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PREFACE

The Concise Guide to Neuropsychiatry and Behavioral Neurology was first published in 1995 and has since helped hundreds of clinicians provide excellent care to thousands of patients with neuropsychiatric and neurobehavioral syndromes. The book originated from our shared passion for clinical phenomenology, neurological and psychiatric diagnoses, excellence in patient care, and teaching of these related disciplines to students at all levels of learning. The complexity of the brain is reflected in the diagnostic conundrums that patients present to clinicians. Substantial expertise in understanding how to examine an individual experiencing delusions, hallucinations or aphasia combined with a deep understanding of brain structure and function in health and disorder is required of the neuropsychiatrist/behavioral neurologist. Our goal in the Concise Guide was to distill this information into a brief format and to produce a volume that would fit in a pocket virtually or physically and be available when needed to assist in diagnosis and treatment of patients with neuropsychiatric and neurobehavioral disorders. The enduring popularity of this volume suggests that we succeeded.

There has been tremendous progress in neuropsychiatry and behavioral neurology since the Concise Guide was last published. The development of new techniques of brain imaging with amyloid and tau PET; the advances in MRI allowing examination of brain structure, function, composition, and perfusion; the improvement in electrophysiological methods to better detect and characterize epilepsy and sleep disorders; and the evolution of an ever-growing list of blood and spinal fluid biomarkers have revolutionized the diagnostic capability of the neuropsychiatrist/behavioral neurologist. Treatment alternatives have advanced markedly since the last edition. Improved therapies for psychosis, depression, mania, OCD, anxiety, and sleep disorders have materialized from innovative programs, as have treatments for epilepsy, movement disorders, stroke, multiple sclerosis, brain tumors and degenerative brain disorders. Awareness of these advances is necessary to provide neuropsychiatrists and behavioral neurologists with skills not only to achieve accurate diagnoses but also to manage patients with complex neuropsychiatric and neurobehavioral disorders once the well-prepared clinician has examined the patient thoroughly, with insight and kindness. We have endeavored to preserve this precious vision of patient xxcare while integrating the many advances that have enriched the field.

We are very grateful to John Barry and Sepideh Bajestan for their willingness and enthusiasm in reviving the Concise Guide. They have done a terrific job of preserving much of the original content and intent while integrating the new approaches, technologies, and therapies. Additional chapters have been added addressing autism, substance use, endocrine and HIV neurocognitive disorders, limbic encephalities, and interventional neuropsychiatry. We are pleased to know that more generations of neuropsychiatrists and behavioral neurologists will have this companion in their pocket. Our goals remain teaching, excellent patient care, growth of individual expertise, and expansion of our understanding of mind/brain relationships. This new edition of the Concise Guide captures these ideals.

Jeffrey Cummings, M.D., Sc.D.

Michael Trimble, M.D., FRCPsych, FRCP
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1

Neuropsychiatric Assessment



Lauren Drag, Ph.D.

Juliana Lockman, M.D.

Michael Zeineh, M.D.

Michel Medina, M.D.



Neuropsychiatry and behavioral neurology are specialties devoted to understanding and treating behavioral disturbances associated with neurological dysfunction. The detection and characterization of brain and behavior disorders require careful behavioral observation, formal clinical assessment, and the application of selected neurodiagnostic procedures. In this chapter, we discuss the clinical examination as well as neuropsychological testing, laboratory tests, electrophysiological techniques, and brain imaging. The symptoms of brain dysfunction are presented in more detail in Chapter 3, “Neuropsychiatric Symptoms and Syndromes,” and the symptoms of each specific disease or condition are presented in the relevant chapters of the book.


Definitions

Symptoms are the patient’s self-reported subjective complaints. Signs are the objective observations of the physician, the patient, or the patient’s friends and family and indicate the presence of abnormal functioning of one or more body systems.

A syndrome is a recognizable constellation of the signs and symptoms that tend to co-occur and represent the clinical expression of an underlying, unifying disease process. A syndrome may or may not be pathognomonic for a specific etiology. The presentation of an illness depends on many factors, including environmental and personality variables.



2Clinical and Laboratory Examination


Initial Observations

The clinician should first observe; note the patient’s appearance, awareness, viscosity, and attitude; and then listen. The patient’s dress may reveal the eccentricity of hysteria or the flamboyance of mania or may hint at the dishevelment of schizophrenia or dementia. Is eye contact maintained? Is there evidence of irritability, agitation, or pressured speech? Or conversely blunted affect and terse responses? Is there an excessive focus and perseveration on symptoms or perhaps an indifference and a lack of insight into a condition that is otherwise obvious to the examiner? These types of behavioral observations are invaluable to the clinical examination and case conceptualization and can be elicited even with casual conversation.

Disturbances of motor activity can aid diagnosis. In catatonia, muscle tone is high, leading to resistance, and in catalepsy, limb rigidity and postures can be maintained for hours at a time. Gegenhalten refers to an involuntary resistance to passive movements of the extremities.

