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CENTER EXPERIENCE AND OTHER DETERMINANTS OF PATIENT RADIATION 
EXPOSURE DURING PROSTATIC ARTERY EMBOLIZATION: A RETROSPECTIVE 
STUDY IN THREE SCANDINAVIAN CENTERS 

ABSTRACT 

OBJECTIVES 
To evaluate the effects of center experience and a variety of patient- and procedure-related factors on patient 

radiation exposure during prostatic artery embolization (PAE) in three Scandinavian centers with different PAE 

protocols and levels of experience. Understanding factors that influence radiation exposure is crucial in effective 

patient selection and procedural planning. 

METHODS 
Data were collected retrospectively for 352 consecutive PAE procedures from January 2015 to June 2020 at the 

three centers. Dose area product [DAP (Gy·cm2)] was selected as the primary outcome measure of radiation 

exposure. Multiple patient- and procedure-related explanatory variables were collected and correlated with the 

outcome variable. A multiple linear regression model was built to determine significant predictors of increased 

or decreased radiation exposure as reflected by DAP.  

RESULTS 
There was considerable variation in DAP between the centers. Intended unilateral PAE (p = 0.03) and each 10 

additional patients treated (p = 0.02) were significant predictors of decreased DAP. Conversely, increased 

patient body mass index (BMI, p < 0.001), fluoroscopy time (p < 0.001) and number of digital subtraction 

angiography (DSA) acquisitions (p < 0.001) were significant predictors of increased DAP.  

CONCLUSIONS 
To minimize patient radiation exposure during PAE radiologists may in collaboration with the clinicians consider 

unilateral embolization, pre-interventional CTA for procedure planning, using predominantly anteroposterior 

(AP) projections and limiting the use of cone beam CT (CBCT) and fluoroscopy. 

KEYWORDS 
Embolization, therapeutic; Prostatic hyperplasia; Radiation exposure; Angiography, digital subtraction; 

Fluoroscopy. 

KEY POINTS 
 Growing center experience and intended unilateral embolization decrease patient radiation exposure 

during prostatic artery embolization.  
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 Patient BMI, fluoroscopy time and number of DSA acquisitions are associated with increased DAP 

during procedures. 

 Large variation in radiation exposure between the centers may reflect the use of CTA before and CBCT 

during the procedure. 

ABBREVIATIONS 
BMI Body mass index 

BPH Benign prostatic hyperplasia 

CBCT Cone beam computed tomography 

DAP Dose area product 

DSA Digital subtraction angiography 

LUTS Lower urinary tract symptoms 

PA Prostate artery 

PAE Prostatic artery embolization 

PV Prostate volume 

TURP Transurethral resection of the prostate  
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INTRODUCTION 
Prostatic artery embolization (PAE) is an endovascular alternative to the transurethral resection of the prostate 

(TURP)[1–3]. PAE is predominantly performed in patients suffering from lower urinary tract symptoms (LUTS) 

attributed to benign prostatic hyperplasia (BPH) but is also used for treatment of refractory hematuria of 

prostatic origin, and in selected prostate cancer patients [4, 5]. The optimal candidate for PAE is still debated, 

and a number of concerns regarding its efficacy compared to both TURP and other BPH treatment options, 

postembolization syndrome, and radiation exposure have been raised by the urological community [6].  

PAE is a technically challenging procedure that requires a high level of individual and center experience. 

Prostatic arteries (PA) are characterized by a marked variation in origin, frequent duplication, contralateral 

perfusion of the prostate gland, tortuosity, and anastomoses with vesical, rectal, and/or penile arteries [7–9]. 

This can lead to lengthy procedure and fluoroscopy times, increased number of digital subtraction angiography 

(DSA) acquisitions, and frequent use of cone beam CT (CBCT), all of which are known to increase patient 

radiation exposure in both PAE and a variety of other endovascular procedures [7, 10–14]. Additionally, patient-

related factors such as increased body mass index (BMI) were shown to positively correlate with radiation 

exposure in PAE and other complex pelvic vascular procedures [10, 13, 15–17].  

Increase in individual operator experience was associated with a decrease in patient radiation exposure during 

PAE in some studies, while others found no relationship between the two [10, 13, 18]. However, there are 

currently no multicenter studies analyzing the effects of experience and procedure learning curves on patient 

radiation exposure. 

