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Pourquoi I'IRM ?

La TDM étudie tres bien le parenchyme

Le parenchyme pulmonaire contient tres peu d’atomes d’hydrogene...
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Medical Radiation Exposure of the U.S. Population Greatly

Increased Since the Early 1980s

Radiologic and Nuclear
Medicine Studies in the United
States and Worldwide: Frequency,
Radiation Dose, and Comparison with
Other Radiation Sources—1950 —
2007
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DE RADIOPROTECTION INSTITUT
ET DE SURETE MUCLEAIRE DE VEILLE SANITAIRE

Exposition de la population
francaise aux rayonnements
ionisants liée aux actes de
diagnostic medical en 2007

Cécile ETARD®, Sandra SINNO-TELLIER®!,
Bernard AUBERT®

(a) Institut de Radioprotection et de SQreté Hucléaire
(b) Institut de Veille Sanitaire

Fréquence des actes en 2007

w1 L% 0.6%

1] Radiologie conventionnelie (hors dentaire)

Radiologie dentaire

2| Scanographic

Dose efficace collective en 2007

. 5,5%
'EU',E& 26, 1%

T

[] Medecine nucleaire

B Radiologie interventionnealle
diagnostique




EFFETS DETERMINISTES

e GRAVITE PROPORTIONNELLE A LA DOSE
« CONSTANTS AU DESSUS D'UN SEUIL

Exceptionnels en imagerie médicale sauf
erreurs ou en radiologie d’intervention :
peau et les cheveux des patients
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FDA Investigates the Safety of Brain
Perfusion CT

M. Wintermark AJNR 31: 1-4 Jan 2010

200 patients sur 18 molis

Perfusion cérébrale
8 fois la dose attendue

Alopécie constatée chez 40% des
patients
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Only later would Mr. Reyes learn = SLE-P

what had caused him so much

g - : REFRINTS
physical and emotional grief: he had B ;
ed a radiation overdose during a

at a hospital in chtend ants

Glendale, : COMING SO0N,

Other patients getting the procedure,
sion scan, were being overdosed, too
of them just up the freeway at Providence Saint
seph Medical Center in Burbank, 269 more at the
renowned Cedars-Sinai Medical Center in Los Ang

dozens more at a hospital in Huntsville, Ala.

essive radiation. After 10 months, the agency has yvet to

provide a final report on what it found.




EFFETS STOCHASTIQUES
DES FAIBLES DOSES ?

e Cancérogénese
— Exces maximal de cancers de 5 % pour une dosede 1  Sv
— Epidémiologie : pas d’effet démontré des faibles dos es

« Effets génétiques

— Probabilité d’augmentation des mutations géné  tiques pour une dose
delSv=1%

— Risque non observe en pathologie humaine
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72 millions de CT aux USA en 2007

5 millions avant 18 ans

29 000 cancers/an

758 =205

Figure 1. Estimated number of computed tomographic (CT) scans performed in the United States in 2007 (after exclusions), according to sex and age at
exposure. The number of T scans were estimated using the survey data for total number of scans of each type. * The age distribution of CT scans comes from the
national commercial insurance database, excluding CT scans that had a diagnosis code of cancer or that were performad inthe last 5 years of life.

Amy Berrington de Gonzalez,

Table 2. Projected Number of Future Cancers That Could Be Related fo CT Scans Performed in the United States in 2007,

According to CT Scan Type?®

Mo. of Cancers

Females Males

Total

Mean
(95% UL) %

Mean
(95% UL)

No. of Scans, b

Type of CT Sean Millions (%)

Mean
{95% UL)

2100 (600-4300)
1000 (500-2000)
300 (100-600)
50 (20-100)
500 (200-1100)
5500 (2600-9600)
500 (200-900)
500 (200-1100)
100 (50-200)
50 (20-100)
30 (10-60)
20 (1-80)
11 000 (BD00-16000)

Head

Chast

Cervical spine
Thoracic spine
Lumbar spine
Abdomen/pelvis
CTA chest

CTA ather®
Whaole body
Colonography
Calzium scoring
Dtherd

Total®

18.7 (33)
7.1 (12)
18(3)
0.3(<1)
2.2 (4)

18.3(32)
2.3 (4)
16(3)
0.3(<1)
0.2 (<1)
06 (1)
35(6)

56.9 (100)

1800 (500-4400) 11
3100 (1400-6100)
700 {200-1700) 4
200 (80-300) 1
700 {300-1600) 4
8500 (4200-15 000) a7
2200 (1100-4200) 12
400 {200-800) 2
300 (100-500) 2
70 (30-120) =1
150 (70-300) 1
10(3-20) =1
18000 (9000-23000) 100

Abbreviations: CT, computed tomographic; CTA, CT angiography; UL, uncertainty limis.
AThe numbers are presented o a maximum of 2 significant figures.
hF_chuding CT scans with a diagnosis code of cancer or that were performed in the last 5 vears of life.
¢ Abdomen, pelvis, and head.
Primarily extremity CT scans and bone mineral density.
9Totals are not equal to the sum for males and females because of rounding.

