
This copy is for personal use only. To order copies, contact reprints@rsna.org

ORIGINAL RESEARCH • VASCULAR AND INTERVENTIONAL RADIOLOGY

Routine prostate-specific antigen testing has increased the di-
agnosis of low-risk prostate cancer (PCa), leading to more 

radical treatments. Although these treatments offer excellent 
long-term oncologic outcomes, they are often associated with 
adverse effects that impact quality of life (1). Active surveillance 
has been proposed as an alternative to radical treatment for in-
dolent PCa (2). Approximately 76% of men with low-risk PCa 
remain untreated after 5 years of active surveillance, with 64% 
and 55% remaining untreated after 10 and 15 years, respectively  
(3). Tumors with a low-volume Gleason score (GS) of 3 + 4, not 
depicted at MRI, and no more than one D’Amico risk factor  
are now considered for active surveillance (4). Nevertheless, even 
a small risk of progression can cause anxiety in patients undergo-
ing active surveillance, resulting in 33% of patients opting for 
radical prostatectomy or radiation therapy after the 1st year of 
follow-up (5).

Focal therapy offers a middle ground, selectively targeting the 
index tumor to halt disease progression while avoiding the ad-
verse effects of radical treatment (6). Research has demonstrated 
the effective targeting of PCa foci using biparametric or multipa-
rametric MRI, enabling MRI-guided focal therapy (7,8). Various 
focal therapy modalities have been shown to be safe and feasible, 
but the results regarding efficacy and mid- to long-term func-
tional and oncologic outcomes vary (9). Additionally, challenges 
persist in establishing an adequate imaging follow-up protocol. 
Presently, high-intensity focused US is the most commonly ap-
plied focal therapy method. However, needle-based focal laser 
ablation (FLA), guided by MRI or US, shows promise, with cog-
nitive or software-based transrectal US and MRI fusion aiding 
accurate needle placement (10,11). Notably, laser fibers (Elesta), 
validated for use in focal therapy, offer high visibility at US (11). 
Another advantage of FLA is the potential implementation of 

Background:  MRI-guided focal laser ablation (FLA) is a promising treatment in localized prostate cancer (PCa). MRI-guided micro-US FLA shows 
potential for outpatient use, but its clinical application remains unexplored.

Purpose:  To evaluate the safety, feasibility, and 12-month functional and oncologic outcomes of MRI-guided micro-US transperineal FLA in localized 
PCa and to assess the accuracy of micro-US in showing lesions depicted at MRI with Prostate Imaging Reporting and Data System (PI-RADS) score 
of 3 or higher.

Materials and Methods:  This prospective, single-center observational study (July 2020 to June 2023) included participants with localized low- or 
intermediate-risk PCa and PI-RADS 3 or higher lesions (≤20 mm). Single- or multifiber FLA was performed at 1064 nm, guided by MRI-delineated 
image fusion. At 12 months, recurrence rates, complications, erectile function scores, and urinary symptom scores were assessed. Mann-Whitney  
U and Wilcoxon tests were used for comparisons.

Results:  Fifty-five male participants (median age, 70 years; IQR, 62–74 years) with 58 lesions that were PI-RADS 3 or higher underwent 
transperineal FLA, with a 12-month follow-up for 33 participants. The median prostate-specific antigen level was 7.0 ng/mL (IQR, 5.6–9.0 ng/
mL), 43 of 58 lesions (74%) had a Gleason score of 3 + 4, and 10 of 58 lesions (17%) had a Gleason score of 3 + 3. Single-fiber and multifiber 
FLA were used to treat 21 of 58 (36%) and 37 of 58 (64%) tumors, respectively. At micro-US, 53 of 58 (91%) tumors were successfully 
visualized. Multifiber FLA produced larger ablation volumes than did single-fiber treatment (median, 15 mL [IQR, 8–22 mL] vs 4.5 mL [IQR, 
2.8–9.2 mL]; P < .001). At 12 months, biopsies in 35 treated tumors showed 17 recurrences (49%), including 13 in-field and four out-of-field 
recurrences. In-field recurrences occurred in 10 of 18 (56%) single-fiber and three of 17 (18%) multifiber cases. At 12 months, erectile function 
scores decreased compared with baseline (median International Index of Erectile Function score, 19 [IQR, 12–24] vs 21 [IQR, 15–24]; P < 
.001), whereas urinary function remained stable (median International Prostatic Symptom Score, 2 [IQR, 2–9] vs 6 [IQR, 3–11]; P = .72). One 
rectoprostatic fistula developed and required surgery.

