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Purpose: Renal angiomyolipoma (AML) is the most common benign renal tumor. Whilst generally asymptomatic, they can cause 
life-threatening bleeding. Selective angioembolization (SAE) may be used to treat large symptomatic and asymptomatic AMLs. We 
aimed to evaluate the efficacy of SAE for symptomatic and asymptomatic renal AMLs and determine characteristics that predict 
spontaneous bleeding.
Patients and Methods: Data were retrospectively collected from a prospectively maintained database from July 2011 to April 2022. 
Patients were included if AML was >4cm and they underwent subsequent SAE. Follow-up imaging was analyzed to calculate mean 
reduction in AML size. Clinical notes were reviewed to analyze lesion characteristics including vascularity, fat content and presence of 
aneurysm as well as post-procedural complications.
Results: 26 patients with 30 AMLs were identified. Interval of follow-up imaging ranged from 1 to 60 months. 25 AMLs were 
embolized electively with 5 emergency embolizations performed for bleeding. Mean reduction in AML volume was 41% at 3 months 
(p=0.013) and 63% at 12 months (p=0.007). All 5 bleeding AMLs had a rich vascularity with 60% also having either aneurysms or 
a low fat content. Complications included post-embolic syndrome (n=9), segmental renal parenchyma devascularization (n=3), acute 
bleeding requiring re-embolization (n=2), nephrectomy for ongoing bleeding (n=1) and delayed bleeding managed conservatively 
(n=1). No deterioration in renal function was observed.
Conclusion: SAE is an effective procedure for managing symptomatic and asymptomatic renal AML, with minimal significant 
complications. AML vascularity, fat content and aneurysms may be useful characteristics to assess future risk of bleeding in patients 
with renal AML.
Keywords: selective angioembolization, aneurysm, fat content, tuberosclerosis complex

Introduction
Renal angiomyolipoma (AML) is a benign renal neoplasm comprised of fat, blood vessels, and smooth muscle which can 
occur sporadically or as part of the tuberous sclerosis complex (TSC).1 It has a prevalence of approximately 0.5% and 
a strong female predilection (2:1). Most renal AMLs are found incidentally, however may be associated with pain or 
retroperitoneal bleeding requiring urgent intervention.2 Current management guidelines comprise active surveillance, 
selective angioembolization (SAE) or surgical management (through either nephron sparing surgery (NSS) or nephrect
omy) depending on the clinical situation and presence of symptoms.3

SAE has been demonstrated to decrease tumor volume, decrease risk of bleeding, and successfully manage acute 
bleeding in several retrospective articles and systematic reviews.3–6 Yet SAE is not effective for all patients with some 
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achieving very minimal reduction in overall tumor volume and others presenting with pain or bleeding post- 
embolization.7,8 Current theories state the fat, muscle and vascular composition of the AML are linked to the success 
of SAE, however this is yet to be demonstrated in the literature.9 Furthermore, determining which patients are at higher 
risk of becoming symptomatic or at risk of bleeding has yet to be well established. Current EAU guidelines state risk 
factors for bleeding are tumor size, grade of angiogenic component and the presence of TSC. Yet other literature also 
states that the presence and size of aneurysms within the AML have also been proposed as a determinant of poorer 
outcomes and higher risk of sporadic bleeding.5,6,10 There is a scarcity of knowledge pertaining to other AML 
characteristics that may better identify high risk patients who would benefit from early intervention.

This article aimed to provide a review of renal AMLs which underwent selective angioembolization and their short- 
and long-term outcomes, as well as to identify key characteristics of renal AMLs that predict spontaneous bleeding and 
complications.

