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STN and Parkinson’s disease

https://docs.google.com/file/d/1m_MsJ5uqYHbzG5lAyrW7hcbY4Zb-hRHL/preview


GPi for generalized dystonia

https://docs.google.com/file/d/1ijx5dA8l13ZB9er5A9uRv2m8LUeBY93e/preview
https://docs.google.com/file/d/1ikOf8mQZYZa7dM0VDEZ_JpnAqy6R_Ysg/preview


                   Vim Thalamus for Essential tremor

https://docs.google.com/file/d/1jxa80P1YhLEmdG7TY2Ne5-AKdJpufSNQ/preview


                Vc Thalamus and PAG for intractable facial pain 

Pre-op base line                                   
all pain medications used                                3 yrs FU 50% off medication                                                                                                                                                                           

Deafferentation pain post 
meningioma removal 

OFF                                                         ON 



                                      

Right VPM
Contact 1+, 2 and 3 –
2 volt, PW 200 microsec
150 Hz
Good facial coverage
Include corneal sensation
Periorbital (max pain)

Right PVG
Contact 0+,1-
1 volt, PW 60 microsec
150 Hz
Feeling relief, warmth

Two targets stimulation for different purpose/network



Vagal nerve stimulation : old neuromodulation



Palliative surgical outcome for
 intractable seizure patients  in Ramathibodi Hospital 

• Intractable epilepsy patients who underwent Corpus Callosotomy and  
VNS from 2009 to 2019 in Ramathibodi Hospital 

• 32 operations in 28 patients 
• 12 VNS implantations and 20 CC
• In CC group : 17 anterior two-third CC and 3 complete CC 
• 5 patients underwent combined CC and VNS 
• Follow up time at least 12 months 
• No permanent neurological deficit in CC group 
• One transient arrhythmia in VNS group



Demographic Data 

Total VNS CC P-value 

No 12 20

Sex (M/F) 8/12 5/7 0.926

Age (Y)  mean± SD 11.1±5.7 12.6±4.5 10.2±6.2 0.249

Onset (m) median(IQR) 6(4,24) 6(4,26) 6(3,24) 0.906

Duration of seizure (Y) mean ± SD 10.2±5.0 10.9±4.2 9.7±5.5 0.513

Follow up time (m)  mean ± SD 60.3±29.3 57.9±27.5 61.8±30.9 0.723



Total VNS CC P-value 

Etiologies 

Lennox-Gastuat Syndrome 16 12(60%) 4(33.33%) 0.144

Non- LGS 16 8(40%) 8(66.67%)

Major seizure types 

GTC 12 6(30%) 6(50%) 0.575

GT 14 10(50%) 4(33.33%)

Atonic 6 4(20%) 2(16.67%)



Total VNS CC P-value 

Number of AEDs, mean ± SD

Preoperative 3.3±0.7 3.4±0.7 3.3±0.8 0.545

Postoperative 3.4±1.0 3.7±0.8 3.2±1.1 0.235



Seizure Frequency 

Total CC VNS P-value 

Increased 1/20(5%) 3/12(25%) 0.095

No change 4/20(20%) 0

Decreased 15/20(75%) 9/12(75%) 

Seizure Reduction 

< 50% reduction 2(8.4) 8(53.3) 0 0.829

50%-75%reduction 8(33.3) 5(33.4) 3(33.3)

> 75% reduction 14(58.3) 2(13.3) 6(6.67)





The changes of medication number 
CC VNS P-value

Increased 7/20(35%) 5/12(41.67%) 0.806

No change 7/20(35%) 5/12(41.67%)

Decreased 6/20(30%) 2/12(16.67%)





Total (N=32) CC(N=20) VNS(N=12)

Operative responders 

Seizure reduction≥50% 11(34.4%) 6(30%) 5(41.7%) 

All seizure reduction 13(40.6%) 8(40%) 5(41.7%)



ILAE surgical outcome scale CC VNS P-value 

Class 1 1/20(5%) 0 0.119

Class 2 0 0

Class 3 2/20(10%) 0

Class 4 11/20(55%) 9/12(75%)

Class 5 6/20(30%) 1/12(8.3%)

Class 6 0 2/12(16.7%)





Engel’s classification CC VNS P-value 

Class I 2/20(10%) 0 0.516

Class II 0 0

Class III 0 0

Class IV 18/20(90%) 12/12(100%) 

      IVA 6(33.3%) 4(33.3%) 0.391 

      IVB 11(61.1%) 5(41.7%)

      IVC 1(5.6%) 3(25%)



                            Conclusion

• As a palliative procedure both CC and VNS are effective in reducing 
seizures frequency and they have propensity to decrease AEDs 
number especially in good responder. 

• There was no significant difference between CC and VNS in term of 
surgical outcome both frequency of seizures and changes of 
medications number during 60 months follow up. 

• Continued research aimed to attaining cost effectiveness of CC and 
VNS.



Brain stimulation as a neuromodulation

- FDA approved 

DBS for tremor(1997)

VNS for epilepsy (1997)

DBS for Parkinson’s disease(2002) 

 

Anterior thalamic DBS (2018) 
Responsive neurostimulation 
(RNS):closed loop(2013,MRI label 
2020)



Epilepsia 2018: 59:273-290





Neurosurg focus 45(2):2018



Anterior thalamic nucleus DBS 

● Anatomy and its connection 
● Imaging and targeting methods
● long term outcome
● neuroprotective effect

MTT

AT



• The anterior nucleus of thalamus is part of the circuit of Papez. Its complex anatomy of this 
nucleus is divided into 4 parts, Apr (main),AM(medial),AD(dorsal) and DSF(superficial). 

• The Apr part are the main principle nucleus, which is about 4*5*10mm3 in dimension. 

• The input of ANT mainly arises from hippocampus, fornix and mammillothalamic tract 
respectively.

•  The output of ANT goes to cingulum and paralimblic structures to complete the circuit of 
Papez. 



an : anterior thalamic nu.
m :  mediodorsal thalamic nu.
mt : mammillothalamic tract
vl  : ventral lateral thalamic nu.

• The boundary of ANT is also important for direct targeting this small 
nucleus. The ventricular system serves as the broader anteriorly and 
superiorly.

•  The mammillothalamic tract ran into this nucleus inferiorly in coronal 
and sagittal plane. 

• The lateral boundary separated from other thalamic nucleus by internal 
laminae. 



Schaltenbrand atlas

5-6 mm lateral
12mm superior
2 mm anterior to MCP



Direct targeting: ANT

Left thalamic MER 

Right thalamic MER



                        With 7 yrs follow up: 1-2 brief seizure per months, 2 AEDS 













Nat Biotechnol. 2019 September 01; 37(9): 1024–1033





                    Closed loop vs open loop 

Brain Sci. 2019, 9, 283



                Conclusion 
• Long term outcome of anterior thalamic DBS proved its efficacy for 

selected intractable epilepsy case who is not a surgical candidate for 
resection.

• Evidence of network modulation and neuroprotective effect have 
been proven in animal model, this result encourage the benefit of 
neuromodulation not only improved seizure outcome and prevent 
of neuronal damage.

• Common side effects of ANT-DBS : depression and memory (30%)
• The closed loop DBS is developing as the same principle of 

responsive neurostimulation. Multiple leads implant is possible for 
multiple foci epilepsy.

• Limitations : high cost of device, RCT study (? bias)  


