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EEG
Lead Faculty:

0700-0800 Hrs:
0800-1030 Hrs:

1030-1100 Hrs:

1100-1300 Hrs:

1300-1400 Hrs:
1400-1630 Hrs:

1630- 1700 Hrs:
1700-1800 Hrs:

12TH AUGUST 2005

Prof. MBM Sundaram, Professor of Neurology,
University of Jackson, Mississippi, USA

Registration & Breakfast

Basics of EEG

Technical Aspects

Normal awake and sleep patterns in adults
Recognizing artifacts

Normal Variants

Focal and generalized slowing

Patterns in encephalopathy and coma
Uses and limitations of EEG

L 2 2 IR 2 I R I 2

How to write a report

Coffee Break

Pediatric EEG

4 EEG in full-term neonates

4 Evolution of EEG through childhood
4 Unique patterns in childhood EEG
4 Seizures in childhood

Lunch

Advanced EEG

4 Uses of Video EEG Telemetry

4 Recognition of various partial and generalized
seizures

4 Non-epileptic spells
4 Invasive Monitoring
4 Surgical issues
Tea

How to do it! A live interactive demonstration of a
gold-standard EEG recording



ENMG
Lead Faculty:

0700-0800 Hrs:
0800-0915 Hrs:

0915-1030 Hrs:

1030-1100 Hrs:
1100-1400 Hrs:

the

1400-1600 Hrs:

1600-1630 Hrs:
1630-1800 hrs:

1800 Hrs:

13TH AUGUST 2005

Prof. V. Vedanarayanan,
Professor of Pediatric Neurology,
University of Jackson, Mississippi, USA

Registration & Breakfast

Basics of NCS and EMG: trouble shooting &
pitfalls

Mononeuropathies in upper and lower limb:
Addressing diagnostic criteria, techniques, issues
of anatomical variations; evaluating time of injury
and prognosis

Coffee Break

Seminar Hall, Madras Medical College

4 Shri. 5" Appa Rao Lecture - An Approach to
Patient with Intractable Epilepsy
- Prof. MBM Sundaram

4 Shri. 7" ES Krishnamoorthy Memorial Lecture
Recent Advances in Neurogenetics
- Prof. V Vedanarayanan

4 Lunch

Polyneuropathies, Mononeuropathy Multiplex,
Brachial Plexopathy, Lumbosacral Plexopathy:
Addressing diagnostic criteria, techniques, issues

of anatomical variations; evaluating time of injury
and prognosis

Tea Break

4 NCS in Upper and Lower Limbs- Basics

4 NCSin Upper and Lower Limbs- Nerves
Tested Less Frequently

Close



14TH AUGUST 2005

ENMG
Lead Faculty: Prof. V. Vedanarayanan,
\ Professor of Pediatric Neurology,

University of Jackson, Mississippi, USA
0700-0800 Hrs: Registration & Breakfast

0800-1000 Hrs: Problem Solving in Nerve Conduction Studies:
A Live Interactive Demonstration

1000-1030 Hrs: Coffee Break

1030-1130 Hrs: Myopathies and Motor Neuron Diseases
1130-1230 Hrs: Disorders of Neuromuscular Transmission
1230-1330 Hrs: Lunch

1330-1430 Hrs: Disorders of nerve and muscle membrane
hyperexcitability

1430-1530 Hrs: Applying electrodiagnostic studies for
intraoperative monitoring of nerve function

1530-1600 Hrs: Tea Break

1600-1800 Hrs: Practical Skills Workshop

4 Repetitive nerve stimulation studies
¢ Blink Reflex, H Reflex, Silent Period
4 Problem Solving

4 EMG Pattern Recognition- Video

1800 Hrs: Close



PROF. M.B.M. SUNDARAM

Prof. M. B. M. Sundaram,
M.R.C.P. (London), FR.C.P.(Canada),
Diplomate, American Board of
Neurology and Diplomate, American
Board of EEG, is the Professor of
Neurology and Director of the
Neurophysiology Laboratory and
Epilepsy Unit at the University of
Misssissippi Medical Center,
Jackson, Mississippi, USA.

: \ ' After medical graduation from
A \‘*- . Madras University, Prof. Sundaram
‘. B> did aperiod as Senior House Officer

R with Prof. K. Srinivas at the K.

Gopalakrishna Dept. of Neurology,

VHS Medical Center in 1973, where Prof. Srinivas, in his

inimitable manner, guided him on the possibilities of further
training in neurology in the West.

Prof. Sundaram did his postgraduate training in internal
medicine at Newcastle General Hospital, UK and later was
Registrar in Neurology at the General Infirmary, Leeds.While
in Canada, he consolidated his area of interest as a clinical
neurologist with special interest in epilepsy and the research
aspects of EEG. This involved residencies at University
Hospital, Saskatoon and at Regina in Canada and an EEG —
Epilepsy fellowship under Dr. W.T. Blume, at the University of
Western Ontario in Canada. He has several significant peer-
reviewed publications to his credit. He has received several
awards, including ‘Best Teacher Award’in Neurology for 1995-
96, 2001-2002, 2003-2004, and ‘Among the ‘Best Doctors in
America’—year 2000 onwards.

Yet another ‘Made in India’ and exported to the USA, Prof.
M. B. M. Sundaram brings to us the state of art EEG technology
from the USA, with, as clinician, the added value of its clinical
correlation.



EEGWORKSHOP

Prof. M.B.M. Sundaram

Obj ectives.

1)

Assg inobtaining competency inrecognizing variousnormd and abnormd
EEG patternsin children and adullts.

2) Learntheclinica usesand limitationsof EEG

3) Learnhow towritean EEG report.

4)  Reviewtheroleof long-term video-EEG monitoring in epilepsy.

5)  Discusstheroleof EEGinepilepsy surgery.

6) Becomefamiliar withrecommended guidelinesfor EEG technology to
ensuretherecordingsareof highest quality.

BASICEEG

1.0 Normal EEG andrhythms.

1.1 Alphaactivity:

Alpharhythmisthehalmark of norma EEG in hedlthy awake adultsand
older children. Alphaactivity consstsof 8to 13 Hz frequencies, expressed
inthe posterior head regions. Alphaactivity attenuateswith eye opening
and regppearswith eyeclosure. Up to 50% amplitude difference between
left and right isconsidered normal. Persistent frequency difference of
1 Hz or more between sidesis considered abnormal.

Alphaactivity should appear with eyeclosureby age2 or 3. Eveninthe
very elderly, alphafrequencies should not fall below 8 Hz when fully
awakeinnormal individuas

Sometimes, 2 d phawavesfuseand therhythm may fal tothe4to 6 Hz
range. Thisrhythmic posterior rhythm isreferred to as*“slow alpha
variant”. These records do contain, at other times, regular apha
frequencies.

If theindividual isdrowsy, apharhythm may appear with eye opening
andthisiscalled“paradoxica apha’.

Failure of alpha blocking with eye opening is called “Bancaud’'s
phenomena’. Thisisoften dueto apathology inthe occipital/parieta
regions.
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Rhythmic activation of thalamic pacemaker cellsin the specific nucle
driving thecortica neurons, followed by inhibition, isthought to produce
therhythmicity of dphaactivity. Someresearchersbedievethat thecorticd
association fibersareresponsblefor therhythmicity.

Mu rhythm may appear somewhat similar to dpharhythm, but differsin
that it is seen in the central regions, is more sharply contoured and
disappearsto finger movementsrather than to eye opening.

Betarhythm:
Betaactivity rangesfrom 14 to 30 Hz. Norma individualshave some

amount of intermittent betaactivity, oftenin theanterior head regions.
Thequantity of betaincreasesduring drowsinessand deep, especidly in
children. Excessive, pergstent betaactivity could result from medications
such as diazepam, lorazepam, midazolam and phenobarbital.
Pathol ogically excessveand prominent betaactivity without medications
may & so be seen in some children with severemental retardation and
lissencephdly.

Sleep:

Sleep is divided into 2 stages - non-REM and REM (rapid eye
movement). Normal healthy adults spend approximately 7-8 hoursin
deepwith4-6 cyclesof non-REM deep, and REM dleep.

Non-REM deep consistsof stages|-1V. EEG during stagel non-REM
deep  shows attenuation of apha activity, appearance of theta
requencies, slow eye movements and vertex waves. Notethat vertex
wavesmay beasymmetrical, and sometimes, sharply contoured.

Stage |l non-REM dleep ischaracterized by the appearance of sleep
gpindles inthe central and parietal regions. The frequency of sleep
spindlesis 10-14 Hz. Sleep spindlesmay be asymmetrical and maybe
associated with vertex eaves (“K-complexes’).

Thequantity of spindlesdecreasesin stagelll non-REM deep.
Stagelll and IV non-REM degp contain abundant deltaactivity.

REM deep usualy followsacycleof non-REM deep. Theduration of
REM dleepincreasesin later sleep cycles, ofteninthe early morning
hours. EEG inREM deepischaracterized by lower amplitude but faster
background frequenciesinthethetaand alpharange. Axia EM G activity
decreases during REM sleep. Heart rate and respiration tend to be
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2.0

irregular. Innorma hedthy adults, REM deep comprisesapproximately
25%of tota deegptime. However, full term newborns spend 50% of
theirdeegptimeinREM  (active) deep. Innormal adults, REM appears
80-90 minutes after slegp onset. The REM latency is considerably
shortened in patients with narcolepsy and in those with REM sleep
deprivation due to prolonged lack of sleep, sleep apnea or REM-
suppressing medi cations such amphetamines and phenobarbital .

