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INTRODUCTION 

Since transcatheter arterial embolization was first introduced, 
it has progressed to being used in the treatment of urological 
disease, often complementing other surgical techniques. Given 
their minimally invasive nature, many of these procedures can 
be done in patients who are otherwise not optimal surgical can-
didates. In this Update we review arterial embolization tech-
niques to familiarize the urologist with the current state of the 
art in urology. We provide an overview of the methods involved, 
address application of renal embolization (eg for trauma, renal 
masses including renal cell carcinoma and angiomyolipoma, 
renal artery aneurysms and renal vascular malformations), 
discuss cavernous artery fistula embolization for non-ischemic 
priapism and describe pelvic embolization (eg for benign pros-
tatic hyperplasia, refractory hematuria and arterioureteral 
fistula). Our aim is to help the urologist understand how to 
better counsel patients and when referral to an interventionist 
is appropriate. 

The first documented successful transcatheter arterial embo-
lization was performed in 1970 at the University of Oregon 
Medical School.1 In that case the technique was applied to 
control upper gastrointestinal bleeding in a patient in whom 
surgery was contraindicated due to hemorrhagic shock and 
severe coagulopathy secondary to advanced liver cirrhosis. 
Subsequently, in 1973 at the University of Michigan, trans-
catheter embolization was successfully used to control a post-
biopsy renal arteriovenous fistula.2 These early applications 
revolved around the control of traumatic bleeding, although 
transcatheter arterial embolization has progressed from a last 
resort to control hemorrhage to first line therapy in many clini-
cal scenarios. 

Transcatheter embolization is a sterile procedure and, as 
such, involves the same precautions and sterile technique as any 
other surgical procedure, including use of preoperative antibi-
otic prophylaxis.3 Continuous cardiac monitoring is required 
during the procedure, as well as intravenous access for infu-
sion of fluids and medication. Conscious sedation, monitored 
anesthesia care, or general anesthesia can be used based on the 
degree of invasiveness, duration of the procedure and overall 
health of the patient. 

The technique used in the earliest descriptions remains 
the foundation for current approaches to transcatheter arte-
rial embolization. The first step in arterial embolization is to 
gain vascular access via the Seldinger technique.4 Due to its 
large caliber and superficial location, the femoral artery is 
often chosen as an access point, although other arteries such 
as the radial artery are increasingly being used.5 Currently, it 
is recommended that initial arterial access be obtained under 
ultrasound guidance. After access has been achieved, digital 
subtraction angiography, a form of fluoroscopy, is performed 
both to confirm correct placement and to identify target arterial 
anatomy, anatomical variants, or sites of vascular injury.4 Once 

placement has been confirmed, a guidewire is used to reach 
the embolization target. The chosen embolic agent can then be 
delivered to the target via various proprietary devices depend-
ing on the agent selected.

Choice of embolic agent is an important point of consid-
eration. A number of factors determine which agent is most 
appropriate, including target vessel caliber, preference for 
permanent vs temporary agent and desire for target tissue 
death vs continued viability.6 Temporary agents include gelatin 
foam, collagen and thrombin.7 Permanent agents include drug 
eluting particles, embolic spheres, polyvinyl alcohol, coils, plugs, 
detachable balloons and liquid agents (ie glue, absolute etha-
nol and ethylene vinyl alcohol copolymer dissolved in dimethyl 
sulfoxide). In general, the smaller the agent particles are, the 
more distally they embolize (and cause tissue ischemia) rela-
tive to where they are delivered.6 Particle or device size must 
be chosen appropriately to embolize the vessel, which provides 
clinical improvement while minimizing unnecessary tissue isch-
emia. Preoperative images should be viewed prior to the case. 
Images should be obtained and saved throughout the proce-
dure, with particular emphasis on documenting the preopera-
tive and postoperative states as well as any interventions.

Once successful embolization has been performed and vascu-
lar access has been removed, it is important to apply manual 
pressure or a vascular closure device to the access site to allow 
for hemostasis. This step is followed by a period of bed rest, 
during which the puncture site is monitored for hematoma 
formation, in addition to standard postoperative monitoring 
of intake and output, pain and cardiac symptoms.3 Vascular 
examinations of extremities distal to the access site should also 
be performed to confirm adequate perfusion. 

Policy at our institution generally consists of the patient 
receiving nothing by mouth for 8 hours prior to the procedure. 
Anticoagulation is generally stopped, although in select cases 
it may be continued if a closure device can be used. Conscious 
sedation is provided by nursing staff and the interventional 
radiologist, although anesthesiologists are sometimes employed 
depending on the patient’s health status. After the procedure 
the patient is monitored by nursing staff during recovery. 
Admission is patient specific but most procedures performed 
electively will be done on an outpatient basis.

