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Teaching Points

,o\ 1. Explain the technology underpinning Photon
“ Counting CT and discuss the differences
compared to currently available CT technology.

h

/Q_Q/ 2. Discuss the advantages and clinical
applications of Photon Counting CT scanners.
(@)

ﬁ 3. Discuss potential challenges to consider
J/-I before obtaining a Photon Counting CT scanner.
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Learning Objectives

Overview of Photon Counting CT technology
Differences compared to current CT technology

Advantages and Clinical applications

el

Potential Challenges of a Photon Counting CT
scanner
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1. Overview of Photon Counting CT
technology

2. Differences compared to current CT technology
3. Advantages and Clinical applications

4. Potential Challenges of a Photon Counting CT
scanner
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Evolution of CT
Scanner Technology

Installation of the first
commercial CT scanner
in Atkinson Morley’s
Hospital, London'i

Invention of the
first CT scanner
by Dr Godfrey

Hounsfield'

Discovery of X
rays by Wilhelm
Conrad Roentgen'

Introduction of first photon
counting CT by Siemens
Healthineers, obtaining
FDA* clearance in 2021

Introduction Creation of
of Helical CT Dual Energy CT

g ] e L

* USA Food and Drug Administration
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2. Differences compared to current CT
technology

3. Advantages and Clinical applications

4. Potential Challenges of a Photon Counting CT
scanner



Differences between
CT technology

a) Detector

b) Image

c) Radiation

Conventional CT

®w P

Energy integrating detector
(EID)

X-rays pass through different
tissue densities, producing
different shades/attenuation

May require high doses with
higher body mass index
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2. Comparison with current CT

Dual Energy CT

e

EID scans at two X-ray levels
(high and low)

Materials can be differentiated
based on energy dependent
attenuation profiles

May have higher dose than
conventional CT

Photon Counting CT

I,

A i

Detectors stratify protons by
energy levels, allocating them
to energy bins

Materials can be
differentiated based on
spectral signatures

More efficient, can produce
higher resolution with
reduced dose



Schematic diagram for

comparison

1. X-rays

Conventional CT
Energy Integrating
Detectors (EID)

converted to
scintillation \
light

2. Scintillator
with reflective
septa to
channel light to
photodiodes

AU ¢

3. Photodiode H

Photodiode

light converted

to electrical
signals ’ ’ ’

Integrator and Output Signal

)

'l‘ X-ray
, photons

i Light
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signals [
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Comparison with current CT
Advantages & applications
Potential Challenges

SingHealth

1. Thin semiconductor
crystal made of
Cadmium or Silicon

2. An electric field is
applied and generates
a charge cloud with
electron pairs (positive
and negative charges)

Negative charges are
attracted to the anode
producing an electric

’ ’ ’ pulse

3. The counters record

Energy Energy Energy h energies of individual
il bin bin photons hitting the

detector, and sort each
one into an energy bin

Image reconstruction
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Conventional CT
Energy Integrating How do current CT scanners work?

Detectors (EID)

Current CT scanners have energy integrating detectors (EID),

also known as scintillators.

X-rays photons X go through reflectors and hit the scintillator.

X-rays photons & are converted to visible light photons @ .
The reflective septa of scintillators channel light “®: to

photodiodes.

Photodiodes record the incoming light photons ®- and produce

Photodiode

* * =

Integrator and Output Signal . Theimage generated from the combined electrical signals.

an electrical signal ¥ that is proportional to the total energy

deposited over an interval of time.

e




How do Photon Counting CT (PCT) scanners work?
1. PCT have photon counting detectors instead of EIDs.
@ The X-ray photons X first encounter a single thick semiconductor
layer, which has electricity running across it.
3. The electrical voltage causes the X-ray photon to generate positive
and negative charges which are forced to separate rapidly.
4. The cathode and anode attract the positive and negative charges
respectively.
@ This produces an electrical pulse ¥ with a height proportional to

the energy deposited by the photon.

Photon counting detectors record and sort each pulse into respective

energy bins based on their energy level.

