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ABSTRACT
Objective: To evaluate the long-term efficacy of selective arterial embolisation in renal angiomyolipoma 
(AML), with emphasis on tumour shrinkage, potential regrowth and the necessity of supplementary 
procedures. 
Material and methods: A retrospective review of all 58 consecutive embolisations at two institutions, 
between 1999 and 2018, was performed. Clinical notes, laboratory data and imaging were reviewed.
Results: The overall complication rate was 6.8%, with no Clavien-Dindo grades III–V complications. Kidney 
function was unaffected by embolisation as measured by creatinine. Median radiological follow-up was 
4.8 years (interquartile range [IQR]: 2.8–7.8), and median clinical follow-up was 7.5 years (IQR: 4.7–14.0). 
Decreasing AML size was observed in 96% of procedures. Maximal shrinkage (30% median diame-
ter decrease; IQR: 15–44) was reached after median 2.2 years (IQR: 0.6–4.8). During follow-up, regrowth 
occurred in 38% of patients, and four bleeding episodes occurred in three patients with tuberous sclerosis. 
Growing size and/or rebleeding prompted a redo embolisation in 9% of spontaneous AML and 50% of 
tuberous sclerosis-associated AML.
Conclusions: Being a well-tolerated treatment with few complications, selective arterial embolisation ren-
ders a pronounced size-reduction in most patients with AML, and kidney function is preserved. Regrowth 
is common, and a radiological follow-up is necessary. Tuberous sclerosis is a risk factor for the need of 
reintervention.
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Introduction

Angiomyolipoma (AML) is a benign renal tumour with a preva-
lence of 0.2% – 0.6% [1]. It is histologically composed of fatty 
tissue, dysmorphic blood vessels and smooth muscle in varying 
proportions. There are two major types of renal AML: one associ-
ated with tuberous sclerosis and one sporadic form. Renal AML 
associated with tuberous sclerosis is often multiple, bilateral, 
symptomatic and without a male or female predominance [2]. 
Sporadic renal AML is mainly unifocal, asymptomatic and with a 
female predominance [3].

The widespread use of abdominal imaging has increased 
the incidental detection of all renal masses, including AML. 
Albeit its benign nature, AML can be complicated by 
retroperitoneal bleeding, which can become life threatening 
or bleeding into the urinary collection system. It is the most 
common cause of spontaneous renal bleeding [4]. AML 
presents a challenge to the clinician to decide when to 
follow  with active surveillance and when to intervene; for 
smaller lesions, most advocate active surveillance, whereas 
intervention is prompted in larger AML [2, 5, 6]. The size to 
trigger intervention remains undefined.

Treatment options have traditionally been surgical removal 
(radical/partial nephrectomy) but are in many centres increasingly 
replaced by selective angioembolisation. Embolisation is less 
invasive; however, reports on long-term outcome and radiological 
follow-up are scarce. The principal aim of the present study was 
to disclose the long-term efficacy of embolisation in renal AML, 
with emphasis on tumour shrinkage, regrowth and necessity of 
supplementary procedures. 

Patients and methods

Study population

Patients who underwent selective arterial embolisation for AML 
at Sahlgrenska University Hospital and NU Hospital Group were 
included in this retrospective study. A shared institution radiol-
ogy database was queried for patients who underwent the pro-
cedure between 1999 and 2018. The list was cross-referenced 
with the database for medical records at the two Departments 
of Urology, searching the diagnosis code D30.0 to ensure com-
pleteness. Patients without available cross-sectional imaging 
before embolisation were excluded. All AML were diagnosed 
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with CT based on intra-tumoural fat without calcification or 
necrosis [7]. Fat was defined as areas with a density of less than 
-10 Hounsfield Units (HUs). Treatment decisions were based on 
multidisciplinary discussions involving urologists and radiolo-
gists. Since the patients were gathered over 20 years, multiple cli-
nicians and interventionists were involved in both the treatment 
decisions and the embolisation procedures. Follow-up CT was 
mainly done in the first year after embolisation and thereafter 
individualised. One patient, with two AML, starting everolimus 
treatment was excluded from the assessment after the therapy 
was commenced. Continuous variables were reported as means 
(range) and medians (interquartile range [IQR]). 