Patients and Methods
Our cohort of patients was collected from a prospectively maintained database of renal angiomyolipomas which have 
undergone selective angioembolization at this institution from 2011 until April 2022. Ethics approval was obtained from 
the Royal Prince Alfred Hospital Research Governance Office (X21-0472 and 2021/ETH12306) with a waiver for 
informed consent of the individuals for the use of their medical records granted by the ethics review committee in 
accordance with the Health Records and Information Privacy Act 2002 (NSW) as a low/negligible risk study in 
compliance with the declaration of Helsinki. Patient data were extracted and stored on a password-protected shared 
drive, which could only be accessed by the personnel named in this application. Unique identification numbers were used 
to protect patient identity when storing the data in the study database. Patient demographics, symptomatology and 
indications for embolization were obtained from electronic medical records. Pre-procedural and follow-up computed 
tomography (CT) scans were accessed for each patient, lesion dimensions were recorded, and change in tumor volume 
was calculated. Follow-up data were recorded from the electronic medical record. At our institution, selective angioem
bolization of renal angiomyolipomas is performed by several interventional radiologists. They are routinely performed 
through a femoral puncture using a 5 or 6 Fr catheter and microcatheter. Perioperative antibiotics are given, and sedation 
or general anesthesia is administered by an anesthetist. Embolization was achieved with PVA particles, microcoils, 
ethanol (with or without lipiodol) or a combination of these. Post-embolization angiography is performed in all patients 
and any loss to the surrounding renal parenchyma is noted. In our cohort, all patients were seen before and after 
embolization and all had repeat imaging in the first year post-embolization. Overall success was defined as no bleeding or 
need for re-embolization post-SAE. Technical success was defined as complete and immediate embolization of all arterial 
feeders and complete devascularization of the AML with no bleeding or need for re-embolization.

Two independent radiologists reviewed images before and after embolization to determine the characteristics of each 
AML including size, fat content, presence of intralesional aneurysm, whether complete embolization was achieved and 
any damage to the renal parenchyma (Figure 1). Once each radiologist had independently reviewed the cases, they 
reviewed images and results together and any differences in reporting were re-evaluated to determine final interpretation.

Results
26 patients with 30 AMLs were included (Table 1). The mean age was 47.2 (range 31–74) years. There were 20 female 
patients and 6 males. 7 patients were known to have TSC. 12 patients (46.2%) presented symptomatically with pain being 
the most common symptom followed by bleeding and hematuria, and 14 patients (53.8%) were asymptomatic at the time 
of diagnosis (Table 2). AML size was calculated in both maximal diameter and volume with a mean maximal diameter of 
72.9mm (range 23–217) and a mean volume of 178.2cc (range 3.5–1281.6). AMLs were also characterized on their fat 
content (<25%, 25–50%, 50–75% and >75% fat content), vascularity and the presence of aneurysm (n = 14). SAE was 
performed using polyvinyl alcohol particles (PVA), alcohol/lipiodol, microcoils or a combination of these 
(Supplementary Data 1).

Overall success was seen in 25 patients (83.3%). Three patients required re-embolization, two secondary to 
bleeding and one to achieve complete embolization of a partially treated AML. One patient had minor bleeding 
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post-SAE but was managed conservatively and one patient underwent an emergency nephrectomy due to failure of 
SAE and ongoing blood loss (Table 3). Technical success and complete devascularization of AML was seen in 50% 
of AMLs embolized. Complete embolization was not achieved in 15 patients due to the following; difficulty 
reaching all accessory arterial branches (n = 8), arterial spasm (n = 6) and interventionalists’ discretion with the 
main supplying artery being embolized (n = 1). Complications were seen in 15 patients including post-embolic 

Figure 1 Left upper pole AML. (A) Coronal CT arterial phase, (B) angiography pre-embolization showing increased vascularity, (C) angiography post-embolization showing 
decreased vascularity and microcoils, (D) axial CT portovenous phase 6 months post-embolization.

Table 1 Patient Demographics

N (%)

Patients 26

Age (mean years ± SD) 47.2 (±12.7)

Age Range (years) 31–74
Gender

Male 6 (23.1)
Female 20 (76.9)

TSC status
Yes 7 (26.9)
No 19 (73.1)

Comorbidities
Cardiac 1 (3.8)
Hypertension 7 (26.9)

Respiratory 3 (11.5)

Diabetes 1 (3.8)
Prior Renal Disease 1 (3.8)

Number of Embolized AMLs 30
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syndrome (n = 9), segmental renal parenchyma devascularization (n = 3), acute bleeding (n = 2), and delayed 
bleeding (n = 1).

