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Preface

Welcome to the fifth edition of Practical Neurology. In addition to providing the necessary updates that incorporate
the rapid advances of the science that informs the practice of clinical neurology, we have kept this new edition in the
same accessible format of the prior editions, providing practical information. Its clarity of outline also allows this
fifth edition to be scholarly by adding to the breadth of topics and presenting a wide range of neurologic conditions
for review. The fifth edition of Practical Neurology is not intended to replace existing and more comprehensive
reference and neurology textbooks. From the outset, we were determined to produce a textbook that covers the most
important topics in a format that is complete, and effective for the neurologist in training, or the practicing neurologist
needing an update.

In developing this “new and improved” text, we benefited greatly from the suggestions of users of previous editions
and inputs from medical students, neurology residents, and neurology fellows. The first section (Chapters 1 to 39) of
the book is directed at diagnosis. The second section (Chapters 40 to 63) addresses treatment. Many of the
outstanding authors of chapters from previous editions are back again, but many new authors helped to achieve our
more ambitious goals for this edition. To remain relevant, a number of new chapters were added: Approach to the
Ataxic Patient (Chapter 29), Approach to the Patient with Functional Disorders in the Neurology Clinic (Chapter 33),
Approach to the Patient with Suspected Brain Death (Chapter 34), Approach to Common Emergencies in Pediatric
Neurology (Chapter 38), and Inherited Metabolic Neurologic Disorders (Chapter 49). The textbook is further
enhanced by the addition of didactic videos for each chapter, concluding each chapter with a list of Key Points, and
limiting references to those most relevant to the material presented. Our collective hope is that this clinically relevant,
straightforward, and contemporary volume will meet the needs of a multidisciplinary readership.

My thanks are extended to all who have participated in this rewarding effort; and a heartfelt thanks to all the authors
who worked diligently to bring this edition to fruition. Finally, I want to express my sincere appreciation to the many
patients who participated in this textbook, as they volunteered to allow their own videos to be used to both educate
and inform.

José Biller, MD, FACP, FAAN, FANA, FAHA

16



Acknowledgments

The success of this effort could not have been achieved without the support and professionalism of Andrea Vosburgh,
Product Development Editor for Health Learning, Research and Practice at Wolters Kluwer. Organizing this book, and
tracking all of the major logistical challenges, could not have been accomplished without the skills and dedication of
Linda Turner, who kept me organized and helped to ensure that lines of communication were always clear.

17



Contents

Contributors
Preface
Acknowledgments

SECTION 1. Diagnosis

1 Approach to the Patient with Acute Confusional State (Delirium/Encephalopathy)
Joseph Zachariah and Sara Hocker

2 Approach to the Patient with Dementia
Niliifer Ertekin-Taner and Neill R. Graff-Radford

3 Approach to the Patient with Aphasia
Jeffrey L. Saver and José Biller

4 Approach to the Patient with Memory Impairment
Torricia H. Yamada, Natalie L. Denburg, and Daniel Tranel

5 Approach to the Comatose Patient
Michael P. Merchut

6 Approach to the Patient with Seizures
Vicenta Salanova and Meridith Runke

7 Approach to the Patient with Syncope
Peter A. Santucci, Joseph G. Akar, and David J. Wilber

8 Approach to the Patient with Gait Disturbance and Recurrent Falls
Xabier Beristain

9 Approach to the Patient with Sleep Disorders
Mark E. Dyken and Kyoung Bin Im

10 Approach to the Patient with Visual Loss
Devin D. Mackay, Valerie Biousse, and Nancy J. Newman

11 Approach to the Patient with Abnormal Pupils
Aki Kawasaki

12 Approach to the Patient with Diplopia
Devin D. Mackay and Valerie Purvin

13 Approach to the Patient with Facial Numbness
Arash Salardini and Betsy B. Love

14 Approach to the Patient with Facial Pain
Murray S. Flaster

15 Approach to the Patient with Facial Weakness
Sam J. Marzo and John P. Leonetti

16 Approach to the Patient with Dizziness and Vertigo
Timothy C. Hain and Marcello Cherchi

17 Approach to the Patient with Hearing Loss
Richard T. Miyamoto and Marcia J. Hay-McCutcheon

18 Approach to the Patient with Dysphagia
Alejandro A. Rabinstein

19 Approach to the Patient with Dysarthria
Sarah S. Kramer, Michael J. Schneck, and José Biller

20 Approach to the Patient with Acute Headache
Mark W. Green and Sarah L. Rahal

21 Approach to the Patient with Chronic and Recurrent Headache
Robert G. Kaniecki

22 Approach to the Patient with Neck Pain and/or Arm Pain
Scott A. Shapiro

23 Approach to the Patient with Low Back Pain, Lumbosacral Radiculopathy, and Lumbar Stenosis
Eric M. Horn and Paul B. Nelson

24 Approach to the Patient with Upper Extremity Pain and Paresthesias and Entrapment Neuropathies
Mark A. Ross

18



25 Approach to the Patient with Lower Extremity Pain, Paresthesias, and Entrapment Neuropathies
Gregory Gruener

26 Approach to the Patient with Failed Back Syndrome
Tarik F Ibrahim, Russ P. Nockels, and Michael W. Groff

27 Approach to the Patient with Acute Sensory Loss
Eoin P Flanagan and Neeraj Kumar

28 Approach to the Hyperkinetic Patient
Javier Pagonabarraga and Christopher G. Goetz

29 Approach to the Ataxic Patient
Adolfo Ramirez-Zamora

30 Approach to the Hypokinetic Patient
Ergun Y. Uc and Robert L. Rodnitzky

31 Approach to the Patient with Acute Muscle Weakness
Holli A. Horak

32 Approach to the Patient with Neurogenic Orthostatic Hypotension, Sexual and Urinary Dysfunction, and Other Autonomic
Disorders
Emilio Oribe

33 Approach to the Patient with Functional Disorders in the Neurology Clinic
Jeannette M. Gelauff and Jon Stone

34 Approach to the Patient with Suspected Brain Death
Christopher P Robinson and Eelco . M. Wijdicks

35 Neuroimaging of Common Neurologic Conditions
Jordan Rosenblum

36 Approach to the Selection of Electrodiagnostic, Cerebrospinal Fluid, and Other Ancillary Testing
Maria Baldwin and Matthew A. McCoyd

37 Approach to Common Office Problems of Pediatric Neurology
Eugene R. Schnitzler and Nikolas Mata-Machado

38 Approach to Common Emergencies in Pediatric Neurology
Melissa G. Chung and E. Steve Roach

39 Approach to Ethical Issues in Neurology
Bhupendra O. Khatri and Michael P McQuillen

SECTION II. Treatment

40 Ischemic Cerebrovascular Disease
José Biller and Rochelle Sweis

41 Hemorrhagic Cerebrovascular Disease
Harold P Adams, Jr.

42 Epilepsies in Children

Hema Patel and David W Dunn
43 Epilepsy in Adults

Omkar N. Markand

44 Multiple Sclerosis
Matthew A. McCoyd

45 Movement Disorders
Andrew P. Duker and Alberto J. Espay

46 Dementia
Annya D. Tisher and Arash Salardini

47 Central Nervous System Infections
Karen L. Roos

48 Neurologic Complications in Acquired Immune Deficiency Syndrome
Krutika Kuppalli and Paul O Keefe

49 Inherited Metabolic Neurologic Disorders
Marc C. Patterson

50 Spinal Cord Disorders
Athena Kostidis

51 Peripheral Neuropathy
John C. Kincaid

52 Myopathy
Holli A. Horak and Raul N. Mandler

53 Disorders of the Neuromuscular Junction

19



54

55

56

57

58

59

60

61

62

63

Robert M. Pascuzzi and Cynthia L. Bodkin

Therapy of Migraine, Tension-Type, and Cluster Headache
Amy R. Tso and Peter J. Goadsby

Chronic Pain
Troy Buck and Walter S. Jellish

Complex Regional Pain Syndrome
Joseph R. Holtman and Michael J. Frett, Jr.

