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RESOURCES

Medtronic- DBS for STN, GPi, VIM- 3D Anatomy.
Medtronic- DBS for STN, GPi, VIM- Active Fact Shete

T read this!!!

METHODS

A) ABLATIVE (e.g. stereotactic lesioning largelyirreversiblebut some symptoms may recur

B) NEUROMODULATIION (e.g. deep brain stimulatipoan reversibly (!) inactivate function (of any target
structure) by high-frequency overstimulation (depolarization blockade); risks of foreign bodies and
thin electronic wires that can break; general radius of a¢t@mm (but voltage dependent).

DEFINITION, PHYSIOLO GY

DBS
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- placing electrodes deep into brain to stimulate subcortical structures with electrical. current

Proposed mechanisms of DBS

1) target inhibition+ classic reversibléunctional lesioning paradigm (“reversible functional lesion”
depolarization block of efferent activity, local GABAediated inhibitory effects).

2) target activation

3) combinedargetinhibition and activation

4) disruption of pathologicaingoingoscillationsto restore rhythna activity and synchronization
("noisy signal o hypothesis s. "modul ati on

BENEFITS

IMPROVEMENT OF SYMPT OMS

The main instrument for analyzing intensity of symptoms in patients with PD is UPDRS. This scale has been
validated by evidence-based medicine studies[156] and is considered reference standard in comparison to other
less specific and global scales[157],[158] or those specially aimed at QOL (e.g., Parkinson's Disease Questionnaire
[PDQ-39)).[8,49,71,80,107,112,115,159-170] The estimated decreases in absolute UPDRS-II (activities of daily
living) and UPDRS-III (motor) scores after surgery in stimulationon/ medication-off state versus preoperative
medication-off state were 50% and 52%, respectively.[9,49,71] Neurostimulation results in significantly greater
improvements than medication alone in PDQ-39 and the UPDRS-IIl. The mean UPDRS-III score improves by 41%
in medication-off state and by 23% in the medication-on state.[49] The STN-DBSI associated improvement in
UPDRS-III, as compared with baseline values, is stable over time, 66% and 54% at 1 and 5 years, respectively; in
additional studies with follow-up periods ranging from 2 to 4 years, improvement of 43% to 57% was
reported.[79,80,165,171-173] The improvement was 70% to 75% for rigidity and tremor and 50% for akinesia. STN-
DBS has direct effect on off-period dystonia, which was observed in 71% of patients preoperatively and in only 19%
and 33% at 1 and 5 years, respectively. Postural stability and gait also improve, but speech improves only during
first year and then progressively returns to baseline at 5 years. UPDRS-II improves similarly, but with significant
worsening over time. The average postoperative reduction in dopaminergic drugs was 50%][49] to 56%.[129] As
result, levodopa-induced dyskinesias, ensuing disability, and their duration are decreased by 69%, 58%, and 71%,
respectively, which has major impact on QOL.[49],[52] This finding mainly reflects desensitization secondary to both
long-term stimulation-induced neuronal plasticity and levodopa withdrawal. [174-176] This is explained by
mechanism of induction of dyskinesia related to pulsatile administration of levodopa.[53] As stated earlier, decrease
or arrest of these pharmacologic adverse effects achieved by the beneficial effects of STN stimulation restores
more normal pharmacokinetic regimen of striatal dopaminergic receptors. On-period motor symptoms are
moderately[112],[163] or not[8] improved by STN-DBS. Moreover, these UPDRS-III data neglect temporal
dimension of improvement in that fluctuating benefit after drug intake is replaced by stable improvement reflected by

an increase in fiondo time of about 47% to 71%.[9, 49,52, °

STN-DBS[8,9,112] than other parkinsonian signs. Hypophonia may improve, or dysarthria may be aggravated

|

because of di ffusion of current to corticobul bar fiber:s

regarding hypophonia and ability to communicate with their family, can decline after surgery. Improvement in sleep
architecture[178] and quality[179] have been reported, with increase in total sleep time (by as much as 47%)
resulting indirectly from improvement in nighttime akinesia and early morning dystonia.[178] STN stimulation can
also be effective in improving voiding control by decreasing detrusor hyperreflexia.[180],[181] Progression of
symptoms over time closely resembles natural history of PD with medical treatment but without motor
complications. Therefore, these changes are believed to represent progression of the disease rather than side
effects of stimulation. This is compatible with longitudinal positron emission tomography (PET) study showing
continuous decline in dopaminergic function in patients with advanced PD managed with clinically effective bilateral
STN-DBS, and rates of progression were within range of previous studies in nonstimulated patients.[182]
Improvement in Quality of Life

