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Abstract Magnetic resonance-guided high-intensity focused

ultrasound therapy is a novel and non-invasive treatment option

for both benign and malignant tumors. In this article, we provide

an overview of its basic technical features and biological

effects, and describe the main genitourinary applications.
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What is High-Intensity Focused Ultrasound?

High-intensity focused ultrasound (HIFU) refers to a non-

invasive thermal ablation technique that uses tightly focused

high-energy ultrasound waves to generate heat and ulti-

mately destroy tissue by coagulative necrosis. Each thermal

dose delivery, called sonication, treats a sharply delineated

fraction of the targeted tissue. And overlapping multiple

sonications, one treats an entire volume. The procedure is

usually performed under sedation and/or regional anesthesia,

i.e., nerve block or spinal anesthesia. Yet, HIFU is well tol-

erated, and most patients are discharged home after a few

hours of observation with only mild pain management.

One of the initial publications describing its use in animal

experiments dates back from 1954 [1], but the technique has

since evolved significantly. It is currently approved in many

countries for the treatment of uterine leiomyomas. In

addition, many research projects are underway to determine

other genitourinary applications, including the treatment of

uterine adenomyosis and prostate cancer.

In the vast majority of the cases, HIFU is used in con-

junction with an imaging modality, ultrasound, or magnetic

resonance (MR) imaging, to identify the target and direct

the high-energy ultrasound beam.

Why MR-Guided High-Intensity Focused Ultrasound?

Improved Thermometry

Ultrasound cannot estimate the thermal dose that is given

during treatment. Instead, the assessments of its effects are

based on changes in tissue echogenicity, which are mostly

secondary to microbubble formation, and reflect an energy

in excess of that needed for an adequate ablation (100 �C).

In contrast, MR guidance allows for an accurate near real-

time temperature reading using a multi-slice MR imaging

3D temperature map of the treated region. The MR-guided

HIFU thermometry system calculates the thermal dose and

indicates whether it is sufficient for coagulative necrosis.

This allows to confirm that heating is limited to the planned

region, and to monitor any unintentional, non-damaging

heating elsewhere in the ultrasound beam path, letting the

radiologist change of the treatment plan accordingly. While

a thermal dose of 60 �C is sufficient to cause cellular death

[2], in most cases, doses of 65–85 �C are delivered for a

few seconds to guarantee adequate treatment.

Improved Sonication Planning

The device used for MR-guided HIFU ablations has mul-

tiple individual elements in the transducer, allowing for
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electronical steering of the beam during treatment. More

importantly, however, is the ability to generate treatment

volumes of various shapes and sizes that precisely conform

to the anatomical target. This is analogous to intensity-

modulated radiation therapy, in which the radiation beam

conforms to the three-dimensional shape of the treatment

site, allowing for the delivery of higher doses without

increasing the dose to adjacent tissues.

MR-Guided High-Intensity Focused Ultrasound

for Uterine Leiomyomas

Uterine leiomyomas, also called fibroids or myomas, are

benign smooth muscle estrogen sensitive tumors of variable

size present in up to 70 % of women by age 45 [3, 4]. They

are generally asymptomatic but may cause either bulk-rela-

ted symptoms such as pelvic pain, pressure or urinary fre-

quency, or endometrial pressure symptoms such as heavy

vaginal bleeding (menorrhagia) leading to anemia [5]. The

overall type and severity of leiomyoma-related symptoms

may be quantified by a validated, standardized questionnaire,

the Uterine Fibroid Symptom and Health-Related Quality of

Life (UFS QOL) survey. This tool may be used to categorize

and quantify patient’s bulk, bleeding, and related symptoms

[6]. Medical options for relief of these symptoms are tem-

porary. Definitive treatment usually involves open surgical

myomectomy and hysterectomy, with increasing use of less

invasive laparoscopic or robotic hysterectomy or myomec-

tomy in selected centers. A minimally invasive alternative,

uterine artery embolization, selectively and temporarily cuts

off blood supply to one or more uterine leiomyomas resulting

in infarction-related decreases in leiomyoma volume and a

change in composition. However, it is currently not recom-

mended for women who desire future fertility and does have

a small risk of inducing ovarian failure and premature

menopause in some women. MR-guided HIFU is a novel

non-invasive technology approved for treatment of uterine

fibroids. Two systems are currently available worldwide:

The ExAblate system from Insightec (Insightec Inc. Haifa,

Israel) is compatible with GE MR systems (GE Healthcare

Milwaukee, Wi) and the Sonalleve system (Philips, Vantaa,

Finland) from Philips is compatible with Philips MR systems

(Philips Healthcare, Best, Netharlands). A wide variety of

ultrasound (US)-guided HIFU systems are available mainly

in Asia and Europe, but this article will focus on the MR

systems.

Diagnosis of Uterine Leiomyomas: The Role

of Imaging

US is the initial modality of choice in the diagnosis of

uterine fibroids and is often performed in the primary care

physician’s office to establish a diagnosis. On US, uterine

fibroids are discrete round or oval lesions of variable

echogenicity (typically hypoechoic) often with calcifica-

tions located in intramural, subserosal, or submucosal

locations. Intracavitary lesions projecting into the endo-

metrial canal and pedunculated lesions projecting into the

peritoneal cavity may be seen. However, US has been

shown to be too operator dependant to determine the size

and number of lesions especially in patients with multiple

lesions and cannot determine the composition of lesions or

the presence of adenomyosis. MR imaging overcomes

many of these limitations [7]. It is reproducible with

excellent soft tissue contrast and multiplanar capability and

enables assessment of uterine anatomy, fibroid size, and

composition. Uterine fibroids are either classical or hy-

percellular and may undergo degeneration. Both classical

and hypercellular myomas are typically isointense to the

uterine myometrium on T1-weighted scans. On T2-

weighted scans, classical myomas are hypointense to

myometrium, and hypercellular myomas are hyperintense

to myometrium. Both types of lesions enhance avidly on

contrast-enhanced T1-weighted images. Uterine myomas

may spontaneously undergo either cystic or red degenera-

tion. Cystic degenerated myomas are variably T2 hyper-

intense, while red degenerated myomas are typically T2

hypointense and mildly T1 hyperintense. Both types of

lesion do not enhance after intravenous contrast

administration.

Management of Patients with Uterine Leiomyomas

Medical Therapy

Medical therapy consists of a variety of short-term options

for controlling both bulk and bleeding symptoms. These

include oral contraceptives for control of uterine bleeding

and non-steroidal anti-inflammatory drugs (NSAIDS) for

menstrual pain (dysmenorrhea). GnRH agonists such as

leuprolide acetate (Lupron) lead to a 35–65 % reduction of

fibroid volume and are approved for the preoperative

treatment of women with anemia with temporary

improvement of bulk symptoms [8]. Treatment is typically

recommended for up to 6 months. Longer term treatment

would lead to an unacceptably high side-effect profile due

to hypoestrogenic state.

Surgical Therapy

A variety of surgical therapies remain the most definitive

treatment for uterine fibroids. Hysterectomy is the main

option for family complete women and may be performed

open, laparoscopically, robotically, or vaginally. Up to

200,000 hysterectomies are performed annually in the
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United States at a cost of over $2 billion. However,

recovery may last for 1–5 weeks, and certain long-term

complications such as pelvic prolapse are reportedly higher

in women undergoing hysterectomy [9, 10]. A significant

subset of women prefers less invasive procedures and for

these women, evaluation in a multidisciplinary practice

may be preferred [11]. For women who choose to preserve

their uterus, myomectomy performed by open, laparo-

scopic, robotic-assisted, or hysteroscopic methods is a

surgical option that has been proven to be safe and effec-

tive for relief of both bleeding and bulk symptoms [12–16].

However, myomectomy does have a variably high risk of

fibroid recurrence, and complications such as uterine rup-

ture have been reported.