Primary Central Nervous System Tumors
Edward J. Dropcho

Nervous System Complications of Cancer
Rimas V. Lukas

Neurotoxicology
Laura M. Tormoehlen and Daniel E. Rusyniak

Sleep Disorders
Phyllis C. Zee and Alon Y. Avidan

Dizziness and Vertigo
Matthew L. Kircher and Sara Anderson-Kim

Neurologic Diseases in Pregnancy
Kathleen B. Digre and Michael W. Varner

The ABCs of Neurologic Emergencies
Jose Biller, Rochelle Sweis, and Sean Ruland

Index

20



1

Approach to the Patient with Acute Confusional State
(Delirium/Encephalopathy)

Joseph Zachariah and Sara Hocker

Acute confusional state is one of the most common reasons for neurologic consultation in a hospital setting. While
there is no universally agreed-upon distinction between the terms, an acute confusional state is due to acute brain
dysfunction and is typically referred to as either encephalopathy or delirium. Encephalopathy can be conceptualized
as a global alteration in the content of consciousness and often the level of consciousness due to an underlying
neurologic or systemic cause, which is usually acute to subacute in onset and reversible with treatment of the
precipitating condition(s). Delirium is defined in the fifth revision of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) as a disturbance in attention, awareness, and cognition, developing over hours to days,
fluctuating in severity throughout the day, and not attributable to any preexisting neurocognitive condition. The past
decade has provided insight into the risk factors for and consequences of delirium, namely, long-term cognitive
impairment and increased mortality. The terms encephalopathy and delirium are simply constructs for thinking about
acute brain dysfunction and significant overlap exists. We will use the terms interchangeably or refer to acute
confusional state for the remainder of this chapter.

The plethora of causes of acute confusional state can truly be daunting, and it requires both an experienced provider
and an organized approach to identify the etiology or multiple etiologies in an individual patient. In most instances,
acute confusional states are reversible as long as the etiology is recognized early. Early evaluation of the cause of
acute confusional state is necessary to identify treatable causes where a delay in diagnosis may result in permanent
morbidity or death. While a diagnosis of “encephalopathy” or “delirium” is useful for billing and coding purposes, it
is not terribly informative to the medical team caring for the patient. Instead, identification of all potentially
contributing factors can speed resolution of the confusional state by allowing the medical team to focus on modifiable
factors.

PATHOPHYSIOLOGY

The pathophysiology of encephalopathy and delirium is poorly understood and varies with the etiology. For example,
the pathophysiology of hepatic encephalopathy differs from that of the encephalopathy that results from administration
of anticholinergic drugs. Still, the common pathophysiologic mechanism of all causes of acute confusional state is
widespread dysfunction of the cortical and subcortical neurons. Alterations in the level of consciousness arise from
disruptions to the reticular activating system (RAS) fibers due to bihemispheric injury, bithalamic injury, or the
brainstem reticular formation. The RAS fibers are a network of neurons that connect the thalamus with the cortex and
dorsal forebrain, which serve to regulate wakefulness and sleep—wake transitions. Focal populations of neurons may
be affected or neuronal functioning may be diffusely disrupted. Other mechanisms include endothelial dysfunction,
disrupted blood—brain barrier, alterations in cerebral blood flow and cerebral hypoperfusion, altered neurotransmitter
and glucose composition, and excess of circulating inflammatory cytokines leading to microglial activation and
mitochondria and astrocyte dysfunction.

The neurotransmitters acetylcholine and dopamine are known to play a central role in the regulation and
communication of large numbers of neurons, and, thus, their alteration through medications can contribute to the
development of an acute confusional state. As cholinergic neuronal pathways are widespread and critical in most
executive brain functions, anticholinergic medications may induce hyperactivity and reduce attention through
downregulation of these pathways. Dopaminergic neurons are found primarily in the nigrostriatal, hypothalamic—
pituitary and ventral tegmental areas, which then project diffusely to the frontal and temporal lobes. Dopamine
agonists may contribute to an acute confusional state through upregulation of the dopamine pathways. Depletion of
other monoamines including norepinephrine and serotonin also likely plays a role. Antidopaminergic agents
(neuroleptics) are commonly used in management of delirium-related symptoms.

ETIOLOGIES
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Innumerable etiologies of acute confusional state exist. A list of potential etiologies can be found in Table 1.1, and
these can be separated into broad categories including structural (trauma, vascular, neoplastic, anoxic-ischemic),
metabolic, toxic, infectious, and other. This table is meant to be used as a guide and is by no means exhaustive.

TABLE 1.1 Causes of Acute Confusional State

Structural

Traumatic contusions

Diffuse axonal injury

Intracranial hemorrhage (intraparenchymal, intraventricular, epidural, subdural, subarachnoid)
Cerebral infarction (arterial and venous)

Tumors (primary, metastatic, meningeal carcinomatosis)

Hydrocephalus

Paroxysmal sympathetic hyperactivity (autonomic storms)

Anoxic-ischemic brain injury

Central pontine myelinolysis

Metabolic

Electrolyte derangements (hyponatremia, hypernatremia, hypercalcemia)
Hyperosmolality, hypo-osmolality
Acid-base disorders (acidosis or alkalosis)
Hypercapnia

Hypoxia

Hypoglycemia or severe hyperglycemia
Uremia

Acute or chronic liver failure

Reye’s syndrome

Pancreatic encephalopathy

Acute intermittent porphyria
Hypothyroidism or hyperthyroidism
Adrenal cortical insufficiency

Pituitary failure

Nutritional

Thiamine deficiency (Wernicke’s encephalopathy)
Toxic

Acute alcohol intoxication/withdrawal
Opioid intoxication

Cocaine intoxication

Amphetamine intoxication

Phencyclidine intoxication
Sedative-hypnotic intoxication/withdrawal
Barbiturate intoxication/withdrawal
Benzodiazepine intoxication/withdrawal
Lithium intoxication

Carbon monoxide poisoning

Inhalant poisoning (i.e., amyl nitrite, toluene, nitrous oxide)
Malignant hyperthermia

NMS

Serotonin syndrome

Cefepime neurotoxicity

Metronidazole encephalopathy
Tacrolimus neurotoxicity

Infectious

Systemic infection

Sepsis

CNS infection (meningitis, encephalitis, or abscess)
Other

Nonconvulsive seizures, NCSE, or postictal state
Acute disseminated encephalomyelitis
Antibody-mediated encephalitis

Systemic lupus erythematosus

Paraneoplastic neurologic syndromes

PRES and the related hypertensive encephalopathy
Decompensated dementia

Post perfusion syndrome (due to disturbed microcirculation after cardiac surgery)
Hypothermia and hyperpyrexia

Sensory deprivation

Sleep deprivation

Abbreviations: CNS, central nervous system; NCSE, nonconvulsive status epilepticus; NMS, neuroleptic malignant syn-
drome; PRES, posterior reversible encephalopathy syndrome.

