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ABSTRACT

Background In recent years prostate artery embolization

(PAE) evolved into a clinically established minimally invasive

endovascular treatment option for lower urinary tract symp-

toms caused by benign prostate syndrome (BPS).

Methods In this interdisciplinary position paper, initiated by

the steering group for research of the German Society for In-

terventional Radiology (IR), the method of PAE is presented

and discussed in the context of current evidence.

Results PAE is a safe IR procedure for the treatment of BPS. In

terms of symptom relief, measured with the IPSS (Internation-

al Prostate Symptom Score), the PAE has comparable effect,

similar to the historic gold standard, transurethral resection

(TUR) of the prostate. With regard to reducing subvesical

obstruction PAE is inferior to TUR, but does not limit subse-

quent surgery. Based on current evidence, PAE is recommen-

ded by the British National Institute for Health and Care Excel-

lence as an alternative therapy. The feasibility under local

anaesthesia and the preservation of sexual function are im-

portant arguments for patients in favour of interventional

therapy. Patient selection and therapy concepts require close

interdisciplinary collaboration between urologists and radiol-

ogists.

Conclusion Effectiveness and safety of PAE for the treatment

of BPS are proven. Further randomized trials should focus on

long term outcome and help to identify most suitable indica-

tions for PAE.

Key Points:
▪ PAE, an endovascular procedure, is a patient-friendly,

minimally invasive, alternative therapy option of the BPS

▪ PAE can reduce the symptoms of the lower urinary tract

(LUTS), comparable to transurethral resection (TUR). The
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deobstructive and volume-reducing potential of the PAE is

inferior to that of the TUR

▪ The main advantages of PAE are use of local anesthesia (no

general anesthesia required), short patient recovery and

maintenance of sexual function, including antegrade eja-

culation.

▪ Based on current evidence PAE should be considered after

conservative drug therapy and before TUR.

▪ The role of PAE in the context of other minimally invasive

procedures (MIST) requires further evaluation with an

open minded approach towards PAE.

▪ PAE is carried out by interventional radiologists, usually on

a referral basis from urologists, and requires close inter-

disciplinary cooperation.

Citation Format
▪ Kovacs A, Bücker A, Grimm M et al. Position Paper of the

German Society for Interventional Radiology (DeGIR) on

Prostatic Artery Embolization. Fortschr Röntgenstr 2020;

192: 835–846

ZUSAMMENFASSUNG

Hintergrund Mit der Prostataarterienembolisation (PAE)

steht seit einigen Jahren ein klinisch etabliertes minimalinva-

sives endovaskuläres Verfahren zur Behandlung des benignen

Prostatasyndroms (BPS) zur Verfügung.

Methoden In diesem von der Lenkungsgruppe Wissenschaft

und Forschung der Deutschen Gesellschaft für Interven-

tionelle Radiologie initiierten interdisziplinären Positionspa-

pier wird die Methode der PAE dargestellt und im Kontext

der aktuellen Datenlage diskutiert.

Ergebnisse Die PAE ist ein sicheres interventionell-radiologis-

ches Verfahren zur Behandlung des BPS. In Bezug auf die

Beschwerdesymptomatik, gemessen mit dem IPSS (Interna-

tional Prostate Symptom Score), hat die PAE im Vergleich zu

dem historischen Goldstandard der transurethralen Resektion

(TUR) der Prostata einen vergleichbaren Effekt. Im Hinblick

auf die subvesikale Desobstruktion ist die PAE der TUR unter-

legen, sie behindert allerdings eine spätere chirurgische The-

rapie nicht. Aufgrund der bereits vorhandenen Evidenz wird

die PAE vom britischen National Institute for Health and Care

Excellence als Therapiealternative empfohlen. Die Durchführ-

barkeit in Lokalanästhesie und der Erhalt der Sexualfunktion

sind für die Patienten wichtige Argumente für die interven-

tionelle Therapie. Patientenauswahl und Therapiekonzept

erfordern eine enge interdisziplinäre Zusammenarbeit zwi-

schen Urologen und Radiologen.

Schlussfolgerung Effektivität und Sicherheit der PAE zur

Behandlung des BPS sind nachgewiesen. In weiteren randomi-

sierten Studien sollten Langzeitergebnisse generiert und

die am besten geeigneten Indikationen für die PAE bei BPS

definiert werden.

Introduction

Benign prostate syndrome (BPS) is a benign enlargement of the
prostate, associated with impairment of micturition.

The symptoms (LUTS, Lower Urinary Tract Symptoms), can be
primarily obstructive, irritative or can consist of a combination of
these. Typical obstructive symptoms include poor urine stream,
hesitancy, difficult (straining) and prolonged micturition as well
as a feeling of incomplete bladder emptying. Irritative symptoms
include strong “urgent” need to urinate as well as pollakiuria. Noc-
turia is a rather unspecific symptom and can have numerous cau-
ses or cofactors besides benign enlargement of the prostate, e. g.
insomnia, heart failure, etc.

Depending on the manifestation of LUTS, quality of life can be
significantly impaired. Urge symptoms can prevent any activity dur-
ing which a toilet cannot be quickly reached due to the risk of urge
incontinence. Increasing residual urine favors the formation of blad-
der stones and recurrent infections up to urine retention and con-
secutive post-renal kidney failure. The reduction in the quality and
quantity of sleep caused by nocturia can be particularly serious.
Accordingly, nocturia with a frequency of ≥ 2 times/night is a com-
mon reason for visits to a physician [1].

