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Abstract

The article dedicate to the problem of failure of extracorporeal shockwave lithotripsy in patients with ureterolithiasis and
reveal the changes which appear in the ureter in the location of the stone.

The aim. Analysis of the results of treatment in patients, suffering ureteric stones, using the ureterolithotripsy procedure
after failure extracorporeal shockwave lithotripsy.

Materials and methods. In 137 patients with ureteric stones, whom ureterolithotripsy procedure after failure extracorporeal
shockwave lithotripsy was conducted, the symptoms of the disease, the diagnostic methods value, efficacy of surgical treatment and
reasons of the failure of previous method of treatment were analyzed.

Results. In 135 patients endoscopic removal of stones has been succeeded, in 2 patients because of total obliteration of the
ureter, uretero-ureteral anastomosis has been performed. If the symptoms, with are characteristic of ureterolithiasis, persists up to
one week stones don’t cause significant macroscopic changes to the ureter wall. If the stone persists in the ureter longer than a week
we identified local appearing of oedema. Long—term (more than two months) ureteric stone persistence increase the risk of intramu-
cosal «ingrowthy of the calculi greatly.

Conclusion. The URS and ESWL are high effective and minimal invasive methods of surgical intervention for patients with
ureterolithiasis, guaranteeing high level of postoperative «stone free rate». Prolongation of the stone insertion time in the ureter
causes the ureteric wall changes, complicating performance of minimal invasive interventions (ureterolithotripsy and extracorporeal
shock—wave lithotripsy) and reduce its efficacy.
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1. Introduction

Urolithiasis is a term used to describe stones that are formed in the urinary tract. It involves
the formation of calculus in the urinary system, mainly in the kidneys which can move through
the urinary system causing pain (renal colic), blood in urine, fever and inflammation. The stone
forming risks depends on geographic, ethnic, alimentary and genetic factors. The prevalence rates
for urinary stones vary from 1 % to 9 % in European countries, which use to be known as coun-
tries with high standard of life and up to 13 % in USA [1]. Ureterolithiasis is a high recurrence risk
disease, 40 % of patients recur within 5 years and 75 % recur within 20 years [2].

Diagnostic visualization of kidney and ureteral stones is primary done by ultrasound (US)
examination, which is safe, inexpensive and real-time. It can identify stones located in the kidney
calyces, pelvis, pyeloureteric junction, all localisation of the ureter, as well as the upper urinary tract
dilatation. Ultrasound has a sensitivity of 45 %, specificity of 94 % for ureteral stones and a sensi-
tivity of 45 % and specificity of 88 % for renal stones [3, 4]. In addition, kidney, ureter and bladder
X-ray (KUB) is often used as common method of diagnostic. The sensitivity and specificity of KUB
is 44-77 % [5]. Non-contrast CT can determine stone quantity, localization, size, density, skin-to-
stone distance, surrounding anatomy and urinary collecting system anatomy [6]. CT for urolithiasis
shows sensitivity of 93.1 % and a specificity of 96.6 % for stones bigger than 3 mm [7, §].

The European Association of Urology Guidelines define extracorporeal shockwave litho-
tripsy (ESWL) and ureterolithotripsy (URS) as the first-line methods of treatment for ureteral stones
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up to 2 cm [9, 10]. Stone-free rate in the early postoperative period after URS and ESWL depends on
many factors and can show significant difference in one trial (84 % to 62.5 %) [11] and practically no
difference between methods in other (97.5 % to 92.5 %) [12]. Also, antegrade percutaneous nephro-
ureterolithotomy (antegrade — PCNUL) and laparoscopic/open surgery ureterolithotomy can be used for
long-term «impacted» stones and ureteral calculi bigger than 2 cm [13, 14]. These interventions show
high stone-free rate [15, 16] however, are more traumatic and have longer rehabilitation term [17].

The aim of the research: to study the factors that may affect the effectiveness of treatment
in patients, suffering ureteric stones, using the ureterolithotripsy procedure after failure extracor-
poreal shockwave lithotripsy.