Transcatheter arterial embolization can be administered for 
a number of disease entities, including aneurysm, pseudoan-
eurysm, arteriovenous fistula, arteriovenous malformation, 
hemangioma and acute/recurrent hemorrhage.8 Embolization 
may also be used to provide controlled tissue ischemia to treat 
non-neoplastic conditions such as hypersplenism. Within the 
field of urology transcatheter arterial embolization may be 
used to perform renal artery, penile and prostatic artery embo-
lization, and pelvic embolization for bleeding.

RENAL TRAUMA

Background. Renal injury is a relatively common consequence 
of trauma (1%-5%).9 Blunt renal trauma is more common than 

AbbreviationS: ACF (arteriocavernous fistula), AML (angiomyolipoma), AUA (American Urological Association), BPH 
(benign prostatic hyperplasia), CT (computerized tomography), DSA (digital subtraction angiogram), HFP (high flow pria-
pism), IPSS (International Prostate Symptom Score), MRI (magnetic resonance imaging), PAE (prostatic artery embolization), 
QOL (quality of life), RCT (randomized controlled trial), SSAE (subselective arterial embolization), TURP (transurethral 
prostatectomy)
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penetrating renal trauma (65% vs 35%). Clinicians should 
be suspicious of renal trauma if a patient presents with an 
appropriate mechanism of injury, hemodynamic instability or 
hematuria. In stable patients, renal injury can be diagnosed by 
cross-sectional imaging. For unstable trauma cases requiring 
immediate laparotomy, diagnosis of a renal injury is performed 
intraoperatively via direct exploration in the presence of an 
expanding retroperitoneal hematoma or via one-shot excretory 
urography. Renal trauma is graded according to the American 
Association for the Surgery of Trauma grading system. Man-
agement is typically supportive in the hemodynamically stable 
patient. For unstable patients, treatment is surgical exploration. 

Indications. Selective embolization is indicated for renal inju-
ry or laceration when there is demonstrated persistent bleeding 
after initial injury confirmed by angiography. Surgery may be 
indicated for renal injury if a patient is unstable and undergoing 
laparotomy for other abdominal injuries, or in the presence of 
injury to the collecting system that requires repair or complete 
renal pedicle avulsion. 

Treatment. Most cases of renal injury are managed non-oper-
atively. Angiography is indicated to assess for continued bleed-
ing in hemodynamically stable patients who require repeated 
resuscitation or transfusion. Intravascular contrast extravasa-
tion (positive predictive value 58%) and perirenal hematoma 
rim distance have been associated with the need for emboliza-
tion at the time of angiography. In a retrospective study evalu-
ating CT after renal trauma, a perirenal rim distance ≥15 mm 
had a positive predictive value for requiring renal embolization 
of 33%, compared to 100% if perirenal rim distance was ≥35 
mm.10 Bleeding identified during angiography should be selec-
tively embolized. Permanent embolic agents such as coils and 
glue are commonly used in this scenario.

Outcomes. A retrospective review of a large trauma database 
from 2002 to 2007 identified 165 patients who underwent diag-
nostic angiography after renal injury (78% grade III to IV).11 
Of 77 patients who underwent embolization at the time of angi-
ography, 68 required a second therapy (diagnostic angiography, 
repeat embolization, percutaneous nephrostomy placement or 
nephrectomy) or evaluation (ureteroscopy or retrograde urog-
raphy). Of 36 patients who underwent repeat embolization, the 
procedure was successful in 35. In this series, 78% and 83% of 
patients with grade IV and grade V renal lacerations, respec-
tively, retained the kidneys. In another study of 79 patients who 
underwent angiography for a suspected renal laceration, 22 
(27.8%) required embolization.12 Patients with failed emboli-
zation (27.2%) required more blood transfusions than those in 
whom the procedure was successful. Overall, 16.5% of patients 
in this cohort who were managed non-operatively via angiogra-
phy, with or without embolization, ultimately required surgical 
intervention. 

Follow-up. Patients with renal injury treated with segmen-
tal or main renal artery embolization should be monitored in 
the hospital for continued signs of bleeding and resuscitated 
as needed. Renal function and blood pressure should be moni-
tored and patients should be provided appropriate follow-up 
with a nephrologist if renal impairment or hypertension devel-
ops. Those with high grade renal injury should also be moni-
tored for hypertension during hospitalization and in the years 
subsequent to discharge. These patients also require repeat 
cross-sectional imaging such as contrast enhanced CT.