A patient’s gait may suggest an extrapyramidal disorder, with smaller steps and poverty of accessory movements indicative of parkinsonism. Akinesia, or poverty of movement, can be seen in parkinsonism or can reflect a side effect of neuroleptic treatment. A patient with akathisia may not be able to sit longer than a few minutes. A patient with agitation will pace around. Mannerisms (exaggerated components of the usual behavioral repertoire), stereotypies (repeated complex sequences of purposeless movement), and choreoathetoid writhing may be noted. Mannerisms and stereotypies are common in schizophrenia; choreoathetoid writhing may suggest any number of extrapyramidal problems. Tics (frequent stereotyped repetitive movements of small groups of muscles) may suggest Gilles de la Tourette’s syndrome. Vocal tics and excessive sniffing or clearing of the throat are also characteristic of this disorder. Tics can also be commonly associated with other developmental disorders, such as ADHD or autism spectrum disorder (see Chapter 18, “Autism Spectrum Disorder”).

There may be involuntary movements of the mouth, such as repetitive tongue movements or chewing motions indicative of tardive dyskinesia, or more sustained abnormal postures as in dystonia.

The hands may tremble in cases of anxiety or extrapyramidal disease. Is there any evidence of muscle wasting (loss of 3muscle bulk generally or in specific areas)? Observation of the fingers may reveal nicotine addiction, anxiety-related behaviors (e.g., bitten nails), or poor hygiene. When shaking the patient’s hand, the clinician may detect the clammy sweat of anxiety or an underlying extrapyramidal tremor. A handshake also gives the opportunity to test grasp reflex. Left-handedness can provide insights into cerebral lateralization.

The patient’s speech should be studied for form and content. The slowing of depression contrasts with the pressured overactivity of mania. Dysarthria, due to impairment of the neuromuscular mechanisms of speech, may hint at intoxication or cerebral or cerebellar damage. Hypophonia can be indicative of parkinsonism. Prosody of speech refers to rhythm and intonation, which can be impacted in schizophrenia or right-hemisphere lesions. A stammer may suggest anxiety; paraphasias and neologisms indicate aphasia or schizophrenia.

The patient’s attention and concentration and ability to maintain a stream of thought and a reciprocal conversation should be noted. Overfamiliarity, inappropriate or impulsive comments, or perseverative tendencies during conversation can be indicative of frontal-based dysfunction. Confabulation can be an indicator of underlying memory loss. Circumstantiality refers to a persistent tendency to wander slowly over the irrelevant details of a subject before reaching a final conclusion, making it difficult to elicit an efficient history during interview.

Evaluation of speech disturbances is discussed in Chapter 6, “Aphasia and Related Syndromes.”

Formal thought disorder, which refers to disorganization, incoherence, and concretization of thought processes, suggests either schizophrenia or a neurological disease. Slowing of the train of thought is seen with the psychomotor slowing of depression and with the bradyphrenia of many neurological disorders, such as traumatic brain injury, Parkinson’s disease, epilepsy, and multiple sclerosis. Viscosity describes the “sticky thinking” of some such patients, although this term is also used to explain a clingy interpersonal style associated with temporal lobe epilepsy.

Delusions are unshakable, fixed false beliefs that are manifestly incorrect, even when cultural considerations are taken into account. They can accompany both psychiatric and neurological disorders. Autochthonous delusions arise suddenly, spontaneously, and fully formed. They are bizarre and nearly always signify schizophrenia. Hallucinations are perceptions without objects, and 4illusions are abnormal perceptions of sensory stimuli. Impaired judgment can be seen in dementia and focal frontal injuries. Anosognosia is the lack of awareness of deficit; it can accompany a range of conditions, including parietal lobe, subcortical, or frontal involvement; Alzheimer’s disease; traumatic brain injury; and serious mental illness. In contrast, hyperawareness and concern about symptoms can accompany anxiety and depression.

Hyperesthesia, especially for sounds, is not uncommon in anxious patients, although it can also accompany neurological conditions such as traumatic brain injury. Hypoesthesia is common in depression. Anesthesia, in the sense of reporting anesthetic patches or hemianesthesia, may be seen in patients with hysteria (conversion disorder).

Alterations in the perceived size of objects, such as in micropsia and macropsia, may suggest ophthalmological disease or temporal lobe dysfunction. Derealization and depersonalization, in which the world and the patient him- or herself, respectively, feel different, unreal, empty, or two-dimensional, are noted in various conditions but especially in anxiety and as an aura in temporal lobe epilepsy. In déjà vu experiences, patients believe that everything they are experiencing they have seen before. Jamais vu is the opposite, an abnormal feeling of unfamiliarity.

