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ABSTRACT

Background. Despite to the improvement of endoscopic instruments and intervention
techniques, compliance with preventive measures of intra-and postoperative complications, the
problem of the management of complicated urinary tract infections after interventions still
remains as a very urgent problem.

Purpose of the study. To evaluate the effectiveness of the preventive measures taken to
reduce the frequency and severity of intra- and postoperative complications and determinate
other causative factors in the development of acute complicated pyelonephritis after treatment of
urolithiasis by endoscopic surgery.

Materials and methods. A prospective analysis of the results of 220 X-ray endoscopic
operations performed for kidney and upper urinary tract stones in the Republican Specialized
Scientific-Practical Medical Center of Urology (RSSPMCU, Tashkent, Uzbekistan) during the
period of 2019-2020 was carried out. The mean age of the patients was 44.3+14.8 (8-78 years)
years. "simple™ stones were in 112 (51%) patients, with 14.1+0.57 mm in size, "complex™ - in
108 (49%), with 41.6+1.76 mm in size.

During the examination, the initial infection of the urinary tract was found only in 194
patients (88.2%). From these, leukocyturia without bacteriuria was found in 59 (26.8%) patients,
leukocyturia with bacteriuria in 135 (61.4%) patients, while only in 46 (20.9%) patients were
revealed growth of microflora.

Holmium laser lithotripsy was performed for single stones, pneumatic and ultrasonic
lithotripsy were performed for staghorn and multiple stones, while the size of the nephroscope
was 24 Ch-26 Ch, Amplatz - 30 Ch.

Results. An analysis of the frequency of intraoperative complications showed that 23
(10.5%) had moderate bleeding during the intervention, which did not required additional
interventions and blood transfusion, the «stone-free rate» (SFR) was 87.7%. The number of
postoperative complications were 30 (13.6%), according to Clavien: | - 1 (0.5%), 1l - 19 (8.7%),
Illa -5 (2.3%), lllb - 3 (1 .4%), IVa - 2 (0.9%), V-0.
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The most common complication was acute complicated pyelonephritis, which revealed in
19 (8.7%) patients. All complication was eliminated conservatively.

Conclusions. It was possible to improve measures for the prevention of infectious and
inflammatory complications after endoscopic interventions in urolithiasis due to the monitoring
and systematization of complications, as well as the study of the causes of their development.

Among our patients, the frequency of complicated pyelonephritis depended on the initial
infection of the urinary tract, as well as on the type of access to the stone and the duration of the
intervention. The last two factors, in turn, depended on the complexity of the kidney stone.

Key words: calicoectasia, hydronephrosis, percutaneous nephrolithotripsy, nephroscope,
pyelonephritis.

INTRODUCTION

Background. According to the database of World Health Organization, "the
frequency of urolithiasis in the developed countries of the world has reached 5%,
the risk of kidney stones during a human’s life has reached 8-10%" [1]. The
incidence is quite high in countries with a high quality of life. The prevalence of
urolithiasis in Uzbekistan varies from 1.0% to 8.5% in different regions of the
republic, while in the Aral Sea region the incidence is endemic, amounting to 4.5%
in the country as a whole [2]. A number of studies are also being conducted, which
confirm the data on the relationship between urolithiasis and the risk of developing
chronic kidney disease [3].

Nowadays, the main methods of treating KSD are non-invasive -
extracorporeal (remote) shock wave lithotripsy (ESWL, RSWL) for stones
predominantly up to 20 mm, minimally invasive endoscopic removal of stones of
any size with various approaches. The choice of treatment method for patients with
KSD depends on the size, quantity, localization, mineral composition of stones,
anatomy of the upper and lower urinary tract, the functional state of the kidneys
and urodynamics of the urinary tract, the equipment of the clinic, the qualifications
of specialists and the desire of the patient.

