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Enhancing procedural decision 
making with cone beam CT in renal 
artery embolization
Sung‑Joon Park 1,5, Youngjong Cho 2,5, Hyoung Nam Lee 3*, Sangjoon Lee 4, Hwan 
Hoon Chung 1 & Chan Ho Park 3

Cone-beam computed tomography (CBCT) has proven to be a safe and effective adjunctive imaging 
tool for interventional radiology. Nevertheless, limited studies have examined the application of CBCT 
in renal artery embolization (RAE). The objective of this study is to evaluate the role of CBCT in intra-
procedural decision-making for RAE. This multicenter retrospective study included 40 consecutive 
patients (age: 55.9 ± 16.5 years; male, 55%) who underwent CBCT during RAE from January 2019 
to January 2023. The additional information provided by CBCT was classified into Category 1 (no 
additional information), Category 2 (more information without changing the treatment plan), and 
Category 3 (valuable information that led to a change in the treatment plan). CBCT did not add unique 
information for four patients (10%) classified as Category 1. CBCT clarified ambiguous angiographic 
findings and confirmed the existing treatment plan for 19 patients (47.5%) graded as Category 2; 
complex vascular anatomy was explained (n = 13), and a correlation between vascular territory and 
target lesion was established (n = 6). CBCT offered valuable information that was not visible on digital 
subtraction angiography and changed the treatment plan for 17 patients categorized as Category 
3; a mismatch between the vascular territory and the target lesion led to the identification of 
alternative (n = 3) and additional feeders (n = 8); and the extent of embolization was reduced by using 
automatic feeder detection software (n = 6). CBCT is an efficient tool that aids in the decision-making 
process during the embolization procedure by providing supplementary imaging information. This 
additional information enables the confident identification of target vessels, facilitates superselective 
embolization, prevents non-target embolization, and helps locate missing feeders.

Renal artery embolization (RAE) is a minimally invasive therapeutic option used to treat a variety of renal 
disorders1. It offers the advantage of protecting nephrons and having fewer serious complications than open 
surgeries. RAE is well-established as a first-line therapy for treating angiomyolipoma (AML)2–4. Adjunctive embo-
lization and transarterial nephrectomy are increasingly utilized for patients requiring surgical nephrectomy5,6. 
RAE controls acute renal hemorrhage due to spontaneous rupture, renal tumor, trauma, and iatrogenic injury7,8. 
Endovascular treatment also plays an essential role in managing renal artery aneurysms and renal arteriovenous 
malformations (AVMs)9,10.

Over the years, cone-beam computed tomography (CBCT) has proven to be a safe and effective adjunc-
tive imaging tool for interventional radiology procedures such as trans-arterial chemoembolization (TACE), 
bronchial artery embolization and adrenal vein sampling11–14. Nevertheless, limited studies have examined the 
application of CBCT in RAE. Previous research focused on the efficacy of CBCT in identifying feeders during 
tumor embolization15. However, it is important to note that CBCT has the potential to guide procedures in vari-
ous situations beyond detecting tumor feeders.

Therefore, the purpose of this study was to evaluate the role of CBCT in making intra-procedural decisions 
for RAE performed for various conditions.
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Materials and methods
The Institutional Review Boards of all collaborating institutions approved this retrospective study and waived 
written informed consent for the use of clinical and imaging data. Written informed permission for interven-
tional procedures was obtained from all patients. All methods were performed in accordance with the relevant 
guidelines and regulations.

Patients
The databases of three hospitals were queried from January 2019 to January 2023, and 40 consecutive patients 
(age: 55.9 ± 16.5 years; male, 55%) who underwent CBCT during RAE were identified. Table 1 summarizes the 
baseline characteristics of the study population. Indications for RAE were as follows: (1) control of acute renal 
hemorrhage (n = 23), (2) management of renal tumors (n = 15), and (3) embolization of renal artery aneurysm 
and AVM (n = 2). In all patients, contrast-enhanced abdomen or kidney CT was performed before the procedure. 
The decision to conduct endovascular therapy was determined through a multidisciplinary collaboration among 
a nephrologist, a urologist, and an interventional radiologist.