* ¥ =

| Counter || Counter || Counter |

Energy
o]g}

Energy
bin

Energy
bin

Image reconstruction
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Learning Objectives
1. Overview of Photon Counting CT technology

2. Differences compared to current CT technology

3. Advantages and Clinical applications

4. Potential Challenges of a Photon Counting CT
scanner
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3. Advantages and Clinical applications




Higher Spatial
Resolution

Photons ——> \ \\ \\

1. Detectors M surrounded by
reflective septa (purple) to reduce
optical cross talk.

2. Presence of septa increases pixel size,
causing poorer resolution.

Only able to achieve resolution of 0.3 - 0.6 mm™.

a) Higher Spatial Resolution [, 5| Sengkang

General Hospital

SingHealth

3. Advantages & applications

Photon Counting CT

b U W X

Photon Counting Detector .

3. Since PCDs have a single detector
(blue) without septa, they can be made
with smaller detector element sizes.

4. This decreases pixel size and
improves spatial resolution.

Maximum spatial resolution of 0.11 - 0.16 mm.
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Application in CT

tem pora | bO ne 3. Advantages & applications

N ﬂ 1. The inner ear has typically been a challenging region for
\ imaging due to the tiny and delicate anatomical structures,

~ such as the auditory ossicles and joints “V.
/,2

m w 2. The figure on the left demonstrates the superior resolution

of PCT for the the
and the posterior crus of the stapes (yellow).

3. With PCT, better visualization is even possible with lower
radiation doses up to 31%".

Figure 7: Ultra-high resolution image of inner ear specimen
displaying stapes bone (top row) and cochlea (bottom row)
acquired with EID-CT using 0.4 mm collimation (left column) spatial resolution and lower radiation doses, proving useful for

and PCD-CT using 0.2 mm collimation (right column) difficult anatomical regions
Image Courtesy of A. Persson, University Linkoeping, Linkoeping, Sweden :

4. In conclusion, PCT can obtain thinner slices with higher

Images from the White Paper for NAEOTOM Alpha for Cardiac CT by Siemens Healthineers.
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Appl ICatIOn 2. Companson with current CT c) Artefact Reduction
. . . d) Higher Dose Efficiency
|n CTCA 3. Advant_ages & appllcatlons e) Enhanced Material Differentiation
4. Potential Challenges f)  Reduced Contrast Requirements
1. CT Coronary Angiography (CTCA) is also 2. The figure below demonstrates high 3. This is essential in accurately
challenging to perform due to heart motion » resolution and reduced blooming evaluating coronary artery
and high spatial resolution requirementsVii, artifacts (orange arrows) on CTCA. stenosis without overestimation.

Figure 6: In the image reconstructed with standard resolution (Bv40, 0.6 mm) (Fig. 6a), only calcified plaques are visible in
the distal segment 3 of the RCA. In the UHR image (Bv64, 0.2 mm) (Fig. 6b), a fibrous cap beneath the calcified plaque is
visualized, due to reduced calcium blooming. OCT correlation (Fig. 6¢) of the same plaque confirms the plaque composition.
Courtesy of Johannes Gutenberg University Medical Center, Mainz, Germany.

2 &

4. PCT is also superior in
detecting non-calcified and lipid-
rich plagues™, which can better
risk stratify patients with
unstable atherosclerosis.

»
|
§)
]

¥

5. Lastly, there is potential to
eliminate the need for
betablockers or mitigate motion
artifacts from breathing or high
heart rates.

Images from the White Paper for NAEOTOM Alpha for Cardiac CT by Siemens Healthineers.




Less Electronic

Noise

Pulse
height
(KEV)

Signal pulses

3. Advantages & applications

Threshold ,’/

Time (ns)

25 kEV

Electronic
noise

&3
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b) Reduced Electronic Noise

1. X-ray photons with energy levels
less than 25 keV will fall below the
threshold and be treated as noise.

3

2. Images have less noise and
improved contrast to noise ratio
(CNR)~.

 §

3. Potential to reduce the radiation
dose while preserving image quality.




A rtEfa Ct c) Artefact Reduction

3. Advantages & applications

Reduction

Conventional CT

PCT

~

Calcium coronary
plaque

i é}-..:.ﬂ MMMMM
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1. The high density of calcium
and metal stents distort
reconstructed images and appear
as blooming artifacts*'

¥

Calcifications and stents appear
bigger, resulting in coronary
lumens falsely appearing smaller.

2. Tin filters shape incoming X-
ray beams, reducing blooming
artifacts.

¥

More accurate grading of
stenosisX.