Careful attention should be paid to patients’ mood and to whether delusions are congruent or incongruent with the mood state. Incongruent delusions immediately hint at schizophrenia. Apathy is common after cerebral damage but is seen in a wide range of neuropsychiatric disorders. Abulia is related to apathy and akinetic mutism and is defined as lack of will. Emotional lability is noted when patients are unable to control their emotional flow, laughing at the hint of a joke or crying at the hint of sadness. Pseudobulbar palsy is a common cause of emotional lability associated with involvement of corticobulbar tracts. It is contrasted with the empty euphoria of patients with multiple sclerosis and meaningless playful Witzelsucht of frontal lobe dysfunction. Inappropriate affect is more characteristic of schizophrenia.



Neuropsychological Testing

Comprehensive cognitive testing should be completed by a neuropsychologist, often in clinic but sometimes at bedside. Nevertheless, a briefer mental status screen can be very valuable and in many patients is an essential part of the initial screening. Aspects of a cognitive screen to consider are outlined in Table 1–1. These tests should be done routinely, but any suspicion of cognitive dysfunction should lead to a request for more comprehensive cognitive evaluation. When referring for a neuropsychological evaluation, the clinician should specify possible differential diagnoses and areas to focus on—for example, asking that emphasis be placed on tests of executive functioning—so that the neuropsychological test battery and report can be tailored to optimize differential diagnosis and directly address the referral question.
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TABLE 1–1. Bedside mental state testing






	Level of consciousness




	Orientation for time, place, and person




	Name, age, marital status




	Day, date, month, season, year




	Name of president




	Current event in the news




	Estimate of the current time (without looking at a clock)




	Name of city, county, state, and hospital/clinic




	Address, phone number




	Attention and vigilance




	Digit or sentence repetition




	Serial 7 subtraction




	Digits reversed, spelling reversed




	Days or months in reverse order




	Mental calculations




	Letter tapping




	Expressive language




	Rate, rhythm, syntax, and semantics




	Speech errors (e.g., agrammatism, word-finding difficulties, word substitutions)




	Naming of objects, body parts, and colors




	Ability to describe what is happening in a picture or a scene




	Receptive language




	Ability to point to objects in the environment named by the examiner




	Ability to perform single and multistep commands




	Ability to read a passage of text (e.g., from a newspaper) and answer questions




	Memory ability




	Repetition of a story




	Repetition of five words




	General knowledge for recent events




	Knowledge for remote events




	Ability to recall the location of an object that was hidden in the room




	Constructional ability




	Copy of a circle, cross, and cube; drawing a clock
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	Ideomotor and ideational apraxia




	Ability to perform tasks on command: complete a complex sequence of actions (e.g., hammering a nail, lighting a match)




	Executive function




	Verbal fluency: number of animals named in 1 minute or number of words that begin with a certain letter in 1 minute




	Perseveration: fist-palm-side test, copy repeating sequences (e.g., ramparts design)




	Understanding of similarities (e.g., How are a train and a bus alike?)




	Proverb interpretation (e.g., a bird in hand is worth two in the bush)




	Cognitive estimation (e.g., How fast does a racehorse run? What is the largest piece of furniture in the house?)




	Ability to follow repeating motor sequences (e.g., fist, edge, palm)




	Right-left disorientation




	Follow commands using right and left extremities




	Paper and pencil calculations






Patients with confusional states cannot be reliably tested, but the degree, content, and variability of their mental state must be noted. Patients with typical delirium (see Chapter 10, “Delirium”) seem confused and are disoriented for time and possibly also for place. Simple attention span and mental arithmetic are abnormal, and memory is unreliable. Hallucinations are predominantly visual, complex, and silent. Delusions are often paranoid. Typically, the severity of the symptoms fluctuates with time.

Attention span can be tested by repetition of digits or sentences. More complex attention, such as working memory, can be tested using the serial 7s subtraction test (or other mental arithmetic tasks) or having the patient sequence strings of numbers or days/months in backward order. Longer periods of attention (vigilance) are tested by reading a series of letters aloud and asking the patient to tap every time a certain letter is called out.

7Memory is tested by having the patient recall previously presented words or stories, current events in the news, or the location of an object that he or she watched being hidden in the room. Items of general knowledge should be tested that are relevant to the patient’s cultural and intellectual background. Tests of general knowledge about news items, famous people, or events should be given. The ability to accurately recall events from the more distant past (remote memory) should also be tested.

Expressive and receptive language should be assessed, both formally and qualitatively. Attention should be paid to the rate, prosody, volume, and grammar of speech output. Expressive speech can be elicited by asking the patient to describe a visual scene or to name common objects. Receptive language can be assessed by having the patient follow both simple and multistep commands or read a passage and answer questions.

Testing for aphasia and apraxia is discussed in Chapter 6.

Anosognosia is a deficit of awareness of a disability associated with a medical condition. It often consists of lack of insight and impairs the ability to perceive a deficit and to seek treatment. It also may be associated with a refusal of medication and is one of the most significant reasons for lack of adherence to medication regimens in patients with psychiatric diseases. Anosognosia may result in a denial of hemiparesis and most commonly accompanies right-hemisphere disease. Finger agnosia is the inability to recognize different fingers, either the patient’s own or those of the examiner. Autotopagnosia is the same as finger agnosia, except that it applies to any body part. Finger agnosia and right/left disorientation usually indicate a left-hemisphere lesion.

