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This article aimed to review the clinical application and evidence of the therapeutic ultrasound in detail for urological diseases
such as prostate cancer, kidney tumor, erectile dysfunction, and urolithiasis. We searched for articles about high-intensity focused
ultrasound (HIFU), extracorporeal shock wave therapy, ultrasound lithotripsy, and extracorporeal shockwave lithotripsy (ESWL) in
the MEDLINE and Embase. HIFU may be indicated as a primary treatment for low- or intermediate-risk prostate cancer, and salvage
therapy for local recurrence as a promising way to address the limitations of current standard therapies. The application of HIFU
in treating kidney tumors has scarcely been reported with unsatisfactory results. Evidence indicates that low-intensity shockwave
therapy improves subjective and objective erectile function in patients with erectile dysfunction. Regarding the application of ul-
trasound in stone management, the novel combination of ultrasound lithotripsy and other energy sources in a single probe prom-
ises to be a game-changer in efficiently disintegrating large kidney stones in percutaneous nephrolithotomy. ESWL is losing its role
in managing upper urinary tract calculi worldwide. The burst-wave lithotripsy and ultrasound propulsion could be the new hope
to regain its position in the lithotripsy field. According to our investigations and reviews, cavitation bubbles of the therapeutic
ultrasound are actively being used in the field of urology. Although clinical evidence has been accumulated in urological diseases
such as prostate cancer, kidney tumor, erectile dysfunction, and lithotripsy, further development is needed to be a game-changer
in treating these diseases.
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INTRODUCTION and evidence of the therapeutic ultrasound in detail for uro-
logical diseases such as prostate cancer (PCa), kidney tumor,
In part I of the therapeutic ultrasound in urology, the erectile dysfunction, and urolithiasis in part II of the thera-
presenting authors reviewed two types of cavitation bubbles  peutic ultrasound.
in lithotripsy. Now we would review the clinical application
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MATERIALS AND METHODS

The presenting authors searched for the articles about
high-intensity focused ultrasound (HIFU), extracorporeal
shock wave therapy, ultrasound lithotripsy (USL), and ex-
tracorporeal shockwave lithotripsy (ESWL) in the major
database such as MEDLINE and Embase. We aimed to sum-
marize the updated evidence on the treatment of urological
diseases using the therapeutic ultrasound.

RESULTS

1. Physical aspects of high-intensity focused

ultrasound in urologic cancers

Ultrasound can be tightly focused on a target to produce
HIFU. HIFU destroys the tumor target tissue at depths
inside the body at a focal point without damaging adjacent
tissues or intervening vital structures [1]. This damage is
caused by ultrasonic thermal coagulation and destructive
mechanical effects, including acoustic cavitation [2] HIFU
devices rely mostly upon ultrasonic heating under continu-
ous or long pulse irradiation [3] In thermal ablation, the
focal intensity needs to be high enough to denature protein
and cause coagulative necrosis [4,5] The latest technology,
called “histotripsy,” uses HIFU bursts of higher amplitude
but shorter duration to enhance acoustic cavitation [2,6,7]
HIFU appears to be an attractive therapy. This technique is

”

often referred to as “Sonablate ablation,” “ultrasonic abla-
tion,” or “focal ultrasound surgery.”

Imaging modalities are required to accurately locate the
target tissues and monitor the surgical process to assure the
expected therapeutic outcomes. Ultrasonic imaging is com-
monly used for continuous monitoring throughout the treat-

ment procedure because it is realtime and has no harmful

Rectal wall
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effect on the tissues [1] Ultrasonic methods or X-ray fluoros-
copy [2] are limited in monitoring HIFU treatment process
since these cannot provide information about temperature
rises. Thus, HIFU can be combined with magnetic resonance
imaging (MRI) to permit relative thermometry [3] An MRI-
guided HIFU device has proven to better visualize target
tissues with temperature changes during the treatment
procedure and confirm the surgical efficacy following treat-
ment [4]. However, these are highly costly, and their clini-
cal uses are restricted to a particular application, such as a
brain treatment.