QOL is direct index of what patients expect from treatment. A large randomized controlled multicenter study
involving 156 patients compared bilateral STN-DBS in combination with medical treatment versus best medical
therapy alone over 6-month period.[49] Neurostimulation resulted in improvements of 24% to 38% in PDQ-39
subscales for mobility, activities of daily living, emotional well-being, stigmata, and body discomfort and 22%
improvement in physical summary score of 36-item short-from health survey (SF-36) versus practically no change in
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medication group. The mean improvement in PDQ-39 summary index score was 24%, and dyskinesia score in off-
medication patients was improved by 54%. The total number of adverse events was higher in medication-only
patients. This result confirmed previous uncontrolled studies on QOL after STN-DBS[183],[184] that consistently
reported greater improvements in subscores of mobility, activities of daily living, stigmata, emotional well-being, and
body discomfort than in social support, cognition, and communication.[183] The QOL of caregivers was also
improved.[130]

Medications and Stimulation Settings

After surgery, most groups use dopamine agonists rather than levodopa to avoid risk of dyskinesias. This strategy
has not yet been validated by controlled studies. With 5 years of follow-up after STN-DBS, levodopa was still
arrested in third of patients, decrease in levodopa-equivalent dose was 67%, similar to that at 1 year,[9] and less
than 1% took any dopaminergic drugs. A dramatic and early reduction in medication intake may have accounted for
some of the complications, such as dysarthria, apathy, and cognitive problems.[9],[185] The amplitude of
stimulation was 2.9 N 0.6 V, frequency was 139 N 18
stimulation was used in majority of patients in most studies, with comparable values.[112] There is no indication of
tolerance in that effects were stable over 5-year period, with no increase in stimulation parameters after first year.[9]
STN-DBS is mostly bilateral because candidates for surgery usually exhibit bilateral motor symptoms and effects of
unilateral stimulation are primarily contralateral[7] and do not provide maximal improvement in walking,[7],[186]
except in some patients with asymmetric motor symptoms.[187] Postoperative management of dopaminergic drugs
may be difficult after unilateral STN-DBS. The batteries may last up to 7 years.

NEUROPROTECTION

It has been demonstrated that in parkinsonian patients, as well as in animal models, neuronal activity of the STN is
profoundly altered, with appearance of rhythmic pattern composed of bursts, in addition to a general increase in
firing rate. STN neurons are glutamatergic, and glutamate is an excitatory amino acid that has excitotoxic effects on
dopaminergic neurons of projection area of STN. The increased glutamate output of STN on dopaminergic neurons
of SNc patrticipate in their degeneration, which led to idea that decreasing output by antagonists such as MK-801
would slow down degeneration process involving dopaminergic neurons.[30] Because one of mechanisms of HFS
might be a decrease in firing rate of neurons submitted to this type of stimulation, one can suppose that this (as well
as ablation of this structure) would play similar role and would be slowing down neurodegenerative process
involving nigral dopaminergic system. Several studies in rodent and primate models of PD have provided
experimental evidence that manipulation of STN, by either lesions or long-term stimulation, can protect
dopaminergic neurons in SNc and significantly decrease cell loss induced by neurotoxins used in these
models.[31,35,38,142,188-192] In humans, only study using PET scanning did not confirm these experimental data,
but it was performed in patients with very advanced stage of disease.[182] One may also consider that in early
stages, the putative neuroprotective effect might not only slow down neurodegeneration but also allow the
dopaminergic neurons that had lost their dopaminergic production but were still alive[193] to recover sufficiently to
again produce dopamine, which would stabilize but even improve patient's condition. To clarify this important issue,
there is an urgent need for controlled randomized clinical trials of patients investigated with both clinical and
nonclinical tests (such as PET) and operated on early enough in the course of disease.

INDICATIONS

ACCORDING TO DISORDERS

Originally treatment for essential trem@DA approval in 199) DBS is now usedunder investigation
across wide spectrum péurological and psychiatr@isorders

1. Movement disorders
1) PD (if PD is nonresponsive to medications, patient is poor candidate for DBS)
1 FDA approved in 2002.
T Aposi ti v e(tremeryrigidity, anchisradykinegiamprove substantially;
Anegat i v e (alancg angtypically sefractory gait has a variable response
(freezings that respond to levodopa, tend to respond to DBS)

Hz,
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1 ideal patient classical kdopar e s ponsi ve Pawithkworseniogh 6s di
unpredictablevide fluctuations in medication response

1 good candidates faurgery typicallyhave> 30% improvement in UPDRS motscore

with levodopa challenge

bewaren Par ki nsonods -unlikelyto beaefitirahr DBS e s

= =4

has to respond tmedications.
2) ET
1 FDA approved in 1997.
{1 tremor controis best forarmsand tends to be better fdistal tremors than for
proximal ones.
1 head or vocal tremoware typically refractory ftey may be improved withilateral
implantation, but this cannot be acatelypredicted).

