65-year-old polyvascular male patient
presented with coronary pathology (sched-
uled for stenting).

Stenosis of the left superficial femoral artery
(detected on echo-enhanced Doppler sonog-
raphy) and renal insufficiency. The patient al-
so complained about pain in the left leg and
foot.

Due to the patient's renal insufficiency, a
whole-body non-contrast MRA was per-
formed. The peripheral arteries were investi-
gated by FBl and the renal arteries underwent
a Time-SLIP study (see below).

The quality of the FBI study was good in all
segments. Complete occlusion of the left su-
perficial femoral artery was observed with
good resumption of flow downstream and
collateral circulation via deep femoral artery.
At the left popliteal artery trifurcation com-
plete occlusion at the level of the middle
third of the anterior tibial artery was ob-
served, with very sluggish flow in the first
third of this artery. We also detected a sig-
nificant short and dense stenosis at the ori-
gin of the tibioperoneal trunk, with substan-
tial reduction in downstream flow in the
peroneal and posterior tibial arterial tree due
to this pathology. Simple vessal wall irrequ-
larities were detected in the right leg.

MRA without contrast agent




70-year-old female polyvascular patient
presented with coronary artery disease and
peripheral arterial occlusive disease (previ-
ously studied in 2006 by CTA) with inter-
mittent claudication.

No renal insufficiency was observed. Contrast-
agent MRA and FBI were performed and the
images obtained were compared with the pre-
vious angiography scans. The FBI examination
yielded satisfactory image quality in all seg-
ments.

CTA

Case 5

MRA with gadolinium

Due to motion artefacts in the other segments,
the MRA results were meaningful only for the
iliac arteries.

Both modalities revealed a minor stenosis on
each external iliac artery with a good down-
stream flow but more constricted in the left leg.
This stenosis appeared larger on FBl and was of
the same size on CTA and contrast-enhanced
MRA.

FBI




59-year-old male patient presented with
lower extremity pain and an atheromatous
plaque visualized on echo-enhanced Doppler
sonography.

A CTA study was performed, followed by FBI
MRA. Both examinations yielded high image
quality results.

CT angiography revealed numerous vessel wall
calcifications in the infrarenal aorta and the
common iliac arteries. We also observed nu-
merous wall pathologies, attributable to soft

CTA

Case 6

atheromatous plaques. No significant stenosis
was observed, but the right superficial femoral
artery exhibited a greater amount of plaque,
with a collateral artery originating from the
deep femoral artery supplying the superficial
femoral artery further downstream. This collat-
eral artery was more pronounced on FBI than
on CTA, whereas the deep femoral artery was
less visible. Furthermore, a larger plague in the
left popliteal artery was much better seen on
the FBI images because of its calcification.

FBI




The renal arteries are investigated in patients
with suspected renal hypertension and/or ischemic
nephropathy and for whom endovascular or surgical
revascularization is an option.

The main objective when revascularizing renal
atheromatous stenosis is the preservation of renal
function.

Atheromatous disease affects the renal arteries
diffusely up to the most distal branches and in some
case revascularization fails to improve renal func-
tion.

For bilateral stenosis of at least 60%, generally
one has to choose between the more common ther-
apeutic options of angioplasty and stenting or left
splenorenal and right hepatorenal bypass respec-
tively, which are performed far less frequently. The
risk entailed by revascularization (obstruction, dis-
section of the renal artery, renal infarction, deterio-
ration of renal function) increases in those cases
where atheromatous plaques involve the aorta and
the coronaries. Hence the diagnostic strategy in such
cases is of utmost importance.

Diagnostic imaging should delineate the severi-
ty, extent and localization of the stenoses, visualize
the most distal arterial segments, detect all collat-
eral renal arteries (which may arise anywhere be-
tween the suprarenal aorta and the iliac arteries)
and evaluate the renal parenchyma.

