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** Intelligent Operating Room (IOR) @

= Open MRI

shift
= Conform residual glioma

= Real-time update navigation system

= Visualization of position surgical
instruments on intra-MR ima(='

= It is also possible to acquire
the surgical log

= Microscope, etc.

Visualization of intra-operative information

provided by devices is possible
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= (F I CRsEA =
HRERH T 2zwio—s  EGEEL L
Control: 3 ontrol: 111,
’ Data: 2
Data: 444
ata OF VLAN + NINR
X\ R

Sec-chan VLAN 7 R4 ﬁ'—
A7 AAVF ontrol: :
R FENA—
Fv> )RR D — ’J

ontrol: 333
Data: 444

SINETAL 538
SINETER R SINET & 4k £L1%) -

Control: 1992 Control: 1992,
Data: 2055 Data:20

OF VLAN + S\ i)

Sec-chan VLAN
Control: 1992,
Data: 2055

Data: 2055

RISE switch RISE switch

RISE server RISE server
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Data: 2055 Data: 2055 V'V'ﬁﬁ L)
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| ' Issues and solutions of awake @

surgery in IOR

Issues Solutions
Increase of risk factors caused Incident detection
by parallel medical devices
Difficult to recognition of Visualization of surgical
surgical process for staff W process
The implicit knowledge of skill Visualization of implicit
of an expert surgeon 4 knowledge

Focus point

For the recognition of surgical process is necessary,

and thus, surgical process analysis and modeling
research are employed




process in neurosurgery N

| *Previous study recognition of surgical { ﬁ

= Surgical process analysis and
modeling

= Surgical Phases Detection from
Microscope Videos by
Combining SVM and HMM
(F. Lalys, 2011 [1])

= Intraoperative Analysis of Task
Progress and Performance of
Glioma Surgery using

NaVigation Ind time pl‘cc;-ict;n;l
Information(Nakamura, 2010 == -‘h
[2])

[1] Lalys F, Riffaud L, morandi X, Jannin P (2010) Surgical Phases Detection from Microscope Videos by Combining SVM and
HMM. International MICCAI Workshop, 6533: 54-62.

[2] Nakamura R, Aizawa T, Muragaki Y, Maruyama T, Tanaka M, Iseki H (2010) Intraoperative analysis of task progress and
performance of glioma surgery using navigation information. International Congress on Computer Assisted Radiology and
Surgery (CARS2010), 5(1): S405-S406.




Recognition of surgical process { ,/)
i *for visualization of implicit knowledge — -~

= Recognizing and analyzing of surgical process aim
to visualize implicit knowledge

= Analyzing of surgical process including implicit
knowledge

= In particular, the awake surgery for glioma includes implicit
knowledge

—Target case: awake surgery for glioma

= [ssues: Recognition of surgical process for surgical
process

analysis
= Need to extraction of information to identify the surgical process

— kinds of instruments, position of instruments,
position of tumor and brain structure



i * Purpose Q‘Z

= Proposal for identification and modeling of surgical
processes using pre-operative and intra-operative
information in awake surgery for glioma

= Create surgical process modeling
Stepl. Definition of surgical processes and creation of modeling

» Identification of surgical process

Step2. Extraction of brain structure to position of surgical
instruments

Step3. Extraction of surgical instruments type
Step4. Identification of surgical process using extracted
information
»« Experimentation and evaluation of the surgical process
identification




An outline of surgical process identification f O
method for awake surgery of glioma A A

Surgical processes modeling Identification of surgical processes

Extraction of Identification of
surgical feature information surgical process

Step2
- Extraction of
brain structure Step4
using the ™ 1dentificatio
position of n of surgical
surgical process
Position of surgical Instruments using
— S Steps | edeced
Extraction of
surgical
instruments

: process

Microscope images type



*Stepl. Definition of surgical process @

fun

= Manually extracted feature of surgical process using intra-
operative information
= Kinds of surgical instruments
= Position of surgical instruments and anatomical information

start @ 1~2h >.O_Sh‘_ 3|O.5h O.ShE fin
Craniotomy  MRI | | MRI Suture

scans -

kinds of
instruments



* Stepl. Definition of surgical process @

= Definition of 9 surgical processes with expert clinicians using intra-

m A kind of surgical processes

operative information

bipolar forceps
bipolar probe
dura scissors

nonce

brain surface

In the brain Near the sulci
In the tumor Gyrus
Outside the brain none

P2

P3
P4

P5

P6
P7
P8
P9

Next process preparations

Verification of tip position of the
instruments

Cortical mapping

Evaluating brain function on
cortical mapping

Coagulation and approach to the
tumor

Meninges incision
Resection of glioma
White matter mapping

Evaluating brain function on white
mapping



* Stepl. Definition of surgical process @

fun medical ICT

I— 'i_ - _Target range of §u_rgigeil process _;— |
start @ 1~2h >e 0.5h | 2O~30mi ‘ 0.5h 0.5hE fin
Craniotomy  MRI !_ Surgical for glioma | MRI' quture
scans — — — — ——— — — — = = = scans

