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Recent clinical trials with ultrasound induced blood-brain barrier
opening
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ABSTRACT: Blood-Brain Barrier (BBB) is the brain protecting system blocking the inflow of harmful substances
into brain parenchyma from brain blood vessel. However, the BBB has a negative effect on the treatment of various
brain diseases such as Alzheimer’s dementia or brain tumors because it also prevents drug delivery into brain
parenchyma. To overcome this problem, a brain drug delivery technique using Focused Ultrasound (FUS) which
allows BBB to be temporarily opened by inducing the acoustic cavitation effect of microbubbles has been developed.
Thus far, various studies using the FUS technique has been conducted to improve drug delivery efficiency, and
therefore, this paper discusses recently developed drug delivery technologies using the FUS-induced BBB opening.
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The Blood-Brain Barrier (BBB)
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Fig. 1. (Color available online) Schematic represen—
tation of the anatomical structure of the blood—brain
barrier (BBB) and the accompanying neurovascular
unit, Note the abluminal CEC surface is ensheathed
by a basement membrane embedded with pericytes_[Z]

oF
X

> 30wt ofN A ok

sto] faflEdo] HEA o ® FAE=A
ThFig. 1).7 3} ]9t BBB: X & K 535}7] £
o] A9k, TheFet W5, g=sto|H 5 ot
FAIGA Aol A B 22 072 22 ¢l oF
o] a3k 2| & A o] T} JA| Aljtsh= A
o}, 53] HAAA A AEE<] HA g 2] 54 F
A A 2 A= 98 %, 2 A &A= 100 % BBB
£ Fsh7] ofgf Aom HiEa glon oo
ket A g 2| 7ol AFo] Y= fEEel AdA e
2 QAN 1 Ase ASc L SR Rl &
S5]=d) ofgo] WA= a1 9k

whepA], 2 =0l A= 7|52 BBB & Rk A
SHZA1E =511 S8l i R <5 23 aHFocused
UltraSound, FUS) 7|4} BBB 7j8} 7]<¢] tjat 47,

VE?fE OFEAY 7]&o] PO R Ltoprtofp g

o] oyl Al AlShE S gk,

3k
oy =
ST

nZi
N o

I, =3I} 7It.'_* °t= T2} BBB
Y HHAE A7 =g

BBBE Q15 | oF= T =7t A 23 A E =5
7] 18l 342 =& jlo] Yoke W A it H&
T} oYX & ZARTO 24, UA|H S = BBBE
3 9l Wo] HuEw Qiokl 25015
2 BBB 710 Aokt vfAU S-S oAl & A
1-

ol

B

N
oo o o

i

i

Z &

=
° Z

lo ot

P, 233k 2Ab] 28 7] A1
o] QaFE T Aol Ao

1

Lot ado
2 ;O
W ol o

o] =3t

24 QA AT B 565

Ultrasound
pressure

D
D
D

Rarefaction

2 0QoQ0Q°0Q

. /'\/ \ A
= o Q00O O \.;s':.z:ni

Fig. 2. (Color available online) Schematic diagram
of stable and inertial cavitation effect according to
ultrasound pressure,
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Fig. 3. (Color available online) Post: Blood—brain
barrier opening of patient 2 in the targeted area
immediately after sonication. 24 h: Same targeted
area of patient 2, 24 h after treatment, without re—
cognizable BBB opening. Top and bottom panels,
respectively, show axial and coronal views of the
parieto—occipito—temporal region,!"!
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Fig. 4. (Color available online) (Top) Schematic dia—
gram of neuronavigation—guided FUS treatment,
(Bottom) Immune cell infiltration in human tissues 7
days after FUS treatement.['
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Fig. 5. (Color available online) Feasibility of blood—
brain barrier opening using MRgFUS in the hand
control region of the right primary motor cortex. a
Hand control region mapping using motor—task
functional MRI (fMRI). b, ¢ show confirmation of
successful blood—brain barrier permeabilization in
the sonicated primary motor cortex area as demon—
strated by new gadolinium enhancement in Ti—
weighted imaging. Subject two is represented in the
top row and subject three in the bottom row.["
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Fig. 6. (Color available online) Example of spectrums

that can be generated under inertial cavitation con—
ditions or in the absence of cavitation,
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