However, the widespread introduction of minimally invasive endoscopic
interventions for urolithiasis has led to the development of a number of specific
complications associated with the peculiarities of intervention technologies. One of
them is infectious and inflammatory complications and urosepsis, which
sometimes poses a serious threat to the patient's life [4-6]. Against this
background, the issues of studying the causes of complicated pyelonephritis arising
from the use of modern technologies in the treatment of urolithiasis with an
emphasis on the possibility of developing and improving effective measures for
their prevention remain relevant for practical health care.

The aim of our study was to evaluate the effectiveness of the preventive
measures taken to reduce the frequency and severity of intra- and postoperative
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complications and other causative factors in the development of acute complicated
pyelonephritis after endoscopic surgery for urolithiasis.

Materials and methods. A prospective analysis of the results of 220 X-ray
endoscopic operations performed for kidney and upper urinary tract stones at the
Republican Specialized Scientific-Practical Medical Center of Urology (RSPMCU,
Tashkent, Uzbekistan) in the period 2019-2020 was carried out. The average age of
patients was 44.3+14.8 (8-78 years) years, among them 144 (65.5%) were men and
76 (34.5%) were women.

111 (50.5%) stone removal interventions were performed on the right kidney,
106 (48.2%) on the left, 3 (1.3%) on both sides. In 4 (1.8%) patients, surgeries
were performed on a single kidney.

Stones were located in the pelvicalyceal system (PCS) in 130 (59%) patients,
in both - in the PCS and in the ureter - in 19 (8.6%), only in the ureter - in 71
(32.4%) patients. The average size of stones localized in the PCS was 34.4+1.83
mm (9-87 mm), in the ureter - 12.7+£0.52 mm (5-32 mm).

"Simple" stones were in 112 (51%) patients, "complex” - in 108 (49%).
Simple stones included single stones located in the calyx, pelvis or ureter,
regardless of its size. Complex stones included two or more stones (multiple
stones) and staghorn stones or their combination [7]. Among patients with complex
stones, two or more stones were found in 47 (21.3%) patients, staghorn stones - in
28 (12.7%), staghorn stones in combination with single or multiple stones - in 33
(15%). The average size of simple stones was 14.1+0.57 mm (5-36 mm), complex
-41.6£1.76 mm (12-105 mm).

Before the intervention, the dilation of the pelvicalyceal system was in the
form of calicoectasia in 55 (25%), hydronephrosis - in 41 (18.6%),
ureterohydronephrosis - in 78 (35.4%). At the same time, due to complicated
pyelonephritis and / or decreasing of kidney function, nephrostomy drainage was
previously installed in 27 (12.3%) patients, and JJ stent was installed in 3 (1.4%)
patients. Against the background of stones in 16 (7.3%) patients, there was no
dilation of the PCS. Stones were removed by percutaneous access in 179 (81.4%)
patients, from them in 149 (67.7%) patients was performed percutaneous
nephrolithotripsy (PNL) and in 30 (13.6%) patients - percutaneous antegrade
nephroureterolithotripsy (or extraction). At the same time, 161 (73.1%) patients
were operated through one percutaneous access and 18 (8.1%) patients - through
two accesses. Stones were removed by transurethral access in 41 (18.7%) patients,
who were underwent ureterolithotripsy (or extraction). In patients with single
stones predominantly was performed Holmium laser lithotripsy, for staghorn and
multiple stones were performed pneumatic and ultrasonic lithotripsy, while the size
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of the nephroscope was 24 Ch-26 Ch, Amplatz - 30 Ch. Our analysis revealed that
the body temperature during the initial visit to the clinic was normal in 205
(93.1%) patients, subfebrile - in 4 (1.9%), febrile - in 10 (4.5%), hectic - in 1
(0.5%). During the examination, the initial infection of the urinary tract was found
in 194 (88.2%). Of these, leukocyturia without bacteriuria was found in 59
(26.8%), leukocyturia with bacteriuria in 135 (61.4%). All 194 patients underwent
bacteriological examination of urine, while only 46 (20.9%) showed growth of
microflora and 148 (67.3%) showed absence of growth of bacteria. Among
identified microorganizms, the vast majority accounts for E. coli, which revealed
in 30 (65.2%) cases, Table 1.