Arch Intern Med. 2009;169(22):2071-2077

<1
<1
<1

100

4000 {1100-8700)
4100 (1900-6100)
1000 (300-2300)
250 (10-400)
1200 (400-2700)
14000 (690025 000)
2700 (1300-5000)
900 (300-1900)
400 (200-600)
120 (60-200)
180 (80-400)
30 (4-100)

29000 {15 000-45 000)




RISQUE DE CANCER PAR TYPE D’EXAMEN ET AGE DU PATIENT

Table 4. Estimated Number of Patients Undergoing Computed Tomography (CT) That Would Lead to the Development
of 1 Radiation-Induced Cancer, by Type of CT Examination and Age at the Time of Exposure, Based on the Median
and Interquartile Radiation Dose Observed

Patients, Median (Interquartile Range), No.

I
Ape, 20y Age, 40y Age, B0y
Anatomic Area, I 11

Type of CT Study Female Male Female Male Female Male

Head and neck
Routing head 4360 (3290-5110) 7350 (5540-8620) 8100 (5110-9800) 11080 (2350-12890) 12250 (823014 360) 14680 (11 O70-14680)
Ruouting neck 2390 (1640-3540) 4020 (2770-5970) 4430 (3050-6680) 60SE (4170-8290)  &700 (4620-9940) BO30 (5530-8030)
Suspected stroke B60 (460-980) 1120 (770-1650) 1230 (850-1820) 1682 (1170-2480) 1880 (1290-2750) 2230 (1880-2230)
Chest
Routine chest, no contrast 290 (290-6300\ 1040 (770-1670) 720 (540-1160) 1866 (1170-2620) 1080 (B20-1760) 2080 (1580-2080)
Ruouting chest, with contrast 280 (270-650) | 1020 (710-1740) 720 (500-1240) 1538 (1070-2620) 1070 (750-1830) 2040 (1420-2040)
Suspected pulmaonary embolism\ 330 (230-460) BE0 (B10-1220) 620 (420-850) 1333 (920-1840) 930 (640-1280) 1770 (1220-1770)
Cioronary angiogram 390 (3s0-610) 270 (250-420) 545 (540-920) 420 (370-640) TE0 (710-720)
Abdomen and pelvis
Ruouting abdomen-pelvis, B00 (380-770) BE0 (510-1024) 930 (710-1430) 1002 (770-1540) 1400 (1080-2160) 1330 (1020-1330)
no contrast
Ruouting abdomen-pelvis, with 470 (380-700) B20 (510-930) 870 (710-1300) 842 (T70-14007 1320 (1080-1960) 1250 (1020-1250)
contrast
Multiphase abdomen-pelvis 280 (180-370) 330 (240-490) 460 (330-680) 498 (360-730) 700 (500-1030) GE0 (420-660)
Suspected aneurysm or 220 (210-320) 420 (280-510) 590 (390-710) GaG (420-770) 890 (580-1080) 840 (550-540)
dizsection

R Smith-Bindman, Arch Intern Med. 2009;169(22):2078-2086




LE PROBLEME CHEZ
L'ENFANT

Etre en développement

Longue espérance de
vie

Irradiations a venir
Longs délais
d’apparition des effets

Risque pour la
BEIR VII predicts one excesscancer per 1000 patients receiving a 10-mSv
deSCG nd an Ce exposure (thick horizontal line), approximately half of which are expected to be

fatal.




RADIOPROTECTION
DIMINUTION DU RISQUE RADIQUE

JUSTIFICATION DES ACTES
— PERTINENCE DES DEMANDES
— NOTION DE RISQUE / BENEFICE

SUBSTITUTION DES ACTES
— MOINS IRRADIANT OU
— NON IRRADIANT : IRM / ECHOGRAPHIE

OPTIMISATION DES ACTES
CONSENSUS ET PROTOCOLES

EVALUATION DES PRATIQUES




IRM PULMONAIRE

» Etude fonctionnelle : perfusion pulmonaire, ventilati on pulmonaire

« Etude morphologique




ETUDE FONCTIONNELLE

o Perfusion pulmonaire :

- Séquence 3-D Tlavec injection de Gd

Hopkins SR, Levin DL, Emami K, et al. Advances in magnetic resonance imaging of lung physiology. J Appl Physiol 2007;102: 1244-1254.

- Sans injection (arterial spin labeling)

Contrel Image:Selective Inversion  Tag Image:Nonselective Inversio

Hopkins SR, J. Magn. Reson. Imaging 2010;32:1287-1301.




ETUDE FONCTIONNELLE

Ventilation

— Oxygene (augmentation du T1), Xénon-129 polarisé. Ces technigues
étudient une combinaison de la ventilation et de la perfusion
pulmonaire.

— Hélium-3 polarisé

Elise Bannier, Hyperpolarized 3 He MR for Sensitive Imaging of Ventilation Function and Treatment Effi ciency in Young Cystic Fibrosis Patients with
Normal Lung Function Radiology 2010; 255:225-232




ETUDE MORPHOLOGIQUE

Détection des nodules
- Les nodules > 4mm détection meilleure en IRM/RX simple.