2. Materials and methods

Annually in the clinical departments of state institution «Institute of Urology of Natio-
nal Academy of Medical Sciences of Ukraine» more than 650 patients with ureterolithiasis are
treated by ESWL.

In the period from 2013 to 2016 (4 year), more than 2600 patients with ureteral stones were
affected by ESWL and only 137 cases were ineffective (did not achieve fragmentation, complete
stone elimination or had complications) and ureteroscopy in this group was performed.

This study was approved by the ethics commission of State Institution «Institute of urology
of National academy of medical sciences» (protocol No. 10 on October 06, 2017).

This study is retrospective; was conducted in accordance with the Declaration of Helsinki
and informed consent was obtained from all patients (before performing treatment).

Among 137 patients there were 75 (54.74 %) males and 62 (45.26 %) females aged
26-77 yo (53.83 £ 11.83 yo). Calculi were localized in the upper third part of ureter in 76 (55.47 %)
pts, in the middle part —in 15 (10.95 %) pts and in the lower part — in 46 (33.58 %) pts. Calculi were
present in the left ureter in 67 (48.91 %) cases and in the right ureter — in 70 (51.09 %) cases.

Preoperative standard examination of patients with ureteral stones included anamnestic,
clinical, biochemical urine and blood tests, test of the coagulation system, blood group and Rh fac-
tor, electrocardiogram, ultrasound (US) examination of urine tract system, X-ray of kidney, ureter
an bladder, non-contrast CT scan of abdomen and pelvis if needed.

All patients underwent ESWL by standard technique, using a Siemens Modularis Uro litho-
tripter. The patient position on the operating table was supine. Stone has being visualized with both
fluoroscopy and ultrasound control. Frequency was 90 shock impulse/min. Number of impulse was
from 1200 to 3000, energy — from 1.2 to 3.5. The patients were given intravenous aneastesia (fentanil
50 mcg). Next ESWL session were done if there was fragmentation of the stone, moving of the frag-
ments distally in the ureter seen on X-Ray or US and no complications. Patients we did not achieve
fragmentation, complete stone elimination or had complications ureteroscopy was performed.

All URS were done under general anesthesia. Initially cystoscopy and ureteroscopy were
performed. We used 8 Fr/9.8 Fr semirigid ureteroscope (Richard Wolf Germany) after introduction
of guidewire (0.032 inch, Cook roadrunner guidewire, USA) into the ureter under fluoroscopic
control. German Holmium laser Liza Laser Sphinx30 was used to break the stone. Dormia bas-
ket (Cook 3.5 Fr) and graspers were used to remove the fragments. If patients had risks of ob-
struction of upper urinary tract or postoperative inflammation and pyelonephritis the kidney was
drained by ureteral stent 6-24/26 Fr. All the patients were given intravenous antibiotics (3" gene-
ration cephalosporins) for prophylaxis one hour preoperatively and then continued for the next days
staying in hospital. Ureteral stent was removed after 2-3 weeks.

In some cases (5 patients) stones where removed by antegrate — PCNUL and in 2 cases with
total obstruction of the ureteral lumen open surgery uretero-ureteral anastomoses were performed.

Statistical processing of information was performed using sample mean and standard de-
viation (M £ m) for characterizing the indicators in the group.

3. Results
According to the results of studies of 137 patients, we identified that the ratio of people with
normal weight to overweight people is 1:3.89 (Table 1).
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Table 1
Distribution of patients according to age and body mass index
Body mass index (BMI)
Age, (years) <18.5 18.5-24.9 25.0-29.9 30.0-34.9 35.0-39.9 >40 Total, (%)
n (%) n (%) n (%) n (%) n (%) n (%)
18-35 0 (0.0 4(33.3) 7 (58.3) 1(8.3) 0 (0.0 0 (0.0) 12 (8.8)
36-59 1(1.4) 12 (16.4) 25 (34.2) 24 (32.9) 10 (13.7) 1(1.4) 73 (53.3)
>60 0 (0.0 11 (21.2) 21 (40.4) 14 (26.9) 5(9.6) 1(1.9) 52 (38.0)
Total, (%) 1(0.7) 27 (19.7) 53 (38.7) 39 (28.5) 15 (10.9) 2 (L.5) 137 (100.0)

During hospitalization patients suffered from flank pain in 124 (90.51) cases, renal colic —
29 (21.17 %), haematuria — 85 (62.04 %), dysuria — 28 (20.44 %), fever (temperature higher than
37.5 °C) — 45 (32.85 %). 8 patients (5.84 %) had no complaints.