A piezoelectric transducer is used as the source of HIFU,
which can change its thickness in response to an applied
electrical voltage. Focus is achieved by using a transducer
[5] or placing a lens in front of a transducer in the case of
a single element transducer. Electronic focusing is possible
when an array transducer is employed. However, a bone in-
terface interferes with ultrasonic waves, and air or gas lay-
ers almost block propagation, obscuring focal targets beyond
these interfaces. Accordingly, there are limitations in obtain-
ing an acoustic window in clinical practice, an area on the
skin through which ultrasound is transmitted to a target.

Since the transrectal approach easily reaches the pros-
tate gland’s anatomic position, an endorectal ultrasonic
transducer can make HIFU irradiation to the prostate [6-
8] An endorectal ultrasonic transducer is inserted into the
rectum to deliver HIFU to the prostatic tissue through the
rectal wall. An example of such a probe is illustrated in Fig.
1, which consists of many piezoelectric elements linearly ar-
rayed. This probe plays the functional role of both imaging
and therapy using electronic beam focusing techniques. The
probe is covered with a balloon or a condom filled with air-
free acoustic coupling water following insertion into the
rectum to get it into close contact with the rectal wall to
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Fig. 1. An illustration of an endo-rectal
ultrasonic linear array probe, covered
by a balloon or a condom filled with air-
I free acoustic coupling water after inser-
! tion into the rectum to get it close con-
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facilitate ultrasonic transmission to the prostate. The probe
produces an ellipsoidal or cigar-shaped lesion [9] The desired
volume can be ablated by combining the sequential adjacent
focal lesions, which is achieved by moving, translating, or ro-
tating the probe. Care must be taken since HIFU may burn
the rectum between the transducer and the prostate [10]

Whereas the transrectal HIFU is used as a minimally
invasive treatment for clinically localized PCa in patients
not undergoing surgery [6-811], a new approach has arisen
resulting from the miniaturization of HIFU probes that em-
ploy a transurethral HIFU [12] The prostate tissue is ablated
by HIFU delivered from the urethra outwards to the edge
of the target region of the prostate (Fig. 2). Being close to the
anterior gland, the transurethral HIFU can treat cancers
in the anterior portion more effectively. In-bore HIFU with
MRI thermometry could help ensure lethal temperatures in
the ablation zone and safe temperatures in the urethra and
sphincter.

2, Clinical aspects of high-intensity focused ultra-
sound in urologic diseases
HIFU treatments may be efficiently performed with an
established procedure. A short learning curve is anticipated
with approximately 10 to 15 patients for a skillful urologist
in ultrasound prostate imaging.

Urethra

Prostate

Focal lesion

Endo-urethral
ultrasonic
transducer

«

«

Fig. 2. A schematic illustration of the ablation of the prostate tissue
by high-intensity focused ultrasound delivered from the urethra out-
wards to the edge of the target region of the prostate.
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1) High-intensity focused ultrasound in urologic

cancers

(1) High-intensity focused ultrasound for

treatment of prostate cancer

HIFU has been used to treat PCa for more than 20
years. Though HIFU has not been recommended as a first-
line treatment for localized PCa, there are many centers in
Europe, Canada, Japan, Korea, Taiwan, and Brazil that have
adopted this minimally invasive technique as an alternative
to conventional treatment such as radical prostatectomy,
external beam radiotherapy, or cryotherapy. To date, mid to
long-term results have been reported in thousands of PCa
patients, demonstrating that HIFU is a promising way to
address the limitations of current standard therapies. In
general, HIFU may be indicated as a primary treatment for
low- or intermediaterisk PCa and as a salvage therapy for
local recurrence following initial treatment.

