20097145648 A1 |11 O 00 00 0.1 OO

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization. /25 | )| HINIHNN 00O 01000 0O 0 0
A 5 (10) International Publication Number
(43) International Publication Date Vs
3 December 2009 (03.12.2009) WO 2009/145648 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOIR 33/563 (2006.01) GOIR 33/58 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ éé’ gg’ 23’ gg’ gg ? ]])31}({, 3\1\}[]’ gg’ gé’
PCT/PL2009/000051 EC, EE, EG, ES, FL GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

P.385276 26 May 2008 (26.05.2008) pL. (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): INSTY- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
TUT FIZYKI JADROWEJ PAN im. HENRYKA ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
NIEWODNICZANSKIEGO [PL/PL]; ul. TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
Radzikowskiego 152, 31-342 Krakow (PL). ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, TR),

. . OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
(75) Inventor/Applicant (for US only): KRZYZAK, Artur MR, NE, SN, TD, TG).

[PL/PL]; kalwaryjska 96/26, 30-505 Krakéw (PL).
Published:

(74) Agent: DRELICHOWSKI, Henryk; P.O. Box 24,
31-816 Krakow 39 (PL). —  with international search report (Art. 21(3))

(72) Inventor; and

[Continued on next page]

(54) Title: ANISOTROPIC DIFFUSION PHANTOM FOR CALIBRATION OF DIFFUSION TENSOR IMAGING PULSE SE-
QUENCES USED IN MRI

(57) Abstract: The subject matter of the inven-

1 tion concerns the anisotropic diffusion phantom

for the calibration of any diffusion MR-DTI

imaging sequence and a method for the calibra-

tion of all the MRI scanners by using anisotropic

diffusion models based on the "b" matrix, which

is a quantity specific for every magnetic reso-

2 nance (MR) imaging sequence and the MRI scan-

e ner used. It has application in the study of solids,

amorphous materials, liquids and biological tis-

sues. The anisotropic diftusion phantom for the

calibration of any MR imaging sequence is any

anisotropic diffusion model of any shape for the

hydrogen H, contained in H,O or LC, for exam-

ple. The diffusion standard according to the in-

vention is preferably a pipe with a bundle of cap-

illaries filled with H,O, hydrogel or any other

substance that contains hydrogen nuclei or any

volume, preterably cylindrical, filled with H,O,

hydrogel or any other substance that contains hy-

drogen nuclei or densely filled with non-magnetic

cylindrical rods free of hydrogen nuclei. In anoth-

F . 1 er embodiment, the diffusion model is an array of

lg- . thin glass plates (1) separated with layers of H,O,

hydrogel or any other substance that contains hy-

drogen nuclei (2). The model, being a pipe with a

bundle of capillaries, has the capillaries selected so that the restriction of diftfusion at a temperature in the direction perpendicular

to the capillary axis is significant with respect to the range of ditfusion times A in the diffusion MR imaging sequence. For the cal-

ibration of any MR imaging sequence using the anisotropic diffusion phantom of the invention, the anisotropic diffusion phantom

is placed in the volume of the MRI scanner tested. Subsequently, the number of "b" matrices needed for the calculation of the dif-

fusion tensor is determined based on the anisotropic diftusion model. This constitutes no less than six "b" matrices as defined spa-
tially for each voxel and for the specific directions of the diffusion gradient vector. Therefore, in the simplest case, 36
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"b" matrices and one "b," matrix without diffusion gradients are determined. The anisotropic diffusion phantom is a diftusion
model for which the diffusion tensor in the system of principal axes assumes known values. The diffusion model is rotated by var-
ious Euler angles, so that the determinant Dy of the matrix whose columns correspond to the components of the diffusion tensor D
is different from zero after each rotation.



WO 2009/145648 PCT/PL2009/000051

ANISOTROPIC DIFFUSION PHANTOM FOR CALIBRATION OF DIFFUSION TENSOR IMAGING
PULSE SEQUENCES USED IN MRI ’

The subject matter of the invention concerns the
anisotropic diffusion phantom for the calibration of any
diffusion MR-DTI imaging sequence and a method for the
calibration of any Magnetic Resonance Imaging (MRI) scanner
by using anisotropic diffusion models based on the “b”
matrix, which is a quantity specific for every magnetic
resonance (MR) imaging sequence and MRI scanner that are
used, employed in the examination of biological tissues,
solids, amorphous materials and liquids.

