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Preface

Clinical Electrophysiology was designed for residents, neurology attendings, and intensive care specialists. It was conceived as a bridging tool that enables the clinical electrophysiological investigation to be tied in with the neurological consultation. This helps the clinician to order the appropriate electrical test, understand the meaning of the interpretation, and then integrate these findings with the clinical question to arrive at a diagnosis. It may further provide information on the differential diagnosis, the prognosis (where warranted), further relevant investigations, and some brief comments on treatment. A brief clinical reference list is included.

In making this portable aid, we placed emphasis on the inpatient clinical setting, giving the appropriate symptoms and signs, and pertinent electrophysiology results that might be found. The discussion that follows is specific to the figure given. Hence, for example, confused patients may have any of a number of EEG findings, but the discussion and prognosis are directed only to the one pattern under discussion, for example, triphasic waves. Diagnostic questions (particularly on chronic conditions) that would largely be encountered in the outpatient clinic, or investigated after patients' discharge, are not included. Hence, chronic neuropathies, palsies, Parkinson's disease, and most genetic conditions are omitted. Similarly, conditions without electrophysiologic relevancies or those warranting other types of tests (CT, MRI, and ultrasound) are not included. Although a comprehensive tome addressing all neurological testing would clearly be useful, it would not be easily portable.

For immediate relevance to neurology consults, we avoided general discussions of the neurological examination, disease entities and electrophysiology in general, as there are a number of excellent books that address these issues in detail. We recommend, of course, supplemental use of these tomes as they are essential to the understanding of clinical neurology.

The book is organized by the presenting neurological problem, for example, confusion, coma, abnormal movements, or difficulty weaning off a respirator, limb numbness, or weakness. Within these topics, there may be some general diagnostic considerations, definitions of terms, but of principal importance, we provide a test result that may be encountered. For example in a comatose patient, we give an EEG showing an invariant alpha frequency pattern. There follows an interpretation of the illustrated finding, differential diagnosis, prognosis, and references. In this way, the “vignette” starts with a clinical problem and reaches a diagnostic, prognostic, or therapeutic end.

Because the handbook is “problem-oriented,” it is not a comprehensive treatment of neurologic problems. It is briefer and covers mostly what a hospital clinician might encounter on neurology consultation rounds in a typical year. The last section, however, is a “case-book,” which provides several rarer, but classic, clinico-neurophysiological problems. The casebook format provides more clinical information and leaves the reader to test him or herself as the case unfolds. More information on the electrophysiological findings can be found in the respective section in the handbook.

Please use the book, if helpful, in wording your consults and in providing references. Do give us feedback into any shortcomings and major areas that we failed to include. We hope you find it a useful aide-memoire as you address clinical challenges.

Peter W. Kaplan, MB, FRCP

Thien Nguyen, MD, PhD





Introduction

We have designed this handbook to accompany you on your rounds. We believe that the handbook works best in the “middle step” of the neurology consultation process. In the first step, historical data are collected and an examination is performed to arrive at an opinion, possibly then suggesting complementary tests. If electrophysiological tests are requested, it is at the next step that the handbook is helpful in addressing the significance of the findings, the differential diagnosis, prognosis, and in providing some brief therapeutic directions. In the final step, a concluding opinion can then be formulated. In other cases, the handbook can be used to review the meaning of a particular test result that has already been received, so as to be able to provide further information to the patient's treating physicians.

Too often, the nature and significance of test results can remain uncertain: do they represent a “red herring”? Are they helpful in eliminating or confirming a particular diagnosis among many? What do they tell us about prognosis?

Standard textbooks abound to help with taking the history of a neurological complaint, performing physical examinations, or discussing the many disorders that can be diagnosed. Other texts may discuss in detail the techniques and interpretation of EEG, evoked potentials, NCVs, and electromyography. The handbook bridges the gap between the electrophysiological laboratory and the bedside.





Part 1

Central Nervous System Disorders

Section A: Altered Consciousness: Confusion, Delirium, and Unresponsiveness; Agitation, Hallucination, and Abnormal Behavior

These are some of the “altered states” that prompt neurology consults. Patient problems rather than specific, prepackaged “diagnoses” generate consults. Hence, clinical training rather than standard texts is the major source of learning the physician's approach to managing problem-oriented questions.

Unfortunately, the causes (or diagnoses) underlying a particular complaint are legion–-consider the potential causes of “dizziness,” for example, low blood pressure or neurilemmoma, migraine or brainstem stroke, low blood sugar or otolith disease, and multiple sclerosis or Meniere's disease.

Clearly the constellation of symptoms and signs (and those absent) from the patient's description of clinical features (the syndrome) will pare down the possibilities and direct the diagnostic evaluation and investigation. Excellent texts are available that can address “lists” of probable alternatives to particular complaints. Maybe the future will lie in the use of a palm-held computer into which the complaint/symptom will be logged, followed by associated (or not) clinical features, resulting in the generation of a “probability list,” which can be used even while one is rounding on patients.

In this section, we address certain states of altered consciousness or behavior that fall short of coma. Locked-in states, minimally conscious states, akinetic mutism, and vegetative states are a different order of “unresponsiveness,” and are found in their own section further on. Those examples contained here involve acute or subacute global diminution in the level of consciousness, vigilance, memory, and cognitive processing in keeping with encephalopathies (“altered mental status”) or “acute confusional states” due to toxic/metabolic, infectious, or ictal disturbances.

Some definitions in current use are as follows:


Delirium: An acute alteration in cognitive function with impaired short-term memory, sleep cycle inversion, sometimes with increased motor activity in the form of agitation and tremulousness (think withdrawal or delirium tremens), often with amnesia.

Confusion: A general term that usually needs further definition. Often, however, it is used to refer to a state of impaired language output, orientation, the ability to follow commands and to retain information.

Altered mental status: This could subsume the above. Also a non-specific term, which could apply to psychosis, coma, or dementia. It also needs further specification.

