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Abstract

Introduction: From May to December 2019, a literature re-
view of the urinary system iatrogenic injury problem was
performed. The most cited, representative articles in
PubMed, Scopus, and WoS databases dedicated to this prob-
lem were selected. Urinary system iatrogenic injuries include
ureter, bladder, urethra, and kidney traumas. It is widely
thought that the main causes of such injuries are urological,
obstetric, gynecological, and surgical operations on the ret-
roperitoneal space, pelvis, or perineum. Methods: The pur-
pose of the study is to describe all aspects of the iatrogenic
injure problem, under the established scheme and for each
of the most damaged organs: the urethra, bladder, kidney,
and ureter. The treatment of confirmed iatrogenic injuries
largely depends on the period of its detection. Modern med-
ical procedures provide conservative or minimally invasive
treatment. An untimely diagnosis worsens the treatment
prognosis. “Overlooked” urinary system trauma is a serious
threat to society and a particular patient. Thus, incorrect or
traumatic catheterization can lead to infection (RR 95%) and
urethral stricture (RR =11-36%), and percutaneous puncture

nephrostomy can cause the risk of functional renal paren-
chyma loss (median 5%), urinary congestion (7%), or sepsis
(0.6-1.5%). Results: Lost gain, profits, long-term and expen-
sive, possibly multistage treatment, stress and depression,
and the risks of suicide put a heavy financial, moral, and eth-
ical burden on a person and society. Also, iatrogenic injury
might have legal consequences. Discussion/Conclusion:
Thus, the significant problem of urinary tract iatrogenic inju-
ries is still difficult to solve. There is a need to implement
mandatory examining algorithms for patients at risk, as well
as the multidisciplinary principle for all pelvic surgery.

© 2021 S. Karger AG, Basel

Introduction

Intentional injury causes about half of deaths in the
world [1]. Unintentional accidental injuries also lead to
death or disability. A special type of unintentional trau-
mas is an iatrogenic injury during diagnostic or medical
procedures and operations.

Iatrogenic urinary system injuries include ureter, blad-
der, urethra, and kidney traumas. It is widely thought that
such injuries appear as a result of urological, obstetric-
gynecological, and surgical operations on retroperitoneal
space, pelvis, or perineum [2, 3]. The purpose of the re-
search is to evaluate the experience of solving the urinary
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system iatrogenic injury problem by a multidisciplinary
approach.

Modern mini-invasive, endoscopic, laparoscopic, or
robotic surgeries help to get similar or superior results
compared to traditional surgical approaches; it allows
doctors to follow the fast-track surgical concept but in-
creases the frequency of urinary system iatrogenic inju-
ries [2]. Endoscopic suture, clipping, and high-energy in-
struments, such as lasers, electric dissectors, and coagula-
tors for tissue dissection, hemostasis, and other
manipulations, often lead to hidden adjacent structure
injuries [4]. Such injuries are extremely difficult to estab-
lish intraoperatively; their clinical manifestations can oc-
cur in the early, late, or long-term postoperative period
when the patient is already out of the medical observation
(3].

It is necessary to separate the direct and indirect uri-
nary system injuries that lead to a complete or partial loss
of function (due to denervation, devascularization, for-
mation of cicatricial contractures, pathological bends,
etc.) [2, 4]. The traumatic effect is a result of mechanical
violation of integrity (intersection and perforation), pa-
tency (ligation, flashing, and patency violation due to
pathological bending), blunt trauma, and prolonged
pressure and compression (holding the organ on the
clamp, holder; pressure on the organ of the instrument,
retractor; prolonged drainage) [4]. The use of urotheli-
um-aggressive chemicals for medical and diagnostic pur-
poses is also dangerous (e.g., washing the urethra and/or
bladder with antiseptic solutions, silver preparations, or
contrasts for marking). Physical treatment methods (ra-
dio waves, laser, electrosurgical instruments, and radia-
tion therapy, including brachytherapy) with their direct
(direct damage to the body, including hidden) or indirect
(“leakage” of electric current, denervation, devasculariza-
tion, etc.) exposure also have a traumatic effect. Indirect
damage canlead to interventions and incidents in the vas-
cular system (stenting, prosthetics, occlusion, and embo-
lism), the central and peripheral nervous system (spinal
surgery, installation of neurostimulators, etc.), as well as
nonobvious procedures such as acupuncture and manual
therapy. A urinary tract infection associated with medical
care also plays a significant role, which can be included in
the urinary system iatrogenic incidents [5].

