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Background: Transurethral resection of the prostate (TURP) is considered the gold standard surgical
intervention for prostate size less than 80 g. Prostatic artery embolization (PAE) has been suggested as a
minimally invasive interventional radiological procedure in the management of benign prostatic hy-
perplasia (BPH), especially by using the PErFecTED technique. We aim through our study to evaluate the
efficacy and safety of PAE compared with those of monopolar transurethral resection of prostate (M-
TURP) and bipolar transurethral resection of prostate (B-TURP) in treating lower urinary tract symptoms
(LUTSs) secondary to BPH.
Methods: We randomized 60 patients into 3 equal groups representing M-TURP, B-TURP, and PAE. Pa-
tients were followed up at 1 and 6 months postoperatively with regard to the International prostate
symptom score (IPSS) score; uroflowmetry; prostate volume by transrectal ultrasound; and
postvoid residual urine.
Results: The mean operative time was 59, 68, and 89 minutes for the M-TURP group, the B-TURP group,
and the PAE group, respectively; only one patient, who represented 5% of the M-TURP group and 1.7% of
the whole study population, developed transurethral resection syndrome. Four patients of the PAE group
complained of postembolization syndrome, which represented 20% of the cases. Only two patients in our
study, both belonging to the PAE group, developed acute urinary retention after catheter removal, rep-
resenting 10% of the PAE group and 3.33% of the whole study population. The improvement in the IPSS
score, the average uroflowmetry (Q-average) score, postvoid residual urine, and prostate volume
reduction was noted in all groups, with more statistically significant improvement in each of the M-TURP
and the B-TURP groups than in the PAE group.
Conclusion: PErFecTED technique is a novel way of embolization, with statistically significant
improvement for patients complaining of LUTSs due to BPH in terms of improvement of IPSS, uro-
flowmetry, prostate size, and amount of postvoid residual urine, yet these results are still not comparable
with either the results of M-TURP or B-TURP that still show more effective improvement.
© 2020 Asian Pacific Prostate Society. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Benign prostatic hyperplasia (BPH) is one of the most common
morbidities in elderly men with bladder outlet obstruction and
lower urinary tract symptoms (LUTSs). It is estimated to affect 50%
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of men at the age of 60 years and as many as 90% of men aged
70e89 years.1,2

Transurethral resection of the prostate (TURP) is considered the
gold standard surgical intervention for prostate size less than 80 g.
The introduction of bipolar transurethral resection in saline has
reduced the relative risks of transurethral resection syndrome (TUR
syndrome), and the procedure is more appropriate for prostate size
more than 80 g.3,4

Prostatic artery embolization (PAE), which was initially used in
management of hematuria secondary to BPH, has been first used by
Rastinehad et al. in management of BPH.19 Then, it has been
adopted by other studies that showed that PAEmay reduce prostate
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volume by about 30%, improve LUTSs, improve bladder outlet
obstruction, and relieve urinary retention in patients using
indwelling urinary catheters.6e8 These results were much
improved with the new technique of PAE that was described by
Carnevale et al in 2014 wherein proximal embolization was per-
formed first followed by distal embolization; this technique is
known as PErFecTED technique, and this technique was associated
with greater prostate infarction rates.18

The rule of PAE is highly controversial in the management of
BPH. We aim through our study to evaluate the efficacy and safety
of PAE compared with monopolar transurethral resection of pros-
tate (M-TURP) and bipolar transurethral resection of prostate (B-
TURP) in treating LUTSs secondary to BPH.
Fig. 1. Comparison of the differences in mean and standard deviations between the
preoperative, 1-month follow-up, and 6-month follow-up International prostate
symptom score (IPSS) score results for the patients of the three groups: M-TURP, B-
TURP, and PAE. M-TURP ¼monopolar transurethral resection of the prostate; B-TURP¼
bipolar transurethral resection of the prostate; PAE ¼ prostatic artery embolization;
SD ¼ standard deviation.
2. Materials and methods

A total of 60 patients who suffered from LUTSs due to BPH after
the failure of medical treatment were included in our study from
the urology outpatient clinic of Ain Shams University Hospitals in
the period from January 2016 until January 2018. Patients com-
plained of LUTSs with an IPSS score of 8e35 (8 being moderate and
35 being severe), uroflowmetry with an average flow of�10ml/sec,
and a prostate volume less than 100 ml by transrectal ultrasound.
Patients with elevated kidney functions (�1.5 mg/dl), with allergy
to intravenous (IV) contrast media, unfit for surgery, with prostatic
adenocarcinoma, with previous history of prostatic or urethral
operations, with signs of the decompensated bladder (e.g., bladder
diverticulum), with signs of upper urinary tract infection revealed
by pelvic abdominal ultrasound were excluded from our study.