Encephalopathy: A Greek-derived term for diffuse brain dysfunction-–also non-specific. But then globally confused patients are often perforce “nonspecifically” cognitively impaired (a clue in itself).



Or there may be a clinical question at the outset: Is this nonconvulsive status epilepticus (NCSE)? This is specific and provable one way or the other. One might consider the variety of clinical features seen with NCSE and obtain an EEG.

So where to go? Once the probable type of higher cortical disturbance has been tested, for example, with a mini-mental status examination, more detailed testing of the patient's orientation, language, memory, ability to follow commands, to interpret events (the “cookie thief” picture), and then a probability list of diagnoses can be produced. This might include a consult with the following:

Possible toxic/metabolic encephalopathy. Suggest the exclusion of systemic infection in this patient with chronic diminished tolerance to the many causes of encephalopathy (e.g. cerebral atrophy; dementia). Consider also investigation of ictal/post-ictal possibilities (with an EEG).

If in the course of investigating altered consciousness or abnormal behavior in a patient, the EEG reveals an epileptiform abnormality, turn then to the section on seizures (Part 2) for further electroclinical correlations and suggestions.

The easier questions to answer are often those centered on a request for prognosis. In particular instances such as after anoxia, “ball-park” answers can be provided, or even some highly exact ones. For example, the prognosis in a lethargic patient 3 days after CRA can be given with much support from the literature, and from EEG and SSEPs (somatosensory evoked potentials). For these types of questions and for those patients in coma, locked-in states, and vegetative states, please refer to Part 3 on these disorders. A brief overview on prognosis and evaluation can also be found in the section on Evoked Potentials in Consultative Neurology.





1. Diffuse and Frontal Fast Activity—Beta

MICU, CICU, NICU, SICU, WARD, ER

CLINICAL CORRELATES: A patient may have been referred to the electrophysiology laboratory for one of several clinical reasons, and the EEG reveals medium to high-voltage diffuse beta frequencies. In a patient with little history, it would suggest drug intoxication and the need for a toxin screen. The patient may be normal, drowsy, or rarely agitated.

ETIOLOGY: Benzodiazepine, chloral hydrate, or barbiturate treatment or intoxication. Occasionally, sedative withdrawal states. With high medication doses, the patient may be sedated to the point of unarousablility (beta coma, usually >30 μV on EEG). It can occur with brainstem injury [4].

CLINICAL EVALUATION: Record all medications to which the patient has access. Look for medication/sedative effects; alternately, the patient may be agitated rarely with delirium.

ANCILLARY TESTING: Toxin screen for barbiturates or benzodiazepines. MRI of brainstem structures.

DIFFERENTIAL DIAGNOSIS: For the EEG pattern, it may occur with benzodiazepines, barbiturates, sedative withdrawal, childhood mental retardation and cerebral palsy, brainstem injury.

PROGNOSIS: There is little dependable literature on the significance of this finding. The prognosis/reversibility, when this is due to medications, is excellent. In children there is a report of continuous beta spindling in cerebral palsy and mental retardation (extreme spindles). The spindle beta patterns are associated with a good prognosis regardless of etiology, with the exception of children not on barbiturates or benzodiazepines.

[image: ]

This EEG shows a medium- to high-voltage diffuse fast beta pattern. In this case, it is prominent anteriorly, particularly in light sleep and following arousal. Occasionally, it may show a spindling pattern. On EEG, in general, there are beta frequency bands typically seen at 18–25 Hz, less frequently at 14–16, and in one report at 35–40 Hz. It is considered high voltage when it exceeds 25 μV [1–4]. It was originally, probably incorrectly, believed to be associated with epilepsy, minimal brain dysfunction, dyslexia, hyperactivity, or other behavioral dysfunction. Conversely, this pattern is typical of a medication effect.

REFERENCES:

1. Frost JD, Carrie JRG, Borda RP, Kellaway P. The effects of Dalmane (flurazepam hydrochloride) on human EEG characteristics. Electroencephalogr Clin Neurophysiol 1973;34:171–175.

2. Kellaway P. Orderly approach to visual analysis: Elements of the normal EEG and their characteristics in children in adults. In: Ebersole JS, Pedley TA (eds.), Current Practice of Clinical Electroencephalography, 3rd edn. Philadelphia, PA: Lippincott/Williams and Wilkins 2003;100–159.

3. Kellaway P. The development of sleep spindles and of arousal patterns in infants and their characteristics in normal and certain abnormal states. Electroencephalogr Clinc Neurophysiol 1952;4:369.

4. Otomo E. Beta activity in the electroencephalogram in cases of coma due to acute brainstem lesion. J Neurol Neurosurg Psychiatry 1966;29:383–390.





2. Diffuse Slow Activity–Theta [1–4]

MICU, CICU, NICU, SICU, WARD, ER

Acute encephalopathies—frequently the elderly, multiorgan failure. Static encephalopathies, mild diffuse cortical dysfunction.

CLINICAL CORRELATES: Psychomotor slowing, confusion, clouding of sensorium. Brainstem function is intact.

ETIOLOGY: In the ICU, causes typically include toxic and metabolic dysfunction, and systemic infection. Often seen in elderly patients with cerebral atrophy with the above causes, as well as in dementias, static encephalopathies, mental retardation, and learning disability.

CLINICAL EVALUATION: Higher cortical function, general neurological examination.

ANCILLARY TESTING: CT or MRI may show subcortical atrophy; evidence of head injury; chronic encephalopathy. Test for organ failure—hepatic, renal, respiratory, or other organ dysfunction.

DIFFERENTIAL DIAGNOSIS: From the EEG perspective, check that the patient is not just drowsy or asleep during this EEG segment (normal drowsy pattern), and ensure that the EEG recording contains adequate noxious stimuli to ensure full arousal during the EEG.

PROGNOSIS: Due to static encephalopathy, it reflects a chronic state of cortical dysfunction and has no particular prognostic import. If seen with organ dysfunction, then the electroclinical picture may be reversible. Even after anoxia, patients with this theta pattern often improve clinically and on EEG [3,4].