Considering given tendencies, a lot of attention is paid
to measures for preventing and treatment of injuries [3].
Preventive procedures include, first of all, the identifica-
tion of a typical procedural complication, a hidden pro-
cedural mistake that could cause injury [2, 4]. The most
common example is incorrect urethral catheter place-
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ment tactics. The violation of asepsis and antiseptic rules
leads to the infection development, and incomplete lubri-
cation leads to urothelium damage, inflammation, and
urethral stricture. Exceeding the transurethral operation
duration and/or the absence of periodic lubrication in-
crease the risk of significant leakage of electric current or
mechanical damage [6]. The large diameter of the work-
ing tool or its not careful insertion also has a direct harm-
tul effect.

The next mandatory preventive procedure is the train-
ing of specialists performing diagnostic or therapeutic in-
terventions of the urinary tract (urologists) and sur-
rounding organs and tissues (obstetricians, gynecolo-
gists, proctologists, surgeons, radiologists, and
chemotherapists) or in their projection (radiologists).
Knowing of the anatomical and histological structure fea-
tures, innervation, and blood supply and understanding
of the risks and signs of trauma will significantly reduce
the number of patients with the urinary system trauma
and the number of “overlooked” cases [7].

Preventive measures’ complex includes the use of var-
ious techniques and tools reducing the injury risk [3]. Vi-
sual control is not very effective even for an experienced
urologist/clinician. A classic example is intraoperative
staining of urine or urinary system cavities with various
dyes (oral and directly injected), X-ray control with or
without out contrast (air, X-ray contrast agents, and X-
ray contrast catheters), ultrasound control with dopp-
lerography, MSCT, or MRI [2]. Light indications (lumi-
nous catheters and stents) [8], tissue-organ models for
the course of the operation rehearsal, or the integrated
assistance of artificial intelligence and augmented reality
[9] are among more advanced methods.

The diagnosed iatrogenic injury treatment largely de-
pends on the detection timing. Modern medical proce-
dures are focused on conservative or minimally invasive
treatment. For example, with established or suspected
ureteral trauma, it is possible to apply prolonged stent
drainage and to take a set of conservative measures aimed
at reducing the necrosis and ischemia zone (hyperbaric
oxygenation, reparants, and drugs that improve blood
rheological properties, microcirculation, etc.) [10, 11].
However, this timely assistance is possible only in com-
plex with the abovementioned preventive measures. An
untimely established diagnosis worsens the treatment
prognosis [2, 3].

“Overlooked” urinary system trauma is a serious threat
to society and to a particular patient. Lost gain, profits,
long-term and expensive, possibly multistage treatment,
stress and depression, and suicide risks put a heavy finan-
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cial, moral, and ethical burden on a person and the soci-
ety. In the USA, the annual financial cost of treating a
urinary tract infection is at least USD 300 million [12].
Moreover, iatrogenic trauma might have legal conse-
quences [13].

Materials and Methods

From May to December 2019, a literature review of the iatro-
genic injury prevention problem was performed. The most cited,
representative articles with the full-text access in the PubMed, Sco-
pus, and WoS databases were selected. The analysis includes only
English and Russian texts. The search criteria were keywords and
their combinations: iatrogenic, multidisciplinarity, urology, iatro-
genic trauma, urinary system, genitourinary system, kidneys, ure-
ters, urinary bladder, urethra iatrogenic injury, preventive treat-
ment, and prevention. The cross-searching method for the issue-
related texts was also used. The remoteness of the available text was
not taken into consideration. The inclusion criteria were as fol-
lows: well-known cited authors, major scientific journals, article
views, and relevance to the request. Works in other languages were
excluded from the study, as well as works not relevant to the re-
search topic. The previous studies, mostly, review particular as-
pects of iatrogenic trauma, such as diagnostic problems and treat-
ment peculiarities. This study aims to provide a comprehensive
description of the iatrogenic injury problem under the established
scheme and for each of the organs. The review is as follows for each
of the sections: anatomical and functional features, iatrogenic in-
jury predictors and clinical manifestations, diagnostic techniques,
and possible treatment options. The research is divided into 4 sec-
tions: urethra, kidney, ureter, and bladder injuries which present
the main types and causes of damage, the existing prevention ap-
proaches, diagnosis and treatment, as well as promising areas for
further studying.