RENAL CELL CARCINOMA

Background. Approximately 74,000 new cases of renal cell car-
cinoma are diagnosed in the United States yearly.13 Perform-
ing radical nephrectomy for a large locally advanced tumor 
is challenging and often involves a difficult dissection with an 
increased risk of bleeding. Providers may elect to embolize the 
kidney before radical nephrectomy in order to reduce the risk 
of bleeding and to allow intraoperative ligation of the renal 
vein immediately on identification rather than after identifica-
tion and control of the renal artery. Alternatively, for patients 
with large unresectable symptomatic tumors, palliative emboli-
zation of the renal artery may be elected to address symptoms 
such as hematuria and pain and to improve QOL.14 

Indications. Pre-radical nephrectomy embolization may 
be performed based on provider preference. Currently, no 
prospective randomized trials have been conducted to evaluate 
its use. Reported studies are retrospective in nature and have 
yielded variable results regarding the benefit of embolization 
for preventing blood loss and complications in this setting.15 
Older studies have mixed outcomes in terms of survival.16, 17 In 
the largest comparative study, embolization was associated with 
increased blood loss and transfusion requirement.18 However, 
this study was not controlled, and the cohort undergoing 
embolization had higher stage disease and greater anesthetic 
risk scores. The current consensus is that the optimal timing of 
nephrectomy after embolization is 24-72 hours.14 

Palliative renal artery embolization is indicated in patients 
with hematuria or flank pain who have large unresectable 
tumors. Multiple studies have indicated that up to 75% of 
patients will experience improvement in cancer related symp-
toms (eg colicky pain, hematuria and palpable mass) following 
embolization in this setting and that this effect can be potenti-
ated by adding doxorubicin.19, 20 

Treatment. Access may be achieved via the femoral, radial 
or brachial artery with a 5Fr or 6Fr sheath. The renal artery 
is identified via angiography. Embolization may be performed 
with various materials including permanent and temporary 
embolic agents. The proximal renal artery should be spared 
to allow surgical clamping during nephrectomy if it is subse-
quently required. 

Complications. Embolization prior to nephrectomy is well 
tolerated and the literature does not indicate significant compli-
cations other than post-embolization syndrome (i.e. pain, fever, 
nausea).18 Complications common to all embolization proce-
dures include those related to the access site (eg hematoma, 
vessel injury and site infection), those related to injection of 
contrast medium (eg contrast induced nephropathy or anaphy-
laxis) and those related to the embolization itself, including 
non-target embolization (with particular risk to the adrenal in 
this procedure) and post-embolization syndrome.14

Follow-up. Patients undergoing renal artery embolization 
prior to nephrectomy require follow-up as dictated by the 
underlying pathology (eg per normal nephrectomy guidelines if 
performed for renal cell carcinoma). Patients undergoing palli-
ative embolization should be monitored for post-embolization 
syndrome postoperatively and subsequently followed closely 
by a provider for symptom management. 

Emerging use in ablation. Ablation is considered first line 
therapy for small renal masses, with many studies showing 
durable long-term oncologic control. However, vascular supply 
surrounding the mass may create a heat sink, which can be 
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detrimental to the effectiveness of ablative techniques.21 
Selective embolization prior to ablation has the potential to 
counteract this effect while also providing larger margins and 
decreasing the risk of preoperative or postoperative bleeding 
(fig. 1).22 

ANGIOMYOLIPOMA

Background. Angiomyolipomas are rare, benign, highly vas-
cular tumors, which can be sporadic or associated with tuber-
ous sclerosis complex. Sporadic AMLs are twice as likely to 
be diagnosed in women and are associated with hemorrhage 
in 0.4% of cases.23 AMLs are found in 61%-80% of tuberous 
sclerosis complex cases and are associated with renal impair-
ment and hemorrhage in 40% and 25% of patients, respec-
tively. AMLs may be diagnosed by ultrasound, CT or MRI. 
MRI is the study of choice for diagnosing lipid poor AMLs,24 
which may be associated with flank pain, hemorrhage, or 
gross hematuria.25 

Classically, AMLs are observed until they reach 4 cm 
or larger. This approach is based on retrospective studies 
suggesting that the likelihood of hemorrhage is higher in 
lesions greater than 4 cm. In patients with an AML, 64%-74% 
of hemorrhages are larger than 6 cm, 17%-26% are 4-6 cm 
and 9% are <4 cm.26 Sporadic AMLs may be followed with 
active surveillance, which may obviate the need for treatment 
in up to 65% of patients.27 AMLs smaller than 4 cm may be 
observed unless symptomatic.28 AMLs greater than 5 cm are 
associated with hemorrhage and are therefore an indication 
for prophylactic embolization.29 However, level 1 data are 
lacking for prophylactic embolization for AMLs and treat-
ment decisions related to sporadic AMLs are largely deter-
mined by patient and provider preference and judgment. 
AML growth in pregnancy may be accelerated, although 
the literature exploring AML management in pregnancy is 
limited to case reports with variable treatment strategies.30 
Therefore, it would be prudent to manage these cases conser-
vatively if possible. 

