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Study purpose - to improve the solitary nephrolithiasis treatment effectiveness by determining the optimal conditions for
ESWL or mini PNL application in the treatment of kidney calculi 1.0 to 2.5 cm in size.

Patients and methods. A comparative analysis of the results of minimally invasive methods application for nephrolithiasis
treatment was performed in 210 patients treated with mini PNL (the group 1) and 190 patients treated with ESWL (the group
I1). Patients with calculi more than 1.5 cm predominated in the group of mini PNL and with calculi less than 1.5 cm — in the
ESWL group. The number of patients with calculi 1.5-2.0 cm in both groups was the same: 24.3 % and 24.2 % (P > 0.05).

Results. It was noted that the calculi destruction effectiveness after 1—4 or more sessions of ESWL took place in 182 patients
(95.8 %). At the same time, an increase in the mean density of calculi above 600 HU caused reduction (P < 0.001) of the
primary ESWL session efficiency almost twofold. When performing the 221 mPNL, 97.1 % of the patients required one surgical
treatment. The number of complications (bleeding, attack of pyelonephritis) in the group Il was insignificantly higher in contrast
to the group | — 26 (12.3 %) and 45 (14.1 %), respectively (P < 0.05). The stone-free status (up to one month) was noted in
62.6 % of patients after the completion of ESWL sessions that increases the risk of nephrolithiasis recurrence from 37.4 %. In
treatment with mPNL, the stone-free status reached 97.1 % (P < 0.001), and in repeated mPNL applying in 2.8 % of cases —
100 %. The mean clinic postoperative treatment periods in the group | were lower in contrast to patients of the group Il —
3.0+ 1.5and 12.5 £ 3.6, respectively (P < 0.001).

Conclusions. This comparative analysis of features and results of uncomplicated nephrolithiasis with mPNL and ESWL
treatment indicates that mPNL is the most preferred method for kidney calculi 1.0 to 2.5 cm and more in size treatment.

PaujioHanbHuK BUGIp MaAOiHBa3MBHOTO METOAY AiKyBaHHA
Npy HeyCKAaAHeHOMY HedpoAiTia3i 3 KOHKpemeHTaMu HUPKH Bip 1,0 A0 2,5 cm

A. |. CaraneBuy, O. C. BosiaHoB, P. B. Cepriiuyk, b. B. AxypaH, B. B. KoryT, . 3. laiiceHioK,
B. B. OxoriH, A. B. Kop1Libkum

MeTa po60T1 — niaBULWMTY €PEKTUBHICTb NiKyBaHHS COMITAPHOrO HedponiTiasy LUMSAXOM BU3HAYEHHST ONTUManbHUX YMOB
ans 3actocyBaHHst EYXJ1 abo miHi-MHJ1 y nikyBaHHi kameHiB HUpoK poamipamm 1,0-2,5 cm.

Marepianu Ta MmeToau. 34iiCHNNM NOPIBHAMNBHWIA aHani3 pesynsTaTiB 3aCTOCYBaHHS MarnoiHBa3NBHUX METOAIB MiKyBaHHS
HedpponiTiady y 210 nauieHTis, Aki nikysanucs metogom MiHi-MHJ1 (I rpyna), Ta 190 xBopmx, siki nikyBanucs 3a 4ONOMOrO0
EYXIJ1 (Il rpyna). Y rpyni mini-NHI nepesaxanw nawjeHTy 3 KoHkpemeHTamu noHaa 1,5 cm, a y rpyni EYXJT — i3 koHkpemeH-
Tamu po3mipamm MeHLLe Hix 1,5 cM. KinbkiCTb XBOpUX i3 KOHKpeMeHTamm po3mipamm 1,5-2,0 cm B 060X rpynax ogHakoBa:
BiANoBiaHO 24,3 % i 24,2 % (p > 0,05).

