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Bio-Medical Precision Engineering Lab
» Computer Aided Surgery

* Measuring physiological phenomenon

» Electrophysiology of Arrhythmia
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Surgical Navigation Process

Data
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Registration of
virtual data to real
world

Positioning of surgical
pEaxE tool

Surgical Robotics and CAS systems
(Japanese Society of Computer Aided Surgery, Guideline Working Group 2005)
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Computer Navigation Systems

Looking closely at the display

Unwanted tool shake ?

Laser Guidance System




Toshihiko Sasama, Nobuhiko Sugano, Yoshinobu Sato, Yasuyuki Momoi, Tsuyoshi Koyama, Yoshikazu
Nakajima, Ichiro Sakuma, Masakatsu Fujie, Kazuo Yonenobu, Takahiro Ochi, Shinichi Tamura: A Novel Laser

- 3 Guidance System for Alignment of Linear Surgical Tools:Its Principles and Performance Evaluation as a Man-
i !m_ Machine System, Lecture Notes in Computer Science 2489:125-132,2002




Percutaneous vertebroplasty

» Osteoporotic compression fracture

in vertebra

» Bone cement injection into vertebral

body

bone cement

needle

pedicle

vertebral body
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Size:
W 350 mm X D 400 mm X H270 mm

[} Weight: 15kg

== Moving range
¥ Needle Feed:

0~110 mm (Max:10mm/s)

Two dimensional motion range:
10 mm X =10 mm

Tilt:
+35 deg and=X5deg

Positioning resolution:

+0.2mm




Integration of needle insertion robot
and surgical navigation system

Robot Position
Information

Navigation

Optical
Tracking System|

Marker
Target

¥ Robot
Positioning and needle insertion

S.0noygi, et al.:Development of the Needle Insection Robot for Percutaneous Vertebroplasty, Medical
mz Image Computing and Computer-Assisted Intervention - MICCAI 2005, Part II,Lecture Note in Computer
Science 3750, pp.105-113. 2005




Fracture table

Require large reduction force
(300N, 20Nm)
!
‘ Fracture table ‘
v
| Lack of DOF
v
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Yuki Maeda, Nobuhiko Sugano, Masanobu Saito, Kazuo Yonenobu, Ichiro Sakuma, Yoshikazu Nakajima,
Shinichi Warisawa, Mamoru Mitsuishi: Robot-assisted femoral fracture reduction: Preliminary study in
patients and healty volunteers, Computer Aided Surgery 13(3):pp148-156,2008
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Local physiological/biological information
and global information (image/volume)

« CT,MRI, US provides local information as well
as its position with global image.

« Conventional sensors local electro-physiological
measurement, oxygen saturation, spectroscopic
property, tissue pH, tissue perfusion,
concentration of a specific chemicals, local
temperature in tissue, and so on are not always
registered to the global image.

23
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Integration of Robotics and Biomedical
Measurements for Computer Aided Surgery

Physiological information obtained during surgery

— oxygen saturation, spectroscopic property, tissue pH,
tissue perfusion, concentration of a specific chemicals,
local temperature in tissue, etc.

— Physiological information at local area should be
registered to the global anatomical information

— Clues to determine pathological/healthy area in surgical

field.
L

Precise positioning of surgical device to the target area
enabling minimally invasive target therapy.

Surgical robot can be controlled based on this information.

24
pERXT
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Figure 1. Multiple imaging modalities are
available for small-animal molecular imag-
ing. Shown are views of typical instruments
available, and illustrative examples of the
varicty of images that can be obtained with
these modalities. (A] microPET whole-body
coronal image of a rat injected with ""FDG,
showing uptake of tracer in tissues includ
ing muscles, heart, brain, and accumulation
in bladder owing to renal elearance. (B mi-
croCT coronal image of a mouse abdomen
after injcction of intravenous iodinated
contrast medium. |C) microSPECT coronal
image of a mouse abdomen and pelvis re-
gions after injection of ™ Tc¢ methylene di-
phosphonate, showing spine, pelvis, tail
vertebrae, femurs, and knee joints owing to
accumulation of tracer in bone. (D] Optical
reflectance fluorescence image of 4 mouse
showing GFP fluorescence from the liver,
abdomen, spine, and brain. The mouse con-
tains GFP-expressing tumor cells that have
spread o various sites. Images are courtesy
of Dr. Hoffman, Anticancer Inc. (E) mi-
croMRI coronal T2-weighted image of a
mouse brain. (F) Optical bioluminescence
image of a mouse with a subcutaneous xe
nograft expressing Renilla luciferase in the
lefe shoulder region, afeer tail-vein injection
of the substrate coelenterazine. Images
were obtained using a cooled CCD camera.
The eolor image of visible light is superim-
posed om a photographic image of the
mouse with a scale in photons per second
per square centimeter per steradian (sr).

