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Early Investigation of FUS

Å Early 1970ô: US image-guided FUS

ï Brain cancer patients

ï Performed after craniectomy

Jagannathan J, et. al. Neurosurg 2009

Reflectedwave Bone: Partial reflectionAir: Total reflection



Current Status of MRgFUS Lesioing in the World

Jung et al. JKMS (2019)



Brain MRgFUS at Yonsei Univ., Seoul, Korea

Å Nov. 2011: Installation of mid-frequency device

Å Sept. 2015: Installation of low-frequency device

Å Oct. 2019: Installation of autofocusing apparatus
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4 years Outcomes of ET MRgFUS at Yonsei Univ.



Comparison: ET Thalamic MRgFUS with DBS & RF lesion

Kim et al:  Stereotact Funct Neurosurg (2017)



Comprehensive Neuropsychological Test for ET

Factors Baseline 6 Months follow up P-value

K-MMSE 28.73 (1.44) 28.47 (1.30) 0.305

Attention

Digit span (forward) 6.67 (1.05) 6.47 (0.99) 0.490

Digit span (backward) 4.20 (0.94) 4.07 (1.10) 0.729

Digit span (forward -backward) 2.47 (1.19) 2.40 (1.30) 0.839

Language and related function

K-BNT 48.47 (5.67) 50.67 (4.94) 0.006

Repetition 14.93 (0.26) 15.00 (0.00) 0.317

Calculation 11.87 (0.52) 11.73 (0.70) 0.317

Visuospatial function

RCFT 33.93 (1.58) 34.33 (1.58) 0.523

Verbal memory function (SVLT)

Immediate recall 21.93 (5.23) 23.40 (5.79) 0.176

Delayed recall 6.47 (2.95) 6.33 (3.46) 0.977

Recognition 21.67 (2.64) 22.27 (1.71) 0.237

Visual memory function (RCFT)

Immediate recall 19.87 (5.77) 24.00 (7.95) 0.016

Delayed recall 20.10 (4.91) 23.23 (7.12) 0.016

Recognition 20.40 (1.80) 21.53 (1.41) 0.011

Frontal executive function

Contrasting program 19.93 (0.26) 20.00 (0.00) 0.317

Go-no-go test 19.33 (2.58) 18.73 (4.91) 0.655

COWAT:animal 15.73 (3.13) 15.13 (2.92) 0.398

COWAT:supermarket 14.80 (5.25) 15.73 (3.58) 0.378

Phonemic generative naming 22.87 (6.82) 23.33 (8.29) 0.798

Word stroop test 111.53 (0.83) 111.80 (0.56) 0.046

Color stroop test 83.80 (22.54) 82.33 (24.96) 0.459

The values are expressed as mean (standard deviation).

K-MMSE = Korean Version of Mini Mental Status 

Examination;

K-BNT = Korean Version of the Boston Naming Test; 

RCFT= Rey Complex Figure Test; 

SVLT = Seoul Verbal Learning Test; 

COWAT = Controlled Oral Word Association Test.

Jung et al:  Neurosurg Focus (2018)



1 day after MRgFUSLesioning
Na et al : Neurology (2015)

MRgFUS Pallidotomy enq O`qjhmrnmŝr Chrd`rd 



1 Month after MRgFUS (off and on medication)

Before MRgFUS (off and on medication)

MRgFUS Pallidotomy enq O`qjhmrnmŝr Chrd`rd 

UPDRS III on/off

Before  on/off : 10/31

After 1wk on/off : 5/12

After 1mon on/off : 6/12

After 3mons on/off : 5/13

Part IV (A-23,24,25)

Before : 3-3-2

After 1wk : 1-0-0

After 1mon : 1-1-1

After 3mons : 1-0-0

Total UDysRS score

Before : 47

After 1wk : 22

After 1mon : 26

After 3mons : 18



Results ŘUPDRS part IV

Pre-op 1 week 1 month 3 months 6 months 1 year

Case1 17 4 5 4 4 4

Case3 10 4 5 4 6 4

Case4 10 5 5 4 3 4

Case5 11 4 3 5 5 6

Case6 12 3 5 8 9 10

Case8 7 3 4 2 2 2

Mean 11.2 3.8 4.5 4.5 4.8 5
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UPDRS-Part IV

Č Mean 55.4% reduction

Jung et al : J Neurosurg, 2018



Surgeries for Psychiatric Illness
Yonsei experience



World 1 st Patient of MRgFUS for OCD
(00 Song M/25)

Immediate after MRgFUS
2013-02-15

6 months after MRgFUS

Treatment date: 02 -March -2013



2 Year Follow Up Outcomes
- MRgFUS for OCD -

Kim et al:  J Psychiat & Neurosci (2018)



2 Year Follow Up Outcomes

- MRgFUS for OCD -

Kim et al:  J Psychiat & Neurosci (2018)



2 Year Follow Up Outcomes

- MRgFUS for OCD -

Y-BOCS

At 24 months, 6 (54.5%) patients were 
responders, 2 (18.1%) were partial responders 
and 1 (9.1%) had achieved full remission.

