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ABSTRACT

Percutaneous nephrolithotomy (PCNL) is one of the primary minimally invasive approaches for treating complex renal stones.
However, postoperative hemorrhage, as a common and potentially life-threatening complication, severely impacts patient
prognosis and hospital resource utilization. In recent years, various imaging modalities have gradually played an important role
in diagnosing postoperative bleeding. This paper comprehensively analyzes the clinical classification of postoperative bleeding,
and focuses on comparing the characteristics and applicable scenarios of digital subtraction angiography (DSA), computed
tomography angiography (CTA), and contrast-enhanced ultrasound (CEUS) in bleeding diagnosis, providing more accurate
decision-making support for clinical practice.
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1 Indroduction

Urinary calculi are common and increasingly prevalent worldwide, with a 6.4% prevalence in China "®.PCNL is the
preferred treatment for complex kidney stones due to its high clearance rate, low recurrence, and manageable
complications “¥.Compared to ESWL and URS, PCNL is less affected by stone characteristics, making it widely applicable
Y. Despite its maturity, PCNL is not risk-free, with potential complications like urinary tract infection, obstruction,
hematuria, and renal impairment. Postoperative bleeding is the most common and critical complication, if treatment is
delayed, mild cases may require blood transfusion and prolonged hospitalization, while severe case can develops into
hemorrhagic shock, resulting in the loss of kidneys and even life-threatening patients ®.Hemorrhage occur either during
or after the procedure, with a prevalence of 14-24% ®, The incidence of blood transfusion following PCNL ranges from 4.5-
18.3% "% Although most bleeding can be controlled through conservative treatment, severe intraoperative and
postoperative bleeding remains an undeniable obstacle to the development of percutaneous nephrolithotomy, with 0.3%
to 1.2% of cases still requiring treatment through methods such as renal arteriography and selective embolization .
Meanwhile, for patients experiencing postoperative bleeding, the significant increase in their hospital stay and average
hospitalization costs imposes a substantial financial burden on both the patients and the hospital "%,

Facing this clinical challenge, accurately identifying the type of bleeding and promptly selecting appropriate imaging
diagnostic methods postoperatively have become crucial for ensuring surgical safety and efficacy. This article will analyze
the clinical classification of postoperative bleeding and focus on evaluating the application value and limitations of
several current main diagnostic methods (DSA, CTA, CEUS).

2 Clinical classification of postoperative hemorrhage after PCNL

Nearly all patients experiencing varying degrees of gross hematuria in the early postoperative period.Most bleeding is
self-limiting and resolves with conservative treatment. However, a hemoglobin drop of more than 2 g/dL may indicate a
higher risk of more severe bleeding "*.While there is no unified classification for major postoperative bleeding after PCNL,
some clinicians have drawn from classifications used in hepatobiliary and pancreatic surgery, dividing it into three types:
acute bleeding, intermittent bleeding, and slow, persistent bleeding "*.This distinction not only helps in assessing the
progression of the condition but also provides guidance for the timing of subsequent imaging examinations and
interventions.

2.1 Acute bleeding

This type of bleeding occurs shortly after surgery, with bright red urine, often mixed with clots, and a rapid drop in
hemoglobin. In some cases, acute hemodynamic instability or hemorrhagic shock may even occur. DSA is often
performed immediately to identify the bleeding source and perform hemostasis. Due to its rapid bleeding and obvious
signs, it is the easiest to recognize and manage clinically.

2.2 Intermittent bleeding

Typical signs of Intermittent Bleeding include intermittent hemoglobin decreases and bright red hematuria in the
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nephrostomy tube or bladder irrigation, but overall hemodynamics remain stable.This type of bleeding is often mistaken
for normal postoperative fluctuations. Without careful monitoring, it can lead to excessive blood loss, anemia, or even
hemorrhagic shock. Regular re-examination of blood routine tests are crucial to avoid serious complications from delayed
intervention.