Tarik F.Massoud, Sanjiv S.Gambhir : Molecular imaging in living subjects: seeing fundamental
biological processes in a new light, Genes Dev. 2003 17: 545-580 25

pEaxz

Molecular Imaging in living tissue

Present imaging technologies rely mostly on nonspecific
macroscopic physical, physiological, or metabolic changes
that differentiate pathological from normal tissue rather
than identifying specific molecular events (e.g., gene
expression) responsible for disease. Molecular imaging
usually exploits specific molecular probes as the source of
image contrast. This change in emphasis from a
nonspecific to a specific approach represents a significant
paradigm shift, the impact of which is that imaging can now
provide the potential for understanding of integrative
biology, earlier detection and characterization of disease,
and evaluation of treatment.

(Tarik F.Massoud, Sanjiv S.Gambhir : Molecular imaging in living subjects:
seeings(f)l;ndamental biological processes in a new light, Genes Dev. 2003 17:
545-5

26
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Figure 2. Two broad categories of mo-
lecular imaging probes. Radiolabeled
probes (for PET and SPECT imaging and
autoradiography) produce signal continu-
ously, before and after interacting with
their tarpet(s), through the decay of the ra-
dioisotope. A time delay between injec-
tion of the probe and imaging helps to
clear the untrapped probe. Activatable
probes produce signal only when they in-
teract with their bargctlﬂ (e.g., near- infra-
red fluorescent probes for optical imaging).
A time delay between injection and imag-
ing helps to achieve sufficient levels of ac-
tivated probe at the target site.

There are two types of probes
1) those produce continuous signal
2) those produce signal only when they interact with their target.

Tarik F.Massoud, Sanjiv S.Gambhir : Molecular imaging in living subjects: seeing fundamental
biological processes in a new light, Genes Dev. 2003 17: 545-580 27
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Radionuclide Probes  vs. Activatable Probes
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Yasuteru Urano, Daisuke Asanuma,
Yukihiro Hama, Yoshinori Koyama,
Tristan Barrett, Mako Kamiya,
Tetsuo Nagano, Toshiaki Watanabe,
Akira Hasegawa, Peter L Choyke,
Hisataka Kobayashi: Selective
molecular imaging of viable cancer
cells with pH-activatable
fluorescence probes, Nature
Medicine 15(1), 104-109, 2009

14



A s 2

vy
1/ C&\"\\\( o . c Figure 4. P'hmuacE)ki.nmi olpwluct{lar
{ e c - imaging probes. Molecalar imaging probes
4 ° need to overcome many biological barriers
Free Plasma F when administered to living subjects.

Probe Proteins X °' = /} l —/ N Thlfsc prol'cslirc SL‘LijCCT toall thclph.irm.a-
— N I /,’ cokinetic rules and constraimes that Bov-

Non-Target // — l\ T — { "‘\ cm the concemtratiom of “drugs” n
TiSSIIBg 7 : ~ | | plasma, including abscrption/delivery (4],
/ \\\ \ distribution (B), metahalism (), exere-

Targe! Interaction J— \ tion/reabsorprion in the enterohepatic cir-

culation (D), urinary excretion (E), and
other factors witnin the vascular compart-
men: (B; eg, plasma haltlife, protein
binding. Rapid excretion, nonspecific
binding/trapping in nontarget tissues, me-

forect - b
and Availahili Va ~
l%‘mlua + " '/ ‘ ' N F E e
eceptor W - \
" ,%\ | mimiroe .

Probe

D i

¥ . tabolism, and delivery barriers are all im-
R!“J’I“” !IfuiTl"dI-._\-{ T - m‘rr;:ie”ulur b " portant obstacles to ke overcome before
Complex ~— > Urine  “~—= Feces availability to target(s) for interaction (F.

Tarik F.Massoud, Sanjiv S.Gambhir : Molecular imaging in living subjects: seeing fundamental
biological processes in a new light, Genes Dev. 2003 17: 545-580

» Non specific biding of probe molecules is one of major challenges for
clinical application of molecular imaging.

