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Abstract

Objectives—To evaluate in a canine model, applicators designed for ablation of human benign

prostatic hyperplasia (BPH) in vivo under MRI guidance, including magnetic resonance thermal

imaging (MRTI). To determine the ability of MRI techniques to visualize ablative changes in

prostate, and to evaluate the acute and longer term histologic appearances of prostate tissue

ablated during these studies.

Materials and Methods—A MRI-compatible transurethral device incorporating a tubular

transducer array with dual 120 sectors was employed to ablate canine prostate tissue in vivo, in

zones similar to regions of human BPH (enlarged transition zones (TZ)). MRTI was used for

monitoring of ablation in a 3T environment, and post-ablation MRI's were performed to determine

visibility of ablated regions. Three canine prostates were ablated in acute studies, and 2 animals

were rescanned prior to sacrifice at 31 days post ablation. Acute and chronic appearances of

ablated prostate tissue were evaluated histologically, and correlated with the MRTI and post

ablation MRI scans.

Results—It was possible to ablate regions similar in size to enlarged TZ in human BPH in 5 to

15 minutes. Regions of acute ablation showed a central “heat fixed” region surrounded by a region

of more obvious necrosis with complete disruption of tissue architecture. After 31 days, ablated

regions demonstrated complete apparent resorption of ablated tissue with formation of cystic

regions containing fluid. The inherent cooling of the urethra using the technique resulted in

complete urethral preservation in all cases.

Conclusions—Prostatic ablation of zones of size and shape corresponding to human BPH is

possible using appropriate transurethral applicators using MRTI, and ablated tissue may be

depicted clearly in contrast-enhanced MR images. The ability accurately to monitor prostate tissue

heating, the apparent resorption of ablated regions over one month, and the inherent urethral

preservation suggest the MR guided technques described are highly promising for the in vivo

ablation of symptomatic human BPH.
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Introduction

It has been noted that, in spite of its small normal size and weight (about 20 grams in young

adult males), the prostate is affected with a remarkable prevalence of significant pathologies

in men's later years1,2. In addition to prostate cancer, which has the highest prevalence of

any male nondermatologic malignancy, benign prostatic hyperplasia (BPH) also has a

remarkably high prevalence, increasing with age. A wide range of terminologies have been

used to describe a symptom complex including diminished urinary flow rates, and associated

with significant BPH, with the current favored descriptive being “lower urinary tract

symptoms” (LUTS)3. LUTS comprises a range of symptomology that can be graded by

standard scoring symptoms based on specific patient signs and symptoms. The significance

of BPH and the clinical importance of LUTS may be inferred by the facts that by age 60, the

prevalence of notable BPH is greater than 50%, and the prevalence of moderate to severe

LUTS in men aged 60 to 69 years is in the range of thirty to forty percent3-5.

It is instructive to consider the lobar anatomy of the prostate described by McNeal1,6, to

understand the characteristic pathologic changes associated with BPH. A range of

appearances have been described for BPH, and various terminologies have been used to

describe these variants. Basically, however, BPH involves glandular and stromal hyperplasia

in two prostatic zones in the McNeal classification that are in close proximity to the prostatic

urethra. In a substantial majority of patients, enlargement of the transition zone (TZ) lobes,

located anterolateral to the prostatic urethra, dominates the structural changes leading to

urethral obstruction and obstructive symptomology (Figure 1 A and B). As shown, the

urethra can be greatly compressed between the enlarged TZ lobes, and it can easily be seen

that such compression will tend to narrow the prostatic urethra, leading to obstruction of

urinary flow. The second McNeal prostatic region significantly involved with BPH is the

periurethral zone containing periurethral glands (PUG). Enlargement of the PUG in the

periurethral zone leads to a pattern of BPH characterized by retrourethral or “median lobe”

enlargement. While combined lobar enlargement is often involved in detailed descriptions of

BPH3, the pathologic pattern and obstructive effects are largely dominated by the enlarged

TZ lobes, and “median lobe” enlargement is dominant in only about 10% of cases.