Hyperventilation:

Hyperventilation (HV) isroutinely donein children and adultsasan
activation procedurefor detecting generalized epileptiform discharges
and absence seizures. Normal responseduring HV consistsof diffuse
thetaand deltaactivity. Deltaactivity maybeseenasfrontal l y
predominant rhythmic bursts (FIRDA). Such deltaactivationin children
may be prominent in the occipital regions rather than frontal areas
(OIRDA). Exaggerated deltaactivity has been described in subjects
with tendency for hypoglycemia. Notethat HV may not elicit any dow
wavebuildup at al, especidly in uncooperative subjects.

Normal changes described above are thought to be due to cerebral
vasocondtriction mediated by hypocapnia Thisview, however, remains
somewheat controversial.

HV iscontraindicatedin patientswith tendency for severevasocondriction
and these conditionsinclude sicklecell trait or disease, subarachnoid
hemorrhageand madignant hypertension.

Photic Simulation:

Photic Stimulation (PS) isdoneusing light flasheswith frequenciesof 1
Hz to 30 Hz. Normal response consists of occipital, rhythmic, sharply
contoured activity referredtoas “photicdriving’.

Phatic driving responsemay besymmetrical or asymmetrica or sometimes
prominent, mimicking occipital spikes. Asymmetrical photicdrivingin
the absence of other EEG abnormalitiesin considered non-pathological.

Pathological slow waves.

Theta(4-7 Hz) and delta(1-3 Hz) activity could befocal or generalized.
Pethologica dowwaves should be carefully differentiated from the
physiological dow wave activity listed below. Physiologica posterior
ddtaof youthisintermittent and reactstodertingandeye opening. Tempora

8
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2.3
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deltain normal awake elderly subjects, dsoreferredto as“dedtaof old
age” should occupy approximately 1% or less of theawake EEG

Diffusetheta:

Several subacute or chronic conditions produce diffusethetaactivity
and theseinclude toxic/metabolic/septic encepha opathy, Alzheimer’s
disease, static encephal opathy with mental retardation, chronic CNS
infectionsetc.

Focal theta:

Focd or hemispheredisorderssuch astrauma, stroke, tumors(especidly
more benigntumors), underlying sel zurefocus, may resultinfoca theta
activity.

Diffusepolymor phicddlta:

Thisisseenintoxic/metabolic/septic encephal opathy, vira encephdlitis,
bacterid meningitis, diffusetrauma, diffuse dementias, subarachnoid
hemorrhage, leukodystrophies, meningeal cancer, lupuscerebritisand
neurol eptic malignant syndrome. Such diffuseddtaactivity resultsfrom
bilaterd subcortica whitematter or thalamic dysfunctionwith or without
cerebral grey matter dysfunction.

Polymorphic persistent unreactive deltain the posterior head regionin
children may be from recent seizures, posterior fossa tumors,
leukodystrophies, head injury andhypothermia

Unilaterd or focad polymorphic detaisseeninhemispheric stroke, tumor,
abscessand trauma. Thisresultsfrom underlying whitematter or thaamic
dysfunction.

Rhythmicddta:

Rhythmic burstsof delta, if frontally predominant, arereferredto as
“HRDA” (frontd intermittent rhythmic ddtaactivity). Such activity may
be expressed in the posterior head regionin children andisreferred to
as“OIRDA”. Causesof FIRDA or OIRDA include hyperventilation,
drows ness, metaboli ¢/septi c/toxi c encepha opathy, increased intracrania
pressure, medid thdamiclesonsand podtictd sate. Rhythmic paroxysmd
delta activity denotes diffuse cerebral or diencephalic grey matter
dysfunction. Occasiondly, rhythmic deltaburstsare seenintermittently
inthetempord region (“TIRDA”) and thissgnifiesan underlying seizure
focus.




3.0

3.1

3.2

Normal Variants.

These are sharply contoured isolated or sequential waveformswhich
mimic epileptiform discharges or e ectrographic sel zures. Their unique
morphol ogy, distribution andlack of evolution should helpinrecognizing
them. Thesewaveformsare considered to be of no clinical

sagnificance.

Posterior:

Sow aphavariant:

Thisrhythmic*fused” activity isoften half of alpha, i.e. 4to6Hz and
mixed with regular dphaactivity. Notethat rhythmic thetaof drowsiness
will bemorediffusdy digtributed whereasdow aphaisconfinedtothe
posterior head region - especidly occipita. Also, theta of drowsiness
will be associated with other drowsy patterns such as slow eye
movements, POSTSand vertex waves.

Lambda

These sharply contoured mono- or diphasic potentialsare seeninthe
occipitd regions, oftenwhenlooking or scanning at objectsof interest.
Thisactivity iselectro-positiveintheoccipital regions. Lambdaactivity
needsto bedifferentiated from occipital spikeswhich areconsiderably
narrower and often associated with slow waves. Occipital spikesare
usually electro-negativein polarity and will persist during drowsiness
and dleep. They are seen even whentheeyesare closed.

POSTS:

Positive Occipital Sharp Transientsof Sleep aresimilar in morphology
and polarity to lambda, but occur in drowsinessand early non-REM
deep. POSTSaresometimes referredto as*lambdoid” rhythm. POSTS
may beisolated or sometimesrecur in close success on. Thesealso need
to bedifferentiated from the occipital spikesdescribed above.

Central:

Mu

Mu ischaracterized by sharply contoured, rhythmic activity in apha
frequenciesinthe centra and parieta regions. Muisoften unilateral but
may sometimesbesmultaneous bilateral. Movement of ipsi- or
contralatera fingers (or even thinking of movements) often attenuates
mu activity. Mu occurs when awake and may be best seen when the
eyesare open, thereby blocking posteriorly distributed alphaactivity.
Mu becomes prominent when thereisan underlying skull defect.
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3.3

Breach Rhythm:

Breach rhythmisseenwhen thereisunderlying skull defect (burr holeor
craniotomy). Breach rhythmisamixtureof prominent mu activity, sharply
contoured fast thetafrequenciesand betaactivity. Breach rhythmisseen
during wakefulnessand deep.

Temporal:
RMTD:

Rhythmic Mid Tempora Dischargesaread soreferred to as* psychomotor
vaiant”.RMTD isseeninthetemporal regionsduring drowsinessand
early degpinolder childrenand young adults. Thissharply contoured
rhythmic activity isinthethetafrequenciesand  often “notched”.
Thesedischargesmay be seenin either temporal regionor at times
smultaneoudy in both tempord areasand their durationisusudly severd
seconds. RMTD needs to be differentiated from temporal
electrographic seizureswhich oftenlast last longer and undergo changes
inthefrequency, amplitude and distribution; whereasRMTD remains
monomorphic. Recordingswith temporal e ectrographic seizuresaso
show focal epileptiform dischargesat other times.

Fourteen & six positivespikes:

Thispattern consstsof low amplitude comb-likerhythminthetemporal
and occipital regionsduring drowsinessand sleep in older children,
adolescents and young adults. This activity may be unilateral or
smultaneoushilateral and monomorphicwithout metamorphic
evolution. Thesedischargesare often approximately 14 Hz infrequency.
6 Hz variant isuncommon.

Wicket spikes:

Wicket spikesare sharply contoured activity occurring in thetempora
regionsor lessoftenin other regionsduring drows nessof older individuas
and are not associated with slow waves. These discharges may be
unilateral or bilateral and do not clearly stand out from the ongoing
background activity. Wicket spikessimply represent acombination of
different frequenciesproducing sharply contoured pesk to thewaveform.
Notethat tempord spikesaremuch narrower, associated with dow waves
and often haveaclear field of distribution.

BETS/SSS.

Benign epileptiform transients of deep, alsoreferred to assmall sharp

spikes, areseen duringdrowsinessand early non-REM deepin adults.

Thesedischarges, asthename  impliesarelow inamplitude(oftenless
11
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4.0

4.1

than 50 uV) and brief in duration (lessthan 50 ms). The morphology
oftenresemblestheletter “N”. Thesedischargesare often diffusaly seen
inthefrontal and temporal regionsuni- or bilaterally and lack aclear
field of distribution, which characterizes pathol ogical foca epileptiform
discharges. If unilatera, BET S often shift fromsidetoside.

Miscellaneous:

SREDA:

Subclinical rhythmic electrographic discharge of older adults are
monomorphic and often in the thetarange; these discharges may be
somewhat sharply contoured but do not undergo metamorphic
evolution. SREDA ishilaterdly distributedintheparietd, centrd and
tempora regionsand may last from several secondsupto 1 or 2 minutes.
Thisrhythm occurs during wakefulness and isnot associated with any
impairment of response or any other signsof seizures.

Focal epileptiform dischar ges.

I nterictal epileptifor m dischar ges:

Epileptiform discharges (ED) arethe hallmark of epilepsy. They stand
out from the ongoing background activity, are quite sharp in contour, i
focal, have adefined field and are often followed by dow waves. If the
duration of ED islessthan 70 msec, the dischargeisreferredto asa
spike; if theduration isbetween 70 and 200 msec, theterm “ sharp wave”’

isused. Theclinical sgnificance of spikesand sharp wavesisthesame.

Focal ED inscaprecordingsare usually electro negative, but surface
positive spikes may be seenin patientswith skull defect, in neonatal
recordings, and asapart of dipoleactivity inrecordingswith rolandic
spikes.

Althoughthepresenceof foca ED generdly support partia onset seizure
disorder, approximately 2% of EEGsin subjectswithout epilepsy may
showincidental ED. Theseincidental ED include: rolandic spikes, occipitd
spikes, generalized 6 Hz rapid spike/wave discharges, generdized ED
during photic stimulation. Thefrequency of incidental spikesmay reach
8-9%in children, especiadly when prolonged recordingsaredone. Hence,
the physician should carefully consider other clinica information when
interpreting theclinical sgnificanceof spikes.