Informed consent was obtained from all patients participating
in our study before they were randomly allocated into 3 equal
groups using the sealed envelope method, i.e., groups A, B, and C
representing patients who underwent M-TURP, B-TURP, and PAE,
respectively.

In the M-TURP group, the procedure was performed using a 26-
Fr continuous flow resectoscope, Storz single-wire loop using
175 W cutting power, a 75 W coagulation power and 1.5% glycine
solution for irrigation. And in the B-TURP group, the procedure was
performed using the ERBE VIO 300 D equipment bipolar generator
set at 200e280Wand a coagulationmode setting of 80e120Wand
using normal saline solution for irrigation.

In the PAE group, the procedure was performed as described by
Carnevale et al in 2014. Under local anesthesia, access to the internal
iliac artery is achieved; then, selective angiography of the internal
iliac artery is performed to assess the blood supply to the prostate.
The microcatheter must be placed distal to any collateral branch to
the bladder, rectum, corpus cavernosum, gonad, or penis directly
into the prostatic artery before it branches into urethral and capsular
groups. To each 2-mL syringe of microspheres, 10 mL of iodinated
contrast medium and 10 mL of saline were added, resulting in a total
volume of 22 ml. The mixture is injected in high dilution in a slow
manner to ensure diffuse gland ischemia and avoid vessel injury.18

Then, the microcatheter is advanced into the urethral and
capsular intraprostatic groups of arteries until they are embolized
separately. The urethral group of arteries is embolized first followed
by the intraprostatic branches. The microcatheter is then retracted
to the origin of the inferior vesical artery, and contrast is injected
for final control in a search for additional prostatic branches. These
procedures are repeated on the contralateral side. The patient is
then discharged on the same day after the procedure and is
maintained on a-blockers with the urethral catheter, which is
removed on the fifth day postoperatively.9

The patients were followed up at 1 and 6 months post-
operatively with regard to the IPSS score , uroflowmetry, prostate
volume by transrectal ultrasound, and Post-voiding residula urine
(PVRU) volume.
3. Results

The demographic data for patients in the 3 groups were
nearly the same, with a mean age of 63 years. The preoperative
prostate size ranged from 25 to 99 grams, 30 to 99 grams, and 31
to 95 grams in the M-TURP, B-TURP, and PAE groups,
respectively.

Regarding intraoperative time, it ranged from 25 to 115minutes,
with a mean of 59 minutes, in the M-TURP group, and from 30 to
103 minutes, with a mean of 68 minutes, in the B-TURP group,
while in the PAE group, it ranged from 62 minutes to 115 minutes,
with a mean of 89 minutes. There is a statistically significant dif-
ference between the PAE and TURP groups, with a p-value �0.001,
whereas there are no statistically significant results between the
M-TURP and B-TURP groups.

There were no statistically significant results in postoperative
hemoglobin level in all groupswith no need for perioperative blood
transfusion.

Regarding Naþ level, in the M-TURP group, only one patient
(representing 5% of the M-TURP group and 1.7% of the whole study
population) developed TUR syndrome that manifested in the form
of disturbed conscious level and decreased serum Naþ level of 123
mEq/L postoperatively, which required IV hypertonic saline infu-
sion and monitoring.

Regarding catheter removal time, for both the M-TURP group
and B-TURP groups, the catheter was removed on the third post-
operative day, whereas for the PAE group, it was removed on the
fifth postoperative day. Two patients in the PAE group developed
acute urinary retention after catheter removal (representing 10% of
the PAE group and 3.33% of the whole study population); both
underwent surgical intervention.

Four of the patients of the PAE group complained of post-
embolization syndrome (representing 20% of the PAE group) in the
form of severe perianal pain, which was relieved with analgesics
after 2e3 weeks.

