
1

Integration of Robotics and

2008/05/12

Integration of Robotics and 
Biomedical Measurements for 

Computer Aided Surgery

Ichiro Sakuma, Ph.D,
Biomedical Precision Engineering Lab.

Department of Precision Engineering

School of Engineering

The University of Tokyo

September 14, 2009

Bio-Medical Precision Engineering Lab
• Computer Aided Surgery
• Measuring physiological phenomenon
• Electrophysiology of Arrhythmia
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Therapy Planning by Visualization of biomedical informationTherapy Planning by Visualization of biomedical information

Target therapyTarget therapy Protectiom of 

Precision Guided InterventionPrecision Guided Intervention
（（ Manipulation)Manipulation)

Therapeutic Design

important tissue 
by invisible wall

（（Sensing/ExecutionSensing/Execution

Procedure)Procedure)

（（Ablation)Ablation)

Safe and Safe and Reliable Execution of microscopic therapyReliable Execution of microscopic therapy
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Surgical Navigation Process

Image acquisition
X CT/MRI/PETXrayCT/MRI/PET
Ultrasound/...etc.

Image Processing
Segmentation/Registration/

Visualization

Data 
Acquisition

R i t ti f Manipulation
Navigator/Manipulator/

Registration of 
virtual data to real 
world

Positioning of surgical 
tool

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

Manipulator Type
Reproduce Surgeon’s motion

NC type（surgical CAD/CAM)
Programmed Operation

Automatic Tracking
Robot／Manipulator

p g g p

da Vinci (Intuitive Surgical)

Navigation System
Image Based Image Free

Active Pointer
Present Navigation Data） Robot 

Navigation

Robodoc

Precise Laser 
Ablation system 
with intra-operative 
5-ALA Induced 
Robot

Master-Slave 
Manipulator

Needle Insertion 
Manipulator

6

VectorVision (Brainlab AG) MRI Needle Guide (AIST) Needle Insertion Robot  for 
Spine

Laser Guidance System
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Computer Navigation Systems

Unwanted tool shake ?

Looking closely at the displayLooking closely at the display

Laser light source with scanner

3D Tracking Sensor
（Ｏｐｔｏｔｒａｋ）

Laser Guidance System

Laser sheet

L h

Navigation of liner surgical tool by
the intersection of the two laser sheet

医用精密工学研究室 #8

Laser sheet

Laser light source with scanner
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医用精密工学研究室 #9Planned entry point Planned inserting direction

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 
Guidance System for Alignment of Linear Surgical Tools:Its Principles and Performance Evaluation as a Man-
Machine System, Lecture Notes in Computer Science 2489:125-132,2002
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Percutaneous vertebroplasty
• Osteoporotic compression fracture 

in vertebra
• Bone cement injection into vertebral 

body

needle

bone cement
skin

P

vertebral body

R L

A
vertebra

pedicle

Size:
W 350 mm × D 400 mm ×H270 mm

Weight： 15 kg

Moving range
Needle Feed:

0～110 mm (Max：10mm/s)

Two dimensional motion range: 
±10 mm ×±10 mm

Tilt：
±35 deg and±5deg

Positioning resolution:
±0.2mm
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Integration of needle insertion robot 
and surgical navigation system

R b t P iti

・ナビゲーション計画

・ロボットへの指令
位置姿勢情

報取得

-

・ナビゲーション計画

・ロボットへの指令
位置姿勢情

報取得

・ナビゲーション計画

・ロボットへの指令
位置姿勢情

報取得

Navigation
・ナビゲーション計画

・ロボットへの指令

Optical 
Tracking System

報取得

Marker

Robot Position 
Information

穿刺ターゲット

- ロボット

穿刺ターゲット

- ロボット

Robot
Positioning and needle insertion

穿刺ターゲット

- ロボット

Marker
Target

- ロボット

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

C-arm

Require large reduction force
(300N, 20Nm)

Fracture table

abduction

C arm

Lack of DOF

An inadequate reduction

16

Internal rotation

Fracture table

Traction boots
Longitudinal traction
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Bone fracture fixation robot

Biomedical Precision Engineering 
Lab. #17

Biomedical Precision Engineering 
Lab. #18
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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



11

Biomedical Precision Engineering 
Lab. #22
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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 imageas 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

23

concentration of a specific chemicals, local 
temperature in tissue, and so on are not always 
registered to the global image.

• Physiological information obtained during surgery
– oxygen saturation, spectroscopic property, tissue pH,

Integration of Robotics and Biomedical 
Measurements for Computer Aided 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.

