JP 2004-507331 A 2004.3.11

(19) B REMSEFT (JP) EMNE 33BN - 1) (1) S HEARE S
$37%2004-507331
{P2004-507331A)
43 &%xE FER16EIA118(2004.3.11)
(51) Int.CL.” F 1 F—va—§ (B%)
AB61B 5/055 AB1B 5/05 370 4C096
GO1R 33/28 GO1N 24/02 Y
BEPR RER TFHBEHER RXBRK (& 19 H)
Q) HEES $5FE2002-523635 (P2002-523635) | (71) HEA 590000248
(86) (22) HEER SERY135E8A 178 (2001.8.17) aA—=FVbwhH T4 VwIFA LV
(85) BIRR R E SER145E4R 260 (2002, 4. 26) PO A LR 4
(86) EEHERES PCT/EP2001 /009502 Koninklijke Philips
B7) EERLHES %02002/018967 Electronics N. V.
B7) EEAMA SERY145E3ATH (2002.3.7) FS5EE 5621 ~A—TFT— T4V
(31) BAEEEES  00203019.5 N—Tz1y TA—RT7OoY0zun
(32) &5 H SERG12£E8A 308 (2000. 8. 30) 1
(33) MAEERE  BINEET EP) Groenewoudseweg 1, 5
(Bl 8 EEH EP (AT, BE, CH, CY, DE, DK, ES, F1,FR, 621 BA Eindhoven, T
GB, GR, IE, IT,LU, MC, NL, PT, SE, TR} , JP he Netherlands
{(74) {RE A 100070150
#E+L FR BB
FHAFEA 100091214
#EL KE #Eir
BT EIIHE ¢

(54) [READE] B2 2RI FPHOEHREMR 1 2> THRT 2 A ERVER

GNHOOOD
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000




e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Ooo0ooood

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

oo ooooooogdg
OO0 ooooooogdg
OO oooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooood
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 oooooogdg
Ooooooooood

O
O
O
O
O
O
O
O
O
]
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo

O
O
OJ
O
O
O
O
O

O

O
OJ
O
O
O
O

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

(2)

O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooo
O O0O0gooooao
O 0O0OooOoooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0OoOo0ooooao
O OooQgooooao
O 0OO0ooooao
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

O
O
O
O
O
O
O

O
O
O
O

|

O

JP 2004-507331 A 2004.

O
O
O
O
O
O
O
O
O
(]
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O

O
O

O
O

.11

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Oo0ooooo4o0oooooo400 oo oDoooo oo oDoDoDo4ggoooDoooogogg

e A s e e e e e ) e e e A s s [

Ooooooooooooooo0 oo oDooooooDooooooooooQgodg

OoOooooooooooooo0 oo oDooo oo oDoooooooooogogoQgodg
O

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

Oooooooogooooodg
OO0 Oooooo4gogooooodg
OOo0ooooooooooood
Ooooooooooooodg
Oo0oooogoQgg

[ Ry |

gooao

O 0OooQgoooo

OooooogoQgoao
OooooogQgoao
OO0 ooooggogao
Oooo0oooQgoao
OooooooQgoo
OooooogoQgoao
OooooogogQgogoao
Ooooooggogao

O
O
O

oo o0 oooooogog
OO0 o oooooogdg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogog
OO0 o0 oooooogodg
OO0 o oooooogodg
Oooooooood
oo o oooooogodg
oo o0 oooooogog
oo o0 oooooogg
OO0 o oooooogdg
OOooooooood
oo ooooooogodg
oo o0 oooooogodg
OO0 o0 oooooogodg
OO0 o oooooogdg
OO0 oo ooooogdg
oo ooooooodg
oo o oooooogodg
oo o0 oooooogg
OO0 o oooooogodg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogodg
OO0 o0 oooooogdg
OO0 o oooooogodg
oo ooooooodg
oo o oooooogog
oo o0 oooooogdg
OO0 o0 oooooogodg

Oooooogogdg

OO0 o0 oooooogdg
OO0 o oooooogdg
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O O0oOo0ooooao