Embolisation

Embolisation was performed predominantly under general 
anaesthesia through the common femoral artery using 4–5 Fr 
angiographic catheters and coaxial microcatheters. Selective 
renal angiography was performed to assess AML circulation. 
Next, superselective catheterizations of AML feeding vessels 
were performed to spare as much renal parenchyma as possible. 
Various embolic agents were used alone or in combination, such 
as polyvinyl alcohol and ethanol combined (47%), polyvinyl 
alcohol only (12%), polyvinyl alcohol and coils (12%), coils only 
(10%), Onyx only (9%), polyvinyl alcohol, ethanol and coils com-
bined (7%) and finally Onyx combined with coils (3%). Embolic 
material was injected under fluoroscopic guidance, and coils 
were used to occlude large aneurysmal formations that would 
have been unsuitable for particle embolisation alone. In a few 
cases, coils were used mainly to block AV shunts in the AML. In 
the interventions where polyvinyl alcohol and ethanol were 
used, no contrast was added when injecting this mixture. 
Polyvinyl alcohol and ethanol were given in small portions of 
0.3–0.5 ml, and a small amount of contrast media was given 
under fluoroscopy afterwards to see the embolic effect. Usually, 
a couple of these portions were given until stasis was reached.

Imaging analysis

Complete technical success was defined as stasis of flow in arter-
ies feeding the tumour and lack of opacification on post-embo-
lisation angiogram. Partial success was defined as slight/
insignificant tumour enhancement around residual feeders, as 
judged by a subsequent re-evaluation by an independent radi-
ologist. Failure was defined as obvious enhancement in the 
tumour.

Two radiologists reviewed the last CT-scan before embolisation, 
the angiography and all the follow-up CT-scans until December 
2021 using an AW Server 3.2 Ext. 3.4 workstation (GE Healthcare, 
Milwaukee, Wisconsin, USA). Time from embolisation to last CT 
was defined as radiological follow-up time. Radiological outcome 
was evaluated by measuring maximal tumour diameter before 
and after embolisation. Response was defined as decreasing 
diameters from embolisation to the smallest diameter measured 
(nadir). Procedural response was arbitrarily sub-divided in non-

response (no decrease in tumour diameter), minor response 
(1% – 19% decrease) and major response (≥20% decrease). Long-
term efficacy was evaluated radiologically and in tumours with 
regrowth, the smallest measured diameter before regrowth was 
defined as nadir. Three categories of efficacy were defined: no 
progress in size, minor progress (increase 1% – 19%) and major 
progress (increase ≥20%).

Clinical follow-up

Preoperative creatinine was defined as the latest test available 
before embolisation and postoperative creatinine as the latest 
test before discharge. Ninety-day complications were registered 
according to the Clavien-Dindo system. Clinical follow-up time 
was defined as time from embolisation to either end of study 
(December 2021), start av everolimus or death. Bleeding epi-
sodes, reembolisations and surgeries were registered.

Statistical analysis

Data were analysed using SPSS version 29. Kaplan–Meier esti-
mates were used to analyse probabilities of bleeding/reinter-
vention in tuberous sclerosis and sporadic AML patients, and 
differences were compared with log rank test. A binomial logis-
tic regression was performed to analyse risk factors (tuberous 
sclerosis, gender, size; <6 vs. ≥6 cm) for regrowth and likelihood 
of needing a reintervention.

Ethical approval

Ethical approval was applied and granted by the regional 
board  of ethics, application 238-17 with amendment granted 
2020-01723. 

Results

A total of 56 individual patients were identified. One patient was 
excluded due to missing radiology before embolisation. Another 
patient underwent angiography but no embolisation due to dis-
section in the artery feeding the lesion and was likewise 
excluded except in the registration of complications. A third 
patient was excluded due to an extremely infiltrative appear-
ance making it impossible to differ tumour from normal kidney 
parenchyma. The final cohort consisted of 53 patients undergo-
ing a total of 58 embolisations of individual AML. Median radio-
logical follow-up was 4.8 years (2.8–7.8). Baseline demographics 
are outlined in Table 1.

