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Abstract

Successful cryotherapy of the prostate for neoplasms relies on imag-
ing to achieve good oncological outcomes with minimal compli-
cations. Traditional prostatic cryotherapy relies on 2-dimensional
ultrasonography (2DUS) guidance, which often makes it diffi-
cult to track the passage of needles in an oblique plane. We
describe our initial 3-dimensional ultrasonography (3DUS) sys-
tem, and the subsequent improvements that have been made dur-
ing the last 10 years. Our imaging system uses a Philips HDI 5000
ultrasonography unit, a standard PC, a Matrox Meteor II video
frame grabber and 3DUS developed at Robarts Research Institute.
For the cryotherapy we use ultrathin (17-gauge) IceRod needles.
After image acquisition, preplanning is performed using the 
3-dimensional (3D) software, and then the IceRod needles are
inserted into the prostate. As the freezing process commences,
continuous 3DUS images are taken and analyzed during the dou-
ble freeze–thaw cycles to monitor the progress of the ice ball
formation. Real-time intraoperative 3D imaging of the prostate
during cryotherapy has allowed us to accurately preplan and then
monitor the progression of ice ball formation, which represents
a significant advantage over conventional 2DUS.

Résumé

Pour être efficace, la cryothérapie prostatique utilisée pour le traite-
ment de tumeurs nécessite une technique d’imagerie en vue
d’obtenir de bons résultats tout en minimisant les complications.
La cryothérapie prostatique classique est guidée par échogra-
phie transrectale en deux dimensions, avec laquelle il est souvent
difficile de suivre le trajet des aiguilles sur un plan oblique. Nous
décrivons ici notre système d’échographie en trois dimensions 
initial, et les améliorations ultérieures apportées au cours des
10 dernières années. Notre système d’imagerie comprend un
appareil d’échographie Philips HDI 5000, un ordinateur standard,
un saisisseur d’image Matrox Meteor II et un logiciel d’échogra-
phie en trois dimensions élaboré au Robarts Research Institute;
pour la cryothérapie, nous utilisons des aiguilles de calibre 17 de
Galil Medical.  Une fois l’imagerie en fonction, la planification
est effectuée à l’aide du logiciel en 3D, puis les aiguilles de

Introduction

Prostate cryosurgery was first reported by Gonder and col-
leagues1,2 in the 1960s as a minimally invasive method of
treating bladder outlet obstruction caused by benign pro-
static hyperplasia and prostate cancer. However, the inabil-
ity to monitor the position of the probe and control the
ice ball formation led to a high rate of urethrorectal fistu-
la and urethral tissue sloughing.3 The procedure did not gain
popularity because of these serious technical limitations.
Several technical advances in the early 1990s led to the
resurgence of interest in the procedure, including improved
endourological percutaneous techniques, the introduc-
tion of real-time transrectal ultrasonography, and improve-
ment in cryogenic technology and safety monitoring devices
such as thermal sensors and urethral warming devices.4,5

The new generation of cryosurgery machines exploits
the Joule–Thomson effect, in which different gases under-
go unique temperature changes when depressurized,
according to unique gas coefficients. Further improvements
in technology include a significant reduction in probe diam-
eter. Ultrathin probes with sharp tips now permit direct
transperineal probe placement through a conventional
brachytherapy-type template without the need for tract dila-
tion.6–8 Encouraging results using this third-generation cry-
otechnology have been reported.9,10

