 4 mm undergoing ESWL (7,245 sessions) and mo-
nitored for a period of three months reported 4,075 com-
plications, including renal colic (40%), gross hematuria
(32%), urinary obstruction (30.9%) and perirenal hema-
toma or subclinical subcapsular hematoma (4.6%) as
the most common. Furthermore, symptomatic bacteriu-
ria was diagnosed in 9.7% of cases.’ Patients with pain
are effectively treated with anti-spasmodic or anti-in-
flammatory drugs without further intervention requi-
red in most cases, such as repeated ESWL or ureteros-
copy. Patients with gross hematuria present spontaneous
improvement within 48 hours in 85% of cases, and in
10 days, in virtually 100% of cases.?* Patients with uri-
nary obstruction can be clinically treated with alpha-
-blockers or surgically through double-J stenting or ure-
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teroscopy depending on the size, number and location
of the calculi. Perirenal hematomas should be monito-
red with imaging exams and control of hemoglobin and
hematocrit when large in size. Rare cases of post-ESWL
renal explosion have been reported and even then a con-
servative treatment may be appropriate.*® In a study of
6,172 ESWL sessions, Razvi et al.** evaluated the risk fac-
tors for the development of perirenal hematoma and
identified intraoperative hypertension (hazard ratio =
3.3,95% CI 1.6-10.2, p = 0.03) and use of anticoagulant/
antiplatelet agents (hazard ratio = 4.2,95% CI 1.1 -15.9,
p = 0.03) as significant.

In relation to late complications, a series of articles
has sought to demonstrate an association between ESWL
and the development of hypertension and diabetes. In
a retrospective study of 727 patients undergoing ESWL,
Chew et al.** did not find a higher incidence of these di-
seases in the study group compared with the popula-
tion mean. In a study of 4,782 patients with calculi and
without hypertension monitored for an average of 8.7
years, Krambeck et al.* also found no association between
ESWL and hypertension in both univariate and multi-
variate analyses, including age, sex and obesity (hazard
ratio = 1.03; 95% CI 0.8-1.2, p=0.77). However, in a study
with the collection of prospective data via a question-
naire sent to and answered by 2,041 patients undergoing
ESWL, B arbosa et al.*” found a significant yet small in-
crease in the incidence of hypertension in these patients
compared to controls matched for age, sex and body
mass index (37.8 versus 32.5%, p = 0.0009). In relation to
the development of diabetes, a study with an identical
design to the one mentioned above and with 1,869 pa-
tients submitted to ESWL did not find an increased in-
cidence of diabetes in such patients compared to con-
trols matched for age, sex and body mass index (5.2
versus 5.8%; p=0.47).% A study of 5,287 patients with cal-
culi and without diabetes monitored for an average of
8.7 years found no association between ESWL and the
appearance of diabetes in both univariate and multiva-
riate analyses, including age, sex and obesity (hazard ra-
tio = 0.92; 95% CI 0.71-1.18).* The association between
ESWL and the development of chronic diseases (hyper-
tension and diabetes) is unclear and studies with higher
levels of evidence are needed to confirm or rule out this
association (Level of evidence 2b; Grade of recommen-
dation B). Lastly, in relation to a possible worsening of
renal function after ESWL, in a study of 156 patients
with a single kidney undergoing ESWL and an average
follow up of 3.8 years, El-Assmy et al.** found no chan-
ges in creatinine levels, demonstrating the safety of this

method at least in the medium term (Level of evidence:
3; Grade of recommendation B).

ConcLusION

ESWL shows good results in the treatment of kidney sto-
nes up to 2.0 cm and is an alternative to ureteroscopy in
the management of ureteral calculi. Several technical fac-
tors are important for the optimization of results, and fac-
tors related to the patient and the stone, such as its size,
density, skin to stone distance, anatomy of the excretory
system and renal anomalies, help predict the chances of’
success. Antibiotic prophylaxis and double J stent place-
ment before the procedure are not required. Alpha-bloc-
kers may increase success rates. Early and important com-
plications are rare and late complications are not yet proven.

Resumo

Litotripsia extracorpdrea no tratamento de cilculos re-
nais e ureterais.

A utilizagio de certos principios técnicos e a sele¢io de ca-
sos favoraveis podem otimizar os resultados da litotripsia
extracorporea por ondas de choques (LECO). O objetivo
deste trabalho é revisar os principios de funcionamento da
LECO, suas indica¢des e contraindicacdes, fatores prediti-
vos de sucesso e suas complica¢des. Realizou-se uma pes-
quisa na base de dados do Pubmed® entre janeiro/1984 e
outubro/2013 utilizando como palavras chaves shock wave
lithotripsy e stone. Apenas artigos com bom nivel de evidén-
cia, de lingua inglesa, em seres humanos, do tipo clinical
trials ou de revisio/metandlise foram incluidos. Na busca
pela otimizacdo dos resultados da LECO, diversos fatores
técnicos, como o tipo de aparelho de litotripsia, energia e
frequéncia dos pulsos, acoplamento do paciente ao lito-
tridor, localizagdo do calculo e tipo de anestesia, devem
ser levados em consideracido. Fatores relacionados ao doen-
te e ao calculo, como seu tamanho, densidade, distAncia
pele-célculo, anatomia da via excretora e anomalias renais,
também sdo importantes. A profilaxia com antibidtico
nio é necessaria, e a passagem de duplo J de rotina nio é
recomendada. A prescri¢io de alfabloqueadores, particu-
larmente a tansulosina, é benéfica em calculos > 10 mm.
Complicacdes menores podem ocorrer apés LECO e ge-
ralmente respondem bem a condutas clinicas. A relacdo
entre LECO e o surgimento de hipertensio e diabetes ndo
estd comprovada.

Palavras-chave: litotripsia, cdlica renal, ureter, cdlculos
urindrios, calculos renais.
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