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BRAIN STEM AUDITORY EVOKED RESPONSHBAER) - see
VISUAL EVOKED POTENTIALS (VEP) - see
OLFACTORY EVOKED POTENTIALS — see€

Electrical brain activity is eithespontaneou®r eventrelated(i.e. elicited by stimulus)L

EVOKED POTENTIAL (EP) - electrical responseecordedfrom CNS,elicitedby external stimulus
SYNnONyMSEVENT-RELATED POTENTIAL (ERP) or EVENT-RELATED RESPONSE (ERR)

CLINICAL USES

1. Assessindunctional integrity (and detecting lesions) in afferent pathways under study.
1 most useful when identify subclinical abnormalities (esp. in multiple sc&raisconfirm

abnormalities corresponding to vague or equivocal symptoms.
may reveal abnormalities missed by MRI, and vice versa.
precise localization on basis of electrophysiological findings may not be possible (becaus
generators of many components & &e unknown).
1 changes produced by disease states:

1) delayed responsegeflect conduction delays in responsible pathways.

2) attenuation/ loss of component waveformsreflect conduction block or

dysfunction of responsible generator.
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2. Cortical mapping (accuate identification of speechensorimotor, visualortex)— for
preservation of functional cortex during resectioimtrfacerebratumors and vascular
malformations.

3. Evaluating patients inpoma, suspected brain death  for BAER role-
Somatosensory evoked potentials (SEPS) are most accurate in assessment of neurologic outcome
— patients with absent corticBEPs bilaterally are unlikely to recover cognition (esp. bilateral
loss of N20 response after median stimulation is associated with fatal outcome or
development of persistent vegetative state).
— presence of normal SEPs does not predict useful recovery.

4. Determiningcompleteness of lesion in spinal cord injuries.
— absence of any cortical response in ac
— preserved responses (or their early return) indicate better prognosis.

5. Determiningauditory acuity in patientsvhose age / mental state precludes their cooperation for
behavioral testing.

6. Intraoperative monitoring

SOMATOSENSORY EVOKED POTENTIALS (SSEP)

Stimulation of sensory systentsads to generation GORTICAL EVOKED POTENTIALS - can be
recorded with exploring electrode (connected to another electrode at indifferent point some distanc
away):

a) over scalp (surface electrode)

b) over pial surface of cortex (samples activity to depth of oni0@B3nm)

c) microelectrode (inserted in layge2-6 of underlying cortex)

1 best seen in animals under barbiturate anesthesia (eliminates background electrical activity).
7 in unanesthetized animals / humaegoked potential is obscured by spontaneous brain activity
(i.e. not apparent in ordinary EE@yoked potential can be demonstrated by superimposing
multiple traces signal averaging technique (signals that are time locked to stimulus are

enhanced, whereas background EEG activity is averaged out).

1. First positivenegative wavesequence is
PRIMARY EVOKED POTENTIAL

1 latency 512 ms; latency and
morphology depends on eliciting
stimulus.

1 highly specific in location (can
be observed onlgver primary
receiving aredor particular
sense) | T w | T | T T |
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1 primary response is negative ms

positive when it is recordedith

: HRRH Response evoked in the contralateral sen-
mlcroel_ectrpde(lndlcates_ sory cortex by stimulation (at the arrow) of the sciatic
depolarization on dendrites and nerve in a cat under barbiturate anesthesia. Upward de-
somas in cortex. followed by flection is surface-negative.
hyperpolarization).

2. Second positivmegative wavesequence iBIFFUSE SECONDARY RESPONSE
1 larger, more prolonged; latency-80 ms.
1 not highly localized - appears at same tinoger most of cortexdue to activity in
projections from midline and related thalamic nuclei (not due to lateral spread of
primary potential).

1 3-5 HZELECTRICAL STIMULATION of peripheral nerve
a) sufficient to producslight muscletwitch (when mixed nerve is stimulated)
b) sufficienttogenerate ensory nerve action pot@imebi al
sensory nerve is stimulated).
1 best recorded witBURFACE ELECTRODES
a) bipolar derivation (both recording electrodes placed on scalper posterior and lateral
regions);
b) referential derivation involving noncephalic reference electrode:
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— over cervical spine, Erb point (for median nerve stimulation at wrist);
— over lumbar spine, popliteal fossa (for peroneal or posterior tibial sérmaalation at
ankle).