Results

Urethra Injury

The urethra is particularly vulnerable to iatrogenic in-
juries. Assuming factors are the anatomical and function-
al urethra features: a physiological bending right angle,
the diameter changes in the urethra lumen in different
segments, and involuntarily and voluntarily (in patients
in consciousness) closed external urinary sphincter. Blad-
der catheterization is a routine, daily procedure for all or
almost all medical hospitals around the world [5]. How-
ever, this intervention carries a risk of short-term or long-
term complications. Urinary tract infection in approxi-
mately 35% cases is associated with medical care and in
95% develops due to the bladder catheterization in the
perioperative period or in the intensive care unit [14].
Measures to reduce the indications for catheterization
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and strict control of the execution algorithms have sig-
nificantly reduced the risks of complications, the dura-
tion of hospitalization, and financial losses [15].

As mentioned above, the main negative effect of ure-
thral catheters is the urinary tract infection and direct
trauma in the process of staging/removing urethral drain-
age. The most important risk factors for bladder catheter-
ization are prolonged (>3-6 days) drainage, the violation
of aseptic rules (setting in septic conditions and opening
the drainage circuit), female gender, obesity, and some
concomitant diseases (diabetes mellitus, neurogenic dis-
orders of urination, and infections in other tissues and
organs). In most cases, the significance level of these pre-
dictors is extremely high (p < 0.001). It is also necessary
to avoid washing procedures if possible [16-18].

To reduce the risk of direct urothelium injury, there
are several simple rules: the smallest possible diameter of
the catheter, high-quality lubrication, and control of the
Foley catheter balloon location before it is inflated. It is
also important to keep a small amount of fluid in the cath-
eter balloon (about 1 mL) while removing long-standing
drainage since the walls of the balloon under the influence
of urine after deflation can have sharp edges and corners,
which increase the risk of injury to the urothelium.

A typical complication of prolonged drainage is the in-
ability to deflate the balloon (due to obstruction of the
channel or inlaid catheter, in 50% cases), which may re-
quire its destruction under ultrasound guidance or other-
wise [19]. Also, during urethra surgery, an accidental
through-out suturing of the catheter is possible, which
will require time either before the hydrolysis of the suture
material or per catheter or surgical release [20]. Current-
ly, there are a large number of studies indicating the risks
of developing urethral strictures due to a traumatic instal-
lation (risk ratio >11-32%) and removal or prolonged
drainage (risk ratio 36.5%) [21-23].

Tatrogenic injuries during transurethral resection can
lead to the strictures. There are 2 main mechanisms of
epithelium damage during such interventions: the elec-
tric current dispersion and a large diameter of the instru-
ment [24]. At the same time, there is no significant differ-
ence between mono- and bipolar electroresection instru-
ments; in both cases, the urethral stricture risk is
approximately 3.8% [6]. The urethral epithelium trauma
develops with insufficient lubrication of the urethra and,
as a result, current “leakage” [25]. To prevent this condi-
tion, it is necessary to intake a lubricant. The risk of de-
veloping strictures increases with simultaneous electrore-
ception of a large prostate (>70 mL, p = 0.012) due to an
increase in the duration of the operation [6]. Using a laser
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to vaporize the prostate can also lead to urethral strictures
in 3.7% cases [26]

Iatrogenic urethral trauma is a regular consequence
(with a probability of up to 5%) during an adenomectomy
or a prostatectomy. Subsequent treatment may result in
erectile dysfunction and/or incontinence [27]. After rad-
ical prostatectomy, the possibility of the vesicourethral
anastomosis stricture or other strictures reaches 8.1%
[28], significantly increasing with adjuvant radiation
therapy. A stricture can form in any part of the urethra,
but more often it occurs precisely in the approximation
zone of the bladder neck and the distal end of the urethra
[29]. A robotic, laparoscopic, or open prostatectomy
method does not significantly affect the risk (RR: 1.42;
p =0.59) of anastomotic stricture [30].