A. Structural causes
Structural etiologies of altered mental status can be caused by trauma, anoxic-ischemic injury, hemorrhages,

infarctions, neoplasms, and hydrocephalus. Trauma can result in hemorrhagic or nonhemorrhagic brain contusions
or diffuse axonal injury, which produce varying degrees of encephalopathies. Patients with long-bone fractures
from polytrauma can develop cerebral fat embolization manifesting as a transient encephalopathy with or without
seizures and focal neurologic deficits lasting up to a month. While contusions and hemorrhages are easily
identifiable on a noncontrast head computed tomography (CT), diffuse axonal injury and fat emboli are better
visualized by magnetic resonance imaging (MRI) and should be considered when patients have persistent
encephalopathy following trauma. Brain hemorrhages (intraparenchymal, subdural, epidural, or subarachnoid),
infarctions, or tumors located in both cerebral hemispheres, the thalami, or brainstem can lead to an acute
confusional state or varying degrees of stupor or coma. Lesions located in one cerebral hemisphere can be large
enough to cause tissue shift and compression of the contralateral hemisphere, thereby producing an acute
confusional state associated with focal neurologic deficits. In other cases, a lesion may be strategically located
(i.e., in the frontal or temporal lobes) such that it produces acute confusion in the absence of significant edema.
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Carcinomatous meningitis, the diffuse infiltration of neoplastic cells into the meninges, may occur in the setting of
leukemias, lymphomas, malignant melanoma, and lung or breast cancers. Patients with carcinomatous meningitis
often present with headache, neck stiffness, and cranial nerve abnormalities because of direct infiltration of
cancer cells. Severe hypoxemia or global reductions in cerebral blood flow can also cause irreversible injury
because brain regions with high metabolic demand such as the basal ganglia and motor and occipital cortices
suffer anoxic-ischemic injury.

. Metabolic causes

“Metabolic encephalopathy” is one of the most common reasons for neurologic consultation in the hospital. Any
acute organ dysfunction can produce an acute confusional state, and the severity varies depending on the degree of
organ dysfunction and the rapidity over which it developed. For example, when renal failure develops very
slowly over many months, the brain is often able to adapt, whereas when it develops suddenly over days to
weeks, accumulation of toxins can lead to severe confusion or even coma. The exception is chronic liver failure,
where patients may develop acute episodes of encephalopathy periodically without a corresponding acute decline
in liver function. The most common causes of “metabolic encephalopathy” by far are liver or kidney dysfunction.
Other causes include diabetic ketoacidosis and nonketotic hyperglycemic state, hyper- or hypothyroid states, or
major electrolyte imbalances or acid—base derangements. Generally, encephalopathy resulting from metabolic
derangements resolves with correction of the underlying organ injury, acid—base imbalance, and endocrine or
electrolyte derangement. It is acceptable to rapidly correct the majority of these conditions (when possible);
however, clinicians should exercise caution in the setting of an acute on chronic hyponatremia where rapid
correction may precipitate a frequently irreversible osmotic demyelination syndrome otherwise known as central
pontine myelinolysis.

. Nutritional causes

Alcoholic patients are prone to several nutritional deficiencies, some of which may lead to a subacute or
chronic cognitive decline. Thiamine deficiency, specifically, can produce an acute confusional state known as
“Wernicke’s encephalopathy” if patients are given glucose before thiamine repletion. Thiamine supplementation is
therefore recommended before glucose administration in any patient with suspected or known chronic alcohol use
as well as any patient with risk factors for nutritional deficiencies such as those with cancer, prior gastric bypass,
inflammatory bowel disease, or eating disorders in order to avoid irreversible injury to the mamillary bodies.
Wernicke’s syndrome may variably result in a constellation of symptoms including acute encephalopathy,
ophthalmoplegia, and ataxia. The full triad is rare.

. Toxic causes

Toxic causes of encephalopathy include intoxication or withdrawal syndromes, drug—drug interactions, or drug
toxicity in the setting of reduced renal or hepatic function. As discussed in the pathophysiology section, certain
drugs have the potential at therapeutic levels to cause acute confusional states because of their alteration of
neurotransmitter concentrations. While some drugs are more likely offenders than others, any drug is a potential
culprit when it becomes supratherapeutic or when combined with the wrong drug.

When patients present for evaluation of acute encephalopathy, intoxication with a drug of abuse should be
considered. When the encephalopathy develops after admission the patient may be withdrawing from a regularly
used drug or alcohol. Urine and serum drug screens can detect most commonly used drugs of abuse; however,
newer synthetic agents including bath salts and synthetic marijuana may not be detectable by conventional drug
screens. Alcohol intoxication can be assessed through odor and serum alcohol levels but alcohol withdrawal
symptoms are easily overlooked. Intoxication and withdrawal syndromes as well as certain drug interactions and
toxicities may be life threatening and therefore require prompt recognition and timely intervention. Signs and
symptoms of common culprits are listed in Table 1.2.

Neuroleptic malignant syndrome (NMS) and serotonin syndrome may develop during hospitalization of a
patient on psychiatric medications. Both syndromes share common features including hyperpyrexia, rigidity,
tachycardia, hypertension, and encephalopathy but important differences exist. Fentanyl and antiemetics are
common precipitants of a serotonin syndrome in the hospital when they are initiated in patients receiving selective
serotonin reuptake inhibitors.

Antineoplastic and immunosuppressive agents may potentiate a posterior reversible encephalopathy syndrome
(PRES). PRES is a clinicoradiographic syndrome thought to be due to endothelial dysfunction and vasogenic
edema preferentially affecting the posterior cerebral regions. The primary triggers include acute hypertension or
blood pressure swings, sepsis, autoimmune conditions, cytotoxic medications (including antineoplastic and
immunosuppressants), and pre-eclampsia or eclampsia. The majority of patients recover completely within 2 to 8
days. However, severe cases of PRES can lead to irreversible brain injury because of infarcts and hemorrhages in
the areas of edema.

The most notable antibiotics causing severe encephalopathy are cefepime and metronidazole. In patients with
renal impairment, serum and cerebrospinal fluid (CSF) levels of cefepime can approach toxic thresholds to
trigger seizures, confusion, myoclonus, and even coma. The pathophysiology of metronidazole-induced
encephalopathy is less understood and is thought to occur as a result of modulation of neurotransmitters by the
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metabolites of metronidazole.

TABLE 1.2 Important Drug-Related Syndromes

Common intoxication syndromes

Sedatives CNS depression, bradycardia, hypothermia, hypotension,
Benzodiazepines, barbiturates, alcohol apnea
Opioids CNS depression, bradycardia, hypothermia, hypotension,
Oxycodone, heroin, morphine, methadone  apnea, miosis
Sympathomimetics/hallucinogenics Agitation, hallucinations, diaphoresis, mydriasis, hyperther-
Cocaine, ephedrine, amphetamines mia, hypertension, tachypnea, tremors, seizures
Ecstasy, PCP LSD, MDMA
Anticholinergics Agitation, hallucinations, diaphoresis, mydriasis, hyperther-
Scopolamine, antihistamines, atropine, mia, hypertension, tachypnea, tremors, seizures, dry skin/mu-
Parkinson medications, antispasmodics cous membranes, urinary retention, decreased bowel sounds
Common withdrawal syndromes
Sedatives Agitation, tremors, seizures, autonomic dysfunction,
tachycardia
Opioids Agitation, mydriasis, nausea, vomiting, diarrhea, lacrimation,
cramping, yawning, piloerection
Sympathomimetics Psychomotor retardation, depression, excessive sleep
Anticholinergics Diaphoresis, nausea, rebound anxiety, restlessness, palpita-
tions, urinary urgency
Other
Serotonin syndrome Encephalopathy, hypertension, tachycardia, hyperpyrexia,
Any combination of the following: mydriasis, increased tone in the legs>arms, myoclonus/clo-

MAOI, SSRI, TCA, fentanyl, MDMA, LSD, nus, shivering, increased bowel sounds

metoclopramide

NMS Encephalopathy, hypertension, tachycardia, hyperpyrexia,
Any combination of the following: rigidity, shivering

Typical or atypical psychotics, Antiemetics,

sudden withdrawal of L-DOPA

Cefepime neurotoxicity Depressed consciousness, myoclonus

Abbreviations: CNS, central nervous system; NMS, neuroleptic malignant syndrome; PCP phencyclidine; LSD, lysergic acid

diethylamide; MDMA, 3,4-methylenedioxymethamphetamine; MAQOI, monoamine oxidase inhibitor; SSRI, selective sero-
tonin reuptake inhibitor; TCA, tricyclic antidepressant.

