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The Next Revolution: 256*-Slice CT

From 4-16-64-slice systems, the breath-hold time for helical scanning of the heart has 
been significantly reduced.   However, it is only with the 256-slice system that the entire 
heart can be covered in a single rotation.

* Work in progress.

256 Detector CT image of Human Heart with 128mm coverage per rotation.†
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Early Breakthroughs  
Each technological breakthrough in CT removed old barriers and 
challenged the clinical community to think about CT imaging in 
new ways.  The introduction of slip ring technology and helical 
scanning1, for example, made it possible to cover volumes of 
anatomy within a single breath-hold, thus paving the way for lung 
and body imaging.

Similarly, four-slice technology enabled the first truly volumetric 
CT scans. Toshiba’s Aquilion™ 4-detector, a hybrid detector array, 
created a choice between wide anatomic coverage or thin 
resolution slices.  The Quad employs 0.5mm slice thickness to 
obtain isotropic resolution for images needing high resolution such 
as musculoskeletal imaging or Circle of Willis CTA.  It can also 
employ thicker slices to provide large coverage in a single breath-
hold when imaging the chest and abdomen.  An entirely new 
generation of CT exams such as CT angiography, including CT 
pulmonary angiography, CT colonography and CT urography was 
made possible by this new technology.  This new flood of clinical 
applications, however, came with the challenge of handling larger, 
more complex datasets which required the routine use of 
multiplanar and 3D images to aid diagnosis.

Sixteen Slices and Shorter Breath-holds 
It was not until the sixteen slice systems became available that the 
next breakthrough in CT was realized.  With the Aquilion 16 it 
became possible to cover the entire lung field with 0.5mm slices in 
about 13 seconds, which is an achievable breath-hold.  It was also 
possible to keep up with the contrast bolus in a peripheral runoff 
exam.  This ability to accurately image virtually any anatomy 
quickly made the Aquilion 16 the workhorse of many radiology 
departments. However, it was vascular imaging and 
musculoskeletal that brought Aquilion’s clinical versatility to the 
forefront.

Cardiac Imaging 
The Aquilion 16 produced the fine isotropic resolution necessary 
to depict tiny coronary vessels, while achieving a manageable 
breath-hold of less than 30 seconds.  While there were some 
published papers detailing the use of four-slice coronary 
imaging2,3,4,5, it was not until sixteen slice technology that 

widespread clinical interest took hold6,7,8,9,10,11.  Unfortunately, with 
breath-hold times in the 25-30 second range, coronary imaging 
with the sixteen is not necessarily routine, as a percentage of the 
vessel segments are often non-assessable due to motion artifact 
because many patients were unable to tolerate the long breath-hold 
required.

64 -slice Eliminates Tradeoffs 
Routine coronary artery imaging has only recently emerged with 
the advent of true 64-slice technology.  Unlike any predecessors, 
Toshiba’s Aquilion 64 covers its entire 32mm detector  with 
0.5mm slices, which completely eliminates any trade-off between 
coverage and resolution.  With the Aquilion 64, clinical 
applications can be performed at 64 x 0.5mm slices, yielding fine 
isotropic resolution with excellent speed and coverage.  This means 
that the entire coronary tree can be imaged in 6-to-9 seconds.  
The main advantage of these short breath-holds is that the 
patient’s heart rate typically remains regular over this period, 
resulting in vastly improved coronary image quality since 
conventional, non-adaptive cardiac reconstruction algorithms are 
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Once relegated mostly to cranial imaging, multi-slice CT has undergone a 
technological revitalization that’s made it the modality of choice in an 
increasingly diverse range of clinical applications. But, as a look back reveals, 
the road from one slice to 256 is paved with quantum leaps in technical 
innovation – especially in detector design and technology.
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most effective when the heart rate is steady.  Patient tolerance of the 
exam is also greatly improved.  

Reconstruction Algorithms 
For patients with erratic heart rates, ectopic beats or atrial fibrillation, 
a good adaptive segmented reconstruction algorithm can minimize 

motion artifacts and significantly reduce banding and other 
misregistration artifacts12,13. Dewey et al showed that Toshiba’s 
SURECardio™  adaptive segmented reconstruction algorithm notably 
improved the sensitivity, specificity and accuracy of detecting 
significant stenoses and measurably reduced the number of non-
assessable arteries over half-scan reconstructions of the same data14. 

Whole-Organ Coverage 
While the 64-slice technology makes coronary artery imaging 
routine, its 32mm of coverage still isn’t large enough to image the 
entire heart in a single rotation.  One technology that has been 
proposed for true volumetric imaging is the flat panel CT system15,16.  
This system’s main advantage is spatial resolution, which can be as 
low as 0.25mm in all dimensions. However, it is plagued by a limited 
field of view, slow scan speeds (which limit the temporal resolution), 
poor scatter rejection and poor low-contrast detectability.  These 
limitations make the flat panel system a poor candidate for a cardiac 
scanner, which needs good temporal and low contrast resolution 
along with its spatial resolution.  Dynamic cardiac imaging would not 
be possible with a flat panel system.  

