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CT Perfusion has a role to play in top 3!
US Causes of Mortaliy, 2005 (CDC)

Heart Disease
Cancer

Stroke

Respiratory
Accidents

Diabetes
Alzheimer’s disease
Influenza/Pneumonia
Renal

Septicemia
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Outline

A Application domains A Neuro Perfusion
I Stroke imaging I Motivation
I Vasospasm I Technique
I Myocardial Imaging I Artifacts and Pitfalls
I Tumor Imaging I Dose Issues

A Basic CT Perfusion A Myocardial Perfusion
Paradigm i Motivation

I Technique
I Artifacts and Pitfalls
I Dose Issues
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Basic Paradigm
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Parameterization
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SNR and CNR
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Stenosis and Blood Flow
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Two mechanisms: Flowependence and steal
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Main Challenges

A Too many technologies
I CT scanners
I Processing algorithms

A CNR and SNR are low
A Dose can be very high
A Clinical applications are still being worked out

Other than that, life Is good!
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Widely Slow
Single-source available Poor Z-axis
Cheap(er) coverage

Z-axis coverage
Dual Source Fast Temporal
Inhomogeneity

Wide-area Temporal Slower
(320 MDCT) homogeneity High Dose

Fast! Still not full
2nd Gen :
Better Z-axis coverage
Dual Source
coverage $$
5

Triple Source

640 MDCT milliseconds, In my dreams

Whole heart
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MRP vs. CTP: Single pixel
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MRP vs. CTP: Larger pixel size

Must thicken the slice and aggregate
pixels for good CNR and SNR

White Matter

Gray Matter
' | CT
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Neuro Perfusion CT
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Central Dogma: DiffusiofPerfusion Mismatch

Can CT show both the core and the penumbra of the Inf:

A Diffusion Abnormality
I Permanently infarcted
I Infarct core or dead tissue
A Perfusion Abnormality
I Overall tissue at risk
I Includes the core
A (Perfusiori Diffusion)
I Potentially salvageable Tissue
I Ischemic penumbra
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Acute Stroke Protocol
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MGH Single Slab Perfusion Protocol

A Perfusion (single slab, cine)

I 80 kVp 200 mA, 1 second rotation, 8 x 5
mm slices

I Phase | (cine): 1image every secon
for 40s (0.5s recon interval)

I Phase Il (axial): 1 image every 3
seconds for 27 s
I Total duration = 67 s

I Total X-ray exposure =49 s
A CTDIvol=470 mGy
A DLP =1890 mGycm

A CTP protocol well within the 0.5 Gy
CTDI (vol)

A Further 25% reduction with 150mA
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DWI
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Radiation Dose

Day 37 after 15t CTP: four CTA/CTP and two DSA exams in 2 weeks
120 kV, 100 mAs, and 50 rotations

Eur Radiol (2005) 15:4D46
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EDITORIAL

FDA Investigates the Safety of Bran
Perfusion CT

n October 2, 2009, the 15 Food and Drag Administration
(FDA] issped am inltial nodifcation regarding 1 safety In-
vestigadom of facllities performing braln perfuslon CT (PCT)
scare. This alert indicated that the FOA had become aware of
radlatlon overeponares doring PCT imiaging performed 1o

diagnoee stroke at a single, partioadar fad hity. Becanss of In-
correct seitings on the CT smanner console, more than 200

patienis over a period of 12 months recetved radiation doses
that were approximately 2 flmes the expected kevel While this
event imvahved a single kind of diagnostic test at 1 facility, the
magriiiud of thess overdoses and their Impact on the affected
patienis were significant. Abowut 40% of the patlens losi
patches of halr asa result of the overdosas
Thiseplsnde highligh st