24

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

Surgical robot can be controlled based on this information.
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25
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

Molecular Imaging in living tissue
Present imaging technologies rely mostly on nonspecific 
macroscopic physical, physiological, or metabolic changes 
th t diff ti t th l i l f l ti ththat 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 

26

biology, earlier detection and characterization of disease, 
and evaluation of treatment.

(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)
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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

There are two types of probes

1) those produce continuous signal 

2) those produce signal only when they interact with their target.  

Yasuteru Urano, Daisuke Asanuma, 
Yukihiro Hama, Yoshinori Koyama, 
Tristan Barrett Mako Kamiya

28

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



15

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

29

• 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.

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

30
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Treatment of malignant gliomaTreatment 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

Conventional surgery
<75% resection    5-year survival rate: 8-15%

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

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

31

>95% resection 5-year survival rate: 20%

Real-time update navigation
~100% resection 5-year survival rate: 40%

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

Improve surgical resection rate of Improve surgical resection rate of 
malignant gliomamalignant glioma

Prognosis of Glioma patient statistically correlated with 
removal rate of operation

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

32

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.
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• 5-Aminolevulinic Acid (5-ALA) 
and Protoporphyrin IX (PpIX)

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

  

5-ALA

– 5-ALA accumulates on tumors, and 
metabolizes to PpIX in malignant 
glioma.

– PpIX is a fluorescent substance; 
emits red fluorescence when it is 
excited by blue light. PpIX

33

tumor
brain surface

5-ALA  leads to intracellular 
accumulation of fluorescent 
prophyrins PpIX in malignant 
gliomas

(Friesen et al, 2002)

Fluorescence

Fluorescence is a 
luminescence that is mostly 
found as an opticalfound as an optical 
phenomenon in cold bodies, 
in which the molecular 
absorption of a photon 
triggers the emission of a 
photon with a longer (less 
energetic) wavelength. The 
energy difference between 
the absorbed and emitted 
photons ends up as 

34

molecular rotations, 
vibrations or heat. 

http://www.shsu.edu/~chemistry/chemiluminesce
nce/JABLONSKI.html
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• Excitation：405nm (violet-blue)
• Fluorescence：635nm (red)

55--ALA for intraALA for intra--operative guidanceoperative guidance

Neurosurgery 
M li t t h b d

35

– 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.

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 [%]

With 5-ALA

Limitation of visual inspection ?

Is spectral information useful ?

36

時間(月)

Without
5-ALA

(Walter Stummer et al. Lancet Oncol., 2000）
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患者

Resected tissue

37

Intra-operative MRI Pathological
diagnosis

Fluorescence Spectra

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

•46 sumples (22 tumors and 24 non-tumors)

•Sample size : ϕ3mm, depth 1mm

38

Compare

Spectrum data of brain tissues
Pathological result (tumor 
or non-tumor)
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• The result showed apparent differences
– Peak wavelength and intensity of PpIX

Optical filter selection

– Peak intensity around 580nm(autofluorescence)
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PpIX
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Optical filter selection
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Example of acquired spectrum

40

• Extracting following region 
– Intensity between 550nm to 620nm
– Intensity of PpIX fluorescence (636nm)

Representation  as 2D 
histogram

and



21

Optical filter selection
• Discrimination simulation 

– The case of our research

16000
18000
20000

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

0
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te

ns
ity

[a
.u

.]

tumor
non-tumor

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.

取得光量図
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Discrimination ability was 
91%, 95.5%(tumor and 
non-tumor, respectively)

Preliminary results on fluorescence spectra 
analysis removed tumor tissues

Brain Tumor tissue ：5-ALA induced Proto-porphyrin IX (PpIX) peaks 
near 636, 700[nm]
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Normal tissue: weak peaks near ：580, 628[nm]
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Filter selection

• Simulation showed that…
– Our method is more effective for 

discrimination of tumor than previous method
then

Experiment in vitro

43

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

•Comparing acquired images and spectrum with pathology

PpPpⅨⅨ fluorescence detection devicefluorescence detection device

Spectroscopic property of PpIX
– Peak absorption wavelength at 

405 nm (blue)

Laser-fiber spectrum analyzer 

Laser diodeSpectrometer

• System Configuration
– Optical fiber with a collimation optics

I t d ti f d t t d

Optical fiber Convex lens

– Peak fluorescence emission 
wavelength at 635 nm (red)

– Various fluorescent constituents 
in tissue

PC

Spectrometer
Optical fiber

44

• Introduction of detected 
fluorescence diode array 
spectrophotometer

– Excitation light source
• Laser diode
• 405 [nm]，15 [mW]

Measurement area

Fluorescence spectrum of brain tissue

Observation band
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Excitation light Pp9 fluorescence

45

Comparison between fluorescence measurement and pathology

① Resected tissue sample is stored in container 
made of transparent resin.