The main drawback of CTA is its need for the in-
jection of iodine which entails a high risk of induced
nephropathy. However, CTA provides outstanding
spatial resolution and detecting calcifications can be
useful for stent implantation as well as for follow-
ups after stenting.

Gadolinium-MRA is realized in frontal acquisition
mode so as to allow for visualization of the entire

Examination of a healthy volunteer permit-
ting complete evaluation of renal vascular
status.

Time SLIP - axial acquisition

Case 1

aorta from its suprarenal segment down to the com-
mon iliac arteries, with a large field of view. CTA de-
tects ostial and proximal stenoses (which are most
common) with nearly 100% sensitivity and a speci-
ficity of 75-1000%, but visualizes the arterial trunks
and distal branches poorly. Artefacts due to calcifi-
cations and stents are also seen with this method.
Until recently, before some gadolinium-based con-
trast agents were linked to renal toxicity, gadolini-
um-based contrast-enhanced MRA was considered
a totally safe technique in patients with renal insuf-
ficiency.

Time-SLIP (Time-Spatial Labeling Inversion
Pulse), an innovative non-contrast MRA modality
available from Toshiba, allows for the imaging of se-
lective vessels via prior marking (tag pulse).

3D acquisition is realized via a rapid sequence of
images in T2.

A pre-saturation band is placed under the acqui-
sition volume so as to separate the arterial and ve-
nous blood flow.

A complete study entails axial acquisition for op-
timal visualization of the distal segments of the
main renal arteries and acquisition in the coronal
plane for visualization of the entire abdominal aor-
ta down to the common iliac arteries, in order to de-
tect all collateral renal arteries. A third sequence is
also carried out in order to assess parenchyma sta-
tus of the kidneys.

Case 1 was an examination of a healthy volun-
teer, on whom a complete Time-SLIP investigation of
the renal arteries was carried out. Cases 2-4 show
patients suspected with renal stenosis.

The Time-SLIP modality allows for accurate
imaging of the distal renal arteries, as well as the
renal parenchyma and the entire aorta down to
the iliac arteries.

Time SLIP - coronal acquisition




A 35-year-old female patient re-
ferred for MRA evaluation of her
hypertension. The study consisted
of a gadolinium-enhanced MRA and
a Time-SLIP, in axial acquisition cen-
tered on the renal arteries. Compar-
ison of both modalities demonstrat-
ed that the distal renal arteries were
far better seen on Time-SLIP. No sig-
nificant abnormality was observed.

Time SLIP - axial acquisition

Case 2

A 68-year-old male patient with poorly con-
trolled hypertension who presented with
acute renal insufficiency. Echo-enhanced
Doppler sonography provided no useful infor-

Time SLIP - axial acquisition

Case 3

mation in this case and thus diagnostic con-
trast-free MRA was performed. For each kidney,
Time-SLIP revealed one principal renal artery
and a collateral upper polar artery of sufficient
lumen. We observed a significant ostial steno-
sis of the main right and left arteries with sat-
isfactory preservation of distal flow; the distal
arteries were well depicted. After seeking an
expert opinion and despite the patient's poor
overall vascular status and the presence of
slightly atrophic renal parenchyma, the patient
underwent endovascular revascularization dur-
ing which both main renal arteries received a
stent.

Same polyvascular patient as in the FBI case
3 above. Because of his renal insufficiency,
only Time-SLIP could be used to explore his re-
nal arteries.

Case 4

This investigation revealed a right main artery
with atheromatous ostial plaque with an
irreqular lumen size but no significant steno-
sis; the downstream flow and depiction of the
distal branches were both satis-
factory.

Time SLIP - axial acquisition




Case 4

A significant ostial stenosis with substantially
diminished downstream flow was detected in

the main left artery and inferior polar artery. A
substantial number of atheromatous plaques
were detected in the suprarenal
and particularly in the infrarenal
vessels.

The renal parenchyma was nor-
mal.

This patient was explored and
treated by endovascular stenting
of the ostial stenosis of the main
left artery.