Leukocytes in the blood more 9.0x109/1 had 34 (24.82 %) people. Erythrocytes in the blood
were 4.58 +0.33x10'%/1 had 110 (80.29 %) patients; in 27 (19.71 %) I-1I stage of anaemia has been
indicated. The level of creatinine was increased in 48 (35.04 %).

In all 137 cases, stones in the ureter were visualized during ultrasound examination.
The dilatation of the upper urinary tract caused by obstruction of the ureter by the stone had
130 (94.89 %) people.

Radiopaque stones were identified in 129 (94.16 %) patients.

The stone size was from 6 to 19 mm (11.5 £ 2.5 mm).

The duration of common symptoms associated with ureterolithisis till first session of ESWL
was in the term <7 days in 12 (8.76 %) cases, 8—14 days — 30 (21.90 %), 15-29 days — 34 (24.82 %),
30-59 days — 31 (22.63 %), 260 days — 30 (21.90 %).

The obtained results show that the duration of symptoms was longer than two weeks in
69.35 % of cases.

According to the size of the stones the patients were divided in to 3 groups: 5 up to 10 mm —
38 (27.74 %) patients, 10 up tol5 mm— 76 (55.47 % ) and 15 up to 20 mm —23 (16.79 %) cases (Table 2).

Table 2
Distribution of patients according to the stone localization and size

Stone size, mm

Stone localization in the ureter S—upto10 10 —up to 15 15 —up to 20
Total, (%)
n (%) n (%) n (%)
Upper third 14 (18.4) 44 (57.9) 18 (23.7) 76 (55.5)
Middle third 3(20.0) 12 (80.0) 0(0.0) 15 (10.9)
Lower third 21 (45.7) 20 (43.5) 5(10.9) 46 (33.6)
Total, (%) 38 (27.7) 76 (55.5) 23 (16.8) 137 (100.0)

For the most part of patients (55.5 %) the stone were localized in the upper third of the ureter
and in 55.5 % cases the stone size was 10 up to 15 mm.

Total amount of sessions of ESWL to patients with ureteral stones was 377 (in average
2.8 £ 0.4/person).

The patients were given intravenous aneastesia (fentanil 50 mcg).

Unfortunately, all the patients did not achieve fragmentation, complete stone elimination
or had complications so ureteroscopy as second line of treatment was performed.

The duration of common symptoms associated with ureterolithisis till URS was in the
term <7 days in 1 (0.73 %) case, 8—14 days — 8 (5.84 %), 15-29 days — 47 (34.31 %), 30—59 days —
49 (35.77 %), 260 days — 32 (23.36 %).
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Duration from hospitalization till URS was in average 11.14 +4.46 (from 2 up to 34).
Average operation time was 35.77 £ 12.77 min. (from 10 up to 80 min.).

In 135 patients, endoscopic removal of stones has been succeeded (130 patients during URS
and 5 patients during antegrade PCNUL), in 2 patients because of total obliteration of the ureter,
open surgery uretero-ureteral anastomosis has been performed.

We tried to identify the changes in the ureter in the location of the stone during URS to
find out the probably reason of failure of ESWL (Table 3). Performing URS we also found that
in 117 (85.4 %) patient’s stones in the ureter were already fragmented after ESWL, in 20 (16.6 %)
cases the stone was undamaged.