Post-procedural outcomes showed a statistically significant reduction in both mean maximal diameter and volume of 
AMLs (p = 0.003 and <0.001 respectively). There was no difference seen in patients’ creatinine post-embolization in the 
immediate or long-term follow-up (Table 4 and Supplementary Data 2). Outcomes for specific AML characteristics such as 
low and high fat content, presence of aneurysm, vascularity and complete or incomplete embolization were also investi
gated and we found significant decrease in size across all groups (Table 5). Long-term follow-up showed mean reduction in 
AML diameter was 23% at 3 months, 30% at 12 months, and 42% at ≥24 months post-SAE (Table 6). Similar reduction in 
volume was also seen with a 41% reduction in AML volume noted at 3 months follow-up (Table 6 and Figure 2).

Of the five patients who presented with acute bleeding, three had fat content of <50%, and two less than 25%. Three 
of the five had an aneurysm, and all five had rich vascularity (Appendix 1). Two of the five bleeding AMLs were 
incompletely embolized and these two required further management (re-embolization and nephrectomy respectively). Of 
the four patients who required further treatment through repeat embolization or nephrectomy, three had aneurysms and all 
four initially were incompletely embolized.

Discussion
Renal AML is the most common benign renal lesion affecting approximately 0.5% of the population with a strong female 
predilection. Management of AMLs can comprise conservative management, SAE, thermal ablation, nephron sparing 

Table 2 AML Characteristics

N (%)

Presentation
Symptomatic 11 (42.3)

Bleeding 4 (15.4)

Pain 9 (34.6)
Hematuria 2 (7.7)

Asymptomatic 15 (57.6)

Side
Right 11 (36.7)

Left 19 (63.3)
Mean Maximal Diameter of AML (mm ± SD) 72.9 (±35.1)

Max Diameter Range (min – max mm) 23–217

Mean Volume of AML (cc ± SD) 178.2 (±267.0)
Volume of AML Range (min-max cc) 3.5–1281.6

Classification of AMLs
<25% Fat content 10 (33.3)
25–50% Fat Content 3 (10.0)

50–75% Fat Content 8 (26.7)

>75% Fat Content 9 (30.0)
Presence of Pseudoaneurysm

Yes 14 (46.7)

No 16 (53.3)
Rich Vascularity

Yes 26 (86.7)

No 4 (13.3)
Embolic Material used

PVA 15 (50.0)

Alcohol 16 (53.3)
Lipiodol 9 (30.0)

Microcoils 12 (40.0)

Combination 22 (73.3)
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Table 4 Outcomes of Selective Angioembolization for AMLs

Pre-Embolization Post-Embolization Change in Volume (CC) P value

Maximal Diameter of AML (mean mm ± SD) 72.9 (±35.1) 57.9 (±35.0) −15.0 (CI −33.5–3.5) 0.003

Volume of AML (mean cc ± SD) 178.2 (±267.0) 114.2 (±212.9) −64.0 (CI −191.6–63.6) <0.001

Mean Serum Creatinine (µmol/L) 64.4 (±13.5) 67.0 (±15.0) 2.6 (CI −5.2–10.4) 0.51

Table 3 Overall/Technical Success Rate and Complications

N (%)

Overall Success
Yes 25 (83.3)

No 5 (16.7)

Re-embolization 3 (10.0)
Conservative management 1 (3.3)

Emergency Nephrectomy 1 (3.3)

Technical Success (Complete embolization and  
devascularization of lesion)

Yes 15 (50.0)
No 15 (50.0)

Re-embolization 4 (13.3)

Cause of Failure
Difficulty reaching arterial feeders 8 (53.3)

Arterial spasm 6 (40.0)

Main artery supplying AML embolized 1 (6.67)
Decision made to cease procedure

Complications
Segmental Parenchymal Devascularization 3 (10.0)
Acute bleeding post-SAE 2 (6.7)