Studies of other lesions in these vessels (e.g.
aneurysms, dissections, fibrous dysplasias) could al-
so be realized and other applications seem promis-
ing, particularly arterial investigations of the hands
and feet using FBI, as well as Time-SLIP exploration
of the portal system and the pulmonary arteries,
coronary imaging and dynamic imaging of the
carotid arteries.

Prospective randomized studies are needed in or-
der to evaluate the sensitivity and specificity of
these modalities in the detection and assessment of
peripheral arterial stenoses.

Once the operator has acquired a modicum of ex-
perience with these modalities, studies of consis-
tently high quality can be realized and the main
artefacts avoided.
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Improving clinical performance

with innovative technology

Higher expectations in routine echocardiogra-
phy, new quantification and visualization techniques
and the ever increasing demand for workflow and
ergonomic solutions present many challenges to the
development of an echocardiography system. In par-
ticular interest in 4D ultrasound is driving changes
to system architecture, transducer design and raw
data processing capability.

Toshiba's development of Artida™ required inno-
vation in all aspects of ultrasound system design. It
was very important to have good clinical input be-
fore developing this new technology. Establishing a
Medical Advisory Board and user groups were the
most important first steps. Strong demand for imag-
ing performance, advanced applications, workflow
innovation and ergonomics drove the development
of a new range of technologies that significantly im-
pact system performance.

Conventional transducers feature a row of trans-
ducer elements which generate a two-dimensional
image. In recent years transducers with subdicing of
the elements and electronic switching to vary the re-
ceive element characteristics known as 1'% D array
(or sometime matrix) transducers have been used to
minimize beam thickness in 2D scanning. Also in
some applications 3D and 4D scanning has been

Fig. 1: SmartFocus Cardiac 4D transducer.
The smallest, lightest, highest performance 4D
transducer to date

achieved by rapidly sweeping a 1D array transducer
across a volume mechanically. However, frame rates
and footprint have not been satisfactory for cardiac
applications in such transducers.

In order to generate high-quality four-dimen-
sional imaging with excellent image quality, tempo-
ral resolution and control flexibility a true matrix
transducer approach is required. By being able to
trans-electronically control the excitation of a two-
dimensional array of ceramic elements rapidly over
time a 4D wave pattern can be created. Similarly a
4D volume can be created by carefully processing
the signal received over this array.

Furthermore, ergonomic requirements dictate
that such a transducer be compact and lightweight.
In particular the length of transducer must be min-
imized in order to make apical imaging easier. Lim-
ited space between patients' ribs dictates a small
footprint.

To achieve these requirements a new class of
transducers is required. SmartFocus technology was
developed specifically to meet these requirements.
New piezo-electric materials provide greater sensi-
tivity and resolution by increasing the bandwidth of
the transducers. Sensitivity is also improved through
new heat dissipation technology and low attenua-
tion lenses employing nanotechnology materials.

New materials, smaller subdiced elements, trans-
ducer reliability, heat loss characteristics, transduc-
er size and weight limitations mean making such a

Fig. 2: SmartFocus
Cardiac 1D
array transducer




transducer is not easy. A whole new range of ma-
chining and assembly techniques had to be devel-
oped in order to make the transducer a reality. The
result is the PST-25SX, the smallest (and important-
ly, shortest), lightest, highest performing 4D trans-
ducer available today.

Many of the improvements that enable 4D trans-
ducer can also be applied to 1D array transducers.
New materials and new manufacturing techniques
mean SmartFocus 1D array transducers also feature
improved performance in smaller, more ergonomic
designs. In particular new machining techniques
make it possible to create elements that can vary the
beam profile over depth.

SmartFocus transducer design is an integral part
of Artida’s system performance, however extracting
the most from these more sophisticated transducers
requires a new beamformer, advanced processing
techniques and substantially more computational
power.

Driving a SmartFocus transducer and processing
the volume and complexity of signal data returned
is far more challenging than in a conventional
echocardiography system. It would not be possible
without the development of the MultiCast beam-
former and the SmartCore processing engine.

