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Introduction

Prostatic artery embolization (PAE) has emerged as a 
minimally invasive technique in the management of 
lower urinary tract symptoms (LUTS) related to benign 
prostatic hyperplasia (BPH) and been widely accepted 
in interventional radiology community during the last 
decade. Shortly after the proof of concept study in animal 
experiments showed the technical safety of PAE (1,2), 
initial clinical reports demonstrated that PAE was a viable 
technique with promising short-term outcomes in relief 
of LUTS (3,4). Since then, PAE has gained in popularity, 
and a multitude of clinical trials have been conducted with 

efforts to evaluate medium- and long-term outcomes on 
clinical efficacy and safety (5,6), optimize the types and sizes 
of embolic agents (7,8), refine the embolization and imaging 
techniques (9-11), discuss the ideal patient selection (12-14),  
and explore the underlying therapeutic mechanisms (15,16). 
As a result, in an official position statement of Society of 
Interventional Radiology, PAE for BPH has been indicated 
as a novel and promising therapy that appears safe and 
efficacious with high patient satisfaction and low repeat 
intervention rates (17). More recently, the UK’s National 
Institute for Health and Care Excellence (NICE) has 
issued a guideline approving PAE as a standard procedure 
in the management of symptomatic BPH (18). With 
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time and more clinical experience in the practice of PAE, 
investigators have shown increasing interest in assessing 
potential predictive factors in PAE therapy in order to guide 
patient selection and improve therapeutic efficacy. The 
purpose of this review is to summary the favorable clinical 
variables that have potential to predict the desired outcomes 
after PAE therapy.

Concept and classification of clinical predictors 
in PAE

Clinical predictors refer to biomedical factors known to 
influence diagnosis or predict health outcomes (19). Clinical 
research on predictors in PAE is for prognostic prediction 
to determine possible outcomes after intervention. In 
comparison to the diagnostic prediction models, the main 
difference is the time point on evaluation. In diagnosis, 
predictive factors are evaluated at the same time in 
prediction of a suspected disease, thus these studies usually 
involve cross-sectional analyses (20). Since prediction 
models in PAE estimate the clinical responses to therapy, 
such as changes in international prostate symptom score 
(IPSS), quality of life (QoL), and maximal flow rate (Qmax), 
which occur in a certain period after PAE; prediction in 
PAE is typically a longitudinal study. 

Clinical predictors in PAE are the clinical variables that 
have significant correlation with outcomes after treatment 
and have predictive capabilities for clinical prognosis. 
These variables involve clinical manifestation, pathological 
features, and imaging and laboratory findings. Although 
the different embolic agents of specific size as well as 
PAE-related technical considerations, e.g., bilateral or 
unilateral embolization, may have correlation with clinical  
outcomes (21), they are not considered predictors in 
the clinical setting, where clinical predictors are either 
primarily applied in selection of the patients who may more 

likely benefit in the treatment of PAE, or evaluated early 
after PAE for the probability of some clinical outcomes. 
According to clinical features and applications, we suggest 
classifying the predictors into three types:
	 Type I predictors: baseline clinical data collected 

before PAE, including patient demography, clinical 
signs and symptoms, pathological features, lab tests, 
etc., for example, age, IPSS score, uroflowmetry 
data, prostate volume and associated imaging 
parameter (transition zone index, intravesical 
prostatic protrusion), etc. Type I predictors serve to 
optimize patient selection for PAE.

	 Type II predictors: acute clinical data obtained from 
1 day to 1 week after PAE, for example, 24 h-PSA, 
C-reactive protein level, prostate ischemia etc., 
which are used in prediction of short- or medium-
term outcomes.

	 Type III predictors: early clinical data obtained 
1–3 months after PAE for predicting long-term 
outcomes, such as magnetic resonance imaging 
(MRI) findings including prostate infarction and 
prostate volume reduction. 

Current evidence of clinical predictors in PAE

Age

BPH is a chronic progressive disease. In Europe, clinical 
BPH with moderate-to-severe symptoms was reported in 
14% of men aged 40–49 years and the proportion doubles 
with each decade of life (22). According to recent reports of 
PAE from various countries, the age range was 40–91 years  
with the range of mean age of 63.4–75.9 years and the 
median mean age of 65.2 years (Table 1) (6,12,23-25). A 
case report showed successful management of PAE in a 
97-year-old patient (26), who is so far the oldest patient in 
the literature. Since most elderly patients with BPH have 
various comorbidities and many have chronic or permanent 
administration of antiplatelet agents (27,28), they are not 
suitable for conventional surgery or general anesthesia to 
relieve LUTS. By contrast, PAE as a minimally invasive 
intervention has no such limitations. In a recent report of 
PAE, 101 out of 157 patients (64.3%) had been assessed by 
anesthesiologists and urologists and excluded from surgery 
owing to cardiac, pulmonary, or other diseases (23). PAE is 
performed as an outpatient procedure and does not require 
general anesthesia in clinical practice, showing remarkable 
advantages in the management of elderly patients with 

Table 1 Summary of age of patients undergone PAE

Authors and 
References

Country Cases
Range of  

age (years)
Mean age 

(years)

Pisco et al. (6) Portugal 630 40–89 65.1

Wang et al. (23) China 157 54–91 69.5

de Assis et al. (24) Brazil 93 51–86 63.4

Bagla et al. (12) USA 78 48–81 65.2

Grosso et al. (25) Italy 13 51–90 75.9
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BPH. However, it also has technical challenges. In elderly 
patients, arterial arthrosclerosis is common so that the 
prostatic artery and its intraprostatic branches may present 
with local stenoses or occlusion, resulting in technical 
failure or less responsive to PAE (21). Identification of the 
clinical predictor of age or potential risk factor of age in 
PAE is of clinical implications. Unfortunately, there are very 
few reports investigating correlation of the age of patients 
with the clinical outcomes following PAE.