12
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5.1

5.2

5.3

Approximately 20% of patientswith temporal |obe epilepsy may show
ED ineither tempord region, yet theclinica seizurestill originatefrom
oneside. Thisisthought to be dueto kindling of the other side. Such
patientswill require continuous monitoring when surgery iscontempl ated,
to establish theexact sideof clinical seizures.

Sleep recordingsand deep deprivation areuseful for activation of focal
aswell asgeneralized ED. The quantity of ED increasesin non-REM
deep and returnsto awake quantitiesin REM deep. Thefield of focal
ED tendsto expand in non-REM sleep.

Focal electr ographic seizures.

Repeated spikesor sharp wavesor any sinusoidal rhythm lasting upto
severa secondsarereferred to ase ectro-graphic or subclinica seizures.
Theamplitude and frequency often change during the el ectro-graphic
seizure. Thesechangesarereferred to as* evolution” of spikes.

Gener alized epileptifor m dischar ges.
Generdized epileptiform discharges (GED) are often described according
to themost common frequency.

3HzGED:

3Hz GED isthecharacterigticinter icta findingin subjectswithtypical
absence seizures. Someimpairment of clinical response occursif 3Hz
GED lastsmorethan onesecond. During non-REM deep, thefrequency
of 3Hz GED often dowsdown and the spikes may fragment or become
somewhat periodic.

Slow spikeand wave:

GEDswith afrequency 2%z Hz or less are common in patients with
atypical absence, atonic seizuresand tonic/clonic seizures, especidly in
patientswith L ennox-Gastaut syndrome. These dischargesare often
referred to asgenerdized dow spikeand wavedischargesor generalized
sharp and dow wave complexes.

Generalized polyspikes:

Typicd interictd findingin patientswith myocl onic saizuresisgeneraized
polyspikeand wave dischargesor dow spikewave discharges.

13
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6.0

6.1

Spikeand wavewith PS:

Generalized spike and wave discharges may occur in patients with
generalized epilepsies. Thesedischarges, if confined to the duration of
PS(i.e. not outlasting PS), may beanincidenta findingin subjectswithout
epilepsy. Rhythmicfrontal EM G dischargestime-l ocked with photic simuli
arereferred to as* photomyogenic response”, and need to be carefully
differentiated from spikes.

Ictal Rhythmsand Seizures.

Generalized Seizures:

Absence:

Typical absence seizuresare associated with 3 Hz generalized spike
wave discharges. These seizuresusually last up to 10 or 15 seconds
although briefer episodes are not uncommon. Thefrequency of spike
wavedischargesmay dow down below 3Hz during thelater part of the
sizure.

Atypical absence seizures are associated with generalized spikewave
dischargesdower than 3Hz and last longer than typica absenceattacks.
Thesesaizuresoccur in mentally retarded subjectsand are moredifficult
totreat than typical absenceseizures.

Notethat interictal generdized“dow” spikewavedischargesin Lennox
Gastaut syndrome may become frequent or even continuousin sleep
without overt clinica signs. Such continuous spikewavedischargesin
deegpmay dso occur inan uncommon syndromereferredto as“ eectrica
statusepilepticusduring deep”.

TonicClonic Seizures

Thetonic phaseischaracterized by repetitive generalized spikeswith
fast frequencies and the clonic phase by interrupted spikewave activity.
Sometimes, rhythmic diffuseactivity precedesthetonic phaseandthisis
referredto as* recruiting rhythm”. Postictal recording after atonic clonic
seizure often shows diffuse delta, sometimes preceded by generalized
suppression. Theduration of these postictal changesisvariableand may
beafew secondsto several minutes. Notethat postictal deltain children
isoften prominent in the posterior head region and may last severa days.

Myodlonic Seizures:
Myoclonic sel zures are associ ated with brief generalized polyspikesor
spikewavedischarges.

14
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7.0

7.1

Atonic Saizures

These often show brief generalized spikewave discharges of variable
frequency. Sometimes, these sei zures are not associated with any scalp
EEG changes.

Tonic Seizures:

These seizurestypically show diffuse attenuation with superimposed
rhythmiclow voltagebetarlikeactivity. Sometimes, brief generdized spike
wavedischarges precedetheattenuation. Also notethat ictal EEG during
atonic seizuremay bedifficult tointerpret because of prominent EMG
activity.

Partial Seizures:

Icta changesduring partid seizuresareoften metamorphic, i.e. they show
two or moredistinct phases. Thisisalso referred to as* evolution” of
saizures. Theicta patternsarerhythmic and may consist of spikes, sharp
wavesor snusoida waveforms. Theamplitude and frequency typically
changeduringtheevolution of thesaizure. Theictd discharged sogradudly
oreadsinvolving other areas. Theinitid frequency of partia onset seizures
inscaprecordingsmay beinthea pha, theta, deltaor betarange. Frontal
seizurestend to start with the betaor a pharange, whereastemporal
seizurestendto Sartinthethetaor a pharange. Foca attenuationisalso
seen at the onset of somepartia seizures. During the post ictal period,
EEG may show lateralized or localized deltaor suppression.

Notethat the scalp EEG may not show any change during somesimple
partial seizures, especially inthosewith exclusive sensory symptoms.
Also, scalp EEG occasionally may not show any ictal change during
frontal seizureswith degpfocus.

Periodic L ateralized Epileptiform Discharges.

PLEDs.

PLEDsshow periodic sharp wavedischargesin onehemisphereorina
region of one hemisphere. Underlying cerebral lesion(s) are common.
Patient are of ten unresponsive or semi-responsive.

Causes of PLEDsinclude: stroke, tumor, hematoma, abscess, herpes
simplex encephalitisand LaCrosse encephalitis. PLEDs may a so be
seen in patients with metabolic encephal opathy due to hypoxia or
hypoglycemia, aswell asin those patientswith recent partial seizures
and mitochondria encephal opathy.

15
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8.1

Prolonged EEG monitoring in patientswith PLEDsmay reved frequent
€l ectrographic seizureswhich may explainthementa statuschange.

Simple PLEDswithout el ectrographic seizuresin patientswith already
improving level of consciousnessisconsdered “inter ictal” and thepatient
may not require additional anticonvulsants. However, if the patient with
PLEDsremainsobtunded or if thelevel of consciousness deteriorates
without any other obvious cause, a prolonged recording should be
considered, looking for €l ectrographic/subclinica seizures.

Disconnection between grey and white matter in experimental animal
models, resultsin periodic discharges.

PLEDsplus:
Themorphology of the periodic complexesin PLEDspluspatternis

more complex than simple PLEDs. Sharp waves of PLEDsplusare
followed by brief rhythmicfast rhythm.

PLEDspluspatternisconsdered more* epileptogenic” and oftenfollows
or precedesclinical seizure.

BiPLEDs:
BiPL EDsaffect each hemisphereindependently. In other words, periodic
sharp wavesoccur at different timesin either hemisphere.

Causesof BiPLEDsinclude: hypoxia, herpessimplex encephalitisand
independent cerebral pathologies.

Artifacts.

Physiological artifacts:

Eyemovements:

Anterior corneaispositively charged and movestowards Fpl/Fp2 or
F7/F8 during eyeblinksand lateral eye movementsrespectively. Eye
movement artifacts are produced when these el ectrodes pick up the
positive potential from the cornea. Notethat eye movementsare out of
phasein the channel smonitoring eye movementswhereasfronta lobe
activity will be“inphasg” in the channelsmonitoring eye movements.

Rectusspikes:
Rectusspikesresulting from brief burstsof EM G activity fromoneof the

rectus muscles may be seen preceding eye movements. Fronto-polar

16



electrodes, F7/F8 are commonly affected. Rectus spikes need to be
carefully differentiated from epileptiform discharges.

Glossokinetic artifact:

Movements of thetongue toward the recording el ectrodes produce a
unique artifact consisting of diffuse or fronto-temporal delta with
superimposed EM G burst from pharyngeal and scalp muscles. Thedow
deltapotentia resultsfrom negative activity fromthetip of thetongue
contaminating the scalp el ectrodes.

Chewing and sucking artifacts.
Theseare characterized by rhythmic burstsof EM G activity.

Pulseartifact:

Pulse artifact resultswhen arecording e ectrodeison or near apulsating
scap artery. Thisrhythmic activity correspondsto the pulserateand can
be easily diagnosed with the EK G channel.

Repiration artifacts:

Electrode or lead movements sometimes produce arhythmic artifact
with therate corresponding to respiration. Thisisnot uncommon during
hyperventilation. A smilar artifact may beseenintheintensvecaresetting
resulting from rhythmic vibrationsin respirator equipment.

Swedt artifact:

Thisischaracterized by very dow undulating waveformsaffecting severa
electrodes. Thisisusually seenin CCU/ICU units. Thefrequency of
sweat artifact isconsiderably slower than physiological deltaactivity.
Cerebral potentialsmay be suppressed if perspirationis profuseand
linkstwo or more el ectrodes (creating the so-called  salt bridging”).

Tremor artifect:

This may affect one or several scalp electrodes and may be seenin
patientswith essential tremor and Parkinson’sdisease. Therhythmic
atifactisa thesamerateasthetremor. A tremor artifact isoften associated
with rhythmicburstsof EMG aswell.

Petting artifect:
Thisrhythmic artifact isseenin newbornsand infants, and may affect
severd electrodes.
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9.0

9.2

Non-physiological artifacts:

Electrodeartifacts.

Poor el ectrode contact may produce* e ectrodepops’ dueto disturbance
of thed ectronic doublelayer. Highimpedence and impedence mismatch
between dectrodeswill resultin 60 Hz artifact. 60 Hz artifact may also
beseenin“éelectrical hostile environment” where other equipment are
near the EEG machineasin |CU and operating room.

Saticatifact:

Any disturbance near the EEG recording machineand patient bedinthe
ICU and OR may produce a static discharge affecting the EEG
electrodes. Sometimes, rhythmic static artifact may be caused by
intravenousdrips. Static artifactsmay a so result from cell phonesand

lightning.

