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Abstract

This retrospective study aimed to evaluate whether there was still a place for ESWL therapy in the endourological era. From
1988 to 2018, ESWL therapy was performed with 3 successive types of lithotripters in our hospital. From 1988 to 1998, the
electrohydraulic lithotripter NS-15 was used, and the electromagnetic lithotripter HK-V was put to use in 1999. Since 2010,
the electromagnetic lithotripter HK-Vm has been used. Over the 30-year period, 16,969 urolithiasis patients underwent ESWL
therapy, including 124 paediatric cases and 178 special cases. The stone clearance rate (SCR) and postoperative complica-
tions in the 3 lithotripter groups were recorded and analysed. The SCR was estimated by ultrasonography or plain X-ray,
while the complications were recorded by the modified Clavien grading system. The primary stone clearance rate (pSCR)
of ureteral and renal stones was significantly improved in the HK-Vm group compared with the NS-15 and HK-V groups.
The final stone clearance rate (fSCR) of lower calyx stones was considerably higher in the HK-Vm group (55.9%) than in the
NS-15 (41.1%) and HK-V (44.1%) groups. Most complications were grade I and II, while the incidence of grade III and above
complications was less than 3%. Additionally, the fSCR in paediatric and special cases ranged from 66.5% to 83.5%, with no
record of severe complications. As our data showed, ESWL was effective and safe for most urolithiasis patients, including
paediatric patients and special cases. Therefore, ESWL is still the major treatment option in the current endourological era.
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Abbreviations Introduction

ESWL Extracorporeal shockwave lithotripsy

FUR Flexible ureteroscopy ESWL, one of the main treatments for urolithiasis, is widely
PCNL  Percutaneous nephrostolithotomy used in China; however, its use is increasingly challenged by
pSCR  Primary stone clearance rate the rapid development of endourological technologies such
fSCR  Final stone clearance rate as flexible ureteroscopy (FUR) and percutaneous nephros-

tolithotomy (PCNL). These endourological technologies are
becoming the preferred choice for treating urinary stones in
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Materials and methods

From August 1988 to December 2018, a total of 22,039
patients with urinary stones underwent therapy in our hos-
pital, and 16,667 (76%) were treated with ESWL therapy.
Among the patients, there were 124 paediatric patients and
178 special patients. Those special cases included 63 allo-
graft kidneys stone, 48 horseshoe kidneys stone, 41 polycys-
tic kidneys stone and 26 solitary kidneys stone. The average
patient age was 41.7 years (range 4-87). To determine and
compare the stone clearance rate, all of the patients had sin-
gle stones in this study.

Over the thirty years, three types of lithotripters were used
in our department. From 1988 to 1998, the first-generation
electrohydraulic extracorporeal lithotripter (NS-15, Huikang
China) was used, and it was replaced by an electromagnetic
lithotripter (HK-V, Huikang China) from 1999 to 2010. The
HK-V lithotripter was equipped with a high voltage electro-
magnetic generator, which could discharge 13—16 kV shock
wave energy. It was also equipped with a dual-mode imaging
system. Since 2010, a new multiple function electromagnetic
lithotripter (HK-Vm, Huikang China) has been developed.
The newer machine was equipped with a multifunctional
operating table, high-resolution X-ray and an ultrasonic
stone positioning system. The dual-mode imaging system,
combined with the ergonomic design, ensures an accurate
stone localization and a smooth operation. The high voltage
discharge range of the shock wave generator is 13-20 kV,
and the shock wave energy can be steplessly adjusted.

All patients underwent ultrasonography and abdominal
plain film X-ray or CT scan examinations before and after
the ESWL therapy. Patients with residual stones under-
went a second ESWL, with an interval of 1 to 2 weeks.
For the adult patients, the shock wave ranged from 1300
to 4000 shocks under a voltage of 13—18 kV, with a fre-
quency ranging from 60 to 120 shocks per minute. How-
ever, the shock wave for paediatric patients ranged from
600 to 1500 shocks under a voltage of 9-13 kV, and the
frequency ranged from 40 to 60 shocks per minute. The
details of the patients as well as the stone location and
size are described in Table 1. Ultrasonography or plain
X-ray was used to estimate the stone clearance, and a
residual stone fragment that is smaller than 2 mm was
considered a successful stone clearance. The postoperative
complications were determined by the modified Clavien
grading system [3, 4]. The grade 1 complications mainly
included gross haematuria, fever and low back pain and
could resolve without medical care. Perirenal haematoma,
infections or blood transfusion were recorded as grade II
complications and required hospital care and medical
attention. A double J stent insertion or a nephrostomy with
local anaesthesia were marked as grade IIla complications,
and surgical interventions such as PCNL or FURL under
general anaesthesia were classified as grade IIIb complica-
tions. Life-threatening complications requiring ICU treat-
ment were categorized as grade IV complications. Patient
death was regarded as a grade V complication.