In a single-center retrospective study, Bilhim et al. (21) 
used a Cox proportional hazards model with multivariate 
analysis to test correlation with clinical failure after PAE, 
and found the older age (>65 years) was the independent 
predictors of clinical failure (regression coefficient, 0.034; 
hazard ratio, 1.035; 95% CI: 1.013–1.058; P=0.002), 
indicating that there is an 3.5 % increase in the event of 
clinical failure relative to a one year increase in patient 
age. In other words, a patient of 75 years old would have 
approximately one third more probability (35%) of clinical 
failure when compared to a patient of 65 years of age. 
Therefore, the authors concluded that younger age (up to 
65 years) was predictor of better clinical outcome. 

By contrast, Maclean et al. (29) assessed the age and others 
parameters as independent variables and their correlation 
with clinical improvement at 12 months in 73 patients.  
The authors did not find significant correlation between 
age and change in IPSS with Pearson’s bivariate analysis 
(P=0.167, r=−0.151) and multiple linear regression (P=0.090, 
r=−0.042). Similarly, in a post hoc analysis of 48 patients, 

Abt et al., identified a weak but statistically non-significant 
correlation between age and IPSS changes at 12 weeks after 
PAE (P=0.11, r=−0.23) (30).

Prostate volume

Ever since the concept of PAE in the management of 
symptomatic BPH was introduced in 2008 (1), controversy 
remains over PAE focusing on the prostate volume and 
shrinkage of the enlarged prostate size with regard to its 
technical rationale and clinical implications. When early 
clinical reports by interventional radiologists attracted 
attention of urology community, the initial feedback was 
skeptical with main criticisms of the reliance on imaging-
based reduction in prostate volume and naïve prostato-
centric concepts of BPH (31,32). Given that PAE exerts its 
therapeutic effects with a major technical rationale targeting 
on the mass effect as the pathologic static component of 
BPH, questions may arise with regard to whether baseline 
prostate volume is correlated with clinical outcome after 
PAE and the hypothesis that early reduction of the prostate 
volume after PAE may be predictive of middle- and long-
term clinical outcomes. 

Correlations among LUTS, prostate volume and Qmax 
have long been debated with inconsistent findings in the 
literature. The discrepancy varies from no correlation, 
weak, modest through moderate correlations between 
prostate volume and symptoms or Qmax, and symptoms and 
Qmax, which is summarized in Table 2 (33-41). The lack of 

Table 2 Correlations among prostate symptom score, prostate volume and Qmax

Authors and 
References

Study design + 
measurement 

techniques

IPSS vs. PV Qmax vs. PV IPSS vs. Qmax

r correlation 
coefficients

P value
r correlation 
coefficients

P value
r correlation 
coefficients

P value

Barry et al. (33) Cli + TAUS 0.09 0.22 −0.14 0.06 −0.07 0.27

Bosch et al. (34) Cli + TRUS N/A −0.05 0.33 N/A

Girman et al. (35) Com + TRUS 0.185 0.001 −0.214 0.001 −0.350 0.001

Kaplan et al. (36) Cli + TRUS 0.17 >0.05 −0.20 >0.05 −0.47 <0.05

Ezz el Din et al. (37) Cli + TRUS 0.03 >0.05 N/A N/A

Lepor et al. (38) Cli + TRUS 0.13 >0.05 −0.40 0.001 N/A

Øverland et al. (39) Com + TRUS 0.176 N/A N/A −0.278 N/A

Agrawal et al. (40) Cli + TAUS 0.191 0.57 −0.413 0.229 N/A

Guneyli et al. (41) Cli + MRI 0.414 0.001 N/A N/A

Cli, Clinic-based population; Com, Community-based population; TAUS, transabdominal ultrasound; TRUS, transrectal ultrasound.
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consensus is multifactorial, such as different general sample 
selection, for example, community based- or clinic-based 
population; different imaging techniques for measurement 
of prostate volume including transabdominal ultrasound 
(TAUS), transrectal ultrasound (TRUS), or MRI; and 
different specific inclusion or exclusion criteria in sample 
selection in clinic-based or community based population. 

It is not surprising that no strong correlations exist 
among total prostate volume (TPV), IPSS or American 
Urological Association (AUA) symptom score, and Qmax 
in patients with BPH. It can be explained in several 
aspects. Firstly, IPSS or AUA symptom score is a measure 
of symptom severity of clinical BPH, and the symptoms 
involved are not BPH-specific. Instead, the symptoms are 
associated with various pathological changes in the urinary 
bladder and/or prostate. Lepor et al. (42) reported that 
lower urinary tract symptoms are even not gender specific 
and there was no statistically significant difference in either 
mean AUA symptom scores or in the percentage of mild, 
moderate, and severe symptoms between males and females. 
This may be attributed to the fact that LUTS can arise from 
primary bladder disorders such as overactive bladder, age-
related detrusor dysfunction, and interstitial cystitis (43).  
Secondly,  even in pat ients  with benign prostat ic 
enlargement (BPE) and bladder outlet obstruction (BOO), 
dysfunction of the bladder secondary to BOO, especially 
in late decompensated stage, has to be considered (15). 
With prolonged obstruction, the bladder mass substantially 
increases, the detrusor compliance and contractility 
decrease, resulting in a decompensated state of the bladder 
that is associated with diminished urinary stream, hesitancy, 
intermittency, and increased residual urine. These secondary 
symptoms and associated impaired urinary flow rate at 
the decompensated stage may not correlate with the TPV. 
Similarly, even after technically successful transurethral 
resection of the prostate (TURP), some patients may still 
present with the secondary LUTS due to decompensation 
of the urinary bladder. Thirdly, the heterogeneity of the 
clinical BPH is well known. LUTS/BPH may result from 
two pathological components, the static and dynamic one. 
Thus, the dynamic component may be a common reason 
for LUTS in BPH patients with a relatively small prostate 
size. Lastly, the location the nodular hyperplasia may play a 
critical role in producing LUTS. As explained by Barry (33), 
in some patients a relatively small degree of hyperplasia in 
the periurethral area might cause considerable physiological 
obstruction, while in other individuals, considerable 
hyperplasia can occur without producing obstruction. 

