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Abstract
Percutaneous nephrolithotripsy is the leading surgical treatment for large, multiple, and
complex kidney stones; however, establishing percutaneous access and performing
intrarenal manipulations carry a risk of iatrogenic injury.
This review aims to systematize current data on the mechanisms, risk factors, diagnosis,
treatment, and prevention of traumatic complications associated with percutaneous
nephrolithotripsy.
A targeted search of clinical guidelines, systematic reviews, meta-analyses, multicenter
studies, and representative clinical series was conducted using the PubMed, Scopus, and
Web of Science databases.
The review covers injuries to the renal parenchyma and pelvicalyceal system, arterial and
venous bleeding, pseudoaneurysm, arteriovenous fistula, and damage to the pleura,
lung, colon, liver, spleen, and other adjacent structures. The most significant predictors
of complications include incorrect puncture trajectory, upper-pole supracostal access,
multiple puncture tracts, high stone burden, active urinary tract infection, abnormal
renal anatomy, comorbidities, and insufficient surgeon experience. Early diagnosis relies
on a comprehensive assessment of intraoperative signs, hemodynamic parameters,
hemoglobin trends, and findings from ultrasound and contrast-enhanced computed
tomography.
Most limited injuries are successfully managed through adequate drainage, hemostatic
therapy, antibiotic treatment, and close monitoring. Persistent or delayed arterial
bleeding requires selective angiography and superselective embolization of the injured
vessel. Open surgery is rarely performed, primarily in cases of hemodynamic instability
or when minimally invasive methods prove ineffective. Preventive measures include
meticulous preoperative imaging, individualized planning of a safe access route, the use
of ultrasound and combined navigation systems, monitoring of intrarenal pressure,
limiting the number of access tracts, and standardizing surgical technique. Teamwork,
readiness to immediately switch treatment strategies, the availability of interventional
radiology services, and clear protocols for the postoperative monitoring of patients at
high risk of hemorrhage or injury to adjacent organs during the early postoperative
period are of particular importance.
This comprehensive approach enables the timely detection of injury, the selection of
organ-sparing strategies, and a reduction in the incidence of severe complications.
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1. Introduction

Urolithiasis is one of the most common diseases of
the urinary system and is characterized by high rates of
recurrence, repeat interventions, and loss of ability to
work [1].

Percutaneous nephrolithotripsy remains the
treatment of choice for large stones, staghorn calculi,
and complex intrarenal anatomy, as it achieves higher
stone-free rates compared to extracorporeal shock wave
lithotripsy and retrograde intrarenal surgery in cases of
high stone burden [2]. Current European Association of
Urology guidelines regard the percutaneous approach
as the first-line standard for kidney stones larger than
20 mm, as well as for certain lower-pole stones and
staghorn calculi [3].

Despite the development of miniaturized
instruments, improved visualization, and the
widespread adoption of ultrasound guidance, the
procedure carries a specific risk of injury to the renal
parenchyma, the pelvicalyceal system, segmental
vessels, and adjacent organs. According to a global
study by the Clinical Research Office of the
Endourological Society, which covered more than 5,800
interventions, the complication rate following
percutaneous nephrolithotomy was approximately
20%, although the majority of these complications were
of low severity [4,5]. According to a global study by the
Clinical Research Office of the Endourological Society
involving over 5,800 procedures, the complication rate
following  percutaneous  nephrolithotomy  was
approximately 20%, although the majority of
complications were of low severity [5, 6]. In large series,
the rates are typically 2-7% for blood transfusion, <l1-
2% for embolization, approximately 1-3% for pleural
complications, and <1% for colonic injury. The variation
in these figures reflects differences in complication
definitions, stone complexity, tract diameter, patient
positioning, and center experience [5-10].

The clinical significance of the problem is
determined not only by the immediate risk of severe
bleeding or damage to an adjacent organ. Even limited
trauma can lead to urinoma, prolonged urinary fistula,
clot obstruction, readmission, additional imaging, and

2. Materials and methods

To prepare this review, a thematic search for
publications was conducted in the PubMed, Scopus,
and Web of Science databases. The search utilized
English-language terms—such as “percutaneous

interventions. Delayed vascular complications,
primarily pseudoaneurysm and arteriovenous fistula,
often present after discharge with sudden
macrohematuria and a drop in hemoglobin. Therefore,
safety is determined by the entire chain of care:

preoperative planning, technical access, recognition of

intraoperative danger signals, and organized
postoperative monitoring [11-13].
Literature regarding complications of

percutaneous surgery is heterogeneous. Most data on
rare injuries are derived from retrospective series and
case reports, whereas randomized trials are generally
focused on comparisons of tract size, patient
positioning, drainage methods, or navigation
techniques and are insufficiently powered to evaluate
uncommon adverse events [14]. Furthermore,
complications may be classified according to the
Clavien-Dindo system or its modifications, or reported
without standardized definitions and information
about their management. Even among studies applying
established classification systems, reported
complication rates remain markedly heterogeneous
[15]. This necessitates a critical synthesis of the available
evidence, clearly distinguishing reproducible clinical
patterns from conclusions based on small series and
isolated observations.