Twenty-three patients were embolised within 6 months of 
diagnosis due to bleeding (n = 15) and size (n = 8). The remaining 
30 patients were initially managed with active surveillance but 
growing size (n = 27) and rebleeding (n = 3) eventually prompted 
embolisation. Median time from diagnosis to embolisation for 
those on active surveillance was 3.3 years (1.1–6.8). Nine out of 
30 patients on active surveillance had an initial bleeding episode 
at diagnosis that was managed conservatively, resulting in a 
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total of 24 patients (45%) with a bleeding episode before 
embolisation, defined as either retroperitoneal bleeding (n = 22) 
or haematuria (n = 2). Mean and median size at first bleeding 
was 7.8 cm (3.1–23.9) and 6.5 cm (5.0–9.9), respectively. Three 
bleeding AML were smaller than 4 cm.

Embolisation

Thirty-one percent of the embolisations were carried out dur-
ing 1999–2008 and 69% during 2009–2018. Most procedures 
were undertaken in general anaesthesia (75%). Fifteen percent 
were performed in epidural anaesthesia, and 10% in sedation 
only. Technical success differed between sporadic (93%) and 
tuberous sclerosis-associated AML (50%). The remaining 
procedures had partial success, and none was a failure. 
No patient was scheduled upfront for a second procedure.

Complications

The overall complication rate was 6.8% (4/59). There were no 
Clavien III–V complications. The aforementioned patient with 
dissection in an artery feeding the tumour was deemed a 
Clavien-Dindo grade II complication even if it eventually 
resulted in a self-embolisation of the AML without non-target 
embolisation. Another three patients had a complication 
within 90 days; one with a minor myocardial infarction man-
aged conservatively, one had a new bleeding episode from a 
newly embolised lesion managed conservatively, and one 
had a pneumonia treated with antibiotics. All three 

complications were graded as Clavien-Dindo II. Postembolisation 
syndrome, characterised by pain, fever and nausea, was not rou-
tinely documented in the clinical records, why the rate of this 
well-known Clavien-Dindo I complication is unknown in this 
material. Kidney function was unaffected by embolisation as 
measured by creatinine (Table 2).

Response to treatment

Radiological follow-up was available in 55/58 procedures 
(95%). Procedural response was obtained in 53/55 procedures 
(96%). Two had unchanged or increased size after embolisa-
tion (non-responders). Patients with tuberous sclerosis had 
larger tumours, and fewer (20%) were major responders com-
pared to patients with sporadic AML (71%) (Table 3). Appendix 
S1 and Figure 1a–b present minor responders and major 
responders, respectively, concerning patients with sporadic 
AML. In the responders, median diameter decrease (at nadir) 
was 30% (15–44). Nadir occurred after a median of 2.2 years 
(IQR: 0.6–4.8).

Progress during follow-up

In patients with procedural response, 20 (38%) regrew during 
follow-up: 13 (25%) with minor and seven (13%) with major pro-
gress. Median time from embolisation to nadir for sporadic AML 
with major progress was 0.5 years (0.5–2.3) (Table 4). Figure 2 in 
Appendix S1 presents patients with sporadic AML with major 
progress.

Rebleeding and reintervention

Two patients had one new bleeding episode during follow-up, and 
another one had two. Two were retroperitoneal haemorrhages, 

Table 1.  Baseline demographics of AML patients treated with selective 
arterial embolisation at Sahlgrenska University Hospital and NU Hospital 
Group between 1999 and 2018.

Renal AML

Sporadic TSC associated 

Patients, n 43 10
Procedures, n 46 12
Median age, years (IQR) 55 (43–65) 26 (20–30)
Gender, n (%)
  Male 5 (12) 2 (20)
  Female 38 (88) 8 (80)
ASA score, n (%)
  1 13 (30) 1 (10)
  2 23 (54) 8 (80)
  3 6 (14) 1 (10)
  4 1 (2) 0
Haemorrhage before 
embolisation, n (%)
  Yes 18 (42) 6 (60)
  No 25 (58) 4 (40)
Median tumour diameter at 
SAE, cm (IQR)

6.0 (5.2–8.6) 11.4 (6.7–23.9)

Median follow-up, years (IQR) 4.9 (2.9–8.9) 2.8 (0.9–6.0)
Number of AML reembolised, 
n (%)

4 (9) 6 (50)

AML: angiomyolipoma; SAE: selective arterial embolisation; TSC: 
tuberous sclerosis; IQR:  interquartile range; ASA: American Society of 
Anaesthesiologists.