Primary treatment of prostate cancer with high-intensity
focused ultrasound: HIFU can be applied as a whole-gland or
partial-gland ablation (focal-ablation, hemi-ablation). Whole-
gland HIFU was initially considered for men with localized
PCa who were not eligible for radical prostatectomy because
of comorbidities or did not want to undergo radical prosta-
tectomy [13] Transurethral prostatectomy or hormone ther-
apy 1s usually applied prior to HIFU to reduce the prostate
volume. The outcomes of whole-gland ablation with HIFU
have been reported in many studies. Most patients had low-
intermediate risk and baseline prostate-specific antigen
(PSA) <10 ng/mL. A small number of high-risk patients was
included in several studies [14-20]. The maximum follow-
up time was 14 years [1921] The 5-year and 10-year overall
survival rates were 100% [22] and 886% [15], respectively. The
PCa-specific and metastasis-free survival rates reached >95%
at eight years [819] and five years [22], respectively. At eight
years, the biochemical disease-free rate was 76% of low-risk
patients and 63% of moderaterisk patients [19] Recurrence
rates following whole gland HIFU were associated with can-
cer grades, PSA levels, prostate volume, and the machine’s
generation of HIFU [16,1920] Although whole-gland HIFU
has yielded promising oncological results, morbidity rates
remain high. Urinary incontinence, erectile dysfunction, uri-
nary retention, urinary infection, and bladder neck/urethral
stenoses rates were 10%, 44%, 11%, 7%, and 15%, respectively
[23] The most severe complication was the urethrorectal fis-
tula, the rate of which was reported to be less than 2%.

The development of cancer localized techniques such as
multiparametric MRI and mapping biopsy, the development
of HIFU devices (Fig. 3), and the accumulation of clinical
experience led to partial HIFU (focal- and hemi-ablation)

https://doi.org/10.4111/icu.20220060
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Fig. 3. Examples of high-intensity fo-
cused ultrasound devices. (A) Ablatherm
(http://www.mpuh.org/centreforrobot-
icsurgery/hifu-for-prostate-cancer/).
(B) Focal One (https://us.hifu-prostate.
com/less-invasive-prostate-cancer-
N A treatment-receives-fda-clearance/). (C)
asf- D @ Sonablate (https://www.innomedicus.
com/urology/sonablate-hifu).

being used to treat localized PCa. This method is expected
to maintain oncologic outcomes and reduce morbidity rates
compared to whole-gland ablation. Most studies of partial-
gland HIFU ablation included low- and intermediate-risk
patients [24-29], but three recent studies have included high-
risk patients as well [30-32] Baseline PSAs were reported to
be lower than eight ng/ml, and most studies used multipa-
rametric MRIs and mapping biopsies for tumor localization.
The maximum follow-up time was 133 months [31] The on-
cologic outcomes of partial-gland ablation HIFU were com-
parable to the whole-gland ablation method. The overall sur-
vival rate was 99% at five years [30] and 97% at eight years
[31] in these studies, including high-risk patients. In a study
conducted at nine centers in the United Kingdom for more
than 10 years, the five-year metastasis-free survival rate was
98%, and PCa specific survival rate was 100%. The biochemi-
cal recurrence was 7% to 28% according to Phoenix criteria
[29,33] and 8% to 36% according to Stuttgart criteria [29,32]
An increase in the proportion of T2 stage and Gleason score
7 and reduced retreatment rates were observed over time [31]
Partialgland HIFU ablation for PCa had fewer side effects
than whole-gland ablation [25,32,33] The rates of urinary
incontinence, erectile dysfunction, urinary retention, urinary
infection, and bladder neck/ urethral stenosis were 2%, 21%,
9%, 11%, and 2%, respectively.

Salvage treatment of local recurrence prostate cancer with
high-intensity focused ultrasound: HIFU can be used for sal-
vage therapy for locally recurrent PCa following other
primary treatments methods. However, only data on HIFU
for locally recurrent PCa following external beam radia-
tion therapy, primary HIFU, and radical prostatectomy
have been published. A second or third session was done
for recurrence in studies of HIFU being used as a primary
treatment. The prevalence of second HIFUs ranged from 8%
to 38% [15,17,27,34,35]. The second session of HIFU was as-
sociated with worse oncologic outcomes and higher rates of
urinary incontinence as compared to the primary procedure

Investig Clin Urol 2022;63:394-406.

but without erectile dysfunction [34]