The relevance of this review stems from the
expanding  indications for  mini-percutaneous
techniques, the increasing number of procedures
performed on patients with obesity, comorbidities, and
renal anomalies, and the shift of some interventions
toward shorter hospital stays. In this context,
preventing injury requires not only reducing
instrument diameter but also personalizing the access
trajectory and accounting for the retrorenal position of
the bowel, the level of the pleural recess, vascular
architecture, and intrarenal anatomy [16,17].

The purpose of the review is to systematize and
critically evaluate current data on the causes,
mechanisms, clinical manifestations, diagnosis,
treatment, and prevention of iatrogenic injuries
occurring during percutaneous nephrolithotripsy.

”oou

nephrolithotomy,” “percutaneous nephrolithotripsy,”
“complication,”  “iatrogenic injury,” “bleeding,”
“vascular injury,” “pseudoaneurysm,” “arteriovenous

fistula,” “collecting system perforation,” “colon injury,”

i
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“pleural injury,” “hydrothorax,” “liver injury,” “splenic
injury,” and “supracostal access” —along with their
corresponding equivalents. Additionally, the reference

lists of relevant reviews and guidelines were analyzed
(Table 1).

Table 1 — Expanded publication selection flowchart based on PRISMA 2020 principles

PRISMA stage Description Number
Identification Records identified in databases and additional sources 1110
Duplicate removal Duplicate records identified after merging results 286
Pre-screenin Records with no available bibliographic data, irrelevant 31
5 publication types, and technical duplicates
. Titles and abstracts screened for relevance to the review
Screening . 793
topic
Excluded during Publications unrelated to traumatic complications of 621
screening percutaneous surgery
Full text requested Publications selected for full-text assessment 172
. Publications for which full-text assessment was not
Full text not received . 9
possible
Eligibility assessment Full-text publications screened against inclusion criteria 163
Excluded after Full-text publications that did not meet criteria for 93
assessment analytical synthesis
. Unique sources included in the qualitative analytical
Inclusion 70

synthesis

The final analytical array included 70 sources. The
highest level of evidence was available for overall
complication rates, comparative safety of standard and
miniature tracts, factors of blood loss, and results of
selective angioembolization. Data on damage to the
colon, liver, spleen, duodenum and pleurorenal fistulas

3. Results

Classification and General Mechanisms of latrogenic
Trauma

It is appropriate to classify iatrogenic injuries
based on the operative stage, anatomical location, and
time of onset. During the puncture phase, potential
complications include injury to an interlobar or
segmental artery, trans-parenchymal passage outside
the safe zone, and perforation of the pleura, lung, colon,
liver, or spleen. During tract dilation, injury may be
exacerbated by the dilator deviating from the
guidewire, excessive advancement of the sheath, or the
creation of a tract that is not aligned with the axis of the
selected calyx. During the nephroscopy phase, injury is
associated with leverage movements of the instrument,
perforation of the calyceal neck or renal pelvis,
fragment migration, and thermal energy effects [18,19].

Based on location, injuries are classified as
involving the renal parenchyma and vessels, the
collecting system, the ureter, thoracic organs, and intra-
abdominal or retroperitoneal structures. Based on the
timing of clinical manifestation, injuries are categorized
as intraoperative, early postoperative, or delayed. This
classification is of practical importance: venous

are represented mainly by case series and clinical cases.
Therefore, frequency estimates for rare injuries should
be interpreted as indicative, and clinical management
should be adapted to the patient's stability, location of
injury, presence of infection, and availability of
interventional radiology.

bleeding usually becomes apparent during the
procedure and often ceases following tamponade,
whereas a pseudoaneurysm may manifest days or
weeks later. Bowel injury is sometimes detected not at
the time of puncture, but rather following the onset of
fever, the appearance of intestinal contents via the
nephrostomy tube, or the development of
retropneumoperitoneum [20,21].

The Clavien-Dindo system allows for the grading
of injury consequences based on the extent of treatment
required. An injury managed by prolonged drainage or
pharmacological therapy is classified as low-grade; the
need for endoscopic, endovascular, or surgical
intervention corresponds to grade III; organ failure to
grade IV; and death to grade V. However, the same
anatomical injury may be assigned a different grade
depending on the timeliness of its detection [22].

Injury to the renal parenchyma and collecting system

The creation of a percutaneous tract is inevitably
accompanied by limited damage to the parenchyma,
however, a properly selected puncture through the
posterior calyx papilla passes in a relatively low-
vascular plane and minimizes the risk of significant
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bleeding. The danger increases with medial puncture,
passing through the neck of the cup at an acute angle,
inserting the needle or dilator too deeply, and repeated
attempts at access. The tangential canal increases the
length of the intrarenal tract and forces the surgeon to
use the nephroscope as a lever, widening the
parenchymal rupture [23,24].

Perforation of the calyx or renal pelvis manifests as
a sudden loss of image clarity, reduced irrigation fluid
return, contrast extravasation, and the appearance of a
perirenal collection. Minor injury occurring under low
irrigation pressure typically does not lead to severe
consequences. Continuing the procedure in the
presence of poor visualization, high pressure, and
active infection increases the risk of urinoma, fragment
extravasation, electrolyte imbalances, and sepsis. In
cases of significant perforation, it is recommended to
halt active lithotripsy, establish internal or external
drainage, and assess the extent of the extravasation
[24,25].