Table 1
Revealed microorganisms from patient’s urine

Revealed microorganizms

Positive culture 46 (100%) 46 (1100 %)
E. coli 30 (65.2%) 30 (65,2 %)
Proteus mirabilis 2 (4.3%) 2 (4,3 %)
Acinetobacter calcoaceticus 1 (2.2%) 1 (2,2 %)
Klebsiella pneumonia 5 (10.9%) 5 (10,9 %)
Pseudomonas aeruginosa 3 (6.5%) 3 (6,5 %)
Yeast-like fungi 4 (8.7%) 4 (8,7 %)
Proteus mirabilis + Escherichia coli 1 (2.2%) |1 (2,2 %)

Patients with revealed flora were treated according to the antibiogram and
other patients, without growth of microorganizms - with broad-spectrum
antibiotics, and due to controlled infection of the urinary tract, the main operation
(removing stones) was performed.

The anesthetic risk of surgical interventions was assessed according to the
system for assessing the objective status of the patient, adopted by the American
Society of Anesthesiologists (ASA) [8].

The duration of the surgical intervention was determined from the moment of
access to the stone until the final installation of drainage into the urinary tract.

The criteria for postoperative pyelonephritis were the following indicators:
increase of patient's body temperature to 38°C and above for 2 or more days, flank
pain, changes in the patient's urine and peripheral blood characteristic of the
inflammatory process.

Statistical processing of the material was carried out using MS Office Excel
2007, StatSoft Statistica 8.0 using the Student-Fisher criteria.

Results. The analysis of the duration of the operation, depending on the
category of complexity of the stones, showed the following results, Table 2.
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Table 2.
Duration of operation depending on the category of complexity of stones
Duration of operation (general)
Average operation time 73,73£21,92 min (35-150 min)
With "simple stones” 60,91+£14,23 min(35-110 min)
With "complex stones" 87,02+£20,57 min (45-150 min)
multiple stones (two or more stones) 74,79£13,14 min (45-100 min)
staghorn stones stones 83,86+6,50 min (70-100 min)
staghorn-like stones in combination with | 107,12+£22,05 min (75-150 min)
single or multiple stones

An analysis of the frequency of intraoperative complications revealed that 23
(10.5%) patients had moderate bleeding during the intervention, which did not
require additional interventions and blood transfusion, the stone free rate was
87.7%. We did not find other complications, Table 3.

Table 3
The frequency of intraoperative complications of endoscopic surgery for
urolithiasis

Intraoperative bleeding, n (%) 23 (10,5)
Volume of blood loss, ml (min.—max.) n=23 133,91+89,99 (20-300)
General rate of residual stones, 27 (12, 3%)
Ihe fre('q'uency of _reS|duaI stones after the initially 2 (1,8%)

simple" stone, n=112
frequenc;l/l of re3|duzil stones after initially 25 (23,1%)

complex” stones, n=108
Average residual stone size, mm (min. - max.) 2,47+1,25 (12-50)

An analysis of the postoperative period showed that there were 30 cases of
deviations from the standard, which were regarded as a complication and we
systematized them according to the Clavien-Dindo classification [9], which we
adapted in 2012 for an objective assessment of postoperative complications of
endoscopic surgery for urolithiasis [10], Table 4.

Table 4
Systematization of postoperative complications in endoscopic (percutaneous and
transurethral) removal of upper urinary tract stones according to the adapted
Clavien-Dindo classification. Number of complications 30 (13.6%)

Severity of I I Ia b IVa | IVb| V
complications
Number of 1 19 5 3 2 - -

complications, | (0,5%) | (8,7%) | (2,3%) | (1,4%) | (0,9%)
n (%)
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We observed a patient with one case of a small hematoma in the perirenal
space without additional interventions and included him in the I* degree of
severity.

