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Objectives 

DBS surgery - stages 

• Phase 1: awake DBS surgery (frame-based and frame-less) 

• Phase 1: asleep DBS Surgery

• Phase 2: IPG implantation  

Other surgical options 

• Focused ultrasound



Goal of stereotactic surgery (unchanged since 1908)

Place a small wire (1.3mm) or lesion into a small group of cells (3mm)

6 hours 24 hours

1908 – Clark and 
Horsley (England)
First “stereotaxic” 

apparatus for animal 
research 

1947 – Spiegel 
(Philadelphia) 

First human 
stereotactic frame 

used, based on 
intracranial 

imaging 

1918 – Mussen
(England) introduces 

first human stereotactic 
apparatus but never 

caught on

1949 – Talairach
(Paris) proposed 

coordinate system to 
gain access to deep 

brain structures from 
lateral approach

1951 – Lars 
Leksell 

(Sweden)
Introduced 

Leksell frame, 
first to use Arc-

radius system

1977 – Roberts and 
Brown (Salt Lake City)

Develop BRW frame 
which was then 

modified to simpler 
CRW frame 1988

To be used with CT 
(Edwin Todd and Trent 
Wells – (Los Angeles)

2002 – Peter 
Konrad (Nashville)

Develops 
frameless STarFix

personalized frame

2005, 2013 – Paul 
Larson (San 

Francisco)
Develops MRI-

guided asleep DBS 
(ClearPoint)

2004 – Kathryn 
Holloway 

(Richmond)
Develops frameless 

Nexframe

Murad et al. 
Early history of stereotactic apparatus in neurosurgery

2016 – Jeff Elias 
(UVA)

FUS for ET



Two major stages in DBS surgery

1. Placement of electrode leads into nucleus of interest (STN, GPi, Vim)
• Awake vs. asleep
• Frame-based (or Robotic) vs. frameless
• Image-guided 

2. Placement of internal pulse generator (IPG) 
• Single procedure (during lead placement)
• Separate procedure 



Awake frame-based surgery



Awake frame-based surgery – technical overview 

1. Preoperatively - trajectory toward target planned using indirect (AC/PC 
coordinates) and direct preoperative imaging (MRI) 

2. Frame (CRW vs. Leksell) fixed to patient’s head using scalp pins 

3. Imaging (CT or MRI) performed to match pre-operative MR-space with 
trajectory plan to patient’s 3D space
• Used to obtain coordinates (Leksell frame)
• Robot-guided coordinate system (Rosa-guided DBS surgery)

4. Patient fixed to bed and incision made to access skull 

5. Burr hole created / dura cut to access brain 



Awake frame-based surgery – technical overview 
6. Micro-electrode recordings used to localize nucleus of interest (1-5 

electrodes)

7. Macro-electrode stimulation while testing for symptom improvement or 
stimulation side-effects 

8. Placement of permanent lead to depth of target based on recording and 
stimulation

9. Permanent lead stimulation to test for symptom improvement or 
stimulation side-effects 

10. Intra-operative CT to localize and confirm 
lead placement  within target

11. Closure of skin, repeat on other side 



Awake frame-based surgery – preoperative planning

Preoperatively - trajectory toward target planned on BrainLab or Medtronic 
Stealth software

Indirect targeting (AC-PC coordinates) Direct targeting (MR-imaging)



Awake frame-based surgery – frame placement

Frame (CRW vs. Leksell) fixed to patient’s head using scalp pins

CRW Frame

Leksell Frame

Cohen-Gadol et al. 
The neurosurgical atlas



Awake frame-based surgery – post-frame imaging

Imaging (CT or MRI) performed to match pre-operative MR-space to patient’s 
3D space
• Intraoperative vs. extraoperative CT/MRI