The micro-percutaneous technique warrants
special attention. The minimal tract diameter reduces
parenchymal trauma but limits fluid outflow. During
vigorous irrigation, intra-pelvic pressure can rise,
leading to pyelovenous and pyelolymphatic reflux,
calyceal perforation, and the migration of fragments
outside the kidney. Consequently, reducing the access
diameter does not automatically lower all risks;
controlled irrigation, unimpeded outflow, and
continuous monitoring of visibility are essential [26].

Fluid extravasation into the retroperitoneal space
typically resolves following the cessation of irrigation
and adequate drainage. Massive accumulation may
lead to increased intra-abdominal pressure, respiratory
impairment, and abdominal compartment syndrome.
Clinical signs include progressive abdominal
distension, hypotension, rising airway pressure,
hypothermia, and a discrepancy between the volume of
fluid infused and the volume recovered. Such a
situation necessitates immediate termination of the
procedure, assessment via ultrasound or computed
tomography, and drainage of any significant fluid
collection [27,28].

Vascular Injuries and Bleeding

Bleeding is the most common traumatic
complication of percutaneous nephrolithotripsy. Its
source may be parenchymal veins, interlobar and
segmental arteries, or vessels within the wall of the
pelvicalyceal system. Venous bleeding is typically
diffuse, associated with tract dilation, and subsides
following temporary occlusion with a nephrostomy
tube. Arterial injury is characterized by pulsatile
bleeding, a rapid drop in hemoglobin levels,

hemodynamic instability, or recurrent gross hematuria
[29].

Factors associated with blood loss include a large
stone burden, staghorn calculi, the absence of
hydronephrosis, multiple access tracts, prolonged
operative time, a large-diameter tract, diabetes mellitus,
infection, anatomical abnormalities, and surgeon
inexperience. Some studies link the risk to upper-pole
access; however, this effect is partly attributable to stone
complexity and the need for a longer tract [29].
Systematic reviews confirm that tract miniaturization
generally reduces the drop in hemoglobin levels and the
rate of blood transfusions, though it may increase the
duration of lithotripsy [30].

The initial management strategy for moderate
intraoperative bleeding involves halting traumatic
maneuvers, maintaining the guidewire position,
achieving temporary tamponade using the working
sheath or a nephrostomy catheter, correcting
coagulopathy, and assessing hemodynamic status.
Blindly continuing lithotripsy when anatomical
landmarks have been lost is unacceptable. If necessary,
the procedure is concluded with drainage, as
attempting complete stone removal in the presence of
bleeding increases the risk of further vascular injury
[31].

A pseudoaneurysm forms when a damaged artery
communicates with a contained cavity, whereas an
arteriovenous fistula arises from simultaneous injury to
an artery and a vein. Typical clinical manifestations
include delayed gross hematuria—sometimes
accompanied by urinary retention due to clots, pain,
tachycardia, and a drop in hemoglobin levels. In
hemodynamically stable patients, the optimal imaging
modality is multiphase contrast-enhanced computed
tomography or CT angiography. In cases of ongoing,
clinically significant bleeding, diagnostic angiography
simultaneously offers the opportunity for therapeutic
intervention [32,33].

Superselective angioembolization has become the
treatment of choice for arterial bleeding following
percutaneous intervention [29]. The use of a
microcatheter allows for the occlusion of a
pseudoaneurysm or fistula with minimal loss of
functioning parenchyma. Technical success rates in
specialized series exceed 85-90%; repeat embolization
is required in cases of multiple bleeding sources,
vasospasm, or incomplete occlusion. Open surgical
exploration or nephrectomy is rarely necessary and is
considered in cases of hemodynamic instability, failure
to achieve endovascular control, or concomitant renal
disruption [34].
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Pleural and pulmonary complications

A supra-costal approach provides a direct
trajectory to the upper calyx and the ureteropelvic
junction but increases the likelihood of injury to the
diaphragm, pleura, and lung. The risk rises with
puncture above the eleventh rib, a high-lying kidney,
inspiration during needle advancement, and a lateral
trajectory. The pleural recess extends below the twelfth
rib along the posterior axillary line; therefore, the
anatomically safe zone varies depending on the
respiratory phase and patient position [35].

Potential complications include hydrothorax,
hemothorax, pneumothorax, nephropleural fistula, and
injury to the lung parenchyma. Intraoperative signs
may include decreased oxygen saturation, increased
airway pressure, and the appearance of fluid in the
pleural cavity on ultrasound. Postoperatively, dyspnea,
chest pain, tachypnea, diminished breath sounds, and
unexplained hypoxemia raise concern. Small,
asymptomatic effusions can be monitored expectantly,
whereas significant hydrothorax, hemothorax, or
pneumothorax requires pleural drainage [36].

Prevention relies on careful analysis of
preoperative CT scans, performing the puncture closer
to the superior border of the rib below, coordination
with the anesthesiologist, and advancing the needle
through the diaphragm during controlled expiration.
Once the calyx is entered, the guidewire and dilators are
advanced during breath-holding without altering the
trajectory. When using an approach above the eleventh
rib, there should be a low threshold for postoperative
ultrasound or radiographic assessment [37].