Remote radiation and brachytherapy of prostate can-
cer increase the risk (3.1%) of urethral strictures, espe-
cially after the previous (67 vs. 88%, p < 0.001) transure-
thral resection of the prostate [31]. Radical radiation ther-
apy causes severe cases of stricture formation with worse
treatment outcomes, severe erectile dysfunction, and in-
continence. The diagnosis of urethral injuries and their
complications (urethral stricture) is a complex analysis of
subjective complaints, medical history, objective exami-
nation, and additional and instrumental examination
methods.

Men with narrowing of the urethral lumen due to the
formation of strictures most often complain of weak
urine flow pressure (49% symptom representation) and a
feeling of incomplete emptying of the bladder (27%). In
addition, dysuria phenomena (10%) and impaired erec-
tion or ejaculation can occur. Patients also complain of
the spatter of urine stream (13%) [32]. In 10% of cases,
urethral stricture may be asymptomatic. Urethral injuries
are followed by pain in the genitals (100%) and/or ure-
throrrhagia/hematuria (86%) [33].

The main specific diagnostic procedures are uroflow-
metry, urethroscopy, and urethrography [34]. Urethro-
sonography, MR, or MSCT can be used additionally [34].
The symptoms of urination disorders in combination
with uroflowmetry and ultrasound data increase the like-
lihood of identifying stricture disease and performing
urethrocystoscopy or urethrography (ultrasound, X-ray,
magnetic resonance imaging, or computed tomography)
to confirm the diagnosis [3]. A typical outcome of ure-
thral injury is the urethral stricture [23].

Confirmed diagnosis defines the treatment method.
Clearly formulated relative indications for surgical inter-
vention for strictures of various urethra sections currently
do not exist. Nevertheless, given the long period of sum
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compensation, patients are shown to perform dynamic
observation and, possibly, undergo treatment for any de-
tected urethral stricture, even with normal urodynamic
parameters (maximum urine flow rate of >15 mL/s; no
residual urine). It is possible to conduct conservative ther-
apy using fibrinolytic dilatation and physiotherapy in the
early stages of the disease development (the maximum
urine flow rate of 12-15 mL/s; residual urine volume is
<100 mL), as well as in severe inoperable cases [3, 4, 35].

Absolute indications for surgical treatment are the de-
tection of the aerodynamically significant urethral stric-
ture (maximum urine flow rate of <12 mL/s or residual
urine volume of >100-150 mL) [35]. The algorithm for
examining and treating urethral lesions depends on the
causes of stricture [23, 31, 35]. If there is a suspicion of
iatrogenic injury (e.g., during catheterization with the de-
velopment of urethrorrhagia), the doctor may prescribe
urethrography. If acute damage is detected, the urethra is
drained by a catheter along the conductor for a period
until the urethral wall heals. If there is a urethral stricture
of <10 mm, an internal optical urethrectomy is per-
formed. For longer strictures, anastomotic plastic surgery
of the urethra or urethroplasty surgery using a graft is
recommended [35, 36].

Kidney Injury

The main symptom of significant iatrogenic kidney in-
juries is hematuria (67% cases), which occurs as a result
of vascular injuries during predominantly urological
minimally invasive operations and manipulations [2].
Most cases of iatrogenic kidney injuries with the hematu-
ria are not easy to detect since bleeding is insignificant
and it is an admissible and even routine complication in
the professional environment.