General Hospital




Application
in CTCA

Advantages & applications

G

. a) Higher Spatial Resolution
Overview of PCT b) Reduced Electronic Noise

Comparison with current CT c) Artefact Reduction
Higher Dose Efficiency

) e) Enhanced Material Differentiation
Potential Challenges f) Reduced Contrast Requirements
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Figure 5: Curved MPR images (Figs. 5a & 5b) show a proximal RCA stenosis caused by calcified plaques (arrows). Images are reconstructed
at 0.6 mm with kernel Bv40 (Fig. 5a) and at 0.2 mm with kernel Bv60 (Fig. 5b). The corresponding axial slices, perpendicular to the vessel
centerlines at the stenosis, are shown in the left lower corners. The blooming effect of the calcified plaques affecting the visualization of the
vessel lumen and the stenosis grading is clearly reduced in the UHR images. An invasive catheter coronary angiography (Fig. 5¢) confirmed
a mild stenosis in the proximal RCA (arrow) consistent with the result from the UHR image evaluation.

Courtesy of University Hospital Zurich, Switzerland.

. ol
\ \

PCT has reduced blooming
effect and thinner slices
(0.2mm)

4

More accurate assessment of

intraluminal stenosis (orange

arrows) and graft assessment
in post-CABG patients

4

Reduces the need for invasive
coronary angiography.

Images from the White Paper for NAEOTOM Alpha for Cardiac CT by SiemensHealthineers.
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: 2. Comparison with current CT c) Artefact Reduction
I n Ste nt . . d) Higher Dose Efficiency

3. Advantages & applications o o
. ) e) Enhanced Material Differentiation
eval uatlon 4 Potential Challenges f) Reduced Contrast Requirements

This figure demonstrates
Severe in-stent restenosis how PCT produces fewer
at the ostium of the LAD metal artifacts and beam
hardening from stents.

4

More accurate assessment
of in-stent stenosis

Figure 8: Stent imaged in Quantum HD Cardiac mode

(Bv72, 1024 x 1024, QIR 4, 0.2 mm slice thickness) (orange a rrow).

on NAEOTOM Alpha, demonstrating in-stent restenosis.

The patient underwent coronary stent implantation

multiple times and had 8 stents implanted in total in ‘

the left and right coronary arteries. The orange arrow

shows a focal, severe in-stent restenosis at the ostium Red uces the nee d fo r

of the LAD. Courtesy of Semmelweis University Hospital, B .

Budapest, Hungary. Invasive coronary
angiography.

Images from the White Paper for NAEOTOM Alpha for Cardiac CT by SiemensHealthineers.
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Reduced Electronic Noise Sngreath
Artefact Reduction
Higher Dose Efficiency
Enhanced Material Differentiation
Reduced Contrast Requirements

Overview of PCT
Comparison with current CT
Advantages & applications
Potential Challenges

Higher dose
efficiency

B WN PR
20 Qo0 T o

1. Low energy X-ray photons are not
Low energy down-weighted (no “energy-
X-ray photon weighting ” effect)*i.

5

Energy bin 3 2. H_ence there.ls mcrease.d. |(?d|ne
signal and higher sensitivity
at low X-ray energy levels.

Energy bin 2 ¥

3. Improved soft tissue contrast and
Energy bin 1 dose efficiency means lower
radiation doses required.

e 5

4. Low-dose thoracic and abdominal
p— scans possible with better image

Time (ns) a quality and 35.7 - 44% dose redl.{ction

compared to dual energy CT XV,

Pulse
height
(KEV)

Electronic noise
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M ateria I 3. Advantages & applications

. . . e) Enhanced Material Differentiation
Differentiation

40 keV : :qz

Calcium
70 keV Materia.ﬂ. e

decomposition Combination
I Water '
ﬂ 1l Ees
100 keV Final image with calcium,
water, and iodine

lodine

130 keV
ULt
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Conventional CT estimates the density of basic materials by
scanning them at two different X-ray energy levels (high and
low) and producing two equations*Vi.

However, PCT scans can obtain data from 2—-8 energy levels
due to multiple energy bins.

This generates different maps over a range of energy levels.

More equations can be generated, achieving a more robust
and accurate estimation.




The PCT scanner has been calibrated to
recognize different materials based on
the K-edge, or the abrupt and distinct
increase in the absorption of x-rays by
one material at a specific energy level'.

