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7) ABSTRACT

Prostate abnormalities such as cancer may be detected by
ultrasonic determination of the in-flow kinetics of contrast
agent-containing blood in the prostate and/or by observation
of disease-related asymmetries in the the spoke-like vascular
pattern of the prostate.
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ULTRASONOGRAPHY

[0001] The present invention relates to a method of diag-
nosing and characterising prostate abnormalities using ultra-
sound contrast agent-enhanced ultrasonography, e.g. tran-
srectal ultrasonography. In particular, the invention relates to
determination of the kinetics of contrast agent in-flow and
thus the state of vascularisation in the prostate as a means for
such diagnosis and characterisation.

[0002] Abnormalities of the prostate gland, in particular
cancer of the prostate, affect a large number of men, par-
ticularly in middle age and beyond. It is now the second
leading cause of male cancer death in the USA and is
becoming increasingly prevalent as longevity increases,
resulting in an increased number of men of older years.
Around one third of men over the age of 50 years in the USA
are thought to have cancer of the prostate and approximately
one tenth of these will die as a result of it.

[0003] Prostate abnormalities are primarily investigated
by a combination of digital rectal examination (DRE) and
evaluation of serum prostate specific antigen (PSA), possi-
bly augmented by ultrasound or magnetic resonance imag-
ing (MRI) techniques. Although sometimes used as an aid to
diagnosis, transrectal ultrasonography (TRUS), whether or
not it is augmented by the use of contrast-enhancing agents,
cannot at present be relied upon to provide unequivocal
diagnostic or characterising information about any prostate
abnormality.

[0004] Regardless of the findings of DRE, PSA evaluation
and TRUS or MRI studies, actual diagnosis of prostate
abnormalities, the most common of which are cancer, pros-
tatitis, granulomatous prostatitis, tuberculous prostatitis,
prostatic intra-epithelial neoplasia, infarcts and cysts, can at
present only be reliably based on samples taken from the
prostate by needle biopsy. Currently, up to 10 biopsy sites
are chosen randomly throughout the prostate for sampling
by the clinician. This is an unsatisfactory situation since the
random choice of sampling sites does not preclude the
possibility of missing a cancerous lesion and thus failing to
diagnose a potentially fatal disease. Furthermore, such a
procedure requires detailed laboratory analysis of a large
number of samples and is therefore costly and labour
intensive. Needless to say, such an invasive practice is
unpleasant for the patient.

[0005] Much effort has been invested in trying to improve
TRUS techniques and contrast-enhancing agents so that they
may, at the very least, be able to differentiate normal from
abnormal tissue sufficiently well to act as a guide to the
clinician in his choice of biopsy site.

[0006] Despite improvements in the enhancing ability of
contrast agents and advances in imaging methods them-
selves, TRUS is still widely regarded as being non-specific
in nature and as having made a disappointing clinical impact
in this field (Downey (1997) Current Opinion in Urology 7:
93-99). Also, because 25-40% of prostate tumours are
isoechoic and therefore not amenable to ultrasound detection
with current methods, some experts still feel that the con-
tribution to date of ultrasonography to the diagnosis and
characterisation of prostate abnormalities is minimal and
disappointing (Downey supra; Bude & Rubin (1996) Radi-
ology 200: 21-23).

[0007] Change in vascular architecture due to the induc-
tion of angiogenesis by tumour cells is known to accompany
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the establishment of all solid tumours, and is necessary to
allow tumour development and metastasis. Studies of the
changes in vascularisation which accompany tumour estab-
lishment and development quantitate the number of
microvessels present in a defined area of the tissue or organ
of interest, and use this to assess the degree of angiogenesis.
This has been shown to correlate with disease progression in
such conditions as melanoma, non-small cell lung cancer
and breast cancer and can be used in predicting metastatic
disease.

[0008] Microvessel counts (MVCs) performed micro-
scopically on samples taken from biopsy or prostatectomy
samples have revealed a positive correlation between high
MVCs and increasingly pathological stages of prostate dis-
ease (Fregene et al. (1993) Anticancer Research 13: 2377-
2382). Such studies indicate that MVC determination can
effectively discriminate between benign and malignant
tumours and can be used to estimate confidently the likeli-
hood of cancerous lesions in the prostate becoming meta-
static.

[0009] Generally speaking, malignant tissue in the pros-
tate, as with other body parts, has more microvessels asso-
ciated with it, and hence a higher MVC, than does normal or
hyperplastic tissue. Thus, determination of the state of
vascularisation in defined areas of the prostate gland corre-
lates with the state of the tissue examined. The correlation
between altered vascular geometry and tissue abnormality is
sufficiently close that analysis of vascularisation could be
used in the diagnosis, characterisation, monitoring and prog-
nosis of tissue abnormalities in the prostate. Unfortunately,
the determination of vascular constitution or MVCs in
prostate tissue may only be performed ex vivo on samples
taken from a patient by biopsy.