Due to its prevalence of about 50 % in the age cohort of
50-year-olds (about 3 million men) and about 90 % at an age of
more than 85 years (about 500 000 men), BPS can be classified
as a widespread disease [1, 2, 4]. In industrialized nations, a con-

siderable increase in the prevalence of BPS is to be expected in
view of demographic development [14].

Initially, treatment consists of a conservative approach with
watchful waiting. For mild to moderately severe symptoms, the
focus is on drug therapy. In cases of intolerance or insufficient
drug therapeutic success, different surgical procedures are used
depending on comorbidities and the volume of the prostate. An
epidemiological cohort study by Vuichoud et al. describes 54.8 %
of patients receiving drug therapy, 35 % being monitored and
about 1.1 % undergoing surgery [1]. In Germany approximately
80 000 patients are treated surgically per year [2].

The most common surgical procedure which has been estab-
lished for decades is endoscopic transurethral resection of the
prostate (TURP). TURP is primarily able to treat obstructive symp-
toms quickly and effectively, and the success rates are very good
in experienced centers. The main complications are perioperative
bleeding requiring transfusion, bladder neck stenosis and gener-
ally transient urinary incontinence. However, retrograde ejacula-
tion (RE) is an almost regular consequence of the operation; that
is, the ejaculate enters the bladder through the prostatic urethra,
which during resection is funnel-shaped and extends from the
seminal colliculus to the bladder neck. Sexually active patients
generally find RE to be very disruptive. While TUR is limited to
prostate volumes of up to 80ml, transurethral therapy options (in-
cluding laser enucleation, aquablation) are available for larger
glands in addition to suprapubic prostatic adenomectomy [3–7].
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As an endovascular procedure, radiological minimally invasive
prostatic artery embolization (PAE) has been available for several
years, which is performed under local anesthesia without general
anesthesia. This position paper will present and analyze the PAE
method according to current data.

Prostatic Artery Embolization

PAE was used to treat bleeding of prostate origin after an initial
description in the journal “Der Urologe” (The Urologist) in 1977
[8]. First reports of successful PAE for LUTS and BPH followed in
2000, which can be considered the first description of the new
therapeutic concept [9]. Thereafter, PAE was used worldwide as
an endovascular minimally invasive therapy for BPS [10]. Advanta-
ges of the procedure are high patient satisfaction and preserved
sexual function. It can also support other therapies by reducing
volume. Combinations of PAE and transurethral procedures such
as holmium laser enucleation (HoLEP) have been successfully test-
ed in significantly enlarged prostates > 200ml, and PAE and TURP
in prostates > 80ml in multi-morbid patients [11, 12].

PAE places high demands on the skills of the interventional
radiologist. Both the arterial vascular anatomy of the pelvis and
technique of embolization must be well known to the interven-
tional radiologist from practical experience. In accordance with
the 2018 model training regulation of the German Medical Asso-
ciation, the treatment should be carried out exclusively by radiol-
ogists. From the perspective of the German Society for Interven-
tional Radiology (DeGIR), a special qualification in embolization
therapy (DeGIR modules B and D) is recommended for perform-
ing PAE (https://www.degir.de/de-DE/5080/stufe-2/) to avoid po-
tentially serious complications of incorrect embolization and to
achieve optimal therapy results. Modern digital subtraction
angiography (DSA) systems are a basic requirement for adequate
visualization of the very fine vascular anatomy with diameters
< 1mm and minimization of radiation exposure. C-arm CT angio-
graphy, also known as cone beam CT has proven itself for three-
dimensional imaging of the pelvic arteries and organs and is high-
ly recommended. Beyond the technical possibilities, the interven-
tionalist should also have practical experience with these complex
imaging techniques.

Preparation

Basically, the success of the therapy essentially depends on ade-
quate patient selection. Therefore, critical analysis and correlation
of diagnostics with clinical symptoms and familiarity with urologi-
cal therapy options are a prerequisite for the correct detection of
BPS as well as for the corresponding clarification. Both should be
performed in an interdisciplinary, urological-radiological context,
since LUTS can also be associated with a variety of other bladder
emptying or retention disorders.

Generally, there is the possibility of PAE if the obstruction of
the bladder outlet is caused by an enlarged prostate. A detailed
pre-interventional medical history and diagnosis should rule out
other causes for which the PAE is not indicated.