In addition, damage to the kidney parenchyma can re-
sult in the formation of arteriovenous fistula or vascular
cup fistula, pseudoaneurysm of the renal vessels, or the
formation of a hematoma. Damage to the structures of
the collective kidney system leads to urinary leakage (7%),
strictures, and stenosis (1-2%). Rarer complications are
foreign bodies (“forgotten” fragments of stents, instru-
ments, etc.).

Such complications occur when performing percuta-
neous puncture nephrostomy, percutaneous puncture
nephrolithotomy, retrograde ureterorenoscopy (both di-
agnostic and therapeutic), and open and laparoscopic
kidney interventions. For example, collecting system in-
jury can occur during a ureteral stent or catheter setup.
Complications of endovascular interventions (angiogra-
phy, occlusion, stenting, etc.) are rare [37, 38].
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Any transdermal access to the collecting system of the
kidney causes parenchyma and various blood vessel inju-
ries. The use of dilatators and nephrostomy, large-diam-
eter nephroscope, increases the risk of significant bleed-
ing. Also, a typical complication is a kidney infection,
with the pyelonephritis and even urosepsis development
(0.6-1.5% cases) [39-41].

A typical procedural complication is an incorrectly se-
lected puncture route, outside the Braudel line [42], as
well as a through wound of the kidney collecting system
with a puncture needle, dilator, or instrument. An in-
crease in the number of accesses or puncture attempts
proportionally increases the risks of the complications. A
vicariously enlarged kidney (due to more abundant vas-
cularization), arterial hypertension, vascular atheroscle-
rosis, and a violation of the blood coagulation system are
the predictors of an increased risk of complications [43].

The clinical manifestation of the abovementioned
complications in most cases is characterized by hematuria
(micro or macro), changes in laboratory parameters (signs
of blood loss or inflammation), characteristic of bleeding
(weakness, palpitations, shortness of breath, etc.), and in-
flammation (fever, chills, pain in the lumbar region, etc.)
complaints. Clinical manifestations can vary widely from
minutes and hours to months from the time of interven-
tion [39, 41, 44]. The main diagnostic methods for iatro-
genic injuries are imaging methods (ultrasound with
dopplerography, MRI or MSCT, urography, and angiog-
raphy) and endoscopic methods (ureterorenoscopy) [2].

Most cases of the infectious or hemorrhagic complica-
tions after iatrogenic kidney injury do not require surgi-
cal intervention; conservative therapy (antimicrobial and
hemostatic) is sufficient. In some cases, prolonged drain-
age with JJ stents can eliminate urinary leakage, second-
ary hydronephrosis, etc. The bleeding can be stopped in-
traoperatively, when performing percutaneous puncture
nephrolithotomy by balloon tamponade, by changing the
diameter of the instrument [40, 41].

The damage of renal artery or its branches with the
development of acute hemodynamically significant blood
loss will require open surgery, vessel ligation, its integrity
restoration, or nephrectomy. The implementation of en-
dovascular hemostasis methods in such an urgent situa-
tion is possible only in a limited number of cases [44].

Arteriovenous fistula or pseudoaneurysms will require
conservative or endovascular treatment methods (super-
selective embolization of the kidney vessels — SRAE or
renal artery stenting). The endovascular methods are
highly effective and have a low frequency of complica-
tions [45]. However, in some cases, there is a need for the
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kidney resection or nephrectomy with the recurrent na-
ture of bleeding or the ineffective treatment methods
[41].

The development of purulent inflammation of the kid-
ney or perinephric space and the formation of abscesses
or multiple carbuncles will require open surgical inter-
vention, with revision and drainage of purulent foci. In
severe cases, a nephrectomy is required.

“Forgotten” foreign bodies” migration of calculus frag-
ments outside the collective renal system will require en-
doscopic (percutaneous or retrograde removal) or surgi-
cal treatment. The ureteropelvic segment, the pelvis of the
kidney, or calyx injuries with the development of vascular
cup fistula or urinary leakage can be carried out conser-
vatively (hemostatic and antimicrobial therapy), endo-
vascularly (SRAE), and endoscopically (fixation of JJ
stents, laser incision of stricture or laser ablation of the

bleeding source, or surgery reconstruction and suturing
of defects).