Conclusion:  Multifiber micro-US–guided FLA was safe and feasible, with 18% recurrence at 1-year follow-up.
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micro-US using high-frequency probes (29 MHz), which sig-
nificantly increases spatial resolution (12). Consequently, MRI-
directed micro-US enhances the visibility of the index lesion and 
the perilesional area, eliminating the need for US and MRI scan 
fusion (11,13). However, to the knowledge of the authors, the 
utility of MRI-directed micro-US in FLA remains unexplored. 
This study hypothesized that MRI-guided micro-US FLA would 
accurately target and treat PCa lesions with minimal complica-
tions. In addition, the procedure was expected to result in low re-
currence rates and preserve functional outcomes. Thus, the aims 
of this study were to evaluate the safety and feasibility of MRI-
guided micro-US FLA, functional and oncologic outcomes 12 
months after FLA, and the accuracy of micro-US in visualizing 
MRI-depicted lesions with Prostate Imaging Reporting and Data 
System (PI-RADS) score 3 or higher.

Materials and Methods

Study Participants
This prospective, observational, single-center pilot trial was ap-
proved by the in-house ethics committee with an institutional 
review board waiver (Amsterdam UMC; Amsterdam, the Neth-
erlands). All participants provided written informed consent 
before FLA treatment. The study is part of a multicenter retro-
spective registration study (Transperineal Laser Ablation for Pros-
tate Cancer; ClinicalTrials.gov: NCT05163197). Participants 
were consecutively included from July 2020 to July 2023. Inclu-
sion criteria were a life expectancy of more than 10 years, a tumor 
visible at MRI (PI-RADS ≥3) with a maximum tumor length of 
20 mm or smaller (14), a prostate-specific antigen level of 15 ng/
mL or less (<20 ng/mL for transition zone lesions), and a GS of 
4 + 3 or lower on targeted biopsies. Participants were excluded if 
they had a GS of 4 or higher on systematic biopsies (Fig 1) (2).

MRI Protocol and Evaluation
Participants underwent MRI both before study inclusion and at fol-
low-up to evaluate prostate lesions. Standard, diffusion-weighted, 

Abbreviations
FLA = focal laser ablation, GS = Gleason score, PCa = prostate cancer, 
PI-RADS = Prostate Imaging Reporting and Data System

Summary
Multifiber micro-US–guided focal laser ablation in participants with 
localized prostate cancer was safe and feasible, with 18% recurrence at 
1-year follow-up.

Key Results
	■ In this prospective observational study of 55 participants with 
localized prostate cancer undergoing transperineal focal laser 
ablation (FLA), micro-US helped detect 91% (53 of 58) of lesions 
depicted at MRI with Prostate Imaging Reporting and Data System 
scores of 3 or higher.

	■ Twelve months after FLA, erectile function decreased compared 
with baseline (median International Index of Erectile Function, 19 
vs 21, respectively; P < .001), whereas urinary function remained 
unaffected compared with baseline (median International Prostatic 
Symptom Score, 2 vs 6, respectively; P = .72).

	■ At the 12-month follow-up, the percentage of participants with in-
field recurrence was 56% (10 of 18) for single-fiber FLA and 18% 
(three of 17) for multifiber FLA.

and contrast-enhanced MRI sequences were performed using a 
1.5-T MRI scanner (Aera; Siemens) with a pelvic phased-array coil 
(Table S1). Contrast-enhanced MRI sequences were obtained only 
at follow-up. Imaging protocol details, including acquisition pa-
rameters, are provided in Appendix S1.

Lesions were graded using PI-RADS, version 2.1, with criteria 
by an experienced radiologist (F.C., with >35 years of experience). 
Lesions that were PI-RADS 3 or higher were considered suspi-
cious for clinically significant PCa. Apparent diffusion coefficient 
values from diffusion-weighted imaging and early enhancement 
patterns from dynamic contrast enhancement were analyzed for 
lesion characterization. T2-weighted images provided detailed 
anatomic information regarding lesion morphologic structure 
and prostate zonal anatomy.

Micro-US Imaging and Biopsies
For localization of MRI-identified lesions (PI-RADS ≥3), 
micro-US imaging was performed using the ExactVu sys-
tem (Exact Imaging) at 29 MHz. Lesions were visualized and  
biopsied with US guidance, with six to nine targeted biopsies 
obtained in the suspicious lesion and surrounding area and three 
to nine systematic biopsies obtained in areas farther than 10 mm  
from the lesion. Image fusion for biopsies was performed by 
an experienced interventional radiologist (F.C.). Biopsy results 
showed GS and maximum cancer core length after undergo-
ing microscopic evaluation by a pathologist (P.C., with >20 
years of experience). Micro-US protocol details are provided 
in Appendix S1.