- Mauvaise sensibilité pour les nodules < 5mm
- Sensibilité et specificite de I'ordre de 93% compare au TDM spiralé et

100% pour les nodules de 10 mm.

g AN N

’

Marcel Koenigkam Santos,

J Bras Pneumol. 2011;37(2):242-258

<

o R

T1 T2

Vogt FM, HASTE MRI versus chest radiography in the detection of pulmonary nodules: comparison with MDCT. AJR Am J Roentgenol. 2004;183(1):71-8.




CONDENSATION
PARENCHYMATEUSE

Condensation : Riche en liquide donc bien vu en T2

Rupprecht T, Bowing B, Kuth R et al (2002) Steady-state free precession projection MRI as a potential alternative to the
conventional chest X-ray in pediatric patients with suspectedpneumonia. Europ Radiol 12:2752—2756

Michael Puderbach
Pediatr Radiol (2010) 40:844-849

Rx de thorax suffisante. 2 indications ala TDM :
tuberculose et immunodépression.




CONDENSATION
PARENCHYMATEUSE

Eibel R, Herzog P, Dietrich O et al (2006) Pulmonary abnormalities in immunocompromised patients:
comparative detection with parallel acquisition MR imaging and thin-section helical CT. Radiology 241:880-891

]
Goffredo Serra, Lung Magnetic Resonance Imaging as a possible alternati  ve to Computed Tomography for patients with
Primary Immune Deficiencies and increased radio sensiti vity Chest; Prepublished online May 26, 2011




CONDENSATION
PARENCHYMATEUSE

Table 1 Findings of 60 HRCT examinations and 60 MRI examinations
HRCT score MRI score
0

ent with casensis

Busi Rizzi et al. BMC Infectious Diseases 2011, 11:243
Detection of Pulmonary tuberculosis: comparing MR imaging with HRCT




PATHOLOGIE INFILTRATIVE

Tres peu d’études sur le sujet !

Michele Gaeta,Chronic Infiltrative Lung Diseases Value of Gadolinium-E nhanced MRI in
the Evaluation of Disease Activity—Early Report CHEST 2000; 117:1173-1178)

Eibel R, Herzog P, Dietrich O et al (2006) Pulmonary abnormalities in
immunocompromised patients: comparative detection with parallel
acquisition MR imaging and thin-section helical CT. Radiology
241:880-891




PATHOLOGIE DES VOIES
AERIENNES

Bronches normales ;: non vues au dela du 3eéme ou 4eme ordre en
IRM et visualisées jusqu’au 6eme au 8eme ordre en TDM

Epaississement des parois bronchiques : les séquences T2 ou T1
injectées montrent I'épaississement par I'inflammation de la paroi

Dilatation des bronches : visualisées par I'épaississement de la paroi.
Donc identifiable en central et ne peuvent étre séparées de
I'épaississement en périphérie.

Impactions mucoides : hypersignal T2 pas de prise de contraste




PATHOLOGIE VOIES AERIENNES
(Mucoviscidose)

Une équipe de référence
Michael Puderbarch, MoniKa Eichenger (German Cancer Research Center
Heidelberg)

Table 1
Scoring sheet for morphe-functional MRI assessment.

Maximal parameter / global
Parametar

score

1. Bronchiectasisiwall thickening 12

2. Mucus plugging 12

3. Abscessesisacculations 12 Eichinger M, et al. Morphologic and functional scoring of
cystic fibrosis lung disease using MRI. Eur J Radiol (2011),
doi:10.1016/j.ejrad.2011.02.045

4. Consolidation 12

5. Special findings 12

6. Perfusion size 12

Maximal lobar / global score 12 12 12 12 12 12 72

UL =upper lobe; ML= rmiddle lobe; LL= lower lobe; LG =lingula
Each finding was scored to be absent {0, within less than 50% of the lobe {1 ) or throu ghout more than 50% of the lobe (2,
Aglobal score and the following subscores were defined:

- Glabal score (G5): sum of all parameters of the whale lung: maximum 7

- Morphology score (M3): sum of morphological parameter scores (1-5) of the whole lung:; masimum &0

- Function soore (FS): perfusion score (6] of the whaole lung: masximum 12

- Lobar scores (LS lobe based regional scores; sum of all parameter scores for one lobe (vertical column): maximum 12 (gray).

- Parameter scores; sum of each parameter of the whole lung {horizontal column); masimum 12 (yellow ). The following parameter scores are
defined: bronchial score (bronchiectasis/wall thickening score, BS §, mucus plugging score (MPS), abscess/sacculation score ( ASS), consolidation
soore {5 ), special finding score {SFS)

Peu de concurrence ?




Une équipe qui debute...
12 patients










CONCLUSIONS

L’'IRM pulmonaire est réalisable actuellement en recherche et devrait
devenir une technique de routine dans certaines pathologies.

La mucoviscidose est en pédiatrie une pathologie ou les examens d’'imagerie
restent nombreux avec un age median des patients qui augmente (radioprotection).
Les patients devraient pouvoir bénéficier de cette technique

Une proposition : PHRC national pour vérifier si 'lRM peut se substituer a la TDM
et devenir une technique de routine dans cette pathologie.