PesynkraTi. BiasHayeHo, Lo edeKTUBHICTb PyiHYBaHHSA KOHKpeMeHTiB nicns 1-4 i 6inble ceancis EYX/1 Byna y 182 na-
uieHTiB (95,8 %). Mpu ubomy 36inbLUEHHS cepeaHbOi LWinbHOCTi kameHis noHa 600 og. HU npusseno 4o 3HmkeHHs (p < 0,001)
edeKTUBHOCTI NepBrHHOro ceaHcy EYXIT npaktiuHo BaBidi. Mpu BukoHaHHi 221 MIMHI, 97,1 % xBopum noTpi6Ho 6yno ogHe
XxipypriuHe BTpy4aHHs. KinbkicTb ycknagHeHb (kpoBoTeua, araka nienoHedputy) y Il rpyni xsopux byna cyTTeBo GinbLuoto,
HiX y | rpyni — BignosigHo 26 (12,3 %) i 45 (14,1 %) (p < 0,05). Ctatyc «stone-free» (30 ogHoOro MicALs) Nicns 3aBepLUEHHS
ceaHciB EYXIT Big3HaueHwin y 62,6 % nauieHTis, Wo 36inbLuye puank po3suTKy peumamsy Hedponitiasy oo 37,4 %. Mpu
nikyBaHHi metogom MIMHI1 cTatyc «stone-free» gocarnyTuity 97,1 % (p < 0,001), a 3acTocosaHa y 2,8 % BuNaAKiB NOBTOPHA
MIMHIT - go 100 %. CepepHi cTauioHapHi nicnsonepawiiHi TepMiHW nikyBaHHs B | rpyni Bynu HWxdi Ha BiAMiHY Bid NavieHTiB
Il rpynn — 3,0 £ 1,51 12,5 + 3,6 BignosiaHo (p < 0,001).

BucHoBku. HaBeaeHwii nopiBHANbHUIA aHania 0cobnmMBOCTEN | pe3ynbTaTiB NMikyBaHHS HeycknagHeHoro Hedponitiady 3a
nonomoroto MIMHJT ta EYXIT cBigunTs, wo MIMHJT — Hankpalmin MeToa nikyBaHHS KOHKPEMEHTIB HAPOK po3mipamu Big 1,0
[0 2,5 cMm i GinbLue.

PaunoHaAbHbIN BbI6OP MaAOWHBa3UBHOTO METOAA A€UEHUS
NPU HEOCAO)KHEHHOM HeppPOAUTHA3E C KOHKpeMeHTaMMK Nouku ot 1,0 A0 2,5 cm

A. U. CaraneBuy, A. C. BoauaHos, P. B. Cepruituyk, b. B. AxypaH, B. B. Koryt, ®. 3. FaliceHtok,
B. B. OxoruH, A. B. Kopuukuii

Llenb paboTbl — NOBbICUTL APHEKTUBHOCTb JIEYEHNSI CONMUTAPHOTO HedponuTMasa nyTeMm onpeaeneHns onTUMarbHbIX
ycnosui ansa npumeHenns YBJ1 unn munn-NHI B neveHun kamHel novek pasmepamm 1,0-2,5 cm.
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Matepuanbi n metoabl. [1poBeAeH CpaBHUTENbHBIN aHaNN3 PE3YNLTaTOB NPUMEHEHUS MANIOMHBA3WBHBLIX METOL0B NEYeHNst
HedponuTthasa y 210 naumeHToB, koTopble newnnmucs metogom MuHK-MHIT (I rpynna) u 190 BonbHbIX, EYEHHbIX C MOMOLLbIO
QYBI (Il rpynna). B rpynne muHu-MNMHJ npeobnaganu nauneHTsl ¢ koHkpemeHnTammn 6onee 1,5 cm, a B rpynne QYBJ1 — ¢
KOHKpeMeHTamu paamepamm MeHee 1,5 cM. KonnyecTso 60mbHbIX € KOHKpeMeHTamu pasmepom 1,5-2,0 cm B 06emnx rpynnax
O[MHAKOBO: COOTBETCTBEHHO 24,3 % 1 24,2 % (p > 0,05).

