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ABSTRACT
Purpose: The aim of the study was to evaluate the efficacy of high intensity focused ultrasound
(HIFU) in the treatment of symptomatic breast fibroadenomas (FA) after 6 and 12months.
Materials and methods: Between December 2013 and November 2014, 27 patients with histologically
confirmed FA received one application of HIFU under local anesthesia (NCT02011919). Follow-up visits
occurred after 6 and 12months measuring the FA volume and clinical symptoms. A volume reduction
of more than 65% was defined as success. Core needle biopsy (CNB) was offered after 12months if
indistinct residuals were visible on ultrasound (US).
Results: A successful reduction in FA volume after 12months was achieved in 24/27 patients (89%).
At baseline 16 patients (59%) had pain, which was resolved in 63% (10/16). All patients were satisfied
with the cosmetic related outcome. Twenty-four patients (89%) would repeat the procedure. After
12months 21 patients with sonographically indistinct residuals underwent a CNB. There were no vital
cells in 86%. Three cases showed vital cells of FA. Retrospectively possible reasons in these three cases
were an insufficient treatment due to bad visibility and insufficient fixation of the FA during HIFU and/
or a too short follow-up time.
Conclusion: US-guided HIFU is an effective procedure and a minimally invasive alternative for the
treatment of breast FA.
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Introduction

Fibroadenomas (FA) are the most common benign breast
lesions in women. While most commonly occurring in
women under the age of 30 [1], they are reported in
approximately 10% of all women during their lifetime [2]. FA
account for between 30% and 75% of all breast biopsies
[3,4]. Nationwide screening programs detect not just malig-
nant but also benign breast lesions; however, one conse-
quence is the increased rate of open excisional biopsies [5].
15.7% of all surgical breast procedures in Germany in 2015
involved benign lesions [6]. Although surgical excision is still
a widespread treatment option, it can lead to the develop-
ment of scarring and sometimes poor cosmetic results.
Minimal invasive techniques including thermoablative proce-
dures such as High-Intensity Focused Ultrasound (HIFU) or
cryoablation are becoming well-accepted alternatives [4,7].

Cryotherapy involves freezing the lesion by inserting a
cryoneedle into its center under local anesthesia.
Cryoablation for the treatment of fibroadenomas has been
demonstrated to be safe and efficient with a high patient
satisfaction rate [8–11]. It has also been used to treat malig-
nant lesions of the kidney, liver, prostate and adrenal

gland [12] and there are promising results in the field of
breast cancer [13,14].

HIFU is a thermoablative technique that delivers energy to
a confined space leading to protein denaturation and coagula-
tive necrosis at a temperature of >65 �C [15,16]. It is a nonin-
vasive technique, can be performed under local anesthesia
and does not involve probe insertion, thus avoiding scars.

Recently, the feasibility and safety of HIFU were evaluated
in a number of clinical trials on benign and malignant
tumors of the prostate, thyroid, uterus, liver, kidney, pan-
creas, bone and brain [17,18]. Only a few studies exist on
breast fibroadenomas. Studies proving the efficiency and
feasibility of MR-guided HIFU ablation started in 2001 [19],
including only nine patients. Ultrasound-guided HIFU was
established a decade later by Kovatcheva, who demonstrated
a volume reduction of 72.5% after one year with good feasi-
bility [20] in 51 fibroadenomas. Recently, Kovatcheva et al
found that a persistent volume reduction after two years of
follow-up can be achieved and that a second HIFU treatment
can significantly reduce the tumor volume even more. In
2016, Peek et al showed that with circumferential
treatment, a good volume of 43.5% could be achieved after
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6months [21]. Up to now, trials on breast cancer with MRI-
guided HIFU have shown an insufficient ablation rate
(17–79%) [22–24], which is mandatory if HIFU is to replace
surgery in certain cases.

The aim of this trial was to evaluate the efficacy and toler-
ability of HIFU in the treatment of breast fibroadenoma using
the EchopulseVR device (Theraclion, Malakoff, France). The effi-
cacy was assessed by volume reduction of the FA, improve-
ment of clinical symptoms, long-term cosmetic outcome and
histological verification at 12 months’ follow-up. A special
characteristic of this trial was that a core needle biopsy was
offered to all patients with indistinct ultrasound presentation
of the treated area after 12 months’ follow-up.