Delayed bleeding post-SAE 1 (3.3)

Post-Embolic Syndrome 9 (26.7)

Table 5 AML Characteristics and Response to Treatment

Pre-embolization 
(Mean cc ± SD)

Post-embolization 
(Mean cc ± SD)

Mean Follow-Up 
(Months)

P value

All AML 178.2 (±267.0) 114.2 (±212.9) 5.25 <0.001

AML containing <25% Fat 79.8 (± 55.8) 20.2 (±11.3) 4.5 0.009

AML containing >75% Fat 191.9(± 229.03) 136.5 (± 198.7) 5.5 0.059

AML containing pseudoaneurysm 255.6 (± 346.5) 182.8 (± 303.5) 5.7 0.006

AML with Poor Vascularity 41.65 (± 18.6) 36.25 (± 13.7) 3.0 Sample size too small

AML with Rich Vascularity 199.2 (± 281.4) 127.2 (± 227.9) 5.6 <0.001

Incomplete embolization 224.3 (± 343.1) 137.6 (± 259.0) 5 0.001

Complete embolization 132.1 (± 159.2) 93.6 (± 167.1) 5.5 <0.001
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surgery, nephrectomy and mammalian target of rapamycin (mTOR) inhibitors depending on the presence of symptoms 
and patient’s request.9 Our results showed that SAE is an effective and safe method of managing renal AML in both 
symptomatic and prophylactic circumstances with significant reduction in size of AMLs seen irrespective of size, fat 
content, vascularity, and patient characteristics with relatively few major complications. A mean reduction of 41% in 
volume and 23% in diameter was seen at 3 months post-SAE. This decrease in volume and diameter continued and 
showed that a successful complete embolization will provide ongoing reduction in size of AMLs in the future. Complete 
embolization is imperative as all patients in our cohort who required re-embolization or further intervention (nephrect
omy) did not achieve complete embolization (Appendix 1).

Our cohort did have complications with post-embolization syndrome (PES) presenting in 27% of our cohort. This is 
in line with similar reviews with a mean incidence ranging between 33 and 60%5,11,12 and is an expected sequalae of 
embolization. Major complications were present in five patients. Three patients required re-embolization (one for acute 
bleeding post-SAE), one required nephrectomy for ongoing bleeding post-SAE and one had further bleeding post-SAE 
but was managed conservatively. These are also in line with previous literature which shows a retreatment rate of 
approximately 30% of patients who underwent SAE, secondary to further bleeding or tumor growth.3,13 Further treatment 
in patients post-SAE is much higher in comparison to those patients who underwent primary surgical management (30% 
vs 1%).3 As the mean age of patients in our cohort was young at 47 years, a minimally invasive approach through SAE 
was considered beneficial compared to NSS or nephrectomy to decrease morbidity from treatment. In the three patients 
who had acute bleeding post-SAE, surgical management was used effectively in one unwell patient to manage this 
complication, showing that a minimally invasive approach may be the best primary approach and if unsuccessful, 
conversion to surgical management is an effective and usually definitive alternative.

Table 6 Long-Term Outcomes

Volume of AML  
(Mean cc ± SD)

Change % (Min – Max) P value Maximal Diameter of 
AML (Mean cc ± SD)