Uterine Artery Embolization

Uterine artery embolization (UAE) was initially described

for treatment of uterine leiomyomas in Europe in 1995 [17]

and in the US in 1999 [18]. In this procedure, embolic

particles such as poly vinyl alcohol of trisacryl gelatin

microspheres or beads are injected into the uterus via

femoral artery catheterization and selective placement into

both uterine arteries. Embolization cuts off of blood flow to

dominant vessels of individual fibroids resulting in selec-

tive ischemic necrosis of individual fibroids with sparing of

uterine myometrium due to its rich collateral blood supply.

These necrotic embolized leiomyomas progressively

involute with a volume reduction of up to 40 % [19, 20].

UAE has consistently demonstrated excellent short- and

long-term control of both bleeding and bulk symptoms in

multiple studies, as shown in a recent large meta-analysis

[21]. Further, there have UAE has been shown to be safe

and effective compared to both hysterectomy [22] and

myomectomy [23] in randomized controlled trials with

significantly shorter hospital stays, faster recovery, and

similar morbidity.

MR-Guided High-Intensity Focused Ultrasound

MR-guided focused US also known as MR-guided focused

US surgery (MRgFUS) is an innovative, non-invasive

application of HIFU to treat small to intermediate uterine

fibroids [24–26, 27••]. The ExAblate system (Insightec

Inc., Haifa, Israel) is the only commercially approved

HIFU system by the U.S. Food and Drug Administration

(F.D.A.). The Philips Sonalleve system and three different

US-guided HIFU systems are approved outside the United

States in Asia and Europe [28]. All patients considering

MRgFUS must have no contraindications to MR Imaging

and be able to lie prone on the HIFU table for up to 3 h.

Generally, indications for MRgFUS include non-peduncu-

lated, non-degenerated, non-peripherally calcified, T2

hypointense fibroids generally below 500 cc. Larger

lesions may be shrunk with GnRH analogs for up to

6 months or less optimally be treated in multiple sessions

since there is an F.D.A. mandated individual treatment

time limit of 3 h. Although initially contraindicated for

women who were considering childbearing, the F.D.A.

changed this to a relative contraindication in 2009.

To be eligible for MRgFUS, patients must not have any

contraindications to 1.5 or 3T MRI. Metallic implants or

scars traversing the lower anterior pelvic wall in the path

HIFU beam may lead to unintended heating and skin burn.

Prior to MRgFUS, all anterior pelvic wall hairs above the

pubic bone are shaved to avoid trapping of air bubbles in

the path of the US beam. After placement of a Foley

catheter and an intravenous line, the patient lies prone on a

dockable table on a degassed water bath containing a gel

pad overlying the MR compatible HIFU transducer. The

procedure is typically performed with intravenous con-

scious sedation with anxiolytics and narcotics. A T2-

weighted sequence is performed in three planes and reg-

istered to register with the HIFU unit. After ensuring that

no bowel lies between the skin and target fibroid, a treat-

ment volume is graphically plotted on to target fibroid for

both systems [24–26, 27••, 28, 29].

In the Insightec ExAblate system, a treatment plan is

generated with a series of ovoid, cigar-shaped zones of

sonications of user-controlled length (1–4 cm) and width

(0.5–1 cm). In the planning phase, test sonications are

initially delivered to assure that target heating occurs with

proper alignment. Intermittent proton resonance frequency

imaging is used to generate tissue temperature mapping for

MR thermometry to assure that sonicated area reaches a

minimum of 60 C necessary for coagulative necrosis. In the

treatment phase, based on a semi-automated algorithm, the

Exablate software selects individual sonications, and

coagulative US energy is delivered for 20 s followed by a

90–120 s interval (‘‘cooling duration’’ to minimize skin

heating). Up to 120 such sonications are delivered in one

session with each sonication is projected over an anatomic

image. The cooling duration accounts for the majority of

treatment time [24–26, 27••, 28, 29].