In the prior art, the values of the “b” matrix that
were needed to calculate the diffusion tensor were
determined analytically and separately for every diffusion
MR imaging sequence and MRI scanner; the results were
approximate only due to the complex formulae used in the
calculation. Alternatively, a single value of the “b”
matrix that was assumed for the entire volume of the object
in question was used for the calculation of the diffusion
tensor.

A disadvantage of the diffusion tensor calculation methods
known in the art is the large contribution of calculation
errors as the approximate “b” matrix values are used and

a lack of any spatial distribution of the “b” matrix is
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assumed. Therefore, it is rather difficult to determine the

water diffusion fluctuations 1in the object examined by
using an MRI scanner properly, precisely and
quantitatively, and the reproducibility of the results is
non-existent. Distinct MR sequences occur for wvarious MRI
scanners; in consequence, the results are discrepant and
hardly comparable. The results are fraught with errors as
it is 1mpossible to precisely determine the “b” matrix
values.

The following acronyms will be used throughout the
document:

MR - Magnetic Resonance

DTI - Diffusion Tensor Imaging

LC - Liquid Crystal

A calibration method of the invention for any MRI
scanner eliminates these shortages and enables the precise
and spatial determination of “b” matrix values for any MRI
scanner and any imaging sequence, in particular DTI.

In the method of the invention, the “b” matrix is
determined precisely based on the anisotropic diffusion
model, for each voxel of the volume tested.

The anisotropic diffusion phantom for the calibration
of any MR imaging sequence of the invention is any
anisotropic diffusion model of any shape for the hydrogen
contained in H:0 or in LC, for example. The diffusion model
according to the invention is preferably a pipe with
a bundle of capillaries filled with H,0, hydrogel or any
other substance that contains hydrogen. Other 3D shapes,
preferably cylindrical, filled with densely non-magnetic
cylindrical rods without hydrogen nuclei could be regarded
as a reference diffusion model as well.. The rods are
preferably made of glass, Teflon or any other material with

similar properties. They are immersed in H,0, hydrogel or
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any other substance that contains hydrogen nuclei.

In one embodiment, the diffusion model is an array of thin
glass plates separated by the layers of H;0, hydrogel or
any other substance that contains hydrogen nuclei. The
diffusion model can also be formed by anisotropic liquid
crystals (LC) or others for other elements that may be used
in imaging in future, such as for example %H, *He, '3c, N,
Yo, ', %°si, *p, etc. The model, being a pipe with a
bundle of capillaries, has the capillaries selected so that
the restriction of diffusion at a temperature in the
direction perpendicular to the capillary axis is
significant with respect to the range of diffusion times A

in the diffusion MR imaging sequence. For the diffusion

model filled with water at ambient temperature, it is

within a range of 0.1 pm to 100 um. For hydrogel, the
values are lowér. The free diffusion of water molecules
across the capillaries or across the cylindrical rods or
perpendicularly to the plane of the thin glass plates is
inhibited by the opposite capillary or rod wall or by the
plane of the opposite thin glass plate and restricts the
diffusion process. By adjusting the capillary diameters,
cylindrical rod diameters or the thickness of the layers of
H20, hydrogel or any other substance that contains hydrogen
nuclei between thin glass plates, the diffusion limit 1is
determined for specified diffusion times A and
temperature T based on the fact that free diffusion is

given by the Einstein-Smoluchowski equation:

(F~EyF-Ey)=6Dr 1]
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where:

Fo- position vector of the diffusing molecule at time t,

3

o — initial position vector.

The equation determines the relation between the average
square of the path and the diffusion coefficient D.

The anisotropic diffusion model in the system of
principal axes has no less than two distinct diffusion
tensor components, wherein for the phantom made of a bundle

of capillaries it is a symmetrical diffusion tensor D:

D. D, D.
D, D, D.
D. D, D.

which obtains the following form after diagonalisation in

the system of the principal axes:

D o o0
o D, 0
0 o P,

where:

Diy = components of the symmetrical diffusion tensor in the

laboratory system,

D1, D2 - diffusion coefficients determined in the transverse

direction of the capillary,

D; — diffusion coefficient in the longitudinal direction of

the capillary.