Pe3ynkratbl. OTMEYEHO, YTO 3PEKTUBHOCTb pa3pyLUeHnst KOHKpeMeHToB nocne 1-4 n 6onee ceaHcos JYBJ1 umena me-
cto y 182 naumeHToB (95,8 %). Mpu aTOM yBENMYEHWE CpeaHei NNOTHOCTU KamHel cabilwe 600 HU npuBeno K CHUXeHMIo
(p < 0,001) achdpekTnBHOCTH NepBHYHOrO ceaHca JYBJ1 npakTnyecky Basoe. Mpu BoinonHernn 221 MMHM 97,1 % 60nbHbIM
noTpeboBanock OAHO OnepaTMBHOE BMELLATENLCTBO. KONMYeCcTBO OCNOXHEHMI (KPOBOTEYEHMe, aTaka nenoHedputa) Bo |l
rpynne 6onbHbIX 6bIN0 HE3HAYUTENBHO BOrbLLE B OTNIMYKE OT | rpynnbl — COOTBETCTBEHHO 26 (12,3 %) n45 (14,1 %) (p < 0,05).
Crartyc «stone-free» (0o ogHoro mecsiLa) nocne 3aBepLueHns ceaHcoB YBJTotmeveH y 62,6 % nauneHToB, 4TO yBENUYMBAET
PUCK pasBUTUS peLManBIPOBaHIS HedpponuTiasa ot 37,4 %. Mpu neverun metogom MINHIT ctatyc «stone-free» goctur 97,1 %
(p<0,001), a npu npumeHernm B 2,8 % cny4vaes noBTopHbIX MIMTHJT— 100 %. CpeaHue cTauyoHapHble NOcrneonepaumoHHbIe
Cpoku neyeHms B | rpynne Obinu HKe B oTnmume ot nauueHTos Il rpynnei—3,0 1,51 12,5 + 3,6 cootBeTcTBEHHO (p < 0,001).

BbiBoApbl. MpuBeaeHHbIN CPAaBHUTENbBHLINA aHaNN3 0COGEHHOCTEN 1 PE3yNLTaTOB NEYEHUSt HEOCTOXHEHHOTO HedponuThasa
¢ nomoLubto MIMHJT 1 QYBJT cenaeTenscTByeT 0 ToM, YTo MINHJT siBnsieTcst Hambonee NPeanoYTUTENBHBIM METOLOM JIeHeHUS!
KOHKpeMeHTOB noyek paamepamu ot 1,0 go 2,5 cm n 6onee.

Over the past 3040 years, significant changes have oc-
curred in the treatment of nephrolithiasis, so if in the 70-80s
the only active method of nephrolithiasis treatment was an
open operation, now such surgeries are very rare (up to
2-3 %), at the very least in leading clinics [1,3-5].

Since the application of extracorporeal shock wave litho-
tripsy (ESWL) and endourological surgeries are widely used,
the treatment of urolithiasis was fundamentally changed.
The development of endoscopic technologies resulted in
an increase in the number of percutaneous interventions for
urolithiasis. Moreover, the technical possibilities of percuta-
neous nephrolithotripsy (PNL) performing with a tendency to
minimize the nephroscopic access size in order to increase
the safety of the operation is observed at the method de-
velopment. The developed methods of mini, ultra-mini and
micro-percutaneous nephrolithotripsy (m-PNL, ultramini-PNL,
micro-PNL) provide high efficiency of kidney stone disease
treatment with minimal risk of complications [5,7,8].

At the same time, the minimal morbidity associated
with the new methods application has made it possible
to significantly improve the compliance of patients with
nephrolithiasis to initiation of therapy in the early stages
of disease. And minimally invasive operations can be
performed repeatedly in recurrent nephrolithiasis without a
significant increase in the risk of renal function impaired or
increased technical difficulties that significantly improves
the prognosis for these patients [5-7].

PNL is recommended for large calculi (more than 2.0
2.5 cm), as well as for the lower calyx calculi 1.0-2.0 cm in
size, ifthere is a low probability of fragments self-detachment
after ESWL, in up-to-date recommendations of the European
Association of Urology, 2017. Technological developments
and the experience accumulation resulted in an expansion
of indications for percutaneous extraction of any density,
location and size calculi, as well as the regular displacement
of remote disintegration due to the low predictability of the me-
thod. That's why, the choice of kidney calculi 1.0 to 2.5 cm
in size treatment option remains contentious issue [2,3,4,9].