3) dystonias(improvement is frequently not observaaring intraoperative testingesgeral

there are no insurance requirements of how severe UPDRS has to be and how much

months of stimulation and programming may be required before significant improvements ar

detecteql
1 FDA approved in 2003.
1 primary generalized dysbasrespond bestDYT1-positive dystonia has 885%
response rate (dyskinesias respond first) to DBS
1 secondary dystonide.g. TBJ cerebral palsyi DBS isoff-label useoutcomes are less
predicable and usually more limitepgssible exceptiontardive dystonia increasing
evidence for DBS effectivengss

2. Epilepsy
3. Psychiatric disorders
1) OCD
2) depression
3) Gi Il Il es dessyn@&oméour etteo

4) addictioni nucl. accumbens, ALIC (anterianib of internal capsule)
Chronicpain disorders

Minimally conscious and vegetativestates
Obesity
Al zhei mer 6s di sease

N o o b

ACCORDING TO SYMPT OMS

N.B. symptoms not part of idiopathic PD triad (dementia, autonomic disorders, cognitive decline and
dementia, oculomotatisturbance, and so on) are not usually improved signifidantly

Dr. Holloway. DBS improvedremor 80%", other PD
symptoms40-60%+* (but only if responsive to medications)

*compare:Class | evidence exists for propranolol and primidone aslifistmedications that reduce
tremor by approximately 60% in 50% of patients
**parkinsonian dystonia and dyskinesias respbatier than 4®0%

TREMOR
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\

(essential tremgiParkinson'sliseasemultiple sclerosis*myoclonic tremor in myoclonus dystoia

*outcomes are much less predictable and tremor
control is less effective than in essential tremor

1. Ventralis intermediate (VIM) nucleus of thalamus likely wheredentatarubro-thalamic tractends
Coenen VA fiModul a-thalanoecortichl Neétvioek in ClealaneidDedp IBmin
Stimulation for Tremor: ANelrosfirdery. 2016 Augdsensor |
Effective conacts were located inside or in proximity to dentatbro-thalamic tractin moderate
tremor reduction on its anterior border. In good and excellent tremor reduetionits center.

Caudalzona incerta(Zl) i may give good tremor control

Posterior subtilamic region(PSA)

wnN

1 2 circuits that are thought to contribute to the essential tremor pathophysiology Gnaltame-
Mollarets triangleand thedentorubrothalamocortical tract.

DYSTONIA

GPi T target is slightly different than for PDmplantation is alvaysbilateral!

Parkinsonian dystoniai GPiand STNhelp for both medicativresponsive andnonresponsive (GPi is
better for Aonodo dystoni a).

GAIT DISTURBANCES

Freezingis part of patterns of akinesia and usually responds to levodopa treatment. When freezing of
occurs, persists, and is not improved irnoedication period, it is not usually improved by SGINGPI

DBS (but might be improved by leWequency stimulatin of new target, such as PPNhould be taken
into account during decisiemakingand counselingrocess.

Summary: if gait freezing is responsive to medications, DBS may help.

Postural stability i DBS helps.

FallsT may increase after DBS as patieldézome more mobile.

SPEECH PROBLEMS

1 speech is usually improved, but much less than other motor symptoms.
1 GPiis not helpful.
1

when patients are hypophotiefore surgery, hypophonia might be impaired or worsened afterward,

particularly when doses afiediation are significantly decreased, which might not be compensated
for by improvement from DBS

1 voicetremor( check with sustained fieeeeVMfbaexceptiorse c
exi st ; dondt get confused helpfohit). spasmodic dys

1 GPi helps for both medicatiean andi off dyskinesias
1 AMANTADINE is mostly used for dyskinesias so often can be stopped after DBS.
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NEUROPATHIC PAIN

Centrolateral thalamus

COMPARISONS OF DIFFERENT NUCLEI

Feature GPi STN VIM

Speech Less affects but also | More problems Dysarthria is common
does not help

Dystonia GPi helps for both STN hel p-s f
medicationresponsive |me ds 0 dy st ¢
andi nonresponsive bettermdddgo

dystonia)