FLA Protocol
FLA was performed with the EchoLaser system (Elesta), operat-
ing at 1064 nm, delivering 5 W of energy with a total dose of 
1600–1800 J per fiber per cycle. The procedure was performed by 
an experienced urologist (M.G., with >15 years of experience) and 
a uroradiologist (F.C.). Participants were placed in the lithotripsy 
position after intravenous antibiotic prophylaxis and catheteriza-
tion and then administered general anesthesia (15). Additional 
protocol and procedure details are available in Appendix S1.

Initially, a single-fiber mode was used, but due to a learn-
ing curve, the protocol changed to multifiber mode, with fibers 
spaced 7–8 mm apart and activated simultaneously to expand 
the ablation zone (16). For tumors close to the rectal wall, recto-
prostatic hydrodissection ensured a 5–10 mm distance between 
the rectum and the prostate (Figs 2, 3) (14). Real-time micro-
US was used to monitor ablation progress, indicated by increas-
ing echogenicity from gas formation (Figs 4, 5). The procedure 
was completed when the entire target volume was covered, and 
participants were discharged within 2–6 hours, with catheter re-
moval after 2 days.

Participant Follow-up
Follow-up included multiparametric MRI at 4 days, 6 months, 
and 12 months after ablation, with prostate-specific antigen tests 
at 6 and 12 months and biopsies performed at 12 months. In-
field recurrence was confirmed by positive results from targeted 
biopsies or perilesional biopsies of the previously treated lesion. 
Out-of-field recurrence was confirmed with positive results from 
targeted biopsies of a new PI-RADS 3 or higher lesion beyond 
the treated area or by positive systematic biopsies.



Radiology: Volume 313: Number 3—December 2024  ■  radiology.rsna.org� 3

Micro-US–guided Transperineal Focal Laser Ablation for Prostate Cancer Cornud and de Bie et al

Retreatment
Biopsy-proven in-field or out-of-field recurrences qualified for re-
peat FLA, but participants could choose radical treatment or con-
tinued follow-up if desired and acceptable to the physician (F.C.). 
Retreatment protocols, recorded parameters, and follow-up were 
similar to the initial FLA and were documented accordingly.

Functional Outcomes
Urinary and erectile function and quality of life were assessed 
using the International Prostatic Symptom Score and the Inter-
national Index of Erectile Function questionnaires at baseline, 6 
months, and 12 months.

Complications
Complications were assessed based on periprocedural, postpro-
cedural, and device-related adverse events according to Common 
Terminology Criteria for Adverse Events, version 5.0 (16). FLA 
was considered safe if less than 10% of participants experienced a 
grade 3 adverse event.

Statistical Analysis
Baseline and follow-up characteristics were reported descriptively, 
with nonparametric data presented as medians and IQRs. The 
Mann-Whitney U test compared medians of ordinal data be-
tween independent groups, and the Wilcoxon signed rank test as-
sessed paired continuous data. Statistical analysis was performed 
(K.d.B., with 4 years of experience) using SPSS, version 28.0 
(IBM), and P < .05 indicated statistical significance. Tumor loca-
tion (transition zone vs peripheral zone) was analyzed separately 
before FLA, and ablation parameters were presented by laser 
mode (single fiber or multifiber). Sample size was based on the 
total number of cases treated during the inclusion period.

Results

Participant Characteristics
In this study, 55 male participants (median age, 70 years; IQR, 
62–74 years) underwent transperineal FLA (Fig 1). At baseline, 
the median prostate-specific antigen level was 7.0 ng/mL (IQR, 
5.6–9.0 ng/mL) (Table 1).

MRI and Micro-US 
Imaging

MRI findings showed 
a median prostate volume 
of 40 mL (IQR, 30–50 
mL), with 58 tumors in 
55 participants. Of these 
tumors, 35 of 58 (60%) 
were located in the pe-
ripheral zone and 23 of 
58 (40%) were located in 
the transition zone. The 
median maximum tumor 
length was larger in tumors 
in the transition zone than 
in lesions in the peripheral 
zone lesions (median, 14 
mm [IQR, 12–17 mm] 

Figure 1:  Flowchart of participant inclusion. FLA = focal laser ablation, mpMRI = 
multiparametric MRI, PCa = prostate cancer, PI-RADS = Prostate Imaging Reporting 
and Data System, PSA = prostate-specific antigen.