Basic materials like iodine, water, and
calcium can be detected and quantified at
their specific K-edge energy level.

These help with constructing the final
image after processing.

Calcium

lodine

Sengkang
General Hospital

SingHealth

Combination

ﬁ

Final image with calcium,
water, and iodine



How is Material
Decomposition
useful?

W

Calcium plaque

Overview of PCT E))
Comparison with current CT c)
Advantages & applications 2;
Potential Challenges f)

Higher Spatial Resolution [, 5,4[ Sengkang

. . General Hospital
Reduced Electronic Noise TSI
Artefact Reduction

Higher Dose Efficiency

Enhanced Material Differentiation

Reduced Contrast Requirements

lodine and water

1. With material decomposition, iodine

and calcium can be selectively
differentiated and isolated.

L

Virtual non-iodine image:
Calcium and water

Explanation from the White Paper for NAEOTOM Alpha for Cardiac CT by Siemens Healthineers.

2. Calcifications can be subtracted
with a specific algorithm to
produce a virtual non-calcium
image to assess the vessel lumen.

Virtual non-calcium image:

$

3. lodine can be subtracted from
contrasted scans to produce a
virtual non-iodine image
visualizing calcifications alone.

This is useful for quantitative
calcium scoring and eliminates
the need for extra plain scans.




Application
in CTCA

G

1. Virtual non-iodine image

il 2

Overview of PCT

Comparison with current CT
Advantages & applications

Potential Challenges

a) Higher Spatial Resolution

b) Reduced Electronic Noise

c) Artefact Reduction

d) Higher Dose Efficiency

e) Enhanced Material Differentiation
f) Reduced Contrast Requirements

Sengkang
General Hospital

SingHealth
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2. Virtual non-calcium image

il s

This figure demonstrates how PCT
can produce virtual non-iodine and
non-calcium images.

Figure 3: The use of Quantum PURE Lumen® to reveal
the underlying reality of the pathology due to the virtual
removal of calcifications from the result image. Severe
calcifications in CAD mask the pathology and distort

the severity of the stenosis (i.e., no clinical value is
delivered). Quantum PURE Lumen reveals the underlying
reality of the pathology and can guide the radiologists
and cardiologists with non-invasive imaging in advanced
CAD. Courtesy of Centre Cardio-Thoracique, Monte
Carlo, Monaco.

Images from the White Paper for
NAEOTOM Alpha for Cardiac CT
by Siemens Healthineers.
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Reduced Contrast
Req ui rements 3. Advantages & applications

f) Reduced Contrast Requirements

* Contrast volume greater than 100ml is a risk factor for contrast-induced nephropathy (CIN)®ii,

* PCT has potential to reduce contrast requirements.

o Studies have achieved 40-50% reduction in contrast media volume for CTCA with the aid
of virtual monoenergetic image reconstruction, without compromising image quality***,

o Studies have reported 27% reduction in contrast media volume for abdominal CT, with
comparable SNR and CNR*,

* This would benefit patients who have additional risk factors®' for CIN, such as:

* Diabetes * Congestive heart failure (CHF)
* Pre-existing renal impairment * Hypotension
* Elderly patients > 75 years old * Anaemia



General Hospital

1. Overview of Photon Counting CT technology
2. Differences compared to current CT technology

3. Advantages and Clinical applications

4. Potential Challenges of a Photon
Counting CT scanner
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P Ote nt i a I b) System Integration \LI —
Challenges

4. Potential Challenges

Cost
% * PCT are significantly than

conventional CT.
* |t remains to be seen if the potential of the new

technology to
departments and healthcare systems.

» Y System Integration

'j‘d for high resolution
Car images and advanced post-processing.
* Need to ensure with existing

Radiology Information System (RIS) software.




Potential
Challenges

4.

Potential Challenges
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c) PCT Phenomenon

Charge sharing

A phenomenon that occurs when incoming X-ray
photons and are
spread amongst them.

* The pulse generated is

instead of one, which may cause image artifacts™',

Pulse pile-up

Millions of photons hit the detector every second.

If the detector cannot

some of the electric pulses and are registered

as a single pulse.

This can cause “count loss”, or the photon count to be
leading to resolution degradation™,
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Potential

d) Learning Curve

C h a I Ie n ges a. e) Research Opportunities

Potential Challenges

Learning Curve
o

—~O for both radiographers and
R radiologists.