[0010] Attempts to visualise vascular architecture in situ
using TRUS have failed to generate the detail and resolution
necessary to allow this technique to be reliably used for the
diagnosis/monitoring of prostate abnormalities.

[0011] There is therefore a substantial need for a reliable,
non-invasive method of assessing in detail the state of
vascularisation in the prostate gland, in a manner which is
amenable to routine clinical investigation and interpretation.

[0012] The present invention is based on the unexpected
finding that abnormalities in vascular state may be assessed
by ultrasonically determining certain flow parameters of
contrast agent-containing blood as it traverses the prostate
gland.

[0013] Thus according to one aspect, the present invention
provides a method for assessing the state of vascularisation
of the prostate gland by ultrasonographically determining
the in-flow kinetics of an intravascularly administered ultra-
sound contrast agent into at least one area of the prostate.

[0014] The ultrasound image data so obtained may be used
to assess one or more of blood flow, blood volume or blood
perfusion in the area or areas of the prostate being imaged,
so that information in respect of the whole of the prostate
may be acquired.

[0015] The volume and flow rate of blood passing through
the tissues of the prostate are largely determined by the
number and nature of blood vessels carrying the blood.
Deviations from normal vascular architecture of the pros-



US 2003/0032883 Al

tate, even in tiny areas thereof, for example resulting from
injury or tumour-induced angiogenesis, result in alterations
to blood flow patterns such as the volume and flow rate
and/or the number, size and compliance of the blood vessels
within the organ. These changes are reflected in the flow
parameters and degree of perfusion of the tissues and thus
the in-flow kinetics of an ultrasound contrast agent passing
through the vascular network of the prostate.

[0016] Viewed from another aspect, the present invention
provides the use of an ultrasound contrast agent as and in the
manufacture of an image-enhancing composition for use in
the above method.

[0017] Within the context of the present invention, the
term “perfusion” may be defined as a measurement of blood
volume/tissue weight/unit time. This is a difficult parameter
to quantify directly, and with respect to the prostate gland
probably cannot be measured in situ by any currently known
technology. The degree of regional perfusion may, however,
be assessed in accordance with the present invention by
monitoring the temporal development of contrast effect in
different regions of tissue upon arrival of the injected bolus.
The arrival of contrast to tissue regions of high perfusion is
expected to take place earlier than in areas of lower perfu-
sion. However, if key variables such as the volume of
conducting vessels to different tissue regions are known, the
results can be directly interpreted as a quantitative measure
of perfusion.

[0018] The relative degree of regional perfusion may also
be assessed by power Doppler (also named “Doppler angio”
or “Doppler amplitude™) imaging. By proper selection of the
wall motion filter characteristics, a progressive weighting of
signal components from the flowing contrast agent with
increasing flow velocities can be achieved. This together
with the inherent linear relation between vascular volume
and returned echo intensity will result in a perfusion-
weighted image, since regional perfusion is well approxi-
mated by the product of vascular volume and mean flow
velocity. Image data obtained in this manner may be pre-
sented to display tissue areas of varying perfusion in differ-
ent colours.

[0019] As used herein the terms “determining” and
“assessing” include both quantification in the sense of
obtaining an absolute value for the parameter being deter-
mined or assessed and also semi-quantitative and qualitative
determinations or assessments. An index, ratio, percentage
or similar indication of the kinetics of in-flow of perfusion
of defined areas of the prostate made by imaging an ultra-
sound contrast agent flowing through the vasculature therein
may be obtained.

[0020] In essence, the method of invention involves
administering an ultrasound contrast agent to a subject and
then ultrasonically imaging the prostate of the subject by any
appropriate ultrasound imaging technique, for example as
known in the art. The image data so generated are used to
determine one or more parameters such as volume, rate of
flow, vessel diameter etc. from which the in-flow kinetics
and hence the degree of perfusion may be determined.

[0021] Information regarding the degree of tissue perfu-
sion may be used to identify sites of abnormal vascularisa-
tion, thereby facilitating diagnosis of prostate abnormalities,
evaluation of the extent or state of disease present, charac-
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terisation of any lesions identified, consideration of the best
or most appropriate form of therapy and evaluation of
prognosis. Alternatively, such information may be used to
evaluate the efficacy of therapy or the progression or regres-
sion of disease.

[0022] In-flow kinetic data and perfusion data determined
therefrom may, as described above, be used in the diagnosis,
characterisation and monitoring of any abnormalities of the
prostate which are accompanied by changes in vascularisa-
tion. In particular, however, conditions associated with aber-
rant vascularisation resulting from injury, inflammation,
hyperplasia or tumour-induced angiogenesis are particularly
amenable to identification in accordance with the invention.
Identification and determination of the in-flow kinetics and
vessel geometry of malignant and benign tumours consti-
tutes an especially preferred embodiment of the invention.