An infectious-inflammatory complication developed in 19 (8.7%) patients in
the form of acute complicated pyelonephritis, none of them developed urosepsis. In
all cases, the complication was eliminated conservatively and we included them as
a complication of the 11 degree of severity.

In 3 (1.4%) patients, ureteral edema was detected in the postoperative period,
from them ureteral stenting was performed in 2 patients, catheterization - in 1 with
local anesthesia, all them were included in Illa.

In 3 (1.4%) patients, under general anesthesia, additional interventions were
performed - renephrostomy in 2 (for a prolapsed nephrostomy in one and a non-
functioning nephrostomy in another) and in 1 - nephroscopy and aspiration of
blood clots were performed for tamponade PCS cavities, which we included in
Ib.

Due to a life-threatening situation because of angina pectoris, 2 (0.9%)
patients in the postoperative period were transferred to the intensive care ward and
received drug therapy, which considered as a complication IVa.

From the 27 (12.3%) residual stones, 2 (0.9%) were after an initially "simple”
stone, which were eliminated by ESWL and regarded as a complication Illa
(intervention without general anesthesia). Another 25 (11.4%) residual stones after
the initially “complex” stone were eliminated by repeated percutaneous
intervention, and in some patients, ESWL was performed and regarded as a stage
of treatment according to the accepted standard of the postoperative period [10].

The most common complication of the postoperative period is still
complicated pyelonephritis 19 (8.7%), which again requires an analysis of its
causes and the development of preventive measures.

To determine the impact of initial urinary tract infection (UTI) on the
development of postoperative pyelonephritis, patients were divided into two
groups, with initial UTI and without UTI. The analysis showed that even with the
sanitation of the urinary tract before the intervention and perioperative preparation
of patients, the initial UTI significantly affected the incidence of pyelonephritis,
Table 5.
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Table 5

The frequency of pyelonephritis depending on the presence of initial

urinary tract infection

Number of Frequency of
Urinary tract infection patients pyelonephritis
Absolute Absolute
(%£m) (%xm)
number number
Patients with initial UTI 194 | 88,2+2.2 19 19,8+2.1
E?itrzgnts with normal analysis of 26 |11.8+2.2 0 0

To analyze the causes of infectious and inflammatory complications,
according to the duration of the operative time, the patients were divided into two
groups: patients with an intervention of less than 60 minutes or more, Table 6.

Table 6
The frequency of pyelonephritis depending on the duration of surgical
intervention

Number of patients Frequency of
_ _ pyelonephritis
Duration of operation Absolute e Absolute -
number = number =
Less than 60 minutes 71 32,3+3,2 0 0
More than 60 minutes 149 | 67,7+3,2 19 |12,8+2,7
P <0,001 <0,001

The effect of the initial complexity of stones on the frequency of
pyelonephritis showed that complicated pyelonephritis developed significantly
more often with complex stones, Table 7

Table 7
The incidence of pyelonephritis, depending on the initial complexity of
stones
Number of patients Frequency of
"The Complexity of pyelonephritis
Stones Absolute (%) Absolute (%m)
number number
“Simple Stones™ 112 51,0+3,4 4 3,6+1,8
“"Complex Stones™ 108 | 49,0+3,4 15 13,9+3,3
P > 0,05 <0,05
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Causes of pyelonephritis, depending on the performed accesses, showed that
in all 19 patients the stones were removed by percutaneous access, while in 18
patients were perfomed percutaneous nephrolithotripsy, and in 1 patient was
performed percutaneous antegrade nephroureterolithotripsy, Table 8.

Table 8
Comparative assessment of the type of access and duration of surgery in patients
without pyelonephritis and with developed pyelonephritis

Percutaneous Transurethral Mean duration
access,n =178 | access, n=42 | of operation, min.
Patients without 159 (89,3) 42 (100) 70,07+18,83
pyelonephritis
n (%)
Patients with 19 (10,7) 0 110,35+16,51
pyelonephritis, n
(%)
P < 0,05 < 0,05 < 0,05

Thus, in all 19 patients, stone removal was carried out by percutaneous
transrenal access. Among patients in whom the stone was removed by transurethral
access in the postoperative period, none of the patients developed pyelonephritis.