Accordingly, investigation on transition zone volume (TZV) 
and transition zone index (TZI) as likely more sensitive 
prostate size markers have drawn much attention. 

Patients in PAE are a highly selected cohort (6,13,44), 
in which the enrolled subjects are commonly older than 
40 years with moderate-to severe LUTS and suspected 
BOO or acute urinary retention (AUR). The patients are 
usually refractory to medical therapy, including failure to 
α-blocker treatment; thus, the patients with BPH symptoms 
due to the dynamic component are at least excluded in 
part, leaving more patients with symptoms due to the mass 
effect. Furthermore, common exclusion criteria in patient 
selection before PAE include malignancy, large bladder 
diverticula or stones, neurogenic bladder, detrusor failure, 
urethral stenosis, etc. (6,13,44). In some studies (6,29), 
the patients with equivocal or non-BOO identified with 
urodynamic study were also excluded. This further limits 
the candidates for PAE to those with LUTS and BOO, 
more likely resulting from BPE. Therefore, it seems to 
be reasonable to expect a relatively stronger correlation 
between prostate volume and clinical symptoms in this 
group of patients compared with other cohorts based on 
community or clinical population in the previous literature 
as discussed above. This is a major premise upon which we 
hypothesize the baseline TPV might be associated clinical 
outcomes following PAE. 

Baseline TPV
From anatomic and pathological perspective, a larger 
prostate usually has larger-caliber target arteries with 
hypervascular lesions, enabling injection more embolic 
agents to induce more ischemia and infarct. As a result, 
the more prostate volume reduction after PAE and can be 
expected and better clinical outcomes are achieved (13).  
Although no correlation between prostate volume and 
prostatic artery diameter was observed in a report of 
angiographic anatomic study in patients before PAE (45), 
Wang et al. noted significant difference of prostatic artery 
diameter (1.7±0.5 vs. 0.9±0.4 mm, P<0.05) between PAE 
patients with large prostate size (>80 mL) and with medium 
prostate size (50–80 mL) (13). 

Current evidence is conflicting on the predicting role 
of baseline prostate volume for clinical outcomes after 
PAE. In a single centre study in 86 patients, Maclean  
et al. (29) tested the relationship between baseline TPV and 
symptomatic improvement after PAE. Pearson’s correlation 
test showed a modest correlation between baseline TPV 
and changes in IPSS at 12 months (r=−0.324, P=0.002). The 
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results indicated that approximately 10% (r2=0.105) of the 
variation in clinical improvement in IPSS following PAE 
can be explained by baseline TPV. Of note, this cohort is 
only limited to patients with benign prostatic obstruction 
(BPO) because all patients identified as equivocal or non-
obstructive in pre-PAE urodynamic test were excluded in 
enrolment (29). Similarly, Abt et al. (30) reported 48 patients 
with moderate to severe LUTS. Spearman rank correlations 
test showed that relief in IPSS was significantly correlated 
with baseline TPV (r=−0.35, P=0.01). Furthermore, the 
increase in Qmax was also correlated with baseline TPV 
(r=0.31, P=0.05). The data above highlighted TPV as a 
predictor of outcomes of PAE.

However, Bilhim et al. (21) didn’t identify correlation 
between baseline TPV and clinical failure using Cox 
regression analysis with hazard ratio of 0.999 (95% CI: 
0.995–1.002; P=0.46). In addition to the various criteria 
in patient selection, different statistical models and, in 
particular, the specific definitions of clinical failure may 
explain the discrepancy. Clinical failure in Bilhim’s study 
derived from the concept of clinical success, which was 
defined as the presence of all of the following: (I) at least 
a 25% decrease in IPSS from baseline, (II) an IPSS up to 
15 points, (III) at least a 1-point decrease in the QoL score 
from baseline and a QoL score of up to 3 points, and (IV) 
no need for any additional medical or surgical therapy 
for LUTS (25). Obviously, the use of the complex and 
combined definition of clinical success or failure as variables 
may lead to conflicting conclusion when comparing to 
previous analyses by the use of simple variables, e.g., IPSS 
or Qmax (29,30). De Assis et al. (24) also used a combined 
parameter of clinical failure with a definition of IPSS >7 or 
QoL > 2 to correlate baseline TPV with outcomes of PAE, 
and did not identify statistical correlation between baseline 
TPV and clinical failure. Interestingly, the authors observed 
that baseline TPV was significantly correlated to the degree 
of clinical improvement as assessed by a simple parameter 
of QoL (P<0.001) (24).

Other studies also showed contradictory findings. Wang 
et al. (13) compared the outcomes of PAE between patients 
with large-volume group (TPV >80 mL) and medium-
volume group (TPV, 50–80 mL). There were no significant 
differences between groups regarding age, IPSS and Qmax 
at baseline data. At 12-month follow-up, the authors 
noted significant differences in the changes of IPSS and 
Qmax between groups: Large-volume group had a greater 
reduction in IPSS than the medium-volume group (P=0.02) 

and a greater increase in Qmax (P=0.04). Likewise, Hacking 
et al. (46) used ANOVA and t test to analyze 2 groups of 
patients with TPV >80 mL or ≤80 mL and confirmed the 
relationship of larger TPV with higher IPSS reduction 
(P=0.01) but failed to detect significant difference with 
changes in Qmax. However, in a report by Bagla et al. (12), 
78 patients were divided into small-, medium- and large-
volume groups with mean baseline TPV of 37.5, 65.7 and 
139.4 mL, respectively. ANOVA test between groups on 
AUA symptom scores at baseline, 1-, 3-, and 6-month 
data did not identify significant differences at any time  
points (12), suggesting that baseline TPV is not a predictor 
for clinical outcomes in PAE. Of note, this study is limited 
with relatively small sample size in each group. The high 
dropout rates at 6-month follow-ups are another concern, 
for example, 47.2% (17/36) in large-volume group and 
46.2% (12/26) in medium-volume group, which may 
potentially lead to biased results.