1 response is smallnecessary to averag@00 responses in armor 4000 responses in leg
N.B. physiological transmissiomust be distinguished froelectrical conductioh

SEP components are definedgmftarity (P/N) andlatency (humber); obligate components:

in arm nerve stimulation:
P9- activity at or just beyond brachial plexus.
P13P14- activity in medial lemniscus (P13 in cervical cord, P14 in lower brain stem).
N18- rostral brain stem.
N20 - primary somatosensory cortex.

in tibial nerve stimulation at ankle:
P38- primary somatosensory cortex.

Most important features:
1) presence or absena® obligate components; amplitude size is not so important.
2) absolute and interpeak latencied components (N.B. absolute latency of indivadl
components, but not interpeak latency, varies with limb length!).

CLINICAL USES

1. Intraoperative monitoring

2. Detecting lesions afomatosensory pathways within CNS (esp. dorsal colummediatlemniscal
system).
— SEP is abnormal imultiple sclerosig = 8-0086)or marked attenuation) of cervical
response after median stimulation, increase in central conduction time.
— abnormally large amplitude SERenhanced corti¢axcitability) are seen in progressive
myoclonus epilepsy, photosensitive epilepsy, late infantile ceroid lipofuscinosis.

3. Little value in evaluatingeripheral nervous system (except functional integrity of nerves that are
not easily accessible for contgmal nerve conduction studies); e.g. SEPs to evaluate
radiculopathies

— stimulation of polysegmental nerve trunk would not cause abnormal SEP in isolated root
lesions;

— cutaneous nerve or dermatomal stimulation gives conflicting results.

Medianelicited SEP
(EP- Erb's point; CV5 5" cervical spine;  ipsilateral; ¢- contralateral):
A. Normal subject.

B. Multiple sclerosis (Erb point potential is present but responses over cervical spine and scalp are
absent).
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Tibial-elicited SEP

(PF- poplitealfossa; L1- 15t lumbar spine; L3 3 lumbar spine; d distal; p- proximal):
A. Normal subject.
B. Multiple sclerosis (no response over scalp).
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TRIGEMINAL EVOKED RESPONSES

infraorbital nerve is stimulated with electrode inserted imdéraorbitalforamen.

recording electrodes are placed at Cz with reference to C7 vedpbralisprocess (Cv7).

bilateral studies provide opportunity for evaluation of control and determination of symmetry.
waves 1 (entrance of maxillary division into gasserian gang), 2 (root entry zone intpons) and

3 (trigeminaltract withinpons)have latencies of 0.88, 1.80, and 2.44 ms, respectively.

1 interwave latencies-2 and 23 are 0.90 and 1.55 ms, respectively; increase in wave 1 latency >
0.32 ms (when compared tornmal side) is consered abnormal.

absence of waves 2 and 3 is after successful surgeirygfeminalneuralgia.

evoked responses may also be obtained from stimulatigrpoforbital nerve (harder to obtain,
need to anesthetize scalp).
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Stylized and actual normalgeminalevoked responses:

MAGNETIC STIMULATION, MOTOR EVOKED POTENTIALS
(MEP)
Magnetic stimulation of brain / spine elicitenotor evoked potentials

(i.e. compound muscle action potential over appropriate targetlg.
- assesses descending motor pathways!

\ Magnetic stimulation of peripheral nerves elicismatosensory evoked potentials. \
- assesses ascendisgnsorypathways!

magnetic stimulatioeffectsare similarto electrical stimulation.
magnetic impulses travéirough tissues painlessly and without attenut{@s. electrical
impulses).

= =4

*but magnetic impulses decrease in relation to inverse square of distance from
stimulator coil

procedure isioninvasive (!)painless and apparently safe.

latency of motor respsescan be measured.

central conduction timecan be estimated by comparing latency of cerebral and spinal stimulation

mot or | aiireMSccendcalmyelopathycervicalspondylosisspinal cord trauma,
hemiplegiahereditary spastiparaparesis,te.
1 clinical utility is investigational.
1 with development of accurate focal stimulation, cortical mapping could be done noninvasively!

E

Electrical stimulation (painful in alert patients) may be preferableifdraoperativenonitoring
where patient is antteetized and paralyzed, since equipment is less complicated to organize in
operating room environment;

1 response is best recorded frperipheral nervesising needle electrodes.

COGNITIVE EVOKED POTENTIALS

- evoked potential components depending upental attention of subject and setting in which

stimulus occurs (rather than on physical characteristics of stimulus), i.e. such endogenous "event

related"” potentials (ERP) are relatecctmnitive aspectef distinguishing infrequently occurring

target §imulus from other stimuli occurring more frequently (usually randomly alternating low and

high pitch auditory stimuli).