Tests of constructional ability require the patient to draw a familiar object, such as a clock or a house, or to copy line drawings (e.g., a cube). Neglect of one-half of the drawing is seen with contralateral-hemisphere lesions. Neglect is more common and more severe with right-hemisphere lesions.

Tests of frontal lobe or executive function are often indicated in neuropsychiatric patients. These are described in detail in Chapter 5, “Frontal Lobe Syndromes” (see Table 5–1).

If possible, another person who knows the patient should be interviewed to confirm the accuracy of the patient’s account of his or her illness. Family history should always be sought, and any potential genetic diseases should be noted. Questioning about early history can elicit behavior problems relevant to the clinical presentation, including a history of sleepwalking, 8enuresis, stammering, tics, phobias, or hyperactivity. Developmental delay, especially for motor development, speaking, and language, should be inquired about. ADHD, learning disorders, conduct disorder, oppositional defiant disorder, and autistic behavior should be noted.



Neurological Examination

All patients should receive a neurological examination. A screening examination for neurological disease is shown in Table 1–2. This brief examination takes 10 minutes; if abnormalities are revealed, more detailed testing is needed. In addition to the items listed in the table, the screening neurological examination includes aspects of the mental status assessment detailed in Table 1–1. These include, but are not limited to, level of consciousness, orientation, language, memory, and general fund of knowledge.
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TABLE 1–2. Brief neurological screening examination






	Cranial nerves*




	Assess olfaction (identification of the presence of odor) (I)




	Check visual fields (confrontation testing in each quadrant) (II)




	Examine fundus (perform an ophthalmoscopic exam) (II)




	Test visual pursuit (follow the examiner’s finger in horizontal and vertical directions) (III, IV, VI)




	Assess bulk of temporalis and masseter muscles (opening jaw against force; muscle bulk on tight bite) (V)




	Observe facial symmetry (ask patient to raise eyebrows and smile) (VII)




	Assess hearing (rub finger and thumb an inch from the patient’s ears) (VIII)




	Observe palate (ask patient to say “ah”) (IX, X)




	Test sternocleidomastoids and trapezius (push chin against the examiner’s hand, test muscle bulk, shrug shoulders) (XI)




	Observe tongue for abnormal movements or deviation on protrusion (XII)




	Motor system




	Observe for adventitious movements (e.g., tremor, dystonia, chorea, fasciculations) or limited movement suggesting paresis




	Check tone in each limb (ask patient to relax limb to allow passive flexion and extension by the examiner, assessing for flaccidity, spasticity, rigidity, paratonia, and “giveway”)




	Assess power (test pronator drift, test the force of each limb against resistance applied proximally and distally)




	Reflexes




	Test muscle stretch (biceps, triceps, supinator, knee, ankle); pathological (plantar “Babinski sign”)




	Coordination




	Finger-nose test




	Rapid movements (quickly tap the back of one hand with the palm of the other)




	Heel to shin testing




	Sensory testing




	Stroke skin on representative parts of the body, especially the distal extremities




	10



	Stance and gait




	Observe walking and turning




	Balance with feet together and eyes closed (Romberg’s test)




	Primitive reflexes (when seen are called “Frontal Release Signs”)




	Palmomental (stroke the palm from the thenar eminence and watch for a reflex contraction of the ipsilateral mentalis muscle)




	Grasp (stroke the patient’s palm firmly moving outward and watch for hand closing in)




	Jaw jerk (examiner places index finger on jaw and taps with reflex hammer)




	Snout and pout reflexes (tap lips and watch for puckering)






*Numerals in parentheses refer to the cranial nerve tested.

Neurological “soft signs” may be subtle, not readily localizing, and do not always correlate with a well-defined neurological syndrome. They are thought to represent a connectivity abnormality among cortical and subcortical structures. They are classified as clusters of signs with presumed localization. Categories include integrative sensory function, motor coordination, sequencing of complex motor acts, and primitive reflexes (as detailed in Table 1–2). Soft signs are best described in schizophrenia but can also be seen in conditions such as OCD and the dementias. Their presence can aid in the differential diagnosis and prognosis of neuropsychiatric conditions.



Formal Tests of Neuropsychological Function

Formal tests of neuropsychological function are listed in Table 1–3 and in Chapter 5, Table 5–1.
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TABLE 1–3. Examples of common neuropsychological tests







	Boston Diagnostic Aphasia Examination

	Comprehensive measure of expressive and receptive language




	California Verbal Learning Test

	Measure of learning and delayed memory of a word list




	Continuous Performance Test

	Computerized measure of sustained attention, vigilance, and inhibition




	Delis-Kaplan Executive Functioning System

	Battery of subtests measuring multiple aspects of executive functioning




	Judgment of Line Orientation

	Assessment of spatial judgment requiring the matching of angles and orientations of lines in space