Pre-interventional diagnostics

Various established questionnaires for subjective self-assessment
of complaint symptoms and examination procedures for stand-
ardized collection of objective parameters are available for pre-
interventional diagnostics:
▪ IPSS (International Prostate Symptoms Score) Questionnaire

on the severity of symptoms (Symptom Index, 7 questions)
and Quality of Life (QoL)

▪ IIEF (International Index of Erectile Function) questionnaire on
sexual and erectile function

▪ Rectal palpation of the prostate and transrectal ultrasound
(TRUS) to determine volume

▪ Determination of PSA value (prostate-specific antigen)
▪ Uroflowmetry with determination of the maximum urine flow

rate (Qmax) and the micturition volume (assessable from
150ml micturition volume)

▪ Sonographic determination of residual urine

The results of these tests correlate only partially with prostate en-
largement, bladder outlet obstruction (BOO) and LUTS [13]. For
example, there is no fixed correlation between prostate volume,
degree of compression of the prostatic urethra and BOO. Sensitiv-
ity and specificity for BOO with a prostate volume > 40 cm3 are
only 49% and 32% respectively [14]; likewise, there is only a slight
correlation between quantity of residual urine and BOO. The IPSS
is used to assess clinical symptoms. Irritative retention symptoms
such as frequent and strong urge to urinate as well as frequent
nocturnal urination (nocturia) are often perceived by patients as
much more stressful than urination symptoms such as weakening
of the urinary stream (reduced maximum urine flow rate, Qmax)
[15–18].

The PSA level should be determined prior to a PAE. In the case
of pathological elevation, further clarification should be made to
rule out the possibility of prostate cancer.

Sectional imaging techniques can provide important informa-
tion for the evaluation of BPS.Multi-parametric MRI plays a central
role in excluding therapy-relevant prostate carcinoma [19]. In
addition, MRI provides accurate information on size, lateral domi-
nance, intravesical prostate protrusion (IPP), prostatic urethral an-
gle (PUA) or tissue dominance (adenoma or stromal dominant
prostate enlargement) (▶ Fig. 1a). Prior to PAE, if atherosclerotic
vascular changes are expected, the vascular anatomy can be eval-
uated by MR or CT angiography, since atherosclerosis can make
PAE difficult or technically impossible due to a lack of endovascu-
lar access.

PAE as an elective endovascular therapy with the use of iodine-
based contrast requires prior clarification of kidney, thyroid and coag-
ulation functions as well as the consumption of metformin in accord-
ance with ESUR guidelines (http://www.esur.org/esur-guidelines/).

Patient selection for PAE

In principle, PAE is suitable for patients with a prostate volume
(Pvol) > 30ml who continue to suffer from moderate to severe
BPS after at least six months of unsuccessful drug therapy or
intolerance of the latter (IPSS ≥ 8, quality of life QoL ≥ 3 and
Qmax ≤ 15ml/s) [20]. There is not an upper limit of prostate
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volume for PAE. There are a number of constellations in which PAE
can be considered:
▪ multi-morbid patients with permanent catheterization
▪ patients with a high risk of anesthesia or surgery, e. g. due to

cardiopulmonary comorbidities or a blood clotting disorder or
anticoagulation medication

▪ rejection of surgical subvesical disobstruction, e. g. because of
the high risk of retrograde ejaculation.

Basically, non-obstructive LUTS (e. g. neurogenic hyper- or
hypoactive bladder, bladder neck dysfunction, detrusor-sphincter
dyssynergy) and urethral strictures can be ruled out by a specialist
urological examination.

The absolute contraindication for PAE is currently the presence
of a curative, non-bleeding prostate carcinoma, as there is insuffi-
cient data in this context [21]. Acute infections such as prostatitis
or urethritis can be aggravated after PAE and are further absolute
contraindications for PAE.

Primary surgical therapy is carried out in the combination of
BPS and simultaneous presence of bladder stones. PAE should
not be recommended for patients with large bladder diverticula
or neurogenic voiding disorders.

The following particularly benefit from PAE:
▪ patients with moderate IPSS (18–25) [22]
▪ patients < 65 years of age [22]
▪ patients with acute urine retention[22, 23]
▪ patients with prostates greater than 80ml [24, 25]
▪ patients with adenoma-dominant BPS [26].

In everyday clinical practice, 3 advantages in comparison to the
standard procedures are often particularly decisive for the choice
of a PAE:
▪ shorter downtimes
▪ avoidance of retrograde ejaculation
▪ minimally invasive intervention under local anesthesia

PAE Performance

Procedural imaging

Various strategies are available to evaluate vascular anatomy:
a) pre-interventional CT
b) overview cone beam CT made with a catheter position above

the aortic bifurcation
c) selective cone beam CT made with a catheter position in the

relevant internal iliac artery
d) production of DSA series.

DSA represents peri-procedural standard imaging with respect to
PAE. In addition, 3D imaging can be performed using cone beam
CT. While three-dimensional vascular imaging is used in particular
for vascular identification and endovascular navigation, combined
imaging of vascular anatomy and soft tissues allows imaging of
the area to be embolized.

Image-guided positioning of the microcatheter is performed
either purely fluoroscopically using conventional, possibly angula-
ted DSA series or with the aid of navigation techniques based on
3D imaging. Appropriate software applications can (semi) auto-
matically detect the course of the prostate artery and superim-
pose it as a graphical representation or as a vascular rendering of
fluoroscopy (▶ Fig. 2), thus reducing the patient's radiation expo-
sure. Similar to computed tomography, cone beam CT also allows
imaging of soft tissues and their perfusion. Since, in the context of
PAE, misembolizations of neighboring vascular territories and or-
gans are particularly relevant complications, this image informa-
tion significantly increases patient safety. The exact organ assign-
ment from the anticipated embolization position is limited in
projection angiography. Computer tomography using cone beam
CT after superselective contrast agent administration in the par-
enchyma phase allows the embolization to be simulated and can
thus rule out subsequent misembolization more reliably than
other techniques (▶ Fig. 3a, b.) This approach requires slow ad-
ministration of contrast with a low flow rate (e. g. 3ml contrast
medium, 0.1ml/s flow rate) to prevent contrast medium reflux
and thus provide proper perfusion images. On the other hand, a
too low contrast medium flow and an incorrectly selected injec-
tion delay quickly result in non-meaningful images with unneces-
sary radiation exposure. This complexity of 3D technology neces-
sarily requires interventionalists to have sufficient practical
experience to optimize patient safety with respect to radiation
protection and complication rate.