While medical therapy for BPH has become increasingly utilized, surgical options including

transurethral resection of the prostate (TURP), and open prostatectomy are still very

commonly used to treat symptomatic BPH. The volume of surgeries in the US for BPH is

currently 3 to 4 times that of radical prostatectomies for prostate cancer3,4. Significant

patient morbidity has been associated with standard surgical procedures for BPH. While

reported complication rates are variable, TURP, for instance, is often associated with

significant hemorrhage, and carries a small risk of postoperative urinary incontinence and

impotence. The search for a simpler technique for BPH ablation with less associated

morbidity has lead to the development of a range of minimally invasive techniques to treat

symptomatic BPH. The goal of such techniques is generally the ablation or reduction in size

of the enlarged TZ lobes compressing the prostatic urethra, with dominant “median lobe”

enlargement considered a contraindication to such approaches.
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The purpose of the studies reported here is the description of a system for prostatic ablation

using a MRI-compatible transurethral applicator designed specifically for minimally

invasive treatment of human BPH through ablation of the enlarged bilateral TZ lobes, with

initial in vivo evaluation in studies of enlarged canine prostates. It may be expected that

ablation of TZ tissue compressing the prostatic urethra in the human male may be effective

in alleviating urethral compression and LUTS. In prior studies, various types of MRI-

compatible transurethral applicators incorporating cylindrical, planar and focused

piezoelectrics have been described7-14, and all have been found capable of using MRTI

(magnetic resonance thermal imaging) guidance for accurate targeting and ablation of canine

prostate tissue in vivo. Such studies have clearly indicated the potential of using MRI to

plan, monitor and evaluate tissue changes during and after prostatic ablation with such

applicators, and indicate promise for controlled ablation of targeted prostate tissues with

minimal damage to sensitive adjacent structures, and minimal side effects. Recently15,16, the

feasibility of ablation of human prostatic tissues using MRI-compatible transurethral

applicators incorporating planar piezoelectrics and controlled rotation has been

demonstrated, furthering the preliminary translation of these MRI-guided transurethral

technologies into the clinical environment.

Materials and Methods

Transurethral ultrasound applicators consisting of multi-sectored tubular transducer arrays

were devised to sonicate and ablate the anterolateral portions of the prostate gland between

the bladder neck and veromantum, the region corresponding to the enlarged TZ lobes in

human BPH (Figure 1). The cylindrical array elements consisted of 7 MHz, 10 mm long ×

3.5 mm OD, dual 120° sectors with 30° anterior inactive zones. Such applicators can

directly insonate and heat conformal contiguous regions corresponding to the hyperplastic

human TZ lobes, providing precise control of ablation within relatively short treatment

times. Power to the applicators was supplied using a multichannel RF amplifier (Advanced

Surgical Systems, Tucson, Arizona) located outside the MR suite. In-line low-pass filters

were employed at the penetration panel to reduce device noise and prevent possible image

degradation. The arrays were positioned on the distal end of a flexible catheter within an

expandable cooling balloon (Figure 2), positioned within the prostatic urethra during the

ablative procedure. A 5 cc bladder balloon on the distal end of the applicator was employed

for device retention during the procedure. Rapid MR imaging sequences, including spoiled

gradient recalled (SPGR) and rapid T2 weighted sequences such as single-shot fast spin

echo (SSFSE) were used repeatedly to monitor device positioning and assure good

placement within the prostate. Transurethral devices were positioned within the gland, and

secured in place by filling the small retention balloon with a 2% solution of gadolinium

contrast agent to keep the device anchored in place. The transurethral devices were then

rotated while in place to adjust targeting along a radial axis from the urethra, so as to

insonate along 2 desired anterolateral paths.