Ureter Injury

The ureter injury, due to its location and anatomical
features, in most cases (>80%) is a result of medical inter-
ventions [46]. Any injury, even minor injury, can lead to
serious consequences: infection, up to sepsis; ureteral
strictures with the development of hydronephrosis and
impaired renal function; ureteral fistula formation [47].

The main causes of iatrogenic ureter injuries differ ac-
cording to the mechanism of occurrence: direct ligation
of the ureter or the formation of a pathological inflexion
duringligation of adjacent structures, crushing or squeez-
ing with an instrument, partial or complete intersection,
thermal damage during coagulation (erroneous or expo-
sure to closely located tissues), electrical leakage, dener-
vation, and devascularization [4, 48, 49]. The lower third
of the ureter is usually more damaged than the middle
and upper third [46, 48]. It should be mentioned that
most injuries of the ureters are hidden, and diagnostic
measures in the early postoperative period do not always
make it possible to establish a diagnosis (e.g., with ther-
mal damage, when a stricture can develop from a week to
several months) [47].

Gynecological, colorectal, and urological operations
prevail in the frequency of injuries. Less commonly, trau-
matic incidents occur during general and vascular sur-
gery. A special role plays the complications of radiation
therapy [2, 42, 50]. Over the past 20 years, there has been
a decrease in the frequency of ureter injuries due to uro-
logical interventions and a change in their composition.
Development and improvement of less traumatic surgical
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techniques and the use of small-diameter instruments, in-
cluding flexible ones, played a significant role [33, 48, 49,
51]. Moreover, laparoscopic and robotic surgical ap-
proaches do not affect the frequency of complications
[49, 52]. The main “provoking” factors of ureter iatro-
genic injuries are malignant formations of the pelvis, con-
sequences of the pelvic bone injuries, massive bleeding,
previous radiation therapy or surgery on the pelvis, and
abdominal cavity [47, 48, 50, 53].

Endourological operations on the bladder (cystolitho-
tripsy, resection, vaporization, or ablation of neoplasms)
can cause injuries (accidently or intentionally in case of
tumor removal), which lead to ureteral lumen stenosis
and the development of ureterohydronephrosis [2]. Di-
agnostic or therapeutic ureteroscopy, catheterization,
and stenting can result in urothelium injuries or perfora-
tion due to physiological bends of the ureter in the pelvis,
especially with concomitant diseases (malignant diseases
of the pelvic organs, pelvic prolapse, etc.) and after sur-
gery (pathological bending ureter and “fixation” of the
ureter) [2]. The main types of injuries during endouro-
logical operations are perforation (up to 1%) and urothe-
lium injuries (up to 4%) [3].

General surgical, gynecological, and colorectal opera-
tions (as well as rarer vascular or other types of injuries)
lead to ureteral injury for various reasons [47, 50, 52, 54].
Immediate damage (wall injury, crushing, dressing, or
flashing) occurs during massive intraoperative bleeding
(especially during cesarean section and hysterectomy),
when hemostasis is performed without strictly visual con-
trol with ligation, flashing, or coagulation of wide area,
large vessels, and tissue arrays. A direct ureter crossing
with the iliac vessels, uterine ligaments, and vessels of the
pelvic organs also contribute to the development of in-
jury during surgery. More unpleasant is a violation of
technology and anatomical orientation mistake: incor-
rect placement of retractors with compression of the ure-
ter or retention of the ureter on the clamp, or confusing
the ureter with the uterine ligament or vessel.

The remote irradiation and brachytherapy are the rea-
sons for urothelium demolition, the development of post-
radiation strictures (a probability of 1-2.5% with increas-
ing frequency over time), pathological excesses, aseptic
and septic inflammations, and secondary malignant pro-
cesses [42]. Given the features and timing of the compli-
cation manifestation after injury, it is necessary to be es-
pecially a concern with any manipulations on the ureter
or in the surrounding area. A timely diagnosis improves
the prognosis [55]; otherwise, the risk of severe complica-
tions grows [46].