While prior to embolization, cone beam CT detects primary
collaterals outside the target region, control during embolization
is used to promptly identify secondary collaterals that open up
due to changed hemodynamics during embolization [27]. Since
only a limited area of the pelvis usually needs to be displayed for
parenchyma imaging, collimated cone beam CT is preferable to
non-collimated cone beam CTwith regard to both radiation expo-
sure and image quality [28]. If a combined angiography-CT hybrid
system is available, parenchyma imaging can also be performed
using CT.

▶ Fig. 1 The three-dimensional maximum intensity projection
overview angiography provides excellent visualization of the com-
plex anatomy of the prostate arteries and facilitates the identifica-
tion of variants. (Reference B. Mayer, Hannover).
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Peri-interventional management

A single-dose antibiotic prophylaxis (e. g. cefazolin 2 g IV) is re-
commended peri-interventionally [29]. Furthermore, a balloon
catheter is useful because it can be used as a landmark during
the intervention and remains in place afterward due to the risk of
urinary retention. It can make longer procedures more tolerable
for the patient by allowing unimpeded urine flow. A non-con-
trast-filled urinary bladder can reduce radiation exposure and im-
prove image quality. Intraprocedural anticoagulation with up to
5000 I.U. heparin should be considered. Since peri-procedural
PAE is usually painless, it can be performed under local anesthesia
without analgosedation.

Exploration

Usually an inguinal access is chosen for the PAE using 4F or 5F
sheaths; transbrachial, radial and axillary approaches are possible
in principle [30]. Transbrachial access in particular offers advanta-
ges in probing the pelvic vessels and is very well accepted by pa-
tients. The limited length of the catheter can lead to difficulties in
large patients [31]. Depending on the anatomy, if inguinal access
is selected, it may be necessary in individual cases to puncture the
contralateral groin as well, for example if the cross-over maneuver
is anatomically problematic or the catheter position is unstable.
Different configurations can be used as diagnostic catheters, e. g.
SHK, RIM, Robertson etc. When the coaxial technique is used, the
prostatic artery of the corresponding side is then probed using a
micro-catheter. In the event of vasospasms, administration of a

▶ Fig. 3 a Cone beam computed tomography (CBCT) with contrast medium application via the catheter in the planned embolization position
allows for pretherapeutic simulation and confirms an optimal position of the microcatheter for selective embolization. The exclusion of contrast
outside the target region increases the safety of the therapy. b Fluoroscopic control during embolization is used to guide therapy and is critical in
determining the end point of the intervention (Reference A. Kovács).

▶ Fig. 2 a Preinterventional magnetic resonance imaging (MRI) provides important information about the size, configuration and morphology of
the prostate to be treated. MRI is also suitable for ruling out contraindications for a PAE, such as prostate carcinomas or pathologies of the urinary
bladder. b In post-interventional MRI, the devascularisation of the prostate can be assessed well and intervention-associated complications can be
excluded (Reference A. Kovács).
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vasodilator (e. g. nitroglycerin 0.2mg i. a. single dose) is recom-
mended. For PAE it is essential to insert the microcatheter in a su-
perselective position in the prostatic artery. Vessels contralateral
to the bladder, penis, rectum etc. must be protected. This can be
accomplished by a catheter position distal to the outlet of these
arteries or by a proximal protective embolization of these arteries
using micro-metal spirals. If possible, embolization of the seminal
vesicles should also be avoided.

Embolization technique

Once the selective microcatheter position is ensured, the prostat-
ic artery is embolized with permanent embolization particles
of 50–500 µm [32, 33]. Both polyvinyl alcohol particles (100–
300 µm are usual) as well as calibrated microspheres (300–
500 µm are usual) can be used [22]. After successful embolization
of one side of the prostate, the procedure is then repeated on the
contralateral side.

There is currently no general recommendation regarding opti-
mal particle size. The effectiveness of embolization seems to be
the same with both small and large particles [34]. However, there
are indications that undesired events occur somewhat more fre-
quently when smaller particles (100–300 µm) are used [35]. This
is primarily explained by a deeper penetration of the smaller par-
ticles, which probably result in a stronger ischemic and according-
ly a greater necrotic effect. However, it is possible that recurren-
ces caused by revascularization can be better avoided in this way.
The goal of embolization is to achieve flow stasis in the prostate
artery during angiography. To achieve the most complete emboli-
zation of the prostate arteries possible, the so-called PEr-FecTED
technique (Proximal Embolization First, Then Embolize Distal)
can be considered [36]. In this procedure, the particles are first in-
jected from a proximal segment of the prostate artery in a flow-
controlled manner. Then, after a certain flow deceleration, the mi-
crocatheter is advanced into the intraprostatic vascular segments
and continues with the injection of particles from a “wedge” posi-
tion. There are descriptions of this technique introducing 30–50%
more embolization particles [37].