The most critical role of MRI is in monitoring of prostate and periprostatic heating during

the ablative process, and real-time proton resonant frequency (PRF) imaging was performed

during the ablative procedure to create and display real time magnetic resonance thermal

imaging (MRTI). The basic principle allowing the creation of PRF thermal images is the fact
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that the phase change ϕ, detected using gradient recalled images, can directly be used to

create images that depict temperature in prostate tissues. It can be shown that the

relationship between the temperature change in tissues ΔT can be expressed as:

where α is the temperature change coefficient -.01 ppm/°C for aqueous tissues, α is the

gyromagnetic ratio for water protons, B is the main magnetic field strength, TE is the echo

time, and ϕ0 is the initial phase before heating begins. Since body temperature is known, the

above equation can be used to create phase-sensitive gradient echo images that directly

encode local tissue temperature. Such images can be rapidly acquired and displayed at real

time rates as overlays on images displaying anatomic detail.

Our MRI studies in 5 canine prostates were performed in a Signa (General Electric

Healthcare, Schenectady New York) 3 T scanner with body transmit coil and high SNR

endorectal (ER) coils, incorporating a cooling jacket using circulating water. Multislice

gradient recalled MR images were acquired at 3 levels, having slice thickness of 5 mm and

in-plane resolution of 0.625 by 1.25 mm, typically every 15 seconds. Baseline images

needed for phase reference were acquired before heating, and MR thermal imaging (MRTI)

continued throughout the application of ultrasound energy and during tissue cooling. To

correct for baseline drift, the apparent temperature rise in a region of interest (ROI) in

adipose tissue adjacent to the prostate was measured, and the values in fat subtracted from

data from the entire image. Adding the animal's core temperature to all pixels in the

temperature map, the temperature throughout the prostate was displayed in MRTI encoding

the temperature range of interest in the range of 47°C to 60°C in a color display. The details

of the MRTI computation and display are discussed in much more detail elsewhere. 26,28,29

Tracking coils in the transurethral applicator were used to allow rapid accurate applicator

localization, and a software real-time environment termed RThawk (Heartvista Inc., Los

Altos CA) allowed for the setting up of “control points” in real-time MRI to allow MRTI

feedback control of ultrasonic and automated control of the ablative process29,35. Figure 3

illustrates the principles of treatment planning with this approach; targeted regions for

ablation were outlined, and control points set up, which provide interactive feedback to the

ablation procedure via modulation of power output to the piezoelectric ultrasound elements

in the applicator. Post ablation scans were performed including contrast enhanced (CE), T2

weighted (T2W) and diffusion weighted imaging (DWI). Figure 4 illustrates MR imaging of

the ablative procedure in an acute study of one canine prostate. Maximum temperature

mapping of the canine prostate, and total thermal dose delivery are illustrated in the MRTI,

and nonperfusion of the bilateral ablated regions of prostate is documented in a contrast

enhanced T1-weighted image at the same level in the gland. Following each study, MRTI

monitoring during the exam and post ablation scans were correlated with histologic features

of the resected prostates sectioned in the same axial planes as the MRTI and post ablation

scans. In 3 studies, there was immediate animal sacrifice after MRI guided ablation (acute

study), and in 2 animals, the animals were re-scanned and then sacrificed 31 days after the
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ablative procedures (“chronic” study). Freshly resected canine prostates were stained with

the vital stain TTC (triphenyltetrazolium chloride) as well as standard H and E and

Trichrome stains on formalin-fixed tissues. The technical details of these studies are

described in much more detail elsewhere 9,10,12,13,18,21,25,30-34

Results

The histologic appearances in all cases of acute prostate thermal injury had similar

appearances; a representative case of the histologic appearances of acutely ablated prostatic

tissue is shown in Figure 5. As can be seen in the MRTI of Figure 5A, the central portion of

the ablated regions undergo the greatest elevation in temperature, with temperatures falling

off to about 50°C at the margins of the ablated regions. Interestingly, the acutely ablated

regions of prostate tissue do not have a homogeneous appearance, but 2 rather distinct

regions corresponding to the central region rapidly heated to the highest temperatures, and a

peripheral region subjected to lower and more slowly evolving temperature rise. On H&E

staining, (Figure 5A) the central regions, heated rapidly to high temperature appeared

relatively normal giving an appearance previously described 36as “heat fixed” (HF),

surrounded by a distinct region (5B) of transition to normal prostate, or transition zone (TZ).