[0023] The assessment of contrast agent in-flow kinetics
provides information about temporal variations in blood
flow in the prostate. Thus, by studying the time course of
flow by measuring contrast increase, decrease and duration
of signal generation, information from the studied area(s)
may be used to distinguish normal parenchyma from abnor-
mal tissue such as cancerous, inflamed or benign prostate
hyperplastic (BPH) tissue and to distinguish between dif-
ferent degrees of abnormality.

[0024] Changes in vascular geometry caused by patho-
logical conditions usually affect small vessels in particular.
Deviations from the natural symmetry of the vascular pat-
tern of the gland may also be used to identify lesions. In the
practice of the present invention it is possible, if desired,
actually to visualise the small vessels and their geometrical
arrangements as well as to record the velocity and/or volume
of blood within the vessels. Accordingly, the invention
allows the mapping of vascular anatomy and architecture of
the prostate to be performed concomitantly with or inde-
pendently of in-flow kinetic studies.

[0025] The method of the present invention has elucidated
the existence of a spoke-like vascular pattern through which
blood and contrast agent may be observed to flow in an
inward, time-dependent, radial manner in normal prostate
tissue; deviations from this symmetrical pattern may there-
fore represent a useful marker for evaluating and/or moni-
toring prostate disease. Thus, in a further aspect, the present
invention provides a method for detecting prostate abnor-
malities in a subject which comprises administering an
ultrasound contrast agent to the vascular system of said
subject, ultrasonically imaging at least a part of the prostate
gland of said subject and analysing the ultrasound image
data so obtained for disease-related asymmetries in the
spoke-like vascular pattern of the prostate.

[0026] Any appropriate ultrasound contrast agent may be
used in the invention and it is clear to the person skilled in
the art that different contrast agents may be more or less
suitable for use with different imaging techniques, or indeed
using the same imaging technique but different parameters
or instrument settings. In general, any free-flowing tracer
may be used.

[0027] For the assessment of perfusion of the prostate,
accumulating contrast agents such as those exemplified in
WO-A-9817324 may be particularly useful. Deposition of
contrast agent may be related to and thus correlate with
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perfusion, hence facilitating the identification of the locality
of cancers or other abnormalities resulting in aberrant vas-
cular architecture and thus local variations in blood flow in
the tissues.

[0028] One preferred class of ultrasound contrast agents
useful in accordance with the invention comprises gas, for
example, perfluorocarbon gas, microbubbles stabilised by
amphiphilic material consisting essentially of phospholipid
predominantly comprising molecules which individually
have an overall net charge, as described in WO-A-9729783,
the contents of which are incorporated herein by reference.
Agents in which one or more phosphatidylserines constitute
at least 70% of the phospholipid content and in which the
gas content comprises sulphur hexafluoride or a C,_g fluori-
nated (e.g. perfluorinated) hydrocarbon such as perfluoro-
propane, perfluorobutane or perfluoropentane are particu-
larly preferred.

[0029] Any appropriate ultrasound imaging technique
may be used in the method of the invention, for example
fundamental B-mode imaging; harmonic B-mode imaging
including reception of sub-harmonics, the second and higher
harmonics and sums and differences of specific harmonics;
and Doppler techniques such as tissue Doppler imaging,
optionally including selective reception of fundamental,
harmonic or sub-harmonic echo frequencies; colour Doppler
imaging, optionally including selective reception of funda-
mental, harmonic or sub-harmonic echo frequencies; power
Doppler imaging, optionally including selective reception of
fundamental, harmonic or sub-harmonic echo frequencies;
power or colour Doppler imaging utilising loss of correla-
tion or apparent Doppler shifts caused by changes in the
acoustic properties of contrast agent microbubbles such as
may be caused by spontaneous or ultrasound-induced
destruction, fragmentation, growth or coalescence; pulse
inversion imaging, optionally including selective reception
of fundamental, harmonic or sub-harmonic echo frequen-
cies, and also including techniques wherein the number of
pulses emitted in each direction exceeds two; pulse inver-
sion imaging utilising loss of correlation caused by changes
in the acoustic properties of contrast agent microbubbles
such as may be caused by spontaneous or ultrasound-
induced destruction, fragmentation, growth or coalescence;
Pulse pre-distortion imaging, e.g. as described in 1997 IEEE
Ultrasonics Symposium, pp. 1567-1570; ultrasound imaging
techniques based on comparison of echoes obtained with
different emission output amplitudes or waveform shapes in
order to detect non-linear effects caused by the presence of
gas bubbles; ultrasound imaging techniques where images
are taken at different acoustic output levels such as one with
high power and up to ten (e.g. two or three) are taken at low
power; ultrasound imaging techniques based on comparison
of echoes obtained with any one the above mentioned
techniques, in order to study the wash-in of contrast agent
(e.g. time-intensity profile) after the agent has been
destroyed or modified by one of several high energy ultra-
sound pulses, for example by transmitting a series of high
energy pulses at high frame-rate followed by a series of low
amplitude pulses at low frame-rate (fixed rate or triggered by
the ECG signal); ultrasound imaging techniques based on
comparison of echoes obtained with any one the above
mentioned techniques, in order to study spatial and temporal
speckle variations after injection of a contrast agent as
described in WO-A-9712551; ultrasound imaging tech-
niques based on detecting local aberrations in vasculated
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tissue perfusion and/or compliance by generating wave-
forms representative of arterial pulsatility and analysing said
waveforms for variations characteristic of local aberrations
in perfusion and/or compliance, as described in our Inter-
national Application of even date based on UK Patent
Application No. 9726773.6; and ultrasound imaging tech-
niques where the images are gated to the cardiac cycle, e.g.
ECG, or gated to other physical movements such as breath-
ing, for example as described in U.S. Pat. No. 5,735,281.

