2010-10-30

H-MRI of the Lung:

Potential indications

H-MRI of the Lung: Potential indications

H-MRI of the Lung: Potential indications

H-MRI of the Lung: Potential indications

... if lung MRI was superior to X-ray and almost as good as CT: ... if lung MRI was superior to X-ray and almost as good as CT:

... if lung MRI was superior to X-ray and almost as good as CT:
- for examinations in children and pregnant - for examinations in children and pregnant
- for frequent follow-up in young patients - for frequent follow-up in young patients
- for screening - for screening
- for medical opinion purposes - for medical opinion purposes
- for pharmceutical licensing trials (therapy control) - for pharmceutical licensing trials (therapy control)
- for scientific studies

- for scientific studies

Doesn ‘t MRI yield even more than CT?
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'H-MRI of the Lung: Challenges

_— low proton density with low signal intensity _— low proton density with low signal intensity _— low proton density with low signal intensity

~ low signal-to-noise ratio with short T2* ~ low signal-to-noise ratio with short T2*
(susceptibility artifacts at air-tissue interfaces) (susceptibility artifacts at air-tissue interfaces)

motion artifacts (lung, heart, vessels)

Light at the end of the tunnel!

MRI of the lungs: Light at the end of the tunnel?
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New Technologies
Standard Protocol
Applications/Advantages

"H-MRI of the Lung: Ready ...

low proton density with low signal intensity

>> multiple acquisitions
low signal-to-noise ratio with short T2*
(susceptibility artifacts at air-tissue interfaces)

motion artifacts (lung, heart, vessels)

New Technologies
Standard Protocol
Applications/Advantages

"H-MRI of the Lung: Ready ...

low proton density with low signal intensity
>> multiple acquisitions
low signal-to-noise ratio with short T2*
(susceptibility artifacts at air-tissue interfaces)
>> short (effective) echo times
motion artifacts (lung, heart, vessels)
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Standard Protocol
Applications/Advantages

T New Technologies

"H-MRI of the Lung: Ready ...

low proton density with low signal intensity

low signal-to-noise ratio with short T2*
(susceptibility artifacts at air-tissue interfaces)

motion artifacts (lung, heart, vessels)

"H-MRI of the Lung: Ready ...

low proton density with low signal intensity

>> multiple acquisitions
low signal-to-noise ratio with short T2*
(susceptibility artifacts at air-tissue interfaces)

>> short (effective) echo times
motion artifacts (lung, heart, vessels)
>> time resolved imaging
>> breathhold technique
>> motion compensation
>> respiratory/ECG triggering
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& i "H-MRI of the Lung: Ready ... "H-MRI of the Lung: Ready ... "H-MRI of the Lung: Ready ...
iPAT = Parallel Acquisition VIBE = Volumetric interpolated syngo TWIST =
low proton den . low proton den . .
Technique echo sharing technique
>> muiple >> mutpte acqpsitions

low signal-to-noise ratio with shoft T2*
(susceptibility artifacts at air-tisfue interfaces)

>> short (effejitive) echo times
motion artifacts (lung, heart, ls)
>> time resolved imaging

5 "H-MRI of the Lung:

syngo BLADE =

rotating K-space sampling
muiipte acqpusitions

Ready ...

low proton den

>> time resoived imaging
>> breathhdid technique
>> motion compensation

>> respiratory/ECG triggering

"H-MRI of the Lung: Challenges

Artificial Chest

pig lung

Biederer et al. (2003 - 1) Racilogy 227:471-474

loWPre g eathhold Imaging
nsiuons >> muwpte acgnsitons

low signal-to-noise ratio witf rt T2 low signal-to-noise ratio with shojt T2*
(susceptibility artifacts ig“tjssue interfaces) (susceptibility artifacts at air-tisfue interfaces)

>> short feffective) echo times >> short (effeftive) echo times
motion artifacts (lung, vessels) motion artifacts (lung, heart, véssels)

>> time fsolved imaging >> time res imaging

>> breathhold technique >> breathhold technique

>> motion compensation >> motion compensation

>> respiratory/ECG triggering >> respiratory/ECG triggering

"H-MRI of the Lung:

Ready ...

syngo PACE = Prospective

low proton den

>>

Acquisition CorrEction

muwipte acq

time resoly

respiratory/ECG triggering

breathhold technique
motion compensation
respiratory/ECG triggering

MRI of the Lung: Key Clinical Questions

1) Detection of Inflammatory Disease

2) Nodule Detection

3) Assessment of Lung Nodule Dignity

Challenges

w. MRT (3D)