[image: ]

This EEG shows widespread theta activity. There is variable intrusion of alpha and delta frequencies; alpha can be seen with maximal arousal. The eye blink artifact seen every several seconds bifrontally indicates the awake state of the patient. Diffuse theta is onlyless frequent than other EEG patterns seen in confusion/encephalopathic states (possibly due to ascertainment bias).

REFERENCES:

1. Chatrian G-E, Turella GS. Electrophysiological evaluation of coma, other altered states of diminished responsiveness and brain death. In: Ebersole JS, Pedley TA (eds.), Current Practice of Clinical Electroencephalography. Philadelphia, PA: Raven Press 2003:405–462.

2. Gloor P, Kalabay O, Giard N. The electroencephalogram in diffuse encephalopathies: EEG correlates of grey and white matter lesions. Brain 1968;91:779–802.

3. Silverman D. Retrospective study of the EEG in coma. Electroencephalogr Clin Neurophysiol 1963;15:486–503.

4. Yamashita S, Morinaga T, Ohgo S, et al. Prognostic value of EEG in anoxic encephalopathy after CPR. Relationship among anoxic period, EEG grading and outcome. Intern Med 1995;34:71–76.





3. Diffuse Slow Activity—Delta [1–3]

MICU, CICU, NICU, SICU, WARD, ER

Seen in elderly patients with multifactorial causes, subcortical white matter cerebral atrophy, after closed head trauma. Occasionally occurs with drugs.

CLINICAL CORRELATION: Patients are often deeply obtunded. They may have significant brainstem compromise, but not invariably.

ETIOLOGY: Young patients with severe metabolic dysfunction, deep mid-line lesions, and those of the corpus callosum.

CLINICAL EVALUATION: General neurological examination. Glasgow Coma Scale.

ANCILLARY TESTING: CT or MRI may show subcortical lesions or atrophy; evidence of head injury.
 Consider SSEPs (somatosensory evoked potentials) for prognosis after trauma. If toxicity is suspected and no other history available, consider drug/toxin screen.

DIFFERENTIAL DIAGNOSIS: From the EEG perspective, only an atypical Stage 4 sleep pattern occasionally resembles this pattern. Ensure that the EEG recording contains adequate noxious/arousal stimuli to exclude sleep as an explanation.

PROGNOSIS: There is little dependable literature on outcome, probably because of ascertainment bias. Prognosis depends on the etiology. Reversible metabolic/organ failure causes have the best prognosis. There is a report of complete recovery after drug overdose [4]. With head injury, normal outcomes are less frequent. Serial EEGs over time may provide indications of recovery and allow monitoring for subclinical seizures after head trauma.

[image: ]

This EEG shows widespread, arrhythmic delta activity at 1–4 Hz (as well as theta and alpha frequencies) over all brain regions. There is relatively little spontaneous variability or reactivity to stimuli. This pattern is surprisingly less common than many other EEG patterns of deep coma.

[image: ]

The second EEG example shows more pervasive slow 0.5- to 4.0-Hz delta activity and lesser amounts of theta activity. The high-frequency filter was set at 15 Hz to minimize muscle artifact in the figure.

REFERENCES:

1. Chatrian G-E, Turella GS. Electrophysiological evaluation of coma, other altered states of diminished responsiveness and brain death. In: Ebersole JS, Pedley TA (eds.), Current Practice of Clinical Electroencephalography. Philadelphia, PA: Raven Press 2003;405–462.

2. Gloor P, Kalabay O, Giard N. The electroencephalogram in diffuse encephalopathies: EEG correlates of grey and white matter lesions. Brain 1968;91:779–802.

3. Silverman D. Retrospective study of the EEG in coma. Electroencephalogr Clin Neurophysiol 1963;15:486–503.

4. Blume WT. Drug effects on EEG. J Clin Neurophysiol 2006;23:306–311.





4. Frontal Intermittent Rhythmic Delta Activity [1–5]

MICU, CICU, NICU, SICU, WARD, ER

Seen in elderly patients with multifactorial causes: cerebral atrophy, dementia, and intercurrent infection.

CLINICAL CORRELATION: Patients are often lethargic or confused, disoriented, but usually conversant and can follow motor commands; myoclonus and seizures are unusual. The patient localizes to pain and brainstem reflexes are usually intact. This EEG pattern is usually seen as alpha activity and wakefulness diminishes.

ETIOLOGY: Concurrent metabolic and infectious problems are frequent [1–5]. Of 68 patients, 78% had hypertension, diabetes, or renal insufficiency [5]. One-third to half of the patients had both renal failure and hyperglycemia with background theta activity; most patients had some cerebrovascular disease and were awake [5]. In children, it was previously thought to indicate increased pressure around the third and fourth ventricles.

CLINICAL EVALUATION: Examine cognitive function, test for neck stiffness, external evidence of trauma, fetor, or dehydration.

ANCILLARY TESTING: Electrolytes and CT/MRI for cerebral atrophy. Consider obtaining a chest x-ray, urine, and blood cultures to look for infection.

DIFFERENTIAL DIAGNOSIS: FIRDA (frontal intermittent rhythmic delta activity) may be mistaken for an eye movement artifact. Gently preventing eye movements during the EEG or use of eye movement EEG montages can differentiate between the two. Use eye leads above and below the eyes.

PROGNOSIS: Largely depends on the underlying cause; may be of value if etiology is known [2–5]. There is a good prognosis with urinary tract infections and reversibly toxic drugs. Prognosis is less favorable with the less reversible organ failures (hepatic) and systemic infections [4]. Given its demographic in aged patients, the overall prognosis is that of underlying conditions.

TREATMENT: The underlying acute and chronic conditions, for example, dementia and intercurrent infection.

