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® A study of the efficacy of extracorporeal shock wave lithotripsy (ESWL) in patients with urolithiasis with renal calculi
of high-density (>1000 HU) and size less than 20 mm was carried out. A total of 18 patients underwent 54 ESWL sessions.
The tolerability of the treatment was satisfactory. The best results were obtained in patients with structural heterogeneity
of calculi with a difference in the density of different sections of the calculus according to multi-slice computer tomogra-
phy data of more than 500 HU. Such calculi disintegrated more easily during ESWL.
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@ ITposeneno uccnenoBanye 3¢ PEeKTUBHOCTY AUCTAHLMOHHOI TUTOTPUIICUY Y OOTBHBIX YPOIUTUA30M C KOHKpe-
MeHTaMM [I0YeK BbICOKOIT noTHOCTH (6omee 1000 HU) u pasmepom menee 20 Mm. Beero 18 marjmeHTam BBIIIOTHEHBI
54 ceaHca AMCTAHLMOHHOI MUTOTPUIICKH. [lepeHOCHMOCTS edeHNs Oblna yoOBIeTBOPUTENbHOI. JIydine pe3ynbpra-
TBI OBUIY [TOJTYYEeHBI Y IALVIEHTOB CO CTPYKTYPHOI HEOJHOPOZHOCTHIO KOHKPEMEHTOB IIPY Pa3HOCTH IIOTHOCTH pas-
JINYHBIX OT/E/I0B KOHKPEMEHTA, 110 JAHHBIM MY/IbTUCINPA/IbHOI KOMIBIOTEPHOI ToMorpadun, 6onee 500 HU. Takne
KOHKpPEMEHTBI JIerde Je3MHTeIrPUPOBAIUCD B Ipoliecce AMCTAHIVIOHHON TUTOTPUIICUIL.

& Kniouesvie cnosa: mouexameHHas GO/IE3Hb; JUCTAHUVMOHHAS IMTOTPUIICHST; HePPOTUTIA3; TVIOTHOCTD KOHKPEMEHTOB.

INTRODUCTION

Urolithiasis is a chronic recurrent disease and
the second most common urological disease fol-
lowing urinary tract infection and inflammatory le-
sions. The etiology of urolithiasis focuses primarily
on metabolic disorders, genetic factors, and urinary
tract infection [1-3]. Epidemiological studies have
revealed that urolithiasis was diagnosed in at least
3% of the population aged 20-40 years, and in the
older age group, >70 years old, it was detected in
one out of eight patients [4]. In urological hospitals,
urolithiasis accounts for approximately 30%-40% of
cases. The annual primary incidence of urolithiasis

is about 2000 people per 1 million of the population
(about 0.2%), and in the absence of preventive mea-
sures, recurrence of lithogenesis within 3 years after
removal of calculi was reported in one-third of pa-
tients [5, 6]. In the Republic of Kazakhstan, accord-
ing to the Scientific Center of Urology and data ob-
tained from the analysis of the chief urologists of the
regions and districts from 2000 to 2015, urolithiasis
ranked first among all urological diseases, and ac-
counted for 33.9% of the cases [7]. Analysis of the
incidence of urolithiasis in the Russian Federation
from 2005 to 2016 showed an increase in the prev-
alence of urolithiasis; the increase in the number
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of registered cases over the 12-year period was 34%,
and increase in new recorded cases was 27.3% [8].

The implications of urolithiasis are determined
by its high prevalence, a significant deterioration
in the quality of life, frequent disability, and the de-
velopment of severe complications followed by long
periods of rehabilitation [9-11]. Surgical treatment
is required to remove calculi from patients with uro-
lithiasis, except in those with urate lithiasis, wherein
conservative therapy is prescribed [12]. Due to the
recurrent clinical course of urolithiasis in the post-
operative period, metaphylaxis of lithogenesis is
mandatory [13, 14].

A significant increase in the efficiency of treat-
ment of patients with urolithiasis was noted during
the last decades, which is associated with introduc-
tion of minimally invasive endourological methods,
such as ureterorenoscopy with contact lithotripsy,
percutaneous nephrolithotripsy, and laparoscopic
nephrolithotomy, and the improvement of extra-
corporeal methods of treatment [15-17]. New sur-
gical techniques for urolithiasis treatment have led
to a significant decrease in the number of open
surgeries performed in almost all large urologi-
cal hospitals [18]. However, it should be consid-
ered that despite the success achieved, the results
of surgical treatment of patients with urolithia-
sis were not always acceptable. In this regard, fur-
ther improvement of minimally invasive meth-
ods of treating urolithiasis remains an urgent task
of medicine.