In the case in question: ) =7) and [, #]),.
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In the present invention, the anisotropic diffusion model
is determined as follows:

- typical onedimensional experiments are carried out
for the measurement of the diffusion coefficients
for the anisotropy directions in order to determine
e.g. D;, D; and D3 depending on the diffusion time
and temperature. Thus, an anisotropic diffusion

model is obtained, being a function of temperature
T and diffusion time A.

Any MRI scanner can be calibrated by using the method
of the invention 1in order to measure the “b” matrix
precisely and spatially. It leads consequently into
a precise measurement of the diffusion tensor assuming that
in biological tissues it is primarily the water diffusion

tensor.

The diffusion tensor 1is measured according to the

known formula:

A(b) {2]
A(O))~ Z-1 Z]—] i

where:

A(b) - echo signal (MR image intensity), measured for each
voxel,

A(0) - MR image intensity for b=0,

bi; =~ element of the symmetrical “b” matrix,

Dij - - element of the symmetrical diffusion tensor D.

It follows from formula (21 that for the DTI
experiments, in order to calculate the water diffusion
tensor, wherein the symmetrical tensor is a 3x3 matrix, no
less than seven MR experiments need to be carried out, for

which the MR sequences shall contain six distinct non-
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collinear directions of diffusion gradients and one (the

seventh) direction without diffusion gradients applied.
Hence, for the simplest DTI experiment, no less than six
symmetrical “b” matrices, each of which contains six
distinct components, are determined for each diffusion
gradient vector,.

For the calibration of any MR imaging sequence by
using the anisotropic diffusion phantom of the invention,
the anisotropic diffusion phantom is placed inside the
volume of the MRI scanner tested. Subsequently, the number
of “b” matrices needed for the calculation of the diffusion
tensor 1s determined based on the anisotropic diffusion
model. This constitutes no less than six “b” matrices to be
defined spatially for each voxel and for the specific
directions of the diffusion gradient vector. Therefore, in
the simplest case, 36 “b” matrices and one “bo” matrix -
without diffusion gradients - are determined.

In order to determine the value of the “b” matrix for
the direction of the diffusion gradient wvector, a system of
no less than six equations is solved for the distinct
diffusion tensor D values. For a diffusion gradient vector

direction, a diffusion tensor value is used based on the

specified diffusion model for the diffusion time A and the
temperature of the respective experiment. Various diffusion
model tenéor values are preferably obtained by rotating the
anisotropic diffusion phantom inside the MRI scanner volume
in guestion. The anisotropic diffusion phantom is
a diffusion model for which the diffusion tensor in the
system of the principal axes assumes known values. The
diffusion model is rotated by various Euler angles, so that
the determinant Dy of the matrix, whose columns correspond

to the components of the diffusion tensor D is different

from zero after each rotation.
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det(Dyy) =0

The following matrix is derived in the measurements:

/Du D12 DIB D14 D15 Dls\
DZI Dzz .D23 Dz4 Dzs D26
p. | Ds Ds D Du Dy Di|
" |Dy Do Da Du Ds D
D51 Dsz D53 D54 Dss D56
\Dﬁl Dsz Dss D64 D65 .DGG)

where for Djj:

1 - successive components of the diffusion tensor: xx, vy,
2z, XY, X2, Yz,

j = in the range of 1 to 6 ~ successive sets of Euler
angles.

For the calculation of the “b” matrix values for

a direction of the diffusion gradient vector, the following

system of equations is solved, derived from equation [27]:

where:

b - six calculated components of the “b” matrix converted
into the vector form ,

Dy — matrix whose columns are formed by the components of
the model diffusion tensor after successive rotations

by various Euler angles,

X A(b
L - successive h(~£;5 values from measurements (based on MR

4(0)

images) converted into the form of a transposed vector.

The system of equations [3] is solved for the remaining (no

less than sSix non-collinear) directions of diffusion
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gradients. Thus, 36 “b” matrices and a “be” matrix are

derived. Therefore, the “b” matrix values are obtained for
the specific directions of diffusion gradients and for each
voxel of the volume in question.