[image: ]

This EEG shows runs of frontal intermittent delta activity with preservation of waking background alpha and theta frequencies. It usually appears at 2–4 Hz and is seen synchronously and symmetrically. Eye leads placed below the eyes can differentiate eye movement artifact from frontal (brain) slowing.

REFERENCES:

1. Chatrian G-E, Turella GS. Electrophysiological evaluation of coma, other altered states of diminished responsiveness and brain death. In: Ebersole JS, Pedley TA (eds.), Current Practice of Clinical Electroencephalography. Philadelphia, PA: Raven Press 2003;405–462.

2. Fariello RG, Orrison W, Blanco G, Reyes PF. Neuroradiological correlates of frontally predominant intermittent rhythmic delta activity (FIRDA). Electroencephalogr Clin Neurophysiol 1982;54:194–202.

3. Alehan F, Dabby R, Lerman-Sagie T, Pavot P, Towne A. Clinical and radiologic correlates of frontal intermittent rhythmic delta activity. J Clin Neurophysiol 2002;19:535–539.

4. Daly D, Whelan JL, Bickford RG, Maccarty CS. The electroencephalogram in cases of tumors of the posterior fossa and third ventricle. Electroencephalogr Clin Neurophysiol 1953;5:203–216.

5. Watemberg N, Alehan F, Dabby R, Lerman-Sagie T, Pavot P, Towne A. Clinical and radiologic correlates of frontal intermittent rhythmic delta activity. J Clin Neurophysiol 2002;19:535–539.





5. Occipital Intermittent Rhythmic Delta Activity [1–5]

WARD, PEDs, OUT Pt

Occasionally seen in pediatric patients with a history of generalized seizures.

CLINICAL CORRELATES: This pattern exists almost exclusively in children. The patient is interactive on arousal.

At the time of EEG, most patients have had a tonic–clonic seizure leading to the referral. During the EEG, patients are usually awake or drowsy, or less frequently asleep [3]. There is often a past history of childhood absences [1–5], but recent data indicate an association with localization-related epilepsies [3].

ETIOLOGY: It has been reported with salmonella, Huntington disease, and subacute sclerosing panencephalitis [3], and may occur in Angelman syndrome.

CLINICAL EVALUATION: Take a careful history for seizures. Mean age 8 years (3–16 years).

ANCILLARY TESTING: The brain MRI is normal.

PROGNOSIS: Children whose EEGs contain 3/second spike-and-wave as well as occipital intermittent rhythmic delta activity (OIRDA) may remit within 10 years in more than 50% of cases, and not manifest tonic–clonic seizures; those without OIRDA, but with photoparoxysmal EEG responses, rarely remit spontaneously (6%), and more frequently have convulsions.

TREATMENT: Patients with seizures can benefit from anti-epileptic drugs.

[image: ]

This EEG shows runs of OIRDA with preservation of waking background alpha and theta frequencies. It usually occurs at 2–4 Hz, synchronously and symmetrically with some waxing and waning. It is seen in awake and drowsy recordings of EEG. The background is usually alpha, but may be theta in about a quarter of patients [1]. Half the studies also have focal, concomitant epileptiform discharges. Rarely, OIRDA is brought out by hyperventilation and can co-occur with frontal intermittent rhythmic delta activity (see this rhythm).

REFERENCES:

1. Loiseau P, Pestre M, Dartigues JF, Commenges D, Barberger-Gateau C, Cohadon S. Long-term prognosis in two forms of childhood epilepsy: Typical absence seizures and epilepsy with rolandic (centrotemporal) EEG foci. Ann Neurol 1983;13:642–648.

2. Daly DD, Markand ON. In: Daly DD, Pedley TA (eds.), Current Practice of Clinical Electroencephalography, 2nd edn. New York: Raven Press 1990;335–370.

3. Watemberg N, Linder H, Dabby R, Blumkin L, Lerman-Sagie T. Clinical correlates of occipital intermittent rhythmic delta activity (OIRDA) in children. Epilepsia 2007;48:330–334.

4. Riviello JJ, Foley CM. The epileptiform significance of intermittent rhythmic delta activity in childhood. J Child Neurol 1992;7:156–160.

5. Gullapalli D, Fountain NB. Clinical correlation of occipital intermittent rhythmic delta activity. J Clin Neurophysiol 2003;20:45–51.





6. Triphasic Waves [1–7]

MICU, CICU, NICU, SICU, WARD, ER

Seen with toxic/metabolic illness, often with infection and cerebral/subcortical atrophy.

CLINICAL CORRELATES: Patients are usually lethargic; myoclonus and seizures are unusual. The eyes are open or closed, may open to stimuli. The patient is confused, may be able to speak, but is somnolent. In lighter coma, the patient can follow commands, localize to pain, and have intact brainstem reflexes.

ETIOLOGY: Concurrent metabolic and infectious problems are frequent: hepatic failure, uremia, systemic infection, hyperosmolarity, hypoxia, and hypoglycemia [2–6]. Triphasic waves (TWs) are seen with drug toxicity, for example, lithium, cefepime, baclofen, ifosfamide, levodopa, metrizamide (controversy whether this is NCSE), valproate (with or without raised ammonia), serotonin syndrome, Creutzfeldt-Jakob disease, Alzheimer's disease [2–6].

CLINICAL EVALUATION: In nontraumatic coma, examine cognitive function, test for neck stiffness, look for hepatic fetor, and look for systemic evidence of liver insufficiency (spider naevi, caput medusae, palmar erythema, leukonychia).

ANCILLARY TESTING: Electrolytes, ammonia level, liver profile, toxin screen, and MRI for white matter disease.

DIFFERENTIAL DIAGNOSIS: TWs are blunter and usually of lower frequency than the discharges of nonconvulsive status epilepticus (NCSE). TWs may increase (rarely decrease) with arousal. Background activity can be present with either TWs or NCSE. TWs resolve with benzodiazepines, but the patient fails to improve. Fifty-nine percent of patients with TWs may have nonmetabolic encephalopathies [2].