E. Infectious causes

Infections such as meningitis and encephalitis and opportunistic infections such as aspergillosis and
toxoplasmosis in immunosuppressed individuals can undoubtedly result in acute confusional states by direct
invasion of the brain and severe inflammation. These infections can variably lead to hemorrhages, arterial
infarctions as a result of infectious vasculitis, venous ischemia from cerebral venous and dural sinus thrombosis,
or abscess formation. Systemic infections, especially sepsis and septic shock, may also provoke robust cytokine
storms that result in dysfunction of several cell types and disruption of neurotransmission and calcium
homeostasis. Disruptions in blood—brain barrier expose the brain parenchyma to various circulating toxic
infectious molecules or to inappropriately metabolized drugs due to concurrent liver or kidney injury. The severity
of encephalopathy in sepsis is related to the severity of sepsis. It should be noted that septic encephalopathy can
occur in the absence of overt organ injury.

1. Nonconvulsive seizures, nonconvulsive status epilepticus, or postictal state
Nonconvulsive seizures found in up to 8% of critically ill patients, nonconvulsive status epilepticus
(NCSE), or postictal states can present as acute confusional states. Nonconvulsive seizures or status
epilepticus can be suspected in somnolent or lethargic patients found to have subtle twitching of the face or
limbs or the patient may simply appear withdrawn and disengaged. The diagnosis is very challenging and can
evade even the most experienced of clinicians.
E. Hypertensive encephalopathy

Sudden spikes of blood pressure due to any cause above the limit of cerebral autoregulation can result in
endothelial injury, breakdown of the blood—brain barrier, and subsequent vasogenic edema. Hypertensive urgency
and emergency are reversible when identified and managed early; however, delayed recognition can lead to
hemorrhages, ischemia, and cerebral edema. It can also precipitate a syndrome of reversible encephalopathy and
vasogenic edema, known as PRES (discussed earlier).

G. When no clear cause is identified “delirium”

Patients with any degree of underlying cognitive impairment can easily decompensate in the setting of an acute
medical or neurologic insult, a condition known as “beclouded” or “decompensated” dementia. Patients with
neurocognitive disorders are at higher risk for development of delirium and may take longer to recover from
events such as anesthesia, sedatives, postoperative states, postictal states, and prolonged hospitalizations.

DIFFERENTIAL DIAGNOSIS OF ACUTE CONFUSIONAL STATE

The differential diagnosis of acute confusional state is shown in Table 1.3. Locked-in syndrome should be suspected
in an otherwise unresponsive patient who is only able to blink and produce vertical gaze movements. Infarcts
affecting the ventral pons disrupt corticospinal, corticopontine, and corticobulbar tracts but spare supranuclear eye
movements and the RAS, thus preserving consciousness and vertical eye movements.
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TABLE 1.3 Differential Diagnosis of Acute Confusional State

Syndrome Clinical Signs

Transient global amnesia Alert, attentive, not oriented

Aphasia Deficits within components of language: comprehension, fluency, repeti-
tion, writing and reading

Locked-in syndrome Complete paralysis with the preservation of cognition, vertical gaze, and/or

eye opening/closing
Psychiatric disorders

Catatonia Waxy flexibility, immobility, lethargic

Depression Depressed mood with clear sensorium
Schizophrenia Delusions with clear sensorium

Mania Delusions, psychotic behavior, agitation, hyperactive

Transient global amnesia typically occurs in middle-aged or elderly persons and manifests clinically as an acute
episode of amnesia for the present and recent past. Episodes are usually self-limited and last up to several hours.
There is no consensus on the cause but hypotheses include a vascular etiology (either arterial or venous), a
migrainous phenomenon or cortical spreading depression, seizures, or a psychogenic etiology.

Patients with psychiatric disease can develop acute mania, psychosis, catatonia, or dissociative fugue states. These
should be differentiated from the acute confusional states discussed earlier as the management is very different.
Catatonia presents as a motionless, apathetic state in which the patient is oblivious or does not react to external
stimuli. Patients in this state make little or no eye contact and may be mute and rigid sometimes alternating with
excitement, immobility, and waxy flexibility. Catatonia is treated with benzodiazepines, and in refractory cases,
electroconvulsive therapy is indicated.

A. Case
A neurology consultation is placed for an elderly individual with progressive agitation and confusion after
presenting with a mechanical fall fracturing several ribs and acute kidney injury. He was treated with oxycodone
and fentanyl for pain, and subsequently with haloperidol and quetiapine for agitation. His confusion worsens and
he begins to develop abnormal involuntary movements. Family recalls a previous admission related to another fall
2 years prior, which was also complicated by confusion and “twitching” and which took several weeks to
resolve. Upon a detailed interview of family members, it is discovered that the patient has become slowly
withdrawn over several years and occasionally demonstrates a unilateral resting tremor. On examination, he is
inattentive, disoriented, and has prominent multifocal asterixis and myoclonus and there appears to be an
underlying tremor (Video 1.1). No focal findings or meningeal signs were identified on examination.
B. Diagnostic approach
Determining the etiology of a patient’s encephalopathy can be challenging. A systematic approach to an acutely
altered patient will make the encounter less intimidating. A focused history, followed by an organized medical
record review, careful clinical examination, and then prudent selection of diagnostic tests when necessary,
including laboratory, imaging, and electrophysiologic studies, is recommended.
C. Brief history
The patient’s history, arguably the most important step in elucidating the etiology of acute confusional state, is
commonly sparse. The provider should interview members close to the patient including family members and first
responders such as emergency medical staff and emergency room providers. Important questions apart from
medical and psychiatric history, medication lists, and prior substance abuse include the following. How abruptly
did the confusion begin? It is often enlightening to ask when the patient was last completely normal. Despite being
consulted for acute confusion, in many instances this question will bring out a more subacute story of forgetfulness
and lapses in judgment. Has the confusion been persistent or fluctuating? Has this happened before? Does the
patient have access to drugs or medications of abuse? Has there been any exposure to sick contacts, carbon
monoxide, or other potential neural toxins? Have there been any associated fevers or chills? A thorough 14-point
review of systems 1s useful to ensure that all associated symptoms are identified as family members may not think
to mention the recent initiation of an herbal supplement to help with their depression, for example, as they may not
think it could be related to their presenting complaint.

CLINICAL MANIFESTATIONS

While the level of consciousness may be depressed in an acute confusional state, the hallmark of an acute confusional
state is alteration of the content of consciousness and inattention. Attention refers to the ability to focus as well as to
sustain and shift focus. Disorientation and deficits in memory, language, perception, and visuospatial ability are also
prominent. Autonomic hyperactivity such as tachycardia, hypertension, and hyperhidrosis may accompany delirium;
however, their presence should alert the provider to the possibility of acute brain injury (i.e., paroxysmal sympathetic
hyperactivity), infection (encephalitis), or a toxidrome (serotonin syndrome or NMS). In delirious patients, agitation
can predominate at night and drowsiness through the daytime, sometimes referred to as “sundowning.” Hallucinations
may occur as well as significant cognitive deficits. Patients with agitation, hallucination, and restlessness are easily
seldom missed. This presentation is termed ‘“‘hyperactive delirium” and accounts for less than 5% of episodes of
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delirium. The most common presentation is the so-called “hypoactive delirium,” in which the patient appears
withdrawn and lethargic.

The examination of an encephalopathic patient can be completed within a few minutes by an experienced provider.
Certain causes of mental status changes can be discovered solely by thorough examination. The general examination
includes an assessment of vital signs, respiratory pattern, and skin as outlined in Table 1.4. A hypersympathetic state
manifesting as fever, tachycardia, hypertension, and tachypnea may indicate an early shock state, acute brain injury, or
a toxidrome such as a serotonin syndrome or NMS. Hypothermia on the other hand may point toward sepsis, adrenal
crisis, or a sedative, opiate, or alcohol overdose. Breath can have a fruity odor in a patient with diabetic ketoacidosis
while alcohol intoxication and a garlic odor may indicate organophosphate toxicity. Skin examination may reveal
dermatomal rashes or needle tract signs implicating varicella or drug abuse, respectively.