Colon injury

Colon injury is rare, but delayed diagnosis can lead
to fecal peritonitis, retroperitoneal abscess, and sepsis.
Predisposing factors include a retrorenal position of the
colon, significant weight loss, advanced age, prior
abdominal surgery, spinal deformities, horseshoe or
ectopic kidney, megacolon, and puncture lateral to the
posterior axillary line. The prevalence of a retrorenal
colon on CT scans varies depending on body position
and the level of the slice; this anomalous position is
detected more frequently on the left side [38,39].

Injury may be recognized by the appearance of gas
or bowel contents via the nephrostomy tube,
visualization of the colonic mucosa, an unusual
guidewire course, or contrast extravasation into the
bowel lumen. Delayed symptoms include fever, pain,
leukocytosis, diarrhea, fecal fistula, and
retropneumoperitoneum. If injury is suspected,
contrast-enhanced CT is performed; antegrade
nephrostomography is helpful in selected cases [40,41].

In cases of extraperitoneal injury in a stable patient
without diffuse peritonitis, conservative management is

often feasible: the nephrocolic tract is isolated from the
urinary system, the nephrostomy tube is gradually
withdrawn from the kidney into the colon to serve as a
colostomy drain, urine is diverted via an internal stent,
broad-spectrum antibiotics are administered, and
enteral nutrition is temporarily restricted. The drain is
removed after confirmation of fistula closure.
Intraperitoneal perforation, septic instability, bowel
wall necrosis, or the failure of conservative
management necessitate surgical intervention [42].

The most reliable preventive measure is the
identification of a retrorenal bowel loop on
preoperative computed tomography. In cases of
anatomical anomaly, ultrasound-guided puncture with
visualization of the inter-organ space or CT-guided
puncture is preferred. Needle trajectories that are
excessively lateral or horizontal should be avoided. In
patients with a horseshoe kidney, the approach is
typically made more medially and posteriorly, taking
into account the anterior position of the renal pelvis and
vascular anatomical variations [40,43].

Injury to the liver, spleen and other organs

Injuries to the liver and spleen are extremely rare
and are primarily associated with an upper-pole
approach. Liver puncture is more likely on the right
side in cases of hepatomegaly, a low-lying liver, or a
high-positioned kidney; splenic injury is more likely on
the left in cases of splenomegaly and a supra-costal
trajectory. A small trans-parenchymal tract may remain
asymptomatic and close spontaneously following
controlled removal of the nephrostomy tube. Persistent
bleeding, an expanding hemoperitoneum,
hemodynamic instability, or injury to the organ hilum
require the involvement of an interventional radiologist
and an abdominal surgeon [35,41].

Contrast-enhanced computed tomography (CT)
allows for the assessment of the tract's course and the
detection of active extravasation, subcapsular
hematoma, and free fluid. In hemodynamically stable
patients, an organ-sparing approach is preferred:
observation, serial hemoglobin monitoring, temporary
retention of the drainage catheter to act as a tamponade,
and selective embolization if the bleeding source is
arterial. Immediate removal of a catheter traversing a
parenchymal organ may eliminate the tamponade effect
and exacerbate bleeding [44].

Isolated injuries to the duodenum, gallbladder,
pancreas, and major vessels have been reported. Due to
their rarity, no standardized management algorithms
exist. General principles include terminating the
procedure, retaining the guidewire or drainage catheter
until the anatomy is clarified, performing contrast-
enhanced CT, obtaining early multidisciplinary
consultation, and controlling the source of
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contamination or hemorrhage. If injury to the aorta or
inferior vena cava is suspected, any manipulation of an
instrument within the vessel must be performed only
when there is readiness for endovascular or open
vascular control [45].

Ureteral injury and drainage complications

Injury to the ureteropelvic junction and proximal
ureter can occur during forceful advancement of a
guidewire, dilator, forceps, or nephroscope. The risk is
increased in cases of impacted stones, inflammatory
stenosis, or attempts to extract a large fragment through
a narrow infundibulum. Perforation is typically
managed with internal stenting and adequate drainage;
continuing aggressive manipulation increases the
likelihood of extravasation and subsequent stricture
formation [46].

Nephrostomy catheters and internal stents can also
cause iatrogenic injury if malpositioned. A balloon
inflated within the renal parenchyma or a blood vessel
causes pain and hemorrhage, while advancing the
catheter too deeply can injure the ureteropelvic
junction. Rarely, the proximal end of an internal stent
may embed itself into a perforation in the renal pelvic
wall. Before securing the drainage device, its position
must be confirmed via nephroscopy or contrast
imaging; imaging studies should also be performed in
the event of atypical pain, lack of drainage, or
progressive hematuria [47].

Influence of patient position, navigation method, and
tract size

Percutaneous nephrolithotripsy is performed with
the patient in the prone or supine position, or in various
modified positions. The prone position offers a large
surface area for selecting the puncture site and provides
familiar anatomical landmarks. The supine position
facilitates anesthetic access, allows for simultaneous
retrograde procedures, and may reduce the risk of
colonic injury due to bowel displacement; however, the
available puncture zone is more limited. Meta-analyses
show no consistent superiority of one position over the
other regarding the overall rate of severe complications;
outcomes depend largely on the team's experience [48].