PROGNOSIS: This largely depends on the underlying cause; the EEG may be of prognostic value if the etiology is known [2–6]. There is a good prognosis with urinary tract infections, reversibly toxic drugs and hyperammonemia in patients on valproate. The prognosis is less favorable with less reversible organ failure (hepatic) and systemic infections [4]. There is a poor prognosis after anoxia [6]. Given its demographic in aged patients, the overall prognosis (from all causes) is poor with a 77% mortality [3]. In 100 patients with severe liver disease, 45 died within 1 week before the advent of liver transplants [7].

TREATMENT: If NCSE is suspected as a differential diagnosis, then a trial of lorazepam 2–4 mg may improve NCSE clinically and either on EEG; benzodiazepines may worsen encephalopathies.

[image: ]

This EEG shows generalized TWs, typified by a blunted or small upgoing (negative) first phase, rapid descending dominant (positive) second phase, less steep, ascending third phase. It is best seen in a referential montage and often brought out by arousal. The frequency of TWs is 1.5–2.5 Hz, of moderate to high amplitude (100–300 μV); the activity is seen in clusters. There is often theta/delta background activity. TWs are often dominant anteriorly, with an anteroposterior lag on a referential montage [2]. The background is slower if seen with hepatic insufficiency. Toxic and metabolic causes cannot be distinguished on EEG [2].

REFERENCES:

1. Bickford RG, Butt HR. Hepatic coma: The EEG pattern. J Clin Invest 1955;34:790–799.

2. Sundaram MB, Blume WT. Triphasic waves: Clinical correlates and morphology. Can J Neurol Sci 1987;14:136–140.

3. Bahamon-Dussan JE, Celesia GG, Grigg-Damberger MM. Prognostic significance of EEG triphasic waves in patients with altered state of consciousness. J Clin Neurophysiol 1989;6:313–319.

4. Young GB, Bolton CF, Archibald YM, Austin TW, Wells GA. The EEG in sepsis-associated encephalography. J Clin Neurophysiol 1992;9:145–152.

5. Blume WT. Drug effects on EEG. J Clin Neurophysiol 2006;23:306–311.

6. Yamashita S, Morinaga T, Ohgo S. Sakamoto T, Kaku N, Sugimoto, S, Matsukura S. Prognostic value of EEG in anoxic encephalopathy after CPR: Relationship among anoxic period, EEG grading and outcome. Int Med 1995;34:71–76.

7. MacGillivray BB. The EEG of liver disease. In: Remond CA (ed.), Handbook of Electroencephalography and Clinical Neurophysiology, Vol. 15. Amsterdam: Elsevier 1976;77–87.





7. Low-Voltage Fast Record Without Dominant Alpha Frequencies [1]

SICU, MICU, NICU

Seen after head trauma or in alcohol abuse. May be a normal variant.

CLINICAL CORRELATES: The patient may be cognitively normal. Conversely, there may be confusion or lethargy.

ETIOLOGY: Head trauma, normal variant, hydrocephalus, alcoholism.

CLINICAL EVALUATION: General neurological examination. Check for history of closed head trauma, bilateral subdural, epidural, or scalp fluid collections. Ask after a history of alcoholism. Smell for alcohol fetor.

ANCILLARY TESTING: CT or MRI for bilateral fluid collections, diffuse atrophy, evidence of head injury. If suspected and no other history available, drug/toxin screen.

DIFFERENTIAL DIAGNOSIS: From the EEG perspective, alcoholism and closed head trauma are the frequent pathological causes. It rarely occurs postictally and with hydrocephalus.

PROGNOSIS: Little dependable literature on significance of this finding. Significance depends on clinical context (e.g., postictal states can suppress voltage). By itself, it has no prognostic significance.

[image: ]

This EEG shows a low-voltage fast beta pattern. There is no posterior or diffuse alpha, theta, or delta activity. Ensure that the EEG recording has the usual interelectrode distances as decreased distance lowers recorded voltage and can produce a similar pattern. Ensure that arousal stimuli have been applied and that eye closure was noted. This pattern is seen in 6–7% of the normal adult population. Alpha/background activity voltage diminishes with age, partly due to increased skull thickness and bone. Posttraumatic patients with this pattern are occasionally deeply obtunded.

REFERENCE:

1. Maulsby RL and Kellaway P. The Normative Electroencephalographic Data Reference Library. Final report. NAS 9–1200. Washington, DC: National Aeronautics Space Administration 1968.





8. Alpha Coma

CICU, MICU, NICU, SICU, ER

After cardiorespiratory arrest, head trauma.

CLINICAL CORRELATION: By definition, the patient has to be in coma. The patient is eyes closed, but her or she may open to stimuli. Arms posture or withdraw to pain; brainstem reflexes—pupil reactions, vestibulo-ocular reflex, gag, spontaneous breathing—are often present in alpha coma.

ETIOLOGY: It is most frequently reported after CRA (10–23%) [1], less frequently after infection, metabolic dysfunction, head trauma, drugs (e.g., carbamazepine), seizures, stroke, heat stroke, and hypoxia. Cardiorespiratory arrest, infection, metabolic dysfunction, head trauma, seizures, stroke, hypoxia, and drugs.

CLINICAL EVALUATION: Examine for brainstem reflexes and assess Glasgow coma scale. Look for evidence of rare toxic or metabolic causes if CRA is not known.

ANCILLARY TESTING: CT/MRI might show laminar necrosis. Consider Complete metabolic pane and toxin screen, and somatosensory evoked potential (SSEP) for prognosis.

DIFFERENTIAL DIAGNOSIS: In paralyzed patients, ensure that the patient is not awake. Tip-off is lack of EEG reactivity to stimuli, anterior distribution of alpha activity, and if the patient is not paralyzed, presence of eye blink artifact. Alpha frequency patterns (AFPs) can be seen in the locked-in syndrome, but are usually reactive and over the posterior head region. The patient is awake. It rarely occurs with an apallic syndrome. There is a slight resemblance to REM sleep patterns. Posterior AFPs can occur in Grade 1 postanoxic coma (posterior, reactive) with good prognosis [1].