Angiography and embolization procedure
Computed tomography images were carefully reviewed before the procedure to identify the underlying etiology, 
evaluate the vascular anatomy, and predict the extent of parenchyma at risk. Patients underwent transcatheter 
angiography and embolization in an interventional procedure room equipped with one of the following com-
mercially available angiography machines: AlluraClarity, AlluraXper (Philips Medical Systems), and Artis Q 
(Siemens Medical Systems). All the interventional procedures were performed in an inpatient setting by one of 
four board-certified interventional radiologists (S.P., Y.C., H.L. and H.C.). Each patient’s vital signs were moni-
tored throughout the procedure.

After local anesthesia with 2% lidocaine hydrochloride, transfemoral access was obtained under ultrasound 
guidance with a vascular sheath. A 5-Fr angled-tip angiographic catheter was employed during main renal 
angiographies. The contrast agent applied was Visipaque (iodixanol, 320 mg/mL, GE Healthcare). Based on the 
location of the target lesion, branching arteries were selectively catheterized using a coaxial 2.0–3.0-Fr microcath-
eter. Angiographies of extrarenal systemic arteries were also performed when necessary. Selective embolization 
was then attempted in all culprit arteries to avoid inadvertent embolization. The choice of embolic agent was 
entrusted to the attending physician’s discretion.

Cone‑beam computed tomography
The attending physician opted to perform CBCT before embolization for the following reasons: (1) a culprit 
artery or tumor feeder was not clearly delineated on digital subtraction angiography (DSA) (n = 23), (2) a target 
pathology was not opacified or partially opacified (n = 14), and (3) angiographic staining was ambiguous or 
uncertain (n = 3). CBCT was performed at the renal artery and/or extrarenal systemic artery. A microcatheter 
was utilized for selective CBCT when needed. A total of 5–30 mL of 50% diluted contrast medium was injected 
automatically at a rate of 0.5–3 mL/s according to the vessel diameter with a 4–6 s imaging delay. CBCT images 
were obtained during a breath-hold, with 5–6 s acquisition time covering a 200–240 rotation.

Acquired images were automatically transferred to one of the following 3-dimensional workstations: Interven-
tional Workspot (Philips Medical Systems) and Leonardo Syngo X (Siemens Medical Systems). The embolization 
planning was supported by one of the following automated feeder detection (AFD) software: EmboGuide (Philips 
Medical Systems) and Syngo Embolization Guidance (Siemens Medical Systems). The results of the AFD software 
were then manually adjusted to add or delete vessels as needed.

Table 1.   Baseline characteristics of the study population (n = 40). Continuous variables are presented 
as mean ± standard deviation. Categorical variables are presented in absolute and relative frequencies 
(percentage).

Characteristic Value

Age (years) 55.9 ± 16.5

Male 22 (55%)

Right kidney 18 (45%)

Etiology

 Iatrogenic injury 14 (35%)

 Angiomyolipoma 13 (32.5%)

 Traumatic injury 8 (20%)

 Renal cell carcinoma 2 (5%)

 True aneurysm 1 (2.5%)

 Arteriovenous malformation 1 (2.5%)

 Spontaneous rupture 1 (2.5%)
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Data analysis
The interventional radiologist who performed the procedure documented the DSA and CBCT findings, along 
with any changes to the treatment plan, in a procedure report. Each patient’s imaging files, along with the cor-
responding procedure report, were retrospectively reviewed in chronological order of their acquisition by three 
other interventional radiologists who did not participate in the original procedure. Based on the additional 
information provided by CBCT, the reviewers assigned each case to one of three categories: Category 1 = CBCT 
provided no additional information; Category 2 = CBCT provided more information without changing the treat-
ment plan; Category 3 = CBCT provided valuable information that led to a change in the treatment plan. The 
criteria for each category are summarized in Table 2. Any differences of opinion were resolved by mutual review 
and consensus.

Anatomical variations of the renal artery were categorized into three types, including early branching (the 
first renal branch arises within 1.5 cm of the renal artery ostium), accessory artery (enters the kidney from the 
hilum along with the main renal artery), and aberrant artery (enter the kidney directly from the capsule outside 
the hilum)16,17. The embolization level was categorized as a main renal, divisional, segmental, interlobar, capsular, 
or extrarenal artery. The embolization extent was graded according to the embolized vascular territory: grade 
1 = less than one segment; grade 2 = less than two segments; grade 3 = less than three segments; and grade 4 = less 
than four segments18.