	Rey-Osterrieth Complex Figure

	Measure of constructional ability and delayed memory for a complex visual figure




	Stroop Color-Word Interference Test

	Measure of executive function requiring the patient to inhibit and override a prepotent response




	Test of Premorbid Functioning

	Word-reading test used to determine premorbid IQ




	Trail Making Test

	Speeded test requiring sequencing of numbers and alternating numbers and letters to assess processing speed and rapid set-shifting




	Verbal Fluency

	Test of speeded word generation in response to both letter and category cues




	Wechsler Adult Intelligence Scale

	A comprehensive measure of IQ including assessment of verbal abilities, visuospatial abilities, processing speed, and working memory




	Wechsler Memory Scale

	Battery of visual and verbal learning and memory tasks




	Wisconsin Card Sorting Test

	Measure of reasoning assessing the patient’s ability to utilize feedback to identify reinforced rules and set-shift








Metabolic and Biochemical Investigations

The following tests are done for all patients:


	Hemoglobin, red blood cell count, and related indices (hematocrit, mean corpuscular volume, and mean corpuscular hemoglobin concentration)


	White cell and platelet count


	Sedimentation rate


	Serum electrolytes (sodium and potassium chloride)


	Tests of liver function (alanine aminotransferase [ALT], alkaline phosphatase, aspartate aminotransferase [AST])


	Tests of renal function (blood urea nitrogen, creatinine)


	Blood glucose (if abnormal, order an extended glucose tolerance test)


	Blood A1c




The following tests are done for selected patients:


	Vitamin B12 and folic acid


	Iron and total iron-binding capacity


	Creatinine clearance test


	Calcium and phosphorus estimations


	Thyroid-stimulating hormone, triiodo-thyronine, and thyroxine


	Drug screen (for illicit drugs)


	Dexamethasone suppression test (see Chapter 19, “Evaluation and Treatment of Endocrine Disorders With Neuropsychiatric Symptoms”)


	Syphilis serology (Venereal Disease Research Laboratory, fluorescent treponemal antibody absorption)


	HIV serology, CD4 lymphocyte cell count, and CD4 percentage (see Chapter 21, “HIV Neurocognitive Disorders”)


	Prolactin (increased by neuroleptics and transiently by seizures, especially generalized seizures)


	Cholesterol and fatty acids


	Heavy metals screening


	Ammonia (for encephalopathy)


	12Lactate and pyruvate (for mitochondrial disorders)


	Genetic tests (chromosome analysis, specific gene tests, human leukocyte antigen genotypes)




The following tests are done in association with specific diagnoses:


	Alcoholism: red-cell transketolase, serum γ-glutamyl transferase, ALT, and AST


	Systemic lupus erythematosus (lupus): lupus erythematosus cells and serum antinuclear or anti-double stranded DNA antibodies, antiphospholipid antibodies


	Fatigue: infectious mononucleosis monospot and heterophile antibody test


	Polydipsia: plasma and urine osmolality


	Porphyria: urinary or fecal porphyrins


	Dexamethasone suppression test (see Chapter 19, “Evaluation and Treatment of Endocrine Disorders With Neuropsychiatric Symptoms (Thyroid and Adrenal”)


	Dementia: see Chapter 11 (“Dementia”)


	Movement disorders: serum copper and ceruloplasmin, serum creatine phosphokinase (CPK), acanthocytes in blood; see Chapter 12 (“Movement Disorders”)




The following tests are done for patients taking specific drugs:


	Lithium: routine lithium level


	Anticonvulsants: see Chapter 22, “Treatments in Neuropsychiatry”


	Antidepressants: levels are determined to check compliance or to detect unusual metabolism (e.g., patient complains of side effects on low doses)




Lumbar puncture is done to look for CNS infections (e.g., cerebral syphilis), to help in the differential diagnosis of dementia, and for the diagnosis of multiple sclerosis (oligoclonal bands). For workup for limbic encephalitis, see Chapter 20 (“Limbic Encephalitis”).



Electroencephalography

The electroencephalogram (EEG) was discovered by psychiatrist Hans Berger in 1924. The electroencephalographic signal 13is created by the average of electrical currents from the surface dendrites of neurons.

The usual 10–20 system of electrode placement covers only 20% of the cortical surface. In general, abnormal electrical activity must span at least a few square centimeters to be detected on scalp EEG. Additional electrodes, in the following placements, may improve the detection of abnormalities:


	Sphenoidal—in the region of the foramen ovale


	Nasopharyngeal—in the nasopharynx at the base of the skull


	Intracranial—subdural or intracerebral




Activation procedures facilitate detection of abnormal rhythms. These procedures include hyperventilation, photic stimulation, sleep induction or deprivation, and occasionally drugs (e.g., pentylene-tetrazol).


Waveforms

The four main types of waveforms seen on scalp EEG are


	Alpha: 8–13 Hz or cycles per second (cps), maximal occipitally, blocked by eye opening


	Beta: 13–30 Hz or cps, increased by many psychotropic drugs, especially sedatives and hypnotics


	Delta: 0.5–4 Hz or cps, in the alert state often a sign of pathology


	Theta: 4–7 Hz or cps (Figure 1–1)





[image: Typical electroencephalogram waveforms.]