Materials and methods

Study design

The Tuebingen HIFU trial was a prospective, mono-, non-
randomized, open-label trial. From December 2013 until
November 2014, 48 patients with histologically confirmed FA
were screened. Twenty-seven of these women (56%) were
enrolled in the trial and consecutively treated (Figure 1).
Follow-up visits were performed after 7 days (D7), 6 (M6)
and 12months (M12). A core needle biopsy (CNB) was pro-
vided if an indistinct residual volume was visible after
12months on ultrasound (US).

Inclusion and exclusion criteria/patient selection

Inclusion criteria were women aged �18 years with a symp-
tomatic FA histologically confirmed by CNB, with a maximum
diameter of 25mm and signed written informed consent.
Exclusion criteria were women who were pregnant or breast-
feeding, cryoablation or laser therapy to the ipsilateral side
within 12months, breast implants or a history of breast can-
cer and/or radiotherapy within the last 5 years. The study
was approved by the local ethics committee (Trial number

441/2013MPG23) and registered under clinicaltrials.gov
NCT02011919.

Hifu-treatment

All patients received a single HIFU application under local
anesthesia (LA) using the ultrasound-guided EchopulseVR

device (Theraclion, Malakoff, France).
The device visualization and treatment unit (VTU) included

diagnostic and HIFU transducers. The HIFU transducer was
56mm in diameter with an 11mm central aperture and pro-
duced therapeutic ultrasound energy at 3.0MHz. A confocal
5–10MHz diagnostic US transducer was set in the cavity for
real-time US guidance. The HIFU transducer enabled delivery
of 4-s pulses. Each pulse ablated an ellipsoid lesion of
approximately 9mm length and 2mm width. A balloon filled
with cooling fluid was installed as part of the standard con-
figuration on the VTU. The fluid ensured both ultrasound
coupling and skin cooling to prevent skin burns.

Local anesthesia (LA) was infiltrated around the FA. The
first 14 patients received lidocaine 2%, while the remaining
13 patients received ropivacaine 0.2%. The switch was made
due to ropivacaine’s more potent and longer lasting anal-
gesic effect [25].

Depending on the location of the FA, the patients were
placed in a supine or lateral position with the arm placed
over the patient’s head or close to the upper body. To avoid
uncontrolled movements of the FA, a compression paddle or
bonding technique was used. After locating the FA with a
high-resolution handheld probe, the VTU was positioned
ventral to the FA.

The FA was delineated on the US screen while the soft-
ware calculated the overall energy per lesion and the num-
ber of pulses. The generated sonication has a fixed volume
size. The software automatically proposes the target after the
lesion is drawn on the screen to avoid leaving a portion of
the FA uncovered, thus mimicking the way surgery is per-
formed (Figure 2). The treated margin around the FA should

Assessed for eligibility (n= 48) 

Excluded  (n= 21) 
♦ No/ other treatment wanted (n=14) 
♦ Treatment not possible (n=2) 

- due to pregnancy  
- FA directly under nipple  

♦ no consent (n=5)  

Analysed (n= 27) 

Treatment 

Analysis

Enrollment (n=27) 

Enrollment 

Treated (n=27)

Figure 1. Consort diagram of patient enrollment.
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be as small as possible to avoid damages or adverse events
to normal fat or breast tissue [26].

The procedure started with a single pulse of 40 watts
(peak intensity at focus 27 k watts/cm2) and could be
reduced stepwise to a minimum of 30 watts (peak intensity
at focus 20 k watts/cm2), if necessary for pain control. Such
values have shown to be relevant according to Kovatcheva
et al [20]. The energy was applied stepwise using numerous
pulses. Power values provided in the document are invariant
by depth because they are derated values. During treatment
planning, both the FA and the skin surface are outlined. The
system calculates the depth for all individual lesions. The
derated power for treatment at a certain depth is calculated
by the system automatically and it applies the acoustic
power to the HIFU transducer.

The mean energy for the complete HIFU treatment was
6.2 kilojoules (SD 2.7, median 6.5min 1.2, maximum 11.3 kilo-
joules). The mean maximum power during treatment was 41
watts (SD 3, median 40, minimum 40, maximum 50 watts).
The treatment duration was recorded.