The aim of this study was to evaluate the effect of center experience on patient radiation exposure during PAE 

in three Scandinavian centers with different PAE protocols and levels of experience, as well as to determine 

which patient- and procedure-related variables could serve as independent predictors of increased radiation 

exposure, irrespectively of the center. 

MATERIALS AND METHODS 

STUDY DESIGN AND SETTING 
This multicenter, retrospective, observational study involved three Scandinavian tertiary hospitals located in 

Copenhagen (CPH), Denmark, Helsingborg (HBG), Sweden and Oslo (OSL), Norway. Institutional review board 

approvals (31-1521-421 in Denmark, 2020-04211 in Sweden and 20/14473 in Norway) were obtained in all 

three countries. Consecutive patients who underwent PAE on any indication between January 2015 and June 

2020 in HBG, and January 2017 and June 2020 in CPH and OSL were included in the study, with no restrains on 

patient demographics. No patient was excluded from the statistical analysis. Pre-interventional clinical and 

imaging evaluation was performed according to each centers’ standard protocols. 
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 CTA for procedure planning was conducted in the majority of patients in CPH and OSL, while no pre-procedural 

imaging was performed prior to PAE in HBG. In CPH, a two-phase (non-contrast and early arterial phase) scan 

using a General Electric (GE) Revolution Apex scanner was performed, while in OSL a single-phase arterial 

angiography with a 7 s delay after threshold was performed using a Siemens Somatoform Definition Edge 

scanner. In both centers an area from crista illiaca to trochanter minor was scanned. In CPH, default voltage was 

set to 100 kV (120 kV in obese patients), pitch to 0.992, rotation time to 0.35 s, and slice thickness to 2.5 mm. 

Meanwhile, standard protocol in OSL consisted of a scan with default voltage of 80 kV (100 kV in obese 

patients), pitch of 2.2, rotation time of 0.285 s, and slice thickness of 1.0 mm. In both centers threshold was set 

to 120 HU.  

In all centers, PAE was performed using the proximal embolization first, then embolize distal (PErFecTED) 

technique, where technically possible [19]. Embolization was achieved using 300–500 µm Embosphere 

microspheres (Merit Medical) in CPH and HBG, while in OSL 250 and 400 µm Embozene (Boston Scientific) and 

300–500 µm Embogold (Merit Medical) microspheres were also used. Coil embolization of PA side branches was 

conducted at the discretion of the operating physician. Bilateral embolization was performed whenever possible 

in CPH and HSB. In OSL, after initial experience, unilateral embolization was performed as first-choice procedure 

in men with prostate volume (PV) over 100 cm3, and second PAE was later performed if clinical outcome was 

insufficient. 

Angiography was performed using the Phillips Allura XPer FD20 system in both CPH and HBG, and the GE Innova 

4100 system in OSL. Conventional DSA acquisitions were taken predominantly in ipsilateral anterior oblique 

projections of 30–40° and anteroposterior (AP) projections in CPH and HBG. In Oslo, oblique projections were 

used to enter the PA, and AP projections were used to confirm the catheter position. In all centers, acquisition 

frame rate was set to 2 frames per second and fluoroscopy pulse rate to 7.5 frames per second. Default voltage 

was set to approximately 90 kV in CPH and OSL, and 80 kV in HBG. CBCT was routinely used in CPH and HBG to 

facilitate identification and confirmation of PA position, anastomoses, duplications, and parenchymal perfusion, 

while it was not a part of the protocol in OSL. Standard CBCT protocol in CPH consisted of an 8 s rotational scan 

of 180˚ with image acquisition of 60 frames per second, peak voltage of 123 kVp, 325 mA current, and filtration 

with copper filter from 0 to 0.9 mm. Meanwhile, standard CBCT protocol in HBG consisted of an 11 s rotational 

scan of 180˚ with image acquisition of 30 frames per second, peak voltage of 119 kVp and 188 mA current.  

All operators, a total of 10, performing PAE in the three centers were interventional radiology consultants with 

between 10 and 37 years of experience. 

OUTCOME MEASUREMENTS 
Data were retrospectively collected form the respective centers’ picture archiving and communication systems 

(PACS), radiology reports, medical journals, and data from the angiography unit storage.  