Central gland/transition zone volume and central 
gland/transition zone index
In the normal anatomy of the prostate, the central and 
transition zones cannot be visualized separately on MR 
imaging; therefore, radiologists frequently group the 
two zones under the term of central gland (CG) (47). In 
patients with BPH, the hyperplasia in the transition zone 
gradually compresses the central zone into a thin layer of 
“surgical psudocapsule”, which is visible as a faint dark rim 
on T2 weighted MRI, separating the transition zone from 
peripheral zone (48). Thus, the size of the central gland 
is quite close to that of transition zone in elderly patients 
with BPH. PAE mainly targets at the central gland that 
represents relatively hypervascular portion of the BPE. 
Ali et al. (49) observed all infarcts occurred in CG in a 
prospective clinical trial in 43 patients, subsequently leading 
to significant shrinkage of the prostate. Furthermore, 
central gland volume (CGV) reduction was identified at 
6-month follow-up in all patients with a median reduction 
rate of CGV at 26.7%; while TPV reduction occurred 
in 93% of patients with a median reduction rate of TPV 
at 18.2% (49). This strongly suggests that CGV or 
TZV is more responsible to PAE than TPV. Given the 
strong linear relations between TPV and TZV, which 
were noted with r=0.89 to r=0.95, P<0.001 (36,38) and 
the significant correlation between baseline TPV with 
clinical outcomes after PAE as mentioned previously, it is 
reasonable to speculate that CGV or TZV and CG index 
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(CGI: CGV/TPV) or transition zone index (TRI: TRV/
TPV) may correlate with clinical improvement after 
PAE. This speculation was supported by Abt’s post hoc  
analysis (30), which showed a significant correlation 
between IPSS changes after PAE and baseline CGV 
(r=−0.34, P=0.02), as well as significant correlations between 
absolute changes in Qmax and baseline CGV (r=0.39, 
P=0.01) or CGI (r=0.46, P=0.003). The modest correlation 
of IPSS changes and CGV (r=−0.34) is comparable to that 
of IPSS changes and TPV (r=−0.35), whereas the moderate 
correlation of absolute changes in Qmax and CGI (r=0.46) 
is stronger than that of the Qmax changes and TPV  
(r=0.31) (30). In addition, de Assis et al. (24) reported a 
retrospective study in 93 consecutive patients by the use 
of QoL at 6 months as a primary endpoint. Although the 
Spearman’s rank correlation coefficients were not available 
in this report, the authors identified that improvement in 
QoL had significant correlations with both baseline CGV 
(P<0.001) and CGI (P<0.001). Furthermore, the cut-off 
value of baseline CGI for better clinical outcomes was 
calculated as >0.45, with 85% sensibility and 75% specificity 
(P<0.05) (24).

Prostate volume (PV) reduction
Although substantial PV reduction usually occur early 
at 1month after PAE, a meta-analysis of PAE for BPH 
with data derived from 19 studies demonstrated that the 
summary-weighted average PV reduction from baseline 
PV was −14.51, −30.11, −28.95, and −31.31 cm3 at 1, 3, 6, 
and 12 months, respectively (50). Since the PV reduction 
at 3 months seems to be double of that at 1 month 
after PAE, 3-month PV reduction is an ideal variable in 
prediction of PAE outcome. In the literature, two statistical 
methods are commonly used: “outcome variable-A vs. 
outcome variable-B” or “predicting variable-A vs. outcome 
variable-B”. In the former, information of PV reduction 
(outcome variable-A) and clinical success/failure or other 
variable (outcome variable-B) are both collected from the 
data at the same time point, usually at the end of study. In 
the latter, the data of PV reduction (predicting variable-A) 
are collected earlier, e.g., 3 months after PAE, then those 
of clinical improvement/failure (outcome variable-B), 
e.g., at 12-month follow up. The statistical correlation 
obtained with the former method may suggest a potential of 
prediction role of PV reduction, whereas the latter directly 
tests predicting capability of PV reduction at a certain time 
point for the consequent clinical improvement.

In a comparative study of medium- and large-volume 
prostate in PAE, Wang et al. (13) analyzed the data at 
12-month follow-up and found that the PV reduction rate 
had a strong correlation with the clinical improvement 
(r=0.95). Although details of statistical analysis for the 
correlation coefficient were not available, the findings 
indicated the PV reduction may have potential role in 
prediction of outcome of PAE. However, Abt et al. (30) 
observed that the PV reduction did not correlate with relief 
in IPSS (r=0.18, P=0.23), nor with the changes in Qmax 
(r=−0.18, P=0.31) at 12 weeks after PAE.

By far, there is only one study using the “predicting 
variable-A vs outcome variable-B” model to test the 
correlation of PV reduction at 3 months after PAE with 
the clinical outcome at 12 months (29). In this study, a 
mean PV reduction at 3 months after PAE was 30.4%. 
Pearson’s correlation test showed that the 3-month PV 
reduction had a moderate correlation with the changes in 
IPSS at 12 months (r=0.68, P<0.001). Thus, the coefficient 
of determination (R2, r-squared) can be calculated as 
0.462, indicating that approximately 46% of the variation 
in clinical improvement in IPSS at 12 months after PAE 
can be explained by 3-month PV reduction. In addition, 
multiple linear regression test in this study also showed 
the most significant coefficient was 3-month PV reduction 
(β=0.61, P<0.001).