2.3 Slow and persistent bleeding

This type of bleeding typically manifests as the continuous passage of reddish or brownish urine postoperatively with
a slow decline in hemoglobin and stable vital signs. The cause may be small vessel tears or intermittent vessel spasms.
Early imaging may not show typical findings, but without follow-up, it could evolve into a pseudoaneurysm or
arteriovenous fistula. Therefore, a multi-stage assessment plan should be made, and DSA and embolization should be
considered if necessary ',

3 Diagnosis of postoperative bleeding after PCNL

Bloody drainage from the nephrostomy tube is the primary indicator of bleeding, often mixed with clots and
accompanied by symptoms like increased heart rate, decreased blood pressure, or even heart failure. Persistent
hemoglobin decrease is a key lab indicator for evaluating active bleeding. Timely identification of the bleeding site and
nature is crucial for treatment planning. Diagnostic methods like DSA, CTA, and CEUS each have specific advantages for
different bleeding types. Rational selection and combination of these methods enhance diagnostic efficiency and safety.

3.1 DSA

DSA has long been considered the gold standard for diagnosing renal vascular injury. Its advantage lies in its ability to
accurately display renal artery pathways and identify arterial bleeding. It can also perform TAE(transcatheter arterial
embolization) simultaneously, significantly reducing treatment time and maximizing kidney tissue protection "*.However,
the DSA positive results depend on active bleeding, so for chronic or intermittent bleeding, false-negative results may
occur ", Additionally, DSA is an invasive procedure with high operational costs, which may cause additional trauma and
radiation risks to patients, making it difficult to repeat multiple times. Therefore, DSA is primarily used for cases of acute
bleeding with hemodynamic instability or when other imaging methods fail to clearly identify the lesion.

The main types of vascular lesions observed in PCNL postoperative kidney DSA include: pseudoaneurysms ,
arteriovenous fistulas , and arterial tears "

3.1.1 Pseudoaneurysm

Pseudoaneurysms are the most common manifestation on DSA, with an incidence ranging from 31.3% to 48.4% '8,
They forms cystic arterial dilation in the renal parenchyma after vascular injury, with blood flowing into the parenchyma. If
ruptured, they can cause acute, life-threatening bleeding.

3.1.2 Arteriovenous fistula

The high pressure in the renal artery is a key factor in the formation of arteriovenous fistulas.The incidence of these
fistulas ranges from 12.5% to 32.3% "*'®'®, They occur when blood flows from the damaged artery into an adjacent
damaged vein. On DSA, abnormal connections between them can be seen. In larger arteriovenous fistulas, blood from the
renal artery can shunt heavily into the vein, leading to venous dilatation resembling an aneurysm. This can result in partial
renal ischemia, potentially causing rapid renal function deterioration in patients. Furthermore, during or after
embolization, ectopic embolism can occur. Pulmonary embolism is a common and severe complication of ectopic
embolism, requiring careful attention "7\

3.1.3 Arterial tear

The insertion of a dilator sheath can easily lead to renal artery tears. This type of injury primarily manifests as blood
flowing from the damaged artery into the renal pelvis or perirenal space , with an incidence of 16.0% to 43.7% "*''® . On
imaging, contrast extravasation can be observed into the renal parenchyma or perirenal tissues.

3.1.4 Complexlesions

Complex lesions refer to cases where more than one DSA finding is present. These are most commonly seen in patients
who undergo multiple punctures during PCNL, with an incidence of 11.8% to 12.5% "7,

3.2 CTA

CTA, a highly effective diagnostic tool for lower gastrointestinal bleeding, has a sensitivity and specificity of around
90% "2 Urologists have also used CTA to detect some cases of post-PCNL bleeding. However, unlike the gastrointestinal
system, the kidneys are solid organs, and blood can be compressed by renal parenchyma or hydronephrosis. Some
researchers have combined CTA with 3D printing has shown superiority over conventional angiography for detecting
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renal bleeding "®. Additionally, CTA is contraindicated in patients with renal insufficiency, asthma, and hyperthyroidism
due to its use of an iodine contrast agent.