« In addition, drugs functioning in animal do not always function in human.

» The drug (probe) should be proved to be safe for human use.

29
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Intra-operative fluorescence
spectra measurement of 5-ALA
induced Protoporphyrin IX in
neurosurgery

30
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Treatment of malignant glioma
Malignant gliomas are the most common primary brain tumor and locally

invasive tumors that have poor prognosis despite treatment with a
combination of surgery, radiotherapy, and chemotherapy.

Removal extent is significantly correlated with
patient’s prognosis of malignant glioma.

= Conventional surgery
<75% resection l'_'_'_'_'_;f;:« 5-year survival rate: 8-15%

m Intra-operative MRI
>95% resection l~ 5-year survival rate: 20%

m Real-time update navigation
~100% resection ‘S-year survival rate: 40%

Malignant Glioma (n=6395)
Brain tumor registry of Japan (1969-1993)

(pBEAE

Improve surgical resection rate of
malignant glioma

Prognosis of Glioma patient statistically correlated with
removal rate of operation

o Gross total removal is difficult for glioma extending eloquent area
(function of brain) to preserve important brain function.

o ltis difficult to identify the edges of malignant glioma by only using
CT or MRI.

¢ Intra-operative brain shift during procedure

— Cerebrospinal fluid (CSF) leakage, gravity, edema, tumor mass effect, brain
parenchyma resection or retraction, and administration of osmotic diuretics.

— Cause several mm to several cm deformation

A new strategy of glioma surgery to improve removal rate based on
intra-operative measurement combined with medical imaging and
real-time visualization.

32

pEEXE

16



Application of 5-Aminolevulinic Acid (5-ALA) for
intra-operative identification of brain tumors

 5-Aminolevulinic Acid (5-ALA) 1277 e

and Protoporphyrin IX (PplIX) 5ALAG o m ==~

— 5-ALA accumulates on tumors, and ”“”““’_;
metabolizes to PplX in malignant (o v

glioma. g S5

— PpIX is a fluorescent substance; S L

emits red fluorescence when it is
excited by blue light.

.i?

)
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X
L
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e ]

m (Friesen et al, 2002)

brain surfa
surtace 5-ALA leads to intracellular

tu
accumulation of fluorescent
prophyrins PpIX in malignant
gliomas 33
1y

o BEkE

Fluorescence

Fluorescence |S a excited vibrational states
|um|nescel’lce that |S mostly S /(e:cited rotational states not shown)
. n
found as an optical _ A~ photon absorption _
phenomenon in cold bodies, 3 F - fluorescence (emission)
e: phosphorescence

triggers the emission of a
photon with a longer (less
energetic) wavelength. The
energy difference between

in which the molecular 2 § - singlet state
absorptlon Of a phOton E 1c IC= in‘:ernal conversion
81 ISC = intersystem crossing
5
(1]
c
L

the absorbed and emitted p
photons ends up as 3 y
molecular rotations, 9 slectronic ground state

vibrations or heat.

http://www.shsu.edu/~chemistry/chemiluminesce
nce/JABLONSKI.html

34

17



5-ALA for intra-operative gwdance
» Excitation:405nm (violet-blue)

» Fluorescence:635nm (red)

o Neurosurgery

— Malignant tumor has vague border
with normal tissue.

— Selective fluorescence staining with
5-ALA provides information for
detecting malignant tissue boundary
and enables precise removal of
tumors.

(pBEAE

Clinical application of 5-ALA Induced
fluorescence detection in neurosurgery

» Surgical micro scope with optical filter (eg. excitation: 440nm short
pass filter, detection: 440nm short pass filter)

» Visual inspection by surgeons

Survival [%]

i | Limitation of visual inspection ?
9]
. Is spectral information useful ?
o ililk

L]
fo %W  With5-ALA
5 '.: “

\ N

e LN

| Without Y ‘l\
5ALA L .