The skin aspect was photographically documented after
treatment. Patients were asked to indicate their pain on a
standard visual analog scale (VAS) from 0 to 100 during the
procedure and again 30min afterward.

The patients were discharged 30min after the treatment
and 600mg ibuprofen 3 times a day was recommended for
one week for pain relief.

Patients were followed up after 7 days (D7), 6months (M6)
and 12months (M12). Each visit included a physical examin-
ation, an ultrasound measurement of the lesion (Figure 3) and
photographic documentation to evaluate cosmetic effects
such as bruising, swelling, redness, hematoma, dimpling or
skin burns. The volume reduction was calculated and a reduc-
tion of more than 65% was considered as effective treatment.
The pain level was documented using the standard Visual
Analog Scale (VAS) at each visit. After 12months, a CNB was
proposed if an indistinct lesion was visible on ultrasound.

Data collection and statistical analysis

All data was documented in case report forms and captured
in a database; therefore double data entry was performed.
All statistical analyses were performed using R, Version 3.3.2
(The R Foundation for Statistical Computing, Vienna, Austria).
Data were summarized as means and standard deviations
(SD), medians and ranges, numbers and percentages. The
association between continuous variables like FA volume
reduction and total energy used was estimated by Pearson’s
correlation coefficient.

Results

Patient characteristics

Twenty-seven patients with symptomatic FA participated and
successfully underwent HIFU treatment. Of these 27 patients,
23 (85%) had a palpable lump, 16 (59%) presented with pain
and 19 (70%) reported anxiety related to the presence of the
lump. The mean age was 28.9 years (SD 9.1 years, median 26,
range 18–50 years). Thirteen patients had a previously treated
FA, eight of these (62%) on the ipsilateral side. All treated FA
in this trial were mobile and none of them altered the cos-
metic appearance (Table 1). All 27 patients completed the
intended treatment and follow-up.

Volume reduction

The mean volume at baseline was 1083.1mm3 (SD 801.0,
median 952.1mm3, range 108.1–3138.1mm3) and 203.2mm3

after 12months (SD 316.2, median 68.7mm3, range 0–1
333.0mm3). Effective treatment (65% volume reduction) after

Figure 3. Volume measurement before treatment (A), 6months (B) and 12months (C) after treatment.

Figure 2. A pulse ablates one ellipsoid lesion.
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6months was reported in 19 patients (70%), and after
12months in 24 patients (89%) (Figure 4). The mean relative
volume reduction after 6months was 61.6% and after
12months 84.8%. No significant change in blood supply was
noticed in the treated fibroadenoma using Doppler-US
before and after the treatment as well as during long-term
follow-up (McNemar test p¼ .505).

Duration of treatment

The mean room occupation time for the treatment was
80min (SD 19, median 80min, range 46–120min). The pro-
cedure itself had a mean duration of 38min (SD 12, median
34min, range 15–69min).

Symptom Evaluation

Palpable lump
In 23 (85%) patients a lump was palpable at baseline.
Sixteen (70%) lesions were not palpable at 12-month follow
up. Two non-palpable lesions at baseline were palpable after
12months. One of these patients presented with a fatty cyst
in the treated area on ultrasound which we interpreted as a
thermoablative effect on the surrounding fatty tissue. The

other patient showed sonographic signs for the development
of scar tissue, which was histologically proven.

Pain
At baseline 16 (59%) patients reported pain with a mean
value of 22.3 (SD 23.5, median 24, range 0–71) assessed by a
100mm VAS. At the M12 visit, the pain had ceased in 10/16
(63%) of the cases. Two patients who were pain-free at base-
line reported pain at M12. One of them experienced a few
days of mild temporary pain. In total, the mean pain level
decreased to 16.1 (SD 17.8, median 8, range 0–58) after
6months and to 7.4 (SD 14.8, median 0, range 0–56) after
12months. The mean maximum pain level during treatment
was 60.3 (SD 23.9, median 64.5, range 0–91) and 29.6 (SD
20.0, median 31, range 0–69) 30min after the treatment.