Treatment, outcomes and complications. The mainstay of 
treatment of sporadic AML in the prophylactic and acute 
hemorrhagic settings is selective embolization (fig. 2). Level 1 
evidence exists that use of an mTOR inhibitor is efficacious in 
reducing the size of AMLs in patients with tuberous sclerosis 
complex and this management should be strongly considered 
in such cases.31, 32 Examples of mTOR inhibitors include siro-
limus, everolimus and temsirolimus. The literature on various 
embolization materials for AML remains unclear. A meta-
analysis published in 2015 revealed that at 5-year follow-up, 
20.9% of patients required repeat treatment.33 

Lin et al published a meta-analysis of 30 studies includ-
ing 653 patients treated with selective embolization, of whom 
32% were treated urgently for hemorrhage while the remain-
ing cases were elective.34 The authors found that there was no 
change in renal function after treatment based on creatinine 
and estimated glomerular filtration rate. Post-embolization 
syndrome was diagnosed in 54% of patients (range 12.2%-
100%), however, there was a great deal of heterogeneity 
between studies regarding the criteria used to reach this 
diagnosis. Major complications occurred in 4.4% of patients, 
including renal abscesses, femoral artery pseudoaneurysms, 
urinary tract infections, renal insufficiency, acute respiratory 
distress and pleural effusion. One mortality was attributed to 

 Figure 1. Imaging in 84-year-old female with dementia, leuke-
mia, glaucoma, anxiety, depression, dysphagia and gastroesopha-
geal reflux disease with 4.2-cm endophytic right lower pole renal 
mass. Contrast enhanced axial (a) and coronal CT (b) before 
embolization/ablation demonstrates mass. c, intraoperative DSA 
of right renal artery. d, DSA of segmental artery to lower pole 
mass during embolization. e, post-embolization placement of 
microwave ablation probe. f, post-ablation CT shows successful 
ablation of renal mass. At 12.5 months postoperatively, contrast 
enhanced axial (g) and coronal CT (h) reveal successful treat-
ment of renal mass.
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treatment. Average decrease in tumor size was 32%, although 
on follow-up, 11% of patients had no change or had an increase 
in tumor size. 

Urbano et al in 2017 published a series of 22 consecutive 
cases (37% urgent and 63% elective) involving symptomatic 
AMLs or AMLs larger than 4 cm managed by 6% ethylene 
vinyl alcohol.35 At a median follow-up of 37.5 months, 18.5% 
of patients had experienced post-embolization syndrome and 
masses had shrunk by an average of 45.7%. Thulasidasan et al 
in 2016 published a series of 7 patients who underwent emboli-
zation of AML with ethylene vinyl alcohol copolymer dissolved 
in dimethyl sulfoxide with a mean follow-up of 431 days.36 
Embolization was associated with no change in serum creati-
nine, no hemorrhage events after treatment and a mean 22-mm 
reduction in tumor size. Recent reports suggest embolization of 
AMLs is possible using radial access.37, 38 Minor complications 
occurred in 7%-11% of patients and no major complications 
(including change in renal function or rebleeding) occurred in 
this setting.35

Follow-up. There is no defined schedule for follow-up of 
patients with AML. However, patients with tuberous sclero-
sis complex undergo serial imaging to rule out development 
of brain involvement and some experts recommend following 
AMLs in these patients on the same schedule. AMLs should be 

monitored to ensure stability and can be followed with ultra-
sound, CT or MRI. 

OTHER INDICATIONS FOR SELECTIVE RENAL 
ARTERIAL EMBOLIZATION

Renal artery pseudoaneurysm. Renal artery pseudoaneurysms 
typically occur after an intervention such as renal biopsy, partial 
nephrectomy, percutaneous nephrolithotomy (in approximate-
ly 0.3%-1.4% of interventions), or damage to the kidney from 
renal trauma.39 Patients may present with hemorrhage (with or 
without shock), flank pain, or a pulsatile mass. Diagnosis is typi-
cally made on cross-sectional imaging. First line management 
is selective embolization with coils rather than foam to avoid 
passage into the venous circulation (fig. 3).22 

Renal arteriovenous fistula. Like pseudoaneurysms, renal 
arteriovenous fistulas typically result from operative interven-
tions or trauma. Presenting signs include hematuria, renal fail-
ure, and high output heart failure and abdominal bruit. First 
line management is selective embolization with coils rather 
than foam, as with renal artery pseudoaneurysm, to avoid 
passage into the venous circulation.22 

Renal artery aneurysm. Approximately 0.1% of the general 
population has a renal artery aneurysm with a higher percent-
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Figure 2. Imaging in 42-year-old female with hyperthyroidism status/post thyroidectomy and biopsy proven 3.9-cm AML. a, pre-
operative CT with intravenous contrast enhancement demonstrates right interpolar AML (arrow). b, DSA shows AML (arrow).  
c, DSA with selective catheterization of artery to AML (arrow). d, 4-month follow-up CT with intravenous contrast material 
without enhancement of now 2.2-cm AML (arrow).