Patients and methods

We have carried out a retrospective and prospective com-
parative analysis of 2 basic minimally invasive methods
of nephrolithiasis treatment results in 210 patients, who
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were treated with mPNL (the group I) and 190 patients
treated with ESWL (the group Il) for the period 2012-2017
in the Clinic of Urology of P. L. Shupyk National Medical
Academy of Postgraduate Education (base No. 1 — Kyiv
Regional Hospital, base No. 2 - Kyiv City Hospital No. 6).

mPNL operations were performed for all patients ac-
cording to the standard procedure with X-ray and ultrasound
monitoring, using a mini-nephroscope mini tube from 14 to
21 cm, with an epidural anesthesia. Pneumatic and laser
lithotripsy was used as a contact lithotriptor. The ESWL
was performed for 190 patients according to the standard
procedure with the radiological control and with an intrave-
nous sedation anesthesia.

The purpose of this analysis was to clarify the advan-
tages of this or that method of solitary (single) kidney calculi
1.0to 2.5 cmin size treatment, so patients with complicated
forms of nephrolithiasis haven't been considered. A compari-
son of results of these two methods of treatment was carried
out for such parameters as the number of operations per one
patient, duration of the procedure, number of complications,
degree of calculi removal from kidneys — the stone-free
state. Fever and its duration, postoperative bed-day, post-
operative complications development, and need for addi-
tional interventions were studied in the postoperative period.

The results were assessed regarding the size, number
and location of calculi in the renal cavity system. The size
of the calculus has meant its the largest diameter. Patients
with coral calculi were not included in the study, since our
experience indicates that this contingent of patients requires
combined treatment, including the main treatment method —
percutaneous surgery (mPNL) and auxiliary methods —
ESWL for residual fragments removing and transurethral
surgery (ureteroscopy).

Treatment was considered successful, if it was possible
to achieve the patient’s stone-free state up to 98-100 % or
clinically insignificant residual fragments of not more than
2-4 mm in size presence in the kidney without a struvite
stone composition and bacteriuria.

Statistical data processing was carried out using
the license program package Statistica 6.0 for Windows
(StatSoft Inc., USA) using Student’s t-test for continuous
variables and the chi-square test for categorical variables.
Data were considered reliable by the level of statistical
significance of P < 0.05.
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Table 1. Initial localization and size of calculi in patients treated with mPNL and

ESWL

Characteristic of kidney calculi

mPNL (n = 210) ESWL (n = 190)

abs. % abs. %
Localization
Pelvis 126 60.0 % 93 48.9 %
Group of calices 84 40.0 % 97 51.1%
— upper 16 7.6 % 18 9.5%
—middle 21 10.0 % 25 132 %
— lower 47 224 % 54 284 %
Size
1.0-1.5cm 27 12.8% 112 58.9 %
1.6-2.0 cm 51 24.3 % 46 242 %
21-25cm 132 62.9 % 32 16.8 %

Table 2. Comparative analysis of complications in mPNL and ESWL groups

Index Group of patients
mPNL ESWL
(n=210) (n=190)
Mean drop in hemoglobin
Hb before operation. g/l 140.1+£5.02 141.3+5.56
Hb after operation. g/l 1209+587  139.9+597
Max. temperature rise, %
>38 °C 4.2 21
37-38°C 8.1 12.1
Calculi fragmentation after first operation, % 100.0 44.7*
Implementation of additional minimally invasive interventions, % 43 33.7*
Efficiency of fragment elimination for a period of up to one month, %
1.0-1.5¢cm 100 75.3*
1.6-2.0cm 100 62.3
2.1-25cm 100 45.8*
Stone-free status for a period of up to one month, % 100 62.6%
Average postoperative terms of stay 3015 125+3.6'

*: Significant differences from the mPNL group (P < 0.05);
' indicates significant difference from the mPNL group (P < 0.001).
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Results and discussion

We studied the initial (preoperative) localization and sizes
of kidney calculi in the examined patients of both groups,
the data are presented in Table 1.

The Table 1 shows that patients with calculi greater
than 1.5 cm predominate in the mPNL group, whereas
patients with calculi less than 1.5 cm in sizes predominate
in the ESWL group. At the same time, the relative number
of patients with calculi 1.6-2.0 cm in size in both groups is
approximately the same: 24.3 % and 24.2 %, respectively
(P>0.05).