The clinical and laboratory data, including age, gender, etiology, and serum creatinine concentrations, were 
collected from the patient’s electronic medical records. According to the guidelines of the Kidney Disease Improv-
ing Global Outcomes, post-procedural acute kidney injury (AKI) was defined as an escalation in serum creati-
nine concentration of ≥ 0.3 mg/dL (26.5 μmol/L) or a ≥ 50% increase within 48 h18,19. The remaining procedural 
complications were classified as either major or minor according to the guidelines of the Society of Interventional 
Radiology20.

Results
The details of 40 procedures are summarized in Table 3. The target lesion was located in the left kidney in 22 
patients and the right kidney in 18 patients. Each renal angiogram illustrated normal anatomy in 34 patients, 
accessory arteries in three patients (Fig. 1), early branching in two patients, and an aberrant artery in one patient. 
A single CBCT scan was performed for 35 patients, whereas two CBCT scans were performed for five patients. 
A total of 45 CBCT scans were performed with the catheter tip placed in the main (n = 38), divisional (n = 1), 
segmental (n = 3), and extra-renal arteries (n = 3). The extra-renal arteries included the right inferior phrenic and 
adrenal arteries, which supplied the tumor, as well as the left adrenal artery, which was involved in an iatrogenic 
vascular injury. CBCT was performed in two patients without enhancement to verify lipiodol uptake after the 
procedure; however, these data were not incorporated into the imaging analysis.

The embolized arteries were segmental (n = 17), interlobar (n = 23), capsular (n = 3), and extra-renal arteries 
(n = 3). The embolic materials included coil (n = 24), N-butyl cyanoacrylate (NBCA) with iodized oil (n = 10), 
ethanol with iodized oil (n = 7), polyvinyl alcohol (n = 4), microsphere (n = 3), and Gelfoam (n = 3). The extent 
of embolization was grade 1 in 29 patients (72.5%), grade 2 in six patients (15%), grade 3 in four patients (10%), 
and grade 4 in one patient (2.5%). Two patients experienced post-procedural AKI with embolization extents 
graded as 3 and 4, respectively. Serum creatinine concentrations returned to baseline within two days after the 
procedure. There were no other major or minor procedural complications.

CBCT did not add unique information for four patients (10%) graded as Category 1. CBCT clarified incon-
clusive angiographic findings and confirmed the existing treatment plan for 19 patients (47.5%) classified as 
Category 2. In 13 patients, CBCT helped explain the complex vascular anatomy caused by vascular overlap and 
arteriovenous fistulas (Fig. 2). A correlation between vascular territory and the target lesion was established 
in six patients in whom the target lesion was not apparent on DSA (Fig. 3). CBCT offered valuable informa-
tion that was not visible on DSA and changed the treatment plan for 17 patients (42.5%) noted as Category 3. 
A mismatch between the vascular territory and the target lesion led to the identification of alternative (n = 3) 
and additional (including extra-renal) feeders (n = 8). The extent of embolization was reduced in six patients by 
using AFD software.

Table 2.   Interpretive categories and criteria for CBCT for renal artery embolization. CBCT, cone-beam 
computed tomography; DSA, digital subtraction angiography; AFD, automated feeder detection.

Category 1 CBCT provided no additional information

 Added no unique information beyond the DSA findings

Category 2 CBCT provided more information without changing the treatment 
plan

 Clarified questionable findings observed on DSA

 Established a correlation between vascular territory and the target lesion

Category 3 CBCT provided valuable information that led to a change in the 
treatment plan

 Led to the embolization of additional renal or extra-renal arteries

 Led to the catheterization of alternative renal arteries after normal tissue staining

 Led to the reduction of embolization extent using AFD software



4

Vol:.(1234567890)

Scientific Reports |        (2024) 14:18198  | https://doi.org/10.1038/s41598-024-69363-x

www.nature.com/scientificreports/

Discussion
The DSA technique facilitates optimal visualization of the vascular structure, which is crucial for evaluating target 
lesions and guiding the endovascular guidewire and catheter. However, interpreting DSA can be challenging 
due to various factors, such as overlapping structures and insufficient tumor vascularity. As a result, obtaining 
a comprehensive view of the blood vessels may require repeat angiographies at different projections. Kothary 
et al.21 demonstrated that CBCT could replace multiple angiographic runs during TACE, resulting in a negligible 
increase in the total dose-area product while reducing the use of contrast media. This multicenter retrospec-
tive study involved 40 consecutive patients who underwent CBCT-guided RAE. Among them, CBCT helped 

Table 3.   Summary of procedural details (n = 40). CBCT, cone-beam computed tomography; NBCA, N-butyl 
cyanoacrylate.