Sixty-three percent of men experienced disease progres-
sion following external beam radiation therapy [36], and lo-
cal recurrences are treatable with salvage radical prostatec-
tomy. However, the surgical option is associated with a high
rate of morbidities [37] Thus, HIFU has been proposed as
an alternative to radical prostatectomy for locally recurrent
PCa following external beam radiation therapy. An early re-
port in France showed that 80% of patients had a negative
biopsy, and 44% had no disease progression on follow-up [38]
Other French studies of hundreds of prostatectomy patients
also showed promising HIFU results for locally recurrent
PCa [3940] Local cancer control rates were 73% to 80% after
HIFU. The five-year overall survival rate reached 84% [39],
and seven-year cancer-specific and metastasis-free survival
rates were 80% and 79.6%, respectively [40]. The authors
suggest high PCa levels before external beam radiation
therapy, elevated PSA levels before HIFU, and androgen de-
privation therapy during management are associated with
higher three-year progression rates following salvage HIFU.
Moreover, HIFU shows a better risk/benefit ratio than other
types of salvage therapy. Recent studies in Canada [41] and
Brazil [42] confirmed that HIFU is a safe and effective op-
tion for radiorecurrent PCa.

There are several case series on the efficacy of HIFU as
salvage treatment for local PCa recurrence following radical
prostatectomy [43,44] Japanese researchers reported their
experiences in using HIFU to treat four cases of local recur-
rence at the vesicourethral anastomosis following radical
prostatectomy. At a 24-month follow-up, two patients were
biochemically free, and three were biopsy-free of recurrences
without any complications [44] Another pilot study from It-
aly on 19 patients found that HIFU was feasible for treating
locally recurrent PCa with low morbidity following radical
prostatectomy. However, the failure rate remains somewhat
high at 52%. This is related to pre-HIFU PSA levels and
Gleason scores [43]
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(2) High-intensity focused ultrasound for

treatment of kidney tumors

HIFU was expected to substitute for radiofrequency and
cryotherapy in treating small renal masses. However, the
application of HIFU in treating kidney tumors has scarcely
been reported, and the most recent clinical trial of HIFU
was conducted about ten years ago [45] Most studies have
shown unsatisfactory results in phase I or phase II clinical
trials.

An early study on the feasibility of the extracorporeal
HIFU on advanced kidney cancer showed that cancer-
related symptoms (hematuria, flank pain) were improved in
most cases. However, only 3 of 13 patients achieved complete
tumor ablation. Of these 13 patients, six had survived for 18
months [46] Another clinical phase II of eight renal tumors
showed ablation in 4 of 6 (67%) patients assessed by MRI,
but only 25% in a case series of 17 patients with a median
tumor size of 25 c¢cm [47] The study showed on a follow-up
that involution of the ablation zone continued with a mean
of 35 months. On follow-up of 14 patients at six months, four
had recurrences and had to undergo alternative treatments.
An advantage of HIFU is the low complication rate. The
most frequent complication is skin toxicities, such as a burn
or local edema.

Poor extracorporeal HIFU treatment outcomes for kid-
ney tumors are inherent in the procedure’s nature. In ad-
dition, it is difficult to obtain a reliable focal point because
breathing, the abdominal wall, and the rib cage interfere
with the ultrasonic waves. Therefore, a couple of trials were
done to make HIFU probe directly contact the tumors via
a laparoscopic trocar [4548] Although HIFU time was sig-
nificantly decreased compared with the extracorporeal ap-
proach, the outcomes remained unsatisfactory. Moreover, us-
ing a laparoscopic approach made HIFU lose its non-invasive
nature. Recently, an emerging technology in tumor treat-
ment called boiling histotripsy, which uses HIFU containing
shockwaves, could be the future of HIFU in treating renal
tumors [49]

3. Role of extracorporeal shock wave therapy for

erectile dysfunction

As sexual health is an integral part of overall health,
erectile dysfunction (ED) can negatively impact the quality
of life and men's psychosocial and emotional well-being [50]
Phosphodiesterase type 5 inhibitors (PDE5is) remain the
first-line therapy for men with ED because of their efficacy
and safety profile. However, there has been a high drop-out
rate because of cost, inadequate efficacy, and adverse ef-
fects. In addition, their effectiveness decreased in men with
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vasculogenic ED (eg., diabetes, cardiovascular diseases) [51]
Therefore, new treatment modalities that could improve the
penile vascular flow are needed.