Table 2.  Technical outcome of initial SAE for sporadic and TSC-associated 
renal AML.

Renal AML

Sporadic TSC associated

Patients, n 43 10
Procedures, n 46 12
Laterality, n
  Left 23 6
  Right 23 6
Median procedural time, min (IQR) 118 (93–148) 187 (152–209)
Technical success, n (%)
  Complete 43 (93) 6 (50)
  Partial 3 (7) 6 (50)
  Failure 0 0
Complications (any grade), n (%)
  Yes 3 (7) 1 (8)
  No 44 (93) 11 (92)
Renal function; mean creatinine, 
µmol/L (range)
  Before SAE 76 (46–118) 91 (41–154)
  After SAE 75 (43–127) 91 (51–152)

AML: angiomyolipoma; TSC: tuberous sclerosis; SAE: selective arterial 
embolization.
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and two were haematurias. All three were female tuberous scle-
rosis patients. All were successfully treated with a new embolisa-
tion. Details are shown in Appendix S1 and Table 1. Of the totally 
10 reembolisations (17%) after median 4.2 years (1.1–6.2), three 
were due to bleeding, and seven were due to unchanged size 
after embolisation or progress during follow-up. Tuberous scle-
rosis was a significant risk factor for the need of reinterventions, 
OR 13.7 (P < 0.015). After a median clinical follow-up of 7.5 years 
(4.7–14.0), the need for a reintervention was significantly 
increased in tuberous sclerosis versus sporadic AML patients (P 
< 0.001) (Figure 1).

One patient developed a retroperitoneal abscess and 
pulmonal empyema after reembolisation that was managed 
with drainage and antibiotics resulting in a long hospital stay. It 
was classified as Clavien-Dindo IIIa. Another patient  treated 
6.9  years earlier with embolisation had a retroperitoneal 
rebleeding and was treated with emergency embolisation but 
died 3 days post-intervention in multiorgan failure.

One of the 10 patients with reinterventions needed a third 
procedure after 5.2 years due to bleeding. Two patients with 
AML sized 11.9 and 23.9 cm, respectively, had kidney surgery 
after reembolisation. One had two reembolisations without any 
decrease in AML size, and partial nephrectomy was performed. 
The other underwent one reembolisation but continuous 
abdominal pain eventually led to a nephrectomy. 

Discussion

The present study of AML treated with selective arterial embo-
lisation is one of the largest published series with long-term 
follow-up, reported so far [8–11]. Our study shows a high 
technical success rate (84%) and a low complication rate (6.8%). 
Thirty-eight percent of the AML grew during follow-up, but 
only 5% had rebleedings. Growing size and rebleeding 
prompted reembolisation in 17% of tumours.

Although relatively rare, most urologists probably come 
across a few cases of AML every year. The absence of prospective 
randomised studies makes clinical decision-making difficult, 
and today’s evidence relies on reported case-series. Since the 
first report on embolisation, by Moorehead in 1977, the use of 
embolisation has increased, but surgery is still the most 
reported method of treatment [12–14]. Other techniques like 
cryoablation and radiofrequency ablation show promising 
results, but reports are still scarce [15, 16].

The overall technical success rate in this study was 84%, and 
the rest were deemed partially successful, tallying with the 
reports by Wang et al. (100% success) and Lee et al. (89% success) 
[9, 11]. Herein, radiological success on follow-up imaging was 
seen in 96% of procedures; median tumour diameter shrinkage 
was 30% at nadir. Others have reported outcomes (in means) 
between 21% and 40% [9, 17]. It is obvious that embolisations 
do not eradicate the tumours, they only reduce their size.

