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Abstract

Purpose To assess the feasibility and safety of transper-

ineal laser ablation (TPLA) for treating benign prostatic

hyperplasia (BPH).

Materials and Methods Institutional review board approval

was obtained for this prospective non-randomized trial.

Eightteen patients (age 71.7 ± 9.4 years) with urinary

symptoms secondary to BPH underwent TPLA under local

anesthesia. Under US guidance, up to four 21G applicators

were inserted in the prostatic tissue. Each treatment was

performed with diode laser operating at 1064 nm changing

the illumination time according to prostate size. Primary

endpoints were technical success and safety of TPLA. Sec-

ondary endpoints included operation time, ablation time,

energy deployed, hospitalization time, catheterization time,

and change in International Prostate Symptom Score (IPSS),

Quality of Life (QoL), peak urinary flow rate (Qmax), post-

void residual (PVR), and prostatic volume at 3 months. v2

and Fisher exact tests were used.

Results All procedures were technically successful. No com-

plications occurred. Mean operation time was 43.3 ± 8.7 min,

mean ablation time 15.9 ± 3.9 min, mean energy deployed

10,522 ± 3290.5 J, mean hospital stay 1.5 ± 0.4 days, and

mean catheterization time 17.3 ± 10.0 days. At 3 months,

IPSS improved from 21.9 to 10.7 (P\0.001), QoL from

4.7 ± 0.6 to 2.1 ± 1.2 (P\0.001), Qmax from 7.6 to 13.3

mL/s (P = 0.001), PVR from 199.9 ± 147.3 to 81.5 ± 97.8

(P\0.001), and mean prostate volume from 69.8 to 54.8 mL

(P\0.001).

Conclusions TPLA is feasible and safe in the treatment of

BPH, providing significant clinical results at 3 months.

Level of Evidence Case series, Level IV.

Keywords Laser � Ablation � Prostate � Image

guidance � Minimally invasive treatments

Introduction

Transurethral resection of the prostate (TURP) and open

prostate adenomectomy are regarded as the ‘‘gold stan-

dard’’ for the surgical treatment of male lower urinary tract

symptoms (LUTS) due to benign prostatic hyperplasia

(BPH) [1]. This option, however, can be associated with

significant complications [2]. Over the last decade, there

has been effort to identify new technologies that can

replicate the effectiveness of TURP but with an improved

safety profile. Actually, green light laser, holmium laser,

thulium laser with transurethral approach can be offered as

a treatment alternative to TURP [3–5]. Other transurethral

thermal ablative technologies, such as transurethral needle

ablation (TUNA) or transurethral microwaves therapy

(TUMT), produced disappointing and not durable results

for relieving of clinical symptoms, being proven less

effective in producing a symptoms relief compared to

TURP [5, 6]. Recently, there has been a burgeoning interest

in development of new technologies aimed at a minimally
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invasive and rapid therapy for patients with LUTS asso-

ciated with BPH, particularly focusing on different route

than transurethral one to deliver treatment, one of the most

promising being prostate embolizations [7–15].

Ultrasound (US)-guided interstitial laser ablation has been

widely applied for the percutaneous treatment of malignant

and benign diseases in different body regions [16–18]. To the

best of our knowledge, use of US-guided interstitial laser

ablation for the treatment ofBPHhas never been reportedwith

transperineal approach. Thus, we designed a prospective

study in order to assess the feasibility and safety of transper-

ineal laser ablation (TPLA) for treating BPH.

Methods

Patients

This prospective, non-randomized, single-center pilot trial

was approved by the Ethical Committee and Institutional

Review Board of our hospital. Patients coming to the

Department of Interventional Radiology and Department of

Urology at our institution with LUTS caused by BPH were

assessed for study eligibility and prospectively enrolled

between May 2014 and May 2016. Patients had been

assigned to TPLA either they were poor surgical candidates

(open prostatectomy or TURP) or did not fit into surgical

criteria of conventional transurethral laser prostatectomy.

Patients were included if they had LUTS and at least one of

the following criteria: (a) male subject [50 years of age

who have symptomatic BPH; (b) International Prostate

Symptom Score (IPSS) score C13; (c) prostate volume

C30 mL on transrectal ultrasonographic (TRUS) images;

(d) peak urinary flow rate (Qmax): C5 to B15 mL/s;

(e) post-void residual (PVR) C50 mL. Exclusion criteria

were: (a) urethral stricture; (b) previous prostate, bladder

neck, or urethral surgery; (c) prostate cancer or patients

who had a prostate-specific antigen (PSA) value greater

than 4 ng/mL; (e) patients with known neurological dis-

orders, e.g., multiple sclerosis, Parkinson’s disease, or

known history of spinal cord injury.