② Fluorescence measurement is conducted from 
bottom of the container

Tissue sample

XYステージXYStage

Fluorescence Collecting
Filter Assembly

Front 
ViewTo Fluorescence Collecting 

Optical Probe and 
Spectrophotometer

Camera Lens

X-Y Stage for 
scanning

Fluorescence 
Acquisition 
Camera

CCD

Fluorescence Collecting 
Optical Probe

Fluorescence 
Excitation 
Light Source

Fluorescence 
Acquisition Camera

Tissue sample

46
Top View

Optical Filter

CCD Camera for
Fluorescence Detection

Fluorescence 
Excitation Light 
Source

Camera Lens
Fluorescence 
Excitation Light 
Source
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Experiment
Putting in a resected brain tissue 
after marking 3 points on a cup  3 points for 

registration 

Measurement 
scan

CCD camera view

Freezing and punching holes on 
k d i t th li i

Measuring fluorescence image 
and spectrum 

Measurement 
area

Grid point

Sample

0.8
or 

1.6 [mm]

CCD camera view

47

marked point, then slicing

It can be registered 
by marked 3 points

Histological 
preparation

(H&E staining)

Fluorescence 
image or point 
spectrum

• Target disease
– Glioblastoma multiforme(GradeⅣ),3 patients, 10 

specimens
(approved by IRB of Tokyo Women's University)( pp y y y)

• Method of measurement
– Fluorescence image

• Dark-room environment
• Power density of excitation light : 9[mW/cm2]
• Exposure time : 1[s]

Point spectrum

Measurement 
scan

CCD camera view

48

– Point spectrum
• Dark-room environment
• Power density of excitation light : 60[mW/cm2]
• Diameter of measurement spot : 1.2 or 2 [mm]
• Interval of measurement point : 0.8 or 1.6[mm]

Measurement 
area

Grid point

Sample

0.8
or 

1.6 [mm]
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Results
Analysis of tissue obtained in clinical case

2D histogram was constructed by intensities of two spectral region
In acquired histogram, data area is widely spread comparing to a 
result of simulation

取得光量図
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Result of this experiment

Number 
of pixel

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

Result of this experiment

Number 
of pixels

Region2

Spectra in Region2
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Colored circles mean 
measurement points of 
spectrum, which color 
correspond to each spectrum 
graph.
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• Pathological result
Edema

White

With scattered
tumor cells

Spectra in Region1
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Pathological result of this sample

White matter (non-tumor)
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Spectra in Region3
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Edema in the center-left, White 
matter in the surrounding area

Few scatterred tumor cells

Discussion
• Fluorescence spectrum can be classified by 

selecting a region of 2D histogram while the method 
of previous research cannot discriminate different 
spectrum Spectra in Region1spectrum.
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• Non-tumor samples have narrow 
patterns, and infiltrating samples have 
broad patterns in 2D histogram.

53

– It will be possible to discriminate tumor from 
infiltrating tissue by analyzing a large number 
of samples

Non-tumor sample Infiltrating sample

• 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

54

– As there are possibilities to change property 
of spectrum, additional study is needed.
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On going works
• Fluorescence surgical microscope 

(experimental machine)

Auto focus (AF) system for scanning 
on brain surface

Spectrum measurement

Fluorescence image

Changeable filter

55

Spectra measurement Robotic laser ablation system

System ConfigurationSystem Configuration

Middle Ware (NDDS)

TCP/IPTCP/IP

5-ALA fluorescence image 
and spectra measurement 
for tumor identification

Guidance

TCP/IP

56

3-D optical tracking system

Combination of 5-ALA fluorescence 
image and 3-D MRI data

PC

Guidance

Automatic focusing and 
robotic scanning
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Grade of tumor

User interface for fluorescence spectra and User interface for fluorescence spectra and 
ImageImage guided neurosurgery guided neurosurgery 

Combination of PpIX fluorescence results 
with MRI or reconstructed 3-D model

Fluorescence spectra information in navigation 

Fluorescence spectra information 
(fluorescence peak intensity and 
peak wavelength)

クラスターⅢFluorescence spectra analysis 

57

Compare measured fluorescence 
spectra graph with previous clinical 
data and pathological analysis
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λ=2.8μm Micro Laser (Omori S., 2004)

Micro Laser Head

Silica Optical Fiber

λ=2.8μm Laser Output

Er doped Laser Crystal

58

Laser Diode (λ=970nm)

