	[image: image3.wmf]
	Minutes


	[image: image2.wmf]
	


	Chairman
	Date
	Page

	Tony Lacey
	28 February 2006
	1/1

	
	
	


	 STYLEREF xClassification \* MERGEFORMAT 



	Chairman
	Date
	Page

	Tony Lacey
	 28 February 2006
	1/
	1

	Participants
	Secretary

	AstraZeneca

Tony Lacey 

John Waterton

Thomas Eichholtz 

Lars E Olsson

Jo Naish

Simon Young

U of Manchester

Deirdre McGrath

Geoff Parker

Wythenshawe Hospital

Jorgen Vestbo


	Tony Lacey

	Meeting date
	Location

	28 February 2006
	30F404 (Alderley park, AZ)

	Subject
	Reference

	AstraZeneca / University of Manchester strategic alliance Lung O2 project
	meeting

	

	


Start text below

Background

Activities on this project at ISBE, University of Manchester;

· O2 contrast demonstrated in volunteers & published

· Application of linear registration

· New breathing system installed at CRF (Clinical Research Facility)

· Application for scanning at CRF (original protocol was for the old ISBE scanner) 

· Sequence development to new scanner

Jorgen Vestbo

· Based partly at the Wythenshawe working in the Medicine Evaluation unit

· Database of ‘well characterised’ COPD patients having a variety of markers used on group of ~100 patients

· Physiological measures of lung function

· Limited imaging only has been performed on these - University of Southhampton

· Small number of have had HRCT on these which would be available.

· Potential to do further HRCT

AZ RIRA/RITA

· Increasingly interested in functional measures of lung function that reflect ability of patients to perform daily tasks

    - measures of gas transfer

    - regional ventilation

· Data augmented with non-imaging very useful in selling on to rest of the company

· HRCT work will continue in parallel with new functional measurements based on MRI

Protocol Development

Deirdre McGrath has been working on the sequence development.  This work is covered in her attached powerpoint file;


[image: image1.wmf]20060227_DMG_OE-

MRILungProtocolDevelopment.ppt


· Breath holding can be mis-leading as the point might not be in the same place

· Breathholding requires a period of heavy breathing prior which;

· can be problematic for the patient 

· can effect the very thing you are measuring

Project Protocol

The basic project structure was refined into;

· Small patient group ~ (8 + 8) + 10 volunteers taken from JV’s database

· ~8 with known regional ventilation issues identified from HRCT

· ~8 with homogeneous ventilation identified from HRCT

· ~10 healthy aged matched volunteers

· Repeated scans to be performed on the volunteers to assess short-term reproducibility

· Physiological assessment of lung function @ Wythenshawe

· Pre-test subjects with mask breathing lying-down for selection

· MRI @ CRF

· single slice O2 contrast in lung using Snapshot flash with restrospective gating (shuffling) as described in PPT

· Protocol is: stabilise on air, get baseline images. Switch to 100% O2, image during washing period. Image at plateau (different sequence?). Switch to air and image during washout.

· DCE-MRI

· Potential utility in answering questions around blood flow limiting oxygen transport  - Need to finalise this: are we doing it in all patients or just healthy?

· Reporting

· Whole lung and regional measures of;

· Volume

· Ventilation (tidal volume, minute volume)
· proton density
· lung density in g/mL
· Oxygen transfer
· Regions defined based on landmarks and markup
Extras could include;

· Compartmental modelling of O2 transfer in lung

· Non-linear registration

Issues Still Outstanding

Ethics

· Single submission from Wythenshawe

· Who will drive this JV or David Singh? 

· Try to keep HRCT out of protocol

· Site modifications for CRF

Recruitment

· Healthy aged match normals may be non-trivial to find. 

· Sourced from Wythenshawe or from University?

Technical

· Finalise MRI scanning protocol 

· Will patients tolerate DCE-MRI?

Scanning costs 

· 15-20 HRCT + 26 MRI.

· Is SA budget sufficient?