In the Philips Sonalleave system, a 3D T2 turbo spin

echo is performed and used for treatment planning. The

planned treatment volume (PTV) is graphically prescribed

by the treating radiologist. Instead of point by point soni-

cations, a series of enlarging clockwise, concentric soni-

cations with progressively enlarging sonication diameters

radiate out from the center of the PTV. Preliminary studies

have shown the system to be safe with agreement between

planned ablation volumes and post-procedural imaging and

histopathology [30, 31].

The widespread acceptance of MRgFUS by gynecolo-

gists and payors has been limited by lack of randomized
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controlled trial data, relying instead on single-arm industry

sponsored trials. Initial reports were primarily safety trials

which demonstrated that the procedure could be performed

safely on an outpatient basis with minimal morbidity.

These studies also demonstrated a small but significant

improvement in symptoms on validated symptom severity

questionnaires even in incompletely treated leiomyomas

[24, 25]. Further studies demonstrated a very favorable

safety profile for treatment of larger leiomyomas and also

demonstrated that more effective and sustained response

for bleeding and bulk to 2 years was possible when larger

volumes ([60 %) of individual leiomyomas were treated

[26, 27••]. The current goal for fibroid treatment is to near

completely treat the largest lesions for relief of bulk

symptoms and to treat submucosal lesions for relief of

menorrhagia. In general with current technology, a single

7–8 cm classical leiomyoma or 3–4 smaller classical

leiomyomas with similar total volume may be treated in

one 3-hour session. Larger leiomyoma volumes of lesions

may require more than one session or require a three-month

course of GnRH analog therapy to decrease leiomyoma

volume.

More recent studies have confirmed initial studies and

have established that complete or near complete ablation of

uterine leiomyomas provides the best long short- and long-

term symptom relief with up to 88 % overall symptom

improvement at 12 months [29]. Further with newer tech-

nologies, higher NPV ratios have become routinely feasible

in clinical practice with minimal adverse events [32]. A

41 % HIFU live pregnancy and 28 % spontaneous abortion

rate have been reported after HIFU [33••].

MR-Guided High-Intensity Focused Ultrasound

for Uterine Adenomyosis

Adenomyosis is a benign entity characterized by the pre-

sence of ectopic endometrial glands and stroma within the

myometrium, which is hypertrophic and hyperplastic,

resulting in an enlarged and softened uterus [34]. It is a

common disease, affecting approximately 20–30 % of

adult women [35]. More importantly, though, two-thirds of

these women present with menometrorrhagia, dysmenor-

rhea, dyspareunia, pelvic pain, and possibly infertility [36].

Diagnosis of Adenomyosis: The Role of Imaging

Once clinically suspected, additional work-up relies heav-

ily on imaging. On transvaginal ultrasound, the uterus is

enlarged; the myometrium is typically heterogeneous,

asymmetric, and globular, with linear striations and mi-

crocysts; the junctional zone is poorly visualized; and there

is no mass effect on the endometrium. A recent meta-

analysis showed that its sensitivity and specificity are 0.79

(95 % CI = 0.75–0.83) and 0.85 (95 % CI = 0.82–0.87),

respectively [37]. MR imaging, however, is more specific

than ultrasound (0.91; 95 % CI = 0.88–0,93) [37]. It is

characterized by thickening of the junctional

zone [ = 12 mm, and the presence of myometrial foci of

high signal intensity on T2-weighted images.

Management of Patients with Adenomyosis

Medical Therapy

Treatment of patients with adenomyosis is mostly depen-

dent of the severity of symptoms and desire to preserve

fertility. In most cases, medical therapy represents the first

line of treatment. Oral progesterones may be effective in

treating pain and dysmenorrhea, but the levonorgestrel-

releasing intrauterine device (Mirena�) is considered a

better option. Approximately, 20 % of women on medical

therapy will need further treatment, though [38]. And if

pregnancy is desired, the treatment must be interrupted and

symptoms are likely to return.