Miscellaneous.

Triphasicwaves:

Triphasicwaves(TW) are seen in metabolic and septic encephal opathy
aswd| asinAlzhemer’sdisease TWtypicaly haveinitid surfacenegative
phasefollowed by aprominent surface positive second phaseand thena
surface negativethird phase. Theamplitude of the second phase often
exceedsthe other two phases. Thefirst phase may be sharply contoured
andthese TW need to be carefully differentiated from epileptiform sharp
and slow wave complexes. TW are often maximally expressed inthe
fronta regionsbut may be prominent intheoccipital region. Thepesk of
the prominent surface positive phasetwo isseen dightly earlier inthe
anterior channels compared to the more posterior regions (“frontal -
occipital delay”). TW sometimesare periodic. TW areinfrequentin
Alzheimer’sdisease but are often abundant in metabolic encepha opathy.
TW arerarein children.

Periodic Epileptiform Dischar ges:

Periodic Epileptiform Discharges (PEDs). Theseare sharply contoured
periodic dischargesoccurring s multaneoudy in both hemispheres. These
need to bedifferentiated from PLEDswhich arelateralized to oneregion
or one hemisphere. Causes of PEDsinclude: hypoxic encephal opathy,
drug overdose especially with sedatives, herpessimplex encephalitis,
Creutzfe dt-Jacob disease (CID) and subacute sclerosing panencephdlitis
(SSPE). The periodic complexesin CJD tend to belower inamplitude,
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occurring every 1-2 secondswhereasthe complexesin SSPE tend to
be higher in amplitude, more complex in morphol ogy and recur only
every several seconds. PEDsmay mimic BS pattern.

Bur st-suppression:

Burst suppression pattern (BS) typically showshigh voltage bursts of
theta, deltaand spikes|lasting afew seconds separated by diffuseflat
periods lasting many seconds. Causes of BS include hypoxic
encepha opathy, severe head injury, sedative drug overdoseor iatrogenic
medication administration (midazolam, propofol). Spontaneous BS
pattern without medication use or overdose generally carries poor
prognoss.

Brief periods of diffuse attenuation with more continuous activity are
referred to as” electro decremental events’; theseare not uncommonin
patients with severe encephalopathy and those receiving sedative
medications.

AlphaComa:
Alphacomapattern consstsof diffuse, anteriorly prominent, unreactive

aphaactivity inacomatose pattern. Thispatternisseenin severehypoxia,
sedative overdose and head injury. ThisEEG pattern may evolveinto
other patternsand generally carriesapoor prognosss.

Other comapatterns:

Other patternsseenin comatose patientscons stsof monomorphic diffuse
thetaactivity andisreferred to as*thetacoma’; “spindlecoma’ pattern
consists of prominent sleep spindles and vertex wavesin comatose
patients. Thetacomaand spindle comapatternsmay be seenin patients
with hypoxia, head injury or sedative overdose and generally carry a
better prognosisthan a phacoma.

Technical Aspects.

The international 10-20 system of electrode placement ensures
uniformity andis recommended by national and international EEG
Societies.

Additional electrodes:

Werecommend routine use of surface sphenoida el ectrodes. Additiona
electrodesmay  be necessary astheclinical situation dictates - SO,
and SO,, F, and F,, CP,, etc.
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Electrodes:

Gold-plated silver cup electrodes are commonly used. Electrode
impedence should be reduced to < 5 K ohms using acommercially
availableaorasveskinprepping gd; low impedenceensuresclean, artifact
freerecordings. Good contact isachieved by using collodionwhich can
bedried by compressed air withinsertion of an electrodegel to provide
adequate conduction. Adhesive EEG conducting paste is also
commercialy available and providesgood €l ectrode contact.

Activation procedures:

Hyperventilation (HV) should befor at least 3 minutes. Longer periods
may benecessary if onesuspectsabsence seizures. Contra-indications
for HV include potentia vasospastic disorderssuch assicklecdll disease,
subarachnoid hemorrhage and maignant hypertension.

Photic stimulationisdoneusing frequenciesupto 30 Hz. Thesirobelight
iskept at a distance of 20-30 cm from the eyes. Stimulationisstarted
with eyesopen and followed by eyeclosure midway during agiven
frequency.

Recording dur ation isat least 20 minutes. Sleep deprived recording
should befor approximately 60 minutes.

Usesand limitationsof EEG.

Uses:

EEG isuseful in@) supporting theclinical diagnosisof seizuredisorder,
b) classfication of seizures and epileptic syndromes, ¢) predicting
recurrencefollowingfirst seizureand during anticonvul sant withdrawd,
d) the diagnosis of non-convulsive status epilepticus, €) helping with
prognosis in coma and f) diagnosing metabolic/septic/toxic
encephal opathies, varioustypes of dementiasand infectionssuch as
herpessmplex  encephdlitis, bacteria meningitisand SSPE.

Limitations.

Notethat thefirst of random EEG in patients with epilepsy may not
show epileptiform dischargesin gpproximatey 50%. Theyield however
ishigher in absence epilepsy and if the EEG isdonewithin 1-2 daysof a
seizure. Serial EEGsimprove theyield upto 90% or so. If repeated
EEGsreman negative, - induding degp-deprived recordings-, continuous
EEG monitoring should be considered for thediagnosis.
Approximately 1-2% of healthy adults without epilepsy may show
epileptiform dischargesintheir EEG Thefrequency of “fasepostive”
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recordings may be higher, - ashigh as8-9%in children, especialy if
prolonged recordings are performed. These incidental epileptiform
dischargesincluderolandic spikes, occipita spikesand generdized spikes,
especialy if occurring during photic stimulation and 4-5Hz generdized
Spikes.

Patter n Recognition and how towriteareport.

Patter n Recognition:

Thisismade easy by following asystematic approach theauthor refers
toas.

“Theruleof W”:

Where is the finding? - occipital, anterior head, central, temporal,
hemisphereor diffuse.

When? - isthe patient awake or drowsy, are eyesopen or closed.
What morphology?- isthefrequency in apha, thetaor deltarange, is
thefindingisolated or sequentid (rhythmic), isthereanything uniqueabout
themorphology.

Report:

A typica report should contain patient identificationinformation, indication,
the body of the report describing major frequencies/findings, and
interpretation explainingthedinica sgnificanceof thefindings Additiona
recommendationsshould al so be mentioned such asrepesting with deep
deprivation or obtaining long-term EEG monitoring.

PEDIATRICEEG

11

Evolution of EEG through childhood:
EEG duringinfancy containsabundant thetaand delta, evenwhen awake.
Inearly infancy the quantity of thetaactivity should exceed theamount of
deltainawakerecordings. Central rhythmininfancy frequently reaches
7 or 8 Hz. The background activity and overall frequenciesgradually
increasewith age. At the sametime, the quantity of deltadecreases.
Rhythmic posterior activity of 4 Hz reacting to eye closureisseen by age
6 months; thisreaches6 Hz by 12 months. By age2 or 3, rhythmic apha
activity should gppear intheoccipita regions. Inolder childrenand during
theteenageyears, diphasic posterior deltarhythmwith super-added dpha
frequenciesisacommon finding and thisisreferred to as* posterior
deltaof youth”; thisnormal deltarhythm disappearswith eye opening
and thusdiffersfrom pathologica deltaactivity which persstswitheye
opening or aerting. The EEG assumes adult patternsin most normal
subjectsby age 14 to 18 years of age.
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Normal deep potentialssuch asvertex wavesand deep spindlesbegin
to appear by 3-4 months, following post term in hedlthy infants. These
sleep potentials are often asymmetric but should be seen in either
hemisphere. Vertex wavesand deep spindles, if cons stently suppressed
inonehemisphere, isconsdered abnormal. Also note, that vertex waves
inchildren may besharply contoured but they lack thed ow waveactivity
associated with pathol ogical midline sagittal spikes. Moreover, sagittal
spikesare present also during wakefulness.

Uniguepatterns:

A common pattern seenindrowsinessand during arousd inlateinfancy
and early childhood isreferred to ashypnagogic hypersynchrony. This
pattern consistsof high voltage burstsof rhythmic thetaand sometimes
delta. These bursts sometimescontain sharply contoured transientsand
oneneedsto be careful to avoid over-interpretation of these discharges
asepileptiformactivity.

Another normd finding during deepinearly childhoodisthe*frequency
amplitude gradient” . This pattern occurs during non-REM sleep and
congstsof prominent runsof high voltage deltaactivity inthe posterior
head regionswhile lower and faster frequencies are seen anteriorly.
| solated diphasic, high amplitudewaveforms are alsocommoninthe
occipital regionsduring deepininfantsandthesearereferredto as” cone
waves'.

EEG inthefull term neonate:

EEG inthefull term neonate (38 to 42 weeks GA) isuniquein many
respects. Awake-deep cyclesareshort and theseinfantsusualy fall adeep
in REM deep. Moreover, REM deep occupies approximately 50% of
total deep. Non-REM deep-dsoreferredto asquiet deep- may cons st
of tracé alternant pattern or irregular high voltage deltaactivity. Some
amount of frontal, tempora and central sharp wavesarenorma upto 2
monthsof age, especidly in quiet deep. Presenceof premature patterns,
excess pathological epileptiform discharges, lack of degp-wakecycles,
electro-positive central or temporal sharp waves, diffuse suppression,
pers stent asymmetry, burst-suppression patternsand neonatal seizures
represent commonly seen abnormalitiesat thisage.

EEG in prematureinfants.