Table 1 Demographic and
stones status details in the three
types of lithotripter groups in

Lithotripter type groups

the past 30 years

NS-15 HK-V HK-Vm
Demographic details
Patients number 3869 6618 6180
Ages (years) 35.6+27.2 (6-75) 44.5+21.5 (7-82) 43.7+31.8 (4-87)
Sex ratio (male/total) 2305 (59.6%) 3577 (54%) 3251 (52.6%)
Stone location and size
Stone in distal ureter 1188 2331 1737
Stone size (cm) 0.92+0.36 0.85+0.49 1.05+0.32
Stone in proximal ureter 855 1652 1783
Stone size (cm) 0.85+0.41 0.96+0.37 1.08+0.41
Stone in renal pelvic 814 1255 1082
Stone size (cm) 1.55+0.62 1.61+0.78 1.42+0.49
Stone in upper& middle calyx 626 843 912
Stone size (cm) 1.28+0.47 1.65+0.44 1.69+0.53
Stone in lower calyx 386 537 666
Stone size (cm) 1.37+0.39 1.55+0.34 1.58+0.41

Patients were divided into 3 groups according to the different types of lithotripters. The details of demo-
graphic and stones status, including stone size and locations, were recorded. There were no significant dif-
ferences in ages, sex ratio and stone size among the three groups
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Statistical analysis

Statistical analysis was performed with SPSS (version 24.0).
Continuous variables are reported as the median and inter-
quartile range (IQR); categorical variables are reported
as the number of cases (No.) and the percent (%). The
Mann—Whitney U test was used to compare the continuous
variables. Pearson x 2 correlation was used for evaluating the
categorical variables. P <0.05 was considered significant.

Results

As the recorded data showed, the pSCR of ureteral and renal
stones ranged from 32.6% to 66.1% after a single ESWL
using the NS-15 lithotripter. After multiple therapies, the
fSCR could increase from 41.1% to 83.6% and the low-
est SCR was obtained from ESWL when stones were in
the lower pole of the kidney. The pSCR was only 32.6%,
whereas the fSCR could increase to 41.1%.

The incidence of grade I complications was 33.2%,
while that of grade II complications was 5.8%. Seventy-
three (1.6%) patients required a double J stent insertion or a
nephrostomy under local anaesthesia (grade IIla). Fifty-nine
(1.5%) patients underwent operations under general anaes-
thesia (grade I1Ib). Four patients had serious uroseptic or
haemorrhagic shock and required emergency ICU medical
care (grade IV). In addition, one patient with a coagulation
dysfunction died of serious haemorrhagic shock in 1993
(grade V).

When the electromagnetic HK-V lithotripter was used
from 1999 to 2009, the pSCR ranged from 33.5% to 72.4%,
depending on the stone locations. The fSCR of distal ure-
ter stones increased to 83.1%, and the fSCR decreased to
44.1% for stones in the lower pole. In the HK-V lithotripter
group, the incidence of grade I and II complications was
26.9% and 5.7%, respectively. Grade IIla complications,
including 78 double J stent insertions and 35 percutaneous
nephrostomies, were recorded in 113 patients. In total, 79
patients had surgeries, including 51 FURL, 25 PCNL and 3
open surgeries under general anaesthesia. Among them, two
patients needed ICU medical care due to uroseptic shock,
and one patient underwent a nephrectomy because of a kid-
ney rupture.

In 2010, the new electromagnetic lithotripter HK-Vm
was put to use in our hospital. The pSCRs for ureteral and
renal stones (45.9-80%) were significantly higher than those
in the NS-15 and HK-V groups. Although the fSCR was
also improved, the difference was not statistically signifi-
cant. However, the fSCR of lower calyx stones (55.9%) was
obviously higher than that in the NS-15 (41.4%) and HK-V
(44.4%) groups.

The incidence of grade I (17.5%) and grade II complica-
tions (1.4%) was significantly lower than that of the other
lithotripter groups. Grade IIla complications occurred in 60
patients (1.1%). Forty-one patients were treated with a dou-
ble-J stent insertion due to stone streets. Thirteen patients
underwent PCNL because of serious hydronephrosis, and
the remaining six patients underwent a selected renal arte-
riographic embolism for serious renal haemorrhage. In addi-
tion, thirty-four patients (0.6%) needed operations, such as
FURS and PCNL under general anaesthesia (grade IIIb).
Only one patient with diabetes was admitted to the ICU
because of uroseptic shock combined with a renal haema-
toma. All of the details of stone clearance and complications
in the different lithotripter groups are shown in Table 2.