The local anesthetic used in the first 14 patients was lido-
caine 2.0% with a mean volume of 16ml (SD 5.9, median 14,
range 8–30). To improve pain control, ropivacaine was used
in the subsequent 13 patients because of its more potent
and longer lasting analgesic effect. In the second group,
patients reported less post-treatment pain (26 versus 23 on
the VAS-Scale of 100) with comparable mean dosage of
15.3ml, (SD 4.6, median 16, range 7–20ml). However, the
mean treated fibroadenoma volume and the delivered
energy were smaller for patients treated with ropivacaine
(1405.5mm3 versus 735.9mm3; 4.87 kJ versus 7.39 kJ).

Cosmetic results

After 1week, 19 patients presented with mild bruising [10],
swelling [10], redness [2] or hematoma [4]. These symptoms
regressed completely over time. After 12months, all 27
patients were satisfied with the cosmetic results.

Histological outcome after treatment

After 12months, the lesion was no longer visible on ultra-
sound in four cases, one patient was pregnant and another
patient refused CNB. The other 21 patients who presented
with sonographically indistinct residues underwent CNB. In
18/21 cases (86%) no more vital fibroadenoma cells were
reported (Figure 5), while in 3/21 cases (14%) vital residues
were found. Retrospectively we discovered the following
explanations for the vital residues:

� Insufficient treatment due to poor visibility and insuffi-
cient fixation of the FA during treatment.

� Insufficient follow-up time. We draw this conclusion
because the patient received an open excisional biopsy
due to pain 18 months after HIFU and no more vital cells
were histologically detected.

� Insufficient treatment because of deterioration of the
image during treatment and insufficient follow-up time.

Table 1. Patient’s characteristics.

mean (SD) with range
respectively number (percentage)

Age [years] 28.9 (9.1) 18–50
BMI [kg/m2 ] 22.2 (2.3) 17.7–29.1
Previous surgery [woman] 13 (48%)
Palpable mass 23 (85%)
Pain 16 (59%)
Anxiety 19 (70%)
FA-volume at baseline [cm3] 1.08 (0.8) 0.11–1.33

Figure 4. Volume reduction after 12months compared to baseline.
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Adverse events

One patient (4%) presented with pain and sonographic signs
of fat necrosis 9months after treatment. Despite analgesia,
the pain lasted until surgical excision 18months after HIFU.
Histologically, no vital FA cells were present.

Outcomes

All patients were satisfied with the cosmetic results. 24/27
patients (89%) were satisfied with the symptom-related out-
come and would consider HIFU again. 26/27 patients (96%)
would recommend this procedure. In 20 (74%) of the cases,
the treatment was assessed as a total success – in terms of
simultaneous total symptom reduction, side effects and
histological vital findings. In 7 (26%) of the cases, only partial
success was rated due to mild pain, indistinct imaging or the
presence of vital FA cells at M12 (Table 2).

Discussion

Surgical excision is considered the gold standard for treating
symptomatic fibroadenoma. However, open surgery is a
costly, invasive procedure with surgical risks and reduced
cosmetic outcome associated with scars [4,27]. HIFU – either
guided with MRI or US – is a feasible and safe procedure for

the treatment of benign and malignant tumors in numerous
anatomic locations [17,28,29], as well as for certain gyneco-
logical pathologies such as uterine fibroids and adenomyosis
[18,30]. Some studies have demonstrated the treatment of
benign and malignant breast lesions [19,20,24,31].

MRI-guided HIFU has the advantage of high sensitivity for
the detection of lesions via excellent anatomical resolution.
Therefore, it allows precise treatment planning and accurate
evaluation of treatment efficacy in terms of volume reduc-
tion over time [32]. In this trial, HIFU-treatment and all fol-
low-up visits were done with ultrasound as it offers real-time
visualization of the treated volume and gives direct feedback
about the success of the applied energy through the appear-
ance of a hyper-echoic mark (This mark shows the level of
coagulative necrosis in real-time during treatment) [15]. To
avoid interobserver variability, US was mostly performed by
the same person. Compared to MRI, US has the benefit of
lower costs, is widely available and is independent of con-
trast media [33].

Volume reduction

The results of this trial demonstrate a reduction or total
regression in FA volume by more than 65% after 6months in
70% and after 12months in 89% of patients. The rationale in
this trial was to retain a 65% volume threshold reduction as
the success criterium, given that complete disappearance of
the lesion could not be expected due to intramammary scars
and necrosis.