Figure 3. Imaging in 58-year-old male with hypertension, coronary artery disease, prior myocardial stents with cardiac stents, hyper-
lipidemia, hypercholesterolemia, aortic aneurysm and nephrolithiasis for which he underwent left percutaneous nephrolithotomy 
complicated by profuse bleeding from percutaneous nephrostomy tract and downward trending of hematocrit after removal. a, DSA 
of left kidney reveals pseudoaneurysm of upper segmental artery (arrow). b, selective catheterization and DSA of upper segmental 
artery demonstrate pseudoaneurysm (arrow). c, fluoroscopy of microcatheter (arrowhead) extended to pseudoaneurysm (arrow) for 
coil deployment. d, DSA shows successful coil deployment (arrow) with exclusion of previously seen pseudoaneurysm.
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age found in patients undergoing cross-sectional angiographic 
studies.40 Patients typically present in the sixth decade of life 
with variable symptoms; most patients have hypertension but 
can also have renal insufficiency, renal bruit, abdominal/flank 
pain, or an abdominal mass. Given the possibility of aneurysm 
rupture (approximately 0.3% over 10 years), indications for 
intervention are symptomatic aneurysm, aneurysm greater 
than 2 cm and aneurysm in a woman of childbearing age.40, 41 
Repair can be either via an open approach or via transarterial 
intervention (ie coiling; fig. 4). In a recent meta-analysis, both 
methods had similar short-term and long-term mortality rates, 
however the open approach was associated with more cardiac 
(2.2% vs 0.6%, p=0.001) and peripheral vascular complications 
(0.6% vs 0.0%, p=0.01).42 Reintervention rates were higher in 
the endovascular group, although the difference was not statis-
tically significant. Endovascular repair was associated with a 
coil migration rate of 29% (95% CI 4-71) and a post-emboliza-
tion syndrome rate of 9% (95% CI 9-52). Discussion with the 
patient is imperative given the heterogeneity of outcomes and 
lack of guidelines directing care.

PROSTATIC ARTERY EMBOLIZATION

Background. Transurethral prostatectomy is one of the most 
commonly performed urological procedures and has become 
the benchmark therapy for BPH due to durable results with 
long-term follow-up.43 More recently, BPH treatment has 
come to include novel minimally invasive surgical therapies 
such as prostatic urethral lift (UroLift® System), convective 
water vapor energy (Rezūm™) and aquablation (AquaBeam® 
Robotic System).44 New techniques also include PAE, which is 
performed by an interventional radiologist, often under local 
anesthesia and monitored anesthesia care, via common femoral 
artery access. 

Indications. PAE, first reported for the treatment of BPH in 
2010, has generated excitement within the interventional radi-
ology community.45 In May 2019, the Society of Interventional 
Radiology officially released an updated position statement 
declaring that current evidence is adequate to support use of 
PAE for treatment of BPH in appropriately selected patients.46 
In addition, in the United Kingdom, NICE (National Insti-
tute for Health and Care Excellence) has stated that there is 

adequate evidence of safety and efficacy to support the use 
of PAE in BPH.47 In contrast, in the 2019 amendment to the 
2018 BPH guidelines, the AUA stated that due to the hetero-
geneity of outcomes in the available literature and concerns for 
procedural side effects, PAE should be performed only in the 
context of a clinical trial until more rigorously performed stud-
ies are available.48

Treatment. The goal of PAE is to induce a decrease in pros-
tate size through the use of superselective embolization and 
thus reduce symptoms associated with BPH. PAE is achieved 
by obtaining femoral artery access, performing selective cath-
eterization of the bilateral prostatic arteries and embolizing via 
injection of microspheres (fig. 5). In general, the most common-
ly used microcatheters range in size from 2.0Fr to 2.4Fr. 
Currently, 2 embolization agents are approved by the U.S. Food 
and Drug Administration: Embosphere® and Embozene™ 
microspheres.49, 50

Of note, anatomical variants should be considered. Adjust-
ments must be made depending on the location of the pros-
tatic artery, which most commonly originates from the internal 
pudendal artery and the common gluteal-pudendal trunk but 
may vary in its origin. In 1 study, 2 separate vascular pedicles 
were found in approximately a fourth of pelvic sides.51 

The entirety of the procedure can be performed under 
fluoroscopy with cone-beam CT for additional delineation of 
vascular anatomy. Specific preoperative and periprocedural 
practices differ between institutions. In general, perioperative 
antibiotics are administered and patients are discharged on a 
combination of steroids, nonsteroidal anti-inflammatory drugs 
and phenazopyridine to alleviate discomfort. Alpha blockers 
and 5alpha-reductase inhibitors can be discontinued postop-
eratively and patients are seen in the clinic to reevaluate symp-
toms and urinary parameters.