Lung function costs


JV to give ballpark figure, TE to fund from DMLT budget.

Summary of actions

Next ISBE Strategic Alliance Meeting is on the 24/03/06

	name
	action
	due date
	status

	JV
	Feedback to group on healthy volunteer availability
	24/03/06
	

	JV
	Feedback to group on driving the Ethics
	24/03/06
	

	JV
	Feedback estimated scanning costs and lung function costs to group
	24/03/06
	

	DMG
	Finalise the scanning protocol
	
	

	DMG
	Update Schedule to reflect new project outline above
	24/03/06
	

	SY
	Invite Eva Bondesson to SA meeting
	17/03/06
	

	TL
	ISBE SA Meeting Agenda item to summarise predicted scanning costs
	24/03/06
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OE-MRI for COPD – Protocol Development
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Previous Volunteer Study



		T1 measured using saturation recovery (SR) Haste T1-weighted 

		Repeated for air and O2 breathing 







		Dynamic wash-in and out: 

		Inversion recovery (IR) Haste sequence

		TI of 720ms 

		58 images with TR of 3.5s 

		Gas supply was switched at 10th image 







Previous Volunteer Study

T1 measured using saturation recovery (SR) Haste T1-weighted coronal acquisition 

9 different Tsat times 

5 images at each Tsat. 

Repeated for air and O2 breathing 





Dynamic wash-in and out: inversion recovery (IR) Haste sequence

TI of 720ms - chosen to approximately null the signal from the lungs while breathing air. 

58 images with TR of 3.5s 

Gas supply was switched at 10th image 
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Previous Volunteer Study

		SR-Haste was chosen for T1 measures 

		because of shorter total imaging time



		IR-Haste was chosen for dynamics 

		more sensitive to changes in T1 as opposed to other changes



		Registration: 

		manually selected outline

		Active shape modelling to automatically find the lung boundary 

		Linear interpolation to warp to standard shape





Previous Volunteer Study

SR-Haste was chosen for T1 measures because of shorter total imaging time



IR-Haste was chosen for dynamics as can be made more sensitive to changes in T1 as opposed to other changes over the breathing cycle



Registration: (no gating or breath-holds were used)

manually selected outline of the lung in the first few images

 used active shape modelling to automatically find the lung boundary 

The selected lung shapes were warped into a standard shape using linear interpolation
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Proposed Changes

		Use IR-Haste for static and dynamic:

		to be able to calibrate dynamic curves in terms of T1 value and PO2



		Move the dynamic TI away from the null point (from 720s in the original study to 1s) to increase signal from lung structure





		To use a non-linear registration technique 	

		which would require more visible structural detail

		hence IR HASTE with longer TI





		To improve the breathing system – Bain system uncomfortable





		Establish best scanner coil – Sense or Q-body





Proposed Changes

To use IR-Haste for both the static and dynamic measurements :

so as to be able to calibrate the dynamic curves in terms of T1 value and therefore PO2

Proposed also to move the dynamic TI further away from the null point for lungs (from 720s in the original study to 1s) to increase signal from lung structure



To use a non-linear registration technique 	

which would require more visible structural detail

hence IR HASTE with longer TI



To improve the breathing system – Bain system uncomfortable



Establish best scanner coil – Sense or Q-body
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Initial Findings

		SR and IR Haste used for T1 and dynamic

		A TI of 1s used in IR dynamic,TR of 4.6s. 

		Lung T1 values for SR ~0.2s higher than IR values 

		Difference between air and oxygen T1 for IR was too low (~0.05s)  (Ohno et al quoted 0.174s difference) 



		IR Haste gave lung adequate structural detail for non-linear registration 



		The breathing system: ordinary anaesthesia mask with gases vented back into the scanning room

		 was reported very comfortable



		Q-body coil gave a similar signal magnitude to the sense coil.





Initial Findings

SR and IR Haste were used for the T1 and dynamic measures

A TI of 1s used in IR dynamic with TR of 4.6s. 