Before treatment, all patients completed the IPSS and

Quality of Life (QoL) questionnaire and underwent pres-

sure-flow urodynamics to evaluate Qmax, transabdominal

US to determine PVR, and transrectal US to determine the

volume of the prostate. All patients signed a dedicated

informed consent.

Transperineal Laser Ablation (TPLA) Treatment

All procedures were in accordance with the ethical stan-

dards of the institutional and/or national research

committee and with the 1964 Helsinki declaration and its

later amendments or comparable ethical standards.

Before the procedure, routine coagulation tests were

performed and included prothrombin time, partial trom-

boplastin time, and platelet count in accordance with the

guidelines used for interventional procedures in other

organs, such as liver, kidney, or lung [19]. The patient was

placed in the radiological interventional suite in a gyne-

cological position (Fig. 1). A three-way 18-F Foley

catheter was inserted and followed by continuous irrigation

with saline during and after the maneuver. The TPLA was

performed by the interventional radiology and urology

team using the combined Echolaser XVG system (Elesta

s.r.l. 50041, Calenzano (FI), Italy). Each treatment was

performed with patient under conscious sedation by IV of

midazolam (3 mg) and with local anesthesia of the super-

ficial tissues of the perineal region and prostate anesthesia

by transrectal prostatic block with lidocaine solution 2%

(20 mL) [20]. All patients were treated with antibiotic

therapy from the previous day and for a variable period

after the LA treatment session pertinent to individual

patients’ risk profiles. Using a two-plane transrectal ultra-

sound probe (TRT 33, Esaote, Genoa, Italy), depending on

basal volume of the prostate, up to two 21G introducer

needles for each lobe were inserted in the para-urethral

sites and placed on planes as parallel as possible to the

longitudinal plane of the prostate. The system is equipped

with a needle guide attachment that allows for a more

precise parallel insertion of the needles. For prostate vol-

ume\40 mL, two fibers were used, while four fibers were

used for prostates larger than 40 mL (Fig. 2A, B). Subse-

quently, a 300-lm bare flat-tip optical laser fiber was

introduced and advanced up to needle tip. The introducer

needle was designed to expose the fiber tip of 5 mm. Care

was taken to maintain a safety distance of 8 mm from the

needle to the outer wall of the urethra and of at least

15 mm from the needle tip to the bladder floor (Fig. 2B).

The applicators were inserted one at a time, spaced least

1.5–2.0 cm one to the other. The applicators positions were

always confirmed with two-plane US images (Fig. 2C).

The optical fibers were then connected with a continuous-

wave (CW) diode laser source operating at 1064 nm with

four independent devices for their simultaneous firing

during the illumination (Echolaser XVG system; Elesta

s.r.l. 50041, Calenzano, Italy). Each treatment was per-

formed with a fix power protocol (3 W) changing the

illumination time case by case according to prostate size.

Each ablation time ranged from a minimum of 400 s to a

maximum of 600 s to maintain the total energy applied

between 1200 and 1800 J per fiber. Depending on the size

of the prostate, from one to two consecutive illuminations

were performed with a ‘‘pull-back’’ technique during the

same treatment session. Treatment was concluded when the
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gas forming during the ablation covered the entire desired

area or 1800 J per illuminations were reached (Fig. 2D). At

the end of the treatment, desametasone (8 mg) was

administered intravenously for antiedemigenous and

antiphlogistic purposes. After an observation period of

approximately 1 h, the patient underwent a transrectal

ultrasound with the administration of an echo-amplifying

contrast medium (SonoVue, Bracco, Italy) to assess the

extent of coagulation zone (Fig. 2E). The patient was kept

in the hospital for 2 days and the catheter, in the absence of

adverse events, was removed within 2 weeks after the

procedure. All procedures were performed by one inter-

ventional radiologist (G.P.) with 20 years of experience in

interventional radiology and in minimally ablative

techniques.

Follow-Up Assessment

Primary endpoint of this study was technical success and

safety of TPLA. Technical success was defined following

standard terminology use for tumor ablation [19] as the

ability of completing the treatment according to the pro-

tocol. Thus, treatment was considered to be feasible when

it was possible to insert all the desired needles and fibers

that were preoperative established in the desired zone and

to complete the ablation up until the desired endpoint.

The definition of complications was consistent with the

standardized terminology and reporting criteria for image-

guided tumor ablation proposed by other authors [19, 21].

Major complications, minor complications, and side effects

were classified as intraoperative, perioperative (within

24 h), postoperative (within 30 days), and delayed (after

30 days).

Secondary endpoints included: (a) operation time;

(b) ablation time and energy deployed; (c) hospitalization

time; (d) catheterization time and change in IPSS, QoL,

Qmax, PVR, and prostatic volume at 3 months. Prostatic

volume was measured by transrectal ultrasound.