[0030] Of the above mentioned techniques, power Dop-
pler is a preferred one. Other preferred techniques are pulse
inversion and second harmonic B-mode imaging particu-
larly combined with analysis of temporal contrast-induced
speckle variations, enabling assessment of the local vessel
architecture and degree of vascularity with high resolution
and sensitivity. These techngiues may be further combined
with subtraction of the tissue background signal.

[0031] Combining any of the above mentioned techniques
with three dimensional acquisition and reconstruction the
ultrasound image is possible, allowing assessment of the
three dimensional vessel architecture and vascular state to be
performed. Doppler based methods can be used for this
purpose, but pulse inversion and second harmonic B-mode
imaging are preferred as they provide excellent spatial
resolution and are independent of direction and rate of flow,
and hence may provide information on vascular geometry
and vascular state with excellent resolution, as well as
information regarding the microcirculation. A further
improvement may be obtained by combining with speckle
variation analysis and employing tissue background sub-
straction, the use of power Doppler being preferred in such
embodiments.

[0032] A single imaging technique may be used in prac-
tising the method of the invention or a number or combi-
nation of different imaging techniques may be used in a
single investigative session to determine the in-flow kinet-
ics. Depending on the particular site within the prostate
being examined, e¢.g. whether peripheral, periuretheral or
parenchymal regions are examined, different contrast
agents, imaging techniques or combinations thereof may
provide better resolution or definition or reduced noise or
motion-induced artefacts. Such flexibility is an advantage of
the method of the invention and information generated by
more than one ultrasound contrast agent and/or more than
one imaging technique may be used in performing the
method of the invention.

[0033] Techniques as disclosed in the aforementioned
International Application of even date based on UK Patent
Application No. 9726773.6 include the use of power Dop-
pler imaging, i.e. Doppler imaging in which signal intensi-
ties in respect of velocities above a certain level are mea-
sured, in conjunction with intravascularly administered
contrast agents to identify local aberrations in vasculated
tissue perfusion and/or compliance. As well as giving a
general increase in signal intensity which enables visuali-
sation of blood flow within very small vessels, the presence
of contrast agent improves the signal-to-noise ratio com-
pared to imaging without contrast agent, thereby permitting
use of a shorter temporal image averaging time constant than
is normally employed in power Doppler imaging. This in
turn allows the visualisation of waveforms representing
arterial pulsatility in perfused tissue, for example as cardiac-
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synchronous pulsatile flashing patterns. Analysis of such
pulsatile patterns to detect the temporal and spatial pattern of
variation in the Doppler signal permits significantly more
precise detection and imaging of local aberrations in tissue
perfusion and/or compliance than do the hitherto used
methods based on Doppler velocity waveform indices. Such
embodiments facilitate tumour detection since the lack of
vascular tissue differentiation in malignant tumour vessels
may cause resistance and compliance conditions different
from normal tissue.

[0034] Imaging techniques such as B-mode imaging, espe-
cially harmonic techniques such as second harmonic
B-mode imaging may, for example, be used to record arterial
pulsatility waveforms generated as a result of volume pul-
sations induced within the vascular system of the prostate by
the cardiac cycle.

[0035] Any appropriate imaging equipment operating in
intensity mode may be employed, for example comprising a
phased-array sector or linear array ultrasound scanner. In
Doppler investigations the tissue movement artefact filter is
advantageously set to a relatively high value, and is prefer-
ably selected to have characteristics which result in
smoothly decreasing signal sensitivity as velocities
approach zero; filters having a linear power versus fre-
quency curve are particularly preferred. Such high-pass
filtering modulates the intensity of the displayed signal in a
linear manner and may generate a pulsatile pattern as arterial
blood velocities vary from being above and below the
threshold. It is generally preferred that the intensity signal
should be processed linearly with no logarithmic compres-
sion; such processing may be effected without regard to
background tissue echo properties.