Awake frame-based surgery – attach to bed and incision



Awake frame-based surgery – burr hole and MER

UTSW Neurosurgery



Surgical technique – STN MER and macrostimulation



Surgical anatomy – STN macrostimulation



Awake frame-based surgery – permanent lead and test

Mayfield Clinic



Awake frame-based surgery – final CT and skin closure



Awake frame-less surgery



Awake frame-less surgery – technical overview 
1. Preoperatively (NexFrame) – Bony fiducials 

placed into skull, CT and MRI performed, 
trajectory planned

2. No further imaging necessary, patient goes 
directly to OR. 

3. Patient not fixed to bed, head supported by 
padded headrest, incision made to access 
skull

4. NexFrame registered to arc

5. Rest of procedure same as awake frame-
based surgery

1. Preoperatively (StarFix) – Bony fiducials 
placed into skull, CT and MRI performed, 
trajectory planned and sent to company à
custom frame built and sent back (3 days)

2. No further imaging necessary, patient goes 
directly to OR. 

3. Patient not fixed to bed, head supported by 
padded headrest, incision made to access 
skull 

4. Rest of procedure same as awake frame-
based surgery



Awake frame-less surgery – technical overview 
NexFrame StarFix



Awake frame-based vs frame-less surgery
Frame-based

1. Tried and true targeting, used since 1950s 

2. Most literature showing sub-millimeter 
accuracy 

3. Versatile – can change trajectory on day of 
surgery if needed

4. Not dependent on integrity of bony fiducials 
(can be displaced / moved leading to loss of 
accuracy)

Frame-less

1. Bony fiducials placed pre-operatively and all 
imaging and targeting is based on fiducials

2. No imaging needed on day of surgery

3. No placement of stereotactic frame to patient 
head

4. No fixation of patient head to bed

5. Recent publications suggest similar accuracy 
to frame-based



Asleep frame-less surgery (ClearPoint)



1. Preoperatively - trajectory toward target planned using indirect 
(coordinates) and direct preoperative imaging (MRI) 

2. Patient anesthetized with general anesthesia

3. MRI (intra-operative vs. clinical) performed to localize burr hole 
placement

4. Skin incision and burr hole 

5. ClearPoint frame attached to each side of patient head

Asleep frame-less surgery – technical overview 



6. MRI-based targeting performed with patient in MRI scanned 
• Macro- and micro-adjustments performed based on trajectory toward desired 

target 

7. Placement of permanent lead to depth of target based on final position 
on MRI

8. Final MRI to confirm placement

9. Closure of skin, repeat on other side 

Asleep frame-less surgery – technical overview 



Indirect targeting (AC-PC coordinates) Direct targeting (MR-imaging)

Preoperatively - trajectory toward target planned on BrainLab or Medtronic 
Stealth software (same planning step and system as awake frame-based)

Asleep frame-less surgery – preoperative planning



Asleep frame-less surgery – MRI, burr hole, frame

MRI (intra-operative vs. clinical) performed to localize burr hole 
placement, frame placed



Asleep frame-less surgery – imaging



Asleep frame-less surgery – MR-based targeting

MRI-based targeting performed with patient in MRI scanned 
• Macro- and micro-adjustments performed based on trajectory toward desired target 



Asleep frame-less surgery – technique

ClearPoint



Awake frame-less/based vs asleep MRI-based
Awake frame-less/based

1. Uses pre-defined trajectory (direct vs. indirect) which is 
aligned to stereotactic space (fiducials vs. frame)

2. Awake allows for MER (neurophysiological targeting)

3. Awake allows for symptom testing prior to final 
electrode

4. Extremely accurate (1mm)

5. Can be uncomfortable if anxious or claustrophobic

6. Recover quicker without general anesthesia 

Asleep MRI-based

1. Uses intraoperative imaging with frame attached to 
define stereotactic space

2. Uses imaging ONLY as targeting (no neurophysiological 
targeting)

3. No symptom testing  

4. Extremely accurate placement of electrode (0.6 –
1.2mm) based on desired imaging

5. More comfortable surgery 

6. Could be slightly longer recovery from general 
anesthesia 

• No direct (prospective) comparisons 
• Similar UPDRS outcomes 
• Similar complications (although trend toward ClearPoint being slightly safer)
• Mostly depends on patient comfort and training / expertise of surgeon