Outcomes and complications. The position statement 
published by the Society of Interventional Radiology in 2019 is 
based on a systematic review of 6 comparative studies (3 RCTs, 
2 prospective comparative trials and 1 retrospective compara-
tive study), 17 cohort studies, 6 meta-analyses and 19 review 
articles.46 In general, the RCTs included patients experiencing 
lower urinary tract symptoms with prostate size no larger than 
100 cm3 and evidence of obstruction (eg peak flow rate <15 mL 
per second). 
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Figure 4. Imaging in 69-year-old female with hypertension and type-2 diabetes mellitus found to have 3.1×2.6×2.4 cm saccular right 
renal aneurysm after presenting with flank pain. a, computerized tomographic angiogram of right renal artery (arrow) in coronal 
view. b, DSA of right kidney prior to coiling reveals saccular collection of contrast material (arrow). c, final arteriography after 
successful coiling; arrow indicates coiled aneurysm excluded from arterial system.
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A randomized controlled trial comparing PAE (57 cases) and 
TURP (57) indicated that TURP resulted in better functional 
outcomes at 1 and 3 months but was equivalent to PAE at 12 
and 24 months as measured by IPSS, quality of life, peak flow 
rate and post-void residual.52 Another prospective random-
ized controlled trial comparing PAE (15 cases) and TURP (15) 
demonstrated that TURP resulted in greater improvement in 
terms of IPSS, quality of life and peak flow rates compared 
to PAE at 1 year.53 In that series, 15 non-randomized patients 
underwent a specialized proximal and distal embolization tech-
nique, and at 1 year, had IPSS improvement equivalent to that 
in 15 patients randomized to TURP. Finally, a third random-
ized controlled trial comparing PAE (51 cases) to TURP (48) 
indicated that at 3 months, symptomatic scores (IPSS, quality of 
life), frequency and nocturia were similar, although peak flow 
rate and post-void residual had significantly improved in the 
TURP group.54 

When evaluating sexual function using International Index 
of Erectile Function score, the reviewed randomized controlled 
trials and meta-analyses showed no significant change from 
baseline.46 Cases of reduced ejaculate volume, but not retro-
grade ejaculation, were reported. In the first 2 RCTs, no major 
complications were experienced within the PAE groups, and in 
the third trial TURP was associated with twice as many adverse 
events as PAE, including greater blood loss, longer hospital stay 
and higher rate of bladder catheterization. In the literature, 
PAE has been associated with post-embolization syndrome 
(pelvic pain, dysuria, transient worsening of lower urinary 
tract symptoms), which often lasts approximately 1 week and 
requires only symptom management.55 More severe adverse 
events such as bladder necrosis, rectal ulcers and ischemic bala-
nitis have been reported and are believed to be secondary to 
technical error/aberrant embolization. 

Limitations. PAE is a minimally invasive option for treating 
BPH that may be a reasonable alternative for patients who are 
poor surgical candidates or want to avoid general anesthesia 
and/or a transurethral approach. The AUA advises caution 
when interpreting data from the 3 RCTs, the highest level 

data presented, as these series have substantial heterogeneity 
between patient groups (I2 90%) as well as significantly differ-
ent duration of follow-up (12 weeks to 12 months to 2 years).48 
However, considering the improvement in symptom scores and 
limited incidence of major complications, additional long-term 
RCTs using standard inclusion/exclusion criteria are needed. 

REFRACTORY HEMATURIA 

Transcatheter arterial embolization of bladder or prostate for 
intractable hematuria secondary to hemorrhagic cystitis, TURP, 
cancer and/or coagulopathy has been reported in patients who 
do not experience improvement with continuous bladder 
irrigation, fulguration, fluid resuscitation, or transfusions. The 
limited data available suggest success rates of 80% to 100% in 
this setting.56–59 This strategy appears feasible and may be con-
sidered for addition to the repertoire of urological procedures 
for management of hematuria.