Based on the calibration method of the invention,
a diffusion model for the volume examined is formed and
selected for an RFE coil depending on its shape and
parameters. The calibration is repeated every time before
the change of the imaging sequence parameters, in
particular when changing the diffusion gradients.

The advantage of the calibration method for any MRI
scanner using anisotropic diffusion models based on the
anisotropic diffusion phantom for the calibration of any
diffusion MR-DTI imaging sequence 1s the precise and
spatial determination of the “b” matrix value. As a result
it is possible, contrary to the prior art, to precisely
measure the diffusion tensor, first of all in biological
systems, but also 1in other systems. Furthermore, the
calibration method provides a real possibility to compare
the diffusion tensor values for the objects tested, which

are derived by using various MRI scanners and distinct MR

imaging sequences.
Example:

The following 6perations were performed for the
calibration of an MSED (Multislice Spin Echo Diffusion)
sequence in an MRI scanner with a superconducting magnet
(field intensity: 4.7 T) by using an anisotropic diffusion
model at T = 21°C and diffusion time A = 50 ms:

1. An anisotropic diffusion phantom in the form of an array
of thin glass ©plates separated with H,0 layers

(thickness: 10 um) was placed in an MRI scanner with
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a superconducting magnet (field intensity: 4.7 T) in the

influence area of a 3 cm birdcage RF coil. Tomographic
measurements were carried out by using an MSED sequence.

2. MR tomographic measurements for the determination of the
spatial “b” matrix for one direction of the diffusion
gradient vector were carried out for six distinct
positions defined by the rotation of the anisotropic
diffusion phantom by Euler angles. The entire
measurement volume tested in the MRI scanner in the
interaction area of the RF coil was scanned to obtain
the spatial distribution of the “b” matrix. The
measurements were repeated for further diffusion
gradient vector directions. A total of 36 MR
measurements were carried out in six distinct diffusion
gradient vector positions and an additional scan for the
diffusion gradient vector = 0.

3. Subseguently, the operations in steps 1 and 2 were
repeated for the other sequence parameters; as a result,
a digital record of the spatial “b” matrix values was
derived that corresponded to various imaging sequence
parameters. The “b” matrix values, thus obtained,
enabled the precise calculation of the diffusion tensor
by using a DTI sequence in the parameter range for which
the “b” matrix value was determined.

The anisotropic diffusion phantom and calibration
method for any MR imaging sequence according to the
embodiment 1s shown in the figure, wherein Fig. 1 shows the
outline of the anisotropic diffusion phantom in the form of
an array of thin glass plates separated with H,0 layers and
Fig. 2 shows the phantom (diffusion model) rotation method
by successive Euler angles,

The anisotropic diffusion phantom is made from thin

glass plates 1, each of which is separated with a 10 pm Hz0
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layer 2. The system of principal axes (E) shown in Fig. 2

is the laboratory reference system (L) related to the
diffusion model after rotation and their mutual orientation

as defined by the Euler angles

Q1 = (0,BrsyL)-

Due to the symmetry, the diffusion tensor measured in the
laboratory system (L) has 6 components different from zero.
In the system of principal axes (E), the diffusion tensor
is defined by three principal components and three FEuler
angles . For a known tensor in the system of principal
axes (R) and known FEuler angles, the tensor wvalues in the
laboratory system (L) are determined by a rotation

transformation R(oy,BLy.) according to the formula:

D, =R (Q1)DeR(Qr)

where:
R(Q) - Wigner rotation matrix,

QL = (ow,fL,yL) — Euler angles that define the orientations of
the system of principal axes (E) with respect
to the laboratory system (L),

Dy, De — diffusion tensors in L and E systems, respectively.

