
Radiology: Volume 255: Number 2—May 2010 n radiology.rsna.org 425

 EXPERIMENTAL STUDIES:  Blood-Brain Barrier Disruption with Focused Ultrasound Liu et al

    31 .  Brem   H ,  Piantadosi   S ,  Burger   PC ,  et al . 
 Placebo-controlled trial of safety and effi -
cacy of intraoperative controlled delivery 
by biodegradable polymers of chemother-
apy for recurrent gliomas .  Lancet   1995 ;
 345 ( 8956 ): 1008 – 1012 .   

    32 .  Shapiro   WR ,  Green   SB ,  Burger   PC ,  et al . 
 A randomized comparison of intra-arterial 
versus intravenous BCNU, with or with-
out intravenous 5-fl uorouracil, for newly 
diagnosed patients with malignant glioma . 
 J Neurosurg   1992 ; 76 ( 5 ): 772 – 781 .   

    33 .  Judy   KD ,  Olivi   A ,  Buahin   KG ,  et al . 
 Effectiveness of controlled release of a 
cyclophosphamide derivative with poly-
mers against rat gliomas .  J Neurosurg  
 1995 ; 82 ( 3 ): 481 – 486 .   

    34 .  Westphal   M ,  Lamszus   K ,  Hilt   D .  Intrac-
avitary chemotherapy for glioblastoma: 
present status and future directions .  Acta 
Neurochir Suppl   2003 ; 88 : 61 – 67 .  

    35 .  Parney   IF ,  Kunwar   S ,  McDermott   M , 
 et al .  Neuroradiographic changes following 
convection-enhanced delivery of the recom-
binant cytotoxin interleukin 13-PE38QQR 
for recurrent malignant glioma .  J Neurosurg  
 2005 ; 102 ( 2 ): 267 – 275 .   

    36 .  Lidar   Z ,  Mardor   Y ,  Jonas   T ,  et al .  Convection-
enhanced delivery of paclitaxel for the 
treatment of recurrent malignant glioma: 
a phase I/II clinical study .  J Neurosurg  
 2004 ; 100 ( 3 ): 472 – 479 .   

    37 .  Gumerlock   MK ,  Belshe   BD ,  Madsen   R , 
 Watts   C .  Osmotic blood-brain barrier dis-
ruption and chemotherapy in the treatment 
of high grade malignant glioma: patient 
series and literature review .  J Neurooncol  
 1992 ; 12 ( 1 ): 33 – 46 .   

    38 .  Doolittle   ND ,  Miner   ME ,  Hall   WA ,  et al . 
 Safety and effi cacy of a multicenter study 
using intraarterial chemotherapy in con-
junction with osmotic opening of the blood-
brain barrier for the treatment of patients 
with malignant brain tumors .  Cancer   2000 ;
 88 ( 3 ): 637 – 647 .               

lian tissues .  Ultrasound Med Biol   1979 ;
 5 ( 2 ): 181 – 186 .   

    23 .  Moffat   BA ,  Chenevert   TL ,  Meyer   CR ,  et al . 
 The functional diffusion map: an imaging 
biomarker for the early prediction of can-
cer treatment outcome .  Neoplasia   2006 ;
 8 ( 4 ): 259 – 267 .   

    24 .  Pradilla   G ,  Legnani   FG ,  Petrangolini   G ,  et al . 
 Local delivery of a synthetic endostatin 
fragment for the treatment of experimental 
gliomas .  Neurosurgery   2005 ; 57 ( 5 ): 1032 –
 1040; discussion 1032–1040 .   

    25 .  Liu   HL ,  Wai   YY ,  Chen   WS ,  et al .  Hemor-
rhage detection during focused-ultrasound 
induced blood-brain-barrier opening by 
using susceptibility-weighted magnetic 
resonance imaging .  Ultrasound Med Biol  
 2008 ; 34 ( 4 ): 598 – 606 .   

    26 .  Allard   E ,  Hindre   F ,  Passirani   C ,  et al .  188Re-
loaded lipid nanocapsules as a promising 
radiopharmaceutical carrier for internal ra-
diotherapy of malignant gliomas .  Eur J Nucl 
Med Mol Imaging   2008 ; 35 ( 10 ): 1838 – 1846 .   