ROI T1 values for SR ~0.2s higher than IR values 

Difference between air and oxygen T1 for IR was too low (~0.05s)  (Ohno et al quoted 0.174s difference) 



IR Haste gave lung adequate structural detail for non-linear registration 



The breathing system used an ordinary anaesthesia mask with gases allowed to vent back into the scanning room

 was reported very comfortable



Q-body coil gave a similar signal magnitude to the sense coil.
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Possible Explanations for incorrect IR-Haste T1 measures

		Insufficiently long repetition times (TR)

		TR should be >= TI + 3*(T1) + Tacq  = TI + 4.2s. 



		An insufficient number of TI points used (7). 

		Increase to 14 TI values (3 acquisitions at each TI)



		Possible errors in the inversion angle due to incomplete relaxation on previous acquisitions

		use a “Full preparation” setting for each inversion





Possible Explanations for incorrect IR-Haste T1 measures

Insufficiently long repetition times (TR)

TR should be >= 3 * T1

 T1 (Ohno et al) in lung on air breathing ~1.3s, 

then TR>= TI + 3*(T1) + Tacq  = TI + 4.2s. 

So for example 4.6s TR for a TI of 1s would be inadequate 

An insufficient number of TI points used. 

 7 TI were used initially

Increase to 14 TI values (ms): 100, 200, 400, 600, 800, 1000, 200, 1600, 1800, 2000, 2400, 2800, 3000, 3500 (3 acquisitions at each TI -to sample across breathing cycle)

Possible errors in the inversion angle due to incomplete relaxation on previous acquisitions. 

could be corrected for by using a full preparation sequence







ISBE-AstraZeneca Strategic Alliance Project # 44

ISBE-AstraZeneca Strategic Alliance Project # 38



Results from Changing IR-Haste protocol

		Acquired volunteer data with updated protocol

		TR = TI + 4.5s 

		14 TI points 

		full preparation inversion



T1 measures were found to be consistent with literature:

		Air: 1.2784s, O2: 1.1379s, diff: -0.1405s.





		On a 2nd volunteer IR-Haste with full preparation on and off:

		T1 increased by full preparation, i.e. (Air) 1.2887s to 1.3899s

		Either value consistent with literature– not as critical TR or TI sampling





Results from Changing IR-Haste protocol

Acquired volunteer data with updated protocol

TR = TI + 4.5s 

14 TI points 

full preparation inversion

T1 measures were found to be consistent with literature:

Air: 1.2784s, O2: 1.1379s, diff: -0.1405s.

On a 2nd volunteer IR-Haste was used with full preparation was turned on and again when turned off

In air breathing T1 was increased by switching off the full preparation, i.e. 1.2887s to 1.3899s

Contrary to expectation

However either value is consistent with literature – seems not as critical as other TR or no of TI points

total acquisition time with full prep was 12mins, 10mins without
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Alternative Technique – Snapshot FLASH

		Alternative technique: Siemens Snapshot FLASH (Jakob et al 2004). 

		Advantage: full T1 maps obtained with very short time frames (<5 secs)

		Jakob implementation: 16 snapshot fast low-angle shot images in end expiratory breath-hold

		First image at TI=112ms, subsequent at intervals of 224ms – total acquisition ~3.5s



		Philips implementation: 

		Built off Philips Look Locker sequence using mock cardiac triggering. 

		Reduced the inter TI time to 145ms – increased sampling

		Acquisitions over 6secs, giving 35 images. 

		T1 obtained for air: 1.2657s and O2: 1.1758s, using end-expiratory breath-holds.





Alternative Technique – Snapshot FLASH



An alternative technique is the Siemens Snapshot FLASH (Jakob et al 2004). 

Advantage: full T1 maps can be obtained with very short time frames (<5 secs)

Jakob implementation: 16 snapshot fast low-angle shot images in end expiratory breath-hold

First image at TI=112ms, subsequent at intervals of 224ms – total acquisition ~3.5s



Philips implementation: 

Built off a Philips Look Locker sequence using mock cardiac triggering. 