Urinary System Iatrogenic Injuries:
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Clinical diagnosis is based on the patience complaints
(pain in the lumbar area, nausea, etc.), typical for the de-
velopment of ureterohydronephrosis or urinary infection.
There can be hematuria, leakage of urine from a wound,
or vagina, etc. Such complaints are nonspecific and do not
allow to differentiate the diagnosis, but they should be
considered [56]. Also, an objective physical examination
makes it possible to suspect the ureter injury [56].

The blood creatinine level test in the perioperative pe-
riod has limited effectiveness in detecting ureter injuries
[57]. The golden standard for diagnosing is MSCT with
urography [2], which helps to detect even hidden injury
(edema or enlargement of the ureter, periarteritis, etc.)
and to establish obvious (ureterohydronephrosis, extrav-
asation of contrast, etc.).

Because of the high risks of the ureter injury, it is espe-
cially important to carry out preventive measures [58]:
training surgeons in the urinary system topographic
anatomy and getting acquainted with the risks of compli-
cations after any physical or mechanical manipulations.
The most effective is a thorough technical operation and
a good knowledge of anatomy. The prophylactic use of
ureteral catheters does not reduce the risk of ureteral in-
juries [59]. The use of luminous catheters is better [8];
with limited use, they do not damage the urothelium [60]
or cause the development of secondary urinary tract in-
fection [8]. The use of contrasts staining urine is limit-
edly effective [4, 48] since most (>60%) ureter injuries are
not detected intraoperatively due to hidden damage [49].
Nephrostomy is preferable in cases when it is impossible
to urgently repair the damage.

Ureteral injury treatment largely depends on the
mechanism of injury. Identified or suspected intraopera-
tive damage can be resolved conservatively (by installing
a ureteric JJ stent) or removed surgically (restoring ureter
integrity and removing the ligature or suture) directly
during surgery. It is also possible to perform a nephros-
tomy, but stenting is more preferable due to the sewer ef-
fect — creating a gaping lumen, which reduces the risk of
stricture formation [48].

Antegrade or retrograde endoscopic bougienage, ure-
terotomy, or stenting have limited effectiveness (16-19%)
and are not recommended in most cases, as the first stage
of treatment [61]. The reconstructive surgery method de-
pends on the level and the extent of the injury. With a
small length (up to 2-3 cm), a direct anastomosis can be
performed [46]. Longer damage to the upper third can be
corrected by ureterocalicostomy or plastic surgery by a
part of the renal pelvis [62]. It is also possible to perform
transureterostomy [33] (with the opposite ureter).
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The pelvic ureter injuries are very often associated
with a risk of ureter devascularization and denervation;
therefore, ureterocystoneostomy or urethroplasty with a
bladder graft [63] (Boari method) with or without the
psoas hitch technique is considered as a standard treat-
ment procedure [13, 33]. The antireflux technique is ap-
plied individually, due to the high risk of stricture recur-
rence. The effectiveness of reconstructive operations in
the pelvic area is very high (from 85 to 98%), but their
immediate implementation is not always possible [33].

Extended defects of the ureter can be eliminated by
replacing the ureter with the intestine [64] or by induc-
tion of nephroptosis, or pelvic autologous transplanta-
tion of the kidney [65]. All these methods require strict
control in the postoperative period and are contraindi-
cated in diseases of the intestine (intestinal plastics), renal
vascular stenosis (induction of nephroptosis), and kid-
neys (all options). BMG plastic is a new direction in the
ureter reconstruction with a success probability of >90%;
however, this technique has not yet become widespread
and is recommended to a limited extent [66].

Bladder Injuries

Bladder is the most frequently damaged organ of the
urinary system during medical procedures [2, 67]. The
bladder iatrogenic damage is usually divided into internal
(intraluminal) and external (from the outside). The inci-
dence varies widely and depends on the type of interven-
tion: from 0.04% due to laparoscopic hernioplasty [68] to
4.5% due to laparoscopic and robotic operations on the
pelvic organs and up to a maximum of 5.8%due to trans-
urethral resection of the bladder [69] and 8% with men
sling plastic [55].