Embolization and Surgical Therapy

For patients who fail medical treatment, embolization of

the uterine arteries and surgical procedures are common

management alternatives. Uterine arteries embolization

shows good results controlling menometrorrhagia in the

short term, but approximately 25–50 % of the patients will

have symptoms relapse and require further treatment

within 2 or 3 years [39, 40]. Women who opt for surgery

may undergo total hysterectomy or conservative resections,

the latter usually reserved for cases in which preservation

of fertility is required and adenomyosis is superficial and

focal. Pregnancy rates after uterine-sparing procedures

range between 50 and 60 % [41]. Furthermore, complete

symptomatic control is achieved in only about 30–50 % of

patients [41].

High-Intensity Focused Ultrasound

The use of HIFU to treat adenomyosis is relatively recent,

and the published data are sparse. The technique has been

shown to be safe and effective in controlling the symptoms

of dysmenorrhea associated with focal and diffuse adeno-

myosis [42]. Additionally, it can be used to treat both

superficial and deep adenomyosis, as opposed to other

uterine preserving modalities. Similar to what happens with

uterine leiomyomas, MR-guided HIFU takes advantage of

the improved conspicuity of adenomyosis of MRI to

achieve more accurate targeting and controlled delivery of

thermal dose. In 2008, Fukunishi et al. published an initial
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series of women with symptomatic adenomyosis treated

with MR-guided HIFU [43], and later in 2011, 2-year

follow-up results were presented [44•]. In their cohort of 39

women, MR-guided HIFU achieved significant, sustained,

and continuous control of symptoms. At about the same

time, Fan et al. published their preliminary results in which

women also conveyed significant improvement in quality

of life and no significant complications after treatment

[45]. While not definite, the data from these studies suggest

that MR-guided HIFU should be considered as an alter-

native for the treatment of symptomatic adenomyosis.

MR-Guided High-Intensity Focused Ultrasound

for Prostate Cancer

The concept of treating only the dominant disease site in

the prostate, and not the entire gland, is the primary driving

force behind the use of MR-guided HIFU for prostate

cancer. Focal therapy for prostate cancer is an emerging

paradigm that offers a ‘‘middle way’’ of management

between active surveillance and definitive local therapy

[46–48]. Focal therapy challenges the traditional view that

prostate cancer is a multifocal disease that requires a

whole-gland treatment approach for definitive local ther-

apy, by either radical prostatectomy or radiotherapy. These

treatments are associated with distressingly high side

effects (including impotence, incontinence, and anorectal

dysfunction) [49], particularly when weighed against the

often modest and delayed survival benefits [50]. Such

considerations have been partially responsible for increas-

ing interest in focal therapy, but it is important to also

review the biological rationale that underlies this emerging

strategy, since several other factors, in addition to the

desire to reduce treatment morbidity, have driven this

development.

Biological Rationale for Focal Therapy of Prostate

Cancer

New Understanding of the Biological Significance

of Prostate Cancer Multifocality

Most studies report a multifocality rate for prostate cancer

of around 80 % [51]. The biological importance of mul-

tifocality is a central concern for focal therapy, since fail-

ure to treat an aggressive tumor focus might result in an

adverse patient outcome. Fortunately, we now know that

most non-index tumors are small, 80 % are less than

0.5 cm3 [52], organ-confined, and of low Gleason score.

Only two secondary foci were associated with extra-cap-

sular extension and only one had a Gleason score greater

than 6 in a series of 170 secondary foci found in 100

prostatectomy specimens [53]. In outcome studies, sec-

ondary foci have no incremental adverse prognostic sig-

nificance over and above the index lesion [54–56]. Finally,

there is reasonable evidence that multifocality may be a

subjective observation. In two studies with similar popu-

lations undergoing radical prostatectomy at the University

of California, San Francisco, the mean number of tumor

nodules per patient varied from 3.4 (300 nodules in 88

patients) to 1.6 (58 nodules in 37 patients) [57, 58]. The

tumor size distribution suggests that the most plausible

explanation is that the studies involved two different hist-

opathologists. The primary difference was the percentage

of very small nodules (B0.05 cm3) detected by one

pathologist versus the other (60 vs. 12 %). That is, the

frequency of multifocal prostate cancer may be largely

dependent on the search intensity of the reviewing

pathologist. This is analogous to breast cancer, where the

rate of multifocality depends on how hard one looks; in

clinical studies, the multifocality rate is typically about

9 % [59], but rises to 54-63 % with more exhaustive his-

topathological techniques [60, 61].