On account of different scanner technology were able to reduce the inter TI time to 145ms and hence increase the number of images obtainable in the same time frame (the start image taken at TI=75.1ms).

Acquisitions initially taken over 6secs, giving 35 images. 

T1 obtained for air: 1.2657s and O2: 1.1758s, using end-expiratory breath-holds.
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Example Snapshot FLASH curve fit
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Phantom measurements

		Phantom T1 measurements taken to

		 validate implementation and 

		compare with IR-HASTE





		Consistent variation  (although >1s SSF gave consistently lower T1)





Phantom measurements

Phantom T1 measurements were also taken to

 validate our implementation and 

compare with IR-HASTE

It was found that for T1 values >1s that SSF gave consistently lower T1 values than IR-HASTE (on average by approximately 4%). 
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Sheet1


			T1 values for Phantom at 1.5T


			Tube #			SSF T1(ms)			IR Haste T1(ms)			T1FFE T1(ms)			Man Spec 296K T1(ms)			Spec IR 295K T1 (ms)


			1			199			162			204			221			201			-2


			2			324			278			306			331			311


			3			335			284			304			329			314


			4			489			484			468			506			482


			5			460			427			459			496			470


			6			453			448			455			492			470


			7			612			598			614			664			634


			8			600			584			609			659			639


			9			754			747			766			828			806


			10			756			736			760			822			790


			11			904			909			917			992			969


			12			1547			1513			1480			1603			1642


			13			1007			1034			986			1068			1053


			14			1060			1182			1050			1137			1142


			15			1224			1246			1180			1278			1294


			16			1369			1424			1300			1403			1421


			17			1335			1390			1280			1385			1403


			18			1511			1554			1430			1547			1588








Sheet1


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0





SSF


IR-HASTE


T1FFE


Tube No.


T1  (ms)


Phantom T1 measures


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





Sheet2


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0





SSF


IR-Haste


IR-Spec


Tube No.


T1 (ms)


Phantom T1 Measures Compared to IR-Spec


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





Sheet3


			








			










ISBE-AstraZeneca Strategic Alliance Project # 44

ISBE-AstraZeneca Strategic Alliance Project # 38



Non-Rigid Registration



		A non-rigid registration technique being evaluated

		based on piecewise affine triangulation and MDL modelling

		Use internal lung structure





		Problem: Variable visibility of features

		Over breathing cycle features appear and reappear

		Contrast changes with O2 concentration 



		Optimisation required of

		feature selection

		grouping of images prior to feature matching





Non-Rigid Registration

A non-rigid registration technique is being evaluated

based on piecewise affine triangulation 

register on basis of internal lung structure visible in the IR Haste sequences

Problem: Variable visibility of features

Over breathing cycle features appear and reappear

Contrast changes with O2 concentration 

Optimisation required of

feature selection

grouping of images prior to feature matching

Initial results show less signal change in the lung on changing from air to O2 (than previous linear registration).
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Wash-in curves with Linear and Non-Linear Registration
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Snapshot FLASH (SSF) Retrospective Gating /  “Shuffling”



		Breath-holds undesirable:

		Uncomfortable or impossible for COPD patients 

		Distort the oxygenation process being measured





		Alternative: Retrospective Gating/Shuffling

		repeatedly acquire SSF data sets 

		At each TI time sample at each point in breathing cycle

		For each TI match images on same point in breathing cycle

		Obtain T1 map for each point in breathing cycle



		Registration could be used to improve matching or to create final average maps





Snapshot FLASH (SSF) Retrospective “Shuffling”

Breath-holds are undesirable for this project as:

Uncomfortable or impossible for COPD patients 

Will distort the oxygenation process we are trying to measure



If repeated SSF data sets are made such that at after X acquisitions for each TI time a set of images exists which samples across the whole breathing cycle



For each SSF curve fit it is then possible to match the images which correspond to the same point in the breathing cycle



