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The Rise and Impending
Decline of Screening
Mammography'

Feais M. Hall, MD
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“Unfortunately, a mammogram, like

other radiographs, is a two-dimensional
planar image with inherent limitations

in identifying three-dimensional lesions,
particularly in the relatively homogeneous
soft tissues of the breast.”

Hall F. Radiology 2008; 247(3):597-601
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Katastrophe i die Fraven*

90 % of Performance of mammography

disease w N breast cancer screening:

early stag
lesion in
than 1 cnf
(Stocking| Source: Carney et al. Annals of Internal Medicine 2003
fur die Frauen“, [
(2002), S. 203)

Sensitivity 62% - 88%

Performance of mammography
in breast cancer screening:

Sensitivity 63% - 78%

Source: Report and metanalysis of state-of-the-art breast
cancer screening and monitoring approaches.
Dep. of Radiology, Erasmus MC, Rotterdam 2009

Projection image vs. CT image

(in the same patient)
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All structures along a ray
are superpositioned and
may obscure important details.

Only the structures in the
section of interest

are displayed.
o\

Images: Courtesy of Michael Lell, Erlangen
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Dedicated breast CT

scanner at UC Davis
(since about 2005)

Several research groups
ctive in the USA at present.

Cone-beam CT geometry

"“The Breast Tomography Froject |

University of Cabfor

Y

Contrast-enhanced Dedicated
Breast CT: Initial Clinical Experience’

Radiol

Purpose:  To quantily ¢
sions scanne
phy (CT) ant

unenhaneed |

Materialsand  Approval of t
Methods:  tion Use Con
obtained for 1

Conspicuity of malignant breast lesions, including ductal
carcinoma in situ, is significantly improved at contrast-
enhanced breast CT. Quantifying lesion enhancement may
aid in the detection and diagnosis of breast cancer.

Prionas ... Boone. Radiology 2010;
. 2
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Dedicated Breast CT: Inital Ciinical Results: Overall, CT was
Bxperionce’ equal to mammography for
visualization of breast
lesions. Breast CT was
significantly better than

nyamn_Iogl_'aphy for

Rackology

(p<0.002); mammograph
outperformed CT for
visualization of micro-
calcifications (p<0.006).

Conclusions: Some
technical challenges remain
but breast CT is promising
and may have potential
clinical applications.”

AP

Lindfors KK, Boone JM et al. Radiology 2008; 246:725-733

Requirements on breast CT
« Full 3D imaging capabilities

+ High spatial resolution (min. 100 pm)
for the detection of microcalcifications

« Good soft tissue delineation

+ Dynamic scanning for the differentiation
of benign and malignant lesions

Dose levels similar to
conventional mammography

Integrated biopsy facility

. . . =
... but without painful compression = =;:%z-
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High-resolution CT

Micro-CT scan of surgical specimens

DCIS specimen *
embedded in parafin

Micro-CT 1
40 pm resolution bl

* Specimen provided by M. Beckmann, Erlangen




Breast CT scanner concept

Transition from

single-circle
flat detector

spiral
CT detector

to

Photon-counting energy-discriminating CdTe detector
100 % geometrical and absorption efficiency

Kalender WA et al. Eur Radiol 2012; 22(1):1-8
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State of the Art in Multi-slice Spiral CT

Rotation time per 360° 0.27-0.35s
Slice width 0.5-0.6 mm
Simultaneously scanned slices 64 (- 320)
z-coverage per rotation 40 - 160 mm
Scan times “whole body“ 2-20s
Scan range >1000 mm
Isotropic spatial resolution 0.4-0.6 mm
Effective dose <1-10 mSv

Typical values for high-performance scanners

28 s scan time at 0.4 mm isotropic resolution

DSCT: High scan speed

Spiral CT angiography
scan range 700 mm

pitch 2.8

rot. time 280 ms
scantime 1.8s
dose 1.4 mSv

Detection principles

Scintillator
(structured)

Scintillator Direct converter

i =iz /

Photodiode + Transistor array

Photodiode + Transistor array

Point Spread Functions (PSF)

Transistor array

State-of-the-art detector technology

anti-scatter
Module: grid
64 rows X | R
16 channels Geom a ( _Iency
is a int!
scintillator _|
reflector ]

Direct conversion detectors
e.g. CdTe, CdZnTe, or Hgl,

- are used in scientific projects for decades.

are a subject of great interest for all CT
manufacturers since the 1990s.

offer single photon counting and energy
discrimination

do not need pixelation

of the crystal,

i.e. avoid dead spaces.
e.g., Medipix detector

CdZTe sensor
3 energy levels | &
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Goals for CdTe-based breast CT

are expected to provide

 improved temporal and spatial resolution
« increased dose efficiency

 improved soft tissue contrast

« single photon counting

M

Temporal resolution

« Scintillators used in CT today exhibit
- decay times of typ. 1 us or more and
- afterglow of typ. 50 ps or much more.
which prohibit photon counting.

« CdTe
is only limited by the charge drift time
of typ. << 100 ns.
Photon counting and coincidence imaging
are possible.

M

Spatial resolution

« Scintillator detectors
suffer from light spread.

Direct converter

+ Direct converters g
exhibit only very little spread 1
of charge clouds due to drift ? J

and diffusion of charge carriers.

E.g., for 1 mm thick CdTe,
typ. 10-30 pm spread
are expected.