Oncological Insights into Index Lesion

In parallel with the empirical observations on the limited

importance of prostate cancer multifocality, advances in

basic research have led to increasing emphasis on the

biological importance of the index lesion, and the potential

for focal therapy directed to the index lesion [62]. Direct

empirical support of this concept is provided by recent data

indicating that local recurrence of prostate cancer within

the gland is nearly always at the site of initial dominant

disease [63]. This supports the notion that more aggressive

therapy directed to the dominant disease site may result in

better local control.

Development of MRI-Targeted Biopsy

The ability to accurately localize dominant disease within

the prostate with multiparametric endorectal MRI, particu-

larly with the addition of diffusion-weighted imaging, has

prompted exploration of MRI-targeted biopsy as an alter-

native to the traditional transrectal ultrasound-guided sys-

tematic biopsy, which essentially is a blind random sampling

of the prostate. While the role of targeted biopsy, whether

performed directly (‘‘in-bore’’) or by a hybrid MRI/ultra-

sound technique (‘‘fusion’’), remains under investigation, it

is conceivable that someday, at least in patients with a vis-

ible target, ‘‘MRI-guided biopsy will replace TRUS-guided

biopsy’’ [64]. Targeted biopsy for disease confirmation and

localization is clearly a critical pre-requisite for focal ther-

apy; the technology exists to do this and simply requires

greater validation before entering mainstream practice.
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Patient Selection and Target Definition

Selecting patients who are good candidates for focal ther-

apy is challenging, given the spectrum of prostate cancer

aggressiveness. Conceptually, at the low-risk end of the

spectrum, patients with indolent or subclinical disease

should be offered active surveillance, while those at the

high-risk end should be managed with radical prostatec-

tomy or definitive radiotherapy. Focal therapy, when pro-

vided in isolation, would likely work best for those with

intermediate-risk disease. An intriguing question is whe-

ther focal therapy to the dominant disease site, when pro-

vided in combination with definitive radiotherapy, offers

any incremental benefit in higher risk patients. Developing

practical risk-based stratification schemes for the use of

focal therapy is an important clinical question and repre-

sents a non-trivial challenge [65].

Second, assuming that appropriate candidates can be

clinically selected and independent of the method of tissue

ablation, any form of focal therapy for prostate cancer

requires that the cancer is correctly identified and pre-

cisely ablated during therapy [66]. This is primarily a

radiological problem. While not perfect, multiparametric

endorectal MRI supplemented by biopsy is the best

available technique to map and confirm the dominant

tumor site. MR-guided HIFU seems best suited to patients

with a visible dominant tumor at MRI, so that treatment is

delivered to a tumor depicted by the same modality being

used to guide therapy. This avoids the potential inaccu-

racies in ‘‘blindly’’ treating a designated portion of the

prostate based purely on positive biopsies. Ideally, MR

targets would be identified with high sensitivity and

specificity. At a minimum, it seems reasonable to require

that dominant tumor sites should be identified with high

certainty, so that ‘‘false positive’’ tumors and the risk of

not treating the true site of dominant disease are avoided.

A recent study of patients undergoing endorectal multi-

parametric MRI prior to radical prostatectomy (n = 88)

demonstrated that all T2-weighted tumor targets were

correctly identified dominant tumor foci when associated

with at least 0.54 cm3 of concordant spectroscopic imag-

ing abnormality [58]. A subsequent study (n = 20)

employing this definition of target tumor showed that all 9

tumor foci independently identified by both readers were

correctly identified dominant tumor sites, but 5 lesions

identified by only one reader were all false positives [67].

This suggests that identification of treatable tumor foci

prior to MR-guided HIFU for prostate cancer should

require both multiparametric and independent multi-reader

confirmation.

