DUAL ENERGY/SPECTRAL CT
PARADIGM OF IMAGING

o TODAYS CT IMAGING
e SINGLE SLICE TO SPIRAL/SLIP RING /MULTI DETECTOR
« ISOTROPIC VOXEL-MULTI-PLANE-2D/3D RECON.

« NEW PARADIGM OF MATERIALS CHARACTERIZATION

“DUAL ENERGY CT”- APPLICATION OF TWO X-RAY PHOTON
ENERGYS

NEW SPECTRAL TISSUE ANALYSIS-"DECOMPOSTION”

 BREAKING THE HOUNSFIELD “BARRIER”



DUAL ENERGY/SPECTRAL CT
TODAYS POLAR VORTEX
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Godfrey Hounsfield:
Intuirtive Genius of CT
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THE “HU” BARRIER / PARADIGM
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Image Formation

Voxel (volume element) - for each image slice, there is

an X, y and z dimension.

These are coming close to

isotropic (the same in each dimension). A typical
voxel would be created from a 35 cm FOV, 512 x 512

matrix and 0.6 -10.0 mm

thick slice.
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Photoelectric Absorption

Attenuation

» When x-ray photons interact with matter, the ' IncidentP hoton_
quantity is reduced from the original x-ray beam @ T

+ Attenuation is the result of interactions between
x-ray and matter that include absorption and
scatter

» Photoelectric absorption
» Compton scattenng
» Coherent scattering

Incident Pho
+ Differential absorption increases as kVp ———

decreases

on




Material Characterization

= Materials better differentiated by applying
two X-ray spectra and analyzing attenuation
differences.

» Technique works well for compounds with
large atomic numbers differences between
them as it takes advantage of the




THE APPLIED TUBE ENERGY=KVP
KILO ELECTRON VOLT =KEV

6 20 1 40 60 80 100 120 140

Fig. 1 Spectra of the Straton tube at 140 and 80 kV potential.
The peaks represent the characteristic lines of the tungsten anode
and the continuous spectrum is a result of Bremsstrahlung. The
mean photon energies are 53 and 71 keV, respectively ; B




JIODINE Z#53 HAS HIGH ATTENUATION
VALUE RELATIVE TO BODY TISSUES

Human Body Tissue

Substance Atomic # Density
(kg/m?)

Fat : 910

Soft Tissue . 1000
Water : 1000
Muscle . 1000

Bone : 1850
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K-edge describes a sudden increase n the attenuation coefficient of phuluns nccurring ala photon
eneroy fust above the binding energy of the K shell electron of the atoms interacting with the photons.
[he sudden increase in attenuation 15 due to plmlnclcclric ah.sorplinn of the phol()ns. For this interaction
10 oceur, the photons must have more energy than the binding energy of the K shell electrons. A photon
having an energy just above the binding energy of the electron is therefore more likely to be absorbed
than a photon having an energy just below this binding energy.

[se

[he two X-ray contrast media iodine and barium have ideal K shell binding energies for absorption of
Aerays, 332 keV and 374 keV, respectively, which is close to the mean energy of most diagnostic
X-ray beams. Similar sudden increases in attenuation may also be found for other inner shells than the K
shell; the general term for the phenomenon is absorption edge.“'




Principle of Dual Energy CT

= Many materials show different attenuation at different mean energies

1.0E+02y

-»— Bone

56 kV 76 kV

10E-OH———F—

10 30 50 70 a0
Energy / keV

= Reason different attenuation mechanisms (Compton vs photo effect)



HU depend upon the X-ray energy

I cort. bone HU 3780
40 KeV 60 KeV 80 KeV
cort. bone HU 1930

cort. bone HU 1082

water HU O (zero) water HU 0 (zero) water HU 0 (zero)
fat HU -149 fat HU -87 fat HU -71

air HU -1000 air HU -1000 air HU -1000




Applications of Dual Energy CT

= Three material decomposition: quantification of iodine - iodine image

-

lodine content g

/
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HU at 80 kV

50 HU at 140 kV

= Removal of iodine from the image: virtual non-contrast image



Virtual non-contrast imaging

= DECT allows for a virtual non-enhancing scan by

identifying iodine contrast and subtracting it
from the image

= DECT can eliminate need of non-contrast scan
and decrease additional radiation exposure

= Able to look at calcium in vessels
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. Overview of Dual Energy Imaging
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* Most promising application: 3-material decomposition
- Calculation of a virtual non-contrast image, lodine quantification




Objectives

 How does it work?
- Approach by vendor

+ What is it good for?
- Established applications
- Emerging applications




How to acquire data at
two energies? Varies by vendor

+ GE - FAST kVp switching

* Philips - Two layer detector

+ Siemens - Two x-ray tubes

+ Toshiba - Two sequential rotations



Dose Penalty?