It became clear at higher power (figures 5C and D), however, that while the glands within

the HF region maintained normal histoarchitecture, epithelial cells had an increased affinity

for eosin staining, and most cell nuclei appeared smaller and more hyperchromatic than

normal. Similar nuclear changes were noted in the interstitial vascular endothelium and

smooth muscle cell nuclei. Peripheral to the HF region within zones of ablation, the second

distinct region (TZ) was characterized by dramatic disruption of normal histoarchitecture

(figure 5B and D). Fragmentation of glands in these areas was severe, and most glands were

devoid of attached epithelial cells and had lumina filled with sloughed epithelial cells and

granular eosinophilic debris. The heat fixed and transition zones corresponded to tissue

regions demonstrating lack of enhancement on contrast enhanced MR imaging and complete

lack of staining with TTC.

In the 2 cases in which the ablated region was evaluated at MR imaging and histologically at

31 days, there was complete apparent resorption of ablated tissue with formation of fluid-

filled cystic cavities. An example of this appearance is seen in Figure 6 in which the ablated

region is seen in the contrast enhanced MRI as a dark nonenhancing region (figure 6A) and

cystic tissues defect in the trichrome stained histologic section at this level (6B). Complete

preservation of the prostatic urethra during the ablative process was noted in all cases, and is

seen both in the trichrome image (6B) and the T2 weighted images (6C and D) from this

study.

Discussion

The immediate, or acute changes in prostate tissue immediately following thermal ablation,

are of interest, since it is important to confirm true tissue death at the histologic level. The

chronic or longer term fate of such ablated tissue is also of note, since it might be possible

for ablated tissue to remain in place in a necrotic state, be resorbed by the body, sloughed

from the body, or perhaps in part undergo regeneration. All acute studies showed
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nonperfused regions after ablation, in contrast-enhanced MR images (figure 4C) which

corresponded well to regions of heat-fixed (HF) tissue which appeared relatively similar to

normal prostate tissue, and a transition region (TZ) which showed a disorganized appearance

more typical of coagulative necrosis (Figure 5). In the cases in which the ablated region of

the prostate was evaluated at MR imaging, particularly in post-ablation CE images, and

histologically at 31 days (Figure 6), there was complete apparent resorption of ablated tissue

with formation of fluid-filled cystic cavities. In prior studies of HF lesions in human liver,

the HF appearance persisted over as long as 14 months in studies by Coad et al. 36, so the

finding of apparent resorption of ablated HF prostatic tissue over 31 days provides an

indication that tissue resorption of thermal lesions may occur in prostate, but not human

liver. Prior in vivo work by Kincaide37 and Gelet38 has supported the concept that chronic

thermal lesions in prostatic tissue are resorbed, leaving cystic spaces.

The studies of the transurethral applicator designed for ablation of the enlarged TZ in human

BPH have shown capability for the ablation of well-defined regions of prostate tissue

anterolateral to the urethra, similar in appearance to TZ lobes in human BPH. It can be seen

in Figures 5 and 6, however, that the pattern of BPH in the human differs somewhat from

that seen in the canine prostate. In the older canine prostate involved with extensive BPH,

cystic change can be seen throughout the entire gland in both figures. In humans, while there

is some involvement of all prostatic lobes with BPH, including the peripheral zone (PZ), the

enlarged bilateral TZ lobes clearly dominate the pathologic appearance as seen in MR

images (Figure 7). Thus the studies demonstrated the ability to guide, monitor and

accurately image regions of the canine prostate corresponding the locations of enlarged TZ

in humans, but did not represent an attempt to ablate all BPH present throughout the

enlarged canine prostate glands.