Dyskinesia GPi helps for both
medicatioron andi off
dyskinesias

CONTRAINDICATIONS

1) parkinsonism-plus syndromes/ parkinsonism unresponsiveness to levanpa

2) Omoderate cognitive dysfunction
Dementia usually starts 10 years* after PD diagnstective factor$ tremorpredominant, no
axial symptoms, youngnset PD [dementia is delayed until age 70])
*if much earlieri Lewy body dementia
Patient must be able to properly operate the neurostimulator
Dementia, as well as cognitive deficits, act improved bypBS and might even be made worse
by trauma of surgery

N.B. patients with cognitive decline or fullown dementia may be at increased risk for DBS
Limousin P, Krack P, Pollak P et al. (1998). Electrical stimulation of the subthalamieusuit
advanced Parkinson389:1d0%¢41dase. N Engl J Med
Hariz MI, Johansson F, Shamsgovara P (2000). Bilateral subthalamic nucleus stimulation in a
Parkinsonian patient with preoperative deficits in speech and cognition: persisting improveament i
mobility but increased dependency: a case study. Mov Dikard 36 139.

3) anxiety i difficulty postop DBS programming
if anxiety isreactive to PDthen DBS helps;
if anxiety islifelong, then patient knows how to cope with it;
worst if anxietyis due b PD affecting limbic circuit§ patients very difficult to program.

4) depressioni risk of postop suicideso must be controlled and psychiatrist established preop.

5) general surgical contraindications(anticoagulants, terminal cancer, infectious disease,
immunodeficiencypoorly controlled HTNand so on)for diabetics, HbAlc has to be < 8.0%
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PATIENT COUNSELLING

GoAL oF DBS

i achieve the best score as patient had on fma@®pand smoothen fluctuatiohs

*this applies only to early stages of PD; in agved stages, PD patients are frozen no matter how much
medication they get (becomes obvious if DBS battery dies)

COMPLICATIONS

See below

PREOPERATIVE WORK UP

OFF/ON TESTING

I toestablish baseline

71 todetect other PD t#ures(will require GPi) in patients with seemingly only resting tremor (VIM
would suffice)

1 to establish which featuresspond to medications

NEUROPSYCHOLOGICAL EVALUATION

- to establish baselinenddetect contraindicationsee above):
1) cognitivedecline
2) anxiety
3) depression

PHYSICAL EXAM

1 check scalp skin (treat lesions prior to DBS)
1 check chest skin; if there is pacemaker, DBS IPG should be implanted > 8 cm from it (not to interfe
with programming)

CLINICAL TRIALS - PRINCIPLES

1 crossover studis are commoim neuromodulation: after being implanted with stimulation systems,
patients are often randomized to receive act
followed by inverse treatment.

1 confounder effectsn DBS studies inclde:

1) carryover effect (ie. persistence of clinical improvement after stimulation is discontinued)
2) insertional effect(ie, improvement in clinical scores due to implantation of electrodes and not
delivery of stimulation per se).
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1 DBS effectsare
a) immediate (e.g. tremor control)
b) accrue over weeks to monthée.g. dystmia)i careful with crossover studies!
1 patients must receive active or sham stimulation wiilshout period(ie, stimulation discontinued) in
between crossover arms.
1 studies withopenlabel phasebefore blinded evaluatione, comparing active and sham treatment)
patients exposed to therapy and know what to expect from therapy before blinding.
1 in functional neurosurgery, results from doublad studies often vary from those recorded in epen
label trials, thusgignificant improvement is
A. Indoubleblind studiec o mpar i ng active (fiondo) vs. sham
scores must reach statistical significance ANDhawegni t ude of O 25 %.
B. In openlabel studiesthere must b®35% improvemerwvh en postoperative
scores are compared with those recorded before surgery.

PARKINSON G5 DISEASE

- outcomes to test:
1) improvement in UPDRS Part lfiboffo medication score
2) increase irfiono medication timavithout troublesomeybkinesia
3) improvement in dyskinesia rating scé@no medicationscore
4) decreasef levodopaequivalent daily doge
5) UPDRS Parts Il and IV, total UPDRS
6) cognitive or mood declines

*LEDD = a dose of 100 mg levodopa, which is equal to 125 mg contraledse
levodopa, 10 mg bromocriptine, 1 mg pergolide, 4 mg ropinirole, 100 mg
amantadine333 mg entacapone, 1 rpgamipexole, and 80 mg Staleacording
to Wenzelburger et al., 20p2

1 5-point difference in UPDR&presentsninimum difference for clinical signficance; givenmean of
30 andvariance of 13.74s reported in the study by Weaver et)ad. then sample size 6f200
subjects would be required for 80% probability of detecting a clinically meaningful difféte (e

tailed unpaired t test), far more if confidence of 90% is required
*Weaver FM, Follett K, Stern MB, et al. Bilateral deep brain stimulation vs best medical therapy for
patients with advanced Parkinson disease: a randomized controlled trial. JAMA3PAGGI 73.

