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Personalized CT protocols ?

e Should we use the same CT protocol for

— A 16-years old women of 40 kg

— A 86-years old men of 96 kg



Personalized CT protocols ?

e Should we use the same CT protocol for

— A 16-years old women of 40 kg
e More sensitive to radiation
 More time to develop a cancer
e Less sensitive to iodinated contrast media

— A 86-years old men of 96 kg
e Less sensitive to radiation

» Less time to develop a cancer
 More sensitive to iodinated contrast media



We need less energy to go through 40 kg than through 96 kg
Do not use the same kVp



Men vs Women

Try to decrease the irradiation to the

X-ray low




se more x-rays when you neec




Dose concern ?

e Could x-rays be responsible for cancer?

— In the general population

— In the medical community
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last 10 years, the use of CT scans has exploded. In 1980, 3 million
were performed. The projection for 2011 is 72 million, nearly 20,0

Figure 2. Estimated Number of CT
Scans Performed Annually in the
United States.

The most recent estimate of 62 million
CT scans in 2006 is from an IMV CT
Market Summary Report3
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Controversy

e Based on

— The majority of the model are based on
Hiroshima/Nagasaki survivors

— Could a nuclear blast be used to estimate
the risk of cancer due to CT ?



Radiation dose - Hiroshima

e,

Table 2

Adult Effective Doses for Various CT Procedures

Examination

Head

Neck

Chest

Chest for pulmonary embolism
Abdomen

Pelvis

Three-phase liver study
Spine

Coronary angiography
Calcium scoring

Virtual colonoscopy

Average Effective Dose (mSv)

15

Values Reported in Literature (mSv)

0940

4.0-18.0
1340
3.5-26
3.3-10
1.5-10
5.0-32

1.0-12
4.0-13.2




Radiation in Switzerland - 2010
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Number of CT realized ...

O Females
W Males —

No. of Scans, Millions

Linear
non-thresholc
model

Japanese Survivor Data
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.. and estimated number of cance

Tahle 2. Projected Number of Future Cancers That Could Be Related to CT Scans Performed in the United States in 2007,
According to CT Scan Type?
No. of Cancers
| Females Males Total I

No. of Scans,? ! Mean I I Mean I I Mean I
Type of CT Scan Millions (%) (95% UL) % (95% UL) % (95% UL) %
Head 18.7 (33) 1900 (500-4400) 11 2100 (600-4300) 19 4000 (1100-8700) 14
Chest 7.1 (12) 3100 (1400-6100) 17 1000 (500-2000) 9 4100 (1900-8100) 14
Cervical spine 1.8 (3) 700 (200-1700) 4 300 (100-600) 3 1000 (300-2300) 3
Thoracic spine 0.3 (<1) 200 (80-300) 1 50 (20-100) <1 250 (10-400) 1
Lumbar spine 2.2 (4) 700 (300-1600) 4 500 (200-1100) 5 1200 (400-2700) 4
Abdomen/pelvis 18.3 (32) 8500 (4200-15000) 47 5500 (2600-9600) 50 14000 (6900-25000) 48
CTA chest 2.3 (4) 2200 (1100-4200) 12 500 (200-900) 7 2700 (1300-5000) 9
CTA other® 1.6 (3) 400 (200-900) 2 500 (200-1100) 5 900 (300-1900) 3
Whole body 0.3 (<1) 300 (100-500) 2 100 (50-200) 1 400 (200-600) 1
Colonography 0.2 (<1) 70 (30-120) <1 50 (20-100) <1 120 (60-200) <1
Calcium scoring 0.6 (1) 150 (70-300) 1 30 (10-60) <1 180 (80-400) <1
Otherd 3.5 (6 10 (3-20) <1 20 (1-80) <1 - <1
Total® 56.9 (100) 18 000 (9000-28 000) 100 11000 (6000-16 000) 100 ( 29000 (15 000-45 000)) 100




Could the CT dose be lowered?

Adult Effective Doses for Various CT Procedures

Examination Average Effective Dose (mSv) Values Reported in Literature (mSv)
Head 2 0.9-4.0
N 3 e

4.0-18.0

Chest for pulmonary embolism 15 13-40
Abdomen 8 3.5-25
Pelvis 6 3.3-10
Three-phase liver study 15 ...
Spine 6 1.5-10
Coronary angiography 16 R N-39
Virtual colonoscopy 10

Adult Effective Doses for Various Diagnostic Radiology Procedures

Average FEffective Values Reported in
Examination Dose (mSv) Literature (mSv)

Skull 01 0.03-0.22
Cervical spine 0.2 0.07-0.3
Thoracic spine 1.0 0.6-1.4
B Lumbar spiRe 0.5-1.8
0.05-0.24

Posteroanterior study of chest 0.02 0.007-0.050
Mammaography 0.4 0.10-0.60
Abdomen 0.7 0.04—1.1
Pelvis 0.6 02-1.2

Hip . 0.18-2.711



Chest CT with a X-ray dose
close to a conventional Chest
X-ray:

Iterative reconstruction



CT reconstructions
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CT basic principle - I
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Iterative reconstruction
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Ultra-low dose CT

odel based iterative



Dose reduction

To assess image quality and diagnostic

Information of chest CT acquired with the dose

of a conventional radiography, I.e. with a dose
of 0.1-0.15 mSv

Using classical filtered back projection and
new Iterative reconstruction



FBP




9 mSv

0.14 mSv!