After that we analyzed the effect of the frequency of intraoperative bleeding
and other postoperative complications on the incidence of postoperative
pyelonephritis, Tables 9, 10.

As we found out, intraoperative bleeding and other postoperative
complications did not have a significant impact on the incidence of pyelonephritis.

Table 9
The frequency of pyelonephritis depending on the presence of
intraoperative complications

Number of Frequency of
. . patients pyelonephritis
Intraoperative bleeding Absolute y Absolute o
number ° | number °
Patients with complications 23 (10,5421 4 |17.4+81
Patients without complications 197 |89,5+2.1 15 |7,6+1,9
P <0,001 > 0,05
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Table 10

The frequency of pyelonephritis depending on the presence of other
postoperative complications

Number of patients Frequency of
. " pyelonephritis
Postoperative complications Absolute Absolute
% %
number number
Patients with complications 11 |5,0+15 0 0
Patients without complications 209 | 95,0+1,5 19 [9,1+2,0
P <0,001 <0,001

The frequency of pyelonephritis also did not differ among patients with the
initial dilation of the PCS and installed drains, as well as without the dilation of the

PCS, Tablell.

Table 11

The frequency of pyelonephritis depending on the presence of the initial
expansion of the cavities of the kidneys

Number of Frequency of
Dilation of the cavity patients pyelonephritis
system Absolute % Absolute %
number number
Patients with initial PCS and/or
ureteral dilation, or with a drain 204 92,7+1.,8 18 |8,9+2,0
in urinary tract
Patients without initial dilation of
the PCS and without drainage in 16 |7,3+1,8 1 6,31+6,3
the urinary tract.
P <0,001 > 0,05

We also analyzed the impact of the presence of urinary tract anomalies on the
development of pyelonephritis and the study showed no relationship, Table 12.

Table 12

The incidence of pyelonephritis depending on the presence of urinary tract

anomalies

Number of patients

Frequency of
pyelonephritis

Upper urinary tract anomaly Absolut : Absolute :
Yo Y0
e number number
Patients with anomalies 8 3,613 1 [125+125
Patients without anomalies 212 | 964+13 18 |85+1.9
<0,05 >0,05
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The analysis of the postoperative period showed that in patients with the
development of acute pyelonephritis, the drainage in the cavities of the urinary
tract was significantly longer and the hospital stay was significantly more than in
patients without any complications in postoperative period, Table 13.

Table 13
Duration of the patients stay in the hospital depending on the development

of postoperative pyelonephritis

Patients without Patients with
Indicator pyelonephritis pyelonephritis P

(n=201), M£+m (n=19), Mtm

: 3,75%0,21 6,42+0,32
Hospital stay (1-6 days) (3-14 days) <0,001
Duration of the kidney's 2,64+0,14 7,25+0,29 <0.001
drainage (days) (1- 7 days) (1-14days) ’
Thus, among all complications, 20 (66.7%) were relatively mild - I-11 severity

and were eliminated conservatively. 10 (33.3%) complications were classified as
grade Il1-1V, the elimination of which required additional invasive interventions,
and in 2 patients the patients were in the intensive care unit.

Discussion. Despite to the constant improvement of technical characteristics
and quality of equipment for endoscopic access and disintegration of stones, as
well as methods of anesthesia, during performing percutaneous nephrolithotripsy, a
personal approach is required from highly qualified surgeon, who must be prepared
for non-standard situations [11]. Thus, according to the literature, the frequency of
postoperative complications is directly dependent on the size and number of
removed stones [12], on the increase in the duration of the operation [13], as well
as on the number of performed percutaneous accesses [14]. In our study, we also
confirmed the significance of these factors in the development of complicated
urinary tract infection. At the same time, the authors most often associate the
development of pyelonephritis both with the features of the intervention
technology and with other predisposing factors [10, 15].