Current prostate cryotherapy is a minimally invasive treat-
ment for prostate cancer, which involves percutaneous inser-
tion of 5–8 cryoprobes into the prostate for rapid freezing,
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cryothérapie sont insérées dans la prostate. Dès le début du proces-
sus de congélation, des images en 3D sont continuellement pro-
duites et analysées pendant les cycles de congélation et de décon-
gélation afin de suivre la formation de la masse gelée. L’imagerie
peropératoire en 3D et en temps réel de la prostate pendant la
cryothérapie nous permet de planifier de façon précise et de sui-
vre la formation de la masse gelée, et constitue un avantage impor-
tant par rapport à la méthode classique d’échographie transrec-
tale en deux dimensions.
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using conventional 2-dimensional ultrasonogra-
phy (2DUS) for guiding the cryoprobes into 
the prostate and for monitoring the prostate
freeze–thaw cycle. Conventional 2DUS allows the
real-time tracking of parallel cryoprobe insertion;
however, it does not provide enough information
for accurate planning of insertion paths or live mon-
itoring of trajectories oblique to the 2-dimensional
(2D) image plane. In the mid-1990s, we incor-
porated 3-dimensional ultrasonography (3DUS)
into our intraoperative cryotherapy program, using
software developed at Robarts, which gave us
the ability to capture the geometry of the prostate
gland and “plan” the cryoprobe insertion paths (in
a primitive manner) as well as track nonparallel
cryoprobe trajectories during insertion. After inser-
tion of the cryoprobes, 3DUS assists with place-
ment verification.11,12

This original system involved a 20-second delay
with data acquisition and reconstruction, and 

provided position verification after the cryoprobe
insertion. When malalignment or malpositioning
of the cryoprobess was detected, they would have
to be withdrawn and the “blind” insertion process
repeated, followed by repeat scanning. The updat-
ed system allows detailed preplanning and accu-
rate targeting before the actual needle insertion.
The system permits real-time monitoring of the
freezing process in all 3 planes and encroachment
of the ice balls on crucial structures (i.e., rectal
wall and external urinary sphincter).

The updated system complements the improve-
ment in cryoprobe design as ultrathin 17-gauge
(1.47 mm) IceRod (Galil Medical) needles are used
in place of the larger cryoprobes (Cryocare sys-
tem) used previously.

Technique

A Philips HDI 5000 (Philips Medical Systems) ultra-

Fig. 1. Conventional coronal image of the prostate using 2-dimensional (2D) ultrasonography ((AA)). Acquiring and storing 2D images of the
prostate to create a 3-dimensional image ((BB,,  CC,,  DD)).
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sonography unit with a transrectal probe, and a
standard PC computer are wheeled into the oper-
ating room and connected together via a Matrox
Meteor II video frame grabber (Matrox Electronic
Systems, Ltd.). We use 3DUS computer software
developed at Robarts Research Institute.11 A Philips
biplanar transrectal probe (Philips Medical Systems)
is attached to a custom computer-controlled rota-
tional mover device, which is then fastened to the
operating room bed using an RTP 6000 stabiliz-
er unit (Radiation Therapy Products). Under gen-
eral or spinal anesthesia, the patient is placed in
the lithotomy position. A cystotomy is performed
using a 10-Fr. tocar percutaneous insertion set.
The transrectal ultrasonography probe is then
maneuvered into the rectum until the prostate can
be clearly seen in the transverse 2DUS image. The
linear array of the biplanar transrectal probe is used
to acquire a series of sagittal 2D images while
the probe is mechanically rotated through about
100 degrees around the long axis of the probe
via computer control (Fig. 1). The images are stored
in the corresponding position in the 3DUS image
and visualized as a 3DUS image in real time. Once
the 3DUS image of the prostate is complete, the
placement of the IceRod needles can be planned.
A template is displayed in the transverse view of
the 3DUS image indicating where the IceRod nee-
dles can be targeted by the surgeon (Fig. 2). The
surgeon maps out the respective probe positions,
leaving appropriate distances between probes,
to the lateral prostate boundaries, to the urethra
and to Denonvilliers fascia. For each IceRod posi-
tion selected, the rotational mover automatically

and immediately moves to the correct sagittal plane
such that the surgeon can follow his or her nee-
dle insertion in the 2DUS image (Fig. 3). It is also
possible to use 3DUS tracking for oblique trajec-
tories, which would be a challenge to visualize
using 2DUS. Satisfactory probe positioning in all
planes is promptly verified with 3D reconstructed
images. Following placement of all IceRod nee-
dles, a final 3DUS image is taken and the actual
insertion paths are further analyzed (Fig. 4).
Particular attention is paid to the coronal plane
and spatial relationship of the IceRod needles
relative to one another, to the urethra and to the
Denonvilliers fascia. Three thermocouples are then
inserted under 3DUS guidance, at the apex, pre-
rectal and intraprostatic locations. Flexible cys-
toscopy is repeated at this point to ensure integri-
ty of the urethra. A urethral warming device is then
inserted.