Figure 2:   T2-weighted three-dimensional (A) axial, (B) coronal, and (C) sagittal prostate MRI scans in a 74-year-old male par-
ticipant (initial prostate-specific antigen level, 8 ng/mL). The participant had a confined Prostate Imaging Reporting and Data System 
5 lesion (arrows) in the right peripheral zone, with maximum tumor length of 20 mm. A Gleason score 3 + 4 lesion was diagnosed with 
targeted biopsies, with 10% Gleason score 4 tumor and a cribriform component of 0%. Note that the most medial part of the lesion is 
in contact with the rectal wall.
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Follow-up 4 Days after Treatment
At the 4-day follow-up, all treated prostates showed nonperfused 
lesions that corresponded to the target volume. Multifiber-treated 
tumors had larger ablation zones than single-fiber-treated tumors 
(median, 15 mL [IQR, 8–22 mL] vs 4.5 mL [IQR, 2.8–9.2 mL]; 
P < .001) (Table 3). MRI showed no residual tumor in 55 of 58 
(95%) treated tumors, whereas three of 58 (5%) treated tumors 
showed residual tumor at the margins of the treated area. The 
MRI-positive lesions were reevaluated at the 6-month follow-up.

Follow-up 6 Months after Treatment
Six-month follow-up data were available for 40 participants (43 
treated tumors). The median prostate-specific antigen level was 
lower after FLA than before FLA (median, 3.0 ng/mL [IQR, 1.9–
4.0 ng/mL] vs 7.0 ng/mL [IQR, 5.7–9.0 ng/mL], respectively;  
P < .001). MRI revealed no recurrence in 34 of the 43 (79%) tu-
mors, whereas nine of 43 (21%) tumors had a PI-RADS score of 4.  
Biopsies for MRI-positive lesions were deferred to 12 months 

Figure 3:  Treatment and follow-up images in a 74-year-old male participant (also in Fig 2). (A) Longitudinal micro-US 
image. The participant underwent rectoprostatic hydrodissection before focal laser ablation (FLA). A 21-gauge needle (ar-
row) was placed in the medial part of the lesion, which abuts the rectal wall. The needle inserted into the rectoprostatic space 
for hydrodissection (arrowheads) is used to inject hypertonic glucose serum to detach the prostate from the anterior surface of 
the rectum. The inset on the upper left quadrant of A shows the MRI scan fusion, with red tags delineating the boundaries of 
the target volume. (B) Three-dimensional transverse T2-weighted image obtained 4 days after FLA shows that the area of the 
lesion has a low-intensity signal (arrow). Fluid is visible centrally within the lesion. (C, D) Axial and sagittal dynamic contrast-
enhanced images show that the ablation volume is avascular (arrow). The rectal wall, which is in contact with the medial part 
of the tumor, has a normal appearance. Note the basal and cranial extension of the ablation zone (D), which provides an 
oncologic safety margin.

vs 11 mm [IQR, 10–15 mm];  
P = .002), as shown in Table 2.

Micro-US showed 53 of 58 
(91%) MRI-positive lesions. The 
median maximum tumor length 
differed between micro-US and 
MRI (median, 12 mm [IQR, 
9–15 mm] vs 13 mm [IQR, 
10–15 mm]; P = .002). Three 
transition zone tumors were not 
visible at micro-US because of 
tissue heterogeneity or shadow-
ing from corpora amylacea (13). 
Additionally, two peripheral zone 
tumors (PI-RADS 4 lesions mea-
suring 7 mm and 10 mm) were 
not visualized.

Prostate Biopsies
For the lesions depicted at MRI, 
a median of nine (IQR, seven to 
10 biopsies) targeted biopsies were 
obtained, with similar numbers 
for peripheral zone and transi-
tion zone tumors (median, nine 
tumors [IQR, six to 11 tumors] 
vs nine tumors [IQR, seven to 10 
tumors]; P = .46). Regarding GS, 
43 of 58 (74%) were GS 3 + 4 
tumors, whereas 10 of 58 (17%) 
were GS 3 + 3 tumors. A median 
of six systematic biopsies (IQR, 
four to six biopsies) were per-
formed. Notably, one participant 
with a transition zone tumor of 16 
mm, GS 4 + 4, who refused radical 
treatment was included. Further 
imaging and histologic character-
istics can be found in Table 2.

Tumors that were GS 3 + 3 
were considered clinically signifi-
cant PCa due to their size, with a maximum tumor length at MRI 
of 16 mm (IQR, 11–18 mm) and a maximum cancer core length 
of 4–15 mm in five of 10 tumors. Among the five GS 3 + 3 tumors 
with a maximum cancer core length of 3 mm or more, four had a 
PI-RADS score of 4 and one had a PI-RADS score of 3 with a 15-
mm maximum tumor length.