The MultiCast beamformer is responsible for cre-
ating an ultrasound beam that can scan 2D and 4D
anatomy more quickly and more accurately. The
complexity of the wave pattern generated and the
high temporal resolution at which it is created re-
quire that it be fast and flexible. It contains a num-
ber of innovations. It can simultaneously generate
waves patterns that focus at different depths thus
allow dual focal points in an image without sacri-
ficing frame rate. The MultiCast beamformer can si-
multaneously transmit/receive Doppler data to/from
different destinations enabling increased color
Doppler temporal resolution. In particular small re-
gurgitant jets can be detected when this increase is
combined with the greater sensitivity of SmartFocus
transducers.

Fig. 4: Tissue Enhancement Mode
enhances myocardial definition

SmartCore is the new architecture that provides
the raw data processing power required to drive the
beamformer and transducers and to provide high
quality data to the display and advanced applica-
tions that make this data meaningful. It combines
over 80 high-performance processors with large

Fig. 3: Artida
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scale Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Arrays (FPGASs)
and high speed Digital Signal Processors (DSPs). The
design objective is to provide the fastest, most flex-
ible possible architecture for the processing of com-
plex information. SmartCore can process massive
amounts of information and extract the clinical
parameters necessary for clinical assessment and
diagnosis.

Fig. 5:2D Wall
Motion Tracking

Fig. 6:3D Wall
Motion Tracking

The increased perfor-
mance of SmartCore al-
lows numerous, previ-
ously impossible image
processing techniques
to be applied. For exam-
ple, Tissue Enhance-
ment Mode offers a
smoother, clearer ultra-
sound image than was
previously achievable.
The noise is effectively
suppressed, and the
uniformity of the image
and the visibility of the
endocardium and my-
ocardium are greatly
improved.

SmartCore is also highly configurable enabling
fundamental system performance and functionality
to be upgraded in software.

High quality data means excellent imaging per-
formance. Increasingly echocardiographers are also
asking for advanced applications. Cardiovascular
disease is a leading cause of death and is becoming



more frequent. Disease which affects wall motion
and its timing can be difficult to detect with the
naked eye. Of late quantitative applications have
been of particular interest because they offer the
promise of earlier, less subjective assessment of car-
diovascular disease.

Pattern matching techniques, widely known as
speckle tracking, allow detection and quantification
of wall motion. Wall Motion Tracking can be used to
assess abnormal motion often seen in ischemic heart
disease. Such abnormal wall motion can be observed
even when it is not apparent to the eye. Regional and
global motion can be assessed and a wide range of
parameters can be observed like displacement, ve-
locity, strain, strain rate, rotation, etc. These tech-
niques are not subject to the directional limitations
of Doppler techniques which depend on the angle of
incidence of the ultrasound beam to the moving tis-
sue. Semi-automated tracking techniques means the
total myocardium can be quickly identified and as-
sessed and a range of quantitative results and
graphical representations can be generated.

Artida features two methods of Wall Motion
Tracking: 2D Tracking (2DT) tracks 2 dimensional
wall motion (the projection of three-dimensional
movement on a two-dimensional plane). 2D Track-
ing can generate high temporal resolution data use-
ful for techniques such as dyssynchrony evaluation.

3D Tracking (3DT) can observe total, global myo-
cardial movement. 3DT is not easily achieved due to
the very large number of speckles that must be iden-
tified and tracked spatially (throughout the myo-
cardium) and temporally (throughout the cardiac
cycle). It is not possible to achieve 3DT by simply
conducting 2DT on multiple planes. New data pro-
cessing techniques including 3D speckle tracking
templates had to be developed. SmartCore Engine
processing power is the key in this technique. With

a full quantifiable volume available, true global as-
sessment of the myocardium can be made and new
parameters (like twist, torsion, etc.) can be observed.