Special catheters are currently being tested in order to enable
the safest and most effective treatment possible. For example, a
micro-catheter with an occlusion balloon at the tip should avoid
the risk of reflux of particles during the injection. Occlusion with
the balloon is also said to have the effect of lowering the pressure
distal to the balloon, which causes a flow reversal in the more dis-
tal (unwanted) collaterals, which in turn reduces the risk of untar-
geted embolization. A different micro-catheter has fine slits at the
tip of the catheter, through which only contrast agent can pass
but not particles. This is intended to create turbulence around
the catheter tip during the injection to prevent reflux of particles.
Due to the very limited experience with these special catheters no
final recommendation can be given here [38].

Aftercare

After removal of the intervention material and the sheath,
the puncture site can be treated by manual compression for
10–15 minutes and subsequent application of a pressure dres-
sing. After transfemoral access, strict bed rest for 4–6 hours is

recommended. Using a closing system may reduce the required
bed rest time. In principle, the catheter can be removed on the
following day. Only in the case of pre-interventional urinary reten-
tion should an attempt to urinate be made only after 14 days [23].
Post-interventional antiphlogistic therapy (e. g. ibuprofen 400mg
p. o. 1–1-1 possibly combined with a proton pump inhibitor e. g.
pantoprazole 20mg p. o. 1–0-0) is recommended for 10 days.
Additional analgesics are generally not required. Aftercare should
be provided for all patients by an experienced urologist, ideally in
a team with an interventional radiologist. Procedure-specific
problems can be better identified by the interventional radiolo-
gist. Complications such as urinary retention, inflammation or
possibly misembolization should be identified early and treated if
possible. If post-interventional imaging is necessary, it should be
performed by a radiologist experienced with PAE patients.

Side effects and complications

Immediately after the procedure, which is basically painless, and
in the first days after the intervention, there may be temporary
dysfunctional disorders such as a mild post-embolization syn-
drome (9.4–10.4 %) [29]. These temporary complaints (urodyny,
hematuria, possibly also cramping lower abdominal pain) can
usually be effectively controlled by anti-inflammatory or non-ster-
oidal anti-inflammatory drugs (NSAIDs) such as ibuprofen (e. g.
400–600mg 2–3 times daily p. o. combined with a proton pump
inhibitor e. g. pantoprazole 20mg p. o. 1–0-0). Additional analge-
sics are generally not required. Since pain after PAE can be partly
caused by spasms, a combination of spasmolysis (parasympatho-
lytic e. g. trospium chloride (Spasmex®) 2 × 20mg orally and an-
algesia (e. g. metamizole e. g. 1–2 g IV., generously intensified
with a weakly effective opioid such as tramadol e. g. 50–100mg
slowly intensified IV as required) can be performed. For severe
pain, which generally occurs very rarely (< 0.01%), the opioid piri-
tramide (e. g. 7.5–15mg slowly IV) is appropriate [39]. Urinary
tract infections, generally induced by the catheter, can occur oc-
casionally (0.1–1 %) and should be treated early with a broad-
spectrum antibiotic against gram-negative bacteria such as third
generation cephalosporins.

Transient hematuria or hematospermia, probably due to acci-
dental embolization of the seminal vesicles or the posterior wall
of the bladder, is usually self-limiting [40, 41]. Depending on the
extent of the prostate ischemia, clouding of the urine may occur
in the days and weeks following PAE due to discharge of necrotic
tissue. Under certain circumstances, this can result in temporary
catheter occlusion. In case of partial necrosis of the middle lobe,
valve-like urinary retention is possible. The occurrence of transient
urinary retention shortly after PAE is described in the literature
with a frequency of up to 10% [40, 41]. A higher rate of post-inter-
ventional urinary retention has been reported in patients who
have been embolized without a balloon catheter [23].

The overall rate of moderate and severe complications is rare.
Rectal bleeding, skin discoloration and ulcers in the area of the
perineum or penis as well as persistent pelvic pain indicate mis-
embolization.

Before discharge or shortly afterward, contrast-enhanced so-
nography or MRI can be performed to document the success of
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the embolization. Follow-up examinations (IPSS, IIEF, uroflowme-
try (Qmax), residual urine, in case of special interest Pvol, IPP,
PUA) are useful after 1–3 months, 6 months and 12 months. After
12 months, morphological changes are no longer expected, so
that clinical-urological follow-up is sufficient. Sonography is usual-
ly sufficient as imaging monitoring. Depending on the prostate
volume, the success of PAE is apparent with a delay of a few weeks
to months. The clinical symptoms can still improve up to half a
year after PAE; thus, existing drug therapy for BPS should be con-
tinued in parallel and then discontinued 1–2 months after PAE.

Other Therapeutic Procedures for Treating BPS

Drug Therapy

For more than 20 years, selective α-blockers, 5-α reductase inhibi-
tors (5-α-RI), and more recently also phosphodiesterase-5 inhibi-
tors have been available for the drug treatment of LUTS, which
usually represents the first-line therapy in BOO (bladder outlet
obstruction) [13]. Anticholinergics, as well as the β3 adrenoceptor
agonist mirabegron can be used for OAB (overactive bladder)
symptoms. Combination preparations of the above- mentioned
drugs (depending on the main characteristics of the LUTS
α-blockers combined with 5-α-RI or or with anticholinergics) are
available on the market.