PROGNOSIS: After anoxia/CRA or stroke, the prognosis is almost universally poor; meta-analysis indicates 88 and 90% mortality, respectively. After hypoxia without cardiac arrest 61% mortality; after drugs only 8%. If the EEG shows reactivity, most patients awaken, but few have a meaningful recovery [2]. Almost all patients without EEG reactivity die [1,2].

Consider SSEPs for further prognosis-–if the N20 is absent, then the outcome is death or persistent vegetative state [1]. Interpret with caution after anesthetics or early (<24 hours) in the clinical course.

TREATMENT: No effective treatment. The EEG pattern evolves into other patterns. The effect of hypothermia is unknown.

[image: ]

This EEG shows generalized AFP [3] but also some higher frequency beta activity. There is also anterior rhythmic activity with sharp waves. This EEG segment has used a high-frequency filter of 15 Hz to minimize artifact in the illustration.

In alpha coma, the alpha frequencies appear diffusely, but may be more prominent anteriorly. The record usually shows no reactivity to stimuli. AFP may be transient and evolve from a burst-suppression pattern or other pattern, or to another pattern, as in this case. Similar patterns may include slower frequencies in the fast theta range [4] but with similar implications.

REFERENCES:

1. Berkhoff M, Donati F, Bassetti C. Postanoxic alpha (theta) coma: A reappraisal of its prognostic significance. Clin Neurophysiol 2000;111:297–304.

2. Kaplan PW, Genoud D, Ho TW, Jallon P. Etiology, neurologic correlations and prognosis in alpha coma. Clin Neurophysiol 1999;110:205–213.

3. Westmoreland BF, Klass, DW, Sharbrough FW, Reagan TJ. Alpha coma. Electroencephalograpic, clinical, pathologic and etiologic correlations. Arch Neurol 1979;32:713–718.

4. Young GB, Blume WT, Campbell VM, Demelo JD, Leung LS, McKeown MJ, McLachlan RS, Ramsay DA, Schieven JR. Alpha, theta and alpha-theta coma: A clinical outcome study utilizing serial recordings. Electroencephalogr Clin Neurophysiol 1994;91:93–99.






End of sample




    To search for additional titles please go to 

    
    http://search.overdrive.com.   


OEBPS/images/utable44001.gif
Diseases of

Motor neuron neuromuscular
Characteristic  Myelopathy ~disease Polyneuropathy  junction Myopathy
Bulbar function  Normal Opthalmoplegia,  Usuallynormal,  Dysarthria, dysphagia,  Often nommal, but may
dysarthria, but may be involve  and tongue weakness  involve myostis and
dysphagiainMG i Guillain-8arre certain inherited
syndrome myopathies
Pattern of Variable,  Variable, Distal > proximal  Proximal > dista, Provimal > distal
weakness wsually symmetricin fluctuates, often involves
symmetic  most, but often extraocular muscies
asymmetric in ALS
Musdetone  Increased  Increased,but  Decreased Normal Normal
occasionally
decreased
Fasceuations  Normal,but  Yes Sometimes No No
sometimes in
spondylotic
myelopathy
Deeptendon  Increased  Variable, Decreased or Normal n postsynaptic  Normal initiall, may be.
reflexes decreased in most,  absent (myasthenia gravs), decreased in later stage
Increased in ALS decreased in presynaptic  with severe weakness
disorders (Lambert-Eaton  (ankle reflexes are often
syndrome and botulsm)  preserved unti very late)
Babinskissign  Upgoing  Upgoing toes Normal Normal Normal
toes
Sensoryloss  Yes,often  No, exceptin Usuall present  No No
sensory level  Kennedys disease.
Pain Bakpan  No Often No Variable, usually no
Bowelbladder  Yes No No No No

dysfunction






OEBPS/images/f64001.jpg
G T )
o T i e e )
P

= T 1 2 T 2
Eron v

[ —— S T T8 B I
S T e
i i T e e 2 2

P P i | M 7 W D
T N M M T S e S

R W Y W W ) N T e
[rmve—

L S s
B T T A LT . N B
o 5 S D ) B L L
L — - Fa
£ Twlwlw [ T ol w [wl®






OEBPS/images/f63002.jpg
— U A
= e e
=y e e e
i R R e
i L e
i I T o

E?[
!
i
i
il
all

i
;
8
a
i

ey
T — T T -
T £ - e |
Mo,

!
i
i
i
i

&

o
- Brs






OEBPS/images/f63001.jpg





OEBPS/images/f62001.jpg
oAb

 wendl e St






OEBPS/images/f21001.jpg





OEBPS/images/table29001.gif
MCS(auake, minimally  VS(awiake. ot Coma(not awske, not
Usiauake) conscious) conscious) conscious)
Jp— Bk Otject rcosriten sare =
Vsl prent
b opening Vottonal Spontancous Spontaneous Varsie sccording to depth
Soonianeous mosement. one suomstc Reflheorsimple  Posuring
Oject manipulton  sequances
Resction o ain Pupil it Locazaton Posturing Festuring
Windrawal
Folows commands By ey mowement/ Incorssnt but
binkng reprodicbl
ectve racton e Continget Randor, e
Spsech tore nslgi wores Randor, e
Vocalzation
Communicaton Vestto Unitie Hore e
o paises Gesuralorvertal Yestlo

Wi e mosements

esporses

ctapted from Fins et .

a





OEBPS/images/f20001.jpg





OEBPS/images/f67001.jpg
A
W
i






OEBPS/images/f19001.jpg





OEBPS/images/f66001.jpg
P ——

T S— T I [T T e )
T B ST 770 =TT T WS T
E—S— Ty M 7T e s e
TR S T8 S S R |
T
——

e el e 3 il =5
T BT [T BT A W B
T T T Tom [ T =]