In the very premature newborns, aged 26-29 weeks, EEG is
discontinuouswith flat periods|asting up to 30 seconds (tracé discontinu)
andnocyclical awake-deep organizationisseen. Atthisage, EEG during
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active periods, showsdiffuse, predominantly thetafrequenciesbetween
flat periods. The EEG becomes more continuouswith devel opment of
sleep-wake cyclesby 30 weeks GA. Multifocal sharp transientsand
rhythmictempora thetabursts (“ saw toothwaves’) arecommon at 30-
32 weeks GA. Deltabrushes are also common at 30-34 weeks GA.
Satedifferentiationiscompleteby 35-37 weeksGA. Symmetry between
hemi spheresreachesamost 100% by 38 weeks.

15 Neonatal seizures:
Neonatal seizurescons st of rhythmic spikesor sinusoida waves|asting
severd secondswith or without clinical changes. Thesedischargesmay
be of any frequency and ofteninvolve multiplefoci.

ADVANCED EEG

Long term Video-EEG monitoring (LTM) isnow widely availablefor
differentiating saizuresfrom non-epileptic eventssuch as pseudosai zures,
movement disorders, deep disordersand syncope. LTM may bedone
onanoutpatient basisor asaninpatient. Amubul atory monitoringissubject
to severa artifacts, and most available systems do not have video
cgpability.

For surgical localization, one needsto record several seizuresto show
cons stency of focus; the number of seizuresoneneedsto record depends
oninterictal spikedistribution, MRI/PET findingsand clinical features.
Video analysis of seizures is important when surgery is under
consideration. Also, postictal slowing, when present, provides useful
lateralizing or evenlocaizinginformation. When scalp recordingsfail to
reveal aclearcut focusandif theclinical featuressuggest asinglefocus,
subdura or depth recordingsare performed. Subdural € ectrodesprovide
the additional advantage of being ableto perform language and motor
mapping.

Electro-corticography assstsin finetuning theareaof resection, dthough
oneshould avoid “spikechasing”.

Commonly performed surgica proceduresincludetemporal lobectomy,
extratemporal corticectomy, corpuscallosum section, multiple subpial
resection and hemispherectomy.

Vagus nerve stimulator isused inthosewho are not otherwise surgical
candidates.
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EMG Workshop

Prof. V. Vedanarayanan

Polyneuropathies, Mononeuropathy Multiplex and
Plexopathies

Polyneuropathies

. Generalized involvement of nerves.
. Longest ones are involved first
. Classified based on:

Clinical presentation: sensory, sensorimotor, autonomic
Pathological lesion: axonal degeneration, demyelinating or mixed
lesions

. Etiology varied: Metabolic diseases, Inherited, collagen vascular
disorders, infections and parainfectious, paraneoplastic,
medications, environmental factors — heavy metals, toxins

NERVE CELL
BODY j\

NUCLEUS

XN 7,

INTERNODE ’{

NODE OF
RANVIER

SCHWANN
CELL

NUCLEUS\<
MOTR
B0 RLATE A

MUSOLE — 222

#  Pathological Lesions
axonal degeneration
demyelination

mixed lesions

Axonal Degeneration
CAUSES:

Diabetes mellitus

Uremia

Porphyria

Vitamin deficiency: B12, folate, vitamin E, thiamine

Infections: HIV, diptheria

Collagen vascular: SLE, Sjogrens syndrome, scleroderma, small vessel
vasculitis
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Medications: chemotherapy, isoniazid, hydrochlorthiazide, DDI, suramin,
taxol, nitrofurantoin, amiodrone

Heavy metals

Paraneoplastic

Solvents, adhesives

INHERITED — HSMN type 2, neuraxonal dystrophy, giant axonal
neuropathy

AXONAL POLYNEUROPATHY

Sensory — motor polyneuropathy
Sensory polyneuropathy

Autonomic polyneuropathy (may be associated with dysfunction of
small nerve fibers)

Pure motor neuropathy - rare

Sensory Neuropathies

Large Fiber:

Vitamin deficiency- B12, folate

Diabetes mellitus

Paraneoplastic associated with anti Hu antibodies
Sjogrens syndrome

Syphillis — tabes dorsalis

Leprosy

Hereditary sensory polyneuropathy

Idiopathic

Small fiber

Diabetes mellitus

Amyloidosis

Heavy metals — thallium, mercury, antimony
Small vessel vasculitis

Nutritional — beri beri

AXONAL NEUROPATHY

Sensory latency usually normal.
SNAP amplitude reduced or absent in a distal to proximal gradient
Distal motor latency usually normal.

Motor conduction velocity normal. The velocity may be slower by
less than 25 % even when CMAP is reduced below 10%.

CMAP reduced.
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F wave latency normal.
H reflex may be absent.

Needle EMG - denervation, acute, chronic or mixed with a distal to
proximal gradient

Entrapment neuropathies and radiculopathies can cause more
severe and asymmetric patterns due to phenomenon of double
crush.

Sensory Polyneuropathy

Sensory nerve conduction studies are abnormal, pattern consistent
with axonal degeneration. The motor nerve fibers are relatively
spared !!!

In small fiber polyneuropathy there is paucity of abnormalities in
routine nerve conduction studies and needle EMG examination.

The autonomic nerve function may be abnormal.

Quantitative sweat measurement after an axonal reflex will be
abnormal and show a distal to proximal gradient.

Measurement of epidermal nerve fiber density on skin biopsies are
useful when it can be performed.

MANY TIMES THE DIAGNOSIS OF SMALL FIBER
POLYNEUROPATHY IS MADE ON THE BASIS OF OTHER
CLINICAL DATA.

Demyelination and remyelination

e TSRO .
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Chronic demyelination and remyelination

ABNORMAL FINDINGS - DEMYELINATING NEUROPATHY

Latency of sensory response is prolonged
Conduction velocity is slowed,

SNAP amplitude is reduced.

Distal motor latency is prolonged.

CMAP is reduced.

Conduction block.

F wave latency prolonged or absent.
H reflex absent.

Needle EMG — Reduced motor unit recruitment, normal motor unit
morphology and sometimes increase in polyphasia

Conduction Block

Reduction in the compound motor/ sensory amplitude with proximal
site of stimulation compared to size of response from stimulation
close to the recording electrodes.

Size of reduction variable -30 to 50 %. Proximal / distal

Represents partial or total failure of conduction of electrical impulse
across segment of nerve.

Reduction in motor CMAP or sensory SNAP or both across a nerve.
Proximal conduction block can be difficult to detect.

Discrepancy between the size of CMAP and the strength in muscle
can be a clue for conduction block.

Motor unit recruitment reduced.
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. Focal demyelination, ischemia, cooling, local anesthetic

Demyelinating Polyneuropathy

. GBS,

. CIDP,

. MMN with CB,

. Associated with monoclonal gammopathy
. Associated with myeloma,

. Focal compressive neuropathies,

. HSMN type 1.

Mononeuritis multiplex

. Collagen vascular disorders
vasculitis — polyarteritis nodosa, Churg - Strauss syndrome
Rheumatoid arthritis

SLE
Wegener’s granulomatosis

. Diabetes mellitus

. Infections: leprosy, diphtheria

. Lymphomatous infiltration of the nerves

. Hereditary neuropathy with susceptibility to pressure palsies
. Others

ELECTRODIAGNOSTIC STUDIES IN MONONEUROPATHY
MULTIPLEX

. Evidence of axonal injury to multiple nerves

. Evidence of acute demyelination can be seen rarely, mixed pattern
of axonal and demyelinating injury can be seen.

. Very advanced stages of mononeuropathy multiplex can be similar
to polyneuropathy and careful evaluation of asymmetry in changes
will be required to differentiate from polyneuropathy.

. HNPP changes will be predominantly demyelination — acute or
chronic changes. Axonal loss seen late in the course.
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Plexopathies

Lesion in the plexus , brachial or lumbosacral

Lesions can be axonal injury , demyelinating, or a mixed pattern
Extent of lesion can be variable, single or at multiple sites
ELECTRODIAGNOSTIC FINDINGS

reduced or absent SNAP in the appropriate distribution; reduced or
absent motor CMAP; absent F waves, H waves; denervation acute
or chronic in muscles innervated by the portion of the plexus.

Extent of the lesion and pattern of lesion help determine the nature
of injury.

Varied lesions involve the brachial and lumbosacral plexus.

BRACHIAL PLEXOPATHY- CLASSIFICATION

CLOSED LESIONS
Traction injury
Obstetric paralysis
Radiation induced
Neoplastic:
primary&secondary
Post median sternotomy
Orthopedic related
Burner syndrome
TOS
Pack palsy
NEURALGIC AMYOTROPHY
OPEN LESIONS
Neurovascular
Gunshot wounds
Lacerations
Needles and cannula insertion
Others
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Brachial plexopathy - Anatomical
. UPPER TRUNK
Traction injury
Obstetrical
Gunshot and stab wounds
Neuralgic amyotrophy
. LOWER TRUNK
Thoracic outlet syndrome
Apical lung lesions

Median sternotomy

Lumbosacral Plexopathy

. Causes:
Trauma — most common
Neoplastic lumbosacral plexopathies
Hemorrhagic Compartment syndrome
Radiation-induced lumbosacral plexopathy
Maternal lumbosacral plexopathy
Retroperitoneal infection
Diabetic amyotrophy
Idiopathic
ELECTRODIAGNOSTIC FINDINGS
Absent or reduced sural , saphenous, peroneal SNAP
Reduced CMAP in lower limb motor nerves

Denervation of muscles in proximal and distal portion of the lower
limbs

Thoracic Outlet Syndrome

. Compression injury to the lower trunk of the brachial plexus by
cervical rib or band.