The objective of the particular transurethral applicator employed was the ablation of regions

similar in size and location to enlarged human TZ lobes without significant damage to

adjacent structures. The observation that the acutely ablated regions of canine prostate were

apparently resorbed at about one month appears encouraging for the clinical utility of the

technique for BPH ablation, since such resorption should decrease pressure on the prostatic

urethra significantly. Additionally, the complete preservation of the urethra made possible

by the inherent cooling due to circulating water in the applicator also seems very desirable,

since an intact and decompressed prostatic urethra might also be expected to facilitate

greater urinary flow rates and perhaps relieve obstructive symptomology in patients afflicted

with BPH and LUTS.

It is, of course, not possible to determine the extent to which clinical LUTS might be

relieved by the replacement of hyperplastic TZ tissue in the human by cystic spaces, but

some informed conjecture seems possible. Comparison of the results our studies to those of

clinical transurethral needle ablation (TUNA) studies seems reasonable, since the objective

of both the approach described in our studies, and studies of clinical BPH ablation with

TUNA is the destruction of hyperplastic TZ tissue compressing the prostatic urethra. While

current TUNA techniques cannot be monitored with MRI, the appearances of regions of the

prostate ablated have been documented with post-treatment MRI studies39. In these studies,

irregularly shaped regions of nonperfusion were observed, apparently corresponding to
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zones of necrosis with the portions of the hyperplastic TZ tissue, in patients with decreased

obstructive symptomology following the ablative procedure. TZ ablation generally was

documented in only a portion of the enlarged TZ of patients studied in this manner, and

clear-cut evolution of the regions into cystic spaces was not documented histologically.

Nonetheless, significant improvement in obstructive symptoms and maximal urinary flow

rates have been documented in clinical studies of the TUNA technique. Since accurate

MRTI monitoring of prostatic ablation, not possible with TUNA, is possible with MRI-

compatible transurethral applicators, it seems possible and perhaps likely that more accurate

and complete bilateral TZ ablation may be possible this approach. As seen in Figure 7, the

size and symmetry of enlarged TZ lobes in the human male are quite variable from patient to

patient, and only a technique in which thermal tissue ablation can be monitored would

appear capable of safely producing maximal ablation of hyperplastic TZ tissue lobes.

Additionally a recent case report of MRI-guided cryotherapeutic ablation of TZ lobes has

indicated this technique may also be capable of significant improvement in obstructive

symptoms and urinary flow rates40, providing further substantiation for the general efficacy

of the MR-guided approach to TZ ablation in BPH.

It is interesting to compare the relative potential for MRI-guided transurethral ultrasonic

ablation techniques to the problems of clinically significant BPH and to the focal ablation of

prostate cancer. There is currently intense interest in the concept of focal ablation of the

largest zone of cancer, or “index lesion” 41,42within the prostate gland, particularly given the

questionable benefit of standard treatments including radical prostatectomy43,44. MRI-

guided ablation of such index lesions faces some daunting challenges, including the fact that

current MRI techniques are not capable of very accurate depiction of the distribution of

prostate cancer within the gland. Prospective studies comparing preoperative MR

localization of prostate cancer to step-section histologic analysis of prostatectomy specimens

have yielded AUC (area under ROC curve) values typically between .58 and .7045,46,

indicating a poor ability of currently available techniques to depict human prostate cancer in

vivo. The enlarged TZ lobes, on the other hand (Figure 7), are clearly depicted even in

conventional T2 weighted MRI, making targeting straightforward using MRI guidance. A

further challenge for focal prostate cancer ablation relates to its location generally in the

posterior regions (PZ) of the prostate gland. Some of these problems can be illustrated with

reference to figure 7, which provides indication of the close proximity of the posterior

portions of the gland to critical structures to which damage must be avoided, or at least

minimized. In addition to the critical anterior rectal wall, the posterolateral aspects of the

prostate gland are in intimate contact with the bilateral neurovascular bundles (NVB), at

least one of which must be preserved if patient potency is to be maintained. Seventy percent

of prostate cancers arise from the posterior peripheral zone (PZ) of the prostate47, adjacent

to the rectum and bilateral NVB, and a substantial majority of index prostate cancer lesions