In the present series, 38% of AML with initial response to 
embolisation grew during follow-up. This rate of regrowth 

Table 3.  Procedural response (non-response, minor response, major response) in relation to AML size and technical success.
SAE for renal AML1

Sporadic, n = 45 TSC associated, n = 10

Non-response Minor response Major response Non-response Minor response Major response

Number of tumours (%) 2 (4) 11 (24) 32 (71) 0 8 (80) 2 (20)
Median tumour diameter at 
SAE, cm (IQR)

6.7 8.6 (7.6–9.9) 5.8 (5.0–8.0) - 11.3 (8.2–13.8) 8.8

Technical success
  Complete 2 8 32 0 5 1
  Partial 0 3 0 0 3 1
  Failure 0 0 0 0 0 0
1In total, 55 procedures. Missing radiology in one sporadic- and two TSC-patients.
AML: angiomyolipoma; TSC: tuberous sclerosis; SAE: selective arterial embolisation.

Table 4.  Long-term efficacy (no progress, minor progress, major progress) after SAE in relation to AML size and technical success.
SAE for renal AML1

Sporadic, n = 43 TSC associated, n = 10

No progress Minor progress Major progress No progress Minor progress Major progress

Number of tumours (%) 26 (60%) 12 (28%) 5 (12%) 7 (70%) 1 (10%) 2 (20%)
Median tumour diameter at 
SAE, cm (IQR)

6.7 (5.6–9.7) 5.6 (5.0–7.5) 5.7 (5.3–7.7) 12.2 (8.0–13.8) 10.5 8.8 

Technical success
  Complete 24 11 5 3 1 1 
  Partial 2 1 0 4 0 1
Median time to nadir, years (IQR) 3.4 (1.2–5.0) 2.8 (0.7–4.2) 0.5 (0.5–2.3) 0.5 (0.3–1.1) 2.0 1.9 
Median time to first increase, 
years (IQR)

- 4.2 (0.9–10.4) 3.4 (1.5–6.4) - 4.3 5.0

Median follow-up, years (IQR) 4.1 (2.5–7.6) 5.3 (3.1–8.2) 9.7 (9.0–14.4) 1.3 (0.5–3.3) 6.9 6.4 
153 procedures. Missing radiology in one sporadic- and two TSC-patients. The two sporadic AML without tumour shrinkage (non-response) in Table 3 are not 
included due to re-SAE.
AML: angiomyolipoma; TSC: tuberous sclerosis; SAE: selective arterial embolisation; IQR: interquartile range.
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indicates that radiological follow-up is to be recommended, 
especially in tuberous sclerosis patients. This is a drawback in 
comparison with surgery for AML, where the tumour is 
removed, and no radiological follow-up is necessary. However, 
some complicated central tumours are not accessible to 
nephron-sparing surgery. The seven patients with major 
progress were also the ones with the longest follow-up, 
whereas the 33 tumours with no progress had the shortest 
follow-up. A possible explanation might be that regrowth is a 
common occurrence after some time. Our study has, to our 
knowledge, the second longest radiological follow-up reported, 
only surpassed by Anis et al. with a mean follow-up of 10 years 
on a material of 55 embolisations. Their and our observation 
cast some doubt on the method’s durability over time in terms 
of size reduction. 

Reintervention rate is another way of measuring durability. 
We report that 17% of treated tumours needed reintervention, 

that is, the freedom from reintervention at a median clinical 
follow-up of 7.5 years, was 83%. Anis reported a reintervention 
rate of 41% at 10 years, and Nozadze a 20% rate at a median of 
4.6 years [8, 17]. Murray’s review encompassing 31 studies 
including 524 cases reported a reintervention rate of 20% at a 
mean follow-up of 3.3 years [18]. Due to lack of evidence-based 
guidelines, indications for the initial embolisation vary greatly. 
Probably do indications for retreatment vary even more, why 
comparisons of reintervention rates are difficult. Reintervention 
due to acute haemorrhage is a more comparable indication. We 
report a 5% rebleeding rate, all prompting a redo embolisation. 
Anis reported a 15% rebleeding rate, Lee 1% and Nozadze 0% [8, 
11, 17]. It is difficult to draw any conclusions from four bleeding 
episodes in three patients other than noticing that they all were 
female and had tuberous sclerosis.