O
OJ

Ooooooggdg

OooOoooooQdgdg
Ooo0oooogoQgdg
OoooooogoQgog
Oo0oooogoQgdg
Ooooooggdg
OooOoo0ooooQgadg
Ooo0oooogoQgdg
Oo0oooogQgdg
Ooo0oooogoQgdg
Oooooogogdg

oooooooooaon

oad
ooooao

Ooooooodg
O oo ooooog
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao

OoOooooood
Ooooooood
Oooooooogd
Ooooooogod
OOoooooogd
OoOooooood
Ooooooood
Oooooooogod
Oooooooogd
OOoooooogd
OOo0Dooooogd
OoOooooood
Oooooooogod
Oooooooogod
OOoooooogd
O0oooooogd
Ooooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd
OoOooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

)

OooOoo0oooodgadg

O

O
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O

O
(]
O
O
O
O
O
O
O
O
O
O
O
O
O

OoooooogoQgdg

O

O
g
u
O
a
O
g

Oo0oooogQgdg

O

O 0Ooo0ooooao
O 0Ooo0ooooao
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo

OoooooogoQgg

O

Ooooooggg

OoOoooogoood

OooooooQgdg

Oo0oooogoQgdg

JP 2004-507331 A 2004.

OooooogQgog

Ooooooggdg

Oo0oooogogdg

Ooooooodgdg

Ooo0oooogoQgg

OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

.11

ooooooooboooooooao
gooooboobo obooboodgo Oob 0o obooobobod

uoooob boooobo ocoooboooboob ba

ooooooooboooooooao

O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

Oooooogoggogaog

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e ey e s ) e e e e s s e B
e e s e e e s ) e e e e e e e s e e O R o
R ey e R ) R e R
ey e e ) s [ e [

Ooooooooogoogoao
Oooooooogogoao
OOoDooooogogogao
Oooooooooogoao
Ooooooooogoogoo
Oooooooogogogoo
Oooooooogogoao
OoDooooogogogao
OooooooooogooOoo
Ooooooooogoogoao
Oooooooogogogoo
Oooooooogogoao
Oooooooogogoao
OooooooooogooOoao
Ooooooooogogogoao
Ooooooooogogogoao
Oooooooogoogoao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogoogogoao
Ooooooooogoogoo
Oooooooogogogogoao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogoogoao
Ooooooooogoogoao
Ooooooooogogogoao
Oooooooogogoao
OO0 ooooogogogao
Ooooooooogoogoao
Ooooooooogoogogoo
Ooooooooogoogoo
Oooooooogogoao
Ooooooogogogao

Ooooooooooooodg
Oo0ooooo4gogooooodg
OO0 oDoDooogogoooood
OOo0ooooooooooboood
Oo0ooooooooooodg
Ooooooooooooogdg
Oo0oooooogooooodg
OO0 ooooo4gogooooogodg
OOo0ooooooooooboood
OOoooooooooooodg
Ooooooooooooodg
Ooooooooooooodg
OO0 ooooogogooooogodg
OOo0ooooooooooboood

OoooooogoQgooao
OoooooogQgooao
OO0 ooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogoQgooao
Ooooooogogogooao
Oo0Dooooggogooao
OoooooooQgooao
Oooooooogoogooao
OoooooogoQgooao
Ooooooogoogooao
Oo0oooooggogooao
OoooooooogoOooOoao
Ooooooooogooao
OoooooogogoQgooao
OoooooogoQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao
Oooooooogoogooao
OoooooogoQgooao
OoooooogogQgooao
Oo0Doooooggogooao
Ooooooooogooao

oo o0 oooooogog
OO0 o oooooogdg
OO0 o oooooogdg

Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao
Oooo0oooQgogoao
OooooooQgogoo
OoooooQgogoao
OooooogogQgogaoQg
OO0 oooogoQgogaog
Oooo0oooQgoogoao
OooooooQgogoao
OoooooQgogoao
OooooogoggogaoQg
OO0 ooooggogaog
Oooo0oooOooOgoao
OooooooQogogoao
OoooooQgogoao
OoooooQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogo
OooooogoQgogoaoQg
Oooooogoggogaog

~
~
~

oo oooooogoooo
OO0 oo ooooQgooooo
OO0 oooooogogoooo
OO0 oo oooogogooao
OO0 0o oDooogogogooao
OO0 oooooogogoooo
OO0 ooooooQgoooo
OO0 oo oooogoooo
OO0 oooooogogogooo
OO0 ooooDooogogooao
oo oooooogoooo
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oooooogogoooao
OO0 oo oDooogogooao
Oooooooogoooao
OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oo oooogogoooo
OO0 oo oDooogogooao

JP 2004-507331 A 2004.