Regarding the IPSS questionnaire, the decrease in the mean
score in the 3 groups was as follows: in the first month of follow-
up, the decline in the mean score was 13, 9, and 4 for the M-TURP,
B-TURP, and PAE groups, respectively, with a statistically



Fig. 2. Comparison of the differences in means and standard deviations for preoper-
ative and postoperative maximum uroflow results for the three groups: M-TURP, B-
TURP, and PAE. M-TURP ¼monopolar transurethral resection of the prostate; B-TURP ¼
bipolar transurethral resection of the prostate; PAE ¼ prostatic artery embolization;
SD ¼ standard deviation.
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significant difference in all the 3 groups compared with the pre-
operative score.

Comparing the preoperative and the 6-month follow-up post-
operative IPSS results, the differences in means between the three
groups were 18, 18, and 14 for the M-TURP, B-TURP, and PAE groups,
respectively, as shown in Fig. 1. Improvement in the IPSS score was
statistically significant in each of the M-TURP and B-TURP groups
compared with the PAE group.

The differences in means between the preoperative and post-
operative average uroflowmetry (Q-average) score in the three
groups were 9, 7, and 3 for the M-TURP group, B-TURP group, and
PAE group, respectively, as shown in Fig. 2. This improvement was
statistically significant in the 3 groups, with a p-value <0.001. There
was a statistically significant difference in average uroflowmetry
improvement between the M-TURP and B-TURP groups on the one
hand and the PAE group on the other hand, with a p-value <0.001,
but there was no statistically significant difference between the M-
TURP and B-TURP groups.

The mean of prostate size reduction in the three groups were 31,
37, and 11 grams for the M-TURP, B-TURP, and PAE groups,
respectively, as shown in Fig. 3, with a significant difference be-
tween the PAE group and both theM-TURP and B-TURP groups with
a p-value <0.001, whereas there was no statistically significant
difference between the M-TURP and B-TURP groups.

Postvoid residual urine showed marked improvement in all
groups; the mean postoperative results were 35 ml, 33 ml, and
Fig. 3. Comparison of the differences in means and standard deviations for preoper-
ative and postoperative prostate size results for the three groups: M-TURP, B-TURP, and
PAE. M-TURP ¼ monopolar transurethral resection of the prostate; B-TURP ¼ bipolar
transurethral resection of the prostate; PAE ¼ prostatic artery embolization; SD ¼
standard deviation.
88 ml for the M-TURP, B-TURP, and PAE groups, respectively. The
differences in means between the preoperative and postoperative
results in the three groups were 85, 109, and 95 for the M-TURP, B-
TURP, and PAE groups, respectively, with a statistically significant
difference between the preoperative and postoperative values in
the three groups and no statistically significant difference between
each of the groups.

4. Discussion

In our study, we evaluated the rule of M-TURP, B-TURP, and PAE
in the management of LUTSs due to BPH with regard to the intra-
operative time, immediate postoperative hemoglobin and serum
sodium levels, postoperative complications, uroflowmetry, prostate
size, postvoid residual urine, and IPSS score up to six months after
the intervention.

Regarding mean intraoperative time, it was much longer in the
PAE group, with 89.85 minutes compared with 59.7 minutes and
68.25 minutes for the M-TURP group and the B-TURP group, with a
statistically significant difference; this may be attributed to the
anatomy of the pelvic vessels to achieve selective embolization
and avoid untargeted embolization and also to the unfamiliarity of
the intervention radiologist with the new technique which de-
mands a higher learning curve than the standard way of
embolization.

Regarding intraoperative blood loss, it was more in the M-TURP
group than that seen in the other two groups, with a significant
difference between the M-TURP and PAE groups. However, no pa-
tients in any group required blood transfusion. In a prospective
randomized study, Stucki et al10 compared bleeding complications
of M-TURP and B-TURP procedures. The authors could not find any
statistically significant difference between the 2 procedures, and
none of the patients required a blood transfusion; this was
concomitant with our results.10

Regarding the serum Naþ level, TUR syndrome occurred in one
patient the M-TURP group (representing 5% of the M-TURP group
and 1.7% of the whole study population); it did not occur in any of
the patients of the other two groups. However, the decrease in the
level of serum Naþ postoperatively was not statistically significant
between the three groups.

After catheter removal, two patients from the PAE group (rep-
resenting 10% of the PAE group and 3.33% of the whole study
population) developed acute urinary retention, necessitating
catheterization, and they both underwent surgical intervention.

Four of the patients of the PAE group (representing 20% of the
PAE group and 6.66% of the whole study population) complained of
severe perianal pain, which was relieved with analgesics after
2e3 weeks. Up to 6 months of follow-up, the noticed complications
in our study population were limited to urine retention and post-
embolization syndrome in the form of pain and dysuria, as
mentioned in the Results section.