Dose area product [DAP (Gy·cm2)], a commonly used indirect measure for the total exposure to the person, was 

selected as the primary outcome measure of radiation exposure [20, 21]. DAP is defined as the product of 
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radiation dose (in grays) and the surface area irradiated and is readily available from the angiography units’ 

automated dose reports. Knowledge of DAP and anatomical area irradiated allows for direct estimation of 

effective dose (ED) with sufficient accuracy for most purposes [22]. ED was calculated using the conversion 

coefficient of 0.26 mSv/ Gy·cm2, based on UNSCEAR’s global survey of radiation exposure [23]. 

For each patient, baseline age, BMI, prostate volume (PV) and indication for PAE were collected. A number of 

procedural variables were collected, including pre-interventional CTA use, embolization material, intended 

embolization side, procedure success, CBCT use and the number of CBCT runs, number of DSA acquisitions, 

fluoroscopy time, and procedure time. Procedure time was defined as the time between local anesthesia 

administration and the time the patients left the angiography suite. Procedure was defined as intended bilateral 

PAE if bilateral PAE was planned, and was either successful bilaterally, unilaterally or was technically not 

possible at all. Likewise, procedure was classified as intended unilateral PAE if unilateral PAE was planned, 

regardless of the procedure outcome. A proportion needing a second procedure (bilateral or unilateral) during 

the study period due to either technical failure or inadequate symptom control was also recorded. 

STATISTICAL ANALYSIS 
Descriptive and summary statistics were calculated for each individual center and for all centers combined. 

Bivariate correlations between DAP and independent variables were evaluated using Pearson correlation 

coefficient for continuous variables, and Mann–Whitney U test and Kruskal-Wallis test for dichotomous and 

nominal categorical variables, respectively. To determine predictors of DAP, a mixed multiple linear regression 

model with individual centers as random effects was built using backward stepwise regression. All variables 

were evaluated for collinearity prior to being entered into the model. Covariates with p values < 0.1 were 

deemed non-significant and eliminated from the model, starting with the highest p value first. P values were 

obtained by likelihood ratio tests of the full model with the effect in question against the model without the 

effect in question. P value of < 0.05 was considered to be statistically significant. In the analysis, DAP was natural 

log-transformed to remove skewness and to assure all assumptions for linear regression had been met. The 

regression coefficients (βx) were exponentiated back to the original units, and the predicted effect of an 

explanatory variable (X) on the outcome variable (DAP) was calculated as follows: 

A one-unit change in X causes DAP to change by 100 𝑒 − 1 % . 

Thus, the results of the model represent the expected mean percent change in DAP when increasing the 

explanatory variable for one unit of change, or when switching from one category of the explanatory variable to 

the other. All statistical analysis was performed in R (version 3.6.2, The R Foundation for Statistical Computing), 

with lme4 package used to construct the mixed effects model [24, 25]. 

RESULTS  

BASELINE DEMOGRAPHIC DATA 
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A total of 319 individuals were included in the study—52 in CPH, 90 in HBG and 177 in OSL. The mean patient 

age was 72 (SD 8.1), the mean BMI was 26.1 kg/m2 (3.7), and the median PV was 109 cm3 (interquartile range 

75–150). The majority of patients (85%) had PAE performed for treatment of BPH. Patient characteristics are 

summarized in Table 1. 

PROCEDURAL OUTCOME DATA 
The overall median DAP related to the procedure was 343 Gy·cm2 (interquartile range 217 – 535) in CPH, 379 

Gy·cm2 (241 – 557) in HBG and 60 Gy·cm2 (39 – 92) in OSL. All PAEs in CPH and HBG were intended bilateral, 

while in OSL only 62% of the procedures were intended bilateral PAEs. The median number of DSA series for all 

centers combined was 17 (13–23). The mean procedure time was 100 min (SD 39), with fluoroscopy occupying 

40 min (18) on average. Additional summary statistics of procedure-related variables per center are presented 

in Table 2.  

BIVARIATE ANALYSIS 
In Table 3, Pearson correlations between the continuous and discrete variables, and the log-transformed DAP 

are presented. The strongest negative correlation was with center experience (Pearson’s r = - 0.46, p < 0.001), 

both for individual centers and when combined, which is further illustrated in Figure 1. DAP had the strongest 

positive correlation with procedure duration (Pearson’s r = 0.69, p < 0.001), number of DSA acquisitions 

(Pearson’s r = 0.58, p < 0.001) and fluoroscopy time (Pearson’s r = 0.54, p < 0.001). For patient-related factors, 

only BMI was shown to be a significant predictor of increased radiation exposure (Pearson’s r = 0.23, p < 0.001). 