OoooooooogooQgog
OoooooooogoQgoog
OooooooogoQgg
OOoooooogogg

[N
[y

10

20

30

40

50



ey e e s [ [ |
Ooo0oooooo0oooooooo0UoooDoDooooooDoDoDooDoo0oooDoDooogoQgogoaoQg

OO0 o0ooooooooDooogogooooood

Oo0oooooogogoooooaog

e ) e s e e e e R ) e s s [

Ooooooooooooooo oo oDoDooooooDoDoooooooooodg
Ooooooooo0oooooo oo oDoDoooo0o oo oDoDoooooooooog

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao

OooooooooooooogoggogooQg
OOoooooooooooooggogoQg
OO0 oDoooo4gogogooooooggogog

Oooooooogooooao

I Ry |

OoooooooooooooQgogoaoQg
OoooooooooooooggogoaoQg
OOo0ooooooooooooggogoQg
OO0 oDoDooo4ogogoooooggogog
OOo0oooooooooooooQgogoaQg
OoooooooooooooQgogoaoQg
OooooooooooooogogQgogoaoQg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

B I o B |

O

Oo0oooogQgdg

O0Ooo0oooao
O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao

Oo0ooooooooooooodg
OO0 oo oDooogogoooooodg
Oo0ooooooooooooood

Ooo0oooogoQgdg

Oooooogogdg

()

ToOo0oooOooogoodg

O O0ooo

OooOoo0oooodgadg
OoooooogoQgdg

Ooooooooooooooodg
Oo0ooooooooooooodg

Oo0oooogQgdg

O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono

OoooooogoQgg

OO0 ooooooggogoQg

O Oooo

Ooooooggg

OoOoooooooooooogooogoadg

OoOoooogoood

OoooooooOooOgoo

O

O
Ooooooooooooooodg

Oo0oooDoooooooooodg
Oo0oooooogogooooooodg

OooooooQgdg

Oo0oooogoQgdg

JP 2004-507331 A 2004.

O 0o oo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

Oo0DoDooooggogog

Oooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 oo oDooogogooooood
Oooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogooooooodg

O O0Oogogaog

OooooogQgog
Ooooooggdg
Oo0oooogogdg
Ooooooodgdg
Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

.11

OO0 oo oDooogogooao

O d

10

20

30



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(6)

ugbooobooodoboado

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

{1%) World Incelleccual Proper
Intemational Brrean

rganization

(00O A A

(13 Internatipnal Fublication Dale (I Incemational Poblication Number

7 March 100 (07.03.2002) PCT WO 02/18967 Al

{51) Ingeenatinnal Patent Classifigntion

GOIR 35563 {10 Agent: SCHOUTEN, Mantus, ¥, lute 1O
irousburean BV, Prol. Holsilsan 6, WL-3656 A& Bimnd-

(21) Internucivnsl Applicacion Nunher; PO T/RROIOIS02 hoven L),

(22) Toteraatiomal Kiling Date: 17 Aogow 2001 (7082000 810 Deslgnated State sumionaly: 1.

\15) Filing Langonne: Toglish {8 Desiguated States wegionall; Turupwan patent (AT, BE
CH. UY. E, LK. E3, B, K. GH. G, T, T1 Li. MU,
NI, FT. SE. TR).
(26) Publication Laaguage: Lnglish
30) Priority Datay Published:
)m”n}a)m: ” 30 At 2000 (300820005 B O eradional seerch sepry

Fwr it genden e ERCE diwgvighioes, wofee fo e "Triid-
amce Neres e Codes md Abbreviations ™ appearing ot the hegin
Rt of wach regular fesie of the PCT Gazerte.