Focal Ablation
Focal ablation was performed in single-fiber mode in the first 
21 tumors and multifiber mode in the last 37 tumors, with the 
multifiber mode delivering more median joules (median, 5400 J 
[IQR, 3600–6800 J] vs 4450 J [IQR, 3200–4800 J]; P < .001). 
However, the median laser time and procedure time were simi-
lar between the single-fiber and multifiber modes (median laser 
time, 11 minutes [IQR, 9–13 minutes] vs 11 minutes [IQR, 
8–16] [P = .83]; median procedure time, 42 minutes [IQR, 
38–45 minutes] vs 45 minutes [IQR, 40–60 minutes] [P = .19], 
respectively) (Table 3).
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due to decreased prostate-specific 
antigen levels (median, 6.0 ng/
mL [IQR, 5.7–7.5 ng/mL] vs 4.0 
ng/mL [IQR, 2.4–5.1 ng/mL]; 
P = .01). Scarring was observed 
at MRI (low-intensity T2 signal 
without enhancement or restricted 
diffusion) in 24 of 43 (56%) 
treated tumors.

Follow-up 12 Months after 
Treatment
Twelve-month follow-up data 
were available for 33 partici-
pants (35 treated tumors). Biop-
sies showed 17 recurrences (n = 
35; 49%), including 13 in-field 
and four out-of-field recurrences  
(Table 4). Most in-field recur-
rences occurred after single-fiber 
treatment (10 of 13; 77%). 
Among the in-field recurrences, 
biopsies revealed GS 3 + 4 disease 
in seven lesions, GS 4 + 3 disease in 
one, and GS 3 + 3 disease in five. 
Notably, three biopsy-proven in-
field recurrences were not detected 
by MRI. Out-of-field recurrences 
included three diagnosed by tar-
geted biopsies (GS 3 + 4) and one 
by systematic biopsies (GS 3 + 3). 
Six participants with histologic 
analysis–proven PCa recurrence 
underwent repeat FLA, eight par-
ticipants opted for active surveil-
lance, and three participants chose 
radical treatment.

Retreatment
Repeat FLA was performed in 
four participants with in-field 
and two with out-of-field recur-
rences. The treated lesions were visible on MRI scans, with tar-
geted biopsies showing a GS of 3 + 4 in four lesions and a GS of 3 
+ 3 in two lesions. Two fibers were used for each treatment, with 
a median total dose of 3600 J (IQR, 3200–3900 J) and a median 
ablation volume of 11 mL (IQR, 3.5–19 mL).

Twelve-month follow-up data after repeat FLA were available 
for five of six (83%) participants and showed a 27% reduction in 
prostate-specific antigen levels (Table 4). Biopsies were negative 
in four participants, whereas one participant required a third FLA 
treatment due to positive findings in targeted biopsies with a GS 
of 3 + 4.

Functional Outcomes
At the 6-month follow-up, erectile function was assessed in 33 par-
ticipants, as seven participants abstained from sexual intercourse. 
The median International Index of Erectile Function score was 
lower than that at baseline (median, 19 [IQR, 11–24] vs 22 [IQR, 

16–24], respectively; P < .001), with no change from baseline in 
median International Prostatic Symptom Score (median, 5 [IQR, 
2–9] vs 6 [IQR, 3–11], respectively; P = .63) or quality of life (me-
dian, 1 [IQR, 1–3] vs 2 [IQR, 1, 3], respectively; P = .46).

At the 12-month follow-up, erectile function was assessed 
in 29 participants. The median International Index of Erectile 
Function score remained lower than that at baseline (median, 19 
[IQR, 12–24] vs 21 [IQR, 15–24], respectively; P < .001). There 
was no difference in the median International Prostatic Symp-
tom Score (median, 2 [IQR, 2–9] vs 6 [IQR, 3–11], respectively;  
P = .72) or quality of life (median, 1 [IQR, 1–3] vs 2 [IQR, 1–3], 
respectively; P = .69) compared with baseline.