Shigeru Omori, Yoshihiro Muragaki, Ichiro Sakuma, Hiroshi Iseki: Robotic Laser 
Surgery with λ＝2.8μm Microlaser in Neurosurgery, Journal of Robotics and 
Mechatronics, Vol.16 No.2, 2004
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Pig brain surface after laser irradiation
(Omori S., 2004)

( a ) ( b )( b ) ( c )( c )

( d )( d ) ( e )( e ) ( f )( f )

59

The etching process of first scan is shown in ( a ) to ( c ) 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 λ＝2.8μm 
Microlaser in Neurosurgery, Journal of Robotics and Mechatronics, Vol.16 No.2, 2004

60
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System configuration

61

ScanningScanning Laser ablation scanLaser ablation scanIdentify fluorescence areaIdentify fluorescence area

In vivo laser ablation experimentIn vivo laser ablation experiment

Tumor ablation using fluorescence measurement based laser irradiation

62Guide laser measurement experiment Micro laser irradiation/ablation experimentMicro laser phantom irradiation experiment In vivo fluorescence detection of tumor(Porcine)(Porcine)
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63

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

64
0.5 mm

Agar gel with intra-lipid 
and Pp9(10[μg/ml])

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 PpIX Fluorescence Detection, MICCAI 2006, Part 
Ⅰ,Lecture Note in Computer Science 4190, pp.543-550, 2006
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SummarySummary
• 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-

65

y p p
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.

Electrical stimulation of 
a Langendorff perfused rabbit 
h b d i iheart based on in  vivo 
fluorescence imaging of 
membrane action potential

Application to basic study of defibrillation 
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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

VFVT

67

Point of singularity

• 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

68

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.

MTCHIEL J. JA SE:” Functional Reentry: Leading Circle or 
Spiral Wave?”, Journal of Cardiovascular Electrophysiology, 
10(4), 621-622 ,  1999
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Optical Mapping of Cardiac Excitations
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High-speed camera:

Optical Mapping of epi-cardial electrical 
excitation propagation in a Langendorf 
perfused rabbit Heart

• Image size:
256 x 256 pixel
～0.12 mm/pixel (3 x 3 cm)

8 bi l

g p
FASTCAM (Photron)

LV

RV

LA

70

8 bit gray scale
• Sampling rate: 750 (1,125) fps

• Sampling time: ～11 s 10 mm

Fiber-optic
probe

(～ 0.9 – 1.3 ms)
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2-D preparation

TTC staining
Cryoprobe ( Liquid N2 ) 

1 cm

71Rabbit heartRabbit heart

IntactFrozen

High-speed video image during VT
Control

72VT cycle length=160 ms

Repeat playback of one 
revolution (750 ms / frame)
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VT induced by electrical stimulation

73

High-speed video image during 
VT

1Control

3
4

1

2
B

5

2

3

4

Pivot 
point
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15

5

B
0 200 400(ms)

VT cycle length=160 ms
10.67 ms interval 5 mm
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Spiral wave reentry
• Spiral wave reenty (Spiral reentry)

– Functional reentry (it occurs without anyFunctional 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

75

• Davidenko (1995)
• Ikeda (1996)
• Kamjoo (1997)
• Ashihara (2004)

ECG when ICD operates

Implantable Cardiovertor 
Defibrillator （ICD)

VT Sinus rhythm
ICD On

76

AED
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Electrical stimulation and spiral wave control

77
Ashihara (2004)

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

Experimental Validation of Ashihara’s study

• Estimation of spiral wave position
Cycle length ～ 100-200 msy g

• Meandering of spiral wave
– Core of the spiral moves around.
– Non stationary phenomena

78

Fast real time feedback is required to determine where 
and when an electrical stimulation should be applied on 
myocardium.
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Optical Mapping of Cardiac Excitations
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Application of visual feedback to eletctrical stimulation

High Speed

80
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LED Ring Light

40 mm

81

高速度カメラ

ウサギ摘出心標本

Recognition of spiral wave
Wire electrode
(φ0.5 mm)1 2

Action potential 
monitoring point

Depolarlization 
timing

3

45
6

６×４points
spatio-temporal 
averation

490f/sec
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Clockwise

2→3→4→5→6→1

Counterclockwise

6→5→4→3→2→1 

Arrangement of stimulation electrodes 
and minitoring points
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Selection of stimulation electrode

1
2
3
4
5

6
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Stimuli

Counterclockwise 6→5→4→3→2→1

84
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Spiral Shift caused by a point stimulation

57 Stim.

[ms] 106 127

143 163 180
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241204 322

Molecular Imaging and 
Computer Aided Surgery

• Various probe molecules will be developed that 
enables in vivo staining of pathological tissueenables 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

86

operative 3D volumetric imaging will enable 
precise and minimally invasive intervention on 
lesion. 
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