[0036] In order to enhance the sensitivity of phase shift
detection, signal detection is preferably made with respect to
a frequency and phase reference, for example derived from
an electrocardiogram (ECG) or similar cardiac-synchronous
signal. Other natural rhythms such as the respiratory cycle
may similarly be used; venous flow velocities are modulated
by respiration, as is the sympathetic innervation of periph-
eral resistance vessels. Alternatively or additionally, exter-
nally applied reference pulses, e.g. with frequencies of up to
100 Hz, may be used; thus, for example, a mechanical
vibrator may be positioned above a major artery so as to
transmit pressure pulsations into the bloodstream.

[0037] Signal processing may be effected by calculating
the phase and amplitude of the intensity signal pulsation at
the reference frequency or a whole number multiple thereof
for each relevant pixel in the image, for example using a
Fourier transform; if desired, the image may first be deci-
mated by two dimensional low-pass filtering and re-sam-
pling. If a series of Doppler intensity images (I;, L, . . . Iy)
within a cardiac reference cycle are obtained at times t,, t,

. .t and two successive ECG r-wave detection events
defining this cycle occur at T, and T,, then the complex
Fourier sum at a given pth harmonic of the heart rate for a
given pixel (x,y) can be calculated as

Install Equation Editor and double-click here to view
equation.

[0038] This calculation may be repeated for a number of
successive cardiac cycles, and the resulting Fourier coeffi-
cients may be averaged to improve the signal-to-noise ratio.
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Alternatively, such averaging may be effected for real-time
applications by time constant low-pass filtering.

[0039] The complex Fourier coefficient may, for example,
be used to construct a coloured imaging which may if
desired be overlaid on a grey-scale tissue image. Thus, for
example, complex values based on Fourier coefficients for
the fundamental heart rate frequency (p=1) may be encoded
with the absolute value as brightness and the phase as colour
(e.g. using a continuous circular rainbow scale). Areas of
detectable perfusion will then be more or less bright, whilst
regions of compromised circulation will be identified by
colour variations indicative of phase distortion. Information
contained in higher harmonics of the heart rate frequency
(p>1) may additionally or alternatively be used to increase
the sensitivity of phase shift detection.

[0040] Alternatively, several simultaneous variables may
be calculated and used in multivariate statistical tissue
characterisation. Representative variables which may be
used in this way are the phase and amplitude of the signal at
the heart rate or a harmonic thereof, the temporal mean value
of the signal intensity and the peak signal intensity during a
cardiac cycle.

[0041] Techniques such as ECG-gated coherent averaging
may be used to build up an accurate map of regional
pulsatility for a whole image; if desired, empirical pulsatility
indices may be calculated and displayed, for example as a
colour overlay image. A reasonable estimate of the coherent
averaged cycle may be obtained by reverse Fourier trans-
formation of discrete coefficients for a limited set of values
of p or by performing coherent averaging in time domain,
compensating for the variable duration of cardiac cycles by
time axis interpolation.

[0042] A further improvement may be obtained by com-
bining any of the above mentioned techniques with three
dimensional acquisition and reconstruction of the ultrasound
image, allowing assessment of the three dimensional vessel
architecture and vascular state to be performed. Doppler
based methods may be used for this purpose, but pulse
inversion imaging and harmonic imaging techniques such as
second harmonic B-mode imaging may be preferred as they
provide excellent spatial resolution and are independent on
direction and rate of flow and hence these methods may
provide information on vascular geometry and vascular state
with excellent resolution containing information of the
microcirculation. A further improvement may be obtained in
combination with speckle variation analysis and/or tissue
background subtraction.

[0043] In the method of the invention in general, the
means for transmitting and receiving the ultrasound signals
may be any appropriate means known to one skilled in the
art but is preferably a transrectal transducer. Such transduc-
ers may be brought into close proximity with the target area,
with the consequential advantage that signal attenuation by
intervening tissue etc. is minimised. Since attenuation
increases with frequency this permits use of relatively high
frequency ultrasound irradiation so as to obtain images with
enhanced resolution.

[0044] The frequency at which the ultrasound signals may
be transmitted and/or received may, for example, be in the
range 0.1-18 MHz, e.g. 4-11 MHz and more preferably
between 6 and 9 MHz. Depending on the nature of the
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imaging technique, the frequency of the received signal may
be the same as that of the transmitted signal, for example as
in fundamental B-mode imaging, or it may be a harmonic
thereof, for example as in second harmonic imaging, where
if the transmitted signal has a frequency of 4 MHz the signal
received will have a frequency of 8 MHz.

[0045] An important advantage of the present invention is
that ultrasound image data from essentially any area of the
prostate may be analysed and the in-flow kinetics and degree
of perfusion from the assessed areas determined. A hitherto
unobtainable thoroughness and clarity may be achieved and
essentially every area of the entire gland may be analysed for
areas of abnormal vascularisation. The benefit of this
method relative to the random needle biopsy sampling is
clearly substantial, particularly in terms of clinical confi-
dence, accuracy and reliability.