MBIR
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PA and lateral Chest X-ray : 0.1 — 0.15 mSv
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Dose: 0.1 - 0.15 mSv

0.12 mSv



Nodules detection

Number of nodules

nodules R1 R2 R3 Kappa
Diagnostic CT (( 29 ) 0.815
F.B.P. 25 24 19 0.684

%
= ASIR-40 27 28 18 0.578

k
[ ASIR-80 28 29 20 0.654

=)
MBIR ( 29 0.815

Diagnostic CT vs
ULD-CT



Présentateur
Commentaires de présentation
Table 4 summarized the number of nodules seen on each reconstruction algorithm. There was no statistical difference between the numbers of nodules seen by reader nor between the different reconstruction algorithm. Based on the diagnostic CT, 28 nodules of 5.8 +/- 3.2 mm were depicted by reader one, 29 nodules of 5.9 +/- 2.6 mm were depicted by reader 2 and 29 nodules of 5.7 +/- 3.1 mm by reader 3. The interobserver agreement was almost perfect for the diagnostic CT and for the MBIR algorithm (kappa value of 0.815 for both), whereas it was substantial for FBP and ASIR-80 and moderate for ASIR-40. An example of nodules seen on diagnostic CT and on ULD CT is presented in Figure 2. The sensitivity of nodule detection on ULD-CT (as compared to diagnostic CT) was 100 %, for all readers.



Subtle anomalies

Table 5 Number of patients having ground glass opacities

Number
of patients
GGO Kappa Five-point Rl R2 R3
scale (median)
Diagnostic CT (SDD/LDD)  0.694 1 111 12
ULD-CT FBP 0.172 2 7 11 9
ASIR40 0.222 1.5 9 10 8
ASIR-80 0.184 1 9 9 8
MBIR 0.367 1 8 14 11

Table 6 Number of patients having emphysema

Number
of patients
Emphysema Kappa Five-point Rl R2 R3
scale (median)
Diagnostic CT (SDD/LDD) 1 1 9 9 9
ULD-CT FBP 0.06 2 5 6 5
ASIR-40 —0.125 1.5 4 5 3
ASIR-80 —0.317 1 8 5 6
MBIR —0.144 22 11 16 6




L evel of irradiation

Estimated effective dose

9.5 +/- 2.3 mSv 2.3+/- 0.7 mSv 0.13 +/- 0.006 mSv



Présentateur
Commentaires de présentation
The dose length product associated with DCT and ULD CT was ..and… - significant decrease in dose with ULD CT close to conventional chest radiography at least when two projections were acquired


Ultra-low dose CT

e Could we combine ultra-low dose chest
CT with 1odinated contrast media?

A prospective study



164 patients underwent CTPA on a GE 750HD scanner
after injection of 60 ml iohexol 350 at 3.5 mi/s

Standard dose CTPA
(n=82)
e 100 kV
e 100-500 mA
e 0.984:1 Pitch
e 0.6s Gantry rotation time
28 noise index

e 64 x 0.625 detectors
configuration

Ultra-low dose CTPA
(n=82)

100 kV

20 mA

0.984:1 Pitch

0.6s Gantry rotation time

64 x 0.625 detectors
configuration



Purpose:

To compare image quality and radiation
dose between CT pulmonary angiography
(CTPA) reconstructed with filtered back
projection (FBP) and ultra-low dose CTPA
reconstructed with model-based iterative
reconstruction (MBIR)


Présentateur
Commentaires de présentation
As we know, the filtered back projection (FBP) algorithms of the 1980’s were used for image reconstruction.Adaptive statistical reconstruction ASIR takes the inital FBP image as a starting point and applies a mathematicl matching algorithm to create a computer generated «  best match » This is possible with the availabilit of increased computer processing power.The 40 and 100% describes the blending of ASIR and FBP in the sequence. 
MBIR uses a model based algorithm to generate these imaging sequences. 
The goal of the study was to compare these 3 algorithmswith respect to  dose reduction and image quality. effect on quantitative and qualitative image quality. 



Objective image analysis

ROIs were drawn in

— 9 pulmonary vessels
— 3 background noise
— 2 muscle density

SNR = H Uvessels
background Nolse

CNR = (HUvesseIs'HUmuscle)
background noise



Présentateur
Commentaires de présentation
The study consisted of 200 consecutive patients undergoing routing contrast enhanced thoraco-abdominal CT in our institution. Consecutive dose reductions of 5% every 20 patients was employed. 