. Weakness, wasting of thenar muscles( especially lateral thenar)
muscles with numbness in the ulnar distribution

. ELECTRODIAGNOSTIC FINDINGS:

Normal median nerve SNAP with reduced ulnar SNAP. Medial

31



cutaneous nerve of forearm.
Reduced thenar CMAP and to lesser degree in hypothenar muscle

Denervation of thenar muscles and to a lesser extent in muscles
innervated by the ulnar nerves and lower trunk

Sciatic Neuropathy
. Combination of weakness in distribution of peroneal and tibial nerve

. Causes: Trauma, hip dislocation, fracture of hip and as complication
of hip replacement procedure

Intramuscular injections
Prolonged pressure in the area of ischial tuberosity

Tumours — schwanomma
Intrapelvic hematoma — anticoagulant overdose

. Electrodiagnostic Studies:
Reduced or absent response from sural and superficial peroneal
nerves.

. Reduced CMAP from peroneal and tibial nerves.

. EMG ; denervation of peroneal, tibial and hamstring muscles.

. Differential diagnosis: Lumbosacral plexopathy

Diabetic Motor Neuropathies

. Proximal symmetric

. Proximal asymmetric ( Garland’s syndrome)
. Distal motor neuropathy

. Focal and multifocal mononeuropathy

. AUTONOMIC NEUROPATHY

Diabetic Proximal Asymmetric Motor Neuropathy
Garland at al, 1955
Middle aged or old diabetics
Excruciating pain in thighs usually asymmetric
Pain followed by rapid weakness in thigh muscles

Followed by slow gradual recovery of strength
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Diabetic Polyneuropathies

Nervous system frequently involved in diabetes mellitus.
Peripheral nerves are frequently affected.

Prevalence of peripheral neuropathies increases with duration of
diabetes, age, height and more often in males.

Prevalence of peripheral neuropathies is less frequent in childhood.

Diabetic Amyotrophy

Rare and dramatic complication of diabetes mellitus

Seen early in the course of DM and with recent weight loss and
poor control of blood sugar.

Pain in thighs , severe, asymmetric, followed by muscle wasting
and weakness predominantly involving the upper part of the
lumbosacral plexus.

Absent knee jerk with preserved ankle jerks.
Normal sural SNAP, saphenous SNAP may be absent
Reduced femoral CMAP, peroneal and tibial CMAP may be reduced

Denervation , prominent in the quadriceps muscles, adductors and
often the hamstrings are involved.

Lumbosacral paraspinals may be involved.

Multi-focal and patchy lesions are common

Neuralgic Amyotrophy ( Parsonnage -Turner syndrome)

Unique clinical syndrome of undetermined cause.
Associations: infections, immunizations, trauma, surgery

CLINICAL SYNDROME:
severe and intractable shoulder and arm pain

As the pain resolves weakness sets in Weakness mainly in
distribution of C5 and C6 root distribution

Involvement is probably multifocal
Absent biceps and sometimes triceps jerk
Evidence of axonal injury to the involved muscles

Recovery of motor function seen in majority of patients. Greater
than 75% improve in strength. Rate of recovery is slow and can
take several months.
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. Reduced/ absent SNAP, reduced CMAP and patchy denervation
in muscles innervated by various branches. Upper trunk muscles
more commonly involved,

. Serratus anterior and muscles innervated by the anterior
interosseous nerve may be involved in isolation

EM G and Nerve Conduction Sudieswith Clinical Correlation
Prof. V. Vedanarayanan
Case 1l

A 37-year-old farmer has had progressive difficulty gripping with hisright hand
for the past 6 months. His hand “goes to sleep” when driving his tractor for
more than 30 minutes, but feels better if he shakesit. Examination showsmild
loss of pain and light touch sensation over the palmar side of hisfirst threedigits
on theright. Findingson NCS and EMG are:

Nerves Amplitude Velocity L atency F-latency
Median motor, rt. 5.2 54 4.9* 28
Median motor, It. 5.8 55 3.8 27
Median sensory, rt. 5* 51 4.6* —
Median sensory, It. 25 56 3.2 —

*= outside the normal range; hand temperature 32.0

Needl e el ectromyography was hormal in theright hand and arm muscles
tested, especially C6 innervated muscles. Testing the opposite arm wasnormal.

REPORT

Summary. Motor and sensory nerve conduction studies showed only a
moderate prolongation of median distal |atencieson theright with alow amplitude
sensory nerve action potential. Needle examination was normal.

Clinical Interpretation. The findings are those of a moderate, median
neuropathy at the wrist, of the type seen with carpal tunnel syndrome.

Comment. Theclinical pictureof acarpal tunnel syndromeisconfirmed
with standard studies that demonstrate prolonged median motor and sensory
latencieswith alow-amplitude median sensory responseontheright. If standard
median motor and antidromic sensory responses had been normal, palmar testing
over a shorter segment or comparison measurements with radial nerve to the
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thumb, ulnar nerveto digit IV, or transcarpal and distal median segments might
demonstrate the defect; lumbrical recordingsare also occasionally more sensitive.

Case 2

A 19-year-old college student didl ocated hisright shoulder inamotorcycleaccident
4 monthsearlier. Sincethen he hashad persistent weakness of hisright shoulder.
On examination thereis deltoid muscle atrophy with no voluntary movement of
that muscle. Other muscles appear to have normal strength, although the
presence of shoulder pain madefull testing difficult. No sensory losswasfound.
Reflexeswere normal except for adightly reduced right bicepsreflex ascompared
with the left.

Nerves, right arm Amplitude Velocity Distal latency F-latency
Median motor 85 56 33 25
Median sensory, antidromic 18 58 29 —
Ulnar motor 9.0 55 31 25
Ulnar sensory, antidromic 24 57 2.7 —
Lateral antibrachial cutaneous o* No response No response —
Deltoid 0* No response No response —
M uscul ocutaneous/biceps 6.5 67 4.3 —

*= outsdethe normal range; hand temperature 33.5

Other Conduction Studies

Left median sensory amplitude was 34 |V, left lateral antibrachial cutaneous
sensory amplitude was 18 V.

Needle electromyography

On needle examination, there were prominent fibrillation potentials in the left
deltoid musclewith only two voluntary motor unit potentials; both were of very
low amplitude, normal duration, polyphasic, and varying in configuration. Mild
motor unit potential changes, with very few scattered fibrillation potentialswere
also seen in the biceps, infraspinatus, and brachioradialis muscles. No
abnormalitieswere found in the cervical paraspinal muscles.

REPORT

Summary. Motor and sensory nerve conduction studies are normal except
for absent | eft axillary motor (deltoid) and latera antibrachia cutaneousresponses.
On needle examination, there is a severe loss of motor unit potentials with two
nascent potentials in left deltoid. Some other left upper trunk muscle show
similar, milder changes.
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Clinical Interpretation. The findings are those of a severe left axillary
neuropathy and mild upper trunk plexopathy. The axillary nerveisintact with
some evidence of early, ongoing reinnervation.

Comment. The needle EMG findings confirm the presence of severe
axillary nerve damage, but the small (nascent) motor unit potentialsindicate that
reinnervation isoccurring and may be expected to continue. The median sensory
asymmetry and antibrachial cutaneous loss, aong with the EMG changes in
other upper trunk muscles, indicate that there was also damage to the upper
trunk of the brachial plexus. Improvement inthe needle EMG and in the strength
of those musclesislikely dueto collateral sprouting (rather than to reinnervation
from the site of damage) that is required for deltoid recovery after the more
severe axillary nerve damage.

Case 3

A 45-year-old former football player with an old elbow injury has had intermittent
tingling and numbness of hisleft hand for 1 year. Theleft hand feels“weaker.”
The symptoms are increasing in severity and frequency, but are not related to
specific positions or activities. He has no neck pain or limitation of motion.
Examination demonstrates aloss of pain and touch sensationindigitsIV and V
ontheleft with mild weaknessinintrinsic hand muscles. A Tinel’ssignispresent
over the ulnar nerve at the elbow. No reflex changes are found.

Nerves, left arm Amplitude Velocity Distal latency F-latency
Median motor 85 56 3.8 25
Median sensory, antidromic 32 58 29 —
Ulnar motor 3.8* 44* 3.9* 31
Ulnary sensory, antidromic ~ 0* No response No response —

* = outsidethe normal range; hand temperature 32.5

Other Nerve Conduction Studies

Ulnar nerve stimulation distdl to the elbow showed anorma amplitude and forearm
conduction velocity. “Inching” the stimulation acrossthe elbow segment of the
ulnar nerve showed alocalization conduction block and slowing at the level of
the media epicondyle. Needle EMG documented reduced recruitment with
some large motor unit potentials and fibrillation potentials in ulnar innervated
hand muscles. Flexor carpi ulnarisexhibited similar, but less severe abnormdlities.
Other arm muscles, especially those innervated by C8, werenormal. Right arm
conduction studies and EMG were normal.
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REPORT

Summary. Motor and sensory nerve conduction studies show localized
slowing of conduction with a 40% conduction block in the right ulnar nerve at
the medial epicondyle. On needle examination there were moderate motor unit
potential changeswith fibrillation potentialsin right ulnar innervated muscles.

Clinical Interpretation. The findings are those of long-standing,
moderately severe, ulnar neuropathy at the elbow, localized at the medial
epicondyle with a 40% conduction block. The conduction block suggests that
significant improvementsin function could occur, if thelocal compression could
berelieved.

Comment. Theclinical impression of an ulnar neuropathy at the elbow
is confirmed with specific localization of the damage. The large motor unit
potentialsand fibrillation potential s are evidence of both along-standing and an
ongoing process. The presence of aconduction block indicatesagood prognosis
for improvement if the local compression can be relieved. If these standard
tests had not demonstrated an abnormality, motor conduction to the first dorsal
interosseous muscle, or sensory conduction across the elbow might have done
so. At alater stagein thisdisorder, the localized abnormality might be replaced
by slowing and amplitude loss with distal stimulation as well, making it more
difficult to precisely localize the site of damage.

