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ÖZ
Amaç: Bu çalışmanın amacı semptomatik renal anjiyo myo lipomların (AML) tedavisinde transarteriyel embolizasyon tekniğinin etkinliğinin ve güvenilirliğinin araştırılmasıdır. 

Yöntemler: Bölümümüzde Eylül 2016 ve Aralık 2018 tarihleri arasında renal anjiyomyolipoma bağlı kanama semptomu ile refere edilen ve transarteriyel embolizasyon tekniği ile 
tedavi edilen hastaların tıbbi kayıtları incelenmiştir. Bütün besleyici arterler süperselektif olarak kateterize edildikten sonra partikül embolizasyonu uygulanmıştır. Mikropartikül 
ve koil embolizasyonu aktif ekstravazasyonu ve psödoanevrizması olan hastalarda uygulanmıştır. 

Bulgular: Çalışma süresinde 13 semptomatik hastada 14 AML embolize edilmiştir. 6 hastada akut retroperitoneal hemoraji mevcuttu ve bu hastaların tedavileri acil olarak 
uygulandı. Bütün hastalar semptomsuz olarak taburcu edildiler, bu nedenle klinik başarı oranı %100’dü.  Majör komplikasyon ve ölüm gözlenmedi. Takip süresi sırasında ortanca 
hacim küçülmesi %42 (%12-%76) olarak hesaplandı.

Sonuç: Semptomatik renal AML’lerin tedavisinde selektif transkateter arteriyel embolizasyon güvenilir, etkin ve uygulanabilir bir tedavi yöntemidir. Akut olarak rüptüre olmuş ve 
retroperitoneal kanamaya sebep olmuş AML’lerin tedavisinde mikropartikül ve koil embolizasyonu etkili biçimde kanamayı durdurabilir. 
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ABSTRACT
Objective: The purpose of this study is to evaluate the safety and efficacy of transarterial embolization for the treatment of symptomatic renal angiomyolipomas.

Methods: All medical records of the patients who were presented with bleeding due to renal angiomyolipoma and received transarterial embolization at our department between 
September 2016 and December 2018 were reviewed. All of the feeding arteries were superselectively catheterized and microparticle embolization was performed. Microparticle and 
coil embolization was performed for active extravasation and pseudoaneurysm formation. 

Results: In the study period 14 angio myo lipomas (AML) in 13 consecutive symptomatic patients were embolized.  The technical success rate was 100% with total embolization 
of all of the AMLs. 6 patients had acute retroperitoneal hemorrhage and procedures of these patients were performed in an emergency setting. All of the patients were discharged 
without symptoms, so clinical success rate was also 100%. No major complication nor mortality was observed. Median volume decrease was 42% (12%-76%) during the follow-up 
period.

Conclusion: Treatment of symptomatic renal AMLs with selective transcatheter arterial embolization is safe, feasible and effective. Embolization of acutely ruptured AMLs with 
retroperitoneal hemorrhage using microparticles and coils can effectively stop bleeding.  
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INTRODUCTION

Angiomyolipomas (AMLs) are uncommon benign tumors 
which are found in less than 0.3% of general population 
and account for approximately 3% of all renal tumors 
(1,2). AML is a solid tumor composed of dysmorphic blood 
vessels, adipose tissue, smooth muscle components in 
varying quantities (3,4). Approximately 20% of AMLs 
are associated with tuberous sclerosis complex  (5,6). 
Because most AMLs contain substantial amounts of 
dysmorphic blood vessels, which lack internal elastic 
lamina, have a high risk of bleeding.  AMLs are usually 
asymptomatic, however tumors >4 cm are more likely to 
be symptomatic and patients with symptomatic AMLs may 
present with retroperitoneal or urinary bleeding which can 
be sometimes life-threatining (7,8).  Therefore, prompt 
diagnosis and treatment of symptomatic AMLs is crucial. 
Nephron sparing surgery is the standart treatment option 
for symptomatic AMLs, however in the last two decades 
transarterial embolization has been increasingly used as 
first-line treatment option for symptomatic AMLs also 
as a prophylactic treatment option (9,10). The aim of this 
study is to evaluate the safety and efficacy of transarterial 
embolization for the treatment of symptomatic renal AMLs.

METHODS

Patients

All medical records of the patients who were presented 
with bleeding due to renal angiomyolipoma and 
received transarterial embolization at our department 
of interventional radiology between September 2016 and 
December 2018 were reviewed. Informed consents were 
obtained from each of the patients and institutional review 
board approved this retrospective study. All of the patients 
were symptomatic and the patients with retroperitoneal 
bleeding were treated in an emergency setting. Symptoms 
of the patients were gross hematuria and anemia, flank 
pain and retroperitoneal bleeding. Patients were defined as 
hemodynamically stable if they were euvolemic with normal 
clinical and laboratory parameters and hemodynamically 
unstable if they were hypovolemic (systolic blood pressure 
<80 mmHg with tachycardia) with worsening clinical and 
laboratory parameters.