Fluoroscopy clearly visualizes the pelvicalyceal
system following contrast administration and the
position of the instruments, but it does not directly
visualize the pleura, bowel, or blood vessels.
Ultrasound guidance allows for visualization of the
kidney, puncture depth, and intervening organs; it
reduces or eliminates radiation exposure and is
particularly useful in cases of a non-dilated system,
pregnancy, or atypical anatomy. Combined use of
ultrasound and fluoroscopy integrates the advantages
of both methods. In complex cases, CT guidance,

endoscopically controlled puncture, or electromagnetic
systems are employed [49].

Diagnosis and initial management algorithm

Recognition of an injury occurs during the
procedure. A sudden loss of visibility, a mismatch in
irrigation volume, an unusual guidewire position,
contrast extravasation, hemodynamic instability, a drop
in oxygen saturation, or the appearance of material
atypical for the urinary tract necessitates an immediate
halt to the procedure. The primary question is not
whether the stone removal can be completed, but rather
the nature of the injury and the safety of proceeding
with the intervention [50].

If an injury is suspected, controlled access should
be maintained, irrigation pressure reduced, limited
contrast imaging performed, and vital signs assessed. If
visibility is not restored or the anatomy remains
unclear, the procedure is concluded by placing a drain.
Postoperative monitoring includes assessment of pulse
rate, blood pressure, urine output, urine color,
hemoglobin and creatinine levels, and signs of systemic
inflammation. The choice of imaging modality depends
on the suspected complication: ultrasound detects
hydrothorax and large fluid collections, whereas
contrast-enhanced computed tomography (CT)
provides better characterization of vascular injury and
damage to adjacent organs [51].

In the event of bleeding, hemodynamic stability is
assessed first. For a stable patient without ongoing
significant blood loss, observation, nephrostomy tube
tamponade, coagulation correction, and serial
monitoring are acceptable approaches. Recurrent gross
hematuria, the need for repeat transfusion, a drop in
hemoglobin levels, or active extravasation are
indications for angiography and selective embolization.
In cases of shock, resuscitation measures are initiated
concurrently with efforts to immediately control the
source of bleeding. When injury to a hollow viscus is
suspected, the intraperitoneal or extraperitoneal nature
of the injury and the presence of sepsis must be
determined. An isolated retroperitoneal bowel injury in
a stable patient may be managed by separating the
urinary and intestinal tracts, whereas peritonitis
necessitates surgery. In cases of pleural injury, the
extent of intervention depends on the degree of
respiratory failure and the size of the collection.
Regardless of the injury site, clinical deterioration
during conservative management warrants -early
escalation of care rather than prolonged observation
[52,53].

https:/ldoi.org/10.52889/1684-9280-2026-77-5-jt0070



Trauma & Ortho Kaz, 2026, 77 (5)

Prevention of iatrogenic trauma

Prevention begins with an analysis of thin-slice
computed tomography (CT) scans. The surgeon must
assess the spatial arrangement of the calyces,
parenchymal thickness, intercostal spaces, the kidney's
relationship to the pleura, liver, spleen, and colon, as
well as vascular variants. An access plan is formulated
prior to patient positioning but is confirmed via
ultrasound after positioning, as organ locations shift. In
cases of complex staghorn calculi, it is essential to
determine beforehand whether the target calyces can be
reached via a single tract without excessive levering of
the instrument [54].

Safe puncture is directed through the papilla of a
posterior calyx along its axis. The needle is advanced
using short, controlled movements; once urine is
obtained, the position is confirmed via imaging. The
guidewire must pass freely into the renal pelvis or
Resistance  encountered during dilator
advancement must not be overcome by force; instead,
one must check for kinking and ensure proper
alignment. The working sheath should not be inserted
deeper than necessary, particularly in cases of thin
parenchyma or a non-dilated collecting system [55].

During lithotripsy, irrigation pressure is kept at the
minimum level required to maintain visibility.
Prolonged, stationary application of the laser or
ultrasonic probe against the mucosa is unacceptable.
Large fragments are extracted only after sufficient
fragmentation, avoiding the forced passage of forceps
through narrow infundibula. Procedures are halted if
visibility deteriorates. Limiting operative time and
employing a staged approach for complex stones is
safer than attempting to achieve complete clearance at
the cost of progressive tissue injury. Organizational
measures include standardized monitoring of
anticoagulant therapy, urine culture and treatment of
infection, a protocol for managing massive hemorrhage,
round-the-clock  availability = of  interventional
radiology, and team training in complication
recognition. Simulation-based training in puncture
techniques, mentorship, and outcome auditing are
particularly important during the learning phase. A
complication registry should document not only the
need for intervention but also the access type, number
of punctures, tract diameter, time to diagnosis, and
functional outcome [56, 57].

ureter.

4. Discussion

Current data indicate that the severity of iatrogenic
injury is determined by a combination of anatomical
damage and the timeliness of the response. Most
limited parenchymal and venous injuries can be
managed with drainage and observation. In contrast,

Special clinical situations

In patients with a horseshoe, ectopic, or rotated
kidney, standard surface landmarks are unreliable. The
calyces may have an atypical posterior orientation, the
renal pelvis may be located anteriorly, and the vascular
supply often includes multiple accessory branches.
Furthermore, the bowel frequently occupies a
retrorenal position. Preoperative assessment of the
spatial relationship between the kidney, blood vessels,
and hollow viscera is essential; in cases of uncertainty,
ultrasound or CT guidance for the puncture is
preferred. Attempting to use a standard posterolateral
trajectory without accounting for rotation increases the
risk of the needle passing outside the renal parenchyma
[58,59].