(Walter Stummer et al. Lancet Oncol., 2000)
36
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Intra-operative MRI  Pathological

diagnosis 37
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Fluorescence Spectrg

Optical filter selection

In our previous study, we measured fluorescence spectrum
of resected brain tissues under MRI guidance and

compared those with pathological result (Hirakawa 2006).
+Glioblastoma multiforme(GradeIV) *Excitation LASER : 405nm, 15mW
*9 patients

*Sample size : $3mm, depth 1Tmm
F"' 4 l ’...
*46 sumples (22 tumors and 24 non-tumors) d =

EEREN

Intere ity Laul

Waveleneth [nm] Pathological result (tumor
Spectrum data of brain tissues or non-tumor)

38
!!Hﬂtg
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Optical filter selection

» The result showed apparent differences
— Peak wavelength and intensity of PpIX
— Peak intensity around 580nm(autofluorescence)

PpIX

20000 s

18000 -

16000 -
S 14000 - /J ]
@
S W n — o
g 8000 - “ —non-tumor
=

6000
5000 U1K
2000 M‘%
0! : : : Wavelength[nm]

400 500 600 700 800

Example of acquired spectrum

39
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Optical filter selection

20000
18000 - \

A
i1 n —unor
8000 l l — non-tumor
6000 -
4000 - ]

2000 -

0! : : : ' Wavelength[nm]
400 500 600 700 800

Intensity[a.u.

Example of acquired spectrum

« Extracting following region
— Intensity between 550nm to 620nm
— Intensity of PpIX fluorescence (636nm) -

Representation as 2D 2 e _,40

histogram
pEExE g
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400

Optical filter selection

» Discrimination simulation
— The case of our research

1

>

I

¥

—

— tumor
&\ — non-tumo

—

IR U |

600 700 800

*Next, we simulated image intensity as the
case of using Band Path Filter(BPF), and two
LPF.

+Cutoff wavelength of LPF is 550nm, 620nm
respectively and transmittance peak of BPF
is 636nm

*For extract intensity of 550nm~620nm,
subtraction of two LPF is used.

- 600000 —
E 500000 |- . . . e
z Discrimination ability was
& 400000
b 91%, 95.5%(tumor and
g o000 *non tumer non-tumor, respectively)
£ 200000
& 100000
% [}
0 1E+05 2E+05 3E+05 4E+05 5E+05
from 550nm to 620nm [a.u] 41
pBELE

Preliminary results on fluorescence spectra

analysis removed tumor tissues

B Brain Tumor tissue :5-ALA induced Proto—porphyrin IX (PpIX) peaks
near 636, 700[nm]

B Normal tissue: weak peaks near :580, 628[nm]

Intensity[a.u.]

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
0

|

Y R =

1 ‘ — non-tumor

L

]

=

7N

400 500 600

" Wavelength[nm]
700 800

42
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Filter selection

« Simulation showed that...

— Our method is more effective for
discrimination of tumor than previous method

Experiment in vitro

*Acquiring fluorescence images and spectrum of resected
brain tissues to confirm these result

*Comparing acquired images and spectrum with pathology

43
(pEBEAT
PpIX fluorescence detection device
Laser-fiber spectrum analyzer
e Spectroscopic property of PpIX .
— Peak absorption wavelength at >~/
405 nm (blue) Go Laser diode
— Peak fluorescence emission Spectromee
ﬁJ Optical flberi .

wavelength at 635 nm (red)

C

- wers (Y.

— Various fluorescent constituents | }
in tissue —

g

Optical fiber ~ Convex lens

+ System Configuration
— Optical fiber with a collimation optics

* Introduction of detected
fluorescence diode array Obsevatio bard
Spectrophotometer oy eeant TITEIRISF R

Measurement area_J

— Excitation light source
» Laser diode
* 405 [nm], 15 [mW)]

“ien 3ie aan ase ses sis es 86D Tes
[rea— -
\’!Hﬂ* 4 Fluorescence spectrum of brain tissue

22
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Comparison between fluorescence measurement and pathology
(@ Resected tissue sample is stored in container A Stage “ [
made of transparent resin.
@ Fluorescence measurement is conducted from
bottom of the container
. ilter Assembly
Tissue sample Fluorescence Coéti
Optical Probe
f .1|J i 15 ¥ Fluorescence
uore: iy, GUisition Cameral
FIuor_e§<_:ence Excitatiah | L
Acquisition X-Y Stage for | jght Sedrce
Camera scanning I -~ 3 L |
Camera Lens B = = F.ront
To Fluorescence Collecting m View
Optical Probe and _—

Spectrophotometer f Tissue sample
/|

Optical Filter
Fluorescence GCD Gamera for
ot . Fluorescence Detection \
Excitation Light \

Source
Fluorescence |
Excitation Light
Source

Top View

Camera Lens
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Experiment

Putting in a resected brain tissue

N

3 points for after marking 3 points on a cup
registration
N J
Measurement @
scan
e B