**j.e. exclude type Il error

TARGETING (TARGET LOCALIZATION )

\ Ideal electrode locationtrack with the longest stretch of active, sensorimotor.cel]ls

1. Imaging
2. Electrophysiologic signaturdsMER (microelectrode recording)
3. Intraoperativestimulation

COORDINATE SYSTEM
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xyz location: The anterior and posterior commissures are
identified on MRI in the StealthStation FrameLink. The roll,
pitch, and yaw are corrected through the selection of several
midline points. The midpoint between these 2 commissures
serves as the zero point, and all other locations on the screen
are assigned an xyz location. This allows the operator to then
record a location for each object to be measured. The xyz
location and the AC-PC location are synonymous.

IMAGING

1. CT i stereotacticwithout contrast 0.6 mr reference exanMRI provides high anamical
resolution, while CT eliminates MRI distortion
2. T2:
a) axial (VCU)
b) cube FLAIR T GE (VA)
c) dark fluid SPACE - Siemens
3. Tl
a) T1l-weighted 3D Magnetization PrepareeRapid Acquisition Gradient Echo
(MPRAGE) - sagittal(VCU) or axial (VA), postcontrast to see vessels
b) Fast Gray Matter Acquisition T1 Inversion Recovery (FGATIR) on 3T MRI
scanner
4. DTI (2NEX scan duratio 8 minutes; or 3NEX 12 minutes)
1 MRI scans must be 3D (volumetric), i.e. without gaps between slices.

T1-w 3D MP-RAGE T2-w 3D FLAIR T1-w 3D FCATIR

Repetition time (TR 1600 ms 6000 ms 3000 ms
Echo time (TE) 4.38 ms 353 ms 4.39 ms
Inversion time (TI) 800 ms 2200 ms 409 ms
Inversion pulse angle 90° 180° 180°
Matrix 384288 256:x 240 320x 256
Field of view (mm) 256x192 256 % 240 256x192
Slices 1601 mm 1601 mm 1601 mm
Orientation Axial Sagittal Axial
Bandwidth 130 Hz/Px 1302 Hz/Px 130 Hz/Px
Acquisition time 6:45 min 12:08 min 11:14 min
O-arm

Ceretomi small bore
Bodytom, Airoi large bore, good soft tissue resolution
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1 if patient cannot have MRI (e.g. pacemakenfyaop ventriculogram can be used: standard EVD
catheteris passedfileea nd t hrough the right frontal burr
3cm3(180mg/ mL) is injected intawmthe ventricle Y

0 anterior commissuris not well visualized in the ventriculogram as a result of gravitational
layering of the contrast but could still be estimated fronpteepCT scan(fused to Garm).

A. DIRECT

- target visually chosedirectly from CT / MRI);

o prior tointroductionof CT / MR, taget localization involved injectingir or
positive contrasinto lateral ventricldo outline third ventriclar structures
(ventriculographypdjacent to diencephalic targets

1 with current MRI,GPi andSTN arevisualized directlybutVIM is derived from Schaltenbrand and
Wabhrenatlas, utilizing intercommissural plane and raa@mmissural point for reference.
1 ongoing debateshould stereotaxis be just imaggiided(without MER);

0 Larson et al. place DBS on first trajectory in 98% patients

0 Montgomery et al. (2012) found thahagingbased targeting was consistent with
the physiologically defing target only 70% of the timea) i30% of subjects,
additionalMER trajectories were required%% required® additional MER
penetrations and remaining 5%guired3 additional penetrations

B. INDIRECT (ATLAS-BASED MAPPING)

MRI
- based upoposition of AGPC.
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AC-PC line approximates torbitomeatal line.

choose posterior AC and anterior PC edbes face ¥ ventricle(imitates historical
ventriculogram).