Alpha-blockers, such as tamsulosin, are rapidly effective and
improve IPSS by an average of 6 points, corresponding to a net
benefit of 1.8 points over placebo (IPSS reduction of 4.2 points);
in addition, the maximum urinary flow rate increases [31]. In prin-
ciple, α-blockers are limited in their effectiveness for more
“kinked” intraprostatic urethras [32]. Use of 5-α-RI leads to a
“shrinking” of the prostate; accordingly, an improvement over
placebo is only seen in glands > 40 ml and after at least 6–
12 months. After 2 to 4 years there is a 30 % improvement in
IPSS, an 18–28% reduction in prostate volume and a 1.5–2.0m/s
improvement in Qmax. The risk of urinary retention is reduced by
57% with 5-α-RI compared to placebo [33]. Phosphodiesterase-5
(PDE-5) inhibitors improve IPSS by 22–37 % and Qmax by
0–2.4ml/s; long-term data are pending.

Several randomized studies show advantages for the combina-
tion of α-blocker and 5-α-RI over both placebo and monotherapy,
especially with regard to “progression” of BPH. In the CombaT
study, for example, the common combination of tamsulosin and
dutasteride showed a relative risk reduction for urinary retention
of 68 %, surgical BPH therapy of 71 % and a 41 % worsening of
symptoms after 4 years [42, 43].

Typical and for many men stressful side effects of the drug
treatment of LUTS include
▪ fatigue, orthostatic dysregulation, retrograde and otherwise

abnormal ejaculations, floppy-iris syndrome (IFIS); increased
risk of dementia is discussed [35] [36] (α-blockers)

▪ decreased libido, impotence, erectile dysfunction, rare
ejaculation disorders and gynecomastia in 1–2% of patients
(5-α-RI),

▪ headaches, dyspepsia, back pain and myalgia as well as nasal
breathing obstruction (PDE-5 inhibitors) [44].

Overall, however, these drugs used have a favorable side effect
profile, although the rate of side effects is significantly higher
with combination therapy [43].

Surgical Therapy

Surgical therapies of LUTS have traditionally included deobstruc-
tive techniques which remove adenoma tissue either partially or
completely. Basically, a distinction is made between resection,
vaporization and enucleation processes. TUR has been established
as the gold standard for many years, and its effectiveness and
safety compared to other procedures has been well proven by ran-
domized studies.

Due to the complex pathophysiology, there is no universal
therapy algorithm that prefers one method over the numerous
therapy alternatives. It is recommended to adapt the treatment
to the patient's wishes, primary pathology and comorbidities.

Despite the technical progress made in recent years, surgical
procedures are still associated with a relevant overall periopera-
tive morbidity, including 2–2.9 % blood transfusions, TUR syn-
drome (0.8 %), urinary retention (4.5%) and bladder tamponades
(4.9 %) as well as urinary tract infections (4.1 %). Long-term com-
plications include erectile dysfunction (6.5 %), urethral strictures
(3.8 %) and urinary incontinence (2.2 %) [44–47]. Although surgi-
cal procedures are still considered the gold standard and are in-
tended as final solutions, the re-operation rate (re-TURP, urethrot-
omy, bladder neck incision due to sclerosis) after 1, 5 and 8 years
is 5.8, 12.3 and 14.7 % respectively [45]. As a consequence of the
operation, retrograde ejaculation occurs in about 65% of patients.

Irritant symptoms can initially worsen as a result of surgical
therapy, most likely due to the wound in the area of the prostate
loge. The healing process in this case takes months; thus an im-
provement of irritative symptoms can only be expected in the
long term, which is often perceived by patients as stressful [48,
49]. A critical attitude towards surgical interventions has devel-
oped among informed patients [45, 47]. There is therefore a
strong motivation on the part of urology to establish less compli-
cated procedures with at least the equivalent outcome and fewer
side effects.

The current attention to minimally invasive surgical therapies
(MIST) results from the limitations of previously established thera-
pies, including the limited effectiveness of drug therapy and
potential for side effects of surgical procedures [2, 50]. These
therapies can be divided into intraprostatic injections (PRX302,
NX-1207), mechanical procedures (Urolift®, iTIND®) and ablative
techniques (Rezüm®, AquaBeam®). The complete preservation of
sexual function, including undisturbed antegrade ejaculation, is a
particular concern of many men. Although MIST approaches cur-
rently have a lower side effect profile than the surgical gold stand-
ard TURP, most procedures are still significantly inferior to TURP
regarding their effectiveness [45, 46]. Urological expert opinion
holds that using paradigms existing for decades regarding ther-
apy algorithms result in 80 % of all LUTS patients being initially
treated with α-blockers, and indications for ablative therapies are
made without knowledge or consideration of a BOO are outdated.
A reevaluation in favor of differentiated therapeutic strategies is
needed to improve outcomes and patient satisfaction [13].
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Endovascular PAE, which since 2000 has developed in parallel
to the more recent transurethral MIST approaches, is an alterna-
tive treatment option taking into account the above-mentioned
advantages [9]. Open performance of the PAE is a prerequisite
for the correct positioning of the PAE within the therapeutic algo-
rithm. Since the PAE is performed by interventional radiologists
after referral by urologists, close interdisciplinary cooperation is
of great importance for a meaningful indication.

