Low Dose lterative Reconstructions
In the Emergency Ward CT

Koenraad Nieboer MD Head of Emergency Radiology
Nico Buls PhD. MSc Medical Imaging and Physical Sciences (BEFY)
Gert Van Gompel PhD. MSc Medical Imaging and Physical Sciences (BEFY)
Johan de Mey PhD. MD Head of Radiology Department

|
Q Universitair Ziekenhuis Brussel

gl Vrije Universiteit Brussel X e
¥ mh | BN
UL j

I , "'. AN\ \\\\}‘&\\\\\




UZ Brussel

Radiology: +/- 180.000 patient contacts / year
Volume CT: +/- 33.000 exams /year

Emergency Ward: +/- 66.000 patients / year

Evolution Emergency CT UZBRUSSEL 2001-2010
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UZ Brussel

Radiology: +/- 180.000 patient contacts/year
Volume CT: +/- 33.000 exams/year

IC (36 beds) Admissions: +/- 1750 patients / year

CT REQUEST INTENSIVE CARE UZ BRUSSEL (2000-2010)
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Journal of the American Medical Association

N ORIGINAL CONTRIBUTION

Use of Advanced Radiology During Visits
to US Emergency Departments

for Injury-Related Conditions, 1998-2007 Korley et al. JAMA Oct 2010;304(13):1465-1471

Kred srlCKtn Kartop, A1) Context Excessive use of medical imaging increases health care costs and exposure
Julius Cuong Pham. MD. PhD to ionizing radiation (a potential carcinogen) without yielding significant benefits to
Thomas Dean Kirsch, MD, MPH all patients.

2 . B " _ Objective To determine whether there has been a change in the prevalence of
NIURY-RELATED LONDmONb_“RE emergency department visits for injury-related conditions for which computed
among the most common reasons tomography (CT) or magnetic resonance imaging (MRI) was obtained and whether
for visits to emergency depart-  there has been a change in the diagnosis of life-threatening conditions and patient

ments in the United States. The  disposition.
most [requent injury mechanisms are  pegign setting, and Participants Retrospective cross-sectional analysis of emer-

““lilmmlm‘m‘l falls and l“ﬂll'lf vehicle  gency department visits using data from the National Hospital Ambulatory Medical 18-

collisions.’ Some patients with injury-  Care Survey (1998-2007). Sampled visits were weighted to produce estimates for the "

velated emergency department visitsare,  United States, ® CT or MRl scan was obtained
16 - A Admitted to the hospital

B Life-threatening condition was diagnosed
¥ Admitted to an intensive care unit

Cost

Radiation dose
Time

Patient transport

Visits for Injury-Related Caonditions, %

Benefit???
Year

(2Umvemtai,Ziekenhuismssel No. of patients 5237 4592 5545 7235 7690 8051 7465 6259 6735 6567

¥ Vrije Universiteit Brussel
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Quality vs Dose: The Trade off

Radiation

Dose

The straightforward ay eé

Increase # photons, increase patient dose (mAS)

10 mAs 60 mAs 120 mAs

Sf CTDIv = 0,8 mGy CTDIv =5 mGy CTDIv =10 mGy
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Noise suppression

Noise pattern follows Poisson statistics
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Viije Universiteit Brusse GE CT750 HD, 120 kVp,p =0.9,r=1,t=2.5mm, FOV = 230 mm
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Quality vs Dose: The trade off

Radiation
Dose

Noise Reduction Technigue

g FBP Reconstruction Filters & \

kernels Q
g Smoothing ( MPR&

g Reconstruction Techniques
, Iterative reconstructions R
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Iterative reconstruction

detector
A

LTV
source

Image acquisition
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Goal:




lterative methods: optical model

Use as much prior knowledge as possible
A It reduces the amount of data needed

A Real Detector

A Real Focal Spot
A Cubic Voxel

A Broad Beam

A Object Model
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Generations of CT reconstruction

DOSE >< IMAGE QUALITY

Filtered back Projection (FBP)

iAssumes fiperfecto mod

Traditional CT
eReconstruction

Image Filters & Kernels

I Image space approach
i Filter noise, Application specific

Trade-off Noise
vs. Detall

Statistical Iterative Reconstruction

i Blending technique (FBP + Iterative)
I Models noise (Photon & Electronic)

Lower Dose and
Preserves Detall

Ath Generation Full Model Based Iterative Recon

Q Universitair Ziekenhuis Brussel
¥ Vrije Universiteit Brussel

I Models CT system geometry
I Reconstruct more accurate images

Improves Detalil
and Lower Dose
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The next frontier in ULtra Low Dose CT: Model

Reconstruction in the brain, chest and abdomen.