T1-w. MRT+ 100 ml

Blederer et al. (2002) RoFo 174:1033-103

OR

T2-HASTE




MRI of the Lung: Detection of Inflammation

T2 BLADE fs

MRI of the Lung: Detection of Inflammation

15y., m., CF, pulmonary hemorrhage
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: Detection of Inflammation

jegener’s Disease

MRI of the Lung: Detection of Inflammation

2D-SSFP

(BASG cor bh)

2D-GRE
(T1-GRE bh)

0.3 Hitachi Airis I

CA Malms, AKH Viersen 2003

=114, True-FISP = SSFP-GE = K6
s von n=62 Infiltraten:

MRT und Ré: 32/62

ur MRT: 18/62

fur R6: 12/62

81% d. Infiltrate mit MRT erkannt

71% d. Infiltrate mit RS erkannt

HeuBel et al. (2002) Fortschr. Rontgenstr. 174:854-

MRI of the Lung: Key Clinical Questions

1) Detection of Inflammatory Disease

2) Nodule Detection

3) Assessment of Lung Nodule Dignity

"H-MRI of the Lung: Challenges

T2-FSE (HASTE)

TA-GRE (VIBE)

Biederer et al. (2003) Radiology 227:475-483
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"H-MRI of the Lung: Challenges

T2w. WRI (HASTE cor)

0 14 28 42 56 7 84 98 112 126 14
Lesion size in mm

Blederer et al. (2003) Radiology 227:475-483

Threshold Sizes for Lung Nodule Detection

Artificial nodules inside porcine lungs

Regler et al. (2007 European Radiology; 227:475-483):
67 artificial nodules inside porcine lungs

3D-GRE




Threshold Sizes for Lung Nodule Detection

Comrnin O L0 v v P2
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Regier et al. (2007 European Radiology; 227:475-483): 67 artificial nodules inside porcine lungs.

Threshold Sizes for Lung Nodule Detection

Melanoma metastases
follow up
(62y., m.)

9)
r
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Threshold Sizes for Lung Nodule Detection

Sensitivity of MRI for nodules  3-5 mm 6-10mm >10mm
MRI with T2-w. HASTE: - 75% ~95% 100%
MRI with T1-w. GRE (VIBE): - 90% ~ 100%100%

CXR: ~ 20-30% of 5-10 mm nodules (40% w/ CAD)

CT: ~ 65-85% of 5-10 mm nodules (80-90% w/ CAD)

Schifer JF et al. (2005 R6F0;177:41-49): Comparison of MRI and CT

Biederer et al. (2003 Radiology;227:475-483): 366 artificial nodules inside 14 porcine lungs
Regier et al. (2007 European Radiology; 227:475-483): 67 artificial nodules inside porcine lungs
Schroeder T et al. (2005 AJR; 185:979-584): 1102 lesions <3 to >10mm in 30 patients

Lung Nodule Detection with MRI: _Limitations

calcified nodule in the posterior left upper lung lobe

Helical CT T2w FSE

Lung Nodule Detection with MRI: _Limitations

2D-SSFP

(BASG cor bh)

MRI of the Lung: Key Clinical Questions

1) Detection of Inflammatory Disease

2) Nodule Detection

3) Assessment of Lung Nodule Dignity

Does MRI allow to assess Nodule Dignity?

T2-FSE rt

TRITE 3.4000/120 ms, 270 x 512, SL 8 mm (Magnetom Vision, Siemens, 1,5 T, 25 mT/m, 600 )

Does MRI allow to assess Nodule Dignity?

Does MRI allow to assess Nodule Dignity?

Adenoca., ,washout”




Does MRI allow to assess Nodule Dignity?

Graph types vs. Dignity

NOT CONFIRMED IN
LARGER NUMBERS!

fraction || fraction
malignant | | benign v - :
- ©
100% 0%
2 67% 33%

Schaefer JF et al. (2004) Radiology 232: 544-553

3 7% 93%
0% 100%

m nd DWI? ’ DWI positive

Kanaouchi N et al.:
41p., IANSCLC: preop. DWI and FDG-PET/CT
nodal, lymph. or pleural invasion = invasive LC
DWI signal like spinal cord = DWI-positive.

15 DWI-positive
26 DWi-negative DWI negative
invasiveness positively correlated with
CEA level ( p = 0.049)

SUV max ( p = 0.001)

DWI (p < 0.001).

DWI independent predictive factor (p=0.005)

Eur

Does MRI allow to assess Nodule Dignity?

Current discussion:

- Morphologic characterization as helpful as in CT.