The first multicenter study published in 2015 by
Kovatcheva et al [20] showed that a volume regression of
more than 70% with a global pain level reduction after one
year is achievable. Compared to our results, Kovatcheva et al
[20] achieved a smaller mean volume reduction after
6months (59.2% versus 61.6%) and 12months (72.5% versus
84.8%), although 8/51 (15.7%) of their patients underwent a
second HIFU treatment. The reason might be the initially
larger FA volume (mean volume 3890mm3 versus 1083mm3)
or follow-up being too short.

In a recently published paper by Kovatcheva [34], the
mean volume reductions after one or two HIFU-treatments
were compared. Twenty-four months after the first treat-
ment, the mean volume reduction was 77.3% in the first

Figure 5. Low and high power view of a CNB specimen 12months after HIFU with acellular stroma and ‘ghost glandular structures’ (arrows) as a sign of ischaemic
necrosis. There was no evidence of viable lesional tissue.

Table 2. Key results.

Relative volume reduction
[in percent of baseline] (mean with 95%CI)
� after 6 months 61.6 [43.0; 80.3]
� after 12 months 84.8 [78.0; 91.7]
Pain [100mm VAS scale](mean (SD) and range)
� before treatment 22.3 (23.5)

0–71
� after 6 months 16.1 (17.8)

0–58
� after 12 months 7.4 (14.8)

0–56
US/ CNB-outcome after 12months (numbers)
� no lesion on US 4
� no vital cells in CNB 18
� vital cells in CNB 3
� lesion on US, CNB refused 2
Patients related outcome (numbers and percentage)
� satisfied with cosmetic result 27 (100%)
� satisfied with symptom-related outcome 24 (90%)
� would recommend HIFU 26 (96%)
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group and 90.5% in the second. Consequently, the volume
reduction can be increased with a second treatment and a
longer follow-up.

In contrast to the goal of optimal volume reduction, Peek
et al [21] believe that complete thermal ablative treatment
of FA is not mandatory. This group promotes circumferential
HIFU treatment, leading to consistent pain and volume
reduction (mean volume reduction of 43.5% (SD 38.8%)
after 6months).

In our trial, six cases of FA were only treated partially due
to either proximity to the skin, thickness of the targeted FA
greater than 9mm or skipping sites due to pain.
Nevertheless, the mean volume reduction in these cases,
with coverage inferior to 100%, was 73.6% after 6months
and 86.4% after 12months. A general problem of the US fol-
low-up could be the inter-observer variability among differ-
ent ultrasonographers.

Duration of treatment
The mean total room occupation time was 80min (SD 19)
(min 46, max 120) with a mean total HIFU procedure dur-
ation of 38min. Peek et al [21] reported similar treatment
times (mean 34.6min, SD 10.5), but they only performed cir-
cumferential ablation of larger fibroadenomas (mean FAD
volume of 7.3 cm3, SD 10.1, 0.4–44.0). Kovatcheva et al [20]
reported average treatment duration of 118min, ranging
from 60 to 255min, but they treated FA up to a volume
of 196.6 cm3.

A systematic review by Peek et al [35] showed that the
major disadvantage of HIFU is the prolonged treatment time,
which ranged between 79 and 171min. Analysis of the treat-
ment duration is quite difficult, as it depends on several fac-
tors such as patient movement during energy delivery, time
spent for repositioning and, principally, the size of the FA. To
convert HIFU into an attractive alternative in terms of cost-
effectiveness, the room occupancy needs to be as short as
possible. Therefore, optimal teamwork among all persons
involved in the process and a standardized approach is man-
datory. A handheld probe instead of the current computer-
controlled VTU transducer could save some time, as fixation
becomes unnecessary and makes the procedure more com-
fortable for the patient.

Palpation
Our results demonstrate a conversion of the initially palpable
FA in 70% (16/23) to non-palpable at M12. However, two
patients with initially non-palpable FA presented with a palp-
able lump at M12. There are only few available data about
post-procedural change in palpability in the literature. Peek
et al [21] achieved in 20% a reduction in palpability in the
treated area (4/20) with circumferential ablation. Because of
these findings, patients should be informed that impalpabil-
ity of the treated area is not always achievable and that non-
palpable lesions at baseline or intramammary scars could
become palpable over time.

