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ABSTRACT
Objective: To evaluate clinical outcome and complications of prostate artery embolization (PAE) in Iceland, 
using the International Prostate Symptom Score (IPSS), quality of life (QoL) and catheter freedom to mea-
sure clinical success.
Materials and methods: Retrospective single-center study, including patients who underwent PAE from 
August 2019 to February 2024 due to benign prostatic hyperplasia (BPH). Patients completed a question-
naire on lower urinary tract symptoms (LUTS), QoL, catheter status and use of medication. All additional 
data were retrieved from the medical records. 
Results: A total of 34 patients were included, with a mean age of 75 during PAE and a technical success 
rate of 91%. Patients had significant clinical improvement, with a mean reduction in IPSS score from 20.0 
to 9.0 (p < 0.001) and QoL score from 5.5 to 1.8 (p < 0.001). PAE also resulted in a 69% reduction (p < 0.001) 
in urinary catheter dependency. Post-PAE complications were uncommon (3/34) and all resolved without 
long-term effects.
Conclusion: PAE is an effective and safe treatment option for LUTS and/or urinary retention in men with 
BPH, offering catheter freedom and significant improvement in urological symptoms and quality of life. 
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Introduction

Benign prostatic hyperplasia (BPH) is a common cause of lower 
urinary tract symptoms (LUTS) in men. It results from hyperpro-
liferation of the prostatic transitional zone. The exact etiology is 
considered multifactorial, with age being a major risk factor. 
Prevalence increases markedly with age, with the majority of 
men being symptomatic by the age of 70 [1, 2].

LUTS is often assessed with the International Prostate 
Symptom Score (IPSS), and the presence of these symptoms is 
often associated with reduced quality of life (QoL) [3, 4].

Multiple treatment options are available, from lifestyle 
modifications to surgical interventions. Among surgical 
interventions, the transurethral resection of the prostate (TURP) 
remains the gold standard for prostate volumes < 80 ml. 
However, other alternatives, such as holmium laser enucleation 
(HoLEP), transurethral microwave thermotherapy (TUMT), 
thermo-expandable intraprostatic stents and prostate artery 
embolization (PAE), have emerged as minimally invasive options 
for selected patients in an attempt to reduce complication risk 
[2, 5–8]. A recent Finnish nationwide study demonstrated a 
trend towards increasing use of minimally invasive surgical 
techniques, although TURP volumes remained stable [9]. In line 
with these efforts, technical modifications such as intraprostatic 

injections of mepivacaine-adrenaline prior to TURP have also 
been explored [10]. 

PAE is an evolving treatment modality, first performed 
successfully in 2010 [11]. PAE has demonstrated efficacy in both 
medium- and large-sized prostates and is considered an 
alternative to TURP and HoLEP, offering shorter recovery times 
and lower complication rates [6, 12–14]. In addition, the 
therapeutic potential of embolization techniques has been 
successfully applied in other urological areas, such as selective 
arterial embolization of renal angiomyolipomas [15].

Although evidence remains limited regarding optimal 
patient selection, PAE is generally recommended in moderate 
to severe LUTS, large prostates (> 80 ml), non-surgical candidates 
or patients who opt for less invasive treatment [2, 16].

PAE has also proven effective for successful urinary catheter 
removal, with the majority of patients achieving catheter 
freedom, which is especially beneficial as patients with chronic 
catheters are often unsuitable for surgery [2, 5, 17]. 

Pre-procedural cross-sectional imaging is generally recom-
mended with either CT or MRI to determine if patients are 
suitable candidates for PAE, as vessel tortuosity, atherosclerosis 
and anatomic variants may render PAE challenging or even 
impossible [2, 12].
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Systematic reviews of PAE have demonstrated significant 
improvements in IPSS and QoL at 12 months, with a mean IPSS 
score improvement of 9.31 from a baseline of 23.75 and a mean 
QoL of 2.11 from a mean baseline of 4.63 [18].