Statistical Analysis

Analysis was performed using GraphPad Prism 5 software

(GraphPad, La Jolla, CA, USA). Continuous variables were

expressed as mean ± SD, and categorical variables dis-

played as frequencies and compared using the v2 or Fisher
test, as appropriate. A P value of less than 0.05 was con-

sidered statistically significant.

Results

Eightteen TPLA procedures were performed to treat 18

patients (mean age 71.7 ± 9.4, range 51–89 years). A

median lobe was present in 9 (50%) out of 18 patients. The

mean prostate basal volume, mean IPSS, mean QoL, mean

PVR, and mean Qmax of peak urinary flow are reported in

Table 1.

Fig. 1 Photograph shows in the

radiological interventional suite

the operator who is studying

with two-plane ultrasound probe

the prostate of patient placed in

gynecological position before

the ablation maneuver

1442 G. Patelli et al.: Transperineal Laser Ablation for Percutaneous Treatment of Benign…

123



Primary Endpoints

All procedures were technically successful. In

18/18(100%) cases, correct targeting of the prostatic lobes

was achieved, and ablation was performed as planned. We

used one applicator per lobe in 4/18 cases (22%) while two

applicators were used in 14/18 (78%) cases. The procedural

details are reported in Table 2. All patients were dis-

charged within 2 days of admission. None of the patients

required re-catheterization.

Fig. 2 Representative case of large BPH of 110 mL in a man of

65 years of age. A Axial and longitudinal TRUS image before TPLA

shows a prostatic gland with large volume at baseline. B Axial TRUS

image shows a correct positioning of four devices (two for lobe) at a

safe distant from urethral lumen and outer margin of the prostate at

the end of targeting. C Longitudinal TRUS images show the fine

needles properly spaced between them both in the right (1.6–1.7 cm)

and in the left (1.6–1.9 cm) lobe. D Longitudinal US image shows the

target area completely covered by the gas at the end of the treatment.

E Axial and longitudinal US image during the administration of an

echo-amplifying contrast medium (Sonovue) shows an oval hypoen-

hancing areas in both lobes due to induced coagulation zone by TPLA

G. Patelli et al.: Transperineal Laser Ablation for Percutaneous Treatment of Benign… 1443

123



All patients required only therapeutic regimen allowed

with minor hospitalization (\48 h), while none of the

patients required major therapy, unplanned increase in

level of care, or prolonged hospitalization ([48 h) or have

had permanent adverse sequelae. None of the patients

experienced minor complications and side effects. None of

the patients required intensive care, surgical, endoscopic,

or radiological interventions. No patient had long

catheterization, long-time hospitalization, and periopera-

tive complications such as bleeding, hematuria, or necrosis.

Secondary Endpoints

Comparison of IPSS, QoL, Qmax, PVR, and prostate vol-

ume at baseline and at scheduled time point of 3 months is

reported in Table 1. Statistically significant improvements

were seen in IPSS, QoL, PVR (P\ 0.001), and Qmax

(P = 0.001). The average prostate size at 3 months was

54.8 ± 29.8 mL, shoving a 19% reduction in size versus

baseline (P\ 0.001).

Discussion

The present study is the first to report TPLA in treating

patients with LUTS due to BPH. The results of this study

demonstrated that TPLA is a feasible and safe procedure

for the treatment of patients with LUTS due to BPH. The

reported data were comparable with those reported with

surgical options [22] and with other new minimally

emerging alternative methods [8, 10, 11, 13]. We observed

a significant improvement in all parameters at 3 months

from baseline values (Table 1). Only the volume reduction

in the prostate seems less relevant in comparison with all

other values although statistically significant. Based on

experience in treating benign lesions in others organ [18], it

is possible to speculate that by laser technique the process

of volumetric reduction in the treated lesions occurs slowly

over time often constantly increasing up to 12 month [18].

In other words, TPLA is not a immediate ablative tech-

nique. So, we should expect a significant improvement in

prostate volume at longer follow-up. For the same reason,

and because we included mainly quite complex patients

that were poor surgical candidates, we had a quite long

catheterization time. However, as this was our initial

experience, we think this should be reduced in the future,

also by applying this technique to less complex patients.

Further studies focusing on volume reduction over time are

necessary to better clarify this issue and particularly to

understand if larger ablation zone could be related to a

better clinical result.

We proposed TPLA as acronym for this new procedure

over the most used laser interstitial thermal therapy (LITT)

as we wanted to underline the peculiar aspect of this pro-

cedure, which is the transperineal approach.