= P5: Coagulation and approach to the tumor

bipolar forceps

bipolar probe brain surface

dura scissors In the brain

none In the tumor
Outside the brain

Near the sulci

Gyrus

none



*tepl Create of surglcal process f‘?

start *®

Craniotomy

—— o e o e e e m e e M M e M M M e e e e e e e )

fun me (h ICT

PL P2 P3| P4 P3

P1
P2

P3
P4

P5
P6
P7
P8
P9

Next process preparations

Verification of tip position of the
instruments

Cortical mapping

Evaluating brain function on cortical
mapping

Coagulation and approach to the tumor
Meninges incision

Resection of glioma

White matter mapping

Evaluating brain function on white
mapping

———————— scans

fin
MRI Suture

P1

P2

P3 P4

P5

P7 P6

P8 P9
Modeling



Step2. Extraction of position of
surgical instruments on MR image

ff)

fun medic

Deformation
using Brain
VISA[3],[4]

Segmentation

Intra-operative
image

N :
~ Tracking
: \

[~ . \:
| & w™ Surgical

BrgiinL AB 1( 't\ ‘nstluments

navigation system > A

Deformed
sulci image

Segmentation of
Intra-operative image

- Position of surgical
instruments
- Kind of sulci

Positional relationships
of surgical instruments

and sulci on MR image

[3]1 LiuY, etal.., (2014) An ITK implementation of a physics-based
non-rigid registration method for brain deformation in image-guided
neurosurgery. Frontiers in Neuroinformatics, 8(33): 1-10. D. Riviere,
J. FE. Mangin, D. Papadopoulos-Orfanos, J. Ma.

[4] T. Nonguchi et.al.,(2015) A surgical navigation system guided by
intraoperative cerebral sulci recognition in neurosurgery J CARS, vol.
10 (Suppl 1): S277-278, 2015.




outline of surgical process identification {' /
method for awake surgery of glioma .=

¥

Surgical processes modeling Identification of surgical processes

Extraction of Identification of
surgical feature information surgical process

—

Step2
P - Extraction of
2 brain structure Step4
Py using the ™ 1dentificatio
position of n of surgical
p surgical process
> instruments using
| Surgica}l P P Step3 | extracted
information Extra ctli)on of information
; . surgical
_ ,, instruments
Pprocess MictsQscope images type




Extraction of surgical instruments type

67

fun medical ICT

Input Images

= \

\

Convolutional Neural Network(CNN)

+
Support Vector Machine (SVM)

teaching images (250%*4)

3 R &

X/

dura scissors none

bipolar forceps? Yyes

bipolar probe? no
dura scissors? ho
none? ho



Identification of a surgical process and fﬁ
creation of a surgical model

fun medical |CT

* *Step4

= Identification of surgical process using HMM

(Hidden Markov Model)
« Input data : stepl~step3 data

Stepl Step2

—

g

P P
3 4
P
5
P P

7
P P
8 9

Surgical process model

- Sulcus
- Position of

surgical instruments

Step3 £

- Position and type of
surgical instruments

Hidden Markov
Model
(HMM)

P1

P2

P3 P4

P5 Now process
P7 P6
P8 P9



Identification of surgical process 7

i * Experiment and Evaluation of the )

= Input data (1case 120minutes)

= Intra- and Pre- operative MR Images
(512x512x%200 [voxels])

= Microscope Images (1920x1080x3 [pixel])
= Positional information of surgical instruments (22 fps)

= Methods
« Identification of surgical process, proposed
= Check the true surgical process by manual operation

= We compared the identified surgical processes with the
true surgical processes




()
o
fun medical ICT

i * Experimental Evaluation

s Result: Rate of surgical process identification

P9

P8
P7
P6
P5

P4

P3
P2

P1

(120 minutes) 77%

= Identification of surgical process using bipolar prove: 94%

(P3,P4,P8,P9)

« Identification of surgical process using bipolar forceps:

63%(P5,P7)

Evaluating brain function on white
mapping

White matter mapping

Resection of glioma

Meninges incision

Coagulation and approach to the
tumor

Evaluating brain function on cortical
mapping
Cortical mapping

Verification of tip position of the
instruments

Next process preparations

i ]
| i
1 3
| 3
| .
q A
| !
| |
! :l
[ ) .
1
*1
| ”

W”JJ"

_J —— Recognized Sequence

00 1,200 1,800 2400 3,000 3,600 4,200 4,800 5,400
Seconds (s)

True Sequence

6,000 6,600 7,200 7,800 8,400 9,00
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