1 average AGPC distancés 23-27 mm greater than 30 mishould raise accuracy concerns

E |

VENTRICULOGRAPHY

(historical)i relates target position to anterior and posterior commissures.
1 large number of centers do not use it for fear of carapbns or because they consider MRI
localization to be satisfactory.
hole througtskull, 9 cm from nasion and 2.5 cm from midline, is created twitst drill.
right frontal horn of ventricle is tapped wi@ushing cannula atepth ¢ 6.5 cm from skirsurface.
2-mL air bubble is injected to check foorrect placment of tip of cannula.
during injection of 6.5 mL of contrast medium -4@cond sequence ofray images is recorded in
lateral direction, immediately followed by radiographs takeaniteropsterior direction.
1 these xray images provide internal landmarks floird ventricle, to which various atlases and
coordinates of targets can be related.
9 construction of targes based on ventriculographic landmarks
1) anterior commissure (AC)-8 mm belowforamen of Monro.
2) posterior commissure (PC): 1 mm above superior colliculi, 1 mm below pineal
recess.
3) height of thalamus (floor of lateral ventricle)
4) midline of third ventricle

= =4 -4 A

A, Ventriculographic determination of target coordinates and final x-ray control of electrodes and implanted generator. In
this case, two electrodes had already been implanted in subthalamic nucleus in previous session and connected to
Kinetra. Later, freezing of gait developed and patient was scheduled for implantation in pedunculopontine tegmental
nucleus (PPN). B and C, Targeting of PPN based on ventriculogram. D and E, Final controls after PPN implantation (more
medial and more posterior electrodes).

TARGET COORDINATES
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A) Standard fixed coordinates(L e k s el | 6 s rpetis dlassit exanoplarelativeato

midcommissural poirit see individual targets

B) Adjusted map (Schaltenbrand-Wahren) andgrids to adjust map (Talairach-Tournoux)

T
T

)

_110 108 -190 \4;5 -90

ELECTROPHYSIOLOGIC S IGNATURES i MER
(MICROELECTRODE RECO RDING)

1) differentiation of §ubnuclei on basis of intrinsic neuronal firing properties
2) localization of white matter tracts with particular resps® stimulation

microelectrodes argesigned tasolate single action potentialand towithstand microstimulation
which degradeslectrode- achieved by constructing electrodes frplatinumiridium alloy or from
tungsten producing taperetip, and insulating with glass.
microelectrodempedanceshould be 500200kOhmwhich is required to isolate single units
if <500 - multi-unit recording will result, and it is therefore more difficult to identify motor
responsiveness with the background noise
if > 12007 difficult to capture neuronal responses and electrical interfereipceblematic
electrophysiologicamap is compared witBW atlasY DBS electrodds placedo optimal position.
atlas maps can be transformematch either AGPC line in isolation or AEPC line along with other
structures, such as margins of third ventricle or internal capsule

\ MRI gets you near target, but @iglogy proves that you have exact spbt!
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1 MERs can be done usimgorOFOLOr DEXMEDETOMIDINE for sedation; if needed MER can be done
underpEXMEDETOMIDINE anesthesia.

MULTIPLE MER TRACKS

1 introducingsimultaneousparallel ME tracks does not reduce target localization errors (as compared

sequentialtracks) but makes it easier to interpret physiological data as there is more clarity on the
relative position of each ME.

COMMERCIAL PLATFORMS

MICRO GUIDE PRO (ALPHA OMEGA, NAZARETH , | SRAEL)

STIMULATION

With stimulation configuration of: pulse width= 90 microsecond, impedance = 1000tdspread of
VTA is following (these spreads are from the cewftieglectrode contact)

-1V: Horizontal spread = 1.97 mm; vertical spread = 1.81 mm; VTA = 29 mm cube.
-2V: Horizontal spread ~ 2.25 mm; vertical spread ~ 2.4 mm; VTA ~ 57 mm cube.
-3V: Horizontal spread = 3.32 mm; vertical spread = 3.21 mm; VTA = 14&ufra.

i.e. roughly 2 mm radius ball (center is center of electrode)

If you increase the pulse width to ~128e¢ the VTA spread will increase:

-1 V: Horizontal spread 2.13 mm; Vertical spread ~1.96 mm; tot@lA ~ 35 mm cube.
-3 V: Horizontal spread 2.52 mm; Vertical spread ~ 2.7 mm; tot@lA ~ 80 mm cube.
-3 V: Horizontal spread 3.63 mm; Vertical spread = 3.53 mm; tot@lA = 195 mm cube.

Deepak Kumbhare
Ph.D. Candidate, Biomedical Engineering, VCU.

BENEFICIAL EFFECTS

- improvement of sympoms
1 all symptoms, including simulated gait, could be tested;
1) wrist rigidity - most convenient because it does not require active patient participation and can |
scored in operating room with semiquantitative scale.
2) speech and akinesiare difficult to test consistently.
3) tremor is excellent symptom to use but is often absent in patients with advanced akgnetic
stages.
1 symptoms may improve when electrode enters target.
"microelectrode" effect (local effects dueat electrode pass before lesion):
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0 maymake it impossible to do stimulation "on" testing because patient is already
improved!
0 spontaneously abates in 2 weeks

SIDE EFFECTS

(limiting factors for efficient stimulation

1 side effects depend on structures, mainly fiber tracts, surrounding taagatahreached by spread of
current

1 placing final electrode in these places would limit possibilities of efficient stimulation.