In terms of paediatric patients, the fSCR could reach up to
80% (103/124). Thirteen patients with ESWL failure under-
went FURS or PCNL. Most complications were mild, and
only two patients needed emergency double J stent insertion
under general anaesthesia due to stone streets.

Apart from paediatric patients, ESWL is also effective
in treating special cases. For stones in allograft kidneys,
the fSCR was 71.4% (44/63). Eleven patients with ESWL
failure underwent PCNL, and two underwent an emergency
percutaneous nephrostomy due to ureter obstructions. For
stones present in polycystic kidneys, the fSCR was 73.2%.
Six patients with ESWL failure underwent FURS, and five
underwent PCNL. Two patients had perirenal haematomas
and were hospitalized. The remaining eight patients with
ESWL failure underwent FURS. The fSCR of solitary
kidney stones was 69.2%, while that of horseshoe kidney
stones was 72.9%. Four patients underwent FURS, and five
received PCNL therapy as a result of ESWL failure. Two
patients needed emergency double J stent insertion, and
one underwent open surgery to alleviate an obstruction. All
of the details of the stone clearance and complications in
the special stone cases mentioned above are described in
Table 3.

Discussion

ESWL has dramatically changed the treatment of urinary
stones and has remained the first-line treatment in the past
four decades [5, 6]. However, it was difficult to accurately
determine the proportion of ESWL in all of the stone treat-
ment methods. The reported proportion ranged from 35% in
a German primary urolithiasis centre in 2007 [7] to 70-80%
in the United States in 2000 [8]. With the rapid development
of endourological technologies in recent years, most urinary
stones can be treated safely and effectively with FUR [9] or
PCNL [10]. Is ESWL still valid in the endourological era
at present?
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Table 2 Stone clearance

o Lithotripter type groups NS-15 HK-V HK-Vm

rate and the incidence of

complications in the three types Primary stone clearance rate (pSCR)

of lithotripter groups Stone in distal ureter 66.1% 68.3% 78,204
Stone in proximal ureter 63.3% 72.4% 80%*
Stone in renal pelvic 45.7% 53.5% 67.4%*#
Stone in upper& middle calyx 63.7% 59% 67.5%%#
Stone in lower renal calyx 32.6% 33.5% 45.9%*#
Final stone clearance rate (fSCR)
Stone in distal ureter 83.6% 83.1% 90.2%
Stone in proximal ureter 78.6% 80.5% 86.3%
Stone in renal pelvic 69.9% 70.8% 78.1%
Stone in upper& middle calyx 81.9% 75.7% 77.6%
Stone in lower renal calyx 41.1% 44.1% 55.9%*#
Complications
Grade 1 1298 (33.5%) 1778 (26.9%) 1079 (17.5%) *#
Grade II 286 (5.8%) 376 (5.7%) 88 (1.4%) *#
Grade Ila 73 (1.6%) 113 (1.7%) 60 (1.1%) *#
Grade IIIb 59 (1.5%) 79 (1.2%) 34 (0.6%) *#
Grade IV 4 3 1
Grade V 1 0 0

The pSCR in HK-Vm group were significantly higher compared with that in NS-15 and HK-V group. The
fSCR of low calyx in HK-Vm group was obviously higher than other groups. The incidence of complica-
tions in HK-Vm group was significantly lower compared with NS-15 and HK-V groups

*p<0.05 was considered statistically significant between the HK-Vm and NS 15 group using two-sided
Chi-square test (SPSS 24). #p <0.05 was considered statistically significant between the HK-Vm and HK-V
group using two-sided Chi-square test (SPSS 24)

Table 3 The incidence of complications and stone clearance rate in special subgroups of patients

Subgroups of stone patients Paediatric kidney Allograft kidney Polycystic kidney Solitary kidney Horseshoe kidney
Patients number 124 63 41 26 48

Male (sex ratio) 75 (60.5%) 44 (69.8%) 19 (41.4%) 16 (61.5%) 32 (66.7%)
Ages 93+32 53.1+12.7 39.2+11.3 51.6+9.7 36.2+10.5
Stone size and fSCR

Stone size 1.3+0.6 1.8+0.7 1.9+0.7 1.5+04 1.8+0.4
fSCR 81.5% 71.4% 73.2% 69.2% 72.9%
Complications