- High T2-signal suggests malignancy or active inflammation|

- MR signal dynamics after i.v. contrast bolus - confirmation|
on a broader data base is missed.

- Problem: Non-linearity of SI/Gd-conc.

- DWI looks promising, larger scale studies required

"H-MRI of the Lung @ 1.5 T

Take home points for practical use

- Sensitivity for Infiltrates at least similar to X-ray and CT
- Lung nodule detection superior to X-ray, inferior to CT
- Database of MRI-CT comparisons growing
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WB DWI MRI STIR TSE MRI
bone met +, lung met. - [l bone met -, lung met. +

74y, m, adenocarcinoma, bone and lung metastases.

FDG PET/CT
bone met +, lung met. +

Ohno et al., Radiology 2008:248;643-654

H-MRI of the Lung:

MRI of the Lung: Expectations for clinical Use

- basic protocol performed within 15"

- important clinical questions addressed:
- pneumonia
- solid lesions
- pulmonary embolism
- chronic airway disease
- tumor staging: mediastinal and chest wall invasion

- applicable with state-of-the-art scanners (i.e. 1.5T)
- solutions for uncooperative patients

- protocol options for specific applications

Rationale for Protocol Suggestions

A combination of different sequence techniques...

- to cover different weighting (T1, T2, T1/T2)
- to combine the particular strengths of techniques

- to have diagnostic quality in at least 2/5 series

Puderbach M, . Bederer J (2007) Eur J Raiol 64:345-355
Biederer J et a. (2006) NAGNETOM Flash 2/2006:38-43
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H-MRI of the Lung: Sequence Buffet

TH-MRI of the Lung: Protocol Suggestions

T1-VIBE 20 s bh

breathhold technique
high spatial resolution
GRAPPA superior to SENSE
> detection of small nodules 3y, m., CF

H-MRI of the Lung: Sequence Buffet T2 HASTE H-MRI of the Lung: Sequence Buffet

. free breathing
breathhold technique

B . high temporal resolution
low spatial resolution

GRAPPA superior to SENSE A
> detection of infiltrates . 37y.,m., CF

moderate spatial resolution
(reduce FA with SAR limits)
> detection of pulmonary embolism

T1/T2 TrueFISP (Steady state-GRE) - T1/T2 TrueFISP (Steady state-GRE) H-MRI of the Lung: Sequence Buffet

multiple breathhold technique

moderate spatial resolution

> detection of LN and bone lesions




3D-GRE (VIBE) bh. /insp. tra

TIRM multi-bh. /insp. tra.

3D-GRE (VIBE) bh. /insp. tra ce

T2 BLADE: differentiation of mediastinal masses

H-MRI of the Lung: Sequence Buffet

breathhold technique
high spatial resolution
> nodules and masses
(DWI questionable)

IST perfusion  T1 CEMRA

H-MRI of the Lung:

Sequence Buffet

multiple breathhold technique
moderate spatial resolution
> airways, nodules and masses
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37y., m, CF

H-MRI of the Lung: Sequence Buffet

navigator-triggered T2-technique
moderate to high spatial resolution
> for uncooperative patients!

ST perfusion  T1 CEMRA

Contrast-enhanced 3D-GRE (VIBE)

- lung carcinoma

- pleural spread of cancer

- unclear pleural effusion

- mesothelioma

- mediastinal mass

- mediastinitis

- vaskulitis (e.g. Wegener's)

n.b.: ,,backup-angiogram*

T2 TSE rt. (high res.)

- interstitial lung disease, fibrosis
- lymphangitic spread of ca.
- diff. tumour/atelectasis

- masses with chest wall invasion

b.: ideal for adrenals/kidneys

Magnetom Avanto, Siemens, 15T, 40 mT/m

H-MRI of the Lung: Sequence Buffet

breathhold technique angiograms
1.) high temporal resolution
2.) high spatial resolution

> vascular disease
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4D first Pass Perfusion (TREAT/TWIST) i 3D-GRE high res ce Angiography : H-MRI of the Lung: Protocol Overview
b.: ideal
test bolus!
normal subject MIP segmental embolus
TWIST
syngo InSpace n.b.: center K-space to lung parenchyma for PE!