Existing studies

The first case report of a successful PAE in LUTS and BPH in
2000 led Y.A. Gao et al. to conduct a very early monocentric ran-
domized controlled trial (RCT) to compare PAE to TURP, which is
considered the gold standard [51]. The study data published in
Radiology in 2014 showed a comparable degree of improvement
after 12 and 24 months for a total of 6 measured urological func-
tion parameters in both groups. However, both complications and
minor and severe side effects were significantly higher in the PAE
group than in the TURP group.With regard to the increased peri-
and post-procedural complication rates of PAE reported in this
RCT, however, it must be taken into account that in the recruit-
ment period from 2007 to 2012 the method was certainly not
yet technically mature. The 2009 case report by Carnevale et al.
[10] and a prospective case series by Pisco et al. in 2011 [52] con-
tributed to broad establishment of PAE. In the meantime, three
random clinical trials have been published comparing PAE with
“classic” TURP [48, 51, 53]. All three RCTs concern monocentric
studies with only a limited number of patients. Evaluated using
the propensity score matching method (UK-ROPE trial), the
results of these three RCTs, a British registry study and a prospec-
tive case-control study, are summarized in a 2018 meta-analysis
by Zumstein et al. [54–56]. Current studies show that the influ-
ence on the severity of LUTS, measured by the IPSS questionnaire,
is significantly lower in PAE compared to the standard surgical
procedure (median difference 3.8 points [95% confidence interval
[CI]: 2.77–4.83]: p > 0.001). PAE was also inferior to surgical pro-
cedure in terms of functional parameters in the meta-analysis.

The UK-ROPE registry study reported on 315 patients who re-
ceived either PAE or TURP, that PAE has minimal peri- and post-in-
terventional complications, making PAE a useful therapeutic op-
tion between oral medication (e. g. 5-alpha-reductase inhibitor)
and surgery [56].

The overall effectiveness and safety of PAE has been extensive-
ly described in prospective and retrospective observational stud-
ies, particularly from centers that now offer this procedure in clin-
ical routine [57–62]. In a current systematic review with meta-
analysis by Malling et al. the efficacy and safety of PAE has been
summarized and analyzed based on 1254 patients in 13 studies
[63]. It was shown that IPSS was significantly reduced by an aver-
age of 67% after 12 months post PAE; the median improvement in
symptoms was 16.2 points (95% CI, 18.3–14.0). Likewise, quality
of life improved by 3 points (95% CI, –3.7, –2.3). On the whole,
major complications are extremely rare. Compared to the baseline
before PAE, there was also a statistically significant improvement
in functional parameters such as prostate volume (PV), residual
urine and maximum urine flow rate (Qmax). This functional im-

provement is documented with up to 3 years follow-up time.
Long-term results over 6 years are only available from a retrospec-
tive observational study by Pisco et al. [64]. Out of a total of
630 consecutively followed patients, a clinical success of 76.3 %
(95% CI, 68.6 %–82.4%) of PAE in a small subcollective of 36 men
has been reported after 6 years. Clinical success was defined here
as an improvement in LUTS symptomatology (IPSS ≤ 15 points and
min. 25% reduction compared to baseline before PAE), improve-
ment in quality of life (QoL score ≤ 3 points or a reduction of
1 point from baseline) without additional medication or surgical
intervention to treat BPH.

An initial Health Technology Assessment (HTA) report from
Austria is already available in German-speaking countries [65]. In
this 2017 report, the evidence base for estimating the safety and
efficacy of PAE was still considered low. Furthermore, it is stated
that the available RCTs report conflicting results regarding effica-
cy endpoints and adverse events. It was noted that a low rate of
serious adverse events such as bladder wall ischemia after PAE
has been reported in all studies. The available evidence is not yet
sufficient to prove that PAE is as effective as TURP or open adeno-
mectomy in patients with moderate to severe LUTS. The HTA
report proposes a re-evaluation of the PAE procedure as soon as
the data situation has improved and in particular results from fur-
ther RCTs are available.

The previously published meta-analyses and comparisons
between PAE and TURP show various structural deficits that are
due to the inconsistent body of data. This has led to data being
merged based on very different PAE techniques. Prostate archi-
tecture is often neglected, although it is considered relevant how
patients with and without a middle prostate lobe respond to dif-
ferent therapies. LUTS symptoms are often reported as the total
value of the IPSS without subdivision into retention and emptying
symptoms (IPSS SS and VS). However, there is sufficient evidence
that individual symptoms of the lower urinary tract are not
equivalent in terms of impaired well-being. In a ranking of symp-
toms, the urge to urinate and nocturia, both irritative retention
symptoms, are the clearly clinically leading symptoms. Weak urine
stream occupies last place in this ranking [15]. If one only evalu-
ates the total IPSS score, one cannot draw any conclusions as to
whether parameters relevant to the patient (urge and nocturia)
or rather irrelevant (Qmax) parameters have been improved.