The diffusion model 1s rotated by various FEuler
angles, so that the determinant Dy of the matrix, whose
columns correspond to the components of the diffusion

tensor D, is different from zero after each rotation.

det(Dyy) #0
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Claims

. An anisotropic diffusion phantom for the calibration of

any MR imaging sequence, characterised in that it is
formed by any volume densely filled with non-magnetic
capillary elements (1) free of hydrogen nuclei, filled
with Hp0, hydrogel or another substance that contains
hydrogen nuclei or it is formed by an array of thin
glass plates (1) separated with layers of H;0, hydrogel
or another substance that contains hydrogen nuclei (2),
wherein the diffusion phantom can also be formed by
anisotropic liquid crystals (LC) or others for other
elements, such as for example ’H, *He, '%c, N, 0, '°F,

29531, 3p etc.

An . anisotropic phantom according to Claim 1,

characterised in that it is formed by a c¢ylindrical
volume densely filled with non-magnetic cylindrical rods
free of hydrogen nuclei, separated with layers of H,0,

hydrogel or another substance that contains hydrogen

nuclei.

. An anisotropic phantom according to Claims 1 and 2,

characterised in that by adjusting the capillary
diameters, the cylindrical rod diameters or the
thickness of the layers of H;0, hydrogel or any other
substance that contains hydrogen nuclei between thin
glass plates, the diffusion 1limit is determined for

specified diffusion times A and temperature.
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4.

6.

12
An anisotropic phantom according to Claim 1,

characterised in that the densely non-magnetic
capillaries or other elements of the diffusion phantom
are made of glass, Teflon or any other material with
similar properties.

An anisotropic phantom according to Claim 1,
characterised in that it is a pipe with a bundie of
suitable capillaries filled with Hy;0, hydrogel or any
other substance that contains hydrogen nuclei so that
the restriction of the diffusion at a given temperature
in the direction perpendicular to the capillary axis is

significant with respect to the range of diffusion times

A in the diffusion MR imaging sequence.

A method for the calibration of any MRI scanner that
consists in the spatial determination of the “b” matrix
values, characterised in that for the calibration of any
MRI scanner sequence by using the anisotropic diffusion
phantom, the anisotropic diffusion phantom is placed in
the interaction area of an RF coil in the volume of the
MRI scanner tested, wherein . subsequently, for the
calculation of the diffusion tensor, the required number
of “b” matrices are calculated based on the anisotropic
diffusion model, which makes no less than six ™“b”
matrices determined for each voxel and for each
diffusion gradient wvector direction required, and the
“b” matrix values for the direction of the diffusion
gradient vector are determined by solving a system of no
less than six equations for the distinct diffusion
tensor D values, wherein for the direction of the
diffusion gradient vector various diffusion tensor

values are obtained, preferably by rotating the
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anisotropic diffusion phantom in the volume of the MRI

scanner tested, being the diffusion model for which the
diffusion tensor in the system of principal axes has
known values, wherein the diffusion model 1s rotated by
various Euler angles, so that the determinant Dy of the
matrix whose columns correspond to the components of the
diffusion tensor D after successive rotations of the
diffusion model by specific Euler angles is defined by

the matrix

(Dn DIZ .D13 D14 D15 .D16\
DZ] Dzz Dzs D24 Dzs Dzs
D = D31 D32 D33 D34 D35 Dse ,
. D41 D42 D43 D44 D45 D46

D51 Dsz D53 D54 Dss Dss
\Dsl Dsz .Dss D54 D65 Ds«s]

whose determinant Ckﬁ(l)ﬂ{):¢0 is different from zero;

subsequently, for the calculation of “b” matrix values
for the direction of the diffusion gradient vector, the
following system of equations is solved:
L = b Dy,

and this operation is repeated for the required number
of diffusion gradient vector directions, i.e. for no
less than six non-collinear directions of diffusion
gradients and no less than one for the direction without

a diffusion gradient.

7. A method according to Claim 6, characterised in that for
the anisotropic diffusion phantom, the diffusion tensor
values in the system of principal axes D;, Dy, Ds as
a function of temperature T and diffusion time A are
determined in the %ypical unidimensional measurements of

the diffusion coefficients for anisotropy directions.
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8. A method according to Claim 6, characterised in that for

the calibrated MRI scanner volume a diffusion model is
formed and selected for an RF coil depending on its

shape and parameters.