Complications
One severe complication (Common Terminology Criteria for Ad-
verse Events grade 3), a rectoprostatic fistula, developed 7 days after 
FLA treatment of a bilateral peripheral zone tumor; three fibers 

Figure 4:  T2-weighted three-dimensional MRI scans in a 62-year-old male participant (initial prostate-specific antigen 
level, 7.6 ng/mL) with a Prostate Imaging Reporting and Data System (PI-RADS) 4 lesion (blue arrows) in the anterior sector 
of the right peripheral zone (maximum tumor length, 11 mm). A Gleason score 3 + 4 lesion was diagnosed with targeted 
biopsies, with 20% grade 4 tumor and a cribriform component of 0%. (A, B) T2-weighted transverse images show a PI-RADS 
4 lesion in the anterior sector of the right peripheral zone (arrows). (C) T2-weighted transverse image superimposed with  
contrast-enhanced image acquired 4 days after focal ablation shows the treated area, which is avascular.  
The absence of vascularization extends beyond the outer edge of the prostate, reflecting the transcapsular extension of thermal  
necrosis. (D) T2-weighted transverse image acquired 12 months after focal ablation shows an avascular scar with a low 
T2-weighted signal intensity in the treated lesion (blue arrows). Medially, a fluid cavity (red arrow) secondary to thermal 
necrosis is visible.
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delivering 11 000 J were used (Fig 
6). Despite hydrodissection, MRI 
performed 4 days after treatment 
showed rectal wall involvement, 
requiring surgical intervention.

Minor complications (Com-
mon Terminology Criteria for 
Adverse Events grade 1–2) oc-
curred in 10 of 58 (17%) par-
ticipants and included urinary 
retention, infection, and transient 
stress incontinence and were re-
solved with alpha blockers or 
antibiotics. Suprapubic catheters 
were placed for urinary retention. 
In addition, two participants ex-
perienced retrograde ejaculation.

Discussion
MRI-guided focal laser ablation 
(FLA) is a promising treatment 
of localized prostate cancer (PCa), 
but the clinical use of MRI-guided 
micro-US FLA has not been eval-
uated. The objective of this study 
was to evaluate the safety, feasi-
bility, and 12-month functional 
and oncologic outcomes of MRI-
guided micro-US transperineal 
FLA for localized PCa. In addi-
tion, we aimed to evaluate the ac-
curacy of micro-US in visualizing 
lesions depicted at MRI that are 
Prostate Imaging Reporting and 
Data System score of 3 or higher. 
Because of a learning curve, we 
switched from single-fiber treat-
ment to multifiber treatment after 
21 ablations. Micro-US helped 
show 53 of 58 (91%) lesions de-
picted at MRI. At 12 months, 
biopsies of 35 treated tumors revealed 17 recurrences (49%), 13 in-
field and four out-of-field, with 10 in-field recurrences occurring 
after single-fiber treatment. Erectile function scores were slightly 
lower at 12 months (median International Index of Erectile Func-
tion, 19 [IQR, 12–24] vs 21 [IQR, 15–24]; P < .001). There was 
one severe complication, a rectoprostatic fistula, which required 
surgery.

Our study confirmed that micro-US can help to effectively 
localize PCa tumor foci before focal therapy and guide transperi-
neal interventional prostate procedures (11,13). Lughezzani et al 
(17) reported similar detection rates at micro-US in a prospective 
study of 320 participants. The high tumor detection rate may be 
due to the high resolution of 29 MHz, which provides a real-time 
spatial resolution of 70 μm, resulting in a threefold increase in 
resolution compared with conventional 9–12-MHz transrectal 
US probes (18). However, MRI scan fusion proved valuable dur-
ing the planning phase of the FLA, allowing for precise needle 
position adjustment for optimal target volume coverage.

Figure 5:  US images show monitoring of focal laser ablation (FLA) in a 62-year-old male participant (initial prostate-
specific antigen level, 7.6 ng/mL) with a Prostate Imaging Reporting and Data System (PI-RADS) 4 lesion. (A) Longitudinal 
image shows placement of a 21-gauge needle (arrow). The PI-RADS 4 lesion is clearly visible (arrowheads), and its location 
is confirmed by image fusion and is visible on an MRI scan inset in the upper left quadrant of the image. Image fusion (red tags) 
delineates the limits of the target volume. (B) Longitudinal image shows start of ablation. Laser fiber (arrow) is visible inside 
the lesion. Several hyperechogenic foci are visible around the laser fiber, indicating that ablation has started. (C) Longitudinal 
view shows the echogenic area (*), corresponding to gas formation, which indicates that the target volume, visible on MRI 
fusion scans (top left corners on A and B), has been covered by FLA. The laser fiber is minimally visible. (D) Transverse micro-
US reconstruction shows the extent of the ablation zone.