Characteristic Value

Number of CBCT scans

 1 scan 35 (87.5%)

 2 scans 5 (12.5%)

Level of CBCT angiography

 Main artery 38 (95%)

 Divisional artery 1 (2.5%)

 Segmental artery 3 (7.5%)

 Extra-renal artery 3 (7.5%)

Level of embolization

 Segmental artery 17 (42.5%)

 Interlobar artery 23 (57.5%)

 Capsular artery 3 (7.5%)

 Extra-renal artery 3 (7.5%)

Embolic material

 Coil 24 (60%)

 NBCA with iodized oil 10 (25%)

 Ethanol with iodized oil 7 (17.5%)

 Polyvinyl alcohol 4 (10%)

 Microsphere 3 (7.5%)

 Gelfoam 3 (7.5%)

 Multiple agents 10 (25%)

Extent of embolization

 Grade 1 29 (72.5%)

 Grade 2 6 (15%)

 Grade 3 4 (10%)

 Grade 4 1 (2.5%)

Figure 1.   A 45-year-old male patient with hematuria following percutaneous renal biopsy. (a) Angiography of 
the left renal artery reveals rapid venous filling contrast medium, which suggests an arteriovenous fistula (arrow) 
at the lower pole. Coil embolization was performed. (b) Angiography of the accessory renal artery demonstrates 
rapid filling of the renal venous system, suggesting another arteriovenous fistula (circle). (c) Cone-beam CT 
confirms an arteriovenous fistula (arrow), indicating another injury from the biopsy needle. A coil is also noted 
from a previous embolization (arrowhead). The dashed arrow indicates the approximate direction of the biopsy 
needle. (d) Post-embolization angiography displays no evidence of remnant arteriovenous fistula.
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clarify inconclusive angiographic findings and confirmed the existing treatment plan in 19 patients (47.5%). 
Furthermore, CBCT provided valuable information that was not detected by DSA, leading to a modification of 
the treatment plan in 17 patients (42.5%).

Utilization of CBCT for evaluation of the renal artery had several advantages over the assessment of the 
hepatic artery or other visceral arteries. According to the previous study employing CBCT during TACE, the 
image quality of the left lateral segment was poorer than that of the other segments due to cardiac motion22. 
Moreover, the quality of CBCT images varies significantly depending on the patient’s respiratory coordination. 
CBCT renal arteriography is less susceptible to motion artifacts because the kidney is a retroperitoneal organ 
near the axial skeleton. As a second point, the kidney is a small enough organ to be included in the field of view 
(FOV) of CBCT. As a result, CBCT can provide anatomical information about the entire kidney with a single 
acquisition. Conversely, the previous study stated that CBCT could encompass the entire liver within the FOV 
in only 29% of cases11,22.

There has been extensive research on using CBCT to guide transcatheter treatments for hepatic 
malignancies23,24. In this study, CBCT was also beneficial for detecting tumor feeders and providing therapeutic 
guidance during RAE. The hallmark imaging features of hepatocellular carcinoma are arterial phase hyperen-
hancement and portal/delayed washout. On the other hand, AML consists of blood vessels, smooth muscle, and 
fat in varying proportions, resulting in various imaging features and enhancement patterns25–27. Hypervascular 
tumors display apparent staining on DSA, but there are also tumors with poor vascularity that are difficult to 
identify. In this context, the role of CBCT in establishing a correlation between vascular area and target lesion 
is helpful in practical terms. Furthermore, AFD software was beneficial for identifying fine feeders, enabling 
superselective embolization of the segmental or interlobar branches.

Figure 2.   A 56-year-old male patient with an incidentally discovered renal angiomyolipoma. (a) Angiography 
of the left renal artery reveals no apparent tumor staining, and no tumor feeder can be identified. (b) Automated 
feeder detection software identifies the vessel pathway (red line) leading to the tumor (green lines). (c) 
Spot image exhibits the successful positioning of the microcatheter tip (arrow) at the feeding artery during 
embolization, which was performed using a mixture of absolute ethanol and iodized oil. (d) CBCT immediately 
after embolization demonstrates iodized oil accumulation in the tumor (circle).