P value

Pre-Embolization 178.2 (±267.0) – – 72.9 (±35.1) –

3 Months Post-SAE 101.5 (±233.5) 41 (−28 – 83) 0.013 56.4 (±39.9) 0.003

12 Months Post-SAE 42.35 (±37.81) 62.5 (19–88) 0.007 51.0 (±13.3) 0.025

≥24 Months Post-SAE 37.5 (±59.4) 81.5 (68–91) 0.043 42.3 (±15.7) <0.001

Figure 2 Mean change in volume of angiomyolipoma post selective angioembolization with trend line.
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The decision of which AML characteristics are concerning and indicate treatment has been unclear for some time. In 
the past, treatment has been offered for patients with symptoms such as bleeding or pain, suspected malignancy, women 
of child-bearing age or when the AML is >4cm in maximal diameter.3 This “4cm rule” stems from historical literature in 
1986 showing the larger the AML, the more likely the bleeding risk.14 However, multiple different authors have shown 
that size alone should not be the sole determinant for intervention. In patients presenting with major retroperitoneal 
bleeding, tumors were significantly larger on average than their non-bleeding counterparts, yet 9% and 26% of 
tumors that were bleeding were under 4 and 6cm respectively in maximal diameter.15 Growth rate of >0.25cm/year, 
the presence of TSC, symptoms (pain or bleeding) have all been identified as indications for active treatment of 
AMLs.1,3,16 Active surveillance has been identified as a possible management option for AMLs >4cm with literature 
highlighting that up to 92% of untreated AMLs irrespective of size had not grown and only 5.6% required intervention.1 

The risk of spontaneous and life-threatening bleeding has been recognized in approximately 2.2% of patients undergoing 
active surveillance.3 In our cohort, 97% of AMLs were >4 cm in size yet only 50% were symptomatic at the time of 
diagnosis and only 16.7% of these large AMLs presented with bleeding. Furthermore, out of the four patients in our 
cohort with AMLs >10cm, only two of the four presented with symptoms.

The presence of aneurysms has been hypothesized to be a significant risk factor and predictor of bleeding and 
complications in renal AML. A true aneurysm is defined as a 50% increase in the normal diameter of the vessel that can 
predispose it to complications including rupture, thrombosis or distal embolization.17 Previous literature has identified 
that aneurysms >5mm in size have a strong correlation with rupture, moreso than size itself.13 Yamakado et al found that 
the traditional cut-off of 4cm to initiate treatment had a significantly lower specificity (38%) than aneurysms ≥5mm 
(86%) and aneurysm size was the only significant predictor of rupture in their multiple regression analysis (p=0.001).18 

In addition, in similar retrospective reviews of patients who underwent prophylactic or emergency SAE for renal AML it 
was found that between 63 and 67% of patients with intralesional aneurysms presented with an acute hemorrhage 
compared to just 7–15% without aneurysms.2,19 In our study, fourteen patients were identified with aneurysms and of the 
five that presented with bleeding 60% had aneurysms. It was also interesting to note that of the five patients with major 
complications post-SAE, 80% had aneurysms. Potential causes for why these were more difficult to manage include the 
presence of multiple aneurysms or more small aneurysms not identified at the time of embolization that may have grown 
or ruptured. Unfortunately, at the time of publication, direct size of aneurysms could not be retrospectively measured on 
digital subtraction angiography (DSA) uploaded to our picture archiving and communication system (PACS).

Fat poor AMLs are another area in which complications can arise. Renal AMLs have a characteristic radiological 
appearance based on its fat, muscle and vascular composition. A fat poor AML may be difficult to diagnose on imaging 
because if the fat content is extremely low, it may be considered or be a fat-containing RCC.7 This is especially true as fat 
poor AMLs are historically smaller lesions in females of a younger age.20 The differential diagnosis of RCC may require 
more patients to undergo biopsy prior to management and if features are concerning for RCC, active surveillance or SAE 
may not be the appropriate choice of management.21 Furthermore, the low fat content may mean that there is a larger 
proportion of muscle and higher vascularity in fat poor AMLs, potentially predisposing the patient to higher risks of 
bleeding. In our cohort, two of the five patients who presented with bleeding had AMLs with <25% fat content. 
Meanwhile, for those patients in our cohort with a very high fat content (>75%), two of these had poor vascularity 
and only one patient with a fat content >75% presented with bleeding. Despite the small sample sizes, the predictive 
nature of fat content may provide further risk stratification in the future with fat poor AMLs potentially at a higher risk of 
bleeding and potential to be a fat-containing RCC, resulting in a more active role for treatment in this patient subset.