The analysis of categorical variables is presented in Table 4. This demonstrated a significant decrease in DAP in 

those who underwent pre-interventional CTA imaging and had intended unilateral embolization. Conversely, 

CBCT use strongly correlated with an increase in DAP.  

MULTIVARIABLE ANALYSIS 
Mixed multiple linear regression model (see Table 5) demonstrated that several variables serve as predictors of 

radiation exposure as reflected by DAP. There was a statistically significant relationship between log-

transformed DAP and experience per 10 patients (β = - 0.043, p = 0.02), BMI (β = 0.062, p < 0.001), number of 

DSA acquisitions (β = 0.03 p < 0.001), fluoroscopy time (β = 0.012, p < 0.001), and intended unilateral 

embolization (β = - 0.391, p = 0.03). Expressed in percentages, intended unilateral embolization and each 10 

additional patients treated were associated with a mean 32.4% and 4.2% decrease in DAP, respectively. On the 

other hand, each additional DSA acquisition was associated with a 3.0% increase in DAP, while each additional 

minute of fluoroscopy raised the DAP by 1.2%. Likewise, BMI was shown to be a predictor of increased radiation 

exposure, with each 1 kg/m2 increase in BMI resulting in an average DAP increase by 6.4%. The data entered 

into the model met the assumptions of homogeneity of variance and linearity and the residuals were 

approximately normally distributed.  

DISCUSSION 
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This retrospective multicenter study involving a total of 319 patients undergoing 352 procedures in three 

centers presented a multivariable model that highlighted growing center experience and intended unilateral 

embolization as significant predictors of decreased radiation exposure during PAE. On the other hand, several 

variables were associated with increased radiation exposure, namely increased patient BMI, fluoroscopy time 

and number of DSA acquisitions.  

The overall median DAP recorded for the 3 centers combined was 105 Gy·cm2 (interquartile range 52–306), 

which is slightly lower than the median DAP of 181.6 Gy·cm2 reported in a recent systematic review of current 

literature [14]. However, a pronounced inter-center variability was reported in DAP values with median values in 

OSL notably around six times lower than those reported from the other 2 centers. This can probably be 

explained by pre-procedural CTA but no CBCT use, shorter procedure and fluoroscopy times and finally a larger 

cohort with initially unilateral PAEs as compared to the other two centers. Further, use of AP projections both 

during DSA acquisition and fluoroscopy, preferentially used in OSL but less in the other 2 centers, was 

associated with significantly lower DAP values [26]. Finally, OSL is the center with the most experience with over 

half of all the included patients coming from this center. 

Prior to current investigation, no multicenter studies have investigated the influence of center experience and a 

variety of both patient- and procedure-related variables on radiation exposure during PAE. Influence of operator 

experience on DAP has been reported by several studies, though with conflicting conclusions. While some 

studies found significant correlation between an increase in operator experience and a decrease in DAP, others 

found that increased experience did not necessarily result in an additional decrease in DAP [10, 13, 18]. 

However, we found a clear correlation between growing center experience and reduction in patient radiation 

exposure. The regression line was the steepest for CPH, the center with the least experience in PAE, which is in 

accordance with previous findings by Kriechenbauer et al. who showed that operator learning curves are the 

most pronounced for the first 50 procedures [13]. 

Our results confirmed a well-established knowledge that increase in fluoroscopy times and the number of DSA 

acquisitions lead to increased patient radiation exposure. CBCT, used to adequately assess prostate arterial 

anatomy and perfusion, was significantly correlated to increased DAP values in the bivariable analysis, though 

not in the multivariable model. However, CBCT is known to reduce the number of DSA acquisitions needed, 

previously shown to be responsible for the largest percentage of procedure radiation exposure, making it a 

potentially useful tool to minimize total patient exposure dose [10, 27, 28]. Increased BMI was also a significant 

predictor of increased radiation exposure, which is in line with previous findings in both PAE and other pelvic 

vascular procedures [13, 16, 17]. 