FIGURE 1–1. Typical electroencephalogram waveforms.

Source. Reprinted from Scott D: Understanding EEG. London, Duckworth, 1976, p. 24. Copyright 1976. Used with permission.



Faster (e.g., gamma > 30 Hz) and infraslow waveforms (0.5 Hz and lower) can be seen on subdural or intracerebral recordings. These waveforms are influenced by genetics, age, sleep, drugs, and disease. Anticonvulsants such as valproic acid are notable for the potential to normalize interictal abnormalities in the EEG. Waveforms do not correlate well with intelligence. Theta and delta waves predominate EEGs in the very young. Adult EEGs feature mainly alpha and beta waveforms in wakefulness.

During the night, there are usually six periods of rapid eye movement (REM) sleep lasting up to 30 minutes, approximately 90 minutes apart—around 20%–25% of total sleep time. The first REM onset is after about 90 minutes (REM latency). This period may be altered in disease states; for example, patients with 14depression have a short REM latency. Dreaming typically occurs during REM sleep.

The EEG is an important test in patients who present with paroxysmal behavioral disorders and in the workup of patients with epilepsy. Recordings during the period of the change or the ictus are of most value. The EEG is helpful in diagnosing epileptic states such as nonconvulsive status epilepticus, some types of dementia, infectious encephalitis, and toxic/metabolic encephalopathy (see Chapters 9 and 10).



Evoked Potentials

The technique of evoked potentials allows the very small potentials generated by a stimulus to be exaggerated and studied. The results of many similar stimuli are averaged, and the signal-to-noise ratio is thus enhanced. The waveform is derived from computer analysis of the data; a series of positive and negative waves is detected, and the latency (time from stimulus) of these waves is one index used to detect pathology. Visual, auditory, or somatosensory evoked potentials are usually recorded.

Several potentials can be evoked by endogenous events. These include the contingent negative variation (CNV, or expectancy wave), the P300 wave, and premotor potentials such as the Bereitschaftpotential. The CNV arises from anticipation of an expected response. It is a slow negative shift at the vertex and 15frontal regions. The P300 wave is thought to relate to a process of cognitive appraisal of a stimulus.



Other Electroencephalographic Techniques

Ambulatory monitoring involves placing electrodes on the head (or heart), signals from which are continuously recorded onto a small recording device that patients attach to themselves. Patients can walk around wearing this recorder, and recordings over days can be made, for example, in the home. With video telemetry, a picture of the patient’s behavior is recorded simultaneously with the EEG, and both are replayed side by side on a screen. The behavior and the EEG can be directly compared.

Computerized electroencephalographic mapping produces topographical images of the brain’s electrical activity by means of computerized analysis of the various EEG components.



Magnetoencephalography

Magnetoencephalography, which detects magnetic source fields in the brain, complements electroencephalography. However, because the skull does not interfere with magnetic signals, magnetoencephalography provides better spatial resolution and detects fields beneath the surface.




Brain Imaging

Brain imaging is typically divided into two categories: structural and functional neuroimaging. Structural imaging evaluates the physical appearance and integrity of brain tissue. In routine clinical practice, computed tomography (CT) and magnetic resonance imaging (MRI) are the key imaging modalities. Functional imaging produces images that measure the physiological changes (blood flow, glucose, oxygen utilization) that indirectly reflect brain activity; clinically, the most frequently utilized functional brain imaging technologies include single-photon emission computed tomography (SPECT) and positron emission tomography (PET). Others (e.g., functional MRI) are primarily research tools with limited clinical utility at this time.

Although CT/MRI are the most common imaging modalities in clinical practice, there are no clear guidelines for when a physician should or should not order structural brain imaging for a psychiatric presentation. Studies investigating this question have identified the presence of focal neurological signs, cognitive decline, advanced age at symptom onset (> 50 years), 16and atypical symptoms as being clinical features suggestive of a psychiatric presentation masquerading as a general medical condition. From our perspective, neuroimaging should be considered in any clinical situation in which neuroimaging data may assist with differential diagnosis, modify the treatment plan, provide prognostic value, or provide insight into atypical psychiatric manifestations. Table 1–4 includes a broad list derived from clinical experience of psychiatric presentations that may warrant further investigation with structural imaging.


TABLE 1–4. Clinical indications for structural brain imaging in psychiatric patients






	Atypical psychiatric symptoms




	Catatonia




	Cognitive decline or dementia




	Delirium




	Eating disorder




	First-episode psychosis




	Focal neurological signs




	New-onset personality changes




	New-onset psychiatric symptoms after age 50 years




	Pre-electroconvulsive therapy workup




	Refractory to treatment




	Seizure history




	Traumatic brain injury







Computed Tomography

Like a conventional radiograph, CT measures the differential absorption of X-rays. X-rays are projected through the brain in many directions around the patient’s head, and the number detected depends on the density of the particular tissue. This gives rise to relative attenuation values, which are measured in Hounsfield units. Bone will appear white (higher density; almost complete absorption of the X-rays or higher attenuation), air will appear black (very low attenuation), and brain tissue will appear gray (intermediate density). For brain matter, the shades of gray are influenced by the tissue composition; for example, white matter, which has higher lipid content (from myelin), appears darker on CT than gray matter.