All of the AMLs were diagnosed on the basis of classical 
imaging features at magnetic resonance imaging. 
Indications for embolization was hemodynamic instability, 

retroperitoneal hematoma at computed tomography (CT), 
signs of arterial extravasation and pseudoaneurysm at CT, 
hematuria accompanied with anemia.

Procedure

All procedures were performed in a fully-equipped 
interventional radiology suite. Patients were under IV 
sedation and monitored during the procedure by an 
anesthesiologist. Arterial access was obtained via right or 
left common femoral artery using the standard seldinger 
technique with 4-6 Fr. introducer sheaths and 4-5 Fr. 
diagnostic catheters (Cordis Corporation, Bridgewater, NJ, 
USA) were placed into the aorta to obtain a non-selective 
diagnostic arteriogram. Then, selective renal angiography 
was performed with a 4-5 F diagnostic catheteter. After 
identification of feeding artery/arteries and stain of the 
angiomyolipoma, superselective catheterization was 
performed with a high-flow microcatheter. Particle 
embolization was performed with 300-500 micron and 
500-700 micron particles. The feeding arteries were 
embolized until stasis of the feeding artery and stain of 
the AML was disappeared. When pseudoaneurysm or 
active extravasation was defined on the selective renal 
angiography coil embolization was also performed after 
particle embolization before finishing the procedure. When 
there was more than one feeding artery each of them 
was selectively catheterized and embolized in the same 
manner. A completion angiography was performed via the 
catheteter at main renal artery (Figure 1). 

Follow-up

Technical success was defined as a successful procedure 
with a complete stasis of the flow at all feeding arteries 
of the symptomatic angiomyolipoma. Clinical success was 
defined as complete resolution of bleeding symptoms of 
the patients. Follow up imaging was performed routinely 1 
month, 6 months, 12 months, yearly thereafter. Estimated 
volumes of the AMLs were calculated by using standard 
ellipsoid formula: Multiplication of length, width, and 
depth by 0.52. Complications were also documented and 
cathegorized according to Common Terminology Criteria 
for Adverse Events  as major and minor complications.  

RESULTS

A total of 14 AMLs were embolized in 13 patients 
between September 2016 and December 2018 at our 
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interventional radiology department.  Ages of the patients 
were ranged between 19-66 (mean =44.9±14.6), eight 
patients were female and 5 were male. Six patients were 
referred to our department with an acute retroperitoneal 
bleeding and hematoma. Other 7 patients were referred 
because of hematuria and associated anemia. The mean 
estimated volume of AMLs before the treatment was 
429 ml (range =65-1339 mL. Two of the 14 AMLs had 
3 feeding arteries, 6 had 2 feeding arteries and 6 had 
1 feeding artery and thus a total of 24 feeding arteries 
were catheterized superselectively during all procedures. 
Multiple pseudoaneurysms were demonstrated in 2 AML, 
1 pseudoaneurysm was demonstrated in 2 AMLs. In the 
procedures of 6 patients’ particles and coils were used 
as embolization agents. In the procedures of 7 patients’ 
only particles were used. 300-500 and 500-700 micron 
particles according to the size of the AMLs were used for 
embolization in all of the procedures. 

Retroperitoneal hematoma and active bleeding was 
diagnosed in 6 patients, these patients were hemodynamicly 

instable. Thus procedures of these 6 patients were 
performed in an emergency setting. In 5 of them AMLs 
had pseudoaneurysms and in 1 of them had active 
extravasation. Symptoms of active bleeding was stopped 
immediately after the procedure in 6 of the patients. 

 The technical success rate was 100% with total embolization 
of all of the AMLs. Post embolization syndrome was 
observed in 5 patients (38%), 3 patients had nausea and 
vomiting with mild fever and 2 patients had slight fever 
and flank pain immediately after the procedures. These 
patients were hospitalized for 2 days and symptoms were 
resolved in 36-48 hours. 7 patients had mild flank pain 
after the procedure. No major complication nor mortality 
was observed.