£ T e T TeE T =T =






OEBPS/images/f18001.jpg
AR R

e






OEBPS/images/f65001.jpg
(13 T B P N L
BT Y B 7 T
e L o LI T Ty
Vous LY M KT [ ow [ o
e LT BT o e RE T T
[ —

EEW... iesm T ooy woma | o
A S o
T

e T o e
—

i e Ty
o it e
e Toam | st
_— L T






OEBPS/images/f25001.jpg
EREEEEIEIRENCE





OEBPS/images/f24001.jpg
alzil

(feell]

T

gEsssanesan
T NsRatRaETEE!
(FERREIT P EFaRRELI

o/~

tL]






OEBPS/images/f23001.jpg
e Ut
A

P
I

s B Bplla, ol g e 'm0 g (g






OEBPS/images/table29003.gif
vers

S —
Grate 1 Increza pesk
Iaancy

Pk Vi present
Grate 2 Incezas peak
fatancy

[
Grate 3 Incezan peak .
Iaaney
Hosubsequert
Grade 4 Tl eprduclc
iR
ERGpreent

Good
sse autcome %)

Normal
Normaitzn,

P24, 27

150 prsent @
Normal 120 an

o

g w
o subsoquent

Mo corteal "
Mo corteal

Pl prasent 0

Adapted fom Guert et o [9]. Fermision o b obtaine.
S somatsensory ecked potant; VE oual ek

S—





OEBPS/images/f22001.jpg





OEBPS/images/table29002.gif
Surdval with
permanent
neuslogical

EEG category Recovery (%) damage (%) Death %)

- ) "
Grate2 Bl B
Grate % &
Grate 1 o o
Grates 0 1

e o Salo-Lavzzan nd Baset (101, Permisin

B





OEBPS/images/f27001.jpg
%mﬁ%m






OEBPS/images/f26001.jpg
il
i
oy

il
W
fiiy

B
ot

m ‘

o

mmmmm

w
L AT MO SO

WM !

mmmmmmmwmwm
L
ﬂmmmmmmwmmmmw
TR HE

e

A
My oy e B Kin BN RS R R BUR AL R B w SR

i
W

- g s





OEBPS/images/f54001.jpg
. Moo M.

il 2 i 4 Al e
S ) 1) ) 1 e L ) 203
523 L) ) 2 ) 1) ) L300
S Wt Do e
T P | W
P O S

FopNorve Sim 7 O Ok, ON V-






OEBPS/images/f53001.jpg
FES—
Pl No R

R Sy






OEBPS/images/f52001.jpg
Sananry sec candncin

e i [T

e
e
s
e .
e O
Motraes condusion S i
p—— e —
F i =T
T B o B
E— e T = — S )
e T T = T=T=
[ RO [ S [T e
o ) EITY R B Toom [ om | s ]

i [ 34V Torasectar— o [Boma] Smr ]






OEBPS/images/f10001.jpg
]
=
e






OEBPS/images/f58001.jpg





OEBPS/images/f09001.jpg
N L

i g Bty ookl oy s LUmath §






OEBPS/images/f57001.jpg





OEBPS/images/f08001.jpg
Pl
P

A

byl

L
A
M

=
iz
ey






OEBPS/images/f56001.jpg
ey serrs. sondetion

=13 Errwm T T
- P T B T o

o e e 2 e e
oo e condction

Poronel &
Ankle TN STV LI YV EETTI T s
Fibular sl T3 3 ms |60 mY | Ankie-Fibulr sl S| Tima | domy

o T T 1S TV Pl e Pop P |70~ S0n |
(anke Ta7ms [ 160mY [Ac Toim [ om ]
bt
(ank TS TSP TS T - ]

L
Arkle TSV TEDB AR TN Y e
Filar s TV Akl Tead T T I

g T 13
Medant
it TS0 [ aamv T 0w T ]
[Toms | 3im T T T
Ul
i TS0 [ 54V [ 0w [ om e
Nesle EMG daa-
T (—( EARD)

N TR oo D Jib o fNowe —FARIY”
e e e R -
R - 3 e — e —

i - N






OEBPS/images/f55001.jpg
Er=sasraamcnas s
[

s e e T

s T e T T

Tow v





OEBPS/images/f14001.jpg
s o b %l ol g






OEBPS/images/f13001.jpg





OEBPS/images/f61001.jpg
!
(eiteciy

EESEISREIRIEE

%
Z
&

{
:
;

§






OEBPS/images/f12001.jpg
Faak!

Ww

S

i

i






OEBPS/images/f60001.jpg





OEBPS/images/f11001.jpg





OEBPS/images/f59001.jpg





OEBPS/images/f17001.jpg
=
|

F
3

SIaas]

{
/

A i 4






OEBPS/images/f16001.jpg





OEBPS/images/f15001.jpg
S Rcasdy G AR

1 3CH3%






OEBPS/images/f39001.jpg
09

N 1001 NR:' O
Sms OddsEv
1uv Amp 1

N/ 906 NR:' 0O
Sms Odd&Ev
TW  Amp2

N 1001 NR:©  ©
5ms__Odd8Ey

TW Amp 3
w : . © N 1000 NR:C o

N 624 NR:© o
Sms Oddsev

N/ €24 NR:' o
Sms Odda&Ev






OEBPS/images/f38001.jpg





OEBPS/images/9781444396157_epub_cov.jpg
Clinical
Electrophysiology

AHandbook for Neurologists

PETER W. KAPLAN
THIEN NGUYEN

g

$WILEY-BLACKWELL





OEBPS/images/9781444396157_epub_title.jpg
Clinical
Electrophysiology

A Handbook for Neurologists

Peter W. Kaplan, MB, FRCP

Deparmentof neurlogy
The o Hopkins Untversty Scholof Mediine &
Johes HoplonsSayvew Medkcl Canter

Thien Nguyen, MD, PhD
Depariment of neuroloay
Toe s Hophins Uity Schol of Medce &