Pre-procedural CTA was a significant predictor of decreased DAP in the bivariable analysis, but not in the 

multivariable model. CTA, mainly used as a procedure preplanning tool, might nonetheless be an important 

factor contributing to low DAP values and subsequent reduced patient radiation exposure, especially in the OSL 

cohort. However, this could not be adequately assessed by this study, due to the lack of intra-center variability 

in pre-procedural CTA use. CTA prior to PAE adds to the radiation exposure a priori. However, data from the OSL 
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cohort showed that a low-dose prostate protocol CTA adds only 16% to the total dose acquired by the patient 

during PAE. Recently, pre-procedural CTA was suggested as a useful tool in predicting the technical outcomes of 

PAE based on various anatomic criteria [15, 29, 30]. Thus, CTA might not just be a way to potentially minimize 

patient radiation exposure but also predict and improve procedure outcomes. 

ED calculation in this study measured the stochastic risk from radiation exposure, though it cannot be used to 

predict future cancer risk as it does not account for individual variation in sensitivity to radiation. The median ED 

varied from 13.3 mSv in intended unilateral embolization to 50.2 mSv in bilateral embolization. This corresponds 

to one to five times higher doses than those in CT of abdomen and pelvis (which gives an ED of approximately 

10 – 13 mSv) and is in line with the intermediate values reported for vascular procedures involving the abdomen 

[31].  

In the multivariable model unilateral embolization was associated with a 32.4% (95% CI: 48.6% to 13.1%) 

decrease in DAP. This lower dose must be discussed in the context of therapeutic efficacy. In OSL, 24 of the 58 

patients (41%) initially treated with unilateral PAE needed a second procedure during the study period due to 

suboptimal clinical outcomes. Recent 10-year follow-up study showed that unilateral embolization has an 

approximately 50% higher symptom recurrence rate compared to bilateral embolization [32]. However, the 

difference seems to decrease with increasing age and up to 50% of patients may have a good a clinical outcome 

after unilateral PAE [33]. This indicates that any benefit from reduced radiation exposure must be carefully 

weighed against the desired clinical outcome for each individual patient, also in higher age groups. 

This study has some limitations. The results of the statistical analysis might have been affected by the 

retrospective study design, and lack of some procedural data due to the “real life” design of the study. The 

three centers had a very different approach. The non-significance of pre-procedural CTA and CBCT use in the 

multivariable model might be explained by the lack of variance in those explanatory variables within each 

center, masking their actual influence on DAP. Lastly, radiation dose parameters were obtained from the 

imaging system and not directly from dosimeters, and therefore should be considered as estimates of the true 

dose received by the patients.  

CONCLUSION 
There was a large variation in DAP values between the centers. Lowest radiation exposure was recorded in the 

center using pre-interventional CTA in nearly all patients and not using CBCT. Growing center experience and 

intended unilateral embolization are associated with a decrease in patient radiation exposure as reflected by 

DAP. On the other hand, increased patient BMI, fluoroscopy time and number of DSA acquisitions are all 

associated with increased radiation exposure during PAE. In conclusion, the data in this study indicates that, to 

minimize patient radiation exposure during PAE, radiologists may consider unilateral embolization, pre-

interventional CTA for procedure planning, using predominantly AP projections and limiting the use of CBCT and 

fluoroscopy.  
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Figure 1 Log-transformed DAP in consecutive patients who underwent PAE at each center and when combined. 

Linear regression fits a line through data points, and Pearson correlation coefficient (r) describes the strength of 

the correlation. Shaded gray areas represent 95% confidence intervals.  
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Table 1 Baseline demographic data for the 319 patients that underwent PAE. 

BMI body mass index; IQR interquartile range; LUTS lower urinary tract symptoms; PV prostate volume; SD standard 
deviation.  

 
 
 
  

Variable Copenhagen  
(n = 52) 

Helsingborg  
(n = 90) 

Oslo  
(n = 177) 

All centers  
(n = 319) 

Age (y), mean ± SD 72 ± 8.4 73 ± 8.2 71 ± 7.7 72 ± 8.1 

BMI (kg/m2), mean ± SD 24.9 ± 3.1 26.7 ± 3.3 26.3 ± 4.1 26.1 ± 3.7 
PV (cm3), median (IQR) 100 (65–135) 100 (75–178) 124 (80–150) 109 (75–150) 
Indication for PAE, n (%) 

LUTS 
Prostate cancer with LUTS 
Bleeding 
Missing 

 
35 (67) 
14 (27) 

3 (6) 
0 (0) 

 
80 (89) 

0 (0) 
10 (11) 

0 (0) 

 
157 (89) 

8 (4) 
12 (7) 
0 (0) 

 
272 (85) 

22 (7) 
25 (8) 
0 (0) 
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Table 2. Procedural and radiation exposure data for the 352 PAEs analyzed. 