1 most important i$3 component (s. P300 component - because of 300 ms latency after auditory
target stimulus).

1 P3 latency is prolongead dementia

1 P3is normal in depression or other psychiatric disorders (that might be mistaken for dementia).
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INTRAOPERATIVE MONITORING (IOM)

IOMs can reliably detect and predict neurological damage but therensa@@problems
a) itistoo late(damagas done)
b) IOM is not useful ifcorrective action is not available

1 when evoked potential abnormality occurs during surgical procedure, it is hoped that alteration /
reversal of proceduneill minimize damage; examples:
— monitoringCN2 (visual evoked potentials) duringanssphenoidakemoval of pituitary
tumor.
— monitoringCN7 and QN8 (brain stem auditory evoked potentiadsiing posterior
fossa surgery.
— monitoringspinal cord(samatosensory evoked potentiatsptor evoked potentials)
during scoliosis/ myelomeningoceléintramedullary tumor / degenerative** cervical
spinesurgery repair of coarctation of aorta
*reduces complications rate -f6ld (because effective corrective action exists if IOM
signal changes popping rod)
**most likely no benefit at all (studies show, IOM does not prevent complications
1 for kids < 4 years oldwhite matter long tracts are immatwrenotor evoked potentials, SSEP are
unreliable.

INDICATIONS

Spine surgery
1) severe spinal cord compression

2) deformitycorrection
3) intradural tumor removal

Avoid use for simpler surgeries (e ACDF without myelopathylumbar microdiscectomy).

W.S. James fAA socioeconomic analysis of in
spine surgery: national use, regionalar i at i on, a n dNeyrasurgical kdcusout ¢
Nov 2014 / Vol. 37 / No. 5/ Page E10

Use of IONM did not strongly correlate with improved patient independence at discharge or
prevention of iatrogenic nerve or spinal cord injury.

BOOKING

| OR.

MEP

N.B. MEP (motor evoked potentials) is gold standartut are highly affected by anesthesia and
muscle relaxation in particular

1 need to pause surgery to run stimulatiagives warning too late

1 run baseline after patient positioning

- use dorsatolumn pathway to assess somatosensory cortex noninvasively.

1 frequent stimulation of bilateramedian or posterior tibial nerves— response measurement via
contralateral cortical electrodes.
*averages signal over several minutggives warning too late
1 changes in latency or amplitude of SSE#/eforms indicate disruption sbmatosensory
pathway.

What changes in SSEP should trigger concern
a) increased signalaTency (typically > 10% prolongation)
b) decreased signaMpPLITUDE (typically > 50% reduction)
9 changeis calledirreversiblewhen it faik to return to baseline before end of procedure

Falsepositive SSEP signal changey be caused by
1) blood pressure (mean and diastolic)
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- amplitudesof SSEPsre very sensitive to changesmean arterial pressure
making them useful fadetecting ischemla
2) heart rate
3) temperature
4) partial pressure of alveolar carbon dioxide
5) anesthetic drugs

Anesthesia consideratians

T
T
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all volatile anestheticproduce doselependent reduction in SSEP peak amplitaai®
increase irpeaklatency; ading nitrous oxide increases this sensitivity to anesthggnts.
helpful anesthesia measures
— minimize pentothal dosduring induction(produces 30 minutes of suppressiofEBk),
or useeETOMIDATE (which increases both SSEP amplitude anehiey)
— total intravenous anesthesia is idestrous/narcotic technique is a second choice
— if inhalational anesthetic agents are required:
A use <1 MAC (maximal allowable concentration), ideally < 0.5 MAC
A avoid older agents such as Halothane
nondepolarizingmuscle relaxantdave little effect on EP (in monkeys)
PROPOFOL has a mild effect on EP: total anesthesia with propofol causes less EP depress
than inhalational agents at the same deptmeskthesia
benzodiazepinekave a mildto-moderate depressarffext on EPs
continuous infusion of anesthetic drugs is preferred over intermittent boluses
hypocapnia(down to end tidal C&= 21) causes minimal reduction in pdatencies
antiepileptic druggphenytoin,carbamazepinghenobarbitgldo not affectSSERP

SENSITIVITY, SPECIFICITY

— SSEPsensitivity 99%, specificity only 27%.
— MEP sensitivity 96100%, specificity 9a100%.
— combinedSSEP+MEPsensitivity 83% and specificity 99%

STAGNARA TEST

—awakening patient during surgery (e.g. unéenifentanilbalanced anaesthesend performing
neuro exam.

CN3-7, 10 MONITORING
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