HAM -D
At 24 months, 7 (63.6%) patients were 
responders and 6 (54.5%) were in remission. 

HAM -A

At 24 months, 8 (72.7%) patients were 
responders and 7 (63.6%) were in remission.

Kim et al:  J Psychiat & Neurosci (2018)



2 Year Follow Up Outcomes

- MRgFUS for OCD -

Adverse effects:

The most common adverse event during the procedure was 
headache & dizziness.

No significant physical adverse events (such as fatigue, urinary
incontinence or seizure) or behavioural changes (such as hypomania,
personality changes, emotional blunting, indifference or carelessness), 
which were reported in previous RF or Gamma capsulotomy studies.

We observed no significant changes in weight during the 24 -month
follow -up period.

( Weight mean ± SD Kg ;  66.3 ± 11.5 kg at baseline, 67.2 ± 11.7 kg at 6 months, 
66.0 ± 10.6 kg at 12 months, and 66.2 ± 11.8 kg at 24 months ;
F3,10.0 =0.3, p = 0.812 )

Kim et al:  J Psychiat & Neurosci (2018)



ÅInclusion Criteria of  Major Depressive Disorder 
1. Men and women, between 20 and 65  years, inclusive 

2. Diagnosed with nonpsychotic major depressive disorder, single or recurrent episode by 
DSM-IV-TR Diagnosis of Diagnostic and Statistical Manual of Mental Disorder fourth 
edition(DSM-IV) MDD as confirmed from clinical history and examination by psychiatrist.

3. Subjects who are able and willing to give consent and able to attend all study visits

ÅProof of Refractoriness
1. Depression refractory to adequate trials of medication (Persistence of the major depressive 

episode to a minimum of 3 adequate depression treatments from at least 3 different 
treatment categories - SSRIs, TCAs, other antidepressants, lithium addition, irreversible 
MAO inhibitor, etc

2. Documented resistance to ECT (at least 6 sessions or <6 treatments if there is clear evidence 

of inability to tolerate more, or refused, or withdrew consent after ECT was recommended

ÅProof of Chronicity
1. More than 5 years after the first episode of MDD

2. Current episode of >24 mo duration &/or recurrent illness with at least a total of 4 
lifetime  episodes.

ÅProof of Severity

1. HAMD-16 score > 20

2. Global Assessment of Function Score <50

Bilateral ALIC MRgFUS for Depression
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All four patient s were responded to treatment .

(HAM-D total score reduced more than 50% at
the last time point)

All four patients reached HAM-DÖ7 at the last
time point (Remission)

83.0% improvement at 
12month time point

75.7% improvement at 
12month time point

Significant functional 
improvement

Chang et al:  Bipolar Disorders: accepted

Bilateral Thermal Lesioning of ALIC MRgFUS for Depression



Side Effects of  RF/GKS Capsulotomy
( A review of the literature)



Target Accuracy of MRgFUS ?



Best Surgical Method for MD or Psychiatric Disorders ?  

Proper selection of surgical candidates

GKTDBS RF MRgFUS

MRgFUS Lesioning

Safety  & efficacy 

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi-5aTymIrVAhVGNbwKHd7KALgQjRwIBw&url=https://www.elekta.com/radiosurgery/leksell-gamma-knife-perfexion/&psig=AFQjCNHyCa8hLAc9KdxUWj-j0sfB23O8yw&ust=1500170535752589


#1 (60°C) #3 (52°C) 

Failed (42°C) #8 (58°C)

Factors Related with Successful MRgFUS



Factors Related with Successful MRgFUS

Å Energy absorption, reflection, attenuation at skull,
A barrier for ultrasonic energy transmission

Å ŜRjtkk cdmrhsx q`shnŝ `mc ŜRjtkk unktldŝ hm sqd`sldms `qd`
Considerable factors for trans -cranial ultrasonic energy transmission

Chang et al. J Neurosurg (2016)



SDR 0.11,  Volume 314 cm 3SDR 0.7,  Volume 320 cm 3

Factors Related with Successful MRgFUS

SDR > 0.4



A total of 318 ET patients (Male : Female = 87 : 231) Mean age: 66.65 ± 9.95 years

Chang et al: YMJ 2019

Factors Related with Successful MRgFUS

Variable Number (%) SDR<0.4 RCQÖ/-3 p value

Sample No. (%) 318 (100) 101 (31.8) 217 (68.2)

Sex 0.047

Female 87 (27.4) 35 (40.2) 52 (59.8)

Male 231 (72.6) 66 (28.6) 165 (71.4)

Age 66.8 ± 10.9 66.6 ± 9.5 0.86

Skull volume (cm 3) 327 ± 42.4 310.5 ± 39.2 < 0.001

Table 1. Baseline characteristics of the 318 screened ET patients 



ET PD

Other Factors Related with Successful MRgFUS ?   