Prostate median lobe and intravesical prostatic protrusion 
(IPP)

In imaging diagnosis of BPH, the enlarged lateral lobe and 
median lobe represent hyperplastic glands arising from the 
transition zone and periurethral zone, respectively (48). It 
is commonly believed that the enlargement of median lobe 
may result in one or more pedunculated nodules protruding 
into the urinary bladder, causing mechanical bladder outlet 
obstruction; although the lateral lobe hyperplasia may also 
be involved in IPP (51,52). It has been postulated that IPP 
creates a “ball-valve” type of obstruction, disrupting the 
funneling effect of the bladder neck, and causing dyskinetic 
movements of the bladder during voiding (51). IPP is 
common in aging men and documented with a prevalence 
of 27% in healthy Caucasian men between 41–88 years (53). 
The measure of IPP or IPP index is defined as the vertical 
distance from the tip of the intravesical protrusion to the 
circumference of the bladder at the bladder neck (54). IPP 
has been widely used as a biomarker in clinical diagnosis 
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of BOO, evaluation progression of LUTS, and prediction 
of treatment outcomes. Urodynamic studies demonstrated 
that significant IPP in patients with LUTS or BPE was 
associated with a higher BOO index (51) and there was a 
moderate correlation between IPP and BOO index (r=0.456, 
P=0.032) (55). In clinical trials on medical therapies, 
significant IPP has been validated as a reliable predictor 
for poor responses to α-blocker, 5α-reductase inhibitors, or 
combination therapy (56-58). 

Recently, IPP has become a new topic of interest in 
PAE. In a single-center prospective study in 18 patients 
presented with enlarged median lobe and IPP larger than 
5 mm, follow-up at 3 months after PAE showed the mean 
IPP index decreased significantly together with shrinkage 
of the enlarged median lobe (54). Furthermore, the authors 
identified a moderate correlation between the changes 
in IPP index (%) and the changes in IPSS (%) (r=0.636, 
P=0.0045), suggesting that approximately 40% (r2=0.404) 
of the variation in clinical relief in IPSS could be explained 
by the decrease in IPP index (54). In addition, Yu et al. (59), 
in a prospective study of 82 patients, revealed no significant 
association between the presence of IPP and suboptimal 
relief in IPSS and QoL, or suboptimal improvement in 
Qmax (59). When subclassifying the patients with IPP 
by a thickness-to-height ratio at a cutoff value (T/H 
=1.3), the authors found that IPP with a T/H ratio ≤1.3 
correlated with suboptimal IPSS at 12 months (P=0.025) 
and suboptimal QOL at 6 months (P=0.025) and 12 months 
(P=0.008). Moreover, the patients with IPP tended to have 
more complications such as de novo AUR requiring bail-out 
surgery (59). Interestingly, one typical case with IPP (T/H 
=1) presented with AUR and underwent TURP at 2 months. 
The pedunculated IPP lesion showed extensive infarction at 
2-week MRI examination and was confirmed with complete 
necrosis in postoperative histopathological study (59). 
Although PAE could successfully induce desired necrosis in 
IPP lesions, deterioration in BOO or even AUR may occur 
due to the anatomic feature and the unique “ball-valve” 
effect. This highlights the importance of IPP predictive 
value, especially in the subclassified IPP parameters, which 
needs further investigation in clinical practice.

Baseline clinical characteristics

PAE is indicated in BPH patients with moderate to severe 
LUTS. Most commonly accepted inclusion criteria include 
patients with IPSS >8, Qmax <12 mL/s or presence of 

urinary retention (5). The baseline parameters, such 
as IPSS, Qmax, and urinary retention, in prediction of 
outcome of PAE are of clinical implications. Currently, very 
few studies focused on analyses of these predictive factors.

Baseline IPSS 
In a multivariate analysis with random-effects linear 
regression model, Bilhim et al. (21) identified baseline 
IPSS as an independent predictor of the changes in IPSS 
at follow-up data (P<0.001) and stated that patients with 
lower baseline IPSS, in particular less than 23 points, 
are ideal candidates for PAE. However, Cox regression 
analysis for clinical failure didn’t support baseline IPSS as 
an independent predictor (P=0.96) (21). In addition, Abt  
et al. (30) used Spearman rank correlation test and revealed 
that clinical relief in IPSS after PAE did not correlate with 
either baseline total IPSS (P=0.9), IPSS-storage symptoms 
(P=0.38), or IPSS-voiding symptoms (P=0.25). Instead, 
baseline total IPSS had a modest correlation with increase 
of Qmax (r=−0.37, P=0.02) after PAE, and baseline IPSS-
voiding symptoms correlated with more pronounced 
improvement in Qmax (r=−0.49, P=0.001) (30).

Baseline Qmax
After Bilhim et al. (21) initially excluded baseline Qmax 
as an independent predictor for clinical failure after PAE 
with a hazard ratio of 0.984 (P=0.38) in a univariate analysis 
of Cox regression model, Abt et al. (30) also confirmed 
in a Spearman rank correlation test that the baseline 
Qmax had no significant correlation with improvement of 
IPSS (r=−0.07, P=0.62) after PAE. However, the authors 
identified a modest statistically significant correlation 
(r=−0.43, P=0.005) between baseline Qmax and absolute 
increase of Qmax at 12 weeks after PAE (30). This 
suggested that patients with lower Qmax might benefit 
from PAE with more increase in peak flow rate after 
treatment.