17Magnetic Resonance Imaging

Based on the technical foundations of nuclear magnetic resonance, MRI uses the magnetic properties of the atomic constituents of biological matter (hydrogen atoms, a major component of water in soft tissue) to construct a visual representation of tissue. Patients are placed at the center of a large magnet (the strength of magnet is measured in teslas [T]), and their hydrogen atoms are exposed to a carefully calculated series of radiofrequency pulses while they are within the scanner’s magnetic field. Brain images are obtained by measuring the proton (hydrogen atoms) spin relaxation parameters (T1, T2) after excitation by these radiofrequency pulses.

T1-weighted images are best for displaying anatomy and resemble anatomical brain sections (gray matter appears medium gray, white matter appears very light gray, cerebrospinal fluid [CSF] appears black). T2 weighted images resemble film negatives and are best for detecting pathological changes (appear bright or hyperintense). A variant of the T2-weighted scan is called the fluid-attenuated inversion recovery (or FLAIR) image, which subtracts the CSF signal (CSF appears black) and improves visualization near CSF-filled spaces, allowing identification of subtle lesions. The gradient echo sequence, also sometimes called susceptibility weighted, is also commonly used to detect any type of hemorrhage (or blood breakdown products), such as from amyloid angiopathy. Another important MRI sequence is diffusion weighted imaging (DWI), which measures the diffusion of water protons in brain tissue, making it ideal for detecting cellular changes associated with acute ischemic strokes (DWI is often combined with imaging of the apparent diffusion coefficient to improve specificity). Various additional specialized MRI pulse sequences and techniques exist that are primarily research tools and are beyond the scope of this chapter (e.g., diffusion tensor imaging, functional MRI, magnetic resonance spectroscopy).



Structural Imaging: CT and MRI

The choice of imaging modality should be based on the anatomy or pathology that one wants to view. CT and MRI each are preferable in certain situations (Table 1–5); however, for clinical neuropsychiatry, MRI is the preferred modality in most cases. Structural imaging for psychiatric purposes may be indicated in several clinical situations (see Table 1–4).
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TABLE 1–5. Comparison of CT and MRI








	Characteristic

	CT

	MRI






	Availability

	Universal both in terms of location and time)

	Less accessible (available in most hospitals but access may be limited outside of regular hours)




	Cost

	Relatively inexpensive

	More expensive




	Resolution, mm

	1.0

	1.0




	Sensitivity

	Good

	Superior




	Acquisition time, min

	3–4

	~ 30




	Parameter measured

	Tissue density

	Many properties of tissue (T1 and T2 relaxation times, spin density, magnetic susceptibility, water diffusion, blood flow)




	Clinical conditions for which it is preferred (within neuropsychiatry)

	Acute setting or medically unstable patient

Status postacute head trauma

Suspect: acute hemorrhage, bone injury/fracture, lytic lesions, mass effect, herniation, calcified lesions

	Subacute or chronic setting

Superior sensitivity for acute ischemic injury

All subcortical lesions

Demyelinating disorders or in evaluating extent of white matter disease

Superior anatomical detail is needed; e.g., temporal lobe or cerebellum
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	Plane of section

	Axial (although coronal or sagittal reformatted images can be quickly constructed with newer scanners)

	Any plane of section




	Contraindications

	No absolute contraindications for a noncontrast CT

	Any magnetic metal in the body (e.g., sutures, surgical clips)




	
	If using contrast-enhanced CT, concern for history of anaphylaxis, elevated creatinine, or metformin administration on day of scan

	Implanted electrical, mechanical, or magnetic devices (e.g., pacemakers, nerve stimulators)

History of welding (requires skull films before MRI)

Claustrophobia (open-design magnets may be an option)

Pregnancy (legal contraindication)






20The use of contrast media significantly improves the ability to visualize vascular structures and lesions that compromise or disrupt the blood-brain barrier (e.g., aneurysms, dissections, arteriovenous malformations, inflammatory or infectious processes, tumors). For brain CT, the contrast agents contain iodine (iodinated and appear white on the scan). Without a companion noncontrast CT scan, preexisting dense areas (calcified or hemorrhagic) might be mistaken for contrast-enhanced lesions. In MRI, the contrast agents contain gadolinium, which changes the T1 and T2 properties of hydrogen atoms in nearby tissues, resulting in increased signal better visualized in T1-weighted images (seen as white, or brighter).