(Fly Applieant: KONINKLIJKE PHILIPS ELECTRON-
1C8 NV [NLNL): Grosnuwamiseweg 1 NL-3621 BA
Tindhoven N1,

(72) Inventor: ¥AN ¥AALS, Johsnnes, &, Prof. Holblaar 6.
NI.-5656 AA Bindlwoven (N3,

(54) Titke: ACQUISITION BY MRI OF IMAGES OF A PLANE SUBILCT TO MOTION

18967 Al

=~ (57) Abstrace: Ina method For acquinng an image of 3 plane i & Magnelic fesonance apparats the images are obiained in planes to
be sinaged which are defined ditectly with respect o tie patienit, Thereiore, the AENCHE (ERONANEs AFPARILIS CONMPHISSS A0 Imaging
welune and a yatient sopporn bl which can be positioned i aging valumc. positian neasuring mens being provided so as
11 wtablis)s aned my il sl Bane 1w pasition af the patien! g well s canir] rwans B sontrolling gradiont ewils in respumse
3 m the signals provided by the pasition measneing means in such a manner that the consecitive images are acquired from imaging
planes which are defined dbrectly with respect ta the patieat.

002

JP 2004-507331 A 2004.3.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

D)

WO 0118967 PUTIEPOTNTSNZ

ACQUISITION BY MRI OF IMAGES OF A DPLAWE SURBJECT TO MOTION

The invention yelates to a method of acquiring imayes of a plane in a magoctic
resonance zppasatus, notably to a method of introducing 4 medical instrument into the body
of a patient in a magnetic résonance appatatus where a position of a tissue to be treated has
been determined in three dimensions and alse 2 position of entry for the medical instrument,
in which method 2 path to be followsd by the medical instrument is defined by way of at least
twa dififerent images of body oross-sections through said positions in the magnetic resonance
apparatus, said medieal instrument being guided along said path so as to reach the tissue to bo
reated, a plane to be imaged being defined by means of a further image in the magnefic
resonance apparatus and the point of intersection of the path to be followad by the medical
instrument and said plane to be imaged being indicated in said further image, the medical
inshument being matnteined at said point of intersection, viewed in the plane to be imaged,

durimys ifs introduction.

A method of this kind is 1610wn from an article by 3.G. Silverman o5,
Interactive MR-guided Biopsy in an Open-Confipuration MR Imaging System; Radiology,
Vol. 197, Qctober 1995, pp. 175-181. Accarding to this kmown method the acquisition planes
ave arthagona) to one another, the plane o be fmaged extending perpendientarly to the path to
be followed by the needle. An optical tracking systetn which includes position measuring
means in the form of LEDs {Light Emitting Diode) that co-operate with cameras, or in the
farm of one or more coils that are mounted on a wedical instrument, for example a needle
holder, is provided so as to ensute that the needle can be constantly maintained in the desired
direcfion durizg its introduction iuto the relevant part of the body. [n other words, the needle
is contralled on the basis of the imaging planes (hat are rigidly defined relative to the
magnetic resonance apparaius,

Tt is very inportant that the patient, or at least the relevant part of the body, is
immobilizad during the execution of the described methed. For example, in the practice of
treatment of fumors in the brain the head is immobilized in the magoetic resonance apparatus

{with the aid of clamping means. However, this constinites a substantial burden to (he paticnt.

JP 2004-507331 A 2004.3.11
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If the head were not immebilized in this example, the tumor could disappear from view in the
imaging planes in the case of a change of position, that is, a displacement and/or change of
orientation of the head; it would then be necessary to find the tumor again in an itcrative
mannet, that is, by varying the imaging planes continzously unti) the center of the tumor is
onee more sitated on the line of imerseciion of two relevant imaging planes. In many cases

such treatrment will become too long and too risky in those circumstances.

[tis an object of the mvention to avoid said drawbacks and to provide a
method of acquiring images of a plane in a magnetic resonance apparatus which enables fast
and accurate treatment without immobilizing the relevant parf of the body.

