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* Direct Imaging of Thrombus?

* (vs. angiography: visualizing obstruction of the
blood flow)

A I

identifies tk

indirectly as a filling defect and cannot reliably assess
burden in a g manner.
=» Fixed dose tPA for different size thrombus (without information about thrombus vol.).

grogiapiy

?Customized thrombolytic therapy using an in
vivo direct thrombus imaging technique

s+ Current practice guidelines do not allow for
individualized therapy
— A fixed-dose intravenous tPA (0.9 mglkg) treatment is
recommended.

_ This recommendation is based on the results of studies that
were conducted before advanced imaging modalities were
ilable to i th b I ti and extent.

« Without an imaging tool to assess the thrombus status in
individual patients, the tPA dose could be either insufficient
or excessive

— Potentially leading to either low rates of thrombolysis or high
rates of hemorrhagic complications.

Moreover, phy cannot mural

thrombus and atherosclerotic vessel wall, both of which | | % »
could cause stenosis or occlusion, i

ICAS is the most common cause of stroke worldwide, and recanalization failure and
mortality after thrombectomy using stent retrievers are high in patients having
atherothrombotic lesions (Toyoda et al. Stroke 2015).
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Direct thrombus imaging may guide 'future’
thrombolytic therapy by enabling clinicians to

1. reduce tPA dose for smaller fragile thrombi

Direct thrombus imaging may guide 'future’
thrombolytic therapy by enabling clinicians to

2. proceed directly to endovascular therapy for bigger
compact thrombi that are likely to be highly resistant to
conventional tPA doses

Direct thrombus imaging may guide 'future’
thrombolytic therapy by enabling clinicians to

3. find good tPA respondents among patients with acute
large vessel occlusion (LVO): for eg. LVO due to a tiny
in situ thrombus or embolus superimposed on a
cerebral artery with significant large artery intracranial
atherosclerotic stenosis (ICAS)

Thromébis —

Direct thrombus imaging may guide 'future’
thrombolytic therapy by enabling clinicians to

4. better select specific endovascular therapies / devices
and allow for technical refinements, leading to safer
and more effective endovascular therapy

Near-infrared fluorescent imaging of cerebral

thrombi and blood-brain barrier disruption in a

mouse model of cerebral venous sinus thrombosis
DE Kim et al.
JCBFM 2005

Facto-XHl 25

Kim et al Molecolar Imaging of Cerebral Thromboembolism

. Bl Throm

"
b

FCBF %) oa LDF
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Direct thrombus imaging in stroke and thrombosis

Poor depth penetration = Optical techniques do not
allow a non-invasive imaging in vivo.

+ Q: Can we visualize thrombus serially in vivo?
+ To advance to personalized thrombolytic therapy by
demonstrating thrombus burden, distribution, and
character in a prompt and quantitative manner

)

» Modality of choice for direct thrombus imaging in
stroke ?

— Computed tomography (CT) is the current standard for most
clinical decision making in administering tissue plasminogen
activator (tPA). However, non-contrast CT does not usually
allow a precise assessment of extent and distribution of
thromboemboli.

JY Park ~ DE Kim; Stroke 2014

A New Micro—-Computed Tomography-Based

High-Resolution Blood—-Brain Barrier Imaging Technique
to Study Ischemic Stroke

mT Imagig after inirs-areral inecton of inpromide Freshissue  Cy5.S EB-NIRF Imaging T
ah 24n Agh 481 Ll 48h

Pt IMCAC Hasmatsmal-)

Pt IMCAC Himaarra(s )

Glycol chitosan (Mw = 20 kDa, 100 kDa, and 250 kDa) Glycol chitosan {GC)

ongonguon] [ onocnonon] | onoounon JAVINAY)
L™ L™ HO 35
la i b oL c
g0 |
CH, W w0
! AuNP
CH
5fi-chotanic ackd
ghyool chifosan-chalanic acid conjugates
{ GC-AuNP
In aqueous condition
o it
m DON: TRV fase 271 HIZSD

Tumor-Targeting Gold Particles for Dual Computed Tomography/
Optical Cancer Imaging ™

In-Chent Sian, Blov-Kung: £, Hereonm Ko
Kuman Ches, fok Chan v, K

i Ko, DS i, Do e 1
oi-Fide Al

IjE Kim & JY. Klm alai.Ann‘N‘aum‘l .24}.13
In vivo gold nanoparticle (AuNP)-microCT imaging detects thrombus
promptly in mice exposed to FeCl, at the left carotid artery.
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Hyperacute Direct Thrombus Imaging
Using Computed Temography and Geld
Nanoparticles

+ A novel method 1o visuafize thrombus directly
model of carcfid thrembosis using §

= ks direct thrombus imaging possibia 7

- Fixgd dosa 1PA vs. Cuslomized Ihrombalylic Rx?