Shockwave has been used as a non-invasive lithotripsy
therapy for years. This is referred to as ESWL. During the
development of the ESWL, low-intensity shockwave therapy
(LISWT) has developed and been applied to treat several
diseases with tissue hypoxia mechanisms, such as chronic
wounds [52] and ischemic myocardial disease [53] LISWT has
been investigated for treating ED because of its effects on
endothelial dysfunction, a key factor in ED pathogenesis [54]
This causes tissue microtrauma by repetitive shear stress,
leading to tissue neovascularization and vasculogenesis via a
cascade of regenerative reactions [54,55] Many studies have
demonstrated promising outcomes for treating ED with
LISWT. However, the clinical significance of this modality is
still questioned.

1) Clinical guidelines and recommendations

Current guidelines and recommendations state that the
results of LISWT’s efficacy are heterogeneous. The Ameri-
can Urological Association 2018 guideline on ED note that
“LISWT should be considered investigational [56]” The Eu-
ropean Society of Sexual Medicine suggests that LISWT is
safe, but its efficacy should be further confirmed [57] The
Asia-Pacific Society for Sexual Medicine supports the ap-
plication of LISWT in men with ED and suggests that pro-
spective research should focus on specific ED subgroups and
optimize protocols [58]

A dozen clinical trials and meta-analyses were performed
to evaluate the efficacy and safety of LISWT for ED. The
efficacy was assessed by improving the International Index
of Erectile Function (ITEF) and erection hardness score (EHS)
with baselines, sham procedures, or controls. A meta-analysis
of 7 RCTs involving 602 ED patients, average age 60, with
an average follow-up of 20 weeks showed that the IIEF im-
proved 64 points in LISWT as compared to the baseline ver-
sus 17 points in the sham procedure groups (p<0.05) [59] The
mean difference (MD) between LISWT and sham treatment
was 4.2 points (p<0.001). However, no differences between
groups were seen in the meta-regression, controlling for age
and baseline ITEF scores. Patients who received a total shock
of 18,000 had a higher MD than those who received 6,000
shocks (MD, 745 vs. 64).

A recent meta-analysis involving 522 vasculogenic ED
cases showed that the MD between the ITEF score in the
LISWT group and sham group was only 12 points at one
month and 199 points at three to 12 months on follow-up.
Interestingly, patients with moderate and severe ED had a

https://doi.org/10.4111/icu.20220060
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better result than the general population (MD, 3.9). More-
over, in terms of the hardness score, the chance of having
a good EHS following treatment was 16 times higher in the
LISWT group than in the sham group (OR, 162; confidence
interval, 7.9-32.3).

Another meta-analysis involving seven randomized con-
trolled trials (RCTs) and seven cohort studies of 833 patients
showed that the MD of IIEF was two points higher in the
shockwave therapy group than the sham. The severity of
ED impacted the outcomes of LISWT, in contrast with the
finding in [60] The lower baseline ITEF is, the smaller MD is.
The effect of LISWT was greater in patients taking PDE51
(MD, 4.2) than those without this medication (MD, 1.85). EHS
also improved in the LISWT groups compared to the sham
group, with the risk difference being 047 at one month fol-
lowing treatment and 016 at three months. Unfortunately,
most studies did not assess LISWT’s long-term effect on ED.
A short-term follow-up showed that LISWT improved ITEF
by 3 to 6 months with an MD of 278 compared to baseline
[61] A recently published study that followed up ED patients
for more than five years showed that clinical improvements
in erectile function decreased 48 to 60 months following
completion of LISWT. However, efficacy remained in 40%
of patients. LISWT’s effect on improving the IIEF score did
not differ between PDE51 responders and non-responders.
Additionally, the effect was lower in the patients with co-
morbidities [62] In penile duplex/triplex ultrasound, LISWT
significantly increased penile hemodynamics from baseline
[62] Regarding safety, LISWT is a safe and well-tolerated
procedure. No adverse events have been reported related to
LISWT or sham procedures. A drop-out rate of 37% in the
treatment group and 58% in the sham group has been re-
ported [63]