To this end, the method in accordance with the invention is characterized in
that the images are acquired in the magnetic resenance apparatus in imaging planes which are
defined directly relative to reference poinis of a patient arranged in the magnetic resonance
apparatus. 8pecific areas of the huran anatomy can be used as such reference points, for
example characteristic bone strucmues. It is also possible to fit artificial markers.
Consequently, the reference system used is not formed by the magnetic rescnance apparatus
as s customary according to the present state of the ast, but by a co-ordinate systern which is
linked directly to the patient per se, that is, without the intermmediate step involving the co-
ordinate system of the magnetic resonaﬂc;e apparaius. Suck a method becomes possible
nolably when & pasition, that is o say & location and the oriemtation, of a relevant past of the
body, for example the head of a patient, is defined and updated by means of position
measuring means oo a "real-tinxe” basis, sald position epabling the imaging planes to be
defined tiroe and again. The images situated in the imaging planes, therefore, are constantly
adlapted to the changing position and orientation ot the refevant part of the body.

The invention relates not only to 2 method of acquiring images of a plane in a
nlagnetic resonance apparaius, but alse 1o a magnetic resonance apparatus which includes
gradicnt coils. The magnetic resonance apparafus in accordance witls the invention is
provited with positiop measuring means for defining and updating a position of a part of the
body of a patient on a “real-time" basis, and with control nicaas which, in response to signais
from said position measuring means, control the gradient coils in such 2 manner that images
successively acquired in the magnetic resopauce image are formed in imaging planes thet ure
Gefined direcily relative to reference points of the patjent. A fusther embadiment of the
magnetic resonance apparatos in accordance with the invention is characterized in that the

JP 2004-507331 A 2004.3.11
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positian measuring means are formed by sensors to be atiached ie 2 relevant part of the body
of a patient. A further embodiment of the invention is characterized in that the magretic
resonance apparatus is arranged to position a necdle holder which is associated with a needle
guide member, the position measuring means beiog formed by sensors fitted on the needle
holder cum needle guide member which can be attached fo the relevant part of the body of
the patient 50 as to be centered relative to the entry position for the needle. With a vicw to the
limited space available in a magnetic resonance apparatus, the sensors are preferably formed
by coils for measuring the strength of the magnetic field 4t the area of the coils and by 1weans
for making corrections in a gradient field of the geadient coils agsociated with the magnetic
resonance apparatus, said corrections being based on the variations of the strength of the
magaetic field that are caused by changes in position of the coils. Evidently, use can also be
made of ather positioning means and sensors. The number of coils will be dependent om the
numibey of degrees of freedom granted to the patient. In principle three coils are required for
1he head; more than three coils may be necessary for other, deformable parts of the body,
whereas one coil may already suftice for & patient who is secured on a table that can be fresly
displaced in the longitudinal direction.

The invention will be described in detail hereinaiter, by way of exarnple, with.
reference to the accompanying drawing. jhcrcin:

Fig. [ shows a patient to he weated and 2 needle holder com needle goide
member secured . the skull, and

Fig, 2 shows a sketch illusirating the effoot of a dispiacement of the patient.

Fig. I shows a patient table 1. The head of a patient airanged thereon is
diagrammafically represented. The paiient table san be positioned in the usually tunnel-
shaped measuring space of a magnetic resonance apparatus that is suitable for medical
purposes. A magnetis resonance apparatus of this kind is also referred to as a Magnetic
Resonance Imaging (MR1) apparatus aed has sinee long been known, so that it suffices to
provide only & supezfisial description of its operation. Such an apparatus generates 2 strong,
steady, uniform magnetic field in a volume which is intended to be linaged, that is, the
imaging volume. Said imaging volume oceupies only a small part of said measuring space.
Gradicat coils provided for this purpose superpose a magnetic gradient field on sald uniform
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figld in order to indicate the location of the cross-section of a patient i be imaged in an
imaging plane. The atorns in the tissue that is present in the imaging volume are excited by
means of an RF ficld. The spin resonance signal released wpon relaxation of the excited
atoms is nsed 10 reconstruct an image of the cross-section indicated by means of the gradient
field.