ner corsole. These Indices Include the volumetric CT doss
index [CTDL 1 and the dose-lergth prodoct (OLF)L The
CTI,, which was Intraduced o ke into accoant the plich
of hellcal acquisitions, represents the average doss deliversd
within the reconstroctsd ssction, :!nd Is cakulated a5 the
welghted CTD divided by the ploch.” The DLP & the CTDL 4
multiplled by the scan kength expressed in centimeters. It glves
an Indization of the energy Imparted o organs, and n be
nsed 40 assess overall radiation borden assodated with a CT
gtudy. CT scanners now routinely record the CTD Ly, and, in
some cases, the DLP. Although the CTDL 15 not the dose toa
specific patient, it &5 an index of the awerage radiation dose
from 2 CT serles.” For each prodocol selected. and for each
patient, the dose Indices displayed on the control panel should
ke carefully monlbored and determined to be within a reason-
able rangs fo prevent accldental owersxposors. Radlologlss
and techmiodegists showld also become acqualnied with dose
modulaton softwars? and. in the immediate fuiure, with fier-

athve reconstruction algorithms, which can replace filbzred
lal to decreass Imaps

Wintermark, Lev AJNR Nov 2009

oSpeci al

Col |

ect |


http://www.ajnr.org/misc/Podcast.dtl

CTP Dose
A Low kVp is desirable

I 80 kVp standard
I Less radiation dose
I More iodine conspicuity

Acute Stroke Imaging Research Roadmap

o B. Fishach, MDD,

makher, MO, Phly;

A Low mAs is sufficient  [Rats 05 Kidvll WD; S
| < 200 William J. Powers
i As | ow raasimajp OgH

A Epilation threshold
I ~3Gy, ~3wkdelay

I If CTP is 8x the .5 Gy max
dose at least 4 Gy!
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CT Perfusion Dose vs kVp

kVp

80

100

120

140

mA

200

200

200

200

—+

CTDI

16.1

28.6

43.4

59.6

Effective
dose
mSv

0.19

0.35

0.55

0.67

n Rot

40

40

40

40

Total organ
dose

(mGy)

644

1144

1736

2384

Total Effective
dose (mMSv)

7.6

14

22

26.8
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Cardiac Perfusion CT
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‘ Perfusion defect Cascade

if Metabolic disorders

m Diastolic dysfunction
(-\- Systolic dysfunction

- ,.-l':.
. EKG changes

Chest pain

Ischemia

Myocardial infarction

Nesto RW, Kowalchuk GJ. The ischemic cascade: temporal sequence of
hemodynamic, electrocardiographic and symptomatic expressions of ischer
Am J Cardiol. 1987;59:2&0C.
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EKG| Echo; CT | MR | SfecTt PET

‘ Plague +/- ? ?

" Perfusion defect +

x Metabolic disorders 7 7 2
m Diastolic dysfunctlon +

. Systolic dysfunction +

c/

Electrical changes

Chest pain

. Myocardial infarction +
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Reference Standard: Nuclear Medicine

AExpensive

ADose heavy

AArtifact prone

ALow spatial resolution
ALow temporal resolution

Shortaxis SPECT Image
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Considerations for Stress Perfusion CT

Method?
Effects on physiology?

Agent?
Timing?
Rate, dose”?

Temporal resolution?

Z-axis coverage?

Radiation dose, ECG gating?
Scan order?

Dual Energy?

Qualitative?

Quantitative?
Semiquantitative?
Reconstruction algorithm?
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Pharmacologic Stress Agents for CT

Exercise Free

Dobutamine

. Cheap .
Dipyridamole Good Sn/Sp Tachycardia

Regadenoson Easyto dose Prolonged
/binadenoson $$ dose effects
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MGH Scan Protocol

-
=

~10 minute
Delay

~5 minute
Recovery period

| |
| |
| |
| |
| |
| |
Retrospectively Prospectively Prospectively
Gated Gated Gated

Multiple variations possible
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Coregistered short-axis image sets

Stress
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Gatingrelated artifacts
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Gatingrelated artifacts
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Photon starvation artifact
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Future Directions in CTP

Novel reconstruction techniques: Iterative

Dual-energy imaging
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Iterative reconstruction

.

Filtered Back Projection B10 axial 65% R-R Stress

-

Iterative Reconstruction B10 axial 65% R-R Stress

Images courtesy Homer Pien, Ph.D., MBA & Synho Do, Ph.D.
(MGH Cardiac Image Processing and Computations)