Recent urological studies have evaluated the treatment prefer-
ences of affected men and provide a differentiated picture: in
large cohort studies, nocturia is perceived as more stressful than
the symptoms during the day [16–18]. Men suffering from BPS
are prepared to invest the highest therapeutic costs for the treat-
ment of urinary urgency and nocturia. It is interesting to note that
men otherwise accept therapy costs of the same amount only for
maintaining erection and ejaculation [66]. Minimally invasive sur-
gical procedures for BPS have been partly developed to preserve
sexual function as far as possible (e. g. Urolift®, Rezüm®, Aqua-
Beam®). Similar to PAE, these procedures, with the exception of
aquablation, have a lower deobstructive effect than resection
[45, 46, 67, 68].

A recent study from St. Gallen should be highlighted as an ex-
ample because of the detailed data analysis. In this randomized
non-inferiority study by Abt and colleagues, the symptoms of the
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lower urinary tract were evaluated individually with respect to
non-inferiority of PAE toTURP. There was no significant superiority
of the primary variable IPSS and the subjective secondary vari-
ables (e. g. nocturia, erectile function index), while the functional
parameters were more favorable 12 weeks after TURP; the side ef-
fects after PAE were lower and less pronounced [48, 49]. For
future studies to be meaningful, a differentiated approach to the
symptoms of the lower urinary tract is therefore necessary.

The extent to which PAE must also be measured with other ur-
ological surgical procedures such as thulium laser enucleation
(THuLEP), transurethral needle ablation (TUNA), transurethral mi-
crowave therapy (TUMT) or GreenLight laser vaporization remains
questionable [69–71].

Economics of PAE

PAE has been carried out since 2000 and, in the inpatient sector, is
represented in the German Diagnosis Related Groups (G-DRG)
system for patients of statutory health insurance companies at
the time of publication of this position paper:

PAE can be coded as “prostate hyperplasia” (N40) primary di-
agnosis under the ICD-10-GM (International Statistical Classifica-
tion of Diseases and Related Health Problems; German Modifica-
tion). No specific diagnosis-related G-DRG case grouping is yet
available for the PAE, but it can be grouped in DRG M06Z. This
grouping includes “other OR procedures on the male sexual or-
gans or punch biopsy on the prostate”. OR procedures are defined
as significant interventions. For the calendar year 2019, the rela-
tive weight for DRG M06Z is 0.882. According to the German base
case value (BBFW) for 2019 (€ 3544.97), the proceeds from treat-
ment under DRG M06Z thus amount to € 3126.66, but vary ac-
cording to the different state base case values (LBFW) from state
to state. To obtain the full proceeds, the lower limit retention peri-
od (uGVD) must be observed, which is currently valid for the PAE
for one occupancy day, i. e. two nights, and is often criticized. If
the lower limit retention period is undershot, the intervention no
longer covers costs. This is due to the fact that PAE in an inpatient
setting is based on a cost calculation that includes personnel
costs, material costs and other overhead to calculate non-proce-
dural expenses. With respect to personnel costs, it must be taken
into account that, on the one hand, personnel costs are already
incurred for pre-inpatient examinations and clarification and, on
the other, the duration of the procedure can vary considerably. A
high level of expertise is required of the interventional radiologist,
both in terms of both the duration of the procedure and safety. So
far, this has not been taken into account in the remuneration of
PAE for inpatients. Consequently PAE should be assigned to its
own diagnosis-related group (DRG) as soon as possible in order
to describe the procedure in such a way that it can be carried out
in an economically cost-covering manner.

When estimating the profitability of PAE for a clinic, in addition
to cost accounting, the examination quota of the Medical Service
of the Health Insurance Funds (MDK) for the treatment of benign
enlargement of the prostate must also be taken into account. Cur-
rent MDK objections have to do with hospitalization time. In sup-
port, it is important to emphasize that patients for PAE are on

average older, and that during PAE a complete parenchymatous
organ is embolized. This justifies good preparation and close
post-interventional care in order to detect complications such as
acute urinary retention (approx. 8 %) at an early stage and thus en-
sure a good overall result. If the lower limit length of stay (uGVD)
in hospital is not recognized, relevant deductions to the DRG are
to be expected.

Summary

Compared to TURP, endovascular PAE is an alternative therapy for
the treatment of BPS with a comparable improvement in symp-
toms but less subvesical disobstruction in terms of urine flow and
retained urine. The procedure was only recently recommended by
the British National Institute for Health and Care Excellence (NICE)
as a treatment option for BPS [54, 56, 72, 73]. From the patient's
point of view, PAE is a minimally invasive, less stressful and more
sexual function-preserving therapy for BPS, which does not nega-
tively influence any surgical therapies that may be necessary later
and is performed under local anesthesia. From the perspective of
the interventional radiologist, this is a technically demanding pro-
cedure the complexity of which places high demands on anatomi-
cal knowledge, technical skills and equipment. The radiologist
must possess extensive experience in embolization therapy. Im-
age guidance using a high-resolution angiography system com-
bined with the possibility of C-arm CT are advantageous and are
required as a necessary safety standard for performing PAE. Fur-
ther comparative randomized head-to-head studies must show
how PAE complements urological therapies most effectively. The
PAE has its place in the individualized minimally invasive concepts
for BPS therapy [25]. Close interdisciplinary collaboration be-
tween urologists and radiologists is necessary for the optimal
care of patients treated with PAE.
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