2) Summary of low-intensity shockwave therapy

Taken together, evidence indicates that LISWT improves
subjective and objective erectile function in patients with
ED regardless of PDE5i response. The treatment effect could
increase if associated with PDE5i use and decrease in pa-
tients with severe ED or comorbidities. A literature review
showed heterogeneity of published data regarding types of
machines, settings and treatment protocols, patient selection,
and outcomes. Therefore, more large-scale, well-design, long-
term follow-up time studies are needed. An optimized set
and protocol should be validated as well

4, Role of ultrasound lithotripsy
1) Concept of ultrasound lithotripsy
The principle of USL is also based on transforming

Investig Clin Urol 2022;63:394-406.
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electric energy into ultrasonic energy. A generator produces
the electricity, and it is transmitted to the transducer with
the excitation of a piezoelectric crystal. While the crystal
vibrates at a specific frequency, it generates an acoustic
wave ranging from 23 to 25 kHz Mulvaney developed the
idea of using ultrasounds in stone fragmentation [64] The
noise level can reach 98 dB [65], imperceptible to the human
ears, and the ultrasonic waves are transmitted through the
sonotrode to the urinary calculi. During the contact time
of the probe, the stone is fragmented with vibration. When
the sonotrode contacts the mucosa of the urothelium, the
tissue does not resonate with the vibrating energy, and it
can minimize tissue damage [66] The heat damage can also
be minimized with an irrigation flow of 30 mL/min because
the temperature increase is 14°C at most [67]. Therefore,
the use of this device can be recommended in percutaneous
nephrolithotomy (PCNL) compared to ureteroscopic surgery.
The suction power of 60 to 80 cm H,0 is recommendable to

maintain continuous irrigation.

2) Role of ultrasound lithotripsy in percutaneous

nephrolithotomy

PCNL is the first option for kidney stones >2 [68] It can
break the stone and remove big fragments via a large work-
ing channel of the nephroscope. Whereas holmium lasers
are increasingly used in mini-PCNL or micro-PCNL, USL
is frequently used to disintegrate the stone in standard/
conventional PCNL [68] Probes are available from 25 to 60
Fr. Many studies have reported the effectiveness of USL in
renal stone disintegration compared to other lithotripters.
A randomized-control trial that compared the effectiveness
of USL and pneumatic lithotripsy (PL) directly in PCNL
for renal stone >2 showed that the outcomes did not differ
between the two modalities. However, the PL. demonstrated
a higher stone clearance rate in hard stones, whereas USL
could break the soft stones faster than the PL [69] In an-
other RCT of PCNL for staghorn stones, USL showed com-
parable efficacy and safety with the use of a high-power
holmium laser. But it had a shorter procedure time [70] The
combination of USL and PL in a lithotripter (dual-probe
dual-modality) was expected to perform an additive effect,
enhancing the efficacy of stone disintegration. Interestingly,
the stonefree rate and safety of these combined lithotripters
did not outweigh the USL [71-73]. The quest for a better
lithotripter for PCNL continues.

Recently, novel single-probe dual-modality lithotripters
have been developed and approved. The ShockPulse (Olym-
pus, Tokyo, Japan) utilizes constant ultrasonic energy si-
multaneously with intermittent ballistic shock wave energy
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[74] The LithoClast Trilogy (EMS, Nyon, Suisse, Switzerland)
combines an electromagnetic impactor with ultrasonic en-
ergy and suction [75] The LithoClast Trilogy had the fastest
stone clearance time in vitro, followed by the ShockPulse,
USL only, and combined USL-PL [74] In a clinical setting,
the ShockPulse showed a shorter fragmentation and opera-
tive time than the PL in PCNL [76] However, the stonefree
rates and complications were similar. The most recent multi-
center prospective study in Europe confirmed its efficacy
and safety regarding the lithoclast trilogy. It had not only
a high stone clearance rate but also a high stonefree rate
[77]. Moreover, effectiveness was observed in both standard
PCNL and mini-PCNL [75]

Taken together, USL is still a good option for PCNL.
Moreover, the novel combination of USL and other energy
sources in a single probe promises to be a game-changer for
efficiently disintegrating large kidney stones.