Obesity increases the depth of access, needle
mobility within soft tissues, and the likelihood of losing
coaxial alignment during tract dilation. A long access
tract requires appropriate instrumentation and secure
guidewire fixation. Concurrently, obesity can hinder
ultrasound visualization and the assessment of blood
loss based on external signs. Conversely, in patients
with low body weight, the protective layer of
retroperitoneal fat is reduced, meaning the bowel and
parenchymal organs may lie closer to the intended
trajectory [60].

In patients with a solitary kidney, even limited
trauma carries a higher functional cost. The number of
access tracts should be minimized, bleeding must be
controlled with particular care, and reliable drainage
ensured. In the presence of chronic kidney disease and
anemia, there is less reserve to compensate for blood
loss and contrast medium load. A decision to perform
angiography should not be unduly delayed due to
concerns about nephrotoxicity if ongoing bleeding
threatens organ function; the contrast volume should be
reduced, and embolization performed as selectively as
possible. Repeat percutaneous surgery following open
intervention, prior nephrolithotomy, or radiation
therapy is complicated by scarring and impaired
normal tissue mobility. While dilation may require
greater force, advancing the dilator forcefully is
particularly hazardous in this scenario. Preoperative
imaging must delineate any deformity of the
pelvicalyceal system and the position of the bowel, and
the team should plan in advance for alternative access
or a staged treatment approach [61,62].

ongoing arterial bleeding, intraperitoneal bowel
perforation, and major vessel injury require active
source control. A blanket approach favoring
conservative management is as hazardous as
unjustifiably early open surgery; the choice must be
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based on hemodynamic status, contrast imaging
findings, and the clinical course [63-66].

Instrument miniaturization significantly reduces
mean blood loss but does not eliminate injury resulting
from an incorrect trajectory. Moreover, high-volume
irrigation through a narrow tract creates a distinct risk
profile. Similarly, a supracostal approach should not be
considered inherently flawed: when indications are
appropriate, it improves access to complex calculi but
requires respiratory coordination and management of
the pleural space. Consequently, safety is ensured by
matching the technique to the specific anatomical
challenge rather than by simply selecting the "least
invasive" instrument [66-68].

The quality of evidence is limited by the
retrospective nature of most studies, variations in
bleeding definitions, and incomplete reporting of
delayed complications. Publications rarely specify the
number of puncture attempts, the precise trajectory, or

5. Conclusions

Iatrogenic injury during percutaneous
nephrolithotripsy encompasses damage resulting from
various mechanisms, with differing onset times and
consequences. The risk is determined by renal anatomy,
stone characteristics, the access method, technical
procedural parameters, and the surgical team's
experience.

Prevention and early diagnosis are the
cornerstones of safety. Preoperative CT enables access
trajectory planning, while ultrasound guidance allows
for the assessment of organ positioning following
patient placement. Key factors include coaxial tract
dilation, low irrigation pressure, maintaining proper
orientation, and timely termination of the procedure if
visualization deteriorates.

In cases of arterial bleeding, CT angiography and
superselective embolization achieve hemostasis while
preserving renal parenchyma. Management strategies
for injury to adjacent organs depend on the injury's
location, the patient's stability, and the presence of
infection.
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Tyiingeme

[lepkytanasl HegppoanToTpuUIICcHsA - ipi, OipHellle >XaHe KypdeaAi OyiipeK TacTapblH XMPYPIUAABIK eMAeyAiH
JKeTeKIIi aaic 0oabI TabblAaAbl. /JereHMeH, IepKyTaHABI Kipy KoHe OYMpeKilliAiK MaHMIyAANuUAAap STPOTeHAL
3aKbIMJaHy KayIiMeH OailaaHBICTEL

IMoayasrH MakcaThl: IepPKyTaHABI He(pPOAUTOTPUIICKSHBIH >KapaKaTTHIK acKbIHYAapBIHBIH MeXaHM3MAepi,
Kayil ¢pakTopaaphl, AVMarHOCTUKACHI, €Mi JKoHe aAAbIH aAyhl TYpaAbl aFBIMAAFEl A€PEKTEPAL Kylieaey.

PubMed, Scopus >xare Web of Science bacsrapiMAapbIiHAa KAMHMKAABIK HYCKAYABIKTapAbl, Kyiei oAy aapAsl,
MeTa-TaljayAapAbl, KOII OpPTaABIKTHl 3epTTeylepai >KoHe pelpe3eHTaTUBTI KAMHMUKAABIK cepuAlapAbl MakKcaTThI
Typ4e i3aey Xyprisiaai.