Measuring fluorescence image
and spectrum

08 | =
or <7

1.6 [mm]

N

Measurement Grid point @

area

Freezing and punching holes on
marked point, then slicing

Histological 9 It can be registered
preparation by marked 3 points

(H&E staining)

Fluorescence
image or point
spectrum

47
(pBELE
« Target disease
— Glioblastoma multiforme(GradelV),3 patients, 10
specimens
(approved by IRB of Tokyo Women's University)
* Method of measurement
— Fluorescence image
+ Dark-room environment Measurement
+ Power density of excitation light : 9[mW/cm?] oo cameraview sean
* Exposuretime: 1[s] /
— Point spectrum 05 Zit s
« Dark-room environment 16 [mm] SHSIILIECN
» Power density of excitation light : 60[mW/cm?] = ’
» Diameter of measurement spot : 1.2 or 2 [mm] Me{u}:ﬁmem Grid point
* Interval of measurement point : 0.8 or 1.6[mm)]
48
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Results

® Analysis of tissue obtained in clinical case
v' 2D histogram was constructed by intensities of two spectral region
v" In acquired histogram, data area is widely spread comparing to a

I[BPF636]

result of simulation

[] 20 40 60 80

I[Subtraction]
Result of this experiment

(pBEAE

600000

ﬁ To tumor group

500000

/.;-f'\

400000

300000

200000

100000

BPF:836nm (FWHM: 12nm) [a.u.]

100 ] 0=

1E+05 2E+05 3E+05 4E+05 SE+05
from 550nm to 620nm [a.u]

* tumor
= non tumor

Al group

Result of simulation

49
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We confirmed whether each
region can pick out the
same type of spectrum.

Number
of pixels

o n 40 [
ItSubsrastion]

Result of this experiment

Colored circles mean
measurement points of
spectrum, which color
correspond to each spectrum
graph.

e ERET

60000
—, 50000
3

S 40000

2
£ 20000

>
2 30000 -

]
~ 10000 [

Spectra in Region1

A

w

550 600 850 700
Wavelength[nm]

Reg|0n1 Spectra in Region2
80000
50000
< 40000
= 30000 \\—‘\
8 20000 e
10000 0“\“
0 . . h
550 600 650 700 750
Region2 Wavelength[nm]
Spectra in Region3
60000
= 50000 A
§ 40000 Vil
£ 30000 y
S 20000 \’\/Z \\VJ\
= 10000 .
o . . . =
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§ 20000
£
= 10000 -

° _—
550 600 650 700 750
Wavelength[nm]

3 40000 -
3
5 30000

Spectra in Region2

550 800 850 700 750
Wavelength[nm]

600 650 700 750
Wavelength[nm]

With scattered
tumor cells

Edema | | | |

White
matter

®Pathological result of this sample
v'White matter (non-tumor)

v'Edema in the center-left, White
matter in the surrounding area

v'Few scatterred tumor cells

51

spectrum.

o 20 40 &0 ®0 100
Nsubtraction)

Discussion

* Fluorescence spectrum can be classified by
selecting a region of 2D histogram while the method
of previous research cannot discriminate different

Speatra in Region!

0000
5 50000
.4 40000
A
£ 20000 \j \
= 10000
o -
550 600 650 700 750
Wavelength[nm]
Speotra in Region2
80000 -
50000 - "
S40000 —————————————————— 5

£ 30000 26

§ 20000 - E = z: n

= 10000 = 3
']

55 600 650 700 750
Wavelength[nm]

Spectra in Regiond

— 50000 \

5 40000

230000 N /

§ 20000 X

= 10000 =

0

550 600 650 00 750
Wavelength[nm] 52
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* Non-tumor samples have narrow
patterns, and infiltrating samples have
broad patterns in 2D histogram.

|BRFE37]
1[BPFB37]

|Subtraction]

Non-tumor sample Infiltrating sample

— It will be possible to discriminate tumor from
infiltrating tissue by analyzing a large number

of samples 53
(pkEk

* Remaining problem

— Samples which have a lot of reactive cells
have similar pattern to that of tumor while
reactive cells are NOT tumor.

Acquired histogram looks
like a tumor’s pattern, but
histological result was not
tumor with a lot of
reactive cells

— As there are possibilities to change property

of spectrum, additional study is needed.
54
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On going works
* Fluorescence surgical microscope
(experimental machine)
N= ..