We observed a low complication rate of 6.8%, consistent with 
other recent series [10, 17, 19–21]. No Clavien-Dindo grade III–IV 

Figure 1.  Kaplan–Meier curves showing freedom from (a) bleeding and (b) reintervention, with respect to time (years).
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complication was observed after the primary embolisation, 
which supports that it is a safe procedure. However, redo 
embolisation seems to be associated with higher risks. Renal 
function was unaffected by embolisation in our material, in 
consistency with contemporary studies reporting this outcome 
[11, 17, 22]. 

Since Oesterling’s pioneering work in 1986, a size of 4 cm has 
been a widely accepted trigger for intervention, although 
intervention was recommended only in symptomatic cases over 
4 cm [23]. This 4 cm rule has been questioned, and a higher size-
limit has been proposed; we ourselves suggested 5 cm based on 
findings in a recent paper [6].

In the present study, 24 patients had acute bleedings before 
embolisation. Due to selection bias, conclusions regarding 
when to proceed with prophylactic intervention cannot be 
drawn from this study. However, the mean and median 
diameters at bleeding were fairly large, 7.8 cm and 6.5 cm, 
respectively. Only three were smaller than 4 cm. The four 
rebleedings after embolisation occurred in large AML measuring 
between 6.6 and 19.6 cm at time of bleeding. Although a 
somewhat higher threshold for active treatment than 4 cm can 
be considered, the observed death due to rebleeding 6.9 years 
after embolisation reminds us of the potential gravity of the 
disorder. 

This study, as well as most others, has a mix of patients with 
sporadic and tuberous sclerosis-associated AML. We report 19% 
tuberous sclerosis, whereas others report between 7% and 70% 
tuberous sclerosis-associated AML [8–11, 24]. Patients with 
tuberous sclerosis are younger, have a higher ASA-score and 
larger AML. Their more complex disease is reflected in a 58% 
longer intervention time and a lower proportion of complete 
technical success (50% vs. 93%). Patients with tuberous sclerosis 
responded in a lesser degree to embolisation in terms of size 
reduction. There was no difference in progress after nadir 
compared to sporadic AML, but this can perhaps be explained 
by a shorter follow-up of the tuberous sclerosis patients. All 
three patients with bleedings after embolisation had tuberous 
sclerosis, indicating the disorder to be a risk factor for new 
bleeding episodes after embolisation. Growing size and 
rebleeding resulted in a redo embolisation in 9% of spontaneous 
AML and 50% of tuberous sclerosis-associated AML. Tuberous 
sclerosis was the only significant predictor of reintervention in 
binomial regression analysis.

Replacing expensive hospitalisations with less expensive 
outpatient care is very attractive in today’s healthcare. Nozadze 
et al. performed 89.4% of embolisations in local anaesthesia, 
resulting in a median of 0 days of hospitalisation [17]. In our 
study, 75% of procedures were performed under general 
anaesthesia, resulting in a median hospital-stay of two (sporadic) 
and four (tuberous sclerosis) days, respectively. Although 
patients in our study had a higher ASA-score and a higher 
proportion of acute embolisations, the study by Nozadze shows 
that outpatient care is possible, and that it might be a good 
strategy for us and others to adopt.

There are several limitations to the present study. First, due 
to the retrospective nature, data were not collected for 

predesigned research purposes and may be subject to bias. 
Second, the different case mix regarding sporadic versus 
tuberous sclerosis-associated AML, emergency embolisation 
versus elective embolisation, etc. make comparisons between 
groups more difficult, as well as comparisons with previously 
published studies. Third, follow-up differs between sporadic 
and tuberous sclerosis-associated AML, which also limits the 
analysis.

In conclusion, selective arterial embolisation renders a 
pronounced size-reduction in most patients. It is well-tolerated, 
with few and mild complications, and renal function is preserved. 
Regrowth is common why radiological follow-up is necessary. 
Tuberous sclerosis is a risk factor for reintervention.
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