Among 13 patients, follow-up imaging was possible in 11 
patients. Other 2 patients did not accept follow-up imaging. 
Follow-up periods were ranging between 3-24 months 
(median 6 months). Volumes of AMLs were decreased 
during the follow-up period, median volume decrease 
was 42% (12%-76%). All of the patients were discharged 

Figure 1: Images from a 49 year old female patient with a ruptured right renal angiomyolipoma (AML). a) Axial contrast-enhanced CT 
images obtained before treatment shows a right renal AML and a high-attenuating fluid collection at the posterior side of the AML, b,c) 
Selective and superselective digital substraction angiography of the right renal artery shows an exophytic hypervascular mass with 
dysplastic and aneurysmal vessels, d) Completion angiography reveals AML devascularization, e) and 3 month follow-up MR image 
demonstrating resolution of the retroperitoneal hemorrhage and shrinkage of the tumor
CT: Computed tomography, MR: Magnetic resonance
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without symptoms, so clinical success rate was also 100%. 
Up to now none of them develop any symptoms or rupture 
(Figure 2). 

DISCUSSION

In this study, we demonstrated a high technical and 
clinical success rate for the embolization of symptomatic 
AMLs. Most of the AMLs are asymptomatic and detected 
incidentally. However, they are prone to bleeding, because 
of containing dysmorphic blood vessels lacking elastic 
lamina. Patients may be presented with spontaneous 
retroperitoneal bleeding, hematuria and flank pain. AMLs 
that are larger than 4 cm, associated with tuberous sclerosis 
complex and AMLs with intratumoral aneurysms >5 mm 
are strongly associated with bleeding (7,11-13). In this study 
6 of the patients were presented with severe retroperitoneal 
hemorrhage and required an emergent procedure. Rupture 
and bleeding of the AMLs may be life-threatining so should 
be diagnosed and treated immediately. 

There is not a consensus in the literature regarding the 
embolization agents to be used in the endovascular 
treatment of AMLs (14,15). In the literature, different 
embolization agents such as microparticles, ethylene vinyl 
alcohol (EVOH) copolymer, absolute alcohol and coils 
have been reported as effective in treatment of AMLs. For 
complete embolization of distal vascular bed microparticles, 
ethanol and EVOH copolymers have been used (16-19). 
Intralesional aneurysms and pseudoaneurysms have 
been shown to be strongly related with tumor rupture 
and acute hemorrhage. Endovascular treatment with 
microparticles for embolization of distal vascular bed and 
coils for the embolization of pseudoaneurysms and feeding 
arteries have been reported as effective in case of acute 
rupture and hemorrhage (7,10,12). We also used coils and 
microparticles for the cases those treated emergently. 
When we detect pseudoaneurysms in the AML we added 
coil embolization to particle embolization to stop acute life-
threatining hemorrhage. In 6 patients with acute bleeding 

Figure 2: Forty-three year old female patient with a giant (18 cm) right renal AML, a) MR image before embolization reveals a giant 
exophytic right renal AML, b) selective digital substraction angiography reveals an exophytic right renal mass with dysplasctic vessels, 
c) feeding artery superselectively catheterized and embolization with microparticles performed, d) Completion angiography shows 
devascularization of the AML, e) MR image 6 months after embolization demonstrates shrinkage of the tumor
AML: Angiomyolipoma, MR: Magnetic resonance
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we detected pseudoanerysms and active extravasation and 
all of them successfully embolized with a combination of 
microparticles and coils. 

EVOH copolymer also has been described in the treatment of 
pseudoaneurysms associated with AMLs. Absolute alcohol 
is also a widely used embolic agent, preferably through an 
occlusion balloon, either alone or mixed with ethiodized oil 
(8,19). Regarding the AML volume reduction, all kinds of 
embolic agents have shown similar results. Reported volume 
reduction rates are changing between 45.7% and 72% with 
alcohol, microparticles and EVOH copolymer (13,20-22). In 
this study median volume decrease was 42% (12%-76%).

The most common complication of the transarterial 
embolization of the AMLs is post embolization syndrome 
which is characterized with slight fever, leukocytosis and 
pain. Its occurance rates has been reported 35.9% in 
the literature (14,15). In this study our PES rate was 38% 
which is similar with the rates in the literature. We did not 
observe any major complication nor mortality in this study, 
furthermore none of the patients developed rebleeding 
and required nephrectomy. Major complication rates were 
reported between 0%-19% in the literature (16,19,21). The 
incidence of partial or focal renal infarction was reported 
between 22-42% but usually the degree of renal focal renal 
infarction was under 10% and did not cause severe renal 
failure (8,18,23). In our study we also did not observe non-
target embolization causing major kidney infarction and 
renal impairment. 

This study has several limitations. Most important two 
limitations are small sample size and retrospective design. 
Also sample is not homogenous with patients TS and 
without TS. However results of this study are valuable 
because this study is including symptomatic patients. 

CONCLUSION

As conclusion, treatment of symptomatic renal AMLs 
with selective transcatheter arterial embolization is safe, 
feasible and effective. Furthermore, emergency treatment 
is also possible with endovascular options. Embolization of 
acutely ruptured AMLs with retroperitoneal hemorrhage 
using microparticles and coils can effectively stop bleeding.  
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