9. A method according to Claim 6, characterised in that the
calibration of any MRI scanner is repeated every time
before a change of imaging segquence parameters, in

particular when changing diffusion gradients.
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description in that the description (page 1, first paragraph) merely
supports that said "phantom" is "for the calibration of any diffusion
MR-DTI imaging sequence" and no other possibility was disclosed. c -

Additionally, claim 6 defines "a method for the calibration of any
MRI scanner” and in this very broad context, the terms "the ‘‘b’’ matrix
values" and "the diffusion tensor” lack an antecedent definition.

2. Moreover, the express1on
, "a method for the ca11brat1on of any MRI scanner that
consists in the spatial determination of the ‘‘b’’ matrix values”
lacks.clarity in that it is completely obscure in what way "the
spatial determination of the ‘‘b’’ matrix values" results in the
"calibration of any MRI scanner". This point should be clarified.

3. The terms "the anisotropic diffusion phantom", "the interaction
area", "the volume of the MRI scanner”, "the calculation of the
diffusion tensor", "the required number of ‘‘b’’ matrices", "the
anisotropic diffusion model", "each voxel" (since no imaging step has
been defined), "each diffusion gradient vector direction required”
(since no pulse sequence has been defined), "the distinct diffusion
tensor values" each 1ack a proper antecedent definition.

4. Moreover, it is noted that it is completely unclear to what kind
of "model" the term "the anisotropic diffusion model" refers (a phantom
or a mathematical model linking experimental parameters to diffusion
parameters). This should be clarified.

5. The term "specific Euler angles" lacks clarity in that it is
completely obscure to which Euler angles reference is made.

6. C1a1m 6 lacks clarity in that it is unclear what the variable
"L" represents (said variable lacks an antecedent definition).

7. In the context of the preceding objection, it is completely
unclear what method step is defined by the passage "this operation is

repeated...". and for what purpose said "operation is repeated”.
-Therefore, claim 6 should be c]ar1f1ed ,
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8. The expression "and no less than one for the direction without a
diffusion gradient” lacks clarity in that it is completely obscure to
which specific direction the express1on "direction without a diffusion
gradient" refers.

9. - The passage
"the d1ffus1on mode] for which the diffusion tensor in the

system of principal axes has known values"

appears to refer to a method step for which an essential feature
is missing (Rule 6.3(a) PCT and PCT/GL/ISPE 5.29, 5.33) in order to
achieve the desired technical effect recited above. -More specifically,
the description (page 5, lines 1-9) suggests that one-dimensional
experiments are required to determine said "diffusion tensor in the
system of principal axes". Therefore, claim 6 should be included the
features of claim 7.

10. In the context of the preceding objection, the application as a
. whole lacks sufficient disclosure (Art. 5 PCT) with regards to the '
method of claim 6 for the following reasons. Said method hinges on
having an anisotropic diffusion phantom (presumably according to any one
of claims 1-5, although none has been defined in claim 6), for which the
diffusion tensor must first be determined according to the passage on
- page 5, lines 1-9 of the description.

‘ (i) However, in order to do so, said one-dimensional
experiments are insufficiently disclosed and would presumably require
the knowledge of a reduced form of a ‘‘b’’ matrix. Since the end goal of
the method of claim 6 is to obtain said ‘‘b’’ matrix, one ends up in a
circular argument: : :

(1) determine the diffusion parameters of the
diffusion method using uncalibrated ‘‘b’’ values, thereby resulting in
inaccurate diffusion parameters; then
- (2) determine the ‘‘b’’ matr1x for different

diffusion gradient vector directions using said 1naccurate diffusion
parameters.

p]ear]y, this method is f]awed, does not appear to be able
to work, and cannot deliver the resuit to be achieved, i.e. "the
calibration of any diffusion MR-DTI imaging sequence” (page 8, 2nd full
paragraph), nor the disclosed advantage of providing "the precise and
spatial determination of the ‘‘b’’ matrix va]ue" (page 8, 2nd full
paragraph).

- (i) Moreover, the one and only embodiment of the
description (page 8, last paragraph - page 10) fails to disclose the
performance of said one-dimensional experiments and how the diffusion
parameters of the diffusion phantom of figure 1 are determined, such
that the skilled person is not provided with suff1c1ent 1nformat1on to
carry out the method of claim 6. \

- The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
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not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2)PCT declaration be
overcome. '
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