Byiipek mapeHxmnmMacs koHe Oylipek >kamMOachl MeH TOCTaFaHIIIalapbIHBIH >KapaKaTTaphl, apTepUsAAbIK JKoHe
BeHaAbIK KaH KeTyJep, >KaAFaH aHeBpV3Ma, apTepMOBEeHO3Abl (PUCTyAa >KoHe ILAeBpa, ©KIle, TOK iIek, GaysIp,
KOKOayBIp >KoHe OacKa Ja ipreaec KypBLABIMAApABIH >KapakKaTTaphl KapacTHPBIAALL. ACKBIHyAapABbIH €H MaHBI3AbI
6o4>KayIIbLAapbIHa AYPHIC eMeC ITyHKINS TPaeKTOPMACH, SKOFapFBI IT0AI0C CYIIPpaKoCTaabAbI Kipy, OipHelre IyHKIL
JKOAAaphl, YAKEH Tac >KyKTeMeci, OeaceHAl 39p IIBIFapy >KOAJapBIHBIH MHQEKIVACH, OyiipeK aHaTOMISICHIHBIH
Oy3blAyBl, KaTap >KYpPeTiH aypyJlap >KoHe XUPYPIUAABIK ToXKipmOeHiH >KeTkiadikcisairi >katagwl. Epre amarnos
omepanus Ke3iHJeri Oeariazepai, reMogMHaMUKaABIK ITapaMeTpAepai, TeMOrA00MH AMHaMMUKaChIH, YAbTPabIObICTHIK,
3eprTeyai >xoHe KOHTpacTThl KT AgepekTepin kerenai Oarasayra HerizgeAreH.

Kemrreren miexTeyi >xapakaTTap THiCTi ApeHa’X, TeMOCTaTMKAABIK Tepamns, OaKTepysiFa Kapchl eMaey >KoHe
AVHaMMKaAbBIK Oakblaay apKBLABI COTTI OacKapbliaabl. ApTepmsaABIK KaH KeTyAiH >KaJAfacybl HeMece KeITiKTipiayi
CeAeKTUBTI aHrMorpaQUsIHBI KoHe 3aKbIMAAAFaH TaMBIPABIH CyIlepce1eKTUBTI 9MOOAM3AIMCEIH KasKeT eTeAl. AIITBIK
XUPYpPIUsl CUpeK KOAAaHblAaAbl, HeTidiHeH TypaKChl3 reMOJMHaMMKa HeMece MMHUMAaAAbl MHBa3UBTI aJicTepaiH
THUIMCi3Airi >KaFdaiiaapbiHia. AAABIH ady oOTa aAAbIHAAFBI MYKMAT OeliHeaAeyai, >KeKe KayiIlci3 KOAXKeTiMAiaikTi
>KOCIlapAayAbl, yAbTPaAbIOBICTEI JKoHe OipiKTipiareH HaBUTAIVIHBI KOAAAHYAbl, OYIIpeKimTiaiK KbICBIMABI OaKblAayAbI,
TpaKTaTThl IIEeKTeyAi )KoHe CTaHJapTTaAfaH XMPYPIUAABIK TEXHUKAHBI KaMTUARL Epekiiie MaHbI3ABICH - KOMaHAAABIK,
KYMBIC, eMJaeyAl Jepey TYpAeHAipyre AailbIHABIK, WMHTEPBEHUMAABIK PpajMOAOTMAFa KOAXKETIMAIAIK >KeHe
omepanusAaH KeifiHri epTe KeseHAe KaH KeTy KoHe Keplllidec opraHAapAbIH 3aKbIMJaHy KayIli >KOFaphl HayKacTapAbl
omepanusAaH KeliHri OakblaayAblH aliKplH aaroputMmJepi. Kemrenai Tocia >kapakaTTbl YaKThIABI aHBIKTayFa,
Myllleaepdi cakTay cTpaTerusiaapbiH TaHJayFa JKoHe ayblp acKbIHyAapAblH Iaiija 004y SKMiAiriH asaliTyra MYMKIHAIK
Oepeai.

TyiiH cesgep: Tepi apkblabl HePPOAUTOTPUIICHA, ATPOTeHAl >KapakaT, KaH KeTy, KeplIllilec MyIleaepaiH
3aKBIMJaHYBI, aHII0®M00AM3as, aCKbIHY AapABIH aAAbIH aay.

SITporenHble TpaBMBI IIPY IIePKYTaHHOV He(PPOAUTOTPUIICUI ¥ COBpeMeHHbIe ITOAXOABI K
VIX AMaTHOCTVIKe, Ae4eHNIO ¥ NpopnIaKTUKe
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Pesome

ITlepkyranHass HepPOAUTOTPUIICKS SABASETCA BeAYIIUM METOAOM XUPYPTUYECKOTO JA€YeHMs KPYITHBIX,
MHO>KECTBEHHBIX M CAOXKHBIX KaMHeV IIOY4KM, OAHaKO (OpMUpPOBaHME YPECKOKHOTO AOCTyIla ¥ BBIITOJHEHVEe
BHYTPUITOUEYHBIX MaHUITY ASIIUI COIIPSKEHBI C PUCKOM STPOT€HHO TPaBMBL.

Ilear ob3opa: crucreMaTM3MpoBaTh COBpeMEHHbIe JaHHbIe O MeXaHus3Max, (pakropax pucKa, AMarHOCTUKE,
AedeHun ¥ TpoprAakTIKe TpaBMaTUYECKIX OCAOXKHEHMIT IIepKyTaHHO He(PPpOAUTOTPUIICUIL.