This allows a T1 mapping of every point in the lung at every point (within a limited resolution) in the breathing cycle 



Registration could be used to improve matching or to create average maps
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SSF Repeated Acquisitions with Free Breathing
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SSF Repeated Acquisitions Shuffled (Retrospective Gating)
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Right Lung T1 Maps





T1 Values Colour Map

Non-shuffled 

Image Set

Shuffled

Image Set
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Dynamic study T1 maps

		For dynamic study the retrospective gating not valid



		Alternative: 

		reduce acquisition time (~2s)

		register the image set 

		warp to reference image 

		create T1 map



		 Question: How does shortening the acquisition period affect the T1 measurements? 





The subjects in the study will be recruited from the Medicines Evaluation Unit at the North West Lung Centre at Wythenshawe Hospital 

database of over 500 COPD patients and smokers with normal lung function 

We are applying in the ethics to scan just 10 patients (+3 for optimisation?) 

As it is such a small group is it best to concentrate on one specific disease?

May it be useful to concentrate on disease which tends to be localised within the lung?
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Dependence of T1 on measurement time

		T1 measurements appear stable down to 2s acquisition

		(Uncertainty T1*)/T1* increases steadily as decrease from 3.5s





Dependence of T1 on measurement time



T1 measurements (phantom) appear stable down to 2s acquisition

(Uncertainty T1*)/T1* increases steadily as decrease from 3.5s
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End points

		Oxygen transfer function (Jakob et al MRM 2004) 

		characterises lung function 

		plot of R1 against the % of oxygen breathed in.



		Could be combined with information from the dynamic acquisitions.





		 This combination could be achieved by 

		developing a DCE-MRI style compartmental model for the lung

		 which combines all this information.





End points



Oxygen transfer function (Jakob et al MRM 2004) 

characterises lung function 

plot of R1 against the % of oxygen breathed in.



Could be combined with information from the dynamic acquisitions.



 This combination could be achieved by 

developing a DCE-MRI style compartmental model for the lung

 which combines all this information.
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Oxygen Transfer Function Example
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Patient Groups



		The subjects recruited from the Medicines Evaluation Unit at North West Lung Centre at Wythenshawe Hospital 

		database of > 500 



COPD patients 

smokers with normal lung function 



		Scan just 10 patients (+3 for optimisation?), 10 healthy volunteers 



		Best to concentrate on one specific disease?



		Choose disease which tends to be localised within the lung?





Patient Groups
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Other Examinations



		Other examinations of lung function may also be made such as Spirometry.





Other Examinations



Other examinations of lung function may also be made such as Spirometry.
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Snapshot FLASH image Sequence Shuffled by Breathing Position

Ti=76ms Ti+145ms | |TI+145ms

Breathing | |Breathing | |Breathing
Position1 | | Position1 Position

Ti=76ms Ti+145ms | |TI+145ms

reathing Breathing Breathing
Position2 Position2 # | Position 2

Ti=76ms Ti+145ms | |TI+145ms

Breathing | | Breathing | | Breathing
Position3 | | Position3 | | Position3

Repeated X times to capture full breathing cycle

sessscsen




Snapshot FLASH image Sequence

Ti=76ms Ti+145ms | |TI+145ms
Breathing | |Breathing Breathing
Position1 | (Position2 | | Position3
Ti=76ms Ti+145ms | |TI+145ms
Breathing | | Breathing | |Breathing |, ,,,
Position3 | | Position1 | | Position2
Ti=76ms Ti+145ms | |TI+145ms
Breathing | |Breathing Breathing [, . c000ee
Position2 | (Position3 | | Position 1

sessscsen

Repeated X times to capture full breathing cycle









T values from SSFeurve fit vs. measurement time
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Log((error T1/T1%)

Log(ratio error (38% corfidence) on T1%to T1%) vs. measurement time





Phantom T1 Measures - Snapshot FLASH, IR-HASTE and IR-


Spectroscopy
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