H-MRI of the Lung: Routine Protocol H-MRI of the Lung: Sequence Buffet H-MRI: Protocol for uncooperative Patients
J J
- coronal navigator triggered T2-TSE
- transverse BLADE navigator triggered
e
T2 TSEPE " DWI 1 VIBE ce Tv T1 CEMRA
H-MRI: Routine Protocol Indications - H-MRI of the Lung: Respiratory Mechanics

Indications for non-ce Study

- pneumonia
- atelectases.
- cystic fibrosis

- tuberculosis J
- detection of pulmonary nodules
- mediastinal masses

- };{':gg‘z:gfluﬂ‘;'se:z‘ thymome) - Instructed breathing TrueFISP for 2D time-resolved
- phrenic nerve palsy imaging - place slices where needed (default: cor.)
- acute pulmonary embolism

10



H-MRI of the Lung: Respiratory Mechanics

T perfusion  T1 CEMRA

"H-MRI: Thoracic Mass - Routine/DWI/CE

T

- plus coronal VIBE
- skips transverse T2-fs. (replaced by CE VIBE)
- includes DWI

Contrast-enhanced 3D-GRE (VIBE)

Lung cancer

Contrast-enhanced 3D-GRE (VIBE)

Indications for ce Study (for angiography see below)

- Lung carcinoma

- pleural spread of cancer

- Pleural effusion of unclear origin

- mesothelioma

- neurogenic tumours of the mediastinum
- mediastinitis

- vaskulitis (e.g. Wegener's granulomatosis)
- »backup-angiogram*
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"H-MRI: Thoracic Mass - Routine/DWI/CE

ST perfusion  T1 CEMRA

CErw—

TH-MRI: Central Mass - Routine/DWI/CE/Angio

o

- yhave it all*

- accounts for vessel involvement
- includes DWI

- includes T2w.-fs

T perfusion  T1 CEMRA

3D-GRE ce MRA high temporal/spatial res.

Indications for ce MRA

- acute and chronic pulmonary embolism (PE)

- AV-malformation (e.g. Osler s disease)

- lung sequestration

- pulmonary arterial aneurysm

- abnormalities of pulmonary venous drainage

- central masses, infiltration into PA or aorta

- interstitial lung disease with emphysema (indirect)

- pulmonary hypertension
- cystic fibrosis

H-MRI: Perfusion Disorder - Routine/Angio

- combines routine and Perfusion/Angio
- skips transverse T2-fs. (replaced by CE VIBE)

11
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"H-MRI: Perfusion Disorder - Routine/Angio 4D first Pass Perfusion (TREAT/TWIST) : TH-MRI: AVM - Embolism - ,Vessels only“

TrueFISP T2 FS/STIR . T2 BLADE
— WEY )

s 2

Indications for TREAT/TWIST first pass perfusion

- Interstitial lung disease with emphysema (indirect)
- pulmonary hypertension . e—
- cystic fibrosis —
- acute and chronic pulmonary embolism

n.b.: This is the ideal test bolus! - combines free breath.TrueFISP and Perfusion/Angio

Exclusion of PE in 15 Minutes ... Go! Diagnosis of PE in 15 Minutes

MIP of 3D-CE-MRA ce VIBE

SS-GRE (TrueFisp) free breathing

i i
LHY Diagnosis of PE in 15 Minutes ... Gol

"H-MRI of the Lung @ 1.5 T ..Go!

Take home points for practical use

- Sensitivity for Infiltrates at least similar to X-ray and CT

- Lung nodule detection superior to X-ray, inferior to CT

- Database of MRI-CT comparisons growing

- Protocols are easy to set up (state-of-the-art 1.5T MRI)

- Lung MRI offers solutions for tricky problems of daily routine

- MRI is a good option for pediatrics and science

VIBE
SS-GRE (TrueFisp) free breathing TWIST perfusion ce

12



Lung MRI @ 3T:

Is this still “No Go “?

Lung MRI @ 3T: Is this still “No Go “?

Fink et al. (2007 Ivestigative Radiology; n press)

T2 Fast Spinecho blade cor @ 3T (Verio)

TE/TR  130/2000 ms.
S5

FOV  480x480

Mx 320320

SPACE STIR @ 3T instead of TrueFISP?

SPACE-STIR cor trig
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- lesion/background contrast
improved @ 3Tesla

- Cnodule in VIBE

- Cinfitrate in HASTE and STIR

H-MRI of the Lung:

f no improvement in lesion/background contrast

- many motion- and flow-related artifacts at 3T

Sequence Buffet

- Lung MRI @ 3T: Conclusions

Take home points for practical use

- Suitable protocols for 1.5 T are easily transferred to 3 T systems.
- Lung nodule signal increases for all sequences ...

- ... except for Steady State Gradient Echo imaging.

- A higher spatial resolution for 3D GRE techniques may be possible
- Experience in patients at 3T is still few, but growing

- Plans to do lung MRI are not a contraindication to buy a 3T system

13



2010-10-30

14