[0046] The ability to reliably assess vascularisation, for
example using TRUS technology signifies a great step
forward in this field by allowing physicians to visualise
essentially any site on or in the prostate, in a non-invasive
manner and the ability to generate high quality images
allows detailed assessment of the state of vascularisation in
an indirect manner. Thus, all areas and not just randomly
selected areas of the prostate may be analysed in a single
screening procedure and a more thorough examination of the
whole prostate is performed. Clearly the method of the
invention is much more satisfactory from a clinical point of
view and is also much more acceptable to the patient. Even
when biopsy sampling still proves necessary unequivocally
to identify the nature of a lesion, the method of the present
invention allows the clinician specifically to identify the
sites in need of biopsy and dispenses the need for random
“hit and miss” sampling.

[0047] The following non-limitative examples serve to
illustrate the invention.

[0048] Preparation 1
[0049] a) Perfluorobutane Gas Dispersion
[0050] Hydrogenated phosphatidylserine (100 mg) in 20

ml of an aqueous solution of propylene glycol (0.3 g) and
glycerol (1.0 g) was stirred at SOEC for 20 minutes and the
resulting liquid mixture was allowed to cool to room tem-
perature. The headspace above the liquid was flushed with
perfluorobutane gas and upon sonication yielded a milky
white microbubble dispersion.

[0051] b) Dispersion of Lyophilised Perfluorobutane Gas
Dispersion

[0052] A sample of the milky white dispersion prepared as
in (2) above was washed 5-10 times by flotation and removal
of the infranatant. The sample was redispersed in water for
injection. The washed gas dispersion was mixed with an
equal volume of 10% sucrose solution. Volume median
diameter was determined at room temperature to be in the
range 3 to 4 micrometers by a Coulter Counter instrument
fitted with a 50 yum aperture and having a measuring range
1-30 um; Isoton I was used as electrolyte.

[0053] 1 ml portions of the washed gas dispersion in 5%
sucrose were transferred to 2 ml vials and lyophilised.
Redispersion for injection was done in water to a
microbubble concentration of 5-15 ul/ml.
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EXAMPLE 1

[0054] Imaging of Normal Prostate After Injection of
Ultrasound Contrast Agent

[0055] An HDI 3000 ultrasound scanner with a C9-5 ICT
transrectal probe was used to examine a 24 kg male mongrel
dog sedated by intramuscular administration of a mixture of
0.04 mg/kg atropine sulfate, 0.75 mg/kg acepromazine and
23 mg/kg ketamine hydrochloride. Sedation was maintained
with intravenous injections of 8 mg/kg pentobarbital.

[0056] An 18 gauge angiocatheter was placed in a fore-
limb vein, a dose of 0.0125 ul microbubbles/kg of the
contrast agent of Preparation 1 were injected, and power
Doppler images being recorded before and after injection.
The instrument settings were adjusted to obtain optimal
contrast images.

[0057] 13 seconds after injection of contrast agent very
few vessels could be seen and there was no significant
contrast enhancement. At 15 seconds after injection contrast
began to appear in the peripheral regions on both sides of the
prostate, indicating that the blood supply to the prostate
starts in the peripheral region. At 16 seconds after injection
contrast had advanced from the peripheral regions towards
the centre of the prostate and a spoke-like vascularity pattern
was evident; this became better visualised over the next few
seconds.

EXAMPLE 2

[0058] Prostate Ablation

[0059] An HDI 3000 ultrasound scanner with a C9-5 ICT
transrectal probe was used to examine a 25 kg male mongrel
dog sedated by intramuscular administration of a mixture of
0.04 mg/kg atropine sulfate, 0.75 mg/kg acepromazine, and
23 mg/kg ketamine hydrochloride. Sedation was maintained
with intravenous injections of 8 mg/kg pentobarbital.

[0060] An 18 gauge angiocatheter was placed in a fore-
limb vein, a dose of 0.006 I microbubbles/kg of the contrast
agent of Preparation 1 were injected, and fundamental
B-mode and power Doppler images were recorded. The
instrument settings were adjusted to obtain optimal contrast
images. The spoke-like vascular pattern described in
Example 1 was clearly recognisable approximately 3 min-
utes after injection of contrast agent.

[0061] A laser tissue ablation needle was placed in a
targeted area of the prostate using a transurethral approach,
and ablation was performed with a 10 watt laser irradiation
for 3 minutes. Neither the location nor the size of the
resulting ablation could be visualised using B-mode imaging
or power Doppler imaging in the absence of contrast agent.
However, approximately 2 minutes after injection of con-
trast agent, it was possible to detect a normal spoke-like
vascularity pattern on the left side of the prostate and a
disturbance of normal vascularity on the right side, this
representing the ablation.

EXAMPLE 3

[0062] 2nd Harmonic B-mode Imaging

[0063] An HDI 3000 ultrasound scanner with a 1.10-5 ICT
linear array transabdominal probe was used to examine a 24
kg male mongrel dog sedated by intramuscular administra-
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tion of a mixture of 0.04 mg/kg atropine sulfate, 0.75 mg/kg
acepromazine, and 23 mg/kg ketamine hydrochloride. Seda-
tion was maintained with intravenous injections of 8 mg/kg
pentobarbital.

