Contents

Part I: Basic Principles of Parallel-lmaging Techniques . . . . .. ........ 1

1 MRI from k-Space to Parallel Imaging
OLAFDIETRICH . . .« v v ittt it it e e it e it e s e e e it e e 3

2 Basic Reconstruction Algorithms for Parallel Imaging
MARKA.GRISWOLD . & & 4t vttt ittt i e e et e et et e ee e 19

3 The g-Factor and Coil Design
DAVID L LARKMAN . . . . . ot et e e et e e e e e e e 37

4 Measurement of Signal-to-Noise Ratio and Parallel Imaging
SCOTTB.REEDER . . . o vttt i e e e e et 49

5 Special Applications of Parallel Imaging
DAVIDATKINSON .+ 4 v it vt ittt e e it e i ee e ettt et e e e e e 63

6 Parallel-Imaging Reconstruction of Arbitrary k-Space-Sampling Data
RoLAND BAMMER, CHUNLEI L1U, and MURAT AKSOY. « « « + v v v v v i v e e e v v s 71

7 Complementary Techniques for Accelerated Imaging
OLIVERWIEBEN . . . . ittt it e i e e oo eeans 91

Part II: Sequence Design for (Auto-Calibrated) Parallel Imaging . . . . . . .. 105

8 Measurement of Coil Sensitivity Profiles
MATHIASNITTKA . . . . . oottt it it e et e ittt e e ee e 107

9 Conventional Spin-Echo and Gradient-Echo Pulse Sequences
OLAFDIETRICH . . o o v vt ottt vt et i at e e e oo ees 113

10 Single-Shot Pulse Sequences
OLAFDIETRICH .+« o 4 v i vt i it et i e it netm e aa s s ne e aeone s 119

11 Fast Sequences for Dynamic and Time-Resolved Imaging
MICHAELBOCK . . . . i ittt i i it ee e et e e e 127

12 The Development of TSENSE
PRTER KB L MAN. -« . . ittt i e et et s st e et s e s c et 141




Contents

Part lli: Technical ImplementationinClinicalMRI .. . . . . . ............ 153

13 Design of Dedicated MRI Systems for Parallel Imaging
ARNEREYKOWSKI . « v v vt it it e ittt e ettt nan st taen e 155

14 Dedicated Coil Systems from Head to Toe
RANDY DUENSING .« &+ « v v v o o o v o s oo e e s ot s s oo o s o oo oo an v snan 161

15 Design of Parallel-Imaging Protocols
STEFAN Q. SCHOENBERG and OLAF DIETRICH . . . « v v v v e v vt v et e n o v o s an 169

16 General Advantages of Parallel Imaging
OLAFDIETRICH . .+ o v it it it et it et sttt s e et s s nstanenes s 173

17 Limitations of Parallel Imaging
OLAFDIETRICH . & ¢ o v v i i et e ot e e o e b s o s st oo s o s o s an e nn o 177

Part IV: Clinical Applications: Imaging of Morphology .. ............ 81

18 High-Resolution Imaging of the Brain
ROLAND BAMMER aNd SCOTTNAGLE . & & & v v v v v vttt e ettt vt iae e 183

19 High-Resolution Imaging of the Skull Base and Larynx
JANW.CASSELMAN .« v v v v v vt v o o oo oo o s o ot e oo an st o ne e e eens 199

20 Lung Imaging
ROGER EIBEL . . & . it i it e it et et e e e ettt e et ae st e me e e an e 209

21 Liver Imaging
CHRISTOPH J.ZECH .« + o« 4 v e v o v v e s ettt e et e ettt aeean s 219

22 High-Resolution Imaging of the Biliary Tree and the Pancreas
ASTRID M. WALLNOEFER, CHRISTOPH ]. ZECH, and KARIN A. HERRMANN. . . .. .. 223

23 Parallel Imaging in Inflammatory Bowel Disease
KARINAHERRMANN. . o 0t vttt it ettt s ittt et aein oo 247

24 Musculoskeletal Imaging: Knee and Shoulder
BERND ROMANEEHSEN and KARL-FRIEDRICH KREITNER .+ + v v v v v v v v v v v n e 255