In the example to be described hereinafter a patieni is sssumed te have a turnor
in the brain which is to be treated by way of ultrasound waves that are fo be generated in the
tip of a needle normally used for this parpose. Tt is 250 assumed that the pesition P of the
tumor iu the brain i known; it may have been determined in advance, for example by means
of an X-ray apparatus. Furthermore, the position of the point of entry, being the eniry
positioa Q, for the needle into the skutl, to be determined by au attending surgeon, is also
assumed to be known. A necdle holder cum nesdle guide member 2 is arranged at the area of
the entry position . The needle holder curn needle guide member 2 includes a housing 3
which is secured in the skull, for example by way of screws, and also a noedle puide section
4. A ball joint enables rotation of the needle guide section 4 to some extent in. all dizections
relative to the housing 3. This offers some degree of maneuverability for the needle to be
guided to the twnor in the brain by the needle guide section 4, that is, for as long as the
needle has not yet passed the slaull.

When it is assumed for the time being that the head of the patient is
immobilized in the measuring space of the magnetic resonance apperatus, the positions F and
Q in this apparatus are known aud images of the brain can be acquired in two imaging planes
shrough P and Q, one imaging plane being formed, for example by the plane of drawing
whereas the other imaging plane extends perpendieularly thereto. When these images are
displayed on o monitar, the path to be followed by the needle to be introduced can also be
seen. In a defined third plane, being the plaue to be nnaged which extends, for example
perpendicularly to said other planes, the point of intersection of the path and this piane to be
jmaged can be determined and marked. This measuring plane is displayed on a monitor. The
needle is visible in the image of said plane fo be imaged in the form of & point which is
situated withitt & cirele arqund the marker because of the maneuverability of the needle.
When said point is maintained on the marker during the iatroduction of the needle, it is
ensured that the needle will continue to follow the defined path. Readjustment of the neadle
can, be performed manually as well as autorpatically, for example by means of 2 robot. It is
known to provide ihe needle guide section 4 with position measuring means.
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A problem is encountered when the patient is subject to a change of position,
during this procedure, that is, & displacement and/or a chunge of orientation. This situation is
shown in Fig. 2. In = first position of the bead the path is detormined again by the line
through P and Q, the matker iv the plane to be imaged being represenied by M. If no steps
are taken, in a seeond position of the head the marker M remains in the same location
whereas the position of (he point of entry of the needle is then situated in the point Q') so fhat
the needle is introduced along a line through M and Q', this could very well bave disastrous
CONBEQUENGES.

In order & solve this problem, in accordance with the invention position
measuring means in the form of scnsers 5 are provided on non-soft purts of the body of the
patient per se and/or on the bousing 3. The drawing shows two of such sensors 5 that arc
fiited on the housing 3. Howgver, three sensors will be required so as to detennine the
pozition of the bend, that i, unless the nwnber of degrees of freedorn of movement of the
head is limiicd. Each of said sensors in the present embodiment is formed by 2 cofl
{mierocoil) which is capable of measuring the local magretic field. A change of location can
be detenmined on the basis of the variation of the strenptl of the local magnetic feld. To this
end, the signals output by the sensors 5 wre applied to the computer system 6 of the magnetic
resonance apparatus. When changes have ocourred in the position of the head, such chanyes
of position are deternined in the computer system by meaos of the sigrals oulput by the
sensots, and the changes to be made in the pradient field of the gradient coils are calculated
therefrom sa as to ontput signals that readjust the Jocal magnetic field accordingly.
Consequently, the same magnetic field whick prevailed in the points P and 3 is then applied
to the peints P' and (', so that images are acquired in imaging planes through P' and Q'
instead of images in the imaging planes through P and (3, that is, through the corrected
position of the tumor and the point of entry. Evidently, the position of the measuring plane
shonld also be readjusted, so that the marker is siteated at 1he area of M. The needle can then
be introduced along the line through P apd Q. The needle is then readjusted on the basis of
the marker M. This means that the needle is readjusted in a co-ordinate system that is linked
(o the head of the patient instead in 2 co-ordinate system that is linked to the magoetic
resONANce apparaius.