Figure 3.   A 61-year-old male patient who underwent stent-assisted coil embolization for renal artery 
aneurysm. (a) Angiography of the right renal artery reveals a wide-necked hilar renal artery aneurysm 
(asterisk). The aneurysm and the renal arterial branches overlap, making it difficult to differentiate one from 
the other. (b) The volume-rendered image demonstrates that the aneurysm involves apical (white arrowhead), 
superior anterior (black arrowhead), and posterior (white arrow) segmental branches. (c) Spot image displays 
the insertion of a bare metal stent (black arrows) during coil embolization to prevent ischemia of the apical 
and posterior segments. (d) Post-embolization angiography indicates good exclusion of the aneurysm while 
preserving the flow of the parent branch (circle).
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In this study, acute renal hemorrhage caused by iatrogenic or traumatic injury was the most common etiology. 
RAE is an effective method for the control of bleeding, irrespective of the cause. Despite its advantages, ischemic 
renal parenchymal injury is a major concern after RAE. Embolization may cause renal ischemia or infarction in 
a large portion of the kidney, depending on the location of the vascular injury. The risk of post-procedural AKI 
was found to be significantly lower in patients with less than one segment of ischemic injury18. Our experience 
suggests that AFD software was also noteworthy in pinpointing the fine branch responsible for the hemorrhage, 
leading to a reduction in embolization extent than relying on DSA alone.

Based on the characteristics of the target lesion, various embolic agents can be used for RAE. In this study, 
the hemostatic procedure was performed using coil and NBCA as the main embolic agents, and ethanol was 
frequently used to embolize AML. Compared to other embolic agents, ethanol has several attractive properties 
for use in the management of AML2,4. This liquid embolic agent penetrates the capillary bed level and induces 
protein denaturation, resulting in permanent tumor damage. Alternatively, non-target embolization can cause 
severe damage to normal tissue and should be avoided. As a result, despite its many advantages, ethanol is not 
commonly used as a primary embolic agent. In our experience, CBCT on vessels where ethanol embolization is 
planned greatly enhanced operator confidence by accurately evaluating the vascular territory28.

The presence of extrarenal feeding vessels is not uncommon, especially if the diameter and volume of the 
AML are large29. AMLs can be supplied by extrarenal branches from the renal artery (e.g., the renal capsular 
artery and the inferior adrenal artery) or the aortic arch (e.g., the middle adrenal artery, the lumbar artery, the 
intercostal artery, and the inferior mesenteric artery)30. In patients with renal injury, concomitant injuries of 
the extrarenal vessel have been described not only after trauma but also after iatrogenic injury31,32. Incomplete 
embolization of extrarenal culprit arteries can lead to tumor regrowth or rebleeding. Although CT and DSA 
imaging help recognize extrarenal vessels, determining their presence is sometimes difficult. CBCT can assist 
in confirming and guiding the procedure to avoid suboptimal embolization.

Previous studies have described a variety of endovascular techniques for managing renal aneurysms and 
AVMs23–25. The choice of treatment strategy depends on the location, angiographic type, and architecture of the 
target lesion9. In this study, CBCT was instrumental in determining the optimal technique and selecting a suit-
able interventional device. For instance, CBCT confirmed the exact location of aneurysmal neck and branches 
arising from the parent vessel in a patient with a wide-necked renal artery aneurysm33. By placing the bare metal 
stent in the optimal location, coil migration could be successfully prevented. For renal AVMs, CBCT guided the 
superselection of multiple feeding arteries with AFD software, and it was possible to place the microcatheter as 
close to the nidus as possible34.

This study has several limitations that should be noted. First, there may have been potential selection bias. 
The decision to perform CBCT was at the discretion of the attending physician. Second, the retrospective review 
of medical records prevented a detailed evaluation of records such as radiation exposures and contrast medium 
requirement data. Third, the computed tomography protocols, including slice thickness, tube current, and 
enhancement phase, were not standardized due to the multicenter study design. Fourth, the study population 
was small.

In conclusion, CBCT is an efficient tool that aids in the decision-making process during the embolization 
procedure by providing supplementary imaging information. This additional information enables the confident 
identification of target vessels, facilitates superselective embolization, prevents non-target embolization, and 
helps locate missing feeders.

Data availability
The data that support the findings of this study are available from the corresponding author, upon reasonable 
request.
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