Measurement Protocol ŘSkull Mounting

Distance between holes in 
placement frame is 1cm

D4 is the center

A3, for instance, models a 
target 3cm right and 1cm 
anterior from center

Non -embalmed Cadaver Skull Experiment

D4: center

A3: lateral

Jung et al.: J Korean Neurosurg Soc : 2019



Skull experiment Clinical results

Number of participants 5 cadaver skulls 46 patients 

- Mean age of 51.4years (21 -75 years)

- Male:female = 29:17

Mean skull thickness 6.6± 0.9 mm 5.6± 1.2 mm

Mean skull volume 302.1± 41.3 cm3 317.1± 52.3 cm3 

Skull density ratio 0.47± 0.13 0.57± 0.10

Č Considering that incidence beam angles within 25 degrees are efficient for transmission through the skull, as the 

target location moves further from the center, fewer cumulative elements can be used for successful sonication 

D4: center

A3: lateral

ET

OCD, PD MDD

Jung et al.: J Korean Neurosurg Soc : 2019



JNNP (2017)

Optimal Lesion Volume ?



Volume of ET MRgFUS thalatomy: Yonsei series

Chang et al: J Neurol Neurosurg Psychiatry (2015)



Immediate     1Week      1Month     3Months     6Months     1Year      

Jung et al : J Neurosurg, 2018

Optimal Lesion Volume ?

MRgFUS Pallidotomy: Yonsei Series



Hirayabashi et al: Stereotact Funct Neurosurg (2012)

Postoperative Imaging: CT and T1 MRI

The scanning was performed at a mean of 

6 months (range 3ï24) 

CT scan was 74.5 °47.1 mm3 (range 4.2ŕ
177.0)

MRI scan 80.6 ° 63.9 mm3 (range 6.1ŕ
218.2)

Optimal Lesion Volume: RF ?



Sequential MRI : 

T2-weighted & inversion recovery images

(A) : at 7 days

(B) : at 95 days 

(C) : at 267 days

Optimal Lesion Volume: RF ?



Clinical Outcomes of MRgFUS Thalamotomy for ET (n=255)

Kim et al:  Paper in Preparation

Technical Factors Related with Successful MRgFUS



Kim et al:  Paper in Preparation

Clinical Outcomes of MRgFUS Thalamotomy for ET (n=255)

Technical Factors Related with Successful MRgFUS



Inability to make Effective MRgFUS Lesioning

SDR Issue

Treatment envelope



Current MRgFUS Lesioning Technology 

Å In the approach of computing phase correction values based 

of CT scans.

ÅThe algorithm relies on theoretical predictions (trans -skull) 

and thus is limited to achieve a focusing quality.

Effective Focusing



Å Correcting skull aberrations

ï Bubbles provide for

Å Events singular in time

Å Events singular in space

Å Relative phase information

ï Transmit 

Å Short and strong pulses

Å Create individual events within focal point

ï Receive

Å Measure echo in each element of the array

Å Parallel measurement in all 1024 elements of the transducer 

transducer

Auto-Focusing Echo Imaging Technique  

Å The key AF technique is accurate measurement of the ultrasound 
echo, by each of the 1024 transducer elements separately, can be 
used to compute the phase delay per element. 



Auto-Focusing Echo Imaging Technique 

Approved by Korean FDA



Gamma Knife 
Radiosurgery

DBS
RF Thermal
Lesioning

MRgFUS

Surgical Risk
(hemorrhage/ Infection, etc) X O O X

General Anesthesia X O O X

Hardware complications X O X X

Cost Medial high low ?

Invasiveness less High High less

Hospital Stay 0~1 d 7 d <7 d <2 d

Adverse Radiation effect O X X X

Comparison of Surgical Techniques ?

Summary of MRgFUS Lesioning



Å BBB excludes ~100% large-molecule neurotherapeutics and 

more than 98% of all small -molecule drugs

ï Therapeutic molecules and antibodies do not cross the BBB in adequate 

amounts

ï Typical passage size usually <1 nm

ï Entrance into the brain requires molecules to be: (1) lipid soluble, (2) 

less than 400 Daltons, (3) not substrates of active efflux transporters 

(AET)

Blood -Brain Barrier (BBB)



FUS-mediated non -invasive BBB Modulation

: preclinical study of efficacy and safety issues