* No separation between pixels
is needed!

e

Transistor array

M

Absorption efficiency, %

Primary spectrum
(no absorber)

Detector material CdTe GOS

Tube voltage 60 kV |120 kV | 60 kV | 120 kV

Thickness

1.00 mm | 99.9 91.3 96.8 86.3

140 mm | 100.0 | 95.2 98.9 93.1

M

Absorption efficiency, %

Attenuated spectrum
(36 cm H,0 + 4 cm bone)
Detector material CdTe GOS
Tube voltage 60 kV | 120 kV | 60 kV | 120 kV
Thickness
1.00 mm| 99.7 80.1 94.1 77.9
1.40 mm| 100.0 87.9 97.9 87.4
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Geometric efficiency

Reflector/Septa

Scintillator
—Pixel Pitch: 1000 pm
—Pixel Pitch: 500 pm
Pixel Pitch: 100 um

90%
80%
70%
60%
50%
40%
30%
20%
10%

.

Geometric Efficiency

0%

100
Septa Thickness in pm

200 300

CdTe offers close to 100% geometric efficiency
since there are no discrete detector pixels and septa.

AP
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Photon counting CdTe detector

* Curved detector
built up scalable of
discrete CdTe tiles
with 100 pm pixel size

- Count rate: 10° ph./mmz's
* Frame rate: 1000 proj./s
* Two thresholds for
energy discrimination
\ + Detection efficiency
and geometric efficiency

close to 100%
(exceeding the performance of

today‘s CT detectors)
o\ |\

Project consortium:
CT Imaging GmbH, Erlangen / D
IMP, U of Erlangen, Erlangen / D
XCounter AB, Danderyd / S

Novak T, Schilling H, Kalender WA. Patent application 2009

Imaging the fall of a water drop
at 1000 frames per second
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Dedicated CT of the breast

Eur Radiol (2012) 22:1-8
DOI 10.1007/500330-011-2169-4

BREAST

High-resolution spiral CT of the breast at very low dose:
concept and feasibility considerations
‘Willi A. Kalender - Marcel Beister - John M. Boone «

Danicl Kolditz + Sabrina V. Vollmar «
Michacla C. C. Weigel

Key points
?“;\:wi? sn;-:-y 1 - Breast CT_a_ll_ows diagnosing both microcalcifications and soft tissue
in one acquisition.
— Microcalcifications of 100 to 150 pum are resolved.
— Soft tissue lesions down to 2 mm diameter are discernable.
— Dose levels of 2-4 mGy AGD conform with constraints imposed on

' M

Kalender WA et al. Eur Radiol 2012; 22(1):1-8

Spatial resolution

System Resolution

FS100 ym
S300pm i
T 1 1 .
Modes for ai
microcalcify %

__FS100um October 2011:

FS 300 H B First experimental
° \( \_J confirmation that the
o 1 2 3 4 5 6 7 8 9 1o sensor performsas
expected.

Simulations Measurement

0.8

0.6

Modulation Transter Funcbon

Modes for analysing
0.2 -} -soft tissue lesions -~

‘Spatial resolution [Lp/mm]

Kalender WA et al. Eur Radiol 2012; 22(1):1-8 é
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Simulation results fqr breast CT

Phantom
14 cm diameter
10 cm length

Scan parameters
2 s /2000 proj. / 360°
100 pm FS /
Dose: 3 mGy AGD

/ Model-based
Iterative
Reconstruction

Kalender WA et al.
Eur Radiol 2012 ; 22(1):1-8

(150 pm)3 voxel size

(50 um)? voxel siz&‘\L




Patient- and biopsy-friendly gantry Measurements with the protype system
ACR phantom
Demands
« Comfortable patient positioning with coverage of Fibers (nylon fiber)
the full breast and the axilla § (1“133 mm Mammography
. 0. mm
« Variable table height (ca. 70 - 170 cm) g- g;‘i mm
» Sequential and spiral scanning (25 cm in 12 s) 6. 0.40 mm
+ Easy access to the patient for biopsy and therapy Specks (1,0, speck)
7N 7 | sosmmm
10. 0.24 mm
I 11.0.16 mm
‘J : ¢ H . Masses (thickness)
S e
L 8 = e 14. 0.75 mm
15. 0.50 mm
¥ W 5 o mm
Kalender WA, Althoff F. Patent application 2010 mL p: oL\

Measurements with the protype system Measurements of the ACR phantom
ACR phantom: fibers & masses

ACR test structures
(CIRS, Norfolk, USA)

/N /0N

Fibrils,

Mammography Breast CT
(GynRad Erlangen) (CT Imaging prototype)

Mammography Breast CT

Fibers
Masses

5 6 g . 'y
Microcalcifications

[

o n
Lesions

No structures
superimposed!

Even for the ideal ACR phantom situation
with no structures superimposed
mammography misses small structures shown by breast CT !

AMP | AMP |

Expectations for high-res. breast CT

» Good detectability of
- microcalcifications of 100-150 um diameter, - 18

- soft tissue lesions of 2 mm diameter, ="

at an AGD of 2 to 4 mGy !

» Dynamic contrast-enhanced scanning for
improved analysis of differential uptake.

» A “one-stop shopping“ modality for complete
diagnostic workup on one device.

» System tests in the second half of 2013,
clinical tests starting late 2013 / early 2014.

AMP |
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