will be posteriorly located in very close proximity to these very sensitive structures. The

ability of transurethral applicators focally to ablate index cancer lesions can be expected to

be limited if damage to these sensitive structures is to be avoided. Likely technical

advantages for BPH ablation compared to focal cancer ablation then, include consistent MRI

visibility of the TZ regions to be ablated, a “buffer zone” of posterior prostate tissue (PZ)

making damage to the rectum and NVB unlikely, and the fact that ablation of the entirety of
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the enlarged TZ lobes is not required for improvement of LUTS, but ablation of the entire

index lesion seems highly desirable for focal treatment of prostate cancer.

The fact that a great many techniques for medical and surgical treatment of BPH exist attests

to the fact that no single technique is effective and appropriate in all cases. While medical

treatments are effective and have decreased the need for operative approaches, there is

substantial expense and significant side effects associated with these techniques, which must

be continued indefinitely4. There seems no question that transurethral resection (TURP)

remains the surgical gold standard for significant and durable improvement in obstructive

symptomology and maximal urinary flow rates in individuals afflicted with BPH4. On the

other hand, a wide variety of minimally invasive techniques have been shown capable of

creating fewer of the undesirable effects of TURP, while providing somewhat less

substantial and less durable improvements in LUTS symptoms. The list of minimally

invasive approaches that have been assessed is long and includes TUNA, transurethral

microwave therapy, laser techniques, transurethral incision, transrectal HIFU, transurethral

vaporization techniques and even the use of hot water (water-induced thermotherapy)4.

The use of transrectal HIFU for clinical BPH ablation necessitates some comment due to its

superficial similarity to transurethral ultrasonic prostatic ablation. Transrectal HIFU has

been assessed in many studies of clinical BPH, with recent analysis indicating that

significant improvements in urinary flow rates and symptomology is not substantial, and

certainly not durable, with 43.8% of patients requiring TURP for relief of symptoms within

4 years following the HIFU procedure48. The transrectal HIFU technique does not seem

appropriate for relief of obstructive symptoms; in fact urinary retention in patients in

patients undergoing transrectal HIFU for cancer treatment is such a common problem that

the procedure is generally accompanied by surgical TURP 49 at present. Transrectal HIFU is

a very different technique than transurethral TZ ablation; it is essentially an unmonitored

technique, with no indication of tissue heating available during the procedure. During the

technique, an effort is made to build up a series of small ablated regions within the entire

prostate gland, with no ability specifically to target the enlarged TZ lobes and spare the

urethra. The result of the HIFU procedure is inevitably the creation of a large region of

coagulative necrosis within the prostate with destruction of the prostatic urethra. The

technique contrasts vividly with the controlled ablation of bilateral TZ lobes achievable with

MRI-guided transrectal HIFU, ultimately resulting in the creation of cystic spaces, and

urethral sparing. There is every reason to expect superior results for MRI-guided

transurethral ultrasonic ablation compared to transrectal HIFU approaches.

The results of the studies reported herein give significant promise for the clinical treatment

of BPH using transurethral applicators. The ability to plan, guide and evaluate the ablative

process with MRI seems crucial for accurate ablation of enlarged TZ lobes associated with

BPH and the inherent ability to spare the prostatic urethra also seems highly desirable for

alleviation of obstructive symptoms. While it is not clear whether the replacement of

enlarged TZ lobes with fluid-filled cystic spaces will provide adequate relief of BPH

symptoms, comparison to results of clinical studies of other technologies including TUNA

indicate improvement in clinical symptoms can be expected to be substantial. Such fluid-

filled spaces could be readily drained by transrectal needle aspiration in any case, possibly
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further enhancing relief of BPH symptoms and improvement of urinary flow rates. From a

number of perspectives, therefore, transurethral ablation of TZ hyperplasia in BPH appears

to have the potential to be a nearly ideal technique for the treatment of clinically significant