The ohns Hopkins Hosptal
safmore, i, USA

WILEY-BLACKWELL

A i S T Pt






OEBPS/images/f47001.jpg
I G R s e e

o e s
e T






OEBPS/images/f42001.jpg
i SRS






OEBPS/images/f41001.jpg
Lo VP messurements

AECIER)Y

Right VEP measurements
] g [ [ [
o
fhriada e el g |
i e
T [
ity Fight VEP measurements
T [ | R
B TR AR s
mo L i
X o) i

Il






OEBPS/images/f40001.jpg
SO SSEP—left tibial nerve 'SSEP—right tibial nerve





OEBPS/images/f03002.jpg





OEBPS/images/f51001.jpg
s = = —
o -

e | e e e L
e e e
e
e
= ey
e =T
& S— S —






OEBPS/images/f03001.jpg





OEBPS/images/f50001.jpg
et e ] 1= il el

P o £ 7 e o L

T e

[y T [ oo T e T =]

e T T ey o m
e EEETCW T T T

e T B

e Tom [ 5w T = T =]






OEBPS/images/f02001.jpg





OEBPS/images/f49001.jpg
st

f

Tt

T

e e R e






OEBPS/images/f01001.jpg





OEBPS/images/f48001.jpg
e LN o






OEBPS/images/f07001.jpg





OEBPS/images/f06001.jpg





OEBPS/images/f05001.jpg
RIS

AW LT A

)
H
4
1
H
H
2

]
1
&
:
2
i
i





OEBPS/images/f04001.jpg





OEBPS/images/f28001a.jpg
¥\
7T
L

i

L L






OEBPS/images/utable46001.gif
Characteristic

Mononeuropathy

Plexopathy

Radiculopathy

Pattern of weakness

Sensory

Electromyography

responses
Motor nerve studies

Proximal responses
(Fwaves, Horeflexes)

‘Weakness in musdies innervated
bya single neve.

Decreased reflexes in muscles
innenvated by a single nenve:

Follows a single nerve teriory.

Denenvation in muscles
innenvated by a single nerve;
norma paraspinous muscles

Low-amplitude and/or
prolonged SNAP atency

Slow in affected nerve;
low-ampltude CMAP or
conduction block could be seen

Slow or absent i affected nerves

‘Weakness in muscles innervated
by different roots and nerves

Decreased in musdles innenvated
by roots from affected plexus,
but by diferent nenves

Follows patchy distibution of
multple roots and nerves
Denenvation in muscles:
innenated by multiple roots and
nerves; normal paraspinous
muscies

Low-amplitude SNAP n nenves
from the affected plexus
Normal or low-ampitude CMAP
n nerves from the affected
plexus

Slow or absent in nerves from
the affected plexus

‘Weakness in musdles innervated
by the same root, but by
different nerves

Decreased in musces innervated
by the same root, but by
different nerves

Follows the teriory of the
involved roots

Denervation in muscles
innenvated by the same root, but
by different nerves; denenvation
i the affected paraspinous
muscles

Normal SNAPs

Normal or low-ampitude CMAP
n nerves from the affected
plexus

Slow or absent in nerves from
affected roots






OEBPS/images/utable45001.gif
Motor neuron Dissases of

Test discase Polyneuropathy neuromuscular junction  Myopathy

Serum creatine  May be mildly Normal Normal Increased

kinase (CK) level  levated

Nerve Normal or Slow nerve conduction  Normal Normal

conduction low-amplitude velocities or

studies compound musce  low-ampitude
action potentil Compound muscle
(CMAPS), nomal action potential (CMAPS)
sensory nerve acion  and sensory nerve action
potential (SNAPs) potentals (SNAPS)

Electromyography  Decreased numberof  Decreased numberof  Normal, but may have Voluntary motor urits
motor unis reduced  motor units (reduced voluntary motor units with  with small amplitude
recruitment), acte o recrutment), acuteor  small amplitude and short  and short duration
chronic denenvation/  chronic denenvationfe-  duration
reinnenation innervation

Repetitve neve  Usualynommal,but  Normal Decrement of CMAP atlow  Normal

stimulation small decremental rates of stimulation, arge
responses may occur Increment at fast rates in

presynapic disorders
(30-100% in Botulis;
>200% in Lambert-Eaton
myasthenic syndrome
(LEMS)); normal at fast rates.
i presynaptic disorders
(normal or <25% in MG)

Muscle biopsy  Neurogenic Neurogenic denenvation,  Normal Myopathic changes
denenation, fbertype grouping
fiber-type grouping,

group atrophy






OEBPS/images/f32001.jpg





OEBPS/images/f31001.jpg
ATV R e L e L LA SR
R B s aatiios! AWM W BTSRRI SRS PR
VAVEB UPSEE SPREN NEPEN VS fr
ML VUGN ERARA LREQN ESEGEARRES BESEA
B s R R e S EEWAS e SR
ERSTY Eae g FaVER VD RS EE Fen e SRV A
HHRNBENARHYNACH USANA BN UMY ) A B PO R A
e Ea N A N e N D
mwwmwmw [Nt
(MU AR A it o e s e AN i
(A AMWAAA i A A A
VT B N VA P S SRR i e 8 R
M T AR ST Y T T T
¢ UREREANIN SHARBUANAHNARNE NABNRPYNY
AN PRENE URNSY |

e o o w0 8¢ e






OEBPS/images/f30001.jpg
EECEEAEHERETdas

BEARBE U BEERR

et i e oo NEEWS






OEBPS/images/f28001b.jpg
A
H

£l
g
5

N A

e

[

R
BAREM AR BARRE asR

oA
o
&

. M@T;“ LR
A N A
sl
RSN e
oy

W‘m
m I
A
HE
i

S

L






OEBPS/images/f36001.jpg





OEBPS/images/f35001.jpg





OEBPS/images/f34001.jpg





OEBPS/images/f33001.jpg





OEBPS/images/f37001.jpg