Functional Neuroimaging: SPECT and PET

In contrast to the imaging methods just described (which, apart from the newer MRI techniques, assess brain structure), SPECT and PET measure numerous aspects of brain function that have growing clinical indications in neuropsychiatry. Both PET and SPECT are based on imaging the distribution of a radiotracer that is injected intravenously. As the radiotracer decays, it emits photons (or positrons in PET) that are detected and provide an indirect measure of neural activity; for example, the distribution of the radiotracer may indicate regional blood flow or cellular metabolism.

In SPECT, two tracers for cerebral blood flow (perfusion) are approved for clinical use in the United States: technetium hexamethylene-propyleneamine oxime ([99mTc]-HMPAO; Ceretec) and technetium ethyl cysteinate dimer ([99mTc]-ECD; Neurolite). A SPECT tracer for imaging the dopamine transporter (ioflupane [123I]; DaTscan) has also been approved for the evaluation of neurodegenerative movement disorders. These tracers are taken up by tissue and then temporarily trapped, decaying and emitting a photon in the process. Radiation is detected by rotating gamma cameras, and an image of blood flow is obtained via a process of tomographic reconstruction. SPECT is generally less expensive and more widely available than PET.

The most commonly used PET tracer is 18-fluoro-2-deoxyglucose ([18F]FDG), and there are three tracers for β-amyloid imaging (amyloid PET). The tracer is taken up by the cells, similar to glucose, and undergoes metabolism, which provides a measure of cerebral metabolic activity. These are detected by a scanner, and, via computerized reconstruction of the data, an image is created that shows the distribution of the radiotracer, 21with areas of high concentration appearing as “hot spots” or resembling a map of glucose metabolism. PET has the advantage of higher spatial resolution and true attenuation correction.

Clinical neuropsychiatric applications of SPECT and PET include aiding in differential diagnosis, treatment planning, and prognostic information. Currently, their primary use is for the evaluation of neurodegenerative disease (e.g., distinguishing Alzheimer’s disease from frontotemporal dementia or utilizing SPECT dopamine transporter imaging for diagnostic evaluation for early Parkinson’s disease) and in the preoperative evaluation of patients with medically refractory epilepsy (e.g., ictal perfusion SPECT).
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Neuroanatomy, Neurophysiology, and Neurochemistry

To understand the biological underpinnings of neuropsychiatric illness, it is necessary to know basic neuroanatomical, neurophysiological, and neurochemical principles. Many of these principles were discovered in other species and then assumed to apply to the human brain. The advent of noninvasive neuroimaging modalities, however, combined with a resourceful use of invasive methods, has led to enormous advances in our understanding of the human brain in recent decades.

The brain is composed of neurons and glial cells. The main link between neurons is the synapse. The synaptic cleft is around 20 nm wide. Neurotransmitters are released from the presynaptic terminals and diffuse across the synapse to bind to specific receptors on the postsynaptic membrane. Calcium is essential for neurotransmitter release.

There are four main ions in cells: sodium, potassium, chloride, and organic anions. A negative resting potential is maintained by the action of the sodium-potassium pump, which uses energy in the form of adenosine triphosphate (ATP) to maintain an electrochemical voltage difference across the neuron’s membrane. Known as Na+/K+-ATPase, this pump forces sodium ions out and draws potassium ions into the cell. This is the energy store of the cell. The action potential is generated by the influx of sodium and the loss of potassium during synaptic transmission, and the resulting current is propagated along the cell membrane.

Postsynaptic potentials are either inhibitory or excitatory, and these summate to determine the ultimate excitability of the postsynaptic cell.

Receptors are proteins to which neurotransmitters and other ligands bind. Many of the receptors in the CNS have been cloned 24and their molecular structures identified. Once a transmitter has interacted with a receptor, either ion exchange occurs with alteration of the neuron’s membrane potential or there is stimulation of a second messenger, which may then alter intracellular metabolism and gene expression. Adenylate cyclase, generating cyclic adenosine monophosphate, is one common second messenger pathway. Genes such as c-Fos may be switched on.

Many receptors have been described, but the main ones of relevance are shown in Table 2–1.
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TABLE 2–1. Neuroreceptors of clinical relevance








	Receptor

	Subtypes

	Comments






	Acetylcholine

	Nicotinic, muscarinic

	Linked to memory and cognition; five types of muscarinic receptors now identified




	Dopamine

	5

	D2 is related to movement disorder; all neuroleptics bind to it; antipsychotic effect of typical neuroleptics is related to intensity of binding; abundant in striatum




	
	
	D1 has relevance in psychosis




	
	
	D4: clozapine has good affinity




	
	
	Grouped into those receptors that are similar to D1 (D1 and D5) or D2 (D2, D3, and D4)




	Endocannabinoid

	CB1, CB2

	Related to appetite, mood, and pain




	GABA

	A, B

	Linked to the benzodiazepine receptor; on activation, chloride channels open; inhibitory; abundant all over brain; type A linked to seizures and anxiety




	Glutamate

	NMDA, AMPA

Kainic acid

	Related to seizures




	Norepinephrine

	α, β

	Predominant in cortex, limbic system, and striatum




	
	
	α2 linked to depression
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