®Auto focus (AF) system for scanning
on brain surface

v'Spectrum measurement
v'Fluorescence image

v'Changeabile filter

55

System Configuration

Spectra measurement Robotic laser ablation system

5-ALA fluorescence image
and spectra measurement
for tumor identification

3-D optical tracking system

PC — ; ;
Combination of 5-ALA fluorescence Automatic focusing and

image and 3-D MRI data robotic scanning
56
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User interface for fluorescence spectra and

Image guided neurosurgery
Fluorescence spectra information in navigation

Grade of tumor Combination of PplIX fluorescence results

0 with MRI or reconstructed 3-D model

Grade |4

Information of SALA  Measure |

FeakiWavelength |B35.86  Intensity 413056

GaectrumGraph

Fluorescence spectra information ‘
(fluorescence peak intensity and
peak wavelength)

Fluorescence spectra analysis

50000
15000
40000

35000

= 30000 — 150)
g 25000 o
£ 2000 s
Z 15000
10000 \\\/\\/\//
000 (o / A
) = ———\

150 500 550 600 650 700 750
Wavelength(nn]

pEaxz

| spectra graph with previous clinical
-~ data and pathological analysis

7 - = g— g
—n e
d I ST g )
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A =2.8 £ m Micro Laser (Omori S., 2004)

Micro Laser Head

Er doped Laser Crystal
~—_ Silica Optical Fiber

A=2.8 4t m Laser Output

Laser Diode (A =970nm)

Shigeru Omori, Yoshihiro Muragaki, Ichiro Sakuma, Hiroshi Iseki: Robotic Laser
Surgery with A=2.8uym Microlaser in Neurosurgery, Journal of Robotics and
Mechatronics, Vol.16 No.2, 2004 58

29



Pig brain surface after laser irradiation

i

The etching process of first scan is shown in (a ) to ( ¢ ) and the second one is shown in

(d)to (f). The laser output power was 0.1W for (a) to (c), 0.36W for (d) to (f). 1div =1mm.

Shigeru Omori, Yoshihiro Muragaki, Ichiro Sakuma, Hiroshi Iseki: Robotic Laser Surgery with A=2.8um 59

{'mz Microlaser in Neurosurgery, Journal of Robotics and Mechatronics, Vol.16 No.2, 2004

60
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System configuration

Monitoring
surgical field
N

Data of the
fluorescence

Ablation control based
on the fluorescence

Automatic focusing and
robotic scanning system

(pBBAZ

In VIVO Iaser ablatlon experlment

62
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Laser ablation of porcine brain stained with 5-ALA
(Noguchi M., 2006)

Masafumi Noguchi, Eisuke Aoki, Daiki Yoshida, Etsuko Kobayashi, Shigeru Omori, Yoshihiko Muragaki,
Hiroshi Iseki, Katsushige Nakamura, Ichiro Sakuma: A Novel Robotic Laser Ablation System for Precision
Neurosurgery with Intraoperative 5-ALA-Induced PplX Fluorescence Detection, MICCAI 2006, Part

I ,Lecture Note in Computer Science 4190, pp.543-550, 2006
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Summary

« Combination of fluorescence information and pre/intra-operative
image such as MRI.
— Issues: deformation or shift of brain tissue during procedure
* 5-ALA induced fluorescence: real-time visualization of tumor surface
* Intra-operative MRI: identify the whole tumor
— Improve the registration accuracy and map the fluorescence image with
the pre-operative MRI.

* The boundaries between tumors and normal tissues are often unclear,
and parts of a tumor can extend into normal tissue.
— Analysis of fluorescence spectra provides additional information for intra-
operative diagnosis.
— There is a finding that fluorescence spectra has correlation with
pathological diagnosis.

* Further study is necessary to clarify the relationship between
fluorescence spectra and pathological data. 65
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Electrical stimulation of

a Langendorff perfused rabbit
heart based on in vivo
fluorescence imaging of
membrane action potential

Application to basic study of defibrillation

pEExZ
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Ventricular Tachycardia (VT)
Ventricular Fibrillation (VF)

* Major cause of sudden cardiac death

* reentrant excitation is one of the major cause of VT and VF

VT VFE
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Figure 1. Leading circle reentry. Activation map (right) and
action potential recordings (left) obtained during steady-state
tachycardia in an isolated rabbir atrial preparation. Cells in
the eentral area of the reentrant cireuit show double potentials
of low amplitude (tracings 3 and 4). A schematic activation
pattern is shown on the lower right. Double bars indicate
conduction block; the black part is absolutely refractory, be-
tween head and tail of the reentrant wavefront there is rela-
tively refractory tissue. Characteristics for leading circle re-
entry are (I) the core is kept in a permanent state of
refractoriness by centripetal wavelets, and (2) the head of the
leading circle bites into its own relative refractory tail. Repro-
duced with permission from Allessie et al.?