Choosing the appropriate treatment method for
patients with urolithiasis is strictly individual and is
performed considering the patient’s somatic condi-
tion and medical history and the calculus density as
well as its size and location [19, 20]. Extracorporeal
shock-wave lithotripsy (ESWL) is vital among the
treatment methods of urolithiasis. ESWL is consid-
ered the common method of choice for renal calculi
up to 2 cm in size and with density up to 1000 HU
[21, 22]. Larger and high-density calculi require
an increased number of ESWL sessions, which in-
creases the risk of kidney damage and ureteral
obstruction [23]. However, the results of studies
conducted in recent years have revealed that assess-
ment of only the size and average density of calculi
to predict effective fragmentation of calculi during
ESWL is insufficient; additionally, other indicators
are crucial, in particular, the calculus uniformity
[24, 25].

This study aimed to evaluate the efficacy of ESWL
on high-density calculi in patients with nephroli-
thiasis.

MATERIALS AND METHODS

This study included 18 urolithiasis patients who
underwent ESWL in 2019 at the Urology Depart-
ment of the Hospital of the Medical Center at the
Department of Presidential Affairs of the Republic
of Kazakhstan (Nur-Sultan). The inclusion crite-
ria included the presence of single X-ray-positive
calculi in the renal cavity system, up to 20 mm in
size and, according to multispiral computed tomo-
graphy (MSCT), of more than 1000 HU (maximum
value 1600 HU). All patients were hospitalized on a
scheduled basis and were examined in an outpatient
setting according to treatment protocols for patients
with urolithiasis.

ESWL was performed on a Dornier Gemini litho-
tripter (Germany), which comprises a shock-wave
emitter, control panel, water supply system, and
motorized multifunctional patient table equipped
with a foot pedal control that enables the surgeon to
change the patient’s position in three planes direct-
ly during lithotripsy. Calculi were visualized with
X-ray navigation using the C-arm. The User Inter-
face Management Systems computer control cen-
ter in the lithotripter enabled to remove accurately
the calculus into the focal zone of the shock wave
during the entire lithotripsy procedure. The elec-
tromagnetic shock-wave emitter (EMSE) was lo-
cated on a special movable head, which provides
a three-dimensional effect of waves on the calcu-
lus. The depth of shock-wave penetration reached
170 mm. When using this lithotripter, there were
practically no restrictions on the patient’s body
weight.

ESWL was performed with patients under condi-
tions of drug sedation. During each ESWL session,
no more than 1500 pulses were generated at a fre-
quency of 30-100 pulses per minute and a power of
3-13 units (20%-86% of the maximum lithotripter
power). Lithotripsies with localization of calculi in
the renal cavity system were performed every other
day.

If the calculus size was more than 10 mm, a ure-
teral catheter stent no. 4-5 was placed in the patient
according to the Charriere scale. If the calculus size
did not exceed 10 mm, drainage of the upper urinary
tract was not performed.
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Control over the result of lithotripsy during
the ESWL session was performed by fluoroscopy.
The lithotripsy results were assessed the next day
following the procedure, according to the plain
urography data, as immediately after the ESWL ses-
sion, it is difficult to assess the effect on the fluoro-
scopic image due to the “cloud” phenomenon repre-
sented by the presence of small fragments of calculi
and dust around the calculus on the fluoroscopic
image.

After ESWL, the antispasmodic, anti-inflamma-
tory, and antibacterial therapies were prescribed
to patients, taken into account the results of urine
microbiological examination as well as herbal
therapy.

RESULTS AND DISCUSSION

In 4 of 18 patients followed up, the calculi were
localized in the renal pelvis; in 8, they were in the
lower segment of the renal cavity system; in 4,
the calculi were in the middle segment; and in 2,
the calculi were located in the upper segment.
Table presents the data on the localization and size
of calculi.

In total, during the study, 54 sessions of ESWL
were performed, with each of the 18 patients requir-
ing three sessions of lithotripsy. Taken into account
the use of adequate anesthesia, we used high-pow-
er lithotripter (up to 86%) at each ESWL session.
Plain radiographs of the kidneys and urinary tract
the day after the procedure showed either a group
of calculus fragments or a whole conglomerate of
fragments matched correctly in the form of an initial
calculus. After the third session of ESWL for calculi
of 8-10 mm in size, “dust” from microliths was de-
termined on plain radiograph and neither calculus
nor microliths were detected, and patients noted the
presence of numerous microliths and calculus frag-
ments in the urine. Moreover, calculi of 10-20 mm
in size were fragmented after session 2 of ESWL, and
after session 3, small fragments of calculus were de-
tected on a plain radiograph in the pelvicalyceal sys-
tem (PCS), which, during lithokinetic therapy, were
excreted from the kidney PCS beside the catheter
stent. In conservative lithokinetic therapy, the disin-
tegrated calculus was eliminated without complica-
tions. In 3 of 9 patients with 10-20-mm calculi, small
microliths up to 3 mm in size were registered in the
renal cavity system. In four patients with 5-7-mm
calculi located in the lower group of calices, follow-