Variable Copenhagen  
(n = 60) 

Helsingborg  
(n = 91) 

Oslo 
(n = 201) 

All centers  
(n = 352) 

Pre-procedural CTA, n (%) 
Yes 
No 
Missing 

 
56 (93) 

3 (5) 
1 (2) 

 
0 (0) 

91 (100) 
0 (0) 

 
199 (99) 

2(1) 
0 (0) 

 
255 (72) 
96 (27) 
1 (0.3) 

Embolization a, n (%) 
Intended bilateral 
Intended unilateral 

 
60 (100) 

0 (0) 

 
91 (100) 

0 (0) 

 
125 (62) 
76 (38) 

 
276 (78) 
76 (22) 

Second PAE performed, n (%) 8 (13) 1 (1) 24 (12) 33 (9) 

Type of embolic material b, n (%) 
Embosphere® 300 – 500 
Embozene® 250 
Embozene® 400 
Embogold® 300 – 500 
Missing 

 
58 (100) 

/ 
/ 
/ 
/ 

 
89 (100) 

/ 
/ 
/ 
/ 

 
27 (14) 

114 (59.5) 
47 (25) 
1 (0.5) 
2 (1) 

 
174 (51) 
114 (34) 
47 (14) 
1 (0.3) 
2 (0.6) 

Coils used, n (%) 
Yes 
No 

 
15 (25) 
45 (75) 

 
4 (4) 

87 (96) 

 
32 (16) 

169 (84) 

 
51 (14) 

301 (86) 

CBCT used, n (%) 
Yes 
No 
Missing 

 
57 (95) 

1 (2) 
2 (3) 

 
81 (89) 
10 (11) 

/ 

 
/ 

201 (100) 
/ 

 
138 (39) 

212 (60.4) 
2 (0.6) 

CBCT runs (n), median (IQR) 2 (2–3) 3 (2–4) / 2 (2–3) 

DSA acquisitions (n), median (IQR) 
Intended bilateral PAE 
Intended unilateral PAE 
Overall 

 
16 (15–19) 

/ 
16 (15–19) 

 
22 (18–30) 

/ 
22 (18–30) 

 
18 (1–33) 
11 (6–24) 
14 (9–18) 

 
19 (1–33) 
11 (6–24) 

17 (13–23) 
DSA acquisitions value missing, n 
(%) 

3 (5) 10 (9) 145 (72) 158 (45) 

Fluoroscopy time (min), mean ± 
SD 

Intended bilateral PAE 
Intended unilateral PAE 
Overall 

 
 

43 ± 14 
/ 

43 ± 14 

 
 

49 ± 17 
/ 

49 ± 17 

 
 

41 ± 15 
26 ± 14 
25 ± 11 

 
 

42 ± 15 
26 ± 14 
40 ± 18 

Fluoroscopy time value missing, n 
(%) 

14 (24) 1 (1) 1 (0.5) 16 (4) 

Procedure time (min), mean ± SD 
Intended bilateral PAE 
Intended unilateral PAE 
Overall 

 
141 ± 29 

/ 
141 ± 29 

 
/ 
/ 
/ 

 
104 ± 31 
70 ± 29 
90 ± 34 

 
109 ± 32 
70 ± 29 

100 ± 39 
Procedure time (min) value 
missing, n (%) 

13 (22) 91 (100) 3 (2) 107 (30) 
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CBCT cone beam computed tomography; CTA computed tomography angiography; DAP dose area product; DSA digital 
subtraction angiography; IQR interquartile range; PAE prostatic artery embolization; SD standard deviation. 
a Both first-time PAE and second procedure combined. 
b Embolic material used in patients where PAE was successful on at least one side (n = 338). 