3.3 CEUS

CEUS utilizes intravenous microbubble contrast agents named sulfur hexafluoride to enhance the visualization of solid
organ perfusion and improve the ability to observe blood flow ®". After being injected into the elbow vein, 80% of the
contrast agent is cleared through the lungs within 2 minutes, and the rest is cleared from the body after 15 minutes,
without causing cardiac or renal toxicity ??.Contrast agent microbubbles generate strong echoes at resonance frequency,
with second harmonic signals 1000 times stronger than tissue, enhancing color Doppler signals for blood flow assessment
3 Due to its simplicity, safety, and ability to be repeated multiple times, CEUS can be performed at the bedside, making it
convenient for dynamic monitoring and follow-up, especially for intermittent or slow bleeding. It has already been used
for diagnosing active bleeding in various abdominal solid organs®’. However, CEUS also has certain limitations: it is
operator-dependent and cannot provide structural 3D images so can not clearly display the complete structure of large
vessels. Therefore, CEUS is primarily used as a screening or post-operative monitoring tool. Some urologists have started
to apply CEUS in diagnosing percutaneous nephrostomy or post-PCNL bleeding, particularly for intermittent and slow,
persistent bleeding types, showing promising potential.

Table 1 Comparison of the imaging modalities for postoperative hemorrhage following PCNL

Imaging
Modali - Advantages Disadvantages Applicable Scenarios
ties
1.Invasive procedure with
. o relatively unavoidable risks. 1.Patients with acute massive bleeding,
1.As the gold standard for diagnosis, it can . L ]
. 2.May produce false negatives especially in hemodynamically unstable
accurately display blood vessels
DSA for chronic or intermittent situations.
and small lesions. . o
. bleeding types. 2. When other examinations (such as CTA,
2.TAE can be performed simultaneously . . . . . .
3.High economic cost and CEUS) cannot provide a clear diagnosis.
relatively low reproducibility.
o . 1.Use is restricted in patients . .
1.Fast examination, suitable for emergency . . . 1. Emergency bleeding cases, especially when
o with renal insufficiency, asthma, )
situations. o the patient cannot tolerate or refuses DSA.
CTA . . . . . or hyperthyroidism. . .
2.High spatial resolution, capable of displaying o . 2.When there is concurrent bleeding from
. . 2.Poor sensitivity in diagnosing
the integrity of large blood vessels. : other organs.
small vessel bleeding.
1.Multiple monitoring of hemodynamically
1.Non-invasive and radiation-free, suitable for stable patients with intermittent or slow
. . . . 1.Dependent on the operator's .
multiple dynamic observations, and applicable bleeding.
CEUS experience.

to intermittent bleeding. 2.Auxiliary screening when there are no
. 2.Cannot be used for treatment. o . » o
2.It can be done at the bedside. obvious imaging abnormalities but clinical

suspicion of bleeding persists.

4 Outlook and future research directions

Although the current imaging evaluation system has established, there is still a lack of consistent evidence-based
standards for developing a standardized, stratified diagnostic pathway based on the dynamic characteristics of bleeding.
While DSA remains the gold standard for bleeding diagnosis, it heavily depends on the “visibility” of the bleeding, and
the timing of intervention requires careful consideration, with no unified standards in place. CTA has contraindications in
some patients with renal insufficiency, limiting its applicability. CEUS, with its real-time capabilities and high sensitivity to
microblood flow, offers a new approach for non-invasive monitoring. However, its sensitivity and specificity still need to
be quantified in comparison with DSA, and the decision-making relationship between CEUS and TAE interventions
requires further in-depth research and clarification for broader application.

In summary,PCNL has been widely and successfully applied. However, post-operative bleeding remains unpredictable
and variable. There is still a need to better address the challenges in diagnostic processes, risk assessment, and
intervention timing. In particular, intermittent and slow bleeding, with its irregular bleeding rhythm and often subtle
manifestations, can lead to delayed recognition or even misdiagnosis, resulting in misaligned or delayed interventions,
thereby increasing patient risk.
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