Gao et al11 in their study stated that commonly observed minor
complications in the PAE group were postembolization syndrome
(11.1%) and acute urinary retention (25.9%), but in their study, acute
urinary retention resolved within three days, requiring no more
than just a urinary catheter, attributing that to urethral compres-
sion by ischemic edema of the prostate after PAE. Compared with
our results, we had a higher rate of incidence of postembolization
syndrome, and the patients who developed retention required
catheterization and another way of intervention.11

The IPSS scores was significantly improved at one and six
months of follow-up for the three groups, yet this improvement
was statistically more significant in the M-TURP than B-TURP
groups and was more in the two groups than that in the PAE group.
The mean IPSS score decreased from 27, 26, and 26 to 9, 8, and 12 at
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6-month follow-up for the M-TURP, B-TURP, and PAE groups,
respectively. Despite the variation in prostate size reduction after
intervention between the 3 groups, IPSS score improvement was
nearly similar in all groups; this may be due to asymptomatic
prostatic inflammation that affects the LUTSs as mentioned by
Cakir et al.12 In addition, the subjectivity of IPSS score and patient to
patient variability and the different education level as mentioned
by Taneja et al13 2017, that education level may be affected and the
visual prostate symptom score would be more appropriate in
comparison to IPSS.

Regarding maximum uroflow rate, there was a statistically sig-
nificant improvement in all three groups, with more improvement
in the M-TURP and B-TURP groups than in the PAE group.

Demirdage et al14 stated that irrespective of the energy type
used, M-TURP operation can be successfully performed to relieve
the complaints of patients who had lower urinary tract obstruction.
In their study, the mean preoperative IPSS values were 25 in both
the M-TURP and B-TURP groups, and these values fell to 6.6 and 6.7
at the postoperative sixth month, and regarding mean flow rate, in
the M-TURP group, it increased from 8.6 mL/min to 20.1 mL/min,
whereas it increased from 9.2mL/min to 21.8mL/min in the B-TURP
group.14 These results were similar and comparable with our re-
sults in comparing M-TURP and B-TURP with a consensus on the
effectiveness in relieving LUTSs due to BPH.

Shim et al16 stated that analyzing the efficacy of PAE in a single
arm reveals significant improvements in IPSS scores, maximum
uroflowmetry, PVRU, and prostate volume. However, in their sys-
tematic reviewwith meta-analysis, they concluded that PAE should
still be considered as an experimental treatment modality. In terms
of efficacy, it is still inferior to standard treatment methods. How-
ever, PAE may offer other benefits to patients as being a minimally
invasive procedure with a shorter hospital stay, faster return to
normal activities, reduction in some adverse effects, and with a
symptomatic benefit in management of LUTSs due to BPH.15e17

Carnevale et al18 in their study found a significant difference in
terms of maximum uroflowmetry and prostate size yet not in IPSS
questionnaire scores and stated that M-TURP results in significantly
higher Q-max values and significantly smaller prostate volume
than PAE, but there was no significant difference between post-
operative IPSS scores.

The UK-ROPE study included 305 patients, 216 patients of whom
underwent PAE, and concluded that PAE provides a significant
improvement in the IPSS score; although some of these improve-
ments were less than those observed with the TURP arm, PAE has
the advantage of higher safety and earlier return to daily activities.
Regarding prostate volume, there was a 28% reduction in prostate
volume in the PAE group. In our study, the reduction in prostate size
was 11.5% only, which may be attributed to the follow-up point,
which was limited to 6 months after the intervention.15
5. Conclusion

B-TURP is as effective as M-TURP, with less blood loss and
decrease in the possibility of occurrence of TUR syndrome.

PAE performed using the PErFecTED technique is an advanced
way of embolization that requires a high level of expertise and
shows improvement in patients complaining of LUTSs due to BPH,
yet these results are still not comparable with either M-TURP or B-
TURP results. However, it represents a good treatment option in
highly selective patients who are unfit for surgery that can be
performed as an outpatient setting, requiring less hospitalization
with earlier return to daily activities.

More studies regarding PAE are needed to discuss the long-term
efficacy, the effect on erection, ejaculation, the need for retreatment
again and cost-effectiveness; studies are also needed to evaluate
the economic benefits of PAE.
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