While a 128-slice system would provide 64mm of coverage in a single 
rotation, it still does not have enough coverage to image a 120mm 
heart without moving the table.  This can lead to potential 
misregistration artifacts at the volume boundaries and, more 
importantly, would limit dynamic studies such as first pass perfusion.  
An ideal organ scanner should have the ability to image the entire 
organ in a single rotation of the CT gantry with no table motion. 

For true volumetric cone beam CT to realize its full potential and 
enjoy broad clinical acceptance, it must acquire wide-area coverage 
while maintaining the advantages of conventional CT: fine spatial 
resolution, fast temporal resolution, and above all, superior low-
contrast resolution.  Otherwise, it becomes a niche system with 
limited clinical utility that can only be used for a limited number of 
applications. 

Toshiba’s 256 -slice System 
Achieving complete coverage of the heart or other organs within a 
single rotation requires a system capable of covering at least 120mm 
of anatomy with no table movement. Toward this end, Toshiba, in 
cooperation with the NEDO (New Energy and Industrial 
Technology Development Organization) in Japan, has successfully 
developed two prototype 256-slice CT systems17 based on the 
Aquilion platform’s core technology. 

Utilizing Toshiba’s proven gantry design and high-efficiency detector 
material, these systems cover 128mm of anatomy with 0.5mm slices, 
producing fine, isotropic resolution of the heart during a single gantry 
rotation.
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The patented detector material featured on the prototypes offer the 
same excellent, low-contrast performance as the rest of the Aquilion 
line. Fast decay time and low afterglow properties ensure that the 
systems are fast enough for dynamic cardiac imaging, while excellent 
stopping power and high light-output make them highly dose 
efficient.

Clinical Development 
Over the past several years, there have been numerous reports 
published detailing the design, development and performance of the 
256-slice scanner18,19,20,21*. In 2004, Mori et al compared several image 
quality metrics of the prototype 256-slice system with those of a 
conventional CT system.  They found that the prototype 256 system 
has very similar spatial resolution, noise and uniformity between the 
two systems18. 

In another study, Mori et al showed that the prototype 256-slice 
scanner performed equally as well in standard radiographic 
examinations as a conventional system22.  After scanning eight 
healthy volunteers on the prototype system with axial exams of the 
head, chest, abdomen and pelvis, they found image quality equivalent 
to conventional CT using the same dose. 

Imaging Large Organs 
The primary benefit of wide volume coverage is the ability to perform 
dynamic examinations of large organs, such as the heart and liver.  
Funabashi et al examined Toshiba’s prototype 256-slice scanner to 
evaluate its blood flow dynamics in porcine hearts and livers23.

This study showed the unit’s clear advantage over conventional 
systems in obtaining dynamic perfusion information from the entire 
liver.  With a conventional system, it was possible to acquire phasic 
information of the entire volume by performing multiple helical runs 
or obtain dynamic information over a very limited anatomic volume, 
but not both. Researchers also demonstrated the Toshiba prototype’s 
advantages in visualizing cardiac shunt flow and other blood flow 
disorders. 

Most recently, Kondo et al used the 256-slice system to image the 
hearts of two human volunteers24.  They showed that the system 
could successfully visualize the coronaries, myocardial contraction 
and myocardial enhancement during a single imaging exam. They 
also found the system’s radiation dose to be approximately 2mSv per 
second, allowing either very low-dose, single-shot coronary imaging 
or low-dose dynamic imaging that can visualize the coronaries while 
concurrently obtaining detailed perfusion information. For about the 
same amount of radiation as today’s 64-slice CT, dynamic 
myocardial perfusion imaging with 12cm coverage can be obtained 
at the same time.

Cone-Angle Challenges 
Of course, no new system is without technological challenges.  One 
such challenge with the 256-slice prototype is related to increased 
cone angle.  Without high-quality reconstruction algorithms, cone-
beam artifacts could limit the system’s diagnostic capability. Taguchi, 
however, showed that a modified Feldkamp-based algorithm can 
effectively limit artifacts due to the cone angle.  He also extended the 
algorithm to include dynamic data produced by the system to 
accurately reconstruct all four informational dimensions25,26.

Revolutionizing CT. Again. 
As CT scanner technology has advanced, each successive system has 
built upon CT’s proven clinical utility with the best performance 
advances at 4-, 16-, and 64-slice,  bringing a wealth of new clinical 
applications.  As shown through the early research on the system, the 
256-slice CT scanner provides the next quantum leap in CT 
technology.  Finally it will be realistic to obtain whole organ 
evaluation and perfusion in a single rotation.  This will bring about 
many new areas of study in functional CT imaging.  Furthermore, 
with prospective cardiac triggering, it may be possible to acquire 
images of the coronary arteries with as little as 2mSv of dose. This 
will  help make coronary CT a truly routine and mainstream exam.

Built on proven detector and gantry technology with the ability to not 
only perform well on conventional CT applications but also on a 
wealth of new applications, Toshiba’s 256-slice CT system will 
revolutionize CT imaging, again.
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