3) Role of ultrasound lithotripsy in ureteroscopy

Nowadays, the laser is dominant among lithotripsy
methods used in ureteroscopy (URS) with a high stonefree
rate and the ability to work with a flexible endoscope. The
use of USL in a ureteroscope is less developed than are other
lithotriptors because of its bigger diameter. Only a few re-
ports have been published earlier. Most of these studies were
conducted in the 1980s and 1990s and used a large uretero-
scope (105-125 Fr) for lithotripsy of distal ureteral stones.
The stonefree rate was reported to be more than 90%. In a
retrospective study in Brazil in the late 1990s, USL showed
a perfect stone-free rate for 1-cm distal ureteral stones,
up to 956% at the first procedure [78]. The stone-free and
fragmentation USL rates were comparable to ureteroscopic
electrohydraulic lithotripsy and higher than ESWL but
lower than pneumatic modalities in treating ureteral stones
[79] However, the small caliber semi-rigid ureteroscope and
small lithotripsy prober demonstrated a higher success rate
and fewer complications than did USL [80] Compared to
the working channels of new generation ureteroscopes, the
larger size of the probe made USL lose its position in litho-
tripsy. Despite having a smaller size probe for use with 8 Fr
ureteroscopes, in the latest reports of USL in 2004, only 9 of
340 (26%) URS procedures with USL were done in complex
ureteral stone cases [81] Thus, USL seems to have become
obsolete in the use of URS. The only advantage that has
remained is its unique combination of stone fragmentation
and suction. Therefore, it can only be used in a few cases,
such as steinstrasse or impacted calcified double J stents [81]
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5. Extracorporeal shockwave lithotripsy: current
and prospective position

ESWL has been used to treat renal and ureteral stones
for decades. It was the first-line treatment for uncomplicated
upper urinary tract stones smaller than 2 em [82] Current
guidelines on urolithiasis state that it is still an effective
modality for most renal and ureteral stones [83,34] ESWL
can be applied as a first-line treatment for renal stones in
both adults and children, combined with PCNL. ESWL is
a good treatment option for kidney stones up to 2 cm. The
stonefree rate after ESWL for renal stones depends upon
its location in the calyceal system. Generally, stone-free rates
following ESWL at three months were 65% to 89.2% for up-
per calyx stones, 64% to 905% for middle calyx stones, 63%
to 84.4% for lower calyx stones, 67% to 86% for renal pelvis
stones, 75.3% to 84.3% for upper ureteral stones, 80.7% to
824% for middle ureteral stones, and 765% to 91% for lower
ureteral stones [85-90] Stone-free rates in ESWL decrease
when the stone burden increases [85,88], the stones are locat-
ed in the lower calyx, if there are multiple stones, or if there
is a history of urolithiasis [91] The combined use of ESWL
and PCNL can improve the stonefree rate in treating com-
plex kidney stones compared with PCNL or ESWL alone
[9293] Moreover, ESWL is a safe and effective modality to
treat urinary stones in children [94]

Although ESWL offers a minor complication rate and
reasonable outcomes, there is a worldwide trend away from
ESWL toward URS and PCNL for managing upper urinary
tract calculi [41,95] It has several reasons. First, the SWL
stone-free rate is lower, and the retreatment rate is higher
than URS or PCNL [8589,95] Second, the miniaturization of
the armamentarium and the navigational changes in PCNL
make this a safer procedure than before [96] The third is
the high-speed technical [innovation of flexible ureteroscopes
with a small-caliber and clearer view [97] Last but not least,
advances in medical laser technology have made lithotripsy
procedures more effective [98]