ing ESWL sessions, we revealed no complete disin-
tegration of the calculi. In our opinion, the relatively
unsatisfactory results of ESWL in these patients
were associated with two factors. First, according to
MSCT data, the calculi, in addition to being of high
density, turned out to be relatively homogeneous.
Second, the technical aspects of ESWL implementa-
tion contributed to the unsatisfactory results. Thus,
calculi of 8-20 mm are ideally fully seen by the X-ray
scope of the Dornier Gemini lithotripter (although
we preliminarily entered data on the localization
and size of the calculus in the program), and during
an ESWL session, all the energy of the shock wave
probably evenly strongly affects the entire calcu-
lus area. In lithotripsy of calculi up to 7 mm in the
X-ray scope of the lithotripter, the calculus occupies
a small area and, possibly, part of the energy pass-
es by it.

Tolerance of ESWL was satisfactory in all patients,
and no patient had renal colic. After ESWL, most pa-
tients noted moderate gross hematuria, which was
short-term that lasted no more than 1 day.

Ureteral stent catheters were removed from pa-
tients 4-6 weeks after the last ESWL session. During
the entire time until the stent removal, the patients
continued herbal therapy with Canephron N in a
standard therapeutic dosage. When prescribing the
drug, its lithokinetic and nephroprotective effects,
as well as the properties of the urinary tract antisep-
tics, were considered [26].

The analysis of ESWL results in patients with
high-density calculi showed that the best results
were achieved when the difference in the density of
different parts of the calculus, according to MSCT,
was >500 HU. Such calculi turned out to be more
fragile and disintegrated more easily during the

Localization and size of calculi in patients with
nephrolithiasis (n = 18)
JIokanusauys U pasMepbl KOHKPEMEHTOB Y OOIbHBIX
HedpomnTnasom (n = 18)

Localization Number Calculus size,
of calculi of patients mm

Renal pelvis 4 10-20
Upper segment 1 8-10
of the kidney PCS 1 10-20
Middle segment 2 8-10
of the kidney PCS 2 10-20
Lower segment 4 8-12
of the kidney PCS 4 5-7

Note. PCS - pelvicalyceal system.
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ESWL process. In our opinion, it is the fragility of
the calculus, and not its density, which is the sec-
ond most important parameter after its size, which
must be taken into account when choosing ESWL
as a method of treating patients with nephrolithia-
sis. The calculus fragility is determined by the het-
erogeneity of its structure, which can be detected by
layer-by-layer determination of the urolite density
by MSCT.

Thus, despite the fact that ESWL is considered to
be the most effective for urinary calculi of density up
to 1000 HU, it can be used for calculi with a higher
density. Our cases showed that the use of ESWL of
high-density calculi under X-ray navigation can be
applied successfully in patients with calculi of the
renal cavity system of up to 20 mm in size and if
their structure is heterogeneous. Calculi of 5-7 mm
in size and with a monolithic structure with high
homogeneity and, accordingly, low fragility are dif-
ficult to fragment effectively and disintegrate during
ESWL. Long-term (at least 6 months) phytotherapy
with Canephron N in a standard therapeutic dose
is recommended in patients with high-density and
high-uniformity calculi, as preparation for ESWL.

In support of these statements, we report two
clinical examples.

Clinical case 1

Patient A, 63 years old, was admitted to the urol-
ogy department with a diagnosis of urolithiasis and
a calculus in the left kidney. Plain urography and

Study 201-04-02-17:18: 19570409

image Time 17:27:16] cT 11814
AbdomenAbdomen_UROGR_TMIN (Adut

5 HU Median=119 HU
45 pieel

ULTRAVIST 370-122ML A
+1957.04-09

MSCT without contrast confirmed the diagnosis.
In the upper segment of the PCS of the left kidney, a
9-mm calculus with a density of 1159 HU was iden-
tified. With the layer-by-layer determination of the
density over the entire volume of the calculus on
step-by-step sections, its heterogeneity was revealed,
with difference in the density of individual sections
of the calculus of more than 500 HU. Three lithotrip-
sy sessions were performed. After session 2 of ESWL,
defragmentation of the calculus was noted, and after
session 3, no shadow of calculi or their fragments in
the projection of the urinary tract was determined.
The results of MSCT and radiography are presented
in Figs. 1 and 2.