MTCHIEL J. JA SE:” Functional Reentry: Leading Circle or
Spiral Wave?”, Journal of Cardiovascular Electrophysiology,
10(4), 621-622, 1999
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Point of singularity
L

+ Spiral is characterized by progressively
increasing radius of curvature toward the
center.

» Conduction velocity slows down toward
the center because of progressive
decrease of the source/sink ratio and
eventually becomes zero.

« At the center, various phases of
excitation meet and formulate singular
point. The wavefront meets its own
refractory tail and rotation persists
around this pivot point.
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Optical Mapping of Cardiac Excitations

Excitation
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Optical Mapping of epi-cardial electrical
excitation propagation in a Langendorf

perfused rabbit Heart

High-speed camera:
FASTCAM (Photron)

* Image size:
256 x 256 pixel
~0.12 mm/pixel (3 x 3 cm)
8 bit gray scale
* Sampling rate: 750 (1,125) fps
(~0.9-1.3ms)

* Sampling time~11 s 10mm
70
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2-D preparation
Cryoprobe ( Liquid N, )

TTC staining

Frozen Intact

7

High-speed video image during VT
Control

Repeat playback of one
revolution (750 ms / frame)

VT cycle length=160 ms 72
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VT induced by electrical stimulation
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Control 1

VT cycle length=160 ms B m
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Spiral wave reentry

» Spiral wave reenty (Spiral reentry)
— Functional reentry (it occurs without any
anatomical/structural abnormalities)
— Spiral shaped excitation propagation
— Main cause of VT and VF
» Control of spiral reentry by electrical shock
— High intensity shock (Global stimulation)
— Local stimulation near the core of spiral reentry
» Davidenko (1995)
« Ikeda (1996)
» Kamjoo (1997)
» Ashihara (2004)

pEaxz
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ECG when ICD operates
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Implantable Cardiovertor
Defibrillator (ICD)
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Electrical stimulation and spiral wave control
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Application of point electrical stimulation on the center of spiral wave may cause
shift of the spiral wave. If we successfully move the position of spiral wave on a

myocardium and induce collision of the spiral wave and anatomical structure that

does not propagate the excitation wave (such as atrioventricular groove)
Ashihara T, Namba T, Ito M, Ikeda T, Nakazawa K, Trayanova N : Spiral Wave Control by a Localized Stimulus: A Bidomain Model Study,

J Cardiovasc Electrophysiol, 15, 226-233,2004 77
pEEAE

Experimental Validation of Ashihara’s study

» Estimation of spiral wave position
Cycle length ~ 100-200 ms

« Meandering of spiral wave
— Core of the spiral moves around.
— Non stationary phenomena

Fast real time feedback is required to determine where
and when an electrical stimulation should be applied on
myocardium.

78
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Light strength

Optical Mapping of Cardiac Excitations
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Application of visual feedback to eletctrical stimulation

High Speed

CCD Camera

Filter =600nm

Ring light
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Computer
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Feedback
stimuli

Langendartf
perfused rabbit
heart

Electrodes

External
stimulator

Stimulator
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Recognition of spiral wave
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Sensing points

6 X 4 points
spatio-temporal
averation

490f/sec

Wire
electrodes

Arrangement of stimulation electrodes
and minitoring points

pEEXE

Wire electrode
(90.5 mm)

Action potential
monitoring point

Depolarlization
timing

Clockwise
2—3—4—-5—-6—1
Counterclockwise
6—5—-4—-3—-2—51
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Selection of stimulation electrode
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Spiral Shift caused by a point stimulation
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Molecular Imaging and
Computer Aided Surgery

« Various probe molecules will be developed that
enables in vivo staining of pathological tissue.

* Molecular imaging data that represent local
information of the tissue should be integrated
with computer aided surgery system.

« Combination of molecular imaging and pre/intra
operative 3D volumetric imaging will enable
precise and minimally invasive intervention on
lesion.

86
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