ARTERIOURETERAL FISTULAS

While incredibly rare, arterioureteral fistulas can be devastat-
ing with a reported acute mortality rate of 2.1%-7.7% in the 
current literature.60, 61 While the data are limited to case reports, 
small series and a few meta-analyses, common predisposing 
factors are pelvic radiation, prior pelvic or vascular surgery, 
chemotherapy and chronic indwelling ureteral stent.60–62 All 
patients have presented with gross hematuria, with many also 
experiencing flank pain, abdominal pain, or acute urinary 
retention. As many of these patients have indwelling ureteral 
stents, this bleeding is often seen on stent manipulation during 
exchange, presenting as bleeding from the ureteral orifice. In 
such an incidence, the stent should be replaced and interven-
tional radiology contacted on an emergent basis. CT is not indi-
cated as it has low sensitivity for arterioureteral fistulas (39.1% 
in 1 series), which are often observed at the time of angiogra-
phy with provocative maneuvers.61 Treatment involves place-
ment of a stent graft, embolization of the fistula or aneurysm 
if present, or both, with a technical success rate of 91.3%. At 
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Figure 5. Imaging in 65-year-old male with depression, hyperlipidemia and hypercholesterolemia with 74-cc prostate, pre-PAE 
IPSS of 19 and QOL score of 2, and 1-year post-PAE IPSS of 3 and QOL score of 1. a, DSA of left internal iliac artery dem-
onstrates branches. b, selective DSA after catheterization of left prostatic artery. c, angiogram of right prostatic artery; arrow 
indicates opacification of right hemiprostate.
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a median follow-up of 8 months only 7.5% of patients treated 
endovascularly had a rebleed.60, 61 While rare (15%-17%), com-
plications have included retroperitoneal abscess, stent throm-
bosis, urosepsis and native artery thrombosis. 

ARTERIOCAVERNOUS FISTULAS

Background. Priapism is a persistent penile erection lasting 
4 hours or greater that is unrelated to sexual stimulation and 
is not desired. The majority of cases (>95%) involve low flow 
priapism (ie ischemic, venoocclusive) and a small number 
involve high-flow priapism (non-ischemic). While the scope of 
this Update does not include management of low-flow pria-
pism, this condition remains a urological emergency. Treatment 
of low-flow priapism progresses through a graduated approach 
involving corporal irrigations, corporal injections of sympa-
thomimetic agents and, if needed, surgically created shunts or 
insertion of a penile prosthesis.49, 50 

Arterial embolization is the intervention of choice in the 
treatment of HFP.50, 51 To understand the role of arterial embo-
lization, one must focus on the pathophysiology of the disease. 
Parasympathetic innervation to the penis causes physiological 
erection, during which the lacunar smooth muscle is relaxed, 
allowing for increased blood flow to the corpora cavernosa, 
the engorgement of which compresses the emissary venules, 
creating a steady state of inflow and outflow with resultant 
penile tumescence.52 In essence, HFP is due to pathologically 
increased influx of arterial blood to the corpora cavernosa, 
which escapes the aforementioned venoocclusive mechanism 
and results in incomplete tumescence of the corpora caver-
nosa in the absence of spongiosal tumescence.49, 53 Often, HFP 
is caused by blunt trauma to the perineum and/or penis and 
subsequent development of an ACF.50, 54 HFP is diagnosed 
based on history and physical examination and can be support-
ed by cavernous blood gas.50, 51

Indications. Initial management of HFP is observation as up 
to 62% of cases will resolve spontaneously.63 However, after 

expectant management, and if the patient chooses interven-
tion, selective cavernous artery embolization is the treatment 
of choice.50, 51 Prior to embolization, the penile vasculature is 
imaged to aid in planning. While penile Doppler ultrasonogra-
phy can be used to confirm the presence of an ACF (near 100% 
sensitivity), computerized tomographic angiography can reveal 
a characteristic “blush” at the location of the ACF, and contrast 
enhanced magnetic resonance angiography may help in local-
ization of the ACF (fig. 6).54–57 Magnetic resonance angiography 
in particular can provide elevated detail of the segmental arter-
ies. At the time of embolization, bilateral pudendal arteriogra-
phy is performed to delineate the anatomy.51 The development 
of microcatheters has allowed interventional radiologists to 
perform SSAE of the exact feeder vessel to the ACF, afford-
ing access to the vessels from the internal pudendal artery 
down to the cavernous artery (site of embolization in >70% of 
published cases).53, 54 

Outcomes and complications. The first reported arterial 
embolization for HFP was performed by Wear et al in 1977, 
in which the internal pudendal artery was embolized with an 
autologous clot.58 Since then, the gold standard has become 
SSAE employing permanent (eg microcoils, N-butylcyanoacry-
late, miscrospheres, polyvinyl alcohol particles) and absorbable 
materials (eg autologous clot, gelatin foam).49 Absorbable mate-
rials allow for recanalization after embolization with exclusion 
of the fistula and theoretically avoid long-term complications 
associated with permanent materials (eg erectile dysfunction), 
although direct comparisons have not been performed.51, 57 Of 
note, autologous blood clot has been the material of choice in 
pediatric patients.59 