- Viguakes d
resgans:

A close correlation between imaging &
histology

DE Kim & JY Kim et al. Ann Neurol 2013
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In vwo gnld nanoparticle (AuNP}-microCT (mCT) imaging to capture baseline thrombus burdnn,
, and effects of tissue plasminogen activator (tPA) in a

DE Kim & JY Kim et al. Ann Neurol 2013

In m uold nanoparticle (AuNP}-microCT (mCT) imaging to capture baseline thrombus burden,
, and thrombolytic effects of tissue plasminogen activator (tPA) in a

quantitative manner,

DE Kim & JY Kim et al. Ann Neurol 2013

s g |

+ ¥ rn BEE BE
PIROR I
A, -
—T-
L

cyrpeBRREFNURY

c d [P
In m uold nanoparticle [AuNP}-micmCT {mCT) imaging to capture baseline thrombus burden.
, and thrombolytic effects of tissue plasminogen activator (tPA) in a
quantitative manner,

DE Kim & JY Kim et al. Ann Neurol 2013

Smin  15min  25min 35 min

FIGURE 4: Rep iva serial mi i t

phy images illustrating the dynamic nanm! of post- ussua
plasminogen activator ({tPA) thrombus evolution, In the

In addition to the potential implications in
imaging will likely have multiple uses in

clinical practice, the advanced
basic [ translational research.

AuNPs for mCT-imaging of carotid
thrombus in mice: 100.0% success rate

Objective: Advarcing the . und and of theamb
new methods that wauld be weful for the in vive. of thrombus b
its evoluticn in 3 prompt and quantitativae manner,

Methods: Animals (1=127) with expesimental modsls of thromboss wers imaged with microcomputed tomagraphy
S minutes {andior -3 weeks) after intravancus injection of glycol chitosan [GC) geld nanoparticles (AuNPs],

Rasults: Nancgarticles accumulatad in the thrombus, allawing computed tomography visualization of both tha pres-
ence and extent of primary and recurrent thrombi in mouse carotid areres without & single fallire of detection
Manoparticle thrombus imaging was also effective in i the efficacy of is {n= 116t
sue plasminogen activator [1PA] tharapies). Thrombus evolution (eithar spantanecws or post-1PA] could be mapped
#1 high resolution in both space and time. Due to a long circulating hatf-ie, GC-AuNPs remain avallable for entrap-
ment into fibrin matrix for an exterded period of time (up to 3 weeks), allowing repetition or engoing moritaring of
thrambogenesis and thrambolysis,

Interpretation: This is the first report on & hyperacute direct thrombus imagng techmigue wsing thrombus-seeking
AulPs ardl computad tomography. When translated infa strake practice, the thrombus imaging may lew us to
advance to ic theragy by ing thrambus burden, distribution, and charactar in a
prompt sad guantitative marmes. Furher It this ares is indicated

stroka raquires simple and robust

ANN NEUROL 2013,72:617-625
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Direct thrombus imaging in stroke and thrombosis

In vivo mCT imaging
of cerebral thrombus
after IV injection of
AuNPs: No or very
faint signal observed
X
Ex vivo NIRF imaging
of cerebral thrombus
pre-labeled with
fluorochromes:
Successful placement
of thrombus in the Clot
GC AUNP GC AuNP MCA-ACA bifurcation :
(10mg/ml) (img/mhy 3@
A o7 [ Characterization of
Q t 0.6 the physicochemical
uestion 0.5 properties of fibrin-
§ 0.4 targeted gold
B3 partich {fib-
+ Can we visualize ‘cerebral’ thromboemboli and § 03| “iadine ‘i S
post-tPA thrombus evolution serially in vivo < :; J
using a novel fibrin-targeted AuNPs ? sl :
300 400 500 600 700 800
Wavelength (nm) ™ Disaiet )
D> E
[ ] ® ¥ \
’
o0® .
. ' . |
. . | JYKim =~ DE Kim
= | | Theranostics 2015
DE Kim et al. JoVE 2016 Targéted ﬁB-G.(i;AuN.Ps and microCT mutd jisulai Jbral thromboemboli in a prompt
and quantitati and reflect tPA-mediated thrombolytic effect in vivo.
A
g
I
w
g
JY Kim ~ DE Kim
Theranostics 2015
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Targeted fib-GC-AuNPs are
superior to non-targeted GC-
AuNPs in fibrin-binding and mCT
imaging of cerebral
thromboemboli