Surgery details – stage 2

• DBS internal pulse generator (battery) 
placement 

• Same day vs. outpatient procedure 
on separate day 

1. Implanted DBS leads exposed
2. Extension leads tunneled under scalp 

à behind ear à to chest
3. IPG implanted under clavicle in 

subcutaneous pocket



Long-term DBS outcomes (PD) (STN)

• Significant improvement in UPDRS-3 at 1 and 5 years 
and even 10 years

• Slight decrease in benefit over years 
• Tremor and rigidity significantly improved and stayed over 5 

years 
• Bradykinesia and axial symptoms show less improvement 

over 5 years

• Significant improvement in at 5 years and even at 10 
years (but less)

• Significant improvement quality of life at 1 years but 
less at 5 years

• Medication reduction = 52% at 1 year, 45% at 5 
years

Limousin et al. Nature Reviews Neurology



Long-term DBS outcomes (PD) – adverse events

• No adverse effect on overall survival

• Total = 5% patients have long-term problems after DBS 
• Speech decline
• Weight gain
• Withdrawal  

• Unclear if from PD progression or consequence of DBS



Early DBS and outcomes (tremor)

• Patients with PD for 6mo – 4 years enrolled

• Optimal drug therapy vs. optimal drug 
therapy + DBS à 7 day washout and then 
UPDRS-3 tremor score 

• No change in tremor off score (off meds) up 
to 24 months with DBS 

• Suggests decrease in degenerative tremor 
symptoms with DBS therapy



Focused ultrasound 

• Non-invasive technology that uses ultrasound therapy for therapeutic benefit

• Focusing 1024 beams of ultrasound into 1 point to achieve heating temperatures

• Originally discovered in 1944

• Recent advances allow for intracranial use 
• MR guided thermography 
• Correction for ultrasound attenuation at the skull  



Focused ultrasound - technique 



Focused ultrasound – state of the field (neuro) 

• Currently approved for unilateral Vim 
for tremor-dominant PD and 
unilateral GPi for motor fluctuations

• Trials underway for bilateral 
(pallidothalamic tract) ablations 
(staggered over 6 months)



Focused ultrasound – PD outcome (tremor dominant) 

• Tremor-dominant PD (unilateral symptoms) – Vim target
• Efficacy – 51.9% reduction in tremor (vs. 12.7% in sham group) at 3 month
• Trend for improved tremor at 12 months 

• Safety – 7% numbness and tingling; 4% imbalance, 2% gait disturbance and 1% 
unsteadiness
• 58% resolved on same day
• 1 patient with weakness improved after 30 days 
• 1 patient with hemiparesis 



Focused ultrasound – PD outcome (motor fluctuations)

• Motor symptoms PD (unilateral STN) – efficacy (40 patients)



Focused ultrasound – PD outcome (motor fluctuations)

• Motor symptoms PD (unilateral STN) - safety 



Focused ultrasound – PD outcome (motor fluctuations)

• Motor symptoms PD (unilateral GPi) – (20 
patients)

• Safety
• Headache, n/v, headache
• Neurological (persisted)

• 1 patient motor difficulty (mild)
• 3 patients with speech alteration (mild to mod)
• 1 patient with balance (mild)

• Efficacy
• Unified dyskinesia rating scale 

improved 59% at 3mo
• UPDRS-III improved by 44% at 3mo



Conclusions 

DBS surgery is safe and effective for PD and should be considered early in 
disease progression 

Efficacy of DBS can last 5 – 10 years but start to wane

Focused ultrasound is an emerging technology for PD 
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Alexander Ksendzovsky, MD, PhD
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