Urinary retention
BPH patient with indwelling bladder catheter due to 
acute urinary retention (AUR) is an ideal indication 
for PAE. Previous observations showed patients with 
urinary catheter at the time of procedure accounted for 
7.0–18.8% of all patients (5,13,30). Successful removal 
of the bladder catheter was reported from 91% to 100%, 
which occurred between 2 days and 3 months after PAE 
(5,13,30,60). The underlying mechanism was explained 
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with prostatic inflammation that usually occurs with 
bladder catheterization, leading to arterial vasodilatation 
and rendering the prostate gland more susceptible to  
ischemia (21). Bilhim identified a hazard ratio of 0.486 
(P=0.027) for PAE clinical failure in a univariate analysis 
of Cox regression model, suggesting urinary retention as 
an independent predictor for clinical outcome of PAE (21). 
Although Abt et al. (30) observed that indwelling bladder 
catheter might explain a median difference of 14.83% in 
relief of IPSS after PAE, the correlation was not of statistical 
significance (P=0.25). Nevertheless, indwelling bladder 
catheter significantly correlated with increase in Qmax after 
PAE at a median difference of 12.40 mL/s (P<0.001) (30).

Pathological feature: adenomatous-dominant BPH (AdBPH)

Adenomatous-dominant BPH was first described by 
Little et al. (14) as two or more adenomas within the peri-
urethral transition zone of 1 cm or greater in diameter 
determined on pre-PAE multi-parametric MRI. Although 
various BPH nodules have been identified histologically, 
including adenofibromatous, fibromuscular, muscular, 
fibroadenomatous, and stromal nodules, the adenomas 
in Little’s study mainly represented adenofibromatous  
nodules (14). Previous studies have suggested that the 
predominant component of the BPH nodules may dictate 
the response to therapies: smooth muscle predominant 
nodules would respond to a-blockers, epithelial nodules to 
5a-reductase inhibitors, and fibrous nodules to surgery (61).  
In terms of PAE, based on the findings of animal 
experiments in a canine glandular hyperplasia model, Sun 
et al. (15) inferred that epithelial nodules in human BPH 
might have more response to PAE than other nodules. Little 
et al. (14) confirmed that all adenomas within the AdBPH 
group exhibited hyperenhancement post-gadolinium 
contrast injection compared to the surrounding central 
gland on multi-parametric MRI. Since hypervascularity of 
a tumor generally indicates its high demand of oxygen to 
maintain the higher level of metabolism, the hypervascular 
lesions are usually more susceptible to ischemia, e.g., 
the local anoxia induced by PAE. On the other hand, 
the increased vascularity of the adenomas in the prostate 
represents the more feeding blood flow compared to the 
surrounding tissue, so that the preferential flow to the 
adenomas may carry more embolic particles in embolization 
procedure and results in significant necrosis or infarction 
inside the adenomas. These pose the rationale for AdBPH 

as a proposed predictor in PAE. 
In a report by Little et al. (14), 24 patients were enrolled 

in AdBPH and Non-AdBPH groups, with 12 patients 
each. The authors used multivariate ANOVA to compare 
and analyze the data of IPSS, IIEF, and QoL before and 
after PAE between the 2 groups, and found a significant 
reduction in IPSS in the AdBPH group (P=0.01). QOL 
scores significantly improved in the AdBPH group 
(P=0.007). Accordingly, AdBPH was for the first time 
evaluated as clinical predictors for improvement of IPSS 
and its QOL scores. However, the changes in Qmax were 
not included as an outcome variable in the study, thus 
losing an important parameter in evaluation on predicting 
capability of AdBPH in PAE.

To test the correlation between AdBPH and improvement 
in Qmax after PAE, Abt et al. (30) enrolled 48 patients  
and divided into 3 groups with one adenomatous nodule 
of ≥1 cm diameter (n=13), and more than 2 adenomatous 
nodules (n=10), and Non-adenomatous nodule (n=25), 
respectively. By using Spearman rank correlation coefficient, 
the authors confirmed a modest correlation between 
AdBPH and absolute change in Qmax (r=0.35, P=0.02). 
However, statistically significant correlation either between 
AdBPH (r=−0.25, P=0.08) and relative changes in IPSS or 
between AdBPH and prostate volume reduction (r=−0.07, 
P=0.64) was not detected (30). 

In comparison of the two studies above, the inconsistent 
findings are attributed to the distinct definitions of AdBPH as 
an independent variable and various statistical models used. In 
Little’s study (14), AdBPH was defined only in patients with 
two or more adenomas of 1 cm or greater in diameter. Analysis 
with multivariate ANOVA indicated significant reduction 
in IPSS in patients of the specifically defined AdBPH 
group compared with those in non-AdBPH group (14).  
In Abt’s statistical model of Spearman rank correlation 
coefficient (30), ordinal variables (non-AdBPH, AdBPH with 
one adenoma, and AdBPH with 2 or more adenomas) were 
collected, thus leading to discrepancy in conclusions. More 
studies are needed to address the inconsistence.

Prostate tissue ischemia and infarction

PAE-induced prostate tissue ischemia contributes to a 
pivotal mechanism in relief of BOO and associated clinical 
symptoms by affecting on both the static and dynamic 
pathological components of BPH (16). On the one hand, 
the prostate tissue ischemia rapidly leads to ischemic 
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necrosis or infarction, evoking the local inflammatory 
reactions and the subsequent tissue repair, and finally 
debulking the enlarged prostate in order to achieve the 
therapeutic purpose. Thus, early detection of prostate 
tissue ischemia or infarction has been deemed as a potential 
predictor for future clinical outcomes (21). On the other 
hand, the prostate tissue ischemia also plays a role under 
other mechanisms by reducing prostate smooth muscle 
tone or inducing prostate apoptosis (16). These additional 
mechanisms may enhance the therapeutic effects when a 
large prostate infarction occurs after PAE. However, even 
if no significant prostatic infarction is identified after PAE, 
some patients still show substantial clinical improvement due 
to the additional mechanisms. This may explain in part the 
current discrepancy in evaluation of prostate tissue ischemia 
or infarction as predictors for clinical outcomes after PAE.