Rich vascularity may also be a predictor of bleeding and complications in renal AML. The formation of micro
aneurysms and incomplete vascular walls have been identified as high risk features for rupture and bleeding.13 Xu et al 
determined that the probability of rupture in patients who had AMLs with rich vascularity was 5.23 times higher than that 
of AMLs with poor vascularity.22 Furthermore, several other groups determined similar findings, showing that poorly 
vascularized AMLs were much less likely to bleed.23,24 Within our cohort, no patient with a poorly vascularized AML 
presented with bleeding, and all five patients presenting with bleeding, had richly vascular AMLs. Determining the 
vascularity of an AML prior to treatment may prove to be another crucial predictor of the success or failure of active 
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surveillance in asymptomatic AMLs and further large cohort studies would provide much needed insight into this 
interesting and potentially key AML characteristic.

Only one patient in this cohort received medical therapy (mTOR inhibitor) in combination with SAE for their 
AMLs secondary to TSC. It is difficult to ascertain the benefit of mTOR inhibitors from our single patient, however 
multiple reviews demonstrated benefit of mTOR inhibitors in reducing the volume of renal AML.25,26 Yet, mTOR 
inhibitors seem to have significant side effects with over 35% of patients having ≥ grade 3 adverse events, demonstrated 
in multiple studies.26–28 This suggests mTOR inhibitors may be used in combination with SAE or as a non-invasive 
alternative to SAE, however patients should be well informed of risks and adverse events.

Our study did have several limitations. Firstly, this was a heterogenous population group from a single institution with 
sporadic (n=19) and TSC (n=7) patients mixed into the same cohort which may limit the generalizability of the findings. 
Furthermore, SAE was retrospectively reviewed regardless of the indication whether it be for symptomatic or prophy
lactic management. In addition, no set follow-up period was determined prior to patient treatment. Most patients had CT 
follow-up within 3 months of SAE however eleven patients had their initial follow-up between 6 and 12 months post- 
SAE. Also, most patients had one follow-up CT post-SAE to confirm its effectiveness and long-term outcomes were only 
known in a minority of our cohort. Balancing the risks of multiple repeat CTs to further characterize change post initial 
embolization in predominantly young female patients may not be the best follow-up modality, due to increased radiation 
exposure. Magnetic resonance imaging (MRI) or ultrasound (US) follow-up post initial CT may help to improve long- 
term outcome data without repeatedly irradiating patients, however variability in accuracy between modalities may also 
become another challenge through this approach. In future, a specific follow-up regime at yearly or second yearly 
intervals may help to clarify the success of SAE over a 5 or 10-year period. Another key limitation was the inability to 
retrospectively measure aneurysms and microaneurysms through DSA. Confidently diagnosing and measuring aneurysms 
>5mm and microaneurysms on CT was occasionally difficult for our radiologists and they could not confidently measure 
their size or presence with certainty. DSA did allow confirmation of aneurysms, but at the time of publication we are 
unable to retrospectively measure their exact size. In the case of a patient with TSC including multiple AMLs requiring 
repeated intervention, DSA studies in which aneurysms are measured prior to SAE would be extremely beneficial in the 
future to determine the presence and size of aneurysms’ relative risk of bleeding.

We strongly believe the presence of intralesional aneurysms, increased vascularity of the AML, and decreased fat 
content are important additional predictors of bleeding and complications in patients with renal AML. Current guidelines 
do not reflect or represent these findings, but should be considered in future management criteria for determining whether 
intervention is required.

Conclusion
Renal AML is a benign tumor with potentially life-threatening complications. Management through SAE for both symptomatic 
and asymptomatic patients is safe and effective with the majority of patients having successful long-term outcomes. Re- 
embolization and surgical management for further bleeding or regrowth of tumors are potential complications. Size alone may 
not be the best way to predict complications in renal AML and key characteristics such as vascularity, fat content, and the 
presence of aneurysms are risk factors and predictors of bleeding. However, further review is required to ascertain their risk level.

Disclosure
The authors declare they have no known competing financial or personal relationships that could have appeared to 
influence the work reported in this paper.
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