Case 4

A 59-year-old hog farmer with mild diabetes and chronic neck and back pain
from degenerative osteoarthritis has had numbness of the left fourth and fifth
digitsfor the past 6 weeks. On examination thereislimitation of all spinemotion
with mild to moderate pain, but no radicular symptoms. Thereismild weakness
of intrinsic hand and foot musclesbilaterally, absent Achillesreflexes, and mild
distal sensory loss, especially inthefeet. The sensory lossismore prominentin
the left hand and extends only one third of the way up the medial forearm.

Nerves, left arm Amplitude Velocity Distal latency F-latency
Median motor 49 50 4.2 33*
Ulnar motor 5.7* 48 3.9* 33*
Median sensory 11* 49* 3.9* —
Ulnar sensory 8* 51* 3.3* —
Peroneal motor 25 38* 5.3 No response
Sural o* No response No response —

* = outside the normal range; hand temperature 32.9
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Other Nerve Conduction Studies

Ulnar conduction studies of the right arm were similar to the left. Motor unit
number estimate of the peroneal nerve was reduced to 25, while ulnar nerve
was only borderline at 94.

Needl e Electromyography

EM G showed widespread, large maotor unit potentialswith reduced recruitment
in distal muscles; fibrillation potentials were seen in the intrinsic foot muscles.
Motor unit potential changeswere more prominent in theleft C8 muscles, where
scattered fibrillation potentials, including the low cervical paraspinal muscles,
were found.

REPORT

Summary. Motor and sensory nerve conduction studies show a mild,
generalized slowing of conduction with some low-amplitude responses. The
changes may be dlightly greater in the ulnar nerves, but with no evidence of
localized abnormality. On needle examination there is a loss of motor unit
potentialswith large potentialsin left C8 and other distal muscles.

Clinical Interpretation. The findings are those of an active left C8
radiculopathy superimposed on amild peripheral neuropathy. The latter could
be related to the patient’s diabetes.

Comment. The nerve conduction and needle EMG findings confirm
the presence of amild peripheral neuropathy, likely related to hisdiabetes. The
more prominent needle EM G changesin theleft C8 musclesindicate the presence
of anadditional, superimposed C* radiculopathy, likely dueto foraminal stenosis.
More prominent slowing of motor conduction in the left ulnar nerve, without
concomitant changein the ulnar sensory responses, ismore likely dueto aloss
of C8 axons in the ulnar nerve than to an additional ulnar neuropathy at the
elbow or amore proximal involvement of the plexus.

Case 5

A 55-year-old attorney, who has smoked heavily for 35 years, was recently
found to have carcinomaof thelung. During medical evaluation prior to surgical
resection, he was noted to have weakness of hisright leg. No sensory loss or
reflex change was recorded.

Nervesright leg Amplitude Velocity Distal latency F-latency
Flatency

Peroneal motor 0.5* 34* 5.6 No response
Peroneal sensory 0 No response* No response* No response
Tibial motor 10.5 46 4.9 54
Sural 14 43 39 —

* = outside the normal range; foot temperature 29.5
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Other Nerve Conduction Studies

A 75% decrease in CMAP amplitude was found at the head of the fibula by
“inching” (stimulation at 2.0-cm. intervals) along the nerve with a 2.0-mV
response below the head of thefibula. No abnormalitieswere seen with repetitive
stimulation of the peroneal nerve.

Needle Electromyography

EMG showed marked reduction in recruitment in the anterior compartment
muscles. No fibrillation potentials or motor unit potential changes were seen.
Other leg muscles, including L5 innervated muscles and the short head of the
biceps femoris, were normal.

Report

Summary. Motor and sensory nerve conduction studies show only a
localized conduction block of the peroneal motor fibers of the head of thefibula,
and absent peroneal sensory response. Needle examination show only aloss of
motor unit potentialsin distribution of theright peroneal nerve distal to the knee.

Clinical Interpretation. The findings are those of a moderately severe,
recent onset, left peroneal neuropathy with a 75% conduction block localized at
the head of the fibula. No evidence of a more proximal lesion was found.
These findings indicate that there could be a rapid, good recovery if the local
compression could berelieved.

Comment. An unsuspected peroneal neuropathy localized to the head
of the fibula was demonstrated by nerve conduction studies, likely related to
recent weight loss with or without compression from leg crossing. The lack of
changesin the motor unit potential or of thefibrillation potential confirm that the
process is primarily a conduction block with little axonal disruption. A good
recovery can be anticipated if the local compression isrelieved.

Case 6

A 38-year-old logger awoke 2 weeks prior to this study, with acute, severe, back
and right leg pain, exacerbated by coughing and straining. The back pain had
subsided with bed rest, but the leg pain persisted, and he had devel oped sensory
symptomson hisleg and foot. He had had similar symptoms 3 years earlier that
had resolved with rest. Examination documented no weakness, but there was
mild sensory loss on the dorsum of the foot, and the right ankle reflex was
reduced. An MRI of the lumbosacral spinewas normal. Findingson NCSand
EMG are:

Nerve, right leg Amplitude Velocity Distal latency F latency

Peroneal motor 3.8 45 4.2 No response
Peroneal sensory 18 — 3.7 —
Tibial motor 15.4 48 4.7 52
Sura 22 44 3.6 —

* = outside the normal range; foot temperature 29.5
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Other Nerve Conduction Studies

Peroneal and tibial motor conduction studieswerenormal. No peroneal F waves
could be elicited from either leg, but tibial F waveswere normal. The extensor
digitorum brevis amplitude was higher on the left than the right. Sural and
superficial peroneal sensory responses were normal and symmetrical.

Needl e Electromyography

EM G showed reduced recruitment with minimal motor unit potential changein
the peroneus longus, extensor hallucis, flexor digitorum, tensor fascialata, and
gluteus medius muscles. Fibrillation potentials were seen only in the right low
lumbar paraspinal, gluteus medius, and tensor fascialatamuscles. Large motor
unit potentials with no fibrillation potentials were seen in right S1 innervated
musclesdistally.

REPORT

Summary. Motor and sensory nerve conduction studies were normal.
On needle examination, there werefibrillation potential swith reduced recruitment
inleft L5 muscles. More prominent motor unit potential changes were seenin
distal S1 muscles.

Clinical Interpretation. The findings are those of arecent-onset, right
L5 radicul opathy superimposed on the residual s of an old right S1 radiculopathy.

Comment. The motor conduction studies suggest the presence of a
proximal L5 radiculopathy with CM AP asymmetry and normal sensory response.
Thisisconfirmed by the observation of L5 fibrillation potentials. The proximal
distribution, with no motor unit potential configuration changes, indicatesthat the
L5 radiculopathy is of very recent onset. In contrast, the S1 muscle changes
arethose of an old radiculopathy and are consistent with the clinical reductionin
the ankle reflex.

Case 7

A healthy, 27-year-old nurse awoke with a“numb” right face, and inability to
smile or pucker on the right, with no preceding illness or injury. There was a
history of “cold sores’ in the mouth. Neurologic examination 4 days later was
normal except for total absence of right facial movement. Findingson NCSand
EMG are:

Nerve Amplitude Distal latency

Facial motor, right 3.2 3.3

Facial motor, left 3.4 3.2

R1 Latency R2 Latency, right R2 Latency, left
Blink reflex, right No response* No response* 34.5
Blink reflex, left 10.5 No response* 33.9

* = outside the normal range.
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Needle Electromyography

EMG of right facial muscles showed marked reduction in recruitment, with only
asingle, normal-appearing MUP in each of the muscles tested. The masseter
and left facial muscle were normal. No fibrillation potentials were found.

REPORT

Summary. No blink responses were recorded on the right. On needle
examination, there was reduced recruitment, but with some residual voluntary
potentialsin right facial muscles.

Clinical Interpretation. The findings are those of an acute, severe,
right facial neuropathy of the type seen with Bell’s palsy. The normal right
facial response indicates that the facial nerve axons are still intact and could
make an excellent recovery.

Comment. Absent ipsilateral and contralateral blink reflex responses
on the right are consistent with a severe right facial neuropathy. The normal
contralateral R2 with stimulation on the right indicates that the right trigeminal
nerveisintact. Wallerian degeneration, if present, causes CMAP reduction at
3-5days. Theintact facial CMAP at 4 days indicates that the axons have not
undergone Wallerian degeneration. Thisis most likely because the processis
dueto aconduction block proximal to the site of stimulation that has blocked the
blink reflex, but |eavesthe peripheral facial responseintact. A conduction block
can recover fully. Acyclovir therapy may not be effective at 4 days, but with
normal facial CMAP, isworth using to minimizethelikelihood of axonal damage.

Case 8

A 33-year-old homemaker, with two children, developed progressive difficulty
climbing stairsand arising from low chairs, with distal tingling, over the course
of 2weeks, 10 daysfollowing an acutediarrheal illness. Shealso had moderately
severe mid and low back pain. Over the last 3 days, some weakness of the
arms and drooling had also developed. On neurologic examination, there was
generalized weakness, including facial weakness, with absent tendon reflexes.
No sensory loss was found, but there was paraspinal muscle tenderness. The
CSFwasnormal. Findingson NCS and EMG are;

Nerve, right Amplitude Velocity Distal latency F latency
Median motor 3.2* 51 5.6* 41*
Ulnar motor 4.5*% 49* 3.8* 38*
Median sensory 8* 54* 3.8* —
Peroneal motor 0.6* 39* 6.8* No response
Tibial 2.5* 36* 7.3* No response
Sura 28 44 3.9 —
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R1 Latency R2 Latency, right R2 Latency, left
Blink reflex, right 14.2* 44* 45*

Blink reflex, left 14.8* 46* 47*
*= outside the normal range; foot temperature 30.4
Additional Nerve Conduction Studies

Dispersion of CMAP with no conduction block was seen in each motor nerve.
Motor unit number estimates were normal.