Imaging detection of prostate tissue ischemia or 
infarction is most commonly used by means of contrast-
enhanced magnetic resonance imaging (CEMRI) (21,62,63). 
Recently, contrast-enhanced ultrasonography (CEUS) 
and surrogate MRI parameters of prostate vascularization 
in dynamic CEMRI have also been reported (64,65). In 
CEMRI and CEUS, the prostate tissue ischemia and 
infarcted areas were defined as new regions that displayed 
no evident enhancement after contrast agent administration 
(62,64). Kisilevzky et al. (63) reported PAE in 24 patients 
with long-term indwelling urinary catheters and observed 
that 15 patients (63%) successfully removed the urinary 
catheter within 60 days after PAE. All patients underwent 
the CEMRI 30 days after PAE. The authors identified 
prostate ischemic areas in 13 out of 15 patients (87%) in the 
group of clinical success, whereas only 1 out of 9 patients  
(11%) in the group of failure showed a small area of 
ischemia. Mann-Whitney test showed that the presence 
of ischemia (P<0.05) and mean percentage of infarcted 
tissue (P=0.0006) were significantly different between the 
two groups. Furthermore, Spearman’s rank correlation 
test suggested a moderately strong correlation (r=−0.61, 
P=0.0017) between percentage of tissue ischemia and the 
time needed to remove the urinary catheter, indicating that 
MRI assessment of prostatic ischemia at 1 month after PAE 
is a reliable predictor of clinical success in patients with 
indwelling urinary catheter. In addition, Bilhim et al. (21)  
confirmed the predictive role of prostate ischemia in  
48 patients. CEMRI was conducted 2–4 weeks after PAE to 
detect and measure tissue ischemia. By using random effect 
regression model, the authors found lower IPSS during 

follow-up was associated with higher percentage of tissue 
ischemia, suggesting that prostate tissue ischemia correlated 
with clinical outcome. Although Amouyal et al. (10)  
also found a significant correlation between infarction 
and clinical success (P=0.002) with the test of Spearman 
correlation coefficient, this study couldn’t provide direct 
evidence on the predictive role of infarction because the 
data of the presence of infarction and clinical parameters 
were collected at the same time point, 3 months after PAE. 

In contrast to Amouyal’s findings, Frenk et al. (62) 
observed no statistically significant association between 
the development of infarcts and mean IPSS after PAE. 
However, the conclusion was based on a specific cohort 
of patients with clinical success, whereas all patients of 
clinical failure had been excluded. Therefore, the statistical 
findings between the 2 groups suggested that IPSS would 
not correlate with the presence of prostatic infarcts only 
in patients with clinical success after PAE. Similarly, Lin 
et al. (66) also got a conclusion that infarction detected at 
3 months after PAE had no significant impact on clinical 
success at the same time. However, no detailed information 
on either infarction, clinical data, or statistical analysis was 
provided by the authors. 

The timing for detection of the prostatic ischemia or 
infarction that may potentially predict clinical outcomes 
after PAE has recently gained interest. Previous studies 
commonly assessed prostatic ischemia as a Type 3 predictor, 
the data of which were collected at one month or later 
after PAE and used for long-term clinical outcomes. From 
clinical perspective, earlier prediction for clinical prognosis 
is of more importance in order to modify treatment plan in 
time in those patients with likely clinical failure after PAE. 
Therefore, prostatic ischemia has been suggested as Type II 
instead of Type III predictor, so that MRI examinations to 
detect and measure prostatic ischemia would be performed 
at first 24 hours or between 1–2 weeks (21). Unfortunately, 
current evidence on prostate ischemia at 24 hours after PAE 
did not support its predictive role in clinical practice (64,65). 
While further addressing the predictive role of ischemia at 
1-day after PAE in more patients, we suggest more future 
studies focusing on prostate ischemia at 1 week after PAE 
in prediction of the medium-term or long-term clinical 
outcomes.

PSA/C-reactive protein

Prostate-specific antigen, one of the major components 
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of protein in the prostate fluid, is a glycoprotein enzyme 
secreted by the glandular epithelium. Men normally 
have low PSA levels in serum. When the epithelial cells, 
basement membrane of the gland, and prostate stroma are 
damaged and the vascular permeability is increased due to 
a variety of pathologies, such as prostate cancer, BPH, and 
prostatitis; PSA releases into blood stream, resulting in 
its elevated blood levels. In medical therapy with 5-alpha 
reductase inhibitors, baseline PSA as well as prostate 
volume has been validated as a good predictor of long-term 
relief in LUTS and improvement in urinary flow rate (67). 
However, evaluation of the predictive value of baseline PSA 
in PAE is currently scarcely reported. Bilhim et al. (21) used 
a univariate analysis of Cox regression model to test baseline 
PSA in prediction of clinical failure after PAE and found 
a no significant correlation with a hazard ratio of 0.972 
(P=0.10). In a post-hoc analysis of 48 patients undergone 
PAE, Abt et al. (30) didn’t to reveal statistically significant 
relationships among either baseline PSA and relative change 
in IPSS (r=−0.19) or baseline PSA and absolute change in 
Qmax (r=0.21). 