Significant clinical improvement is typically seen 1 month 
after PAE and is often sustained over a significant time. However, 
re-intervention rates tend to increase due to symptomatic 
recurrence, with roughly 20% of patients requiring re-
intervention within the first 5 years [19–21]. 

PAE was recently introduced as an alternative treatment 
option for BPH in Iceland. The aim of this study is to evaluate the 
effectiveness and safety profile of PAE at our institution. 

Materials and methods

This retrospective single-center study included patients with 
BPH and a prostate volume > 40 ml who underwent PAE at our 
institution between August 2019 and February 2024 due to 
LUTS and/or urinary retention. All patients were referred by a 
urologist. Patients with a primary indication of acute hematuria 
and/or bilateral internal iliac artery occlusion on preoperative 
multiplanar reformation (MPR) computed tomography (CT) 
angiography were excluded. 

A Foley catheter was placed in all patients 1 day prior to the 
procedure. The balloon was filled with 30% contrast mixture to 
aid urinary bladder visualization during the procedure. Vascular 
access was with a 5-Fr sheath under ultrasound guidance, either 
via the left radial (85%) or the common femoral artery (15%). 
Hemostasis was achieved with a TR-band® for radial access and a 
vascular closure device (Starclose® or Angioseal®) for femoral 
access. For all patients, Embospheres® (300–500 μm; Merit 
Medical) were used as embolization, which was delivered 
through a 2-Fr angled Pursuit Merit™ microcatheter (Merit 
Medical). Postoperatively, all patients were monitored for at 
least 4 h in a day-care ward. Patients were discharged with an 
indwelling Foley catheter, which was subsequently removed 
after 1 week if possible. 

The data collection was conducted between May 2024 and 
August 2024, in which patients were contacted and asked to 
complete a questionnaire assessing LUTS, QoL, use of 
medication, and urinary catheter status. Each patient reported 
these parameters retrospectively 1 month prior to the PAE and 
at the current date of the questionnaire. Follow-up was based 
on the time from the procedure and the date of questionnaire.

Technical success was defined as successful bilateral PAE. 
Clinical success was defined at follow-up as an improvement of 
IPSS by ≥ 3 points, QoL by > 2 points or successful catheter 
removal, similar to previous studies [5, 17]. Post-embolization 
syndrome (PES) was considered an expected postprocedural 
event rather than a procedural complication.

The IPSS and QoL scales were used to assess symptom 
severity when applicable. The IPSS score ranges from 0 to 35, 
with higher scores indicating more severe symptoms, while QoL 
ranges from 0 (delighted) to 6 (terrible). All additional relevant 
data were retrospectively obtained from the medical records. 
For data analysis, we utilized Microsoft Excel and the statistical 
software R.

This study was conducted in accordance with ethical 
standards and approved by the Bioethics Committee of Iceland 
(license number VSN-24-027). All participants provided informed 
patient consent.

Results

A total of 34 patients agreed to participate in this study, with a 
mean age of 75 at the time of embolization and a mean prostate 
volume of 155 ml (49 – 290). The mean procedure time was 93 
min (40 – 167) and technical success rate was 91%, while unilat-
eral PAE was achieved in the remaining cases. Among patients 
who underwent unilateral embolization, one had subsequent 
successful contralateral embolization 35 months from the previ-
ous procedure with a different arterial approach. In the other 

Table 1.  Baseline patient characteristics: Patients with benign prostatic 
hyperplasia undergoing prostatic artery embolization at Landspitali – The 
National Hospital of Iceland, between 2019 and 2024 (n = 34).
Baseline variables Mean (SD) Range

Age, years 74.9 (7.5) 60.3–88.9
Prostate volume 155.4 ± (56.4) 49.0–290.0
Catheter dependency 16 (NA) NA
Medication 27 (NA) NA
IPSS 20.3 (9.4) 1.0–35.0
QoL 5.5 (1.2) 0.0–6.0
Follow-up 28.2 (16.0) 4.2–54.1

Values are presented as mean (standard deviation) and range where 
applicable. Prostate volume is reported in milliliters. Mean follow-up after 
PAE is also provided in months. IPSS and QoL were based on patients 
retrospective self-assessment 1 month prior to PAE. Baseline IPSS reflects 
responses from non-catheterized patients, while QoL scores include the 
entire cohort. Medication includes 5α-reductase inhibitors and α-blockers. 
IPSS: International Prostate Symptom Score; QoL: quality of life; SD: standard 
deviation; NA: not applicable.