* YES - difficult to obtain dual energy CT

images at same dose as single average
120kVp scan

+ BUT - if standard practice is C-/C+ scans,
a single pass dual energy CT scan may
provide virtual non-contrast images

- Small dose increase may justify the
additional information obtained



Fig.2 Sketch of a dual-source CT system. Two tubes and detec-
tors are mounted orthogonally. To obtain dual-energy datasets,
the tubes are operated at different tube voltages, e.g., 80 and
140 KV (green and violer). Additionally, a filter (indicated in
red) can be applied to harden the high-energy spectrum

SOMATOM Definition Flash
L atest Generation of Dual Energy CT

System Design

* Two X-ay fubes at 35°,
each with 100 kW

+ Two 128-skice detectors,
each with 64x0.6mm collimation
and z-flying focal spot

+ SFOV A/B-detector:
50/33 cm

* (.28 5 qantry rotation time
15 ms temporal resolution = =
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4 Sketch of a rapid kV switching system. There is only one

and detector, but the tube voltage is switched rapidly between
levels. Optimally, the current is adjusted at least inversely

A

Scan information - dual energy helical;

One helical scan is made during which energy switches between low and
high KV

To completely cover the region by both energies a low pitch Is used
Exposure can be turned off at the front side of the patient to ménimize dose
to the breast area

When KV is switched also the mA can be adjusted to achieve identical noise
levels in both scans

Dual energy helical scans can be made for all rotation speeds under 1s

X-ray OFF

i

HighkV LowkV



Dual Source vs. Spectral Imaging KVP
switching

Dual Source Spectral Imaging

vy #

NO KVP SETTINGS

Fig.6 Sketch of a layer detector system. There is only one X-ray
woe runmmng al constant voltage [he dual CTCTE Informaton 18

jerived from two layers of the detector with cifferent sensitivity

profiles. The top layer may, e.g., use Csl or ZnSe as the scintillator

s0 that it 1s more sensitive to low-energy quanta, while the bottom

¢l I‘l.lf- consist ol Gd OS5 as the \l.lfhj.lfki Hl“.lt'fl.‘.l.



Photodiodes Recon @ Low energy image
| Recon High energy image

Fig. 1 A schematic 3 :
illustration of the dual-layer ; .
detection system (only a few ‘

detector elements are shown). | |
The photodiodes are parallel Weighted summation
to the x-ray direction, .
attached to the sides of the : :
= Recon Full spectrum image

two types of scintillator
elements
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Blue Light refracts more thaned Light due to the ditference inwavelength, This causes
blue Light to deviate fromits original path by a greater angle than the red Light



Spectra of Dual Energy Applications




arteriovenous malformation in the right frontal lobe (A, black

Volume rendering of dual-energy eranial CT angiography demonstrates

arrow), Automated bone removal is precisely achieved using dual-energy (B), allowing improved delineation of the malformation together

with drainage into the superior sagittal sinus






Fig.2 CT image showing the
contrast between selected
tissues (adipose, calcium,
lumen, soft tissue) in the

80 kV (a), 140 KV (b),
weighted average (¢) and
cancellation (d) image,
respectively. The cancellation
image (d) provided the
highest contrast between the
various plaque components




Dual-Energy CT in thhe Evaluation of
Intracerebral Hemorrihage of Unknown
Origin: Differentiation between Tumor
Bleeding and Pure Hemorrhage




IMAGE DECOMPOSTION
140KVP




DUAL ENERGY CHEST CT




DECT in assessing PE

= Using DECT, pulmonary vasculature can be
assessed

* Degree of iodine enhancement representing
lung perfusion iodine blood maps can be
seen on an image without having to compare
it with an unenhanced CT image



Decreasing Contrast Volume with DECT

= Significant reduction in contrast volume
injected without compromising the dose-
length product

Median 28 cc in DECT protocol vs 62 cc in standard
protocol (p < 0.001)

* Image reconstruction at 50 kev for
evaluating the vascular bed and 70 kev for







* Quantification of iodine to visualize perfusion defects in the lung
= Avoids regisiration problems of non-dual energy subtraction methods

mm‘mm lodine Image ~ Mixed image + iodine overlay




DECT V/Q to Monitor PE treatment
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Future Directions:
Blood Perfused Volume Imaging

= DECT might better depict acute on chronic PE

= Promise for DECT pulmonary perfusion defect
score on DECT likely better prognostic indices
than traditional measures for patient outcomes

= DECT to monitor PE treatment
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Measurement of Measurement of

Lung Nodule Xenon Concentration

courtesy of ASAN Medical

enhancement Center. Secul, Korea




CONTRAST ENHANCEMENT
IODINE “SUV” BIOMARKER- DX X
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gure 2. Adenocarcinoma in a 64-year-old man. (a) Lung window
ght inferior pulmonary vein shows 21-mm nodule (arrow) with lobulated and spicul
20-second intervals and at similar levels show enhancement dynamics of nodule. Peak enhancement is 110 HU; net enhancement, 52
aximum enhancement ratio, 0.906; slope of enhancement, 0.005; and time to peak enhancement, 180 seconds. (¢) Microvessel density with C
nmunostaining is 67. Vessel wall (arrows) is stained dark brown. (Original magnification, x40,) (d) VEGF is 3. Intracytoplasmic brown pign

s indicate VEGF. (Original magnification, xX40.)