Needle Electromyography

EMG was performed in proximal and distal muscleson theright side, including
paraspinal and facial muscles. There was a marked reduction in recruitment in
all musclestested with scattered fibrillation potential sin paraspina muscles. No
motor unit changes were seen, but there were myokymic discharges in facial
muscles.

REPORT

Summary. Motor and sensory nerve conduction studies show marked
prolongation of distal latencies, F wave latencies, and blink reflexes with low-
amplitude, dispersed CMAPR. On needle examination, there was a marked loss
of motor unit potentials, with fibrillation potentialsonly in proximal muscles.

Clinical Interpretation. The findings are those of a moderately severe
inflammatory demyelinating polyradicul oneuropathy with someevidence of axonal
loss. This pattern istypical of Guillain-Barré syndrome (GBS). The signs of
axonal loss suggest that recovery may be slow.

Comment. Theclinical impression of GBSisconfirmed by the marked
distal latency and F wave latency prolongation, and the CMAP dispersion. The
distribution of slowing isoften most prominent in distal latenciesand proximally
with F wave latencies, but may have any distribution and may be asymmetrical.
Thelow-amplitude CM AR, thefibrillation potentials, and somereductionin arm
SNAP, provide evidence of axonal lossaswell. More severeinvolvement with
axonal loss is more common in patients whose disease follows Campyl obacter
infection. Sparing of the sural responseistypical of GBS. Back painismore
common with involvement of the spinal nerves. Myokymic discharges are seen
occasionally in GBS during the acute phase, especially infacial muscles.

Case 9

A 35-year-old woman employed asagtae environmenta safety engineer became
acutely ill with fever, malaise, and flu-like symptoms 2 monthsprior to this
study. Sherecovered gradualy over 2 weeks, but was|eft with numbness of
her hands and feet, imbalance whilewalking, and tingling of her lower face.
Neurol ogic examination showed moderatedistal sensory lossfor al modalities,
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pseudoathetosis, gait ataxia, and reduced or absent tendon reflexes. Muscle
strength and crania nervefunctionswerenormal. Extensivelaboratory testing
insearch of an underlying cause of neuropathy had beenunreveding. Findings
onNCSand EMG are:

Nerve, right Amplitude Velocity Distal latency F latency
Median motor 6.9 52 3.2 28
Ulnar motor 7.9 53 29 27
Median sensory 0* No response No response —
Ulnar sensory 0* No response No response —
Radial sensory 0* No response No response —
Peroneal motor 4.4 44 51 No response
Tibial motor 10.6 44 4.8 5.6
Sural 0* No response No response —
R1 latency R2 latency, right R2 latency, left
Blink reflex, right No response — —

Blink reflex, left No response — —

* = outside the normal range; foot temperature 31.5
Additional Nerve Conduction Studies

Masseter inhibitory reflex was normal.

Needl e Electromyography

EMG of arm, left, paraspinal and cranial muscles was hormal.

Summary. Motor nerve conduction studies were normal, but sensory studies
showed an absence of all SNAP. Masseter inhibitory reflex was normal. No
abnormalities were seen on needle examination.

erpretation. Thefindings arethose of asensory neuropathy. Theclinical picture
in combination with intact cranial reflexes suggests that this is an acute
inflammatory sensory ganglionopathy.

Comment. The history of subacute onset and no further progression is that of
an inflammatory process. The prominent sensory deficit, including gait ataxia
and cranial symptoms suggests that thisis likely a proximal process. Unlike
GBS, the NCS and EMG here confirm that thisis apure sensory disorder. The
absent sensory potentialsin all extremitiesisconsistent with this, and the absent
blink reflexes with anormal masseter inhibitory reflex confirmit. The sensory
ganglion cells of the masseter inhibitory reflex are in the brainstem, while the
other sensory ganglion cells are in the periphery. The former location servesto
protect those cells from the immune-mediated attack.
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Case 10

A 65-year-old homemaker has had generalized weakness for 18 months,
manifested asdifficulty climbing stairs, arising from chairs, and lifting her arms
over her head. She has had no rash or other systemic signs or symptoms. There
is no family history of muscle disease. A previous EMG and muscle biopsy
weresaid to haveidentified her disease as“myositis.” Treatment with prednisone
and azathioprinefor anumber of months resulted in no measurableimprovement
in symptomsor signs.

On examination, she has moderate symmetrical proximal weaknessthat
does not fatigue. Thereis also some weakness of finger flexors. Reflexes are
absent at the ankles and mildly reduced el sewhere. Findingson NCSand EMG
are:

Nerve, right Amplitude Velocity Distal latency F latency
Median Motor 4.5 51 3.8 28
Ulnar motor 5.9* 49* 3.5 29
Median sensory 13* 52* 3.5 —
Peroneal motor 2.3 39* 4.9 58
Surdl 0 No response No response —

* = outside the normal range; foot temperature 29.8

Additional Nerve Conduction Studies

Repetitive stimulation of the median and ulnar nerves showed no abnormalities.
Needle Electromyography

Abnormalitieswere seen in al muscleswith many short duration, low amplitude,
polyphasic MUP. Scattered fibrillation potentialswere al so seen, particularly in
proximal, paraspinal, and forearm muscles. No myotonic dischargeswerefound.
A few of the polyphasic motor unit potentials varied. Intermingled with the
small potential swere scattered long-duration, high-amplitude, polyphasic motor
unit potentials.

REPORT

Summary. Motor and sensory nerve conduction studies show borderline
or mild slowing of conduction with some borderline low-amplitude responses.
Repetitive stimulation was normal. On needle examination, there were
widespread short duration, polyphasic muscleswith fibrillation potentials. Some
intermingled large potentials were al so seen.

Clinical Interpretation. The findings are those of an active,
inflammatory myopathy of moderate severity with findings of an additional mild
peripheral neuropathy. Some large potentials may be seen in chronic myositis
but also raisethe possibility of inclusion body myositis. Thedistal arm weakness
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and signs of aperipheral neuropathy are consistent with thisdiagnosis. However,
some collagen-vascular diseases may demonstrate acombination of inflammatory
myopathy and peripheral neuropathy. These changes are more than would be
expected with a steroid myopathy.

Comment. Theclinical history and findings are those of a myopathy,
but testing for adefect of neuromuscular transmission is aways appropriate in
patients with proximal weakness. The mild or borderline changes on nerve
conduction studies are evidence of amild peripheral neuropathy but do not identify
a specific type of neuropathy. While the pattern of abnormalities seen in this
patient could result from more than one cause, a comment in the report about
lesswell-known disordersis appropriate to assist the clinician in sorting out the
problems. A careful search for dowly firing, small fibrillationsin proximal muscles,
especially paraspinal, is particularly important in patients suspected of having a
myopathy inwhom fibrillation potential sare not readily found.

Case 11

A 68-year-old, generally healthy, retired family doctor developed intermittent
mild drooping of hisright eye 4 months prior to this examination. Inthelast 2
weeks, he notices some fatigue when climbing stairs, but otherwise feels well.
Neurol ogic examination demonstrates mild weaknessin the neck muscles, with
additional, but mild weakness after prolonged effort in other proximal muscles.
Reflexes and sensations are normal. Findings on NCS and EMG are;

Nerve, right Amplitude Velocity Distal latency F latency
Median motor 7.9 54 2.9 25
Ulnar motor 8.4 56 2.7 24
Median sensory 22 58 3.4 —
Peroneal motor 3.8 45 4.2 52
Surd 22 44 3.6 —

* = outside the normal range; foot temperature 30.5

Repetitive Stimulation Decrement Before and After 1 Minute Exercise

Nerve, right minutes Rest Immediate 1 minute
Median/thenar 0% 0% 0% 0%
Ulnar/hypothenar 2% 0% 1% 3%
Accessory/trapezius 7% 2% 8% 14%
Facial/nasalis 11% 4% 13% 18%
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Needle Electromyography

EMG of hand and forearm muscles was normal. Proximal arm muscles had
scattered, varying MUP with afew localized areas of irritability. Infraspinatus
exhibited more prominent MUP variation with an excess of short-duration
potentials. Cervical paraspina and masseter muscles had similar MUP changes
with scattered areas of fibrillation potentials.

REPORT

Summary. Motor and sensory nerve conduction studies are normal, but
repetitive stimulation shows a decrement, especially in proximal muscles. On
needle examination, there are both varying and short-duration motor unit
potential's, especially in the paraspinal muscles, where somefibrillation potentials
were also seen.

Clinical Interpretation. The findings are those of a defect of
neuromuscular transmission of thetype seenin myastheniagravis. Short-duration
motor unit potentialswith fibrillation potential can be seenin myastheniagravis,
particularly in paraspinal and masseter muscles. Pharmacol ogic therapy isoften
less effective in this setting.

Comment. The pattern of decrement in anumber of muscles provides
convincing evidence of a defect of neuromuscular transmission, in this patient
most likely due to myasthenia gravis. Decrements of less than 10% may be
seen in muscle, with little clinical weakness, but are not sufficiently reliableto
ascertain theabnormality. Itisparticularly important to be surethat an apparent
decrement is not due to movement, especially in proximal muscles. Testing
should therefore begin in the more reliable distal muscles. If aclear decrement
isnot found, more proximal testing isneeded. If repetitive stimulation had been
entirely normal in a patient like this, the EMG would still usually show MUP
variation. Only inrare casesisit necessary to perform SFEMG to demonstrate
theabnormality. Short-duration MUParetheresult of the presence of asufficient
number of blocked musclefibersto reduce the number of fibers contributing to
the MUP. Fibrillation potentials occur when the damage to the end-plate zone
issufficiently severeto denervate the musclefiber and do not imply the presence
of another disease.
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