25 Advanced Methods of Fat Suppression and Parallel Imaging
ScorT B.REEDER and CHARLESA.MCKENZIE. . . . . ... v v v i vt et . 269

Part V: Clinical Applications: Angiography . . .................... 283

26 MRA of Brain Vessels
ROMHILD ML HOOGEVEEN & v v v v v e v v v v v b ot v e e et eee e eee e 285




Contents

Xi

27 MRA of the Carotid Arteries
HeNRIK . MICHAELY and KAMBIZNAEL . . . . v v v v vt et e e et e e e ie e 291

28 MRA of the Pulmonary Circulation
KAMBIZNAEL and J. PAUL FINN . . . v v v i it et e e e e e e et et e e 307

29 MRA of the Renal Arteries
STEFAN O. SCHOENBERG and JOHANNESRIEGER . . . ¢« v v v v v i v i v oo n ae e 319

30 Peripheral MR Angiography
TIMLEINER. . o o o ittt i it ittt e it e it s it e i e et s anee e 329

31 Pediatric Congenital Cardiovascular Disease
STEFAN O.SCHOENBERG and CHRISTIANFINK . . . . v v vt it it e e ve e v e e 349

32 High-Resolution Whole-Body MRA
KONSTANTINNIKOLAOU . & 4 it ittt b o e et e et ot o e e ae s on onaeen 355

PartVlI: Clinical Applications:Function . . . . . ... ................. 369

33 Imaging of CNS Diffusion and Perfusion
MARcO EssiG, BRAM STIELTJES, and WOLFGANGREITH . . . . . . . .. . v oo v oo 371

34 Diffusion Tensor Imaging of the Brain
THOMAS BENNER, RUOPENG WANG,and VAN JJWEDEEN . . . . .« v vt v v v v v n .. 379

35 Imaging of Cardiac Function
BERND JLWINTERSPERGER « & & ¢ ¢ v s v v v o oo o o v st v oo o nmoen s e ans 393

36 Imaging of Cardiac Perfusion
ARMINHUBER . . . . . . oo e e 407

37 Imaging of Pulmonary Perfusion
CHRISTIANFINK. . . . . .. i i et i et ans 417

38 Oxygen-Enhanced Imaging of the Lung
OLAFDIETRICH . . o v i it it ittt et i it et s i s i e i eae e 429

39 Imaging of Renal Perfusion
HENRIK J. MICHAELY and NIELS OESINGMANN . & + v v v v v v v o o v o v e o a o a 441

PartVIl: ComprehensiveProtocols . . . ... ...................... 449

40 Cardiovascular Screening
HARAIDKRAMER .« .+ v o i i v et i e e et im i e e s s s eaesaes o nnan e 451

41 Tumor Staging
GERWIN P SCHMIDT . v v v v i v et o s m v ot st ot o s s o s onsaeanssens 461




Xil

Contents

42 Imaging of Bronchial Carcinoma
STEEAN O. SCHOENBERG, CHRISTIAN FINK, and BASTIAN FISCHER . . . . . . . .. .. 471

43 Imaging of Pulmonary Hypertension
KoNsTANTIN NIKOLAOU and ARMINHUBER. . . . ... ... ..o oo i i 481

PartViil: FutureDevelopments . . . ... ...... ... ............... 495

44 New Coil Systems for Highly Parallel MR Acquisition Strategies
LAWRENCE L, WALD and GRAHAM WIGGINS . . . ¢ v v vt vt v eiee s e e s e e s 497

45 Parallel-Excitation Techniques for Ultra-High-Field MRI
LAWRENCE L.WALD and ELFAR ADALSTEINSSON . . « v v v v v v v v v v v v v naas 511

46 Future Software Developments
PHILIP G. BATCHELOR. &« v v v v v v e v v ettt et e et ettt oo et e e e e 523

47 Future Imaging Protocols
STEFAN O. SCHOENBERG and OLAF DIETRICH . . . .+ vt v v v e vt e e e v e e e 533

SubjectIndex. . . v v v v it e e e 543

List of Contributors . . . . . . . i it i e e e e e e e e e e e 557