Clinical case 2

Patient T, 37 years old, was admitted to the urol-
ogy department with a diagnosis of urolithiasis and
a calculus in the left kidney. Plain urography and
MSCT without contrast were performed, and the di-
agnosis was confirmed. In the pelvis of the left kid-
ney, a 17-mm calculus with a density of 1210 HU
was found. With the layer-by-layer determination
of the density over the entire volume of the calcu-
lus, on step-by-step sections, its heterogeneity was
revealed, with the difference in the density of indi-
vidual sections of the calculus of more than 500 HU.
Due to the size of the calculus of more than 10 mm,
a ureteral catheter stent was placed inside patient.
3 sessions of lithotripsy were performed. After ses-
sion 2 of ESWL, defragmentation of the calculus was

T 11874

ULTRAVIST 370-122ML A
*1957.04.09
cT11814

Fig. 1. Patient A., 63 years old. MSCT, layer-by-layer sections of calculi before ESWL: a — average density 1 159 HU; b — average density 495.5 HU;
¢ — average density 298 HU; d — average density 817 HU; e — average density 80 HU

Puc. 1. Tauunent A., 63 roga. MysibricnnpasbHasi KorepeHTHasi ToMmorpadusi, NOCJI0lHbIE Cpe3bl KOHKpeMeHTOB 10 nposenetus JIJ1T: a — cpenusis
mioTHocTh B cpede 1159 HU; b — cpennstist miotHocTh B cpese 495,56 HU; ¢ — cpennsist niotHocTh B cpese 298 HU; d — cpensisi moTHOCTD

B cpese 817 HU; e — cpennsist niotHocTh B cpede 80 HU
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Fig. 2. X-ray study of the kidneys and urinary tract: a — before extracorporeal shock wave lithotripsy; b — after 2 sessions of extracorporeal shock
wave lithotripsy; ¢ — after 3 sessions

Puc. 2. O630pHast peHtreHorpadust nouek 1 MOUYEBbIX MyTeil: @ — /10 BbIOJHEHUs AUCTAHLMOHHOMN JIMTOTPUIICHH; b — TOC/Ie JIBYX CeaHCOB JIHC-
TaHLll/lOHHOIZ JIMTOTPHUIICHH; € — TOCJIC TPEX CeaHcoB

Py

Fig. 3. Patient T., 37 years old. X-ray study of the kidneys and urinary tract; a — before extracorporeal shock wave lithotripsy; b — after 2 sessions
of extracorporeal shock wave lithotripsy; ¢ — after 3 sessions

Puc. 3. ITauuentka T., 37 ser. OG3opHast peHTreHorpadusi noyek W MOYEBBIX MyTeil: @ — /0 BbIMNOJHEHHS JAMCTAHLUHOHHON JIMTOTPUIICHH;
b — mocsie AByX CeaHCOB AUCTAHLUOHHON JUTOTPHIICHH; ¢ — I0CJIE TPEX CEaHCOB

noted; after session 3, no shadows of calculi or their
fragments were detected in the urinary tract projec-
tion (Fig. 3).

2. ®ununnosa T.B., Anaes 10.I, Pyaerko B.A. u ap. MeHeTnueckue
aACTIEKTbI MOYeKaMeHHOI 6one3nn // Yponorua. —2016. —N° 2-S2. —
C. 95-102. [Filippova TV, Alyaev YG, Rudenko VI. Genetic aspects of
urolithiasis. Urologiia. 2016;(2-S2):95-102. (In Russ.)]

. Tonowanos E.T., YeTeepukos A.B., beno3epos E.C. VHdeKunoH-

Hblii (DaKTOp B reHese MO4YEBOr0 kamHeoOpas3oBaHna // Ypomno-

rudeckme segomoctn. —2016. - T. 6. —N° 4. — C. 21-27. [Golo-

shchapov ET, Chetverikov AV, Belozerov ES. The infectious factor

in the genesis of urinary stone formation. Urologicheskie vedo-

mosti. 2016;6(4):21-27. (In Russ.)]. https://doi.org/10.17816/

uroved6421-27.

Wein A, Kavoussi L, Partin A, Peters C. Campbell-Walsh Urology.

CONCLUSION ]

ESWL is the method of choice for the treatment of
nephrolithiasis in patients with calculi of high density
and low homogeneity. The ESWL efliciency is higher
when the density difference in the calculus structure is
more than 500 HU, according to MSCT results.
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