* Provisions need to be putin place, i.e. support from
vendors & experts — this is essential for

* Training of may incur further
costs.

Research Potential
:é. can be utilised due to

by tuning the detector to the K-edge energy
of certain contrast agents (eg: Gadolinium)>V.
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Potential
Challenges

4. Potential Challenges f) Infrastructure Requirements

Infrastructure requirements

* |nstallation of PCT may require of floors and walls and

would require
* Strict temperature regulation to leading to artifacts.

* PCT may also use than conventional scanners

24 Sengkang
ﬁ{ General Hospital

SingHealth

VAV-L3-23-24 4

Delivery of PCT machine to Sengkang Waterproofing and lead-lining works of Temperature regulation at
General Hospital, Singapore the walls and floor 22 degrees Celsius



References

Vi.

vii.

viii.

Xi.

Xii.

Xiii.

Xiv.

[1975 Award Winner - Godfrey N. Hounsfield] - Digital Collections - National Library of Medicine.
Nih.gov. Published 2024. Accessed October 24, 2024. http://resource.nlm.nih.gov/101441444

The Nobel Prize. The Nobel Prize in Physics 1901. NobelPrize.org. Published 2019.
https://www.nobelprize.org/prizes/physics/1901/rontgen/biographical/

Schulz RA, Stein JA, Pelc NJ. How CT happened: the early development of medical computed
tomography. Journal of Medical Imaging. 2021;8(05). doi:https://doi.org/10.1117/1.jmi.8.5.052110

Nieman K, Coenen A, Dijkshoorn M. 5- Computed tomography. ScienceDirect. Published January 1,
2015. https://www.sciencedirect.com/science/ article/abs/pii/B9781782422822000056

Takahashi, Y., Higaki, F., Sugaya, A. et al. Evaluation of the ear ossicles with photon-counting detector
CT.JpnJ Radiol 42, 158-164 (2024). https://doi.org/10.1007/s11604-023-01485-0

Hermans, R., Boomgaert, L., Cockmartin, L. et al. Photon-counting CT allows better visualization of
temporal bone structures in comparison with current generation multi-detector CT. Insights
Imaging 14, 112 (2023). https://doi.org/10.1186/s13244-023-01467-w

Benson JC, Rajendran K, Lane JI, etal. A New Frontier in Temporal Bone Imaging: Photon-Counting
Detector CT Demonstrates Superior Visualization of Critical Anatomic Structures at Reduced Radiation
Dose. AINR Am J Neuroradiol. 2022;43(4):579-584. doi:10.3174/ajnr.A7452

Willemink MJ, Varga-Szemes A, Schoepf UJ, et al. Emerging methods for the characterization of
ischemic heart disease: ultrafast Doppler angiography, micro-CT, photon-counting CT, novel MRI and
PET techniques, and artificial intelligence. European Radiology Experimental. 2021;5(1).
doi:https://doi.org/10.1186/s41747-021-00207-3

Rotzinger DC, Racine D, Becce F, et al. Performance of Spectral Photon-Counting Coronary CT
Angiography and Comparison with Energy-Integrating-Detector CT: Objective Assessment with Model
Observer. Diagnostics. 2021;11(12):2376. doi:https://doi.org/10.3390/diagnostics11122376

Gutjahr R, Halaweish AF, Yu Z, et al. Human Imaging With Photon Counting-Based Computed
Tomography at Clinical Dose Levels: Contrast-to-Noise Ratio and Cadaver Studies. Invest Radiol.
2016;51(7):421-429. doi:10.1097/RLI.0000000000000251

Meloni A, Cademartiri F, Positano V, et al. Cardiovascular Applications of Photon-Counting CT
Technology: A Revolutionary New Diagnostic Step. J Cardiovasc Dev Dis. 2023;10(9):363. Published
2023 Aug 25. doi:10.3390/jcdd10090363

Flohr T, Petersilka M, Henning A, Ulzheimer S, Ferda J, Schmidt B. Photon-counting CT review. Physica
Medica. 2020;79:126-136. doi:https://doi.org/10.1016/j.ejmp.2020.10.030

Woeltjen MM, Niehoff JH, Michael AE, et al. Low-Dose High-Resolution Photon-Counting CT of the
Lung: Radiation Dose and Image Quality in the Clinical Routine. Diagnostics. 2022;12(6):1441.
doi:https://doi.org/10.3390/diagnostics12061441

Huflage H, Kunz AS, Patzer TS, et al. Submillisievert Abdominal Photon-Counting CT versus Energy-

XV.