Pain
Most patients requested rapid and simple treatment without
general anesthesia or additional conscious sedation. From
our experience, most young women appreciate receiving
quick, uncomplicated treatment with a swift return to their
normal daily activity. Therefore, the procedure was per-
formed exclusively under local anesthesia (LA). The mean
pain score measured on a VAS during the treatment was
60.3 (on a scale of 0–100).

Peek et al [21] treated all patients with subcutaneous local
anesthesia (1.0% lidocaine with adrenaline and 0.25–0.5%
bupivacaine, ratio 1:1, mean 23.1ml, SD 8.1ml) with a similar
volume. This group reported a mean pain score during treat-
ment of 6.4 (SD 3.2) on a 0–10 VAS. A mean energy of 134.6
joules (SD 19.3 joules) and a mean power per treatment of
33.3 watts (SD 4.8 watts) was applied. Although higher
energy (mean energy of 164 joules, SD 12 J) was applied and
mean power was 41 watts (SD 3 watts) in this study, compar-
able pain level results were obtained. Consequently, the
applied level of energy has limited influence on pain. Other
authors such as Kovatcheva et al [20] used conscious sed-
ation in 42 patients and reported a lower mean pain score
during treatment of 29.7 (SD 27.5) on a 0–100mm VAS.

Future studies are necessary to investigate the optimal
form of anesthesia for pain control. From our series of 16
patients presenting with pain before treatment, pain was
completely suppressed in 10 cases (63%) after 12months.
However, two patients who were initially pain-free reported
pain after 12months. Peek et al [21] also reported two
patients who developed post-treatment pain which resolved
within 3months. One of the limitations of our study is that
pain levels are generally difficult to distinguish due to indi-
vidual variability in pain perception which is often mingled
with discomfort. Pain levels can depend on several factors
such as menses, physical activity etc. and the question con-
cerning the maximum pain level since the last visit remains
difficult to answer.

Cosmetic results
One advantage of HIFU compared with all other procedures
is the avoidance of a skin incision. All short-term changes
such as swelling, redness or hematomas resolved spontan-
eously. After 12months all patients were satisfied with the
cosmetic results. In the literature, there are reports about
superficial skin burns, subcutaneous induration and hyper-
pigmentation [20,21]. From our experience these complica-
tions can be avoided by attentive recruitment, targeting
patients with FA less than 25mm in diameter and at least
5mm from the skin.

Histological results
To our knowledge, this is the first trial with a CNB-proven
post-treatment histology result. The histological outcome
mostly confirmed the sonographic diagnosis as scar tissue or
necrosis. In three cases, residuals of the original fibroaden-
oma were found at 12-month follow-up.
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One case probably occurred because of incomplete treat-
ment of the FA due to limited visibility and insufficient
breast fixation during the treatment. However, the relative
volume reduction after 12months was 42%. The second
case, with vital cells present at M12, showed no more vital
cells histologically after 18months when the patient under-
went excisional surgery due to persistent mild pain. Our con-
clusion is that in some cases, a follow-up duration of
12months might be too short to achieve a complete ther-
moablative effect. The third case had a relative volume
reduction of 94% at M12 with almost no sonographically
detectable residuals. Retrospectively, the positive histology
might be associated with follow-up after HIFU being too
short or insufficient ablation due to deterioration of the
image during the treatment.

A limitation of this study was that the location of the
treated FA was not clip marked, which could result in a false
negative histology due to inaccurate localization. To avoid a
false biopsy, ultrasound documentation of all visits specifying
the precise lump location was compared. Another limitation
is that a core needle biopsy might provide a histologically
false negative result as it does not excise the complete
lesion, but just takes a representative biopsy of three speci-
mens. Another drawback could be that a duration of
12months is possibly too short for analyzing the complete
thermoablative effect in some patients.

Outcome
The physicians involved defined HIFU treatment as successful
in 74% of cases and as a noninvasive method allowing intra-
operative visibility of the lesion with a low side-effect profile.
Nevertheless, the immobilization system needs to be further
developed for achieving effective fixation of the breast.

Conclusion

Our results demonstrated that HIFU treatment is effective in
reducing clinical symptoms and tumor volume after one
year. Therefore, HIFU is a safe alternative to surgery and a
noninvasive procedure for selected patients with symptom-
atic FA.

Future studies are needed to assess long-term effective-
ness, to compare different thermoablative and other nonin-
vasive techniques, and to develop standardized pain control.
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