According to the literature, the frequency of complications after ureteroscopy
accounts for about 9-25% [16-18]. At the same time, they are mild and do not
require additional intervention. Ureteral avulsion and stricture are extremely rare
(<1%), prior perforations are considered as the most important risk factor for
complications. In our study, mild complications were also detected in the form of
edema of the ureteral wall in 3 (1.4%) patients in the postoperative period, for
which stenting or catheterization of the ureter was performed. No stricture or
avulsion of the ureter was observed.
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With percutaneous access for the treatment of urolithiasis, the frequency of
febrile temperature accounts for 10.8%, blood transfusions - 7%, thoracic
complications in the form of damage to the pleura or lung - 1.5%, sepsis - 0.5%,
damage to visceral organs - 0.4%, embolism - 0.4%, urinoma formation - 0.2% and
death - 0.05% [19]. According to our study, among with percutaneous access, the
rate of pyelonephritis was 10.7%, perirenal hematoma - 0,5%, 1 nephroscopy due
to tamponade of the PCS with bundles - 0,5%.

Our previous analysis of the causes of complicated pyelonephritis after
endoscopic surgery for urolithiasis in our Center, revealed its significant
relationship with the presence of an initial urinary tract infection, the frequency of
developed intraoperative and various postoperative noninfectious complications.
From 280 patients, in 52 (18.6%) developed complicated pyelonephritis, while 3 of
them (1.07%) had life-threatening sepsis. Consequently, we have developed
preventive measures for the leading to the development of pyelonephritis causes in
our patients, as well as a number of generally accepted preventive measures,
including the implementation of standard infection control measures in the
hospital, such as reducing the duration of hospitalization, early removal of
indwelling urethral catheters, avoiding unnecessary catheterizations, adequate
using of closed drainage systems, and daily compliance with aseptic rules to
prevent cross-infection [15].

As a result of the measures taken to prevent intraoperative complications, the
incidence of patients with a blood loss of more than 150 ml decreased from 4.1%
to 1.4%, due to which the need for blood transfusion decreased from 0.6% to 0. In
the previous study If we proved the significant role of this complication in the
development of postoperative pyelonephritis [20], now, due to the preventive
measures taken, the frequency of intraoperative complications did not affect the
development of pyelonephritis.

Previously in our study, a significant role of other postoperative
complications in the development of pyelonephritis was proved and the
complication rate was 5.1%, from them 1.5% accounts for hematuria, 0.7%
required blood transfusion, to correct 4.5% of developed complications was
required additional interventions, due to late complications too [20]. Although the
overall frequency of other postoperative complications have not changed (5.0%),
according to the preventive measures taken, was observed relatively mild course of
complications, hematuria was only in 0.4% cases and there was not blood
transfusion, to correct the developed complications 2.7% cases required additional
interventions only in the early postoperative period, there are no late
complications. As a result, we have achieved that postoperative complications, as
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well as intraoperative ones, did not affect to the incidence of pyelonephritis, and
also prevented the development of urosepsis, which is a life-threatening condition
for the patient.

In our study, we have proved that nowadays, in the cases of the
implementation and compliance of preventive measures for the development of
infectious and inflammatory complications, a significant role in the development
of pyelonephritis belongs to the initial infection of the urinary tract, as well as the
duration of the intervention, type of access and the complexity of the stone. The
last three factors are interrelated, because of the access and duration of the
intervention depend on the complexity of the stone.

Conclusions. It was possible to improve measures for the prevention of
infectious and inflammatory complications after endoscopic interventions in
urolithiasis due to the monitoring and systematization of complications, as well as
the study of the causes of their development.

Among our patients, the frequency of complicated pyelonephritis depended
on the initial infection of the urinary tract, as well as on the type of access to the
stone and the duration of the intervention. The last two factors, in turn, depended
on the complexity of the kidney stone.

Compliance with preventive measures to the reduce the frequency and
severity of intra- and postoperative complications played an important role in the
reducing of the rate frequency and severity of complicated pyelonephritis from
18.6% to 8.6%.
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