JY Kim ~ DE Kim
Theranostics 2015

Targeted fib-GC-AuNPs are
superior to non-targeted GC-
AuNPs in mCT imaging of
carotid thrombus

o 2smgim__ 28mimi) 0 28egim) 2 8mgisi]
- AL fib-GE-AuNP-

[ N JY Kim = DE Kim

) _f2Smginl o 25ngd__2Smgin) Theranostics 2015
GC-AuhF T GC-AahP

Imaging-histology co-localization study:
targeted fib-GC-AuNPs vs. non-targeted GC-
AuNPs

JY Kim ~ DE Kim
Theranostics 2015

Electron microscopy study: targeted fib-GC-AuNPs are mare densely clustered in cersbral thrambus 1Y Kim - DE Kim
{1 the nan-angetad equivalent camalatig wed wit th ive mCT o g ics 2015
threenbus by the targeted compound.

A single-dose targeted fib-GC-
AuNP injection and repeated
mCT imaging to capture both
the initial episode of acute
cerebral  thrombosis  and

of can;tbd artery lhromharses.

JY Kim ~ DE Kim
Theranostics 2015

JY Kim ~ DE Kim
Theranostics 2015
" 204 F - .
55K TERTD | s '8 Cover Article

7 hevanostics

Tha Fanim for Diagnaslics, imagng, and Theragy Research
%

COVER FRATURE

and Fibeincargetad Gold Nasoparticies
Kim -7 ofal
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Direct thrombus imaging in stroke and thrombosis

Q: Spatiotemporal Dynamsics of tPA Response
of Cerebral Thromboemboli in Near-real Time?

Serially in the same mice in vivo

AP
b’

®

The first serial In vivo study to quantitatively assess a detailed spatial and
temporal evolution of cerebral thromboembali after tPA theraj

N TN N TN N T T T
Jhﬂ Jhﬂ‘lhﬁ * ;
Sl

.'4!'7

(9]

o

Theombus Anea (mm?)

Targeted fib-GC-AuNP mCT imaging allows a prompt and quantitative assessment of DE Kim ot al.
the location, amount, and

*

Thrambais Area {mm?)

3 T H H 7
e g HoUuPs alter Trantment
A

i, after tPA therapy. Stroke 2017

lution of cerebral

% Early (vs. late) thrombolysis
by tPA therapy gives rise to
= smaller final infarct sizes.

DE Kim et al.

Lessons from Direct Thrombus Imaging
Cases in Mice: Some Translational Points

Thrombi could dissolve rapidly at some point
after resisting for a relatively long time....

When and how should we decide
whether to move on to mechanical
thrombectomy? The sooner, the better?

[

fat

o
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n —— - J &

n..-.l.; - lga‘mm" (5 saline(n=B) 1PA (n=42)

D o thrombus
B ol er 24 h occurred
£ e 3 h after infusion start;

i i : | at post-
3o rp e e 3 RO Tx 3-24 h, which is far beyond the short
Foo P biood half-life (5~10 min) of tPA.

£|.

k. Hours aftar Troatmant
[
DE Kim et al.
Stroke 2017

Thrombi could respond to tPA in different
manners at different speeds.

tPA may increase thrombus fragility & fragmentation, leading to distal embolic showers
while facilitating reperfusion by clot softening. tPA may re-open distal occluded branches
‘after’ mechanical thrombectomy.

Conclusion

* (CT-based) Direct thrombus imaging is
likely to serve as a new, simple, and robust research
tool in stroke

= When translated into stroke practice, it may allow us to
advance to personalized thrombolytic therapy
— by  demonstrating  thrombus  burden,  distribu-
tion, and molecular character in a prompt and quantitative
manner.

70

Principles and Methods of Molecular Imaging in
Stroke

ULAR

WAL FLAGUE VULNERAR

Kim DE. Chapter 70: Principles and Methods of Molecular Imaging in Stroke,
_Primer on Cerebrovascular Disesses, Second Edition.
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Direct thrombus imaging in stroke and thrombosis
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