of transverse thin-section (2.5-mm collimation) CT scan obtained at lew
ated margin in right middle lobe. (b) Serial images obta










Fig. 3C—Blood pool defect on dual-source CT-based

dual-energy CT blood pool study of lungs caused by
emphysema in 6/-year-old man

C, Findings shown in A and B are readily seen on
coronal multiplanar reformation displayed in lung window
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SCT Myocardial perfusion versus SPECT CT mvocardial
perfusion

The following gquestion has been sent by D» Shrnmivas Desai:
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Balasz Ruzsics, M.D., Medical University of South Carolina:
Dear Dr. Shnnivas

Thank you for the question and your interest in DSCT com website

Dual source CT technology in dual energy mode is a p

romising tool for detecting myocardial ischemia. To date initial

expernience studies established the potential role of dual energy CT (DECT) acquisitions for detecting not just the
coronary stenosis but corresponding myocardial b 1 pool defect. DECT sucq y combined anatomical (coronary
nd functional (myocardium) imaging infermation







ABDOMINAL DUAL ENERGY CT

= Virtual non-contrast image and iodine image:
= Characterization of liver / kidney / lung tumors
=  Solve ambiguity: low fat content or iodine-uptake
=  Quantify iodine-uptake in the tumor and at the tumor surface
-> Differentiation benign - malignant

lodine image




ANGIOGENESIS/PERMEABILITY
DIAGNOSIS/FOLLOW-UP
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LIVER LESION TOO SMALL TO
CLASSIFY-IODINE “MAP”=CYST




IODINE “MAP” OUTLINES

PANCREATIC TUMOR




IODINE “MAP” DEFINES CYSTIC
RENAL LESSIONS
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Figure 2A. Hemorrhagic renal cyst. (A) oy T
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virtual unenhanced image shows that the lesion ;;;:i;;gﬁz;:;ééig'?;;E;z;ggzs&s;?ef’ i
is hyperdense compared with adjacent renal dd b
parenchyma. (C) DECT iodine image withcolor |||l .z:s‘é.iéée§§§i§§?§§§é§é§égg
overlay (lodine-containing structures are depicted
with an orange-yellow hue) shows no iodine

enhancement) in the lesion. (D) A conventional,

true, precontrast bn.g. (E) A magnetic

resonance subtraction image. Note that DECT
can, in a single acquisition (B-C), provide the A
same information as that obtained from 2 L i
acquisitions (A, D). However, the iodine image
(C) is not a “true” subtraction image because
bone (eg, vertebral body, ribs) is present on both
displays. it i 1 e ST

indeterminate left renal lesion (arrow). (B) DECT | ||
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THE INCIDENTALOMA
Contastenhanced DECT
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Fig, 4B-~-t-yeal-old man wih hemaluria
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Figure 2. (A) Axial unenhanced abdominal CT scan in a 36 yr-old-man shows a large calculus in the left renal pelvis (arrow)

) o e coded ac blue (arrowhea
(B) Corresponding color-coded dual energy image after post-processing shows the calculus coded as blue (arrowhead)
indicating a non-uric acid stone.
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Figure 1. (A) Axial unenhanced abdominal CT scan in a 43 yr-old-man shows a calculus in the left mid pole (arrow). (B)
Corresponding color-coded dual enerqgy pos

acid stone.

t processed image shows the calculus coded as red (arrowhead) indicating a uric



MUSCULOSKELETAL DUAL “E"CT
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MRI-MARROW EDEMA



CHARACTERIZING ACUTE BONE
MARROW EDEMA WITH DECT
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BEAM HARDENING ARTIFACT

140 kVp 70 keV w/MAR
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DECT: Tendons and Ligaments

» Specific dual energy index value allows collagen to be
decomposed from surrounding tissue

= Three material collagen decomposition algorithm
(collagen, fat, soft tissue)

* Johnson et al: 3 material decompositon to differentiate
tendons in unenhanced scan

" Persson etal: deplcted tendons and ligaments using
D ”M for b atter visuali at ;'on ) u dsm anlde[wnstm
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Dual energy CT accurately identifies ACL tears in emergency
department




the dorsal cruCiate

't in the ubia is caused by

the anterior cruciate hga




VASCULAR DUAL ENERGY CT
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Fig.2 DE CTA (a)in a
patent presenting an
occlusion of the left
superhcial femoral artery
Dual energy bone removal

(h) shows a cood correlation
with DSA (¢)







TUCSON WINTER SKY
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