Finally, focal therapy logically requires that a margin

should be drawn around the target to ensure all of the

intended tumor tissue that is actually included in the

treatment volume. A study utilizing multiparametric MRI

data and quantitative analysis of imaging contour com-

pared to whole-mount histopathology adequate tumor

coverage is achieved by expanding the treatment contour at

the non-capsular margin by 5 mm, with no expansion

required at the capsular margin [67].

Current status and Future Directions

The first commercial HIFU systems for prostate ablation

(Sonablate 100, Focus Surgery, Inc., Milipitas, CA, and

Ablatherm, EDAP TMS Inc., France) utilized ultrasound

for guidance. Early trials have suggested that ultrasound-

guided HIFU can be successfully used to treat prostate

cancer, with encouraging results related to local tumor

control [68, 69•, 70, 71]; the results with respect to treat-

ment morbidity are less promising. Rectourethral fistula

has been reported in 0.7–1.2 % of patients, impotence in

20–61 %, and incontinence in 0.6–14.6 % [72]. These

complication rates appear unacceptably high for a treat-

ment that is intended to be minimally invasive and of low

morbidity, and almost certainly reflect inadequate and

imprecise targeting, resulting in unintended damage to the

urethra, neurovascular bundles, or rectum. MRI provides

superior visualization of the neurovascular bundles and the

urethra, and provides real-time thermometry during a

sonication, greatly reducing the risk to these important

structures. Real-time MR thermometry and the inherent

stereotactic nature of MR-guided HIFU are further major

advantages that should improve technical performance.

While there are potential benefits to MRI-guided HIFU, it

is important to realize that there will also be risks. Based on

experience with US-guided HIFU, potential complications

include bladder neck/urethral stricture, urinary tract infec-

tion, urinary incontinence, urinary retention, impotence,

rectal burn, or rectourethral fistula [73].

The two commercially available MR-guided HIFU

systems are Sonalleve (Philips Healthcare, Vantaa, Fin-

land) and ExAblate (InSightec, Haifa, Israel), and these

two vendors are taking different approaches to prostate

HIFU. The Insightec system uses an endorectal ultrasound

transducer, while the Philips system uses a urethral device.

Arguments can be made for and against both approaches.

The rectal approaches may provide greater geometric

flexibility and shaping of the target volume. The urethral

approach may be faster and less likely to injure the rectum,

but may not be as flexible with respect to working around

the neurovascular bundles. It may be that both approaches

should be available, with the final choice of a rectal or

urethral approach being made depending on the location

and shape of the tumor target in each individual patient.

Early results suggest that MRI-guided HIFU of prostate

cancer can be technically successful [74, 75••], but clearly
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studies with larger populations and longer cancer-based

endpoints are required to validate this treatment method.

To date, most data on patient outcome after HIFU of

prostate cancer are derived from populations treated with

ultrasound-guided HIFU, with reported five-year bio-

chemical control rates from 45 to 84 % [73]. Longer term

studies looking at hard endpoints (development of meta-

static disease and mortality) will be required to determine

the true effectiveness of this approach, either as mono-

therapy for localized low-risk disease or as combination

therapy in conjunction with radiotherapy for higher risk

disease. Animal data suggest that pre-treatment with HIFU

may be a potent sensitizer for chemoradiation [76, 77].

Conclusion

MRI-guided HIFU is an exciting new method of precisely

targeted and controlled tissue ablation that offers a minimally

invasive therapeutic option for patients with uterine leio-

myomas, uterine adenomyosis, and prostate cancer. The

technology is potentially disruptive of current clinical practice

patterns, and so wider adaptation will require multidisciplinary

and multicenter investigations resulting in data demonstrating

long-term efficacy and cost-effectiveness, in order to convince

referring providers and third party payers that the approach

should be added to our routine clinical armamentarium.

Despite these challenges, the emergence of MRI-targeted

focal therapy seems likely to be an important translational

effort in the coming years, which promises to improve the

personalized management of this challenging disease.
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