Grade I 16.9% 13.2% 40.5% 21.1% 22.5%
Grade II 32% 11.3% 5.4% 5.3% 7.5%
Grade IlIa 0 3.8% 0 0 5%

Grade IIIb 1.9% 0 0 0 2.5%
Grade V& IV 0 0 0 0 0

According to our data, over 70% of the urinary stone
patients had undergone ESWL therapy within thirty years.
Although the use of ESWL therapies has been declining
since 2010, these therapies are still the first-line treat-
ment option for most urinary stone patients. This result
was consistent with other related reports [11-13]. ESWL
was particularly effective in treating ureter stones, such
as stones in the distal ureter, with an estimated fSCR of
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80-90%. ESWL was less effective in treating lower calyx
stones, as the fSCR was only 40-5%. In terms of the pae-
diatric patients, ESWL was also effective, with a fSCR of
81.5%. For stones in allograft kidneys, polycystic kidneys,
solitary kidneys and horseshoe kidneys, the fSCR could
increase to approximately 70%, which was consistent with
the literature [14-17].
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In addition, ESWL is less invasive and is therefore safe.
According to the medical data, most complications were
mild; the complications did not require any additional
medical care; and only a small number of patients with a
prerenal haematoma, ureter obstruction or serious infec-
tions needed to be hospitalized. A few patients with ESWL
failure underwent open surgeries. Thanks to the recent
developments in endourological technology, open surgeries
have been replaced by minimally invasive operations such
as FURS or PCNL. One patient, diagnosed with a coagu-
lation dysfunction when admitted to the hospital, died of
severe haemorrhagic shock in 1993. Since then, coagulation
profiles have been routinely performed prior to ESWL. No
severe complications were recorded for patients who had
stones in allograft kidneys, horseshoe kidneys, or polycystic
or solitary kidneys.

Apart from the effectiveness and safety, ESWL is more
convenient and less expensive than other endourological sur-
geries [18, 19]. First, it is performed as an outpatient service
and is performed anaesthesia free in China, so patients do
not need to be hospitalized. In addition, compared with other
endourological surgeries, it costs much less, roughly one-
twentieth of the other techniques.

Due to the above reasons, ESWL is still the most pre-
ferred practice in treating urinary stones in China. Its effec-
tiveness in stone clearance and in reducing the side effects
of organ injury is still improving thanks to the improvements
in biomedical engineering technology. The new generation
lithotripter, combined with fluoroscopy and ultrasound in
a modular design with detachable units, provide multiple
functions that can be used not only in lithotripsy but also in
a broad range of endourological applications [20]. With the
recent developments in imaging, lithotripters are equipped
with optical or acoustic tracking systems, which are benefi-
cial to targeting stones and reducing radiation exposure [21].
An acoustic feedback system has also been developed to
monitor stone disintegration in a timely manner, which can
prevent overtreatment [22]. ESWL is getting more accurate
and less invasive.

To safely perform ESWL therapy, the following practices
should be observed. First, the patients should be carefully
selected in strict accordance with the guidelines. ESWL is
mainly recommended in the treatment of stones that are less
than 2 cm and that are located in the renal pelvis or the upper
or middle calyx [23]. The success rate of ESWL in treating
complicated stones is very low, and there were recorded fail-
ures in cases of partial staghorn stones and when treating large
stones that were over 4 cm. Therefore, other endourological
surgeries, such as PCNL, should be performed to treat large
or complicated stones, while flexible ureteroscopy or mini
PCNL is highly recommended for lower calyx stones [24,
25]. ESWL should be avoided in cases of large stones over
1.5 cm or secondary stones caused by an abnormal anatomy.

Additionally, the shock wave intensity and treatment intervals
should be strictly controlled to minimize complications. Shock
waves could induce renal parenchyma vascular damage [26]
and can cause renal haematomas and even a kidney rupture
[27]. Neither the voltage nor shocks should be increased for
high-intensity stones. Urinary stones associated with severe
hydronephrosis are likely to cause kidney rupture and require
careful treatment. More importantly, prior to ESWL therapy,
a percutaneous nephrostomy is recommended.

Conclusion

Through a retrospective review of 16,667 patients who under-
went ESWL therapy in our hospital during the 30-year period
(1988-2018), we concluded that ESWL was still effective in
treating most urinary stones, including paediatric and special
cases, such as allograft kidney stones, horseshoe kidney stones,
polycystic kidney stones, and solitary kidney stones. ESWL is
convenient and inexpensive, and it is still widely performed in
China and is becoming increasingly accurate thanks to tech-
nological developments. Therefore, we believe there is still a
place for ESWL in the present endourological era.
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