XVi.

XVii.

Xviii.

XiX.

XX.

XXii.

xxiii .

XXiV.

integrating Detector CT for Urinary Calculi Detection: Impact on Diagnostic Confidence. Goh V,

ed. Radiology. 2024;312(1). doi:https://doi.org/10.1148/radiol.232453

Decker JA, Bette S, Lubina N, et al. Low-dose CT of the abdomen: Initial experience on a novel photon-
counting detector CT and comparison with energy-integrating detector CT. Eur J Radiol. 2022
Mar;148:110181.

Nakamura Y, Higaki T, Kondo S, Kawashita I, Takahashi I, Awai K. An introduction to photon-counting
detector CT (PCD CT) for radiologists. Japanese Journal of Radiology. Published online October 18,
2022. doi:https://doi.org/10.1007/s11604-022-01350-6

Holmes TW, Yin Z, Bujila R, et al. Ultrahigh-Resolution K-Edge Imaging of Coronary Arteries With
Prototype Deep-Silicon Photon-Counting CT: Initial Resultsin Phantoms. Radiology. 2024;311(3).
doi:https://doi.org/10.1148/radiol.231598

Modi K, Padala SA, Gupta M. Contrast-Induced Nephropathy. PubMed. Published July 24, 2023.
https://www.ncbi.nlm.nih.gov/books/NBK448066/

Emrich T, O’Doherty J, Schoepf UJ, et al. Reduced lodinated Contrast Media Administration in Coronary
CT Angiography on a Clinical Photon-Counting Detector CT System. Investigative Radiology.
2022;58(2):148-155. doi:https://doi.org/10.1097/rli.0000000000000911

Cundari G, Philipp Deilmann, Mergen V, et al. Saving Contrast Media in Coronary CT Angiography with
Photon-Counting Detector CT. Academic Radiology. 2023;31(1):212-220.
doi:https://doi.org/10.1016/j.acra.2023.06.025

Hagen F, Estler A, Hofmann J, et al. Reduced versus standard dose contrast volume for contrast-
enhanced abdominal CT in overweight and obese patients using photon counting detector technology
vs. second-generation dual-source energy integrating detector CT.European Journal of Radiology.
2023;169:111153-111153. doi:https://doi.org/10.1016/j.ejrad.2023.111153

CamminJ., Xu J., Barber W.C., Iwanczyk J.S., Hartsough N.E., Taguchi K. A cascaded model of spectral
distortions due to spectral response effectsand pulse pileup effects in a photon-counting X-ray
detector for CT. Med. Phys. 2014;41:041905. doi: 10.1118/1.4866890.

Bhattarai M, Bache S, Abadi E, Samei E. Exploration of the pulse pileup effects in a clinical CdTe-based
photon-counting computed tomography. Medical Physics. 2023;50(11):6693-6703.
doi:https://doi.org/10.1002/mp.16671

Gregor Jost, McDermott M, Gutjahr R, Nowak T, Schmidt B, Pietsch H. New Contrast Media for K-Edge
Imaging With Photon-Counting Detector CT. Investigative Radiology. 2023;58(7):515522.
doi:https://doi.org/10.1097/rli.0000000000000978

Whitepaper: The technology behind photon-counting CT. Siemens-healthineers.com. Published 2024.
Accessed October 28, 2024. https://www.siemens-healthineers.com/en-us/computed-

tomography/photon-counting-ct-scanner/naeotom-alpha/naeotom-alpha-ct-redefined > Sengkan

gkang
General Hospital
SingHealth



224 Sengkang o
1 l General Hospital ,,; h H I h
Ing ea t

" RSNA2024

Building Infelligenf Connecfions

1hank You

#RSNA24




	Slide 0: Photon Counting Computed Tomography (CT)
	Slide 1: Non-Disclosure
	Slide 2: Learning Objectives
	Slide 3: Learning Objectives
	Slide 4: Evolution of CT Scanner Technology
	Slide 5: Learning Objectives
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Learning Objectives
	Slide 11: Learning Objectives
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Learning Objectives
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31: References
	Slide 32