In contrast to baseline PSA, the PSA level at 24 hours 
after PAE seems to have a potential in early prediction 
of clinical outcomes. PAE-induced acute focal prostate 
necrosis may result in an acute release of a large amount 
PSA into systemic circulation and a peak serum PSA level at 
24–48 hours. Wang et al. found the mean serum PSA level 
at 24 hours after PAE increased up to 24.4 folds compared 
to the baseline data (13); likewise, the 24-hour post-PAE 
PSA level had a significant strong correlation with ischemia 
volume detected with MRI at 1 week after PAE (Spearman 
correlation coefficient r=0.87; P=0.017) (68). Since the 
correlation between ischemia volume after PAE and the 
subsequent clinical outcomes has been validated (21,63,68), 
the hypothesis of the predictive role of the serum level of 
PSA at 24 hours after PAE is plausible. In a prospective 
single-center study of PAE in 35 patients with prostate 
larger than 90 g, de Assis et al. (69) first identified the serum 
PSA level at 24 hours after PAE was moderately correlated 
with relief in IPSS at 3-month follow-up by the use of 
Spearman correlation coefficient test (r=0.4773; P=0.0057). 
Subsequently, Bilhim et al. (21) evaluated the predictive 
role of the 24-hour post-PAE PSA level in 133 patients and 
confirmed the significant association between higher levels 
of PSA at 24 hours after PAE and lower IPSS over time 
(P=0.01). Moreover, the authors noticed that patients with 

at least of 75 ng/mL had a greater decrease in IPSS than 
those with less than 75 ng/mL (P=0.01). In addition, Wang  
et al. (70) compared the 24-hour post-PAE PSA levels 
between patients with and without clinical success and found 
that patients with clinical success had a mean 20.7-fold  
increase in 24-hour post-PAE PSA level whereas patients 
with clinical failure had a mean 7.0-fold increase in PSA 
level at 24 hours (P<0.01), supporting the hypothesis 
that the 24-hour post-PAE PSA level has a significant 
relationship with clinical success or failure. However, 
Abt et al. (30), with Spearman rank correlation analysis 
in 48 patients, failed to identify statistically significant 
correlations between either PSA level at 24–48 hours and 
relative changes in IPSS at 12 weeks after PAE (P=0.48, 
r=−0.10) or absolute changes in Qmax 12 weeks after PAE 
(P=0.44, r=0.12). Instead, the authors noticed a modest 
correlation between C-reactive protein (CRP) level at 24–
48 hours and relative changes in IPSS at 12 weeks after PAE 
(r=−0.30, P=0.04). Therefore, CRP at 48 hours after PAE 
might be a potential early predictor. More clinical trials are 
needed to address its predictive value in PAE for its clinical 
outcomes. 

Conclusions

Studies on clinical predictors in PAE remain in early stage. 
The 3-type classification of the potential clinical predictors 
in PAE may help clarify and group various clinical 
parameters in clinical evaluation. Although various clinical 
reports on PAE predictive factors have gained increasing 
interest, conflicting findings and even contradictory results 
are commonly seen (Table 3). The reasons for inconsistency 
are multifactorial, including the diverse sample size of 
patients, different patients’ selection criteria, absence of the 
standard parameters in clinical outcomes (clinical success or 
clinical failure), and inappropriate study design or statistical 
analysis. Taken together, current evidence suggests baseline 
prostate volume, in particular TZV and TZI, 24 h post-
PAE PSA level, and prostate infarction and prostate 
volume reduction have potential in prediction of treatment 
outcomes. Patients with Adenomatous-dominant BPH or 
with indwelling bladder catheter before PAE may have more 
benefits from PAE. Baseline IPP, CRP level at 48 hours and 
early detection of prostate infarct at 1 day and 1 week after 
PAE need further investigating. More prospective clinical 
trials with large sample size of patients are mandatory.
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Table 3 Summary of the major predictor in PAE

Predictors Studies Study type LE Predictability

Age Bilhim et al. (21) Retrospective 4 +

 Maclean et al. (29) Retrospective 3 −

Abt et al. (30) Prospective 3 −

Baseline TPV Maclean et al. (29) Retrospective 3 +

Abt et al.(30) Prospective 3 +

Bilhim et al. (21) Retrospective 4 −

Wang et al. (13) Retrospective 4 +

Hacking et al. (46) Prospective 3 +/−

Bagla et al. (12) Retrospective 4 −

CGV/TZV and CGI/TZI Abt et al.(30) Prospective 3 +

de Assis et al. (24) Retrospective 4 +

PV reduction Wang et al. (13) Retrospective 4 +

Abt et al. (30) Prospective 3 −

Maclean et al. (29) Retrospective 3 +

IPP Lin et al. (54) Retrospective 4 +

Yu et al. (59) Prospective 3 +

Baseline IPSS Bilhim et al. (21) Retrospective 4 +

Abt et al. (30) Prospective 3 +/−

Baseline Qmax Bilhim et al. (21) Retrospective 4 −

Abt et al.(30) Prospective 3 +/−

Pre-PAE urinary retention Bilhim et al. (21) Retrospective 4 −

Abt et al. (30) Prospective 3 +/−

AdBPH Little et al. (14) Prospective 3 +

Abt et al. (30) Prospective 4 +/−

Prostate infarction (1 m post-PAE) Kisilevzky et al. (63) Retrospective 4 +

Bilhim et al. (21) Retrospective 4 +

Amouyal et al. (10) Retrospective 4 +

Frenk et al. (62) Retrospective 4 −

Lin et al. (66) Retrospective 4 −

Prostate infarction (24 h post-PAE) Moschouris et al. (64) Prospective 4 −

Franiel et al. (65) Prospective 3 −

PSA (24 h post-PAE) de Assis et al. (69) Prospective 3 +

Bilhim et al. (21) Retrospective 4 +

Wang et al. (70) Prospective 4 +

Abt et al. (30) Prospective 3 −

CRP (24–48 h post-PAE) Abt et al. (30) Prospective 3 +

LE, level of evidence (Oxford 2011 Levels of Evidence using the protocol for treatment benefits studies, Oxford Centre for Evidence-Based 
Medicine. http://www.cebm.net/index.aspx?o=5653). Predictability (+)/Predictability (−): with/without statistical significance in prediction 
of a particular outcome parameter. Predictability (+/−): inconsistent results in prediction of different outcome parameters, e.g., changes in 
IPSS and Qmax.

http://www.cebm.net/index.aspx?o=5653
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