As regards the adverse events, we simply point out the

absence of any type of complication and side effects both

intraoperatively, immediate postoperative, perioperative,

and delayed. It is likely that the transperineal approach and

the use of very small and little traumatic thin applicators

are responsible for this low complication rate. Moreover,

we used low-energy density to coagulate the tissue of the

obstructing prostatic adenoma, with constant real-time US

monitoring. The real-time assessment of the gas forming

during the treatment in combination with the slow release

of energy allowed for a precise monitoring of the proce-

dure, allowing for avoiding ablation of undesired

structures.

In our view, the main advantage of TPLA is its ease of

use. Thanks to the use of fine needles with this technique it

seems relatively easy to perform various ablative treatment

phases. The correct positioning of one or two heat sources

under US guidance into prostatic lobe is relatively quick

and easy (Fig. 2B). Equally easy is to see and follow the

Table 1 Comparison of Qmax,

PVR, IPSS, QoL, and prostate

volume at 3 months from

baseline after TPLA of BPH in

18 treated patients DSDL

Variables Baseline 3 months Percentage change P value

Qmax (mL/s) 7.6 ± 2.7 13.3 ± 76.2 82.5 ± 69.3 0.001

PVR (mL) 199.9 ± 147.3 81.5 ± 97.8 62.9 ± 26.1 \0.001

IPSS 21.9 ± 6.2 10.7 ± 4.7 47.0 ± 29.3 \0.001

QoL 4.7 ± 0.6 2.1 ± 1.2 54.5 ± 28.9 \0.001

Volume (mL) 69.8 ± 39.9 54.8 ± 29.8 18.8 ± 17.1 \0.001

Qmax maximum urinary flow rate, PVR post-void residual, IPSS International Prostate Symptom Score, QoL

Quality of Life

Table 2 Procedural detail of 18 TPLA in patients with BPH

Ablation time (s) 15.9 ± 3.9

Procedural time (min) 43.3 ± 8.7

Energy deployed (J) 10,522 ± 3290.5

Hospitalization time (days) 1.5 ± 0.4

Coagulation zone (mL) 10.3 ± 3.6

Catheterization time (days) 17.3 ± 10.0

Data are given as mean ± standard deviation
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ablation process and their therapeutic effects during the

procedure and monitor how well the target is being covered

by the gas forming during the procedure, and whether any

adjacent structures (i.e., urethral lumen or/and outer fibrous

capsule) are being reaching by the treatment (Fig. 2C, D).

The use of intraprocedural transrectal US guidance with

biplane probe allows, when needed, repositioning of

applicators during the maneuver based on the physician

experience, imaging findings, and the amount of energy

planned in advance according to the baseline volume of

prostatic lobes. Finally, we found easy to assess the extent

of coagulation zone early after ablation with transrectal

contrast-enhanced US (Fig. 2E) and considered postoper-

ative contrast-enhanced ultrasound a very useful tool for

early result assessment [23]. However, all these relatively

easy procedural phases require, in our view, a well-trained

operator (interventional radiologist or urologist).

On the basis of experience in the last two decades in

treating benign and malignant lesions in other organ

[16–18] with this low-power diode laser through percuta-

neous route, we developed this novel application to reduce

prostate volume and improve LUTS caused by BPH.

Thermal ablations, including diode laser, radiofrequency,

and microwaves, have been already used for the treatment

of BPH [3, 5, 6]. However, in all the reported experiences,

thermal energy was delivered to the prostate gland through

the transurethral route. These technologies have not

approached the effectiveness or durability of TURP,

probably a result of poor resorption of the thermally des-

iccated tissue and lack of true tissue debulking. By using

the transperineal route, the bare laser flexible fibers can be

placed directly within prostatic tissue keeping a safe dis-

tance from urethra and from bladder floor. Thus, it possible

to induce a true debulking of prostatic lobes with a sub-

sequent reduction in volume over time with no bloch the

urethral cavity and/or damage to urethral wall. The use of

fine and multiple applicators with caliber less than 1 mm

allows a relatively easy and safe transperineal approach

and to tailor the number of heat sources and illuminations

based on the shape and volume of the prostatic hyperplasia

without harming adjacent structures. In addition, this laser

treatment can be performed under conscious sedation and

with local anesthesia during inpatient regimen of 2 days.

Some limitations of the present study have to be taken

into account. First, this is the very first experience with a

novel technique and is based on a very small series of

patients. Moreover, as the primary endpoints of the study

were feasibility and safety, only a short-time follow-up is

provided. Then, the procedures were performed by a very

experienced interventional radiologist, with more than

20 years of experience in US-guided thermal ablation.

Thus, the result of this study is not easy to be generalized.

Further studies on larger patient population and with longer

follow-up, possibly comparing this novel technique with

TURP, are needed to better define the role of the technique.

In conclusion, this study demonstrated that TPLA is

feasible and safe in the treatment of patients with lower

urinary symptoms due to BPH, with significant results after

3 months from the treatment.
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