[0064] An 18 gauge angiocatheter was placed in a fore-
limb vein, a dose of 0.1 #l microbubbles/kg of contrast agent
from Preparation 1 was injected and continuous second
harmonic B-mode imaging was performed. The instrument
settings were adjusted to obtain optimal contrast images.

[0065] Contrast enhancement caused by the presence of
contrast agent was seen throughout the prostate, as expected
for a normal gland where all areas are perfused. The rela-
tively homogeneous appearance of the image indicated that
contrast agent present in small vessels and capillaries was
detected.

EXAMPLE 4

[0066]
teers

Imaging of the Normal Prostate in Human Volun-

[0067] After pre-study screening, including physical
examination and medical history analysis, 5 healthy male
volunteers aged 18 to 25 years old were included in a phase
II clinical study to evaluate the vascular pattern in the
prostate.

[0068] Firstly, baseline examinations of the prostate were
performed in both transverse and longitudinal projections.
Three different imaging modalities were used: fundamental
B-mode, followed sequentially either by colour Doppler and
then power Doppler, or by power Doppler and then colour
Doppler. The same procedure was repeated after injection of
the contrast agent (Preparation 1).

[0069] For fundamental B-mode imaging, a dose of 0.3 ul
microbubbles/kg was given. For the more sensitive Doppler
techniques lower doses (0.03 ul microbubbles/kg) were
given. Multiple injections were given, one before each view
(transverse and longitudinal projection) using the three
different imaging modalities.

[0070] The contrast agent was injected at a rate of approxi-
mately 1 ml per second by connecting the syringe directly to
a venflon (18G cannula) port.

[0071] Acuson Sequoia No. 512 ultrasound equipment
with an endocavital transducer was operated at 7 MHz, with
images being recorded before and after contrast agent injec-
tion. The instrument settings were adjusted to obtain optimal
contrast images. Vascular patterns of the prostate were
subjectively evaluated using an ordinal 4-point scale (poor,
fair, good, excellent).

[0072] Normal vascularity was further described by the
following observations:

[0073] Filling from the periphery to the center (yes/
no)

[0074] Radial pattern (yes/no)
[0075] Symmetry (yes/no)

[0076] Ewvaluation of the images obtained revealed results
similar to those of Example 1. Visualisation of the vascular
pattern of the normal prostate was distinctly better after the
contrast agent appeared in the prostate. The contrast
appeared first in the peripheral region, and subsequently
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drained toward the center of the prostate. A spoke-like
vascular pattern of the prostate was observed. Colour Dop-
pler and power Doppler images were distinctly better and
revealed more detail than fundamental B-mode imaging.

EXAMPLE 5

[0077] Imaging of the Prostate in Subjects Suspected of
Having Prostate Cancer

[0078] Male subjects suspected of having prostate cancer
and scheduled for transrectal ultrasound-guided core biopsy
of the prostate at an outpatients department were included in
the study. Positive indicators of prostate cancer were
elevated prostate specific antigen, positive digital rectal
examination and fine needle aspiration biopsy, either alone
or in combination.

[0079] Firstly, baseline examinations of the prostate were
performed, in both the transverse and longitudinal projec-
tions. Three different imaging modalities are used: funda-
mental B-mode, followed sequentially either by colour and
then power Doppler, or by power Doppler and then colour
Doppler. After the baseline examination, the same procedure
was repeated after injection of the contrast agent (Prepara-
tion 1).

[0080] For fundamental B-mode imaging, a dose of 0.3 ul
microbubbles/kg was given. For the more sensitive Doppler
techniques lower doses (0.03 ul microbubbles/kg) were
given.

[0081] The injection of the contrast agent was performed
at a rate of approximately 1 ml per second by connecting the
syringe directly to a venflon (18G cannula) port.

[0082] Acuson Sequoia No. 512 ultrasound equipment
with an endocavital transducer is operated at 7 MHz. The
instrument settings were adjusted to obtain optimal contrast
images.

[0083] In a representative power Doppler imaging proce-
dure, contrast enhancement was observed to begin in the
peripheral zone on the right side of the prostate about 20
seconds after injection of contrast agent. 28 seconds after
injection of contrast agent, this area showed a highly sig-
nificant contrast enhancement compared to the correspond-
ing area on the left side of the prostate. In addition, the
vascular architecture within the area on the right side of the
prostate indicated that this area contained pathological tis-
sue.

[0084] 40 seconds after injection of contrast, contrast
enhancement was more equally distributed throughout the
prostate and only the different vascular architecture in the
peripheral zone on the right side of the prostate indicated
pathological tissue.