    27 .  Hamstra   DA ,  Moffat   BA ,  Hall   DE ,  et al .  In-
tratumoral injection of BCNU in ethanol (DTI-
015) results in enhanced delivery to tumor—a 
pharmacokinetic study .  J Neurooncol   2005 ;
 73 ( 3 ): 225 – 238 .   

    28 .  Bodell   WJ ,  Giannini   DD ,  Singh   S ,  Pietronigro  
 D ,  Levin   VA .  Formation of DNA adducts and 
tumor growth delay following intratumoral 
administration of DTI-015 .  J Neurooncol  
 2003 ; 62 ( 3 ): 251 – 258 .   

    29 .  Bodell   WJ ,  Bodell   AP ,  Giannini   DD .  Levels 
and distribution of BCNU in GBM tumors 
following intratumoral injection of DTI-015 
(BCNU-ethanol) .  Neuro Oncol   2007 ; 9 ( 1 ):
 12 – 19 .   

    30 .  Westphal   M ,  Hilt   DC ,  Bortey   E ,  et al .  A 
phase 3 trial of local chemotherapy with 
biodegradable carmustine (BCNU) wafers 
(Gliadel wafers) in patients with primary 
malignant glioma .  Neuro Oncol   2003 ; 5 ( 2 ):
 79 – 88 .  

by radiation therapy with radiation thera-
py and concurrent carmustine in patients 
with newly diagnosed supratentorial glio-
blastoma multiforme: Eastern Cooperative 
Oncology Group Trial 2394 .  J Clin Oncol  
 2003 ; 21 ( 8 ): 1485 – 1491 .   

    15 .  Hynynen   K ,  McDannold   N ,  Sheikov   NA , 
 Jolesz   FA ,  Vykhodtseva   N .  Local and re-
versible blood-brain barrier disruption by 
noninvasive focused ultrasound at frequen-
cies suitable for trans-skull sonications . 
 Neuroimage   2005 ; 24 ( 1 ): 12 – 20 .   

    16 .  Hynynen   K ,  McDannold   N ,  Vykhodtseva   N , 
 Jolesz   FA .  Non-invasive opening of BBB by 
focused ultrasound .  Acta Neurochir Suppl  
 2003 ; 86 : 555 – 558 .  

    17 .  Hynynen   K ,  McDannold   N ,  Vykhodtseva   N , 
 Jolesz   FA .  Noninvasive MR imaging-guided 
focal opening of the blood-brain barrier in 
rabbits .  Radiology   2001 ; 220 ( 3 ): 640 – 646 .   

    18 .  Mesiwala   AH ,  Farrell   L ,  Wenzel   HJ ,  et al . 
 High-intensity focused ultrasound selectively 
disrupts the blood-brain barrier in vivo . 
 Ultrasound Med Biol   2002 ; 28 ( 3 ): 389 – 400 .   

    19 .  McDannold   N ,  Vykhodtseva   N ,  Raymond   S , 
 Jolesz   FA ,  Hynynen   K .  MRI-guided targeted 
blood-brain barrier disruption with focused 
ultrasound: histological fi ndings in rabbits . 
 Ultrasound Med Biol   2005 ; 31 ( 11 ): 1527 –
 1537 .   

    20 .  Treat   LH ,  McDannold   N ,  Vykhodtseva   N , 
 Zhang   Y ,  Tam   K ,  Hynynen   K .  Targeted deliv-
ery of doxorubicin to the rat brain at thera-
peutic levels using MRI-guided focused ultra-
sound .  Int J Cancer   2007 ; 121 ( 4 ): 901 – 907 .   

    21 .  Treat   LH ,  Zhang   Y ,  McDannold   N ,  Hynynen  
 K . Impact of focused ultrasound-enhanced 
drug delivery on survival in rats with glioma. 
In: Ebbini ES, ed. 8th International Sym-
posium on Therapeutic Ultrasound. Minne-
apolis, Minn: AIP Conference Proceedings, 
 2008 ;  443 – 446 .  

    22 .  Goss   SA ,  Frizzell   LA ,  Dunn   F .  Ultrasonic 
absorption and attenuation in mamma-