Table 1: Baseline Characteristics of Participants 
Undergoing Initial FLA Treatment

Characteristic Initial FLA Treatment (n = 55)
Age (y) 70 (62–74) [52–82]
Initial PSA level (ng/mL) 7.0 (5.6–9.0) [2.1–21]
Prostate volume (mL)* 40 (30–50) [18–100]
Previous treatment
  Active surveillance 4/55 (7)
  Transurethral resection  

of the prostate
1/55 (2)

  None 50/55 (91)

Note.—Quantitative variables are expressed as medians, with 
IQRs in parentheses and ranges in brackets. Qualitative variables 
are expressed as numerators/denominators, with percentages in 
parentheses. FLA = focal laser ablation, PSA = prostate-specific 
antigen.
* Calculated with an ellipsoid formula: width × height × length × π/6.
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in-bore MRI-guided FLA using a 980-nm wavelength laser at 
17 W for 3 or 4 minutes and achieved higher joules with one 
fiber (3060–4860 J) than we did (1800 J). They reported an 18% 
12-month recurrence rate, which is similar to our outcomes with 
multifiber ablation. However, their recurrence rate was lower 
than our single-fiber results, possibly due to differences in laser 
properties and overlapping of the treatment area to ensure ad-
equate treatment margins.

One severe complication occurred in our study: a rectopros-
tatic fistula requiring surgical intervention. The fistula was not 
amenable to closure, necessitating prostatectomy and coloanal 

Table 2: MRI and Histologic Characteristics at Baseline

Characteristic

Peripheral  
Zone  
(n = 35)

Transition  
Zone  
(n = 23) P Value

Prostate volume (mL)* 40 (30–54) 38 (30–50) .67
MRI tumor length (mm)† 11 (10–15) 14 (12–17) .002
Sextant …
  Apex 4 (11) 7 (30)
  Midline 26 (74) 16 (70)
  Base 5 (14) 0
Sector …
  Posteromedial 23 (66) 1 (4)
  Posterolateral 7 (20) 22 (96)
  Anterior 5 (14) 0
PI-RADS score …
  3 4 (11) 4 (17)
  4 28 (80) 15 (66)
  5 3 (9) 4 (17)
Gleason score …
  3 + 3 5 (14) 5 (22)
  3 + 4 28 (80) 15 (65)
  4 + 3 1 (3) 2 (9)
  4 + 4 1 (3) 1 (4)

Note.—Included were 58 tumors treated in 55 participants. 
Qualitative variables are expressed as proportions with percentages 
in parentheses. Quantitative variables are expressed as medians 
with IQRs in parentheses. Statistical analysis was performed 
using SPSS, version 28.0 (IBM), and P < .05 indicated statistical 
significance. The Mann-Whitney U test was used to compare the 
medians of two independent groups. PI-RADS = Prostate Imaging 
Reporting and Data System.
* Calculated with an ellipsoid formula: width × height × length × π/6. 
† Tumor size: the largest tumor diameter measured on the coronal, 
sagittal, or axial plane.

Table 3: Parameters of Focal Laser Ablation

Characteristic
Single-Fiber  
Mode (n = 21)

Multifiber  
Mode (n = 37) P Value

Cycle …
  One 4 (19) 14 (38)
  Two 6 (29) 20 (54)
  Three 8 (38) 2 (5)
  Four 3 (14) 1 (3)
Fiber …
  One 21 (100) 0
  Two 0 24 (65)
  Three 0 6 (16)
  Four 0 6 (16)
  Five 0 1 (3)
Total delivered  

energy (J)
4450  

(3200–4800)
5400  

(3600–6800)
<.001

Ablation  
volume (mL)

4.5 (2.8–9.2) 15 (8–22) <.001

Laser  
duration (min)

11 (9–13) 11 (8–16) .83

Procedure  
duration (min)

42 (38–45) 45 (40–60) .19

Note.—Included were 58 tumors treated in 55 participants. 
Qualitative variables are expressed as proportions with percentages 
in parentheses. Quantitative variables are expressed as medians 
with IQRs in parentheses. Statistical analysis was performed 
using SPSS, version 28.0 (IBM), and P < .05 indicated statistical 
significance. The Mann-Whitney U test was used to compare the 
medians of two independent groups.