Ergonomic and workflow considerations are in-
creasingly important in ultrasound design. Minimiz-
ing repetitive, unnatural operator movement and re-
ducing the time and effort required to conduct an
exam are central to Toshiba's ultrasound design phi-
losophy. Since 4D is a relatively new technology, it
was an area of particular focus in terms of er-
gonomics and workflow.

There are many considerations in making an er-
gonomic system. Toshiba's ergonomics philosophy is
embodied in the iStyle™ concept. It starts at the con-
trol panel. Frequently used operations are arranged
around the central palm controller so they can be
activated with minimum movement. The whole pan-
el is highly configurable. Key assignments can be
changed so that frequently used functions can be
added to the panel and positioned according to the
operator's requirement. A much greater range of
functionality is available at the Touch Command
Screen. The placement of controls of this screen is
also fully customizable. QuickScan one touch image
optimization can also substantially reduce key us-
age. The whole panel can be moved left/right, in/out
and up/down and the monitor can be positioned in-
dependently. A handle was added to the monitor to
make it easy to position. The system is very quiet in
order to improve both the operator and patient ex-
perience.

There are many workflow and ergonomic chal-
lenges in 4D ultrasound. 4D transducers are by ne-
cessity larger, there are multiple steps required to as-
sess the data and the practice of 4D is still changing

Fig. 7: SmartSlice
plane selection
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quite rapidly. As the usage of 4D increases, the im-
portance of these issues will likely increase so its im-
portant to pay close attention to them on a new
platform.

4D transducer design is discussed above in
greater detail but the main ergonomic considera-
tions are weight, size (especially length) and foot-
print. The PST-25SX transducer is the lightest and
smallest (and shortest) in class, the cable is light-
weight, flexible and long so its very well suited to
ergonomic and workflowrequirements in clinical
usage.

Since QuickScan one touch image optimization is
well accepted in 2D echo it is a very worthwhile ad-
dition to 4D. It allows rapid optimization of the im-
age quality of the entire volume in one operation.

While a lot of data is available in a 4D volume,
extracting the information from that volume can in-
volve multiple steps. Minimizing the operations re-
quired offers the possibility of substantial gains over
existing 4D solutions. SmartSlice technology was
specifically developed to make obtaining results in
4D imaging faster and easier. SmartSlice provides a
variety of tools for 4D data manipulation with a fo-
cus on simply and quickly achieving the desired view.
For example 4D plane selection is reduced to two op-

Fig. 8: iStyle
ergonomics

erations by selecting an ob-
server point in the first and
then a view direction and
slice thickness in the sec-
ond.

One difficulty with 4D in
cardiology applications is
the trade off between tem-
poral resolution and image
quality. On Artida it is pos-
sible to acquire a complete
cardiac volume in one
heartbeat. This method pro-
vides a very consistent
dataset. If users require
higherimage quality or bet-
ter frame rates then its pos-
sible to acquire the volume
over several heart cycles
and synthesize a complete
volume. A real time display
was chosen for this func-
tion so that as each data
segment is updated the vol-
ume is continually dis-
played. This makes it much
easier to monitor the volume for quality before stor-
ing or analyzing it. Irregularities caused by patient
movement or breathing can more easily be avoided.

Conclusion

Artida features changes to nearly every aspect of
echocardiography system design. Far more impor-
tant than the technical innovation though, is the de-
finition of clinical requirements that these innova-
tions must address. Through close consultation with
the Medical Advisory Board and users we could en-
sure that the new design was targeted at real clini-
cal and research requirements. Artida's basic design
philosophy centers on advanced transducer design
to provide better data, faster and more flexible sig-
nal processing to extract more information more
quickly, improvement to conventional clinical appli-
cations and new advanced applications. At every
level attention to workflow and ergonomics are an
overriding factor.

The final result is improved clinical performance
and a host of tools that provide new ways to assess
2D and 4D ultrasound data.

*Artida and iStyle are trademarks
of Toshiba Medical Systems Corporation