TABLE 1.4 Examination Findings in Encephalopathic

Patients
Fever Sepsis or other systemic infection
Meningitis, encephalitis, brain abscess, or septic
emboli
Toxidrome
Intracerebral hemorrhage
Brain tumor
Hypothermia Alcohol intoxication
Opiate overdose
Sedation
Adrenal crisis
Sepsis
Environmental hypothermia
Hypertension PRES/hypertensive encephalopathy
Drug intoxication, i.e., stimulants
Acute brain injury
Toxidromes
Hypotension Sedatives
Shock
Tachycardia Shock

Toxidromes

Acute brain injury
Bradycardia Sedatives

Increased intracranial pressure

Organophosphate poisoning
Breath odor:

Fruity Ketoacidosis, alcohol intoxication
Garlic Organophosphates
Tachypnea Shock

Metabolic acidosis
Brainstem injury

Slow respirations Sedatives
Opiate overdose
Brainstem injury
Organophosphate poisoning

Ataxic breathing Brainstem injury
Skin:
Jaundice Acute liver/biliary dysfunction
Needle tracks Drug intoxication or withdrawal
Increased sweating  Toxidromes
Hypoglycemia

Organophosphate poisoning

Abbreviations: PRES, posterior reversible encephalopathy syndrome.

The mental status examination entails assessment of the level of consciousness, attention, orientation, memory,
organization of thought, and mood. The level of consciousness can be described as alert, drowsy, somnolent,
stuporous, and comatose. An alert individual is spontaneously awake. Drowsy patients require repeated verbal
prompting to maintain alertness. A somnolent patient will transiently arouse to physical stimuli, commonly requiring
tactile or even nociceptive stimulation, whereas a comatose patient will not arouse to any stimuli. This can be
documented as spontaneous eye opening (alert), eye opening to voice (drowsy), eye opening to touch (somnolence),
eye opening to pain (stupor), or no eye opening (coma). Attention refers to the ability to focus as well as to sustain
and shift focus. Orientation testing should include orientation to patient’s name, location including immediate location
(i.e., hospital), city and state, time including day, date, month, year, and season, as well as purpose of hospitalization.
Memory tests should be completed with remote history as well as immediate recall. Disordered thinking and
emotional lability should also be noted if present.

A careful language examination can help to differentiate an acute aphasia from the tangential and mumbling speech
of an encephalopathic or delirious patient. When alert, encephalopathic patients should be able to name simple
objects, and repeat and follow simple commands although it may require significant redirection and repetition of the
commands to complete this portion of the examination.

Examination of the cranial nerves can alert the provider to the presence of a structural brain lesion but some
findings are easily explained by drugs. Mydriatic pupils are usually a result of sedative medications or overdose of
anticholinergics but may also reflect a hypersympathetic state as is seen with in serotonin syndrome or NCSE. Miotic
pupils on the other hand are most commonly reflective of opiate administration but can also result from
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sympathomimetic drugs of abuse or a pontine lesion. Bilaterally fixed pupils with absence of all other brainstem
reflexes can reflect complete neuromuscular blockade or brain death. A unilaterally dilated pupil should raise
concern in an encephalopathic patient as it reflects compression of the third nerve along its pathway, either as a result
of a posterior communicating artery (PCOM) aneurysm, cavernous sinus syndrome, or herniation of the uncus of the
temporal lobe. When it occurs in an alert patient it may still result from a PCOM aneurysm but is more likely to
reflect administration of a topical mydriatic agent such as a scopolamine, antiemetic patch, or aerosolized respiratory
medications. Oval pupils may reflect prior ocular surgery, midbrain disease, or increased intracranial pressure.

A forced gaze deviation or a gaze preference can be seen in unilateral hemispheric lesions. A destructive lesion
such as an infarct affecting the frontal eye field will result in ipsilateral gaze deviation, whereas an irritative lesion
such as an epileptic focus will produce a contralateral gaze deviation at the time of seizure occurrence. An irritative
lesion can produce ipsilateral gaze deviation following a seizure. A downward gaze can reflect thalamic or dorsal
midbrain injury, acute hydrocephalus, or raised intracranial pressure. Upward gaze is uncommon and poorly
localizable. Skew deviation is a vertical misalignment of the eyes resulting from a cerebellar or brainstem injury.
Ocular bobbing is rapid downward and slow upward correction that occurs spontaneously in the setting of pontine
lesions. Slow downward followed by rapid upward correction is known as ocular dipping, which also localizes to
the pons. Roving eyes are spontaneous slow horizontal movements of the eyes and are commonly observed in the
setting of encephalopathy when the level of consciousness is depressed. The presence of roving eye movements is
nonspecific and simply reflects the depression in the level of consciousness. Nystagmus noted in the primary resting
position is frequently indicative of a toxidrome.

The corneal reflex arc may be interrupted by midbrain or pontine lesions. Note that patients who have had
prolonged intensive care unit admissions can have scleral edema and patients who routinely use contact lenses will
have a depressed corneal reflex.

Tone in a severely encephalopathic patient may be the most important part of the clinical examination. Increased
tone throughout all limbs associated with fever can be indicative of a toxidrome such as neuroleptic malignant
syndrome or malignant hyperthermia but may also occur as part of paroxysmal sympathetic hyperactivity (in the
setting of acute brain injury) or in central nervous system (CNS) infections. When tone is disproportionately increased
in the lower extremities when compared with the upper extremities, this suggests a possible serotonin syndrome and
other signs should be sought (i.e., tremor-like movements, myoclonus, and increased bowel sounds). Unilateral
hypotonia when accompanied by weakness i1s suggestive of a contralateral hemispheric infarction. Meningismus,
Brudzin ski’s, and Kernig’s signs indicate meningeal irritation either by subarachnoid hemorrhage or by meningitis.

When possible, strength can be assessed by asking the patient to flex and extend individual muscle groups.
However, when cooperation or level of consciousness is reduced, observation for amplitude, symmetry, and purpose
of the movements is very informative. The presence of a restraint only unilaterally, for example, offers a clue to the
presence of a hemiparesis. In a patient who is not moving spontaneously, motor response is assessed by
administration of a painful stimulus to the nail bed of each extremity. The response may be described as localization,
withdrawal/flexion, extension, or absent.

Many adventitious movements occur in encephalopathic patients and should be noted. Patients may have tremor-
like movements, which may indicate shivering or low-amplitude clonic movements, myoclonus, spontaneous clonus,
or asterixis. Fine motor twitching may suggest nonconvulsive seizures. Asterixis or negative myoclonus is the
inability to sustain a motor contraction such as wrist extension or lip puckering. Myoclonus is a sudden involuntary
twitch of a muscle. Both asterixis and myoclonus can accompany metabolic derangements such as renal or hepatic
failure or may result from drug—drug interactions or drug toxicity such as gabapentin accumulation in the setting of
renal disease.

ORGANIZED MEDICAL RECORD REVIEW

An organized review of the medical record often reveals laboratory or vital sign trends, medication combinations,
newly initiated medications, previously documented examination changes, or previous hospitalizations with similar
symptoms, among other pertinent information. The medical record should be examined in a systematic and organized
manner such that important components are not overlooked. Clues to the etiology of encephalopathy can be attained by
paying close attention to changes in vital signs or trends, such as a slow increase in the heart rate that may otherwise
have gone unnoticed. Such a systematic review should include (1) vital sign review over the duration of the
hospitalization, (2) laboratory review over the duration of the hospitalization, (3) review of the medication
administration record, (4) review of prior neurologic examinations in the current hospitalization as well as in prior
documented notes (to obtain a baseline), (5) and any prior neuroimaging.