  

DAP (Gy·cm2), median (IQR) 
Intended bilateral PAE 
Intended unilateral PAE 
Overall 

 
343 (217–535) 

/ 
343(217–535) 

 
379 (241–557) 

/ 
379 (241–557) 

 
88 (17–422) 
46 (10–135) 
60 (39–92) 

 
237 (17–563) 
46 (10–135) 

105 (52–306) 
DAP value missing, n (%) 14 (23) 0 (0) 3 (2) 17 (5) 
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Table 3. Pearson correlation coefficient (r) analysis of log-transformed DAP, and continuous and discrete variables. 

Note. Analysis completed only in those observations where both the dependent and the independent variable were available 
(N). Statistically significant p values are displayed in italics. 
BMI body mass index; CBCT cone beam computed tomography; DAP dose area product; DSA digital subtraction angiography; 
PV prostate volume. 
 
 
 
  

Variable Total DAP (Gy·cm2) 
N r p value 

Age (y) 334 0.08 0.14 

BMI (kg/m2) 322 0.23 < 0.001 

PV (cm3) 332 – 0.07 0.18 

Experience (per 10 patients) 352 – 0.54 < 0.001 

Fluoroscopy time (min) 332 0.54 < 0.001 

Procedure duration (min) 231 0.69 < 0.001 

CBCT runs (n) 134 0.11 0.24 

DSA series (n) 182 0.58 < 0.001 



 5

 

 
Figure 1. Log-transformed DAP in consecutive patients who underwent PAE at each center and when combined. Linear 
regression fits a line through data points, and Pearson correlation coefficient (r) describes the strength of the correlation. 
Shaded gray areas represent 95% confidence intervals.  
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Table 4.  Nonparametric analysis of correlation between DAP and categorical variables.  

Note. Bivariate correlation using Mann–Whitney U test and Kruskal-Wallis test. Analysis completed only in those 
observations where both the dependent and the independent variable were available (N). Statistically significant p values 
are displayed in italics. 
CBCT cone beam computed tomography; CTA computed tomography angiography; DAP dose area product; IQR interquartile 
range; LUTS lower urinary tract symptoms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable Total DAP (Gy·cm2) 
N Median (IQR) p value 

Centre 
Copenhagen 
Helsingborg 
Oslo 

 
46 
91 

198 

 
351 (230–563) 
362 (235–502) 

60 (39–92) 

< 0.001 

Preoperative CTA 
Yes 
No 

 
239 
94 

 
73 (44–138) 

278 (241–553) 

< 0.001 

Indication 
LUTS 
Prostate cancer with LUTS 
Bleeding 

 
279 
24 
25 

 
98 (52–291) 

480 (351–928) 
174 (83–387) 

< 0.001 

Embolization 
Intended unilateral 
Intended bilateral 

 
75 

260 

 
46 (24–59) 

193 (76–383) 

< 0.001 

Coils used 
Yes 
No 

 
48 

286 

 
118 (70–246) 
102 (51–318) 

0.85 

CBCT used 
Yes 
No 

 
138 
212 

 
352 (231–506) 

63 (40–100) 

< 0.001 
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Table 5. Multiple linear regression analysis of the relationship between log-transformed DAP in Gy·cm2 and explanatory 
variables.   

Variable (x) Regression coefficient 
(βx) 

Effect of change in 
x on DAP (%) 

95% CI of effect of  
change on DAP (%) 

P value 

BMI (per 1 kg/m2) 0.062 6.4 4.1 to 8.3 < 0.001 
Center experience (per 
10 consecutive 
patients) 

             - 0.043              - 4.2 - 9.5 to - 2.0 0.02 

Fluoroscopy time (per 
1 min) 

0.012 1.2 0.4 to 1.3 < 0.001 

DSA acquisitions (per 1 
acquisition) 

0.030 3.0 2.2 to 3.9 < 0.001 

Intended unilateral 
embolization 

             - 0.391            - 32.4 - 48.6 to -13.1 0.03 

BMI body mass index; CI confidence interval; DAP dose area product; DSA digital subtraction angiography.  

 
 
 
 
 
 
 
 
 
 



Figures



Fig. 1: 74 years old man having bilateral embolization. Type 1 origin of the prostate artery on the
right side. Initial ipsilateral oblique DSA (left panel) and AP projection (right) to confirm position.



Fig. 2: 77 years old man having bilateral embolization. Type 2 origin of the prostate artery on the
right side. Initial ipsilateral oblique DSA (left panel) and AP projection (right) to confirm position.
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