As is known, that effectiveness of ESWL is inversely
proportional to the calculus density (we have not carried
out ESWL of concrements with a density of more than
1000 HU) and its size [3,5]. This dependence is also noted
in our study, where as a result of the ESWL 190 patients
underwent 420 procedures, an average 2.21 procedures
per one patient.

Thus, when ESWL was performed in 190 patients with
various sizes of calculi, the first session was successful for
85 (44.7 %) patients, while 98 (51.5 %) patients required
2 or more sessions, while it was ineffective for 7 (3.7 %)
patients even after 4-5 sessions of ESWL. So, with calculi
1.0to 1.5 cmin sizes the frequency of repeated ESWL was
47.2 %; with calculi 1.6-2.0 cm in size — 62.4 %; with calculi

2.1-2.5 cm — 81.5 %. At the same time, the final result of
the calculi destruction effectiveness after 4 or more ESWL
sessions took place in 182 patients (95.8 %).

In order to determine dependence of the ESWL proce-
dure effectiveness on kidney calculi, the structural density of
solitary kidneys calculi, for which ESWL had been applied,
was studied. The average number of ESWL sessions (up
to complete fragmentation of the calculus) was 1.33 £ 0.17
sessions for 9 (4.7 %) patients with calcification density of
200-300 HU, 1.42 £ 0.05 sessions for 128 (67.4 %) with
calculi density of 301-600 HU, 2.20 £ 0.14 sessions for 41
(21.6 %) with density of 601-800 HU, and 2.55 + 0.30 for
12 (6.3 £ 1.6 %) with calculi density of 800 HU and more.
Thus, itis noted that an increase in the mean calculi density
above 600 HU caused reduction (P < 0.001) of the primary
ESWL session efficiency almost in twofold.

These data differed among 210 patients treated with
221 mPNL, that was 1.05 operations per patient in average,
where 204 (97.1 %) patients required only one surgical inter-
vention, while two operations, in order to achieve the stone-
free status, were performed only for 6 (2.8 %) patients.

Undoubtedly, the main existing minimally and non-inva-
sive methods of nephrolithiasis treatment (PNL and ESWL)
are confirmed by high efficiency and minimize the need
for open surgical treatment. However, residual calculi
and the level of complications remain a problematic issue
when choosing a particular minimally invasive method and
surgical techniques. [3,4,6].

Based on our observations the number of life-threa-
tening complications (bleeding, attack of pyelonephritis) in
the group of patients treated with ESWL was slightly higher
in contrast to the group of patients after mPNL—26 (12.3 %)
and 45 (14.1 %), (P < 0.05), respectively, see Table 2.

Despite the fact that a slight drop in hemoglobin in
the mPNL group of patients was greater than in the ESWL
group, blood transfusion was necessary in no case of
mPNL performing.

However, there were a number of differences in
the groups with other complications, both during and after
the treatment. Thus, patients of the ESWL group significantly
more often needed in additional minimally invasive inter-
ventions [5,8] which was noted among the groups studied
by us, where regardless the additional stages of ESWL
sessions, the number of interventions was 64 (33.7 %)
manipulations. This indicator was 4.7 % (10 manipulations)
in the mPNL group.

In this case, surgical interventions included hematoma
puncturein 1 (0.5 %) patient after ESWL. Complications that
required drainage for hematomas or urogematomas were
not noted in the group of mPNL. Auxiliary mPNL in connec-
tion with ineffectiveness of ESWL (large calculi presence
in the lower calices group after 3 or more sessions) was
performed in 9 (4.7 %) patients. An auxiliary ESWL was not
performed and repeated mPNL was performed in 6 (2.9 %)
cases in the group of patients with mPNL. In contrast,
the number of repeated sessions reached 230 (an average
of 2.21 per patient) in the group of patients with ESWL.