ITpoBeseH IleaeBOII ITOMCK KAMHMYECKMX PeKOMeHJAIMI, CHUCTeMaTUYecKMX OO30pOB, MeTaaHaAU30B,
MHOTOIIEHTPOBBIX MCCAeJ0BaHUII M pelpe3eHTaTUBHBIX KAMHUYecKux cepuii B 6asax PubMed, Scopus u Web of
Science.

PaccMOTpeHBI TpaBMBI IIOUEYHON ITAPEHXMMBI I YallleYHO-A0XaHOUHON CUCTEMBI, apTepraabHOe VI BEHO3HOE
KpPOBOTeUeHMe, TICeBAOaHeBPI3Ma, apTeproBeHO3Has (PUCTya, TOBPeXXAEHMs I1A€BPEI, A€TKOTr0, TOACTOM KUIIKMY,
IeyeH!, ceAe3eHKM U APYTUX COCeAHMX CTpyKTyp. Hamnboaee sHaUMMBIMM ITPEAVIKTOPAMIM OCAOXKHEHMIT SBASIOTCS
HeIlpaBUAbHAs TPAeKTOPUS ITyHKIIUY, BEpXHEIIOAIOCHBIN HaJpeOepHBIN AOCTYI, MHOKeCTBEHHBIE ITyHKI[VIOHHBIE
TpakThl, 0OAbIIasg KaMeHHas Harpyska, aKTMBHas MHQEKIUsA MOYEBBIX ITyTell, aHOMaAbHasl aHATOMUS ITOYKM,
COIIYTCTBYIOIIasl IIAaTOAOTS U HeAOCTaTOUHBIN OIIBIT XMpypra. PaHH:SA AMarHOCTIIKa OCHOBBIBAeTCs Ha KOMILAEKCHO
OlLleHKe MHTpPaOoIlepallMiOHHBIX ITPU3HAKOB, T€MOAVHAMUYECKMX IIOKa3aTeleil, AMHaMUKU TeMOIA00MHa, JAaHHBIX
yABTPa3ByKOBOTO MCCAEAO0BAHNS I KOHTPACTHON KOMIIBIOTEPHOII TOMOTpaduim.

BOABIINHCTBO OrpaHMYEHHBIX TPaBM YCIIEIIHO YCTPaHseTCsl aAeKBaTHBIM APEeHNpPOBaHIEM, TeMOCTaTUIeCKO
Tepanuel, aHTuOaKTepraAbHBIM Ae4eHNeM U AMHaMIdecKuM HabaiogeHneMm. ITpogoaskalomeecs nan OTCpoYeHHOe
apTrepuaabHOe KpoOBOTedeHUe TpeOyeT CeAeKTMBHON aHrmorpagum ¥ CylepceAeKTUBHON »MOoAM3anym
HOBPEXAEHHOTO cocyaa. OTKpEITOe XUPYprudeckoe BMeIlaTeAbCTBO IIPUMEHSIETC PeaKo, IIPeNMYIeCTBeHHO TP
HecTaOMABHOV  TeMOAuMHaMMKe 1AM  Hed(PPEeKTUBHOCTM  MaJAOVHBA3UBHBIX ~ MeTOoAo0B.  Ilpodmaaxrmka
IpesycMaTpuBaeT  TIIaTeABHYIO IIpeAOIepaljMOHHYIO  BM3yaAu3allMio, WMHAMBUAyaAbHOE  ILAaHMPOBaHNe
Ge30IacHOTO ~ AOCTyIIa, MCIOAB3OBaHUE YAbTPa3BYKOBOM 1 KOMOMHMPOBAHHON HaBUTAIlUM, KOHTPOAb
BHYTPUIIOUEYHOIO JaBAEHNUs, OTpaHMYeHue KOAMYEeCTBa TPAKTOB ¥ CTaHAAPTU3AIIMIO XUPYPIUYECKOV TEeXHMKIA.
Ocoboe 3HaueHNe UMEIOT KOMaHAHOe B3aIMO/JETICTBIe, TOTOBHOCTh K HeMe1eHHO KOHBepCUM AedeOHON TaKTUKIY,
AOCTYIIHOCTb MHTEPBEHIIVIOHHO PaAV0A0TUY U YeTKIE aATOPUTMBI II0CAe0IIepallIOHHOTO MOHUTOPVIHTA ITaIVIEHTOB
C ITOBBIIIIEHHBIM PVMCKOM KPOBOTEUYEHIS U ITOBPEKAEHIS CMEXKHBIX OPTaHOB B PaHHEM I10C€0IIepaljIOHHOM IIePIOJE.

KoMI1aeKcHBIN 1T0AX0/ IT03BOAsIET CBOEBPEMEHHO pacllo3HaBaTh TPaBMY, BBIOMPATh OpPraHOCOXPaHSIOUIYIO
TaKTUKY ¥ CHUYKATh 9aCTOTY TSKEABIX OCA0XKHEHMIL.

KaloueBble ca0Ba: nepKyTaHHasl HepPOAUTOTPUIICHs, ATPOTEHHasl TpaBMa, KpOBOTeUeHNe, IIOBpeXKAeHNe.
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