Table 3
Changes in the ureter in the location of the stone identified during URS

Duration of symptoms before performing URS

Changes in the ureter in the location of the stone <7 7-14 15-29 30-59 >60 Total, (%)
n (%) n (%) n (%) n (%) n (%)

Oedema of the ureteral wall mucosa 1(1.0) 8(7.8) 41 (40.2) 40(39.2) 12(11.8) 102 (74.5)
Impacted stone 0(0.0) 0(0.0) 1(6.3) 3(18.8) 12 (75.0) 16 (11.7)
Non-diagnostic stricture of the ureter 0(0.0) 0(0.0) 3(21.4) 5357 6 (42.9) 14 (10.2)

Obstruction of the ureter by the stone without any 0(0.00 0(0.0) 2 (40.0) 1 (20.0) 2 (40.0) 5@3.6)
morphological chances
Total, (%) 1(0.7) 8(.8) 47343) 49(35.8) 32(234) 137(100.0)

In 118 cases because of inflammatory changes of the ureteral wall, pyelonephritis or post-
operative rick of obstruction of the upper urinary tract the kidney was drained by double-JJ stent
for a term of 2—4 weeks.

For prevention of infection complications or treatment of pyelonephritis patients were given
antibiotics (cephalosporin III-I'V generation) in dose 1 gram twice/day for 5—7 days during staying
in the clinic.

The duration of hospitalization patients was 17.02 £ 4.87 days (from 5 up to 37), including
term from hospitalization till URS — 11.28 £ 4.56 days (from 2 up to 34) and post-operation locating
in the clinic 5.74 + 1.64 days (from 2 up to 19).

Double-JJ stents, which have been installed during operation, were removed after 2—4 weeks
outpatient.

4. Discussion

In summary, we would like to note, that in the literature of last years there are only few
number of studies, as well as our, where scientists tried to identificate the changes which appear
in the ureter on the location of the stone. Some of them were bases on experiments on laboratory
animals [18], some of them included real patients’ endoscopic examination with video and histo-
logical studying [19, 20].

Our work gives the opportunity for practical urologist to discover new point of view on rea-
sons of failure of extracorporeal shockwave lithotripsy, indicate on probable risk factors, which can
decrease the effectiveness of low-invasive treatment of ureterolithiasis. As the result, this know-
ledge can increase the stone-free rate in patients with ureteral stones by making correct treatment
prescriptions, decrease the cost of surgical interventions and term of post-operative supervision in
the hospital saving financial resources of patients and domestic health.

Study limitations. The study did not include individuals with pregnancy, uncontrolled (ac-
tive) urinary tract infections, arterial aneurysm of cyst in the vicinity of the stone, obstruction
distal to the stone, skeletal malformations and obesity, which prevent targeting of the stone. Patients
with bleeding disorders, which were not compensated for at least 24 hours before treatment were
not involved in the study.
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Prospects for further research. Further studies of prognostic factors of inefficacy of
low-invasive treatment (extracorporeal shockwave lithotripsy and ureterolithotripsy) of patients
with ureterolithiasis and deeper morphological analyses of upper urinary tract changes should be
conducted in order to increase the level of efficacy of surgical interventions.

5. Conclusion

The URS and ESWL are high effective and minimal invasive methods of surgical interven-
tion for patients with ureterolithiasis, guaranteeing high level of postoperative «stone free ratey.

In 135 (98.5 %) patients endoscopic removal of stones has been succeeded, in 2 patients
because of total obliteration of the ureter, uretero-ureteral anastomosis has been performed. If the
symptoms, with are characteristic of ureterolithiasis, persists up to one week, stones do not cause
significant macroscopic changes to the ureter wall. If the stone persists in the ureter longer than
a week local appearing of oedema is identified. Long-term (more than two months) ureteric stone
persistence greatly increase the risk of intramucosal «ingrowthy of the calculi.

Changes in the ureter wall (oedema or intramucosal «ingrowthy) in the location of the
stone associated with the duration of the disease symptoms explain the reason of the failure (ab-
sence of elimination of stone fragments) after ESWL with a satisfactory level of fragmentation in
117 (85.4 %) cases accordion to the URS findings.

Prolongation of the stone insertion time in the ureter causes the ureteric wall changes,
complicating performance of minimal invasive interventions (URS and ESWL) and reduce
its efficacy.
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