In a consultation for altered mental status, the medication administration record may arguably be the most helpful in
discovery of the etiology for encephalopathy. A careful review can result in identification of common deliriogenic
medications such as anticholinergics in the elderly, high doses of fentanyl in the setting of chronic serotonin reuptake
inhibitor use, or cefepime, which may be of concern in a patient with renal failure, to name a few. In addition to the
administered medications, assessing for abruptly discontinued outpatient medications during ongoing hospitalization,

27



namely benzodiazepines, may lead to identification of the cause of acute confusional state. Prior documented
neurologic examinations may document a facial palsy that the patient’s family had not noted, obviating the need for
further evaluation of that finding and prior neuroimaging may explain a previously undocumented subtle hemiparesis.

Di1AGNOSTIC TESTING

Tests that are potentially useful in aiding the evaluation of an encephalopathic patient include basic laboratory studies,
toxicology studies, imaging, electroencephalography (EEG), and lumbar puncture (LP) for CSF analysis. These
studies should be pursued in a judicious fashion rather than as a shotgun approach. Reflexively ordering an MRI, LP,
and EEG on every encephalopathic patient does not require any training on the provider’s part. A suggested
diagnostic approach can be found in Figure 1.1.

General laboratory studies should include a complete chemistry panel including electrolytes, urea, creatinine, and
blood glucose levels. Thyroid function studies, liver function studies, and ammonia levels may be indicated in some
patients. In suspected individuals, a blood and urine toxicology screen should be obtained including an alcohol level.
Patients with concomitant respiratory illness should have an arterial blood gas sampled to assess for hypercapnia or
acidosis. In patients with fever, hypothermia, leukocytosis, subjective chills, or urinary symptoms, a urinalysis and
blood cultures should be obtained. Take caution in attributing the cause for alterations of consciousness to mildly
abnormal laboratory values. A mild case of urinary tract infection (UTI) or mild hypo- or hypernatremia should
conclude the evaluation of encephalopathy only in rare cases such as elderly patients who have a history of acute
confusional state associated with previous UTIs. Patients with serious electrolyte derangements, hypoglycemia, or
hyperammonemia, on the other hand, may not require additional evaluation. Persistent encephalopathy upon correction
of the suspected causal laboratory derangement, or in the presence of focal neurologic signs on examination should
prompt further testing.

EEG has limited utility in the encephalopathic patient except to exclude nonconvulsive seizures or status
epilepticus. Up to 8% of critically ill patients may suffer NCSE. Almost all patients with acute confusional state will
have an abnormal EEG with either a posterior dominant rhythm frequency of less than 8 Hz or a relative decrease
from an alpha wave of 10 to 12 Hz. As the encephalopathy worsens, the EEG background becomes disorganized, and
high-voltage theta and delta activity appears with loss of EEG reactivity at frequencies less than 5 to 6 Hz. Triphasic
waves, while classically associated with hepatic encephalopathy, are nonspecific and can be seen in any type of
metabolic encephalopathy. Excessive beta activity is typically due to administration of benzodiazepines or anesthetic
agents such as propofol. Table 1.5 outlines common EEG findings in encephalopathic patients and their clinical
implications.
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FIGURE 1.1 Approach to evaluation of acute confusional state. CT, computed tomography; EEG, electroencephalography; LP,
lumbar puncture; MRI, magnetic resonance imaging.

An LP for CSF analysis should be obtained in any patient with suspected meningitis and encephalitis, or in patients
with suspected malignancy to assess for carcinomatous meningitis or paraneoplastic antibodies. Carcinomatous
meningitis can occur in patients with lymphoma, leukemia, melanoma, and lung and breast cancers. CSF analysis is
also warranted in most immunocompromised acutely encephalopathic patients to assess for opportunistic infections.
When LP is performed, the minimum requirements for CSF analysis include cell count, glucose, protein, culture, and
gram stain. A serum glucose obtained within the hour the LP is performed allows for calculation of the CSF/serum
ratio. Further testing 1s pursued if the initial tests are abnormal or depending on the clinical question. For example, if
a paraneoplastic syndrome is suspected to be the cause of the patient’s acute confusional state, a CSF paraneoplastic
panel should be ordered even in the setting of a normal CSF cell count and chemistry.

TABLE 1.5 EEG Findings in Encephalopathic Patients

Triphasic waves Nonspecific; may be seen in:
Hepatic or renal disease
Metabolic causes
Anoxic-ischemic brain injury
Hyperglycemic or hypoglycemic states

Periodic lateralizing epileptiform Implies the presence of a focal lesion

discharges That is ischemic stroke, intracerebral hemorrhage, or herpes sim-
plex virus encephalitis

Generalized periodic epileptiform Implies severe diffuse cerebral dysfunction; may be seen in:

discharges CNS infections

Severe metabolic encephalopathy
Anoxic-ischemic brain injury
Diffuse slowing Nonspecific; implies diffuse cerebral dysfunction
Burst suppression Implies either profound or severe cortical injury; may be seen in:
Anoxic-ischemic brain injury
Anesthetia or use of anesthetic agents for sedation

Isoelectric (flat) Implies absence of cortical function; may be seen in:
Deep anesthesia
Profound hypothermia
Brain death

Alpha coma May be seen in:

Drug overdose
Anoxic-ischemic brain injury
Brainstem injury
Excess beta May be seen with sedative/anesthetic administration:
Benzodiazepines
Barbiturates
Propofol
Normal EEG Locked-in syndrome
Psychogenic causes

Abbreviations: CNS, central nervous system; EEG, electroencephalography.

A noncontrast head CT can identify the majority of structural causes of acute confusional state, including
hemorrhage, tumors, infarction, hydrocephalus, and brain edema. An MRI is useful in the evaluation of acutely
confused patients with suspected encephalitis, white matter processes (i.e., acute disseminated encephalomyelitis or
PRES), brainstem infarctions, Wernicke’s encephalopathy, multifocal lesions such as septic emboli or metastatic
disease, or hypoxic-ischemic brain injury, where the CT may be normal.

Patients with acute confusional state but an otherwise normal physical examination and no fever, leukocytosis, or
history of seizures, who meet diagnostic criteria for delirium, may not require any additional testing beyond a basic
laboratory evaluation and medication review. A period of observation after initiation of reorientation, sleep
enhancement, and other management strategies is recommended, with reconsideration of further testing (specifically
neuroimaging) if the patient fails to improve over a specified period of time.

MANAGEMENT

Treatment strategies rely strongly on addressing the primary etiology of the acute encephalopathy. Once the etiology is
discovered, successful correction of the encephalopathy depends on timely reversal of all contributing factors. For
example, dialysis will eventually improve encephalopathy due to uremia; however, the rate of improvement will vary
significantly and may be delayed in comparison with correction of the laboratory values. Lactulose administered for
treatment of hepatic encephalopathy often readily improves the encephalopathy in most cases; however, delayed
recognition and initiation of treatment may lead to permanent cognitive changes. In some instances, no specific
contributing acute organ injury, infection, drug, or other etiology can be identified, and in these patients, if criteria for
delirium are present, the management is focused on symptom control, maintenance of sleep—wake cycles, and frequent
reorientation.

The yield of general nonpharmacologic approaches in the management of a patient with acute confusional state
should not be underestimated. A comprehensive interdisciplinary approach includes prevention of aspiration,
avoidance of skin breakdown by encouraging progressive mobility, and prevention of urinary retention or ileus.
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Prevention of sensory deprivation by means of visual or auditory assist devices, and gentle physical contact are
several techniques that can easily be undertaken. Sleep enhancement can be requested in which disruptions are
minimized (i.e., lab draws and nursing cares) during sleep hours. This helps promote a normal sleep—wake cycle.
Familiarization of the patients with their environment by frequent reorientation, use of photographs of loved ones, or
the physical presence of family members can aid in reducing behavioral disturbances. Bodily restraints should be
used as a last resort in order to ensure patient and staff safety.