MICRELECTRODE STIMUL ATION

Performed with microelectrode that has been used to record neuronal activity at current inbéngittes
10 mA for short (10 to 30 seconds) periods.

MACROSTIMULATION

radius of tissue volume effectively stimulated with DB®ard to estimate

Kuncel et al- using a combination of modeling anlihical responses to DBS of thalaniusffective
radius 0f3.9 mm at DBS voltage of 3.5.V

9 2V is optimal stimulation voltage

1
1

ERRORS IN TARGETING
See chapter 15 (Palys, Holloway 2016)

Hardware imperfections
with Nexframe tends to deviate medially, posteriorly, and superiorly:
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TABLE 3. Analysis of the Direction of Error in Targeting of the Parallel Tracks Demonstrate the Preferred Direction of Error and the Tendency to
Overshoot or Undershoot the Target Depending on Whether the Track Was Going With or Against the Preferred Direction

Axis of Move Preferred Direction Overshoots Undershoots

Mediolateral 15/20 more medial than 3/3 medial moves were overshoots 10/17 lateral moves were undershoots
intended (P = .01)

Anteroposterior 16/25 more posterior than 7/9 posterior moves were overshoots 9/16 anterior moves were undershoots
intended (P = .14)

Superoinferior 22/33 were more superior than 12/17 superior moves were overshoots 9/15 inferior moves were undershoots

intended (P = .02)
Holloway et al. 2013

Pneumocephalus usually causes significant shifts only on the second side.
1 if a second side is to be dofoe DBS implantation during the same procedlitres notuseful to adjust
the initial seond side target based on the first side results

TRAJECTORIES (PRINCI PLES)

1 safe trajetory avoidsmajor bloodvesselssulci, ventricles and areas ofloquent brain

1 safeENTRY POINT - within watershed zone between ACA and MCA (or PCA and MCA); this zone is
usual |l y de4hcmeffneidine;dnosd fregently, level of coronal sutur@r within 1-2 cm
anterior to it- paucity of draining veins in this area.

f burr holes orlarger openingsal | ow CSF escape + air entry Y

suboptimal probe placement; H: useall twist drill hole instead.
71 risk of hemorrhage is decreased by singyreoperativeangiogramsand minimized by preoperative
stereoangiograpi.
e.g.CT or MRl localizeris replaced wittangiographic localize¥ di gi t al s ub
angiography Y selected views are transf
coordinates of avascular cortical entry point.
1 trajectory (probe tract) goes through white matteunt probe tigpushes axons aside (rather than
transecting them).

Trajectory planning is accomplished in either of two ways

A) ENTRY POINTtechnique- choosing entry point on scalp; target and entry points define straight
trajectory.

B) ENTRY ANGLEStechnique(particularly useful when operating on superficial lesiong5@st
accomplished witltonmputergenerated graphic simulatig(if initial angles oftrajectory appear
unfavorable, computer may be used to modify them, and new angles can then be transferred to
stereotactic device); can be utilized with:

a) arc-radius system type of instrument, AP and lateral angles are used to construct trajectory.
b) polar coordinate systernsome use AP and lateral entry angles; others use horizontal
(azimuth) and vertical (declitian) angles of entry.
*even slight misplacing of entry point may make trajectory almost tangential to
skull (twist drill will need enlarog in order for probe to pass to target

TARGETS
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STN

Comparisons of different nucléi
1 STNhas average dimension®& 6 x 4 mm
 ANATOMY, HISTOLOGY & PHYSIOLOGY Y

INDICATIONS, SIDE EF FECTS

1) tremor unresponsive to medicatiofss. GPii tremor needs to be responsive to medications)
2) rigidity, bradykinesia.

preoperative li dopa responsiveness predicts STN DBS efficacy

80% chance of 80% reduction in trenforay add second lead to VIMput other features of

Parkinson's will improve inange of 4660%.

1 STN DBSreduces motor complications equally inRID patients, QOL improves postoperatively only
in patients younger than 65 years.

1 bilateral STNi risk of cognitive & mood problems (bettebilateral GPi).