Success rates of SSAE for HFP are up to 89% in most 
series, and nearly all cases have been successfully treated with 
3 or fewer embolization sessions.51, 53, 57, 60 However, recurrence 
requiring reembolization ranges from 30%-40%.51, 57, 60 Severe 
complications (eg erectile dysfunction, gluteal ischemia, penile 
gangrene) are rare and mostly theoretical in the era of SSAE. 
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Figure 6. Imaging in 21-year-old male with high-flow priapism after bicycle accident. a, anteroposterior view of bilateral pelvic 
arteriogram; arrow indicates blush at arteriocavernous fistula. b, left anterior oblique view of internal pudendal artery before 
embolization; arrow indicates blush. c, left anterior oblique view of internal pudendal artery after embolization; arrow indicates 
resolution.
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DID YOU KNOW?

•	 Arterial embolization by an interventional radiologist 
can complement the treatment of urological disease or 
offer a minimally invasive alternative to surgery; the 
urologist’s familiarity with the indications and options is 
imperative for efficient multidisciplinary care.

•	 Embolization in the setting of renal trauma can control 
bleeding and obviate the need for nephrectomy. 

•	 Renal embolization can be done 24-72 hours before 
nephrectomy in order to control intraoperative bleeding; 
however, well controlled supporting studies are lacking. 

•	 Embolization of an arteriocavernous fistula is the treat-
ment of choice in cases of high flow priapism refractory 
to conservative management.

•	 PAE is a promising procedure for benign prostatic 
hyperplasia in select patients. 

In 1 series, 27% of patients had bruising and slight pain at the 
needle insertion site, although none experienced leg numbness, 
bleeding, claudication, or embolic symptoms.61 Erectile dysfunc-
tion will manifest in 15%-20% of patients after SSAE, which 
is lower than the average rate of 50%-90% following surgical 
intervention, and many cases respond to oral phosphodiester-
ase type 5 inhibitors.54, 60, 61

Follow-up. It is recommended that patients be followed for 
1 to 2 weeks after embolization.51 Patients with embolization 
failure may undergo repeat embolization or return to expectant 
management. While spontaneous resolution has been reported 
after an initial embolization failure, prolongation of interven-
tion may be associated with distal corporal fibrosis.57, 62 In cases 
of post-embolization erectile dysfunction, it is reasonable to try 
an oral phosphodiesterase type 5 inhibitor. 

Limitations. The current literature is limited to small studies, 
with a lack of high quality, controlled trials, and the last AUA 
guideline on this subject was published in 2003. As such, ques-
tions remain regarding timing, preferred imaging modality prior 
to intervention and optimal material choice for embolization. 

CONCLUSION

Since it was first described in 1970, arterial embolization has 
become a tool to treat urological disease. Arterial embolization 
can both complement and aid urological interventions (ie renal 
embolization prior to radical nephrectomy) or offer a minimally 
invasive alternative to surgery (eg PAE, embolization for HFP, 
traumatic renal bleed, refractory hematuria, arterioureteral 
fistula, renal mass as combined ablation/embolization, AML). 
While some techniques are currently only recommended by the 
AUA in the setting of a trial, many are well established. Increas-
ing dissemination and efficacy of these interventions make it 
important for the practicing urologist to be aware of the indi-
cations to provide better patient counseling and undertake an 
interdisciplinary approach to care. 
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1. 	 While the Society of Interventional Radiology has offi-



225

cially supported the use of prostatic artery embolization 
in benign prostatic hyperplasia, the AUA has reservations 
due to
a.	 limited number of randomized controlled trials with 

significant interstudy heterogeneity
b.	 lack of clinical trials showing improvement in voiding 

parameters or symptoms 
c.	 low availability of interventionalists outside academic 

centers 
d.	 criticism from NICE

 

2. 	 Randomized controlled trial data in the management 
of angiomyolipomas in patients with tuberous sclerosis 
complex support the use of
a.	 active surveillance 
b.	 mTOR inhibitor therapy 
c.	 renal artery embolization 
d.	 partial nephrectomy 

3. 	 The most common artery embolized for high flow 
priapism is the 
a.	 internal pudendal 
b.	 common penile 
c.	 bulbourethral 
d.	 cavernous 

4. 	 Temporary vessel occlusion is best provided by the use of

a.	 coils
b.	 gelatin foam 
c.	 microspheres 
d.	 polyvinyl alcohol

5. 	 The embolizing agent of choice in cases of renal 
pseudoaneurysm is
a.	 glue 
b.	 gelatin foam
c.	 microspheres
d.	 coils 
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