BPH.
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Figure 1.
Common appearance of benign prostatic hyperplasia (BPH) shown diagramatically in axial

plane through mid gland. A) in the normal prostate, the transition zone lobes abut the

prostatic urethra at its anterolateral aspect. Other major glandular regions (peripheral and

central zones) are also present as indicated, at this level. B) in a typical prostate involved

with moderate BPH, the enlarged transition zone lobes compress the prostatic urethra

significantly.
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Figure 2.
Transurethral catheter designed to have capability for ablation of human BPH. Major

features include: the retention balloon which is filled with a 1% solution of gadolinium

contrast agent after catheter insertion, to maintain positioning of the device within the

prostatic urethra and MRI visibility; the urethral balloon which is inflated within the

prostatic urethra and through which water circulates during ablation; and the flexible

catheter containing electronic connections. Within the urethral balloon are the transducers,

two 10 mm long cylindrical transducers with dual 120 degree active sectors.
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Figure 3.
Treatment simulation of human BPH using MRI and RThawk treatment control software A)

T2-weighted axial image through the mid-portion of a human prostate with BPH and

enlarged transition zones (TZ) anterolateral to the urethra (U). B) BPH treatment plan with

targeted TZ tissue indicated by green regions, and control points for therapy delivery

monitored by MRTI indicated by 4 small gray circles (CP). Applicator (A) is present in the

urethra.
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Figure 4.
MR Images obtained during acute study of ablation of a canine prostate in vivo. A) MRTI

showing the spatial distribution of maximum temperatures recorded during the ablation B)

MRTI map showing thermal dosimetry in equivalent minutes at 43°C during the ablation C)

Contrast enhanced T1-weighted image obtained following the ablation shows two

anterolateral regions in the prostate (large arrows) which have been ablated and appear dark

due to lack of blood flow. The applicator in the prostatic urethra (U) is visible in this image.

In A) and B), the applicator contains some artifactual color due to circulating water in the

urethral cooling balloon.
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Figure 5.
Histologic analysis of the prostate ablated in the acute study illustrated in Figure 4. H and E

stained images at the illustrated ablation level are shown: A) Whole mount section of the

prostate demonstrates 2 prominent regions of ablation anterolaterally corresponding to the

nonperfused regions seen in Figure 4C. The ablated region contains 2 distinct regions, a

central heat-fixed region (HF) and a peripheral transition zone (TZ). The markedly disrupted

tissue architecture of the TZ (B) contrasts strikingly with the near normal appearance of the

heat-fixed region (C) which was rapidly heated to a higher temperature than the TZ. The

boundary between the HF and TZ zones is abrupt and distinct, as shown in (D).
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Figure 6.
Images of enlarged canine prostate involved with extensive BPH, with two regions of

ablation created under MRI guidance anterolaterally, and studied 31 days later (chronic

study). A) Contrast enhanced T1-weighted image shows 2 large avascular regions

anterolaterally to the urethra (U) with some enhancement at margins. B) Correlative

trichrome stained histologic image shows the two large cystic spaces with some collagenous

tissue at their margins. There is complete preservation of the prostatic urethra (U). C) and D)

Two T2-weighted images show both the extensive cystic change throughout the gland due to

BPH, and the two large residual cystic spaces on either side of the intact urethra (U). In C),

the bladder neck (B) is visible cranial to the enlarged prostate gland.
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Figure 7.
Two examples of human BPH as depicted in fat suppressed axial T2-weighted MRI through

the midportions of the prostate gland A) MRI of a patient with moderate BPH. The two

transition zone (TZ) lobes are seen anterolateral to the prostatic urethra (U), and there is

clear differentiation of the TZ from the more posterior peripheral zone (PZ), which has a

higher signal intensity. Critical structures at risk for damage during ablation include the

bilateral neurovascular bundles (NVB), and the rectum. B) Prostate MRI of a patient with

more severe BPH shows assymetrical enlargement of TZ lobes, with the left being

significantly larger. Compressed urethra (U) is seen between enlarged TZ lobes. The

anterolateral aspects of the prostate are surrounded by slow flowing blood in the

periprostatic venous plexus (PPV)
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