The pharmacologic management of behavioral dyscontrol related to acute confusional state primarily consists of
antipsychotic agents. Haloperidol and chlorpromazine are typical antipsychotics historically used in the management
of delirium. In an emergency where either the safety of the patient or care providers is at risk, haloperidol remains the
drug of choice. More recently, atypical antipsychotics with their improved adverse effect profile such as quetiapine,
olanzapine, and aripiprazole have been increasingly utilized. These newer agents have fewer extrapyramidal
symptoms including akinesia, akathisia, acute dyskinesias or dystonic reactions, tardive dyskinesia, and parkinsonism.
Aripiprazole is the agent of choice in patients with prolonged QTc on electrocardiogram. These medications may be
administered on a scheduled as well as an as-needed basis but their use in the morning should be avoided if possible
as they are frequently sedating. Benzodiazepines should be reserved for treatment of benzodiazepine withdrawal,
alcohol withdrawal, catatonia, or for control of myoclonus or clonus in the setting of a toxidrome such as serotonin
syndrome or neuroleptic malignant syndrome.

PROGNOSIS

The majority of acute confusional states are reversible with treatment of the underlying cause; however, many can
result in permanent neurologic morbidity or mortality if diagnosis and treatment are delayed. For example,
unrecognized PRES can lead to infarctions or hemorrhage. Untreated hyperammonemia can result in irreversible
encephalopathy and delayed recognition of serotonin syndrome with sustained serotonergic overdrive can lead to fatal
systemic complications from hyperthermia, rhabdomyolysis, and renal failure. Delirium related to prolonged
hospitalization, recent operation, or sedation is also typically reversible; however, there is clearly an independent
relationship between mortality and delirium in hospitalized patients. Furthermore, patients with delirium in the
hospital may develop new long-term cognitive impairment.

COMMENTARY ON THE CASE

An underlying neurocognitive disorder with exposure to opiates in the setting of acute renal failure and a UTTI likely
resulted in this patient’s acute encephalopathy. During routine laboratory testing, which also consisted of blood
cultures and urinalysis, given his fever, a UTI was identified. He could be said to have decompensated dementia,
delirium, or acute encephalopathy secondary to UTI, opiate administration, and acute kidney injury. All would apply.
Opiates were discontinued, his infection was treated, and he was continued on an atypical antipsychotic (quetiapine),
given his possible Parkinsonism. His confusion slowly resolved.

Key Points

» Any acute organ dysfunction can produce an acute confusional state and the severity varies depending on the
degree of organ dysfunction and the rapidity over which it developed.

« Toxic causes of encephalopathy include intoxication or withdrawal syndromes, drug-drug interactions, or drug
toxicity in the setting of reduced renal or hepatic function.

» Nonconvulsive seizures, status epilepticus, or postictal states can present as acute confusional states.

* Patients with underlying cognitive impairment can easily decompensate in the setting of an acute medical or
neurologic insult, a condition known as “beclouded” or “decompensated” dementia.

» The differential diagnosis of acute confusional state includes locked-in syndrome, transient global amnesia, and
psychiatric disease.

» Nonpharmacologic approaches to the management of acute confusional state include prevention of sensory
deprivation, sleep enhancement, familiarization of the environment by frequent reorientation, use of
photographs of loved ones, or the physical presence of family members.

* Haloperidol remains the drug of choice in an emergency where either the safety of the patient or care providers
1s at risk.

» The majority of acute confusional states are reversible with treatment of the underlying cause unless recognition
is delayed.
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Approach to the Patient with Dementia

Niliifer Ertekin-Taner and Neill R. Graff-Radford

In the Diagnostic and Statistical Manual of Mental Disorders-V (DSM-V) criteria, dementia is replaced by the term
Major Neurocognitive Disorder and is defined as significant impairments in one or more cognitive domains such as
amnesia, aphasia, apraxia, agnosia, topographical disorientation, executive dysfunction, dyscalculia, dysprosody, or
agraphia. This impairment results in decline of social or occupational functioning in comparison with previous
functioning and leads to loss of independence. The deficits should not occur exclusively during the course of delirium
and should not be accounted for by another psychiatric condition, such as depression or schizophrenia. The DSM-V
definition of Major Neurocognitive Disorder can be further specified as being due to Alzheimer’s disease (AD),
frontotemporal lobar degeneration (FTLD), Lewy body disease (LBD), vascular disease, traumatic brain injury,
substance/medication use, HIV infection, prion disease, Parkinson’s disease, Huntington’s disease, another medical
condition, multiple etiologies, or left as unspecified.

EPIDEMIOLOGY OF DEMENTIA

It is estimated that the worldwide prevalence of dementia in 2014 is 44 million patients, according to the World
Alzheimer Report 2014. AD is the most common dementia etiology, accounting for 50% to 75% of the cases,
followed by vascular dementia (VaD, 20% to 30%), frontotemporal dementia (FTD, 5% to 10%), and dementia with
Lewy bodies (DLB). The number of people with dementia is expected to increase to 135 million in 2050, unless new
therapies that delay its onset or progression are developed. An average 5-year delay in the age of dementia onset is
expected to reduce its population prevalence by 50%. Thus, the public and socioeconomic impact of dementia is a
significant worldwide problem.

RisKk FACTORS AND ETIOLOGY

A. Risk factors. The following have been identified as risk factors for the development of dementia and/or AD in
one or more studies: Nonmodifiable risk factors are increasing age, female sex, unfavorable perinatal conditions,
early life development, and growth. Modifiable risk factors fall into vascular and psychosocial categories. The
following are modifiable vascular risk factors for dementia: midlife hypertension, obesity, and hyperlipidemia;
midlife and late-life diabetes mellitus, heart disease (peripheral atherosclerosis, heart failure, and atrial
fibrillation), cerebrovascular disease, heavy alcohol intake, hyperhomocysteinemia due to low B, and folate, and

cigarette smoking. Declines in blood pressure, body mass index, and total cholesterol were shown to precede
dementia. The following may be the socioeconomically modifiable risk factors for dementia: low education, poor
social network, low mental or physical activity. The following have been proposed as potential protective factors
for dementia, although their roles are yet to be proven in clinical trials: Statins, B group vitamins, “Mediterranean
diet,” nonsteroidal anti-inflammatory agents, antioxidants, omega-3 fatty acids, physical and mental exercise, and
treating sleep disorders. Depression was also identified as a risk factor for dementia, although it is also possible
that this 1s an early symptom. Regardless, depression and anxiety need to be recognized and treated in dementia.
B. Etiology. Table 2.1 lists many of the causes of dementia. Potentially reversible conditions were identified in 4%
to 8% of dementia cases in different studies. Hydrocephalus, space-occupying lesions, psychiatric disease,
medications, alcoholism, and substance abuse were the most frequent causes of nondegenerative and nonvascular
dementia. Although treatment for the potentially reversible conditions may not lead to partial or full reversal of
dementia, their identification and attempted treatment 1s crucial. Table 2.2 lists the degenerative causes of
dementia by pathologic classification. It should be noted that in addition to causative Mendelian mutations, a
genetic component is identified for most degenerative dementias, including AD, FTLD, and LBD. Genome-wide
association studies identified risk loci for some of these conditions, which is expected to lead to the identification
of new disease risk variants and genes. Table 2.3 includes the syndromic classification of degenerative dementias.
It is important to acknowledge that the same underlying pathology may present as different clinical syndromes and
different pathologies may present as the same clinical syndrome. Further, nearly half of the subjects with
neuropathologic diagnosis of AD also have other pathologies such as LBD, vascular pathologies, and
hippocampal sclerosis. Despite these complexities, the existing clinicopathologic correlations allowed for the

32



development of diagnostic criteria for degenerative and VaDs, which is discussed in what follows.