Table 2.  Mean improvement in IPSS and QoL by follow-up periods. Mean 
reduction in International Prostate Symptom Score (IPSS) and quality of life 
(QoL) scores following prostatic artery embolization (PAE), stratified by 
follow-up periods.
Follow-up 
period

Number Mean IPSS 
improvement 

(SD)

P Number Mean QoL 
improvement 

(SD)

P

< 12 
months

2 7.0 (0.0) 0.346 6 4.33 (2.25) 0.005

12–24 
months

5 6.2 (8.7) 0.186 7 2.00 (2.58) 0.086

24–36 
months

5 15.3 (9.8) 0.025 9 3.78 (2.39) 0.001

36–48 
months

5 11.6 (10.5) 0.068 6 3.83 (2.99) 0.026

> 48 
months

1 17.5 (NA) 1.00 6 4.42 (1.80) 0.002

Values are presented as mean (standard deviation). P-values reflect within-
group comparisons to baseline and reflect the column to the left. Differences 
in IPSS and QoL improvements between follow-up groups were not 
statistically significant (p = 0.396 and p = 0.313, respectively). 
IPSS: International Prostate Symptom Score; QoL: quality of life; SD: standard 
deviation; NA: not applicable.
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two cases, only a unilateral embolization was performed due to 
difficult tortuous vessel anatomy and/or deemed unsafe for 
embolization due to risk of non-target embolization. 

Baseline parameters of patients prior to embolization are 
presented in Table 1. The mean follow-up was 28.2 months, 
ranging from 4.2 to 54.1 months. 

Prior to PAE, 47% of patients experienced urinary retention 
requiring either intermittent or indwelling catheterization. At 
the time of follow-up, 69% of these patients had achieved 
complete catheter freedom (p = 0.004), with a mean follow-up 
of 28.8 months. 

The majority of patients (79%) were on pharmacological 
treatment prior to embolization, either 5α-reductase inhibitors 
and/or α-blockers. Significant reduction in medication use was 
observed after PAE, with 59% of them requiring continued, 
unchanged pharmacological management (p < 0.001).

Non-catheterized patients (n = 18) showed a significant 
improvement in IPSS score after embolization, with a mean 
improvement of 11 points (p < 0.001) and a mean follow-up of 
27.6 months (Figure 1). Patients who achieved complete catheter 
freedom (n = 11) had a mean IPSS score of 6 after PAE, with a 
mean follow-up of 31.4 months.

When divided into two follow-up periods prior to and after 
24 months, the mean improvement in IPSS score was 10.1 in 
patients prior to 24 months and 12.6 for patients with follow-up 
beyond 24 months. This difference was not significant (p = 0.617). 

Table 2 shows the mean improvements in IPSS and QoL 
scores following PAE, stratified by follow-up periods. While QoL 
improvement was statistically significant across most follow-up 
periods, IPSS improvement did not reach statistical significance 
during the same intervals. Furthermore, there was no significant 
difference in IPSS and QoL improvements when compared 

between the follow-up periods (p = 0.396 and p = 0.313, 
respectively).

Patients showed an overall significant improvement in QoL 
after PAE (Figure 2). The mean QoL score was 5.5 with a median 
score of 6.0 prior to embolization and 1.8 and 1.0 after 
embolization, respectively (p < 0.001). One outlier had a prior 
median QoL score of 0 as the patient presented with acute 
obstruction within 1 month of PAE. 