[0085] Confirmation of Prostate Cancer by Biopsy

[0086] Core biopsies taken from the area where contrast
first appeared showed a marked enhancement and had a
different vascular architecture compared to the left side of
the prostate. The biopsies verified that the subject had
prostate cancer, located in an area within the peripheral zone
at the right side of the prostate.
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[0087] Comparison Between Imaging Modalities

[0088] Imaging of the same subject as described above
using power Doppler, was also done using fundamental
B-mode and colour Doppler imaging. Colour and power
Doppler images gave essentially the same information, and
these methods were distinctly better, revealing more detailed
information than fundamental B-mode imaging.

[0089] Thus, in-flow kinetics and vascular architecture of
different, areas of the human prostate were possible to
evaluate after injection of contrast agent. This information
can be used to distinguish between normal and pathological
tissue.

EXAMPLE 6

[0090] Imaging of the Prostate in a Human Subject with
Prostate Cancer

[0091] A human subject with known prostate carcinoma is
imaged by harmonic power Doppler ultrasound. The instru-
ment is adjusted for a high frame rate with no image
persistance. The subject’s ECG is recorded simultaneously.

[0092] A bolus (0.03 ul microbubbles/kg) of the contrast
agent described in Preparation 1 is then injected and a 10
second sequence of ultrasound images is recorded by digital
means in the steady state blood pool recirculation phase of
the contrast agent. The images are analysed by extracting the
exact frequency and phase of the heart rate from the ECG
r-waves and calculating the discrete complex Fourier coef-
ficient at this frequency for the temporal variations in
brightness for each pixel in the image. A new image is then
calculated, where local brightness is derived from the mag-
nitude of the Fourier coefficient and colour is derived from
the phase. The brightness and the colour of the lesions will
differ from the surrounding normal prostate tissue due to
differences in microvascular resistance and compliance
between the tissues.

1. A method for assessing the state of vascularisation of
the prostate gland by ultrasonographically determining the
in-flow kinetics of an intravascularly administered ultra-
sound contrast agent into at least one area of the prostate.

2. Amethod as claimed in claim 1 wherein the ultrasound
contrast agent is administered as a bolus and the degree of
regional perfusion within the prostate is assessed by moni-
toring temporal development of contrast effect caused by
arrival of said bolus in different regions of prostate tissue.

3. A method as claimed in claim 1 or claim 2 wherein
ultrasound image data in respect of inward radial flow of
contrast agent-enhanced blood within the spoke-like vascu-
lar pattern of the prostate are generated.

4. A method as claimed in any of the preceding claims
wherein perfusion-weighted ultrasound image data are gen-
erated using power Doppler imaging.

5. A method as claimed in any of claims 1 to 3 wherein
ultrasound image data are processed to generate waveforms
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representative of arterial pulsatility and said waveforms are
analysed for variations characteristic of local aberrations in
tissue perfusion and/or compliance within the prostate.

6. Amethod as claimed in claim 5 wherein the ultrasound
image data are generated by power Doppler imaging.

7. Amethod as claimed in claim 6 wherein the ultrasound
image data are processed by high-pass filtering at a threshold
such that a pulsatile pattern is generated as arterial blood
velocity varies above and below said threshold.

8. Amethod as claimed in claim 5 wherein the ultrasound
image data are processed with respect to a frequency and
phase reference.

9. A method as claimed in claim 8 wherein said frequency
and phase reference is a cardiac-synchronous signal.

10. A method as claimed in claim 8 or claim 9 wherein the
ultrasound image data are processed to generate phase
information and phase shift detection is employed to identify
potential local aberrations in tissue perfusion and/or com-
pliance within the prostate.

11. A method as claimed in any of claims 8 to 10 wherein
the ultrasound image data are generated by power Doppler
imaging, harmonic imaging or pulse inversion imaging.

12. A method as claimed in any of the preceding claims
which is combined with three dimensional acquisition and
reconstruction of ultrasound image data.

13. A method as claimed in any of the preceding claims
wherein the ultrasound contrast agent comprises gas
microbubbles stabilised by amphiphilic material consisting
essentially of phospholipid predominantly comprising mol-
ecules which individually have an overall net charge.

14. A method as claimed in claim 13 wherein the
amphiphilic material comprises one or more phosphati-
dylserines constituting at least 70% of the phospholipid
content and in which the gas content of the microbubbles
comprises sulphur hexafluoride or a C,_4 fluorinated hydro-
carbon.

15. A method as claimed in claim 14 wherein the gas
content of the microbubbles comprises perfluoropropane,
perfluorobutane and/or perfluoropentane.

16. A method as claimed in any of the preceding claims
wherein the ultrasound image data are generated using a
transrectal transducer.

17. A method for detecting prostate abnormalities in a
subject which comprises administering an ultrasound con-
trast agent to the vascular system of said subject, ultrasoni-
cally imaging at least a part of the prostate gland of said
subject and analysing the ultrasound image data so obtained
for disease-related asymmetries in the spoke-like vascular
pattern of the prostate.

18. Use of an ultrasound contrast agent in the manufacture
of an image-enhancing composition for use in a method
according to any of the preceding claims.
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