Table 4: Twelve-month Follow-up of Participants after Initial FLA Treatment and after Repeat FLA for In-Field or Out-of-
Field Recurrences

Application Mode
No. of  
Treatments

Initial PSA  
(ng/mL)

PSA after  
FLA (ng/mL)

Decrease  
in PSA (%)

Positive Findings in 
Targeted  
Biopsies

Positive  
MRI Findings*

FLA (n = 35)
  Single fiber 18/35 (51) 6 (5–8) 3.4 (1.7–4.4) 44 10/18 (56) 9/10 (90)
  Multifiber 17/35 (49) 8 (6–10) 2.8 (2.3–4.5) 65 3/17 (18) 1/3 (33)
Repeat FLA (n = 5)
  Single fiber 0
  Multifiber 5/5 (100) 3 (2–11) 2.2 (0.7–7.2) 27 1/5 (20) 1/1 (100)

Note.—Quantitative variables are expressed as medians with IQRs parentheses; qualitative variables are expressed as numerators/
denominators with percentages in parentheses. FLA = focal laser ablation, PSA = prostate-specific antigen.
* Positive MRI findings are expressed as the number of participants who underwent MRI (denominator) and the number of participants who 
had a suspected recurrence at MRI (numerator).

Because of numerous in-field recurrences after single-fiber 
treatment, our study involved a learning curve, leading us to 
switch to multifiber ablations (19). Compared with the single-
fiber mode, the multifiber mode resulted in a larger ablation vol-
ume, with fewer in-field recurrences at 12 months. Our results 
are comparable to those of Walser et  al (14), who investigated 
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hydrodissection were demonstrated. Single-fiber treatments 
were associated with 12-month recurrence rates in slightly more 
than half of the participants. Caution is advised for posterome-
dial lesions, which require hydrodissection and adequate moni-
toring. A small decrease in erectile function was observed at the 
12-month follow-up.
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anastomosis. This complication 
highlights the safety concerns 
of multifiber FLA without real-
time temperature feedback, as 
provided by MRI-guided treat-
ments. Simultaneous monitoring 
of multiple treatment sites with 
micro-US is challenging, espe-
cially in posteromedial periph-
eral zone tumors. To reduce this 
risk, we recommend rectopros-
tatic hydrodissection to prevent 
thermal damage to the rectum. 
The fistula occurred early in the 
learning curve, and with precau-
tions such as limiting to two acti-
vated fibers, micro-US can safely 
monitor even difficult tumors. 
Although rare, rectoprostatic fis-
tulas induced by focal therapy 
have been previously reported, 
with management ranging from 
conservative approaches to sur-
gery (14,20–24). In the other 
participants, the treatment was 
shown to be safe, with minor 
complications resolved by medi-
cal intervention or temporary 
catheterization.

We observed a small decrease 
in erectile function at the 6- and 
12-month follow-up examina-
tions. This finding contrasts with 
those of Walser et  al (14) and 
Eggener et al (25), who reported 
no difference 1 year after FLA 
(P = .51 and .38, respectively). 
The reasons for these differences 
are unclear but may be related to 
variations in treated lesion loca-
tions, which were not reported in 
other studies, preventing direct comparison with our results.

Our study had several limitations. First, the sample size was 
small, with limited assessment of oncologic outcomes beyond 
12 months. Second, the data were analyzed at the tumor level, 
rather than at the participant level, but the small number of 
participants with multiple tumors was unlikely to have caused 
data clustering. Third, the lack of thermosensors to monitor 
temperature during laser application limited insights compa-
rable to those of MRI thermometry at in-bore MRI-guided 
FLA. However, micro-US–guided FLA has advantages, such 
as no need for MRI-compatible materials or equipment, mak-
ing it a low-cost, outpatient alternative that can be performed 
even while the patient is undergoing local anesthesia (16). 
Further studies with larger cohorts are needed to define the 
role of US-guided FLA treatments and to compare them with 
MRI-guided treatments.

In conclusion, the safety and efficacy of the multifiber 
mode in micro-US–guided focal laser ablation performed with 

Figure 6:  T2-weighted three-dimensional MRI scans in a 66-year-old male participant (initial prostate-specific antigen 
level, 6.3 ng/mL) with a Prostate Imaging Reporting and Data System 4 lesion in the peripheral zone, on the midline, predomi-
nating on the right side and at the apex. Prostate volume was 100 mL. The targeted biopsies were Gleason 3 + 4, the percent-
age of grade 4 was 40%, and the cribriform component was 0%. The (A) transverse T2-weighted and (B) diffusion-weighted 
images show that the tumor is bilateral and centered by the median line (arrows), abutting the rectal wall on both sides.  
(C) Transverse T2-weighted and (D) dynamic contrast-enhanced images acquired 4 days after focal laser ablation (FLA) 
show the hypointense lesion bulging into the rectoprostatic fat on the T2-weighted image (arrows, C). (D) On the dynamic 
contrast-enhanced image, thermal necrosis involves the rectal wall (arrows). FLA was followed by the occurrence of a recto-
prostatic fistula 7 days after focal ablation, which was treated surgically.
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