To regain its position among lithotripsy modalities,
several improvements and innovations have been made to
optimize the effectiveness of ESWL. First, treatment pro-
cedures have been modified to enhance the stone-free rate
and reduce renal parenchymal injury [99-101] Second, optical
controls with a camera, which helps to detect and remove
the air bubble from the coupling area (called “optical cou-
pling”), reduces the required number of energy shocks [102]
and achieves higher stonefree rates than with conventional
machines (called “blind coupling”) [103] Pre-stenting [104] and
external vibration/percussion [105,106] are used to accelerate
and improve fragment expulsion following ESWL. Third, a
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new stone tracking system has been developed to optimize
the stone’s alignment and focal point and reduce radiation
exposure [107] Additionally, the concept of enlarged focal size
with low pressures was suggested to have better stone com-
minution than conventional narrow focal size lithotripters
[108] However, all the changes mentioned above were based
on the traditional shockwave lithotripsy systems, which de-
liver high-peak pressures in single-cycle pulses at a slow rate
[108] Therefore, the effectiveness of these modifications is
still questioned.

Recently, a novel shock wave system has been developed
and 1s expected to be a game-changer in treating urinary
calculi. It uses a combination of burst-wave lithotripsy (BWL)
and ultrasound propulsion technology [109-111] BWL delivers
a high-frequency, focused sinusoidal acoustic wave in short
bursts transcutaneously. In an in vivo animal experiment,
a lithotripter created a low peak pressure at a high rate on
the stone, leading to a finer fragmentation until it achieved
a 1-mm size [112] and a smaller than 2-mm size [113] It also
reduced cavitation bubble formation to enhance fragmenta-
tion efficiency and minimize tissue injury. No renal paren-
chymal injury was seen in gross, histologic, or on MRI in
the porcine model, although petechial damage and surface
erosions were identified on the urothelium around the stone
[113] Seven days following this experiment, there were no
significant histological changes to the kidney or surround-
ing tissue. Serum and urine laboratory tests were normal
as well [109] Thus, BWL could be the potential alternative
to the current ESWL generation. The BWL stone clearance
could be enhanced with ultrasonic propulsion—a novel stone
repositioning technology. Ultrasound propulsion uses a short
burst of focused ultrasound pulsed to reposition the stone
transcutaneously within the kidney and the ureter. This
technology was first introduced in 2010 [114] Recently, a
couple of clinical trials were published [115116] The ability of
propulsion ultrasound on repositioning the kidney stone was
evaluated on patients who had undergone URS for kidney
or ureteral stones. Upon visualization with the ureteroscope,
the independent observers scored at least one stone’s move-
ment (from a collection of dust to 15 mm in size) equal to or
greater than 3 mm in 95% of cases. The device was safe and
well-tolerated [115] More recently, the first-in-human study
of the BWL system has been published [111] A 7-mm lower
pole kidney stone was broken down into smaller than 2-mm
fragments following nine minutes of BWL. These fragments
were visualized moving out of the calyx with both an ul-
trasound and a ureteroscope. The stone free status was con-
firmed on a 6-week follow-up.

So far, the BWL and ultrasound propulsion could be the

Investig Clin Urol 2022;63:394-406.
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new hope for ESWL to regain its position in the lithotripsy
field. Combining these two novel technologies could create
an effective office-based system that can break, reposition,
and expel urinary stones.

CONCLUSIONS

According to our investigations and reviews, cavitation
bubbles of the therapeutic ultrasound is actively being used
in the field of urology. In general, HIFU may be indicated as
a primary treatment for low- or intermediate-risk PCa and
as a salvage therapy for local recurrence following initial
treatment. Though HIFU has not been recommended as a
first-line treatment for localized PCa, it was adopted as an
alternative to conventional treatment in many centers. The
application of HIFU in treating kidney tumors has scarcely
been reported on because most studies have shown unsatis-
factory results in phase I or phase II clinical trials. LISWT
improves erectile function in patients with ED. The treat-
ment effect could increase if associated with PDE5i use and
decrease in patients with severe ED or comorbidities. The
use of USL device can be recommended in PCNL compared
to ureteroscopic surgery and the use of USL for the ureter
stones is decreasing. Instead, ESWL has been used to treat
renal and ureteral stones for decades. A novel shock wave
system of a combination of BWL and ultrasound propulsion
technology seems to be a game-changer in treating urinary
calculi.
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