The invention is not linxited to the embodiment described with reference to the
TFigures, but also relates to a variety of modifications, of course, in as far as they are within
the scope of the following claims. For examgle, instead of the coils, light-emitting elements

such as LEDs which co-operaie with a camera can be fitted on the head of the patiert and/or
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on the housing 3. Furthermare, the position measuring means can also be formed by a video
camera which is arranged at 2 distance from the head and whereto imape identification and
analysis means are coupled, or by lasers which are to be acranged at a distance from the head
and by laser signal processing means which are coupled therete, The use of the method and
the magnetic resonance apparatus in aceordance with the invention, of course, is not
restricted to the treatment of brain twnors: they arc suilable for the treatroent of & variety of
organs of the body, for example the liver; it is to be noted in this respect that, whereas the
head can stil] be clamped, such clamping is diffienlt in the case of other orgaos, so that the
use of a co-ordinate system defined relative to a patient is pariicularly advantageous.
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CLAIMS:
1. A method of acquiring images of a plane in 2 magnetic resonance apparatus,

characterized in. that the images are acquired in imaging planes which axe defined divectly
relative o reference points of a patient aranged in the magnetic resonance apparatus.

2 A method of introducing a medical instrument into the body of & patientina
magnetic resonance apparatus where a position of a tissue to be treaied has been determined
in three dimensions and also a position bf eniry for the medical instrament, i which methed
a patk 1o be followed by the medical instrument is defined by way of at least two different
images of hody cross-sections fhrough said positions in the magnetic resonance apparatus,
said medical instrument being guided along said path s 25 to reach the tissue to be irealed, 2
plane to be imaged being defined by means of a further image in the magnetic resonance
apparatus and the point of intersection of the path to be followed by the medial instrament
and said plane to be tmaged being indicated in said finther image, the medical instument
being maintained at said point of interseotion, viewsd in fhe plane to be imaged, during its
iniroduction, characterized in that the images in the maguctic resonance apparatus are formed
in irnaging plunes which ase defined directly relative to reference points of a patient arranged

in the magpetic resonance apparatus.

3. A method as clabmed n claim 1 or 2, characterized in that position measuring
means are sed to define and update a position of a 1elevant part of the hody of 2 patient on a

real-fime basis, said position enabling the imaging planes to be defined time and again.

4. A magnetic resonance apparatus which includes gradient coils, characicrized
in that position measuring means ave provided for defining and updating a position of a part
of the body of a patient on 2 real-time basis, and also conirol means which, in response to
signals from said position measuring means, control the gradient ceils in such 2 maner that
successively acquired images in the magnetic resanance apparatus are formed in imaging

planes that arc defined directly relative to reference points of the patient.
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5. A magnetic resonance apparatus as claimed in claim 4, characterized in that
the position measuring means are formed by sensars to be attached to a relevant part of the
body of a patient.

6. A magnetic resonance apparatus as ¢laimed in claim 4, characterized in that
the magnetic resonance apparatus is arranged to position a needle holder which is associated
with a ncedle gnide member, the position measuring means being formed by sensors fitted on,
the noedle holder cum needle guide member which can be artached to the relevant imrt of the
bady of the patient so as to be centered relative to the entry pasition for the needle.

7. A magpetic resonance apparatus as claimed in claim 5 or 6, characterized in
that the sensors are formed by coils for measuring the sirength of the magnetic field at the
area of the coils and by means for making corrections in a gradient field of the pradient coils
associated with the magnetic resonance apparatus, said cotrections heing based on the
variations of the strength of the magnetic fieid that are caused by changes io pesition of the

<oils.

8. A magnetic resonance apparatus as claimed in claim 5 or 6, characterized in
that the sensors are formed by light-emitling elements which are to be attached to the patient
and by 2 camera co-operating therewith.”

o A magnetic resonance apparatus as claimed in claim 4, characterized in that
the position measuring means are formed by & video camera which is to bo arranged at a
distance fronr 2 relevant part of the body of a patient and by image identification and analysis

means which are coupled thereto.

10. A magnetic resonance apparatus a5 claimed in claim 4, characienized in that
the position measuring means are formed by lasers which are to be arrauged at a distance
from a televant part of the body of a patient and by laser signal processing means which are
coupled thercto.
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