T
T

N.B. STN and GPi have similar efficacy in tremor control Ui\ causes longterm cognitive problems
so SN will be used less and less

EARLYSTINI tial

Schuepbach, et. al. N Engl J Med 368:6822

251 patients with an average disease duration of seven years and early motor complications to either
subthalamic nucleus (STN) DBS or best medical therapy.orh@/erage was a relatively younger group
of patients (mean age of 52 years) with shorter disease duration and more limited motor complications
than those patients included in several of the large, randomized studies which previously compared DI
to best nedical therapy. Two years following randomization, the DBS group improved an average of 7.¢
points on the PDE39 questionnaire, which was the primary quality of life outcome measure, while the
best medical group worsened by 0.2 points (p=0.002). Integbstseveral secondary outcome measures
not generally believed to improve in traditional DBS patients seemed to respond to neurostimulation in
this earlier population. This included-omedication motor function (26 percent improved in DBS vs. 11
percent wese in best medical group; p<0.001) and several patguirted and objective measures of
depression and cognition. As with the intestinal gel study, there was a roughly 98 percent overall adve
event rate, which did not differ between groups. Howehere was a 17-Bercent deviceelated
complication rate, of which included a roughly figercent rate of infection/wound complications and a
1.6-percent reoperation rate. While this data supports the use of DBS in patients with slightly more milc
diseasg than prior large studies, common practice often includes patients such as those enrolled in this
study. Therefore, this study may not dramatically change practice but rather may reinforce the rational
for minimizing delay in considering DBS among patgewho are beginning to have motor complications.

IMAGING

1 T2-weightedMRI - gold standardbut STN cannot be reliably visualizédypointensealmondshaped
structure located anterolateral to the red nucleus on coronal, axial, and sagittalsplanasded by
white matter (zona incerta above and fields of Forel bundles below) separating STN fiom SNr

e.g.FLAIR sequence with TE 140 msec, TR 14,000 msec, slice thickness 2.5 mehsizex1.02,
matrix 256 x 256
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STN is best seen in coronal plane.

STN is not seen on T1.

hypothesis contrast of STN relative to surrounding structures is result ofdomeentration
specificities of basal ganglia and that T2 effect has to be exploited.

1 evenat 7 T (more distortions), STN cannot be delineated witheatatgontrast medium, such as
ultrasmall superparamagnetic iron oxide

EJE

Siemens protocclsampling perfection with applicatiesptimized contrasts using different flip angle evolutions
(SPACE,Siemens), use nonspatially selective refocusing pulseshdtttecho spacing to achieve extended echo trains
and subsequent volumetric acquisition of a single slab oktlua sections. Such turbo spin echo sequences offer the
advantages of being less sensitive to susceptibility artifacts and less sengi@oentzrical distortion artifacts than

T2WI sequences at 32I1With such a sequence, a higher magnetic field may be used to directly visualize the STN and
stereotactically target it accurately and reliably

It involves both T2 and T1 effects!

1 Susceptibility-weighted imaging (SWI)- significantly improved visibility ofSTN compared with
traditional T2 However, STN representation on SWI does not correspond to electrophysiological ST
borders(21% incongruenceSWI does not correctly displdhe lateral pardf the STN foraiming to
target the superolateral sensorimotor part

Bot , M £anrWe &ely offi Susceptibitiyeighted Imaging for Subthalamic Nucleus
Il dentification i n De e pNeuBsurgarynMagh 2016dlumée 78 tssue S u r
3-p 353360

COORDINATES

Relative to midcommissural point
A 4 (1-5) mm posterior
A 4(3-6) mm inferior
A 12 (11-14) mm lateral
1 4-4-12 coordinates rarely need any adjustment.
f surgeon could elect to modify this fegswidthiofon,
third ventricle)

Anatomically motor (dorsolateral) STN (on MRIT medial border is well visible vs. lateral border)
center of STN in AP directign
slightly lateral in MLdirection
1 3-3.5 mm posterior to the anteriborder and 2.8 mm mnedial to internal capsule boundary with
deepest electrode contact placed at STN/SNr bouridatyot into SNr)
1 best angle of trajectory in sagittal plarnés°®

Alternativei targetingrelative to red nucleus
Axial plane: line is drawn perpendicular taidline, tangent to anterior border of red nucleus, exterzling
mm lateral to medial border of STN
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LT

Tectum

A, axial projection; Bcoronal projection
x - 3 mm lateral to the lateral border of red nucleus
y i anteriorborderof red nucleus
z - 2 mm inferior tothe superior border of red nucleus

B
2 m%

AndradeSouza,Y.M.; Schwalb,J.M.; Hamani,C.; Eltahawy,H.; Hoque,T.; S2ynt).; Lozano,A.M.
iCompari son of three methods of targeting th
Par ki ns o nNearosdrges/,e2@08, &DSuppl 2, 8383
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Sagittal:

Sagittal (ot targetjust location of nucleus on SW atlas):
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