-based lterative

IR Hybrid

True IR Image Space
Denoising
versus FBP Replaces FBP Uses FBP image Uses FBP image
. Adv. Modeling of system . No or limited statistical . Multi -band frequency
statistics modeling filtering
. Adv. Modeling of desired _ Alternates resolution bost
Technique image characteristics for (forward projection + FBP) with

medical CT

. Predictable image
characteristics due to global
convergence property

noise control (image filter)

. No predictable image
characteristics: depend on specific
number of iterations

Projection vs Projection space Projection space Image space
image space

. Least CT artifacts vs FBP . Fast reconstruction speeds _ Can be vendor neutral
Advantages . Least noise at low dose . Reduces image noise . Fast processing speeds

. Better spatial resolution with

low dose techniques

_ Slower reconstruction speeds ~Continues t o ass Uy meEontniedte asume
Disadvantages (10-90 min / exam) systemo6 with assog¢gobttedl systemod

 Vendor specific

mimitations in spatial resolution
and noise

. Vendor specific

associated limitations in
spatial resolution and
noise

Product names

MBIR / VEO (GE)

ASIR (GE), Safire (Siemens),
iDose (Philips), AIDR (Toshiba)

IRIS (Siemens), Clarity
(nonvendor specific)

A.K. Haraet al T RSNA 2011 Educational exhibit LL-MSE1081




The next frontier in ULtra Low Dose CT: Model

Reconstruction in the brain, chest and abdomen.

-based lterative

True IR (4t generation)

IR Hybrid (3t)

Image Space
Denoising (2%)

versus FBP

Replaces FBP

Uses FBP image

Uses FBP image

Projection vs

Projection space Projection space Image space

image space

. Least CT artifacts vs FBP . Fast reconstruction speeds .
Advantages _ Least noise at low dose  Reduces image noise . Fast processing speeds

. Better spatial resolution with

low dose techniques

. Slower reconstruction ~Continues to ass umeEontnuedte assume
Disadvantages speeds (10 -90 min/ exam) systemo6 with assodqbatedl systemo

mimitations in spatial
resolution and noise

associated limitations in
spatial resolution and

noise

Product names

MBIR / VEO (GE)

ASIR (GE), Safire (Siemens),
iDose (Philips), AIDR (Toshiba)

IRIS (Siemens), Clarity
(nonvendor specific)

A.K. Haraet al T RSNA 2011 Educational exhibit LL-MSE1081




State of the Art Emergency CT

lterative Reconstruction:
ASi RE

(Adaptive Statistical Iterative Reconstruction)
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0.8 mGy
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¥ Vrije Universiteit Brussel GE CT750 HD’ 100 kvp’ p = 09, r = 1, t = 25 mm, FOV = 230 mm

Low dose iterative reconstructions in the emergency ward CT Copenhagen  Januari 27" 2012



What about spatial resolution?
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ASIRvs. FBP
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Effective doses for CT procedures

(review over 20 published articles)

Table 2

Adult Effective Doses for Various CT Procedures

Examination Average Effective Dose (mSv) Values Reported in Literature (mav)
Head 2 0.9-4.0
Meck 3 e
Chest 7 4.0-18.0
Chest for pulmonary embolism 15 1340
Abdomen 8 3.5-25
Pelvis 6 3.3-10
Three-phase liver study 15 -
Spine 6 1.5-10
Coronary angiography 16 5.0-32
Calcium scoring 3 1.0-12
Virtual colonoscopy 10 4.0-13.2

Radiolegy: Volume 248: Number 1—July 2008




Patient 1: Female 45

Acute dyspnea, suspicion
pulmonary embolism

Scan Parameters
Range 26 cm Ni: 30
100KV ASIR: 50%
CTDIv 7.44 (mGy)
E 2.7 (mSv)



Patient 2: male 36

Right Costolumbar Colic
Pain
g Urolithiasis?

Scan Parameters
g Range 49

g 100KV

g CTDIv 4,7(mGy)
g E 3,6 (mSv)

Recon parameters
g Ni: 50 €]0))
g ASIR: 70% (50%)







Patient 3: male 33

Polytrauma
Hit by car on bicycle
Patient in vacuum mattress

Total body CT
Dry head
Dual contrast COW to ankle

DMPR
Brain Ax + Sag
Total Body Ax + Cor

Scan Parameters
Range 230 mm +1700 mm
120KV
CTDIv 67,6 + 10,9(mGy)
E 19,7 (5,8 + 13,9) (mSv)

Ni: 6.4+ 28
ASIR: 50% + 50%
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