Ureteroscopy was used in 2 (0.95 + 1.0 %) cases after
mPNLs and in 9 (4.7 %) after ESWL with the purpose of
fragments separation of the stone pathway, while ESWL of
stone pathway was applied directly in the group of patients
after ESWL in 23 (12.1 %) cases. Preliminary (preventive)
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stent application was performed in 18 (9.5 %) patients of
the ESWL group. Patients treated with a preliminary drain-
age in connection with obstructive pyelonephritis were not
studied by us. Consequently, the preliminary (preventive)
drainage aids were not performed for the planned patients
treated with mPNL.

In the postoperative period for calculi fragments ob-
struction removing, the ureteral stent was applied for 4
(2.1 %) patients of the ESWL group and for 1 (0.47 %) of
the mPNL group (P = 0.34).

As noted above, the frequency of successful calculi
destruction also had differences (even after several inter-
ventions) and was recorded at 100 % level in the mPNL
group and 94.2 % in the ESWL group (P < 0.05).

In this case, it is necessary to take into account that
the methods effectiveness is determined not only by the cal-
culus destruction, but also by the elimination of its fragments.
In particular, removal of fragments at mPNL occurs directly
during its performance, and only fragmentation of the calcu-
lus occurs in ESWL performance, and fragments excretion
occurs naturally along the urinary tract [5,9].

It is known that with the increase in the size of kidney
solitary calculus, the effectiveness of ESWL is significantly
reduced as well [4,6]. So we noted that the stone—free status
(for up to one month) took place only in 119 patients that
was 62.6 %, and the remaining patients required further
observation or additional auxiliary procedures, and thus it
increases the risk of nephrolithiasis recurrence from 37.4 %.
So, with kidney calculi size of 1.0-1.5 cm the effectiveness
of fragments elimination (for up to one month) after ESWL
was 75.3 %; with calculi size of 1.6-2.0 cm —62.3 %; with
the size of 2.0-2.5 cm — 45.8 %.

According to some authors’ opinion, this feature is
fundamentally opposite to the results of mPNL [2], even
without combined treatment the effect of complete renal
cavity system cleansing from the calculus fragments (stone-
free status) is the highest. These data are also supported by
our observations, where this parameter when mPNL using
reached 97.1 % (P <0.001), and when repeated mPNL was
applied in 2.8 % of cases — 100 %.

The next important comparative feature of these me-
thods of treatment was the average stationary postoperative
treatment time which was significantly lower in the group
of patients with mPNL in contrast to patients treated with
ESWL-3.0£1.5and 12.5 + 3.6, respectively, (P <0.001).

It should be noted that in the first group of patients
the mean bed-day, as a rule, was standard, nephrostomy
drainage was removed for the next day, and the use of
non-drainage and completely non-drainage mPNL in 26
(12.3) cases permitted to reduce the mean bed-day to
3.0 = 1.5 days, that’s why this situation was significantly
different in the second group of patients treated with
ESWL. Thus, with calculi 1.0-1.5 cm in size the length of
the patient’s stay on the bed after ESWL was 8.9 days; with
calculi 1.6-2.0 cm in size — 15.5; with calculi size of more
than 2.1-2.5 cm — 17.1 days.

Conclusions

1. The presented comparative analysis shows that
ESWL and mPNL demonstrate high efficiency in the treat-
ment of solitary nephrolithiasis with a calculus 1.0to 2.5 cm
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in size. At the same time, following this analysis result, it can
be seen that each of the procedures has its advantages and
disadvantages. Thus, the level of effectiveness is higher,
when using mPNL, and the profile of potential safety is
higher in ESWL, as it is less invasive.

2. mPNL is the most successful and safe procedure
in the treatment of kidney calculi of 1.0 to 2.5 cm in
comparison with ESWL. In turn, ESWL has higher risks
of postoperative complications in the form of calculus
fragments migration and requires for both preventive and
post-operative drainage of the urinary tract. However, these
complications are entirely related to the technical features of
the method. When using ESWL in nephrolithiasis treatment
the determinants of method efficiency and safety, as well
as the post-operative rehabilitation period, are the calculus
size and density.

However, considering these factors, the use of ESWL in
the treatment of kidney calculi 1.0 to 2.5 cm in size should
not be completely rejected, and when choosing a minimally
invasive method for nephrolithiasis treatment, a balanced
approach to the choice of treatment option is necessary in
each specific case which requires further study.
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