External bladder injuries most often develop as a result
of obstetric and gynecological operations, less often as a
result of general surgery. Internal injuries are the result of
endourological operations [56]. Malignant processes of
the pelvis, injury consequences, inflammatory diseases,
radiation therapy consequences, age-related changes, im-
paired blood supply and innervation, and obstructive uri-
nation disorders provoke traumas [67].

Typical urological features are bladder perforation
during postadilon urethroplasty [70] and transurethral
resections of the bladder (especially with repeated resec-
tions and large tumors) [71]. As mentioned above, resec-
tion in the projection of the ureters and their mouths is
dangerous by stenosis and strictures of the ureters [45].
Such perforations usually not require surgical correction;
prolonged urethral drainage can be enough. A rarer com-
plication of endourological treatment is urinary reflux of
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the ureters (due to resection of the ureter or the uretero-
cele treatment), which is difficult to attribute only to blad-
der injury. Injuries due to the incorrect bladder catheter-
ization, possibly with perforation, deserve special men-
tion, as this damage is a typical procedural mistake.

The main clinical manifestations of iatrogenic bladder
injury are hematuria and any urination disorders (dys-
uria, incomplete or inadequate emptying, anuria, urinary
retention, etc.). Soreness, overflowing bladder, and signs
of urinary peritonitis have an objective evaluation. Labo-
ratory indicators demonstrate inflammation and an in-
crease in uremia [56].

Intraoperative identification of bladder perforation is
usually not difficult [56], especially with external damage
(extravasation of the urine and visible urethral catheter)
[67]. In case of internal damage, paravesical fatty tissue,
abdominal cavity, or intestine are visualized [71]. It is
possible to fill the bladder with a sterile solution or stain
the urine to visualize the injury.

The golden standard for diagnosing bladder injury is
cystography or MSCT cystography (superior imaging)
[2]. Itis fundamentally important not only to fill the blad-
der with a contrast of up to 300-350 mL with subsequent
visualization but also to conduct the mixing phase. Cys-
tography helps to determine perforation, fistula forma-
tion, and reflux in the ureters.

Cystoscopy also provides high accuracy of detecting
bladder injuries [2], but its prophylactic use is not recom-
mended (except for sling operations) [70]. The absence of
bladder filling and cavity expansion indicates significant
perforation.

Prevention of the bladder iatrogenic external injury in-
cludes primarily emptying of the bladder and its catheter-
ization before surgery [49]. Endourological operations re-
quire reducing of the detrusor tone with muscle relaxation.

In most cases of the bladder, iatrogenic injury is de-
tected intraoperatively and can be immediately eliminat-
ed [49, 56]. With significant damage, the defect is sutured,
and with small perforation, in most cases, extended ure-
thral drainage is performed, up to 5-10 or more days [56,
67]. An overlooked bladder injury during colorectal or
gynecological operations (especially flashing the wall or
thermal injury) can lead to the fistula formation [67].

Discussion/Conclusion
The literature review results lead to several important

conclusions. First, the problem of iatrogenic injuries is
well studied and analyzed. There is a set of preventive
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measures for each organ of the urinary system, aimed at
reducing the risk of injury. To reduce injuries, there are
special techniques, consumables, and tools. However, all
these measures do not exclude urinary system injuries.
The human factor, the difficult surgical situation, the im-
perfection of the technical aspects partially offset the pre-
ventive effect.

Second, there is a lack of mandatory examination al-
gorithms for the group of patients at risk. For example, an
ultrasound examination of the kidneys in the early and
late postoperative period after pelvic organ operations
may possibly reduce the number of “overlooked” injuries
of the ureters.

Third, in the perioperative period, all pelvic surgery -
urological, gynecological, colorectal, and the others -
should be evaluated by a multidisciplinary team of doc-
tors and not just by a subject matter specialist. This will
allow not only to plan the most effective treatment tactics
and reduce the risks of concomitant complications but
also to improve the overall effectiveness.

Thus, there is a significant problem of the urinary tract
iatrogenic injuries, so far not completely resolved. There
is a need to introduce mandatory algorithms for examin-
ing patients at risk, as well as the introduction of multi-
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