As the freezing process commences, continu-
ous 3DUS images are taken and analyzed during
the double freeze–thaw cycles to monitor the
progress of the ice ball formation (Fig. 5). These
real-time images permit vigilant monitoring of the
freezing process in all 3 planes, with special atten-
tion paid to the progression of ice ball coverage
of the entire prostate and, more importantly, prox-
imity to the rectal wall and external sphincter.

Discussion

Continuing developments of the prostate cryoab-
lation and imaging techniques have led to fur-
ther improvement in efficacy and safety for clinical

Fig. 2. Planning insertion of cryoprobes with 3-dimensional (3D) ultrasonography. Coronal ((AA)) and sagital ((BB)) 3D prostate images.
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use. Proper positioning and alignment of the cry-
oprobes is essential for complete prostate ablation
and for preventing serious complications such as
fistula formation and urinary incontinence.13,14 One
of the difficulties during cryoprobe insertion is visu-
alizing the tip of the needle if it passes into an
oblique trajectory in real time. Wei and col-
leagues15 have developed an algorithm to segment
and track brachytherapy needles inserted along
oblique trajectories. This algorithm is applicable
for all percutaneous interventions, including
prostate cryotherapy, prostate biopsy and prosta-
tic brachytherapy. In their approach, the recon-
structed oblique (sagittal and coronal) planes con-
taining the needle can be used to monitor the
needle insertion in near real time,15 and promising
results have been reported.16

A new slice-based 3D prostate segmentation
method based on a continuity constraint, imple-
mented as an autoregressive model, has recently
been described.17 This new technique is an

improvement from the standard slice-based 3D
prostate segmentation method originally proposed
by Wang and colleagues,18 which suffered from
the effect of accumulation errors.

Our current system permits careful preplanning
and targeting of probe placement with verification
in 3 dimensions, as well as real-time monitoring
of the freezing process. The intraoperative process
is streamlined and time efficient and provides cru-
cial safety checks for the cryoablation procedure.
In our most recent 25 cases, we have found that
the updated 3DUS greatly facilitated placement
compared with the earlier set-up. In due course,
once long-term follow-up data become available,
we will be able to compare our long-term results
using the 3DUS system with that of other centres
that use 2DUS. A recent study at our centre com-
paring computed tomography, T2-weighted mag-
netic resonance  imaging (MRI) and 3DUS in cal-
culating prostate volume found that 3DUS and
MRI displayed the smallest variability and the 

Fig. 3. Insertion of cryoprobes with 2-dimensional and 
3-dimensional ultrasonography (2DUS, 3DUS) tracking.

Fig. 4. Verifying with 3-dimensional ultrasonography (3DUS) cry-
oprobes positions.
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closest correspondence.19 From a practical view-
point, using MRI to guide cryosurgery would be
cumbersome compared with the simplicity and
widespread availability of ultrasonography.

The future holds the potential for focal prosta-
tic therapy as functional imaging continues to
improve. Functional imaging such as the afore-
mentioned 3DUS will be used to accurately local-
ize the bulk of the prostatic cancer through biop-
sy20 and assessment of radiological stage.21–23 It will
then be possible to use 3DUS to guide focal ther-
apies such as prostate cryotherapy,24–26 which will
be aided by automated computerized planning27,28

and techniques such as 3D bubble packing.29

Furthermore, cryotechnology is likely to continue
improving, with smaller needles leading to
decreased morbidity.30

Conclusion

The use of 3DUS combined with real-time 2DUS
offers an important advantage over conventional
2DUS cryotherapy procedures. With 3DUS, we
have the ability to preplan the cryoprobe insertion
paths, track the insertion process, verify the loca-
tions in 3 dimensions relative to the urethra and
other important anatomy and to monitor the
progress of the ice ball formation in any 3D plane
in real time. This technology deserves further eval-
uation for integration into current image-guided
therapy modalities for prostate cancer.
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