Contrast to noise ratio: measure of image quality. Signal from structure A – signal from structure B in the region of interest divided by alpha o the standard deviation for pure image noisl



Patients demographics

Standard dose Reduced dose

Men/Women 46/36 49/33 0.64
Age (year) 64115 60+ 14 0.08

Body mass index (kg/m?) 26.1+6.0 24.8+4.8 0.12



Présentateur
Commentaires de présentation
This slide demonstrates the difference in qualitative image quality, with a smoother, less grainy, almost waxy appearance to the solid organs and muscular bundles on MBIR that was less marked on ASIR 100 and ASIR 40

Generate a scale based on visibility of small structures (vessels, lymph nodes, adrenal glands) (radiology paper 2010, Singh)

Warren christine 10.01.142, VEO ASIR 100 et ASIR 40



Ultra-low dose Standard dose
CTPA CTPA

Mean SD Mean SD
Pulmonary Arteries (HU) 340 80 356 84 0.22
MPA (HU) 361 81 376 93 0.26
RPA (HU) 349 82 368 88 0.16
LPA (HU) 342 78 364 85 0.09
RUA (HU) 356 95 366 96 0.52
RMA (HU) 331 79 339 86 0.56
RLA (HU) 340 89 352 94 0.42
LUA (HU) 326 88 341 84 0.27
LIA (HU) 327 89 342 82 0.27
LLA (HU) 340 85 357 88 0.21
Subscapular and paraspinal muscle 41 10 44 9 0.12
Background noise 6 1 10 4 < 0.0001
SNR 56 19 43 20 <0.0001
CNR 50 17 38 18 <0.0001

CTDlvol 0.59 0.003 8 1.8 <0.0001
Effective dose (mSv) 0.31 = 0.03 0.96 <0.0001

+ + |+ +)+ + 1+ + +F + + 1+ + I+
o S o e o e N s s s s s



Présentateur
Commentaires de présentation
At the lowest doses the image quality was graded as non dianostic on ASIR but diagnostic on MBIR. Add 3x3 graphic demonstratinge MBIR, ASIR 100 ASIR 40 (3) at lowest dose and highest dose??


Routlne |:|3p CTPA

Ultra-low dose CTPA


Présentateur
Commentaires de présentation
At the lowest doses the image quality was graded as non dianostic on ASIR but diagnostic on MBIR. Add 3x3 graphic demonstratinge MBIR, ASIR 100 ASIR 40 (3) at lowest dose and highest dose??


Organ dose assoclated with CTPA

‘alue of Interest Examination Dose [mSv]
Adrenals 0.0880
Brain 0.0800
Breasts 0.876
Colon 0.00335
Eye Lenses 0.0546
Esophagus 0.488
Gall Eladder 0.02489
Heart 0.678
Kidneys 0.0211
Liver 0.0783
Lungs 0.829
Muscle 0.26
Ovaries 0.00223
Pancreas 0.0729
Red Marrow 0.265
Remainder ICRP103 0.252
Remainder ICRP&0 0.246
Salivary Glands 0.0600
Skeleton 0.687
Skin 0.267
Small Intestine 0.00364
Spleen 0.0642
Stomach 0.0518
Thymus 1.093
Thyroid 1.26
Urinary Bladder 0.000413
Uterus 0.000850
ICRP 103 0.357

ICRP 80 0.286




Ultra-low

Value of Interest

dose

Examination Dose [mSv]

standard dose

Value of interest

Examination Dose [mSv]

Adrenals
Brain
v (0.876 MSV

Colon

Eye Lenses

Esophagus

Gall Bladder

Heart

Kidneys

Liver

Lungs

Muscle

Ovaries

Pancreas

Red Marrow

Remainder ICRP103

Remainder ICRPE0

Salivary Glands

Skeleton

Skin

Small Intestine

Spleen

Stomach

Thymus

Thyroid

Urinary Bladder

o (0.00085 mSv
ICRP 103

ICRP 60

0.0880
0.0600
0.876
0.00335
0.0546
0.488
0.0249
0.678
0.0211
0.0783
0.829
0.26
0.00223
0.0729
0.265
0.252
0.246
0.0600
0.687
0.267
0.00364
0.0642
0.0518
1.093
1.26
0.000413
0.000850
0.357
0.286

Adrenals

Brain

Breasts

Colon

Eye Lenses
Esophagus
Gall Bladder
Heart

Kidneys

Liver

Lungs

Muscie

Ovaries
Pancreas

Red Marrow
Remainder ICRP103
Remainder ICRPE0
Salivary Glands
Skeleton

Skin

Small Intestine
Spleen
Stomach
Thymus
Thyroid

Urinary Bladder
Uterus

ICRP 103

ICRP 80

21.789 mSyv

0.0243 mSv

261
1.486
21.789
0.0878
1.35
12.478
0.673
17.942
0.58
2139
21.319
6.539
0.0753
1.862
6.641
6.335
6.182
1.486
17.188
6.717
0.0987
1.754
1.426
2712
347
0.0102
0.0243
8.018
7.239



Conclusion

e CT protocols have to be tailored to your
patient, i.e. personalized CT protocols

 CT dose reduction is only possible with
clear indications/questions

— We may be able to image PE with a dose
of 0.2 mSv

— Whereas we may not be able to image
Interstitial pneumonia with this dose



Thank you
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