TABLE 2.1 Causes of Dementia

Degenerative (See Tables 2.2 and 2.3)

Tumors

Vascular

Multiple infarction

Single stroke

Binswanger's disease

Vasculitis

Subarachnoid hemorrhage

Cerebral amyloid angiopathy

Hereditary cerebral hemorrhage with angiopathy—
Dutch type

CADASIL

Subdural hematoma

Infectious

Meningitis (fungal, mycobacterial, and bacterial)
Syphilis

AIDS dementia

Creutzfeldt-Jakob'’s disease

Post-herpes simplex encephalitis

Lyme disease

Whipple's disease

Progressive multifocal leukoencephalopathy
Autoimmune/inflammatory

Systemic lupus erythematosus
Sjégren’s syndrome

Multiple sclerosis

Steroid responsive encephalopathy
Paraneoplastic

Glioblastoma
Lymphoma
Metastatic tumor
Toxic/metabolic

Vitamin B, deficiency
Thyroid deficiency
System failure: liver, renal, cardiac, and respiratory
Heavy metals

Toxins (e.g., glue sniffing)
Electrolyte abnormalities
Hypoglycemia
Parathyroid disease
Drugs

Alcohol

Traumatic

Closed head injury
Open head injury
Pugilistic brain injury
Anoxic brain injury
Psychiatric

Depression
Personality disorder
Anxiety disorder
Other

Symptomatic hydrocephalus

Italics indicate the etiologic factor is at least partially reversible or treatable.

CRITERIA FOR DIAGNOSIS

The following are the diagnostic guidelines for AD, VaD, DLB, and FTLD (the four most common causes of dementia
in order). Also presented are the guidelines for diagnosis of mild cognitive impairment (MCI), which bridges the
spectrum between dementia and normal cognition.

TABLE 2.2 Degenerative Dementias: Pathologic
Classification

Amyloid/Tau

AD: Early-onset familial AD may have APP PSENI, or PSEN2 mutations.
Late-onset AD is the most common form.

Tau

Pick’s disease

Corticobasal degeneration

Progressive supranuclear palsy

FTD with parkinsonism linked to chromosome |7 (tau mutations)
Tangle-only dementia

Argyrophilic grain disease

a-synuclein

LBD

Parkinson's disease dementia

Multisystem atrophy

Tau—/Ubiquitin+

TDP-43+

FTLD-TDP: May have GRN, C9orf72, UBQLN2, VCP or TDP43 mutations.
Presents as FTD, ALS, or FTD+ALS.

UPS +

FTLD-UPS: May have CHMP2B mutations. Presents as FTD.
FUS/FET+

FTLD-FUS/FET: May have FUS mutations. Presents as ALS>>FTD.
Neuronal intermediate filament inclusion disease

Basophilic inclusion body disease

Other

Huntington's disease

Dementia lacking distinctive histologic features

Progressive subcortical gliosis

The headers represent the primary neuropathologies for the syndromes listed under-
neath. Multiple neuropathologies can coexist.

Abbreviations: AD, Alzheimer's disease; FTD, frontotemporal dementia; FTLD-TDF, frontotempo-
ral lobar degeneration transactive response DNA binding protein 43; FTLD-UPS, frontotemporal
lobar degeneration ubiquitin proteasome system; LBD, Lewy body disease.

A. Alzheimer’s disease. AD is characterized by both amyloid and tau pathology. The National Institute of
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Neurological and Communicative Disorders and Stroke and the Alzheimer and Related Diseases Association
1984 criteria for the diagnosis of AD have recently been modified to take into account (1) Patients with the
pathophysiologic process of AD, which can be found in those with normal cognition, MCI, and AD. This
pathophysiologic process, designated as AD-P, is thought to begin years before the diagnosis of clinical AD. (2)
The diagnostic criteria for other diseases such as LBD and FTD. (3) MRI, positron emission tomography (PET)

for imaging the amyloid beta protein (Af3), *fluorodeoxyglucose (FDG) PET, and the cerebrospinal fluid (CSF)
biomarkers Af42, total tau and phophotau. (4) Other clinical syndromes that do not present with amnesia but are
related to AD pathology including posterior cortical atrophy and logopenic aphasia. (5) The dominantly inherited
AD causing mutations in amyloid precursor protein, presenilin-1, and presenilin-2 (APP, PSENI, PSEN2,
respectively). (6) A change in age cutoffs noting persons under 40 and over 90 may have the same AD-P. (7) Many
persons with possible AD in the past are now designated MCL

TABLE 2.3 Degenerative Dementias: Syndromic
Classification

MCI

Single domain
Amnestic
Nonamnestic
Multiple domain
Amnestic
Nonamnestic

AD

Typical

Primary and predominant memory impairment
Atypical

Posterior cortical atrophy

Logopenic aphasia

Corticobasal syndrome

FTD

Behavioral variant (bvFTD)

PPA

Progressive nonfluent aphasia

Semantic dementia and associative agnosia

Abbreviations: AD, Alzheimer’s disease; bvFTD, behavioral variant frontotemporal de-
mentia; MCI, mild cognitive impairment; PPA primary progressive aphasia.

In what follows, we present the 1984 criteria for probable and possible AD. Patients who meet the 1984
criteria for probable AD still meet criteria for probable AD. Additionally, we present the proposed new 2011
criteria for AD in Section A.8 under Criteria for Diagnosis.

1. Criteria for the clinical diagnosis of probable AD.

a. Dementia established by means of clinical examination and documented with the Mini-Mental State
Examination, Blessed Dementia Rating Scale, or other similar examination and confirmed with
neuropsychological tests.

Deficits in two or more areas of cognition.

Progressive worsening of memory and other cognitive function.

No disturbance of consciousness.

Onset between the ages of 40 and 90 years, most often after 65 years.

Absence of systemic disorders or other brain diseases that in and of themselves could account for the
progressive deficits in memory and cognition.

2. Supporting findings in the diagnosis of probable AD.

a. Progressive deterioration of specific cognitive functions such as aphasia, apraxia (Video 2.1), or agnosia.

b. Impaired activities of daily living and altered patterns of behavior.

c. Family history of similar disorders, particularly if confirmed neuropathologically.

d. Laboratory results as follows:

(1) Normal results of lumbar puncture (LP) as evaluated with standard techniques.
(2) Normal or nonspecific electroencephalography (EEG) changes (increased slow-wave activity).
(3) Evidence of cerebral atrophy at computed tomography (CT) with progression documented by means of
serial observation.
3. Other clinical features consistent with the diagnosis of probable AD, after exclusion of causes of
dementia other than AD.
a. Plateaus in the course of progression of the illness.

—e a0
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b. Associated symptoms of depression; insomnia; incontinence; delusions; illusions; hallucinations;
catastrophic verbal, emotional, or physical outbursts; sexual disorders; and weight loss.

c. Other neurologic abnormalities for some patients, especially those with advanced disease, and including
motor signs such as increased muscle tone, myoclonus, or gait disorder.

d. Seizures in advanced disease.

e. CT findings normal for age.

4. Features that make the diagnosis of probable AD uncertain or unlikely.

a. Sudden, apoplectic onset.

b. Focal neurologic findings such as hemiparesis, sensory loss, visual field deficits, and incoordination early
in the course of the illness.

c. Seizures or gait disturbance at the onset or early in the course of the illness.

5. Clinical diagnosis of possible AD.

a. May be made on the basis of the dementia syndrome, in the absence of other neurologic, psychiatric, or
systemic disorders sufficient to cause dementia and with variations in onset, presentation, or clinical
course.

b. May be made in the presence of a second systemic or brain disorder sufficient to produce dementia, which
is not considered to be the principal cause of the dementia.

c. Should be used in research studies when a single, gradually progressive, severe cognitive deficit is
identified in the absence of any other identifiable cause.

6. Criteria for the diagnosis of definite AD are the clinical criteria for probable AD and histopathologic
evidence obtained from a biopsy or autopsy.

7. Classification of AD for research purposes should specify features that differentiate subtypes of the disorder
such as familial occurrence, onset before 65 years of