We found no alternative etiology among patients who 
showed no clinical improvement in IPSS score after PAE, such as 
bladder stones or urinary bladder diverticulum. Larger prostate 
volume was a significant risk factor for poorer outcome 
(p = 0.0159).

Two patients who underwent unilateral embolization 
showed no clinical improvement. However, unilateral 
embolization was not a statistically significant risk factor for 
poorer outcome in IPSS (p = 0.0624). Four patients (12%) without 
any clinical improvement following PAE required surgical 
intervention, with a mean duration of 27.1 months after PAE. 
Notably, no patient underwent surgical intervention or re-
embolization due to symptomatic recurrence after clinically 
successful bilateral embolization during the follow-up period.

We observed post-procedural complications among three 
patients (Table 3). One patient had two documented 
complications. The majority of these are widely considered 
minor; however, one patient had acute tubular necrosis 
following embolization. Ten patients experienced PES, most 
commonly post-procedural bladder spasm, fever, and pelvic 
pain. All patients with adverse events and/or complications 
recovered without any lasting effects. Three patients with PES 
were treated with a short course of corticosteroids with favorable 
clinical response.

Figure 1.  International Prostate Symptom Score (IPSS) score before and 
after prostate artery embolization (n = 18). Box = 25th and 75th percentiles; 
lines show minimum and maximum values (1.5 * IQR); bold line = median. 
Outliers are presented as black circles. Abbreviations: IPSS: International 
Prostate Symptom Score; PAE: prostatic artery embolization; IQR: interquar-
tile range.

Figure 2.  Quality of life (QoL) score before and after prostate artery embo-
lization (n = 34). Box = 25th and 75th percentiles; lines show minimum and 
maximum values (1.5 * IQR); bold line = median. Outliers are presented as 
black circles. Abbreviations: PAE: prostate artery embolization; IQR: inter-
quartile range; QoL: quality of life.
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Discussion

In our cohort, PAE resulted in significant improvement in both 
IPSS and QoL scores, consistent with previously reported results 
[5, 17, 22], although our follow-up ranged widely. 

Nearly half of the patients were dependent on a urinary 
catheter prior to PAE, with the majority achieving complete 
catheter freedom. These findings are compatible with recently 
published studies of PAE where most patients achieved catheter 
freedom [5, 17, 23]. These findings may prove particularly 
beneficial, as these patients are often less suitable for surgical 
treatment [2]. 

When stratified by follow-up periods, we observed a trend 
toward greater IPSS improvement beyond 24 months, although 
not statistically significant. This trend appeared to be sustained 
throughout the follow-up period. Notably, no patient in our 
cohort had reached a follow-up period beyond 5 years, where 
recurrence is more likely to occur [19–21]. 

Improvement in QoL was consistent with previous reports 
[22] and statistically significant across most follow-up periods. 
Unlike IPSS, no apparent trend was observed when stratified 
into follow-up periods.

Unilateral embolization showed a trend toward poorer 
outcome in our cohort, and is recognized as an independent risk 
factor for poorer outcome [24]. However, we observed only a 
borderline p-value, which is likely attributed to a small sample 
size.

Adverse events were uncommon, although PES was observed 
in nearly one-third of patients. We considered PES as an expected 
postprocedural event rather than a true complication [25]. 
Among adverse events, we found one major adverse effect, 
acute tubular necrosis, likely secondary to contrast-induced 
nephropathy [26]. However, all patients recovered without any 
long-term lasting effects.

Recall bias is a major limitation to this study as patients 
attempt to estimate urological symptoms retrospectively 
months or even years prior. Another significant limitation is the 
small cohort size and the retrospective study design, which 
becomes even more apparent when subjects are divided into 
different follow-up periods. 

Conclusion

In our cohort, PAE was effective and safe in the treatment of 
BPH, resulting in significant improvements in both IPSS and QoL 
scores from baseline. Additionally, this study highlights that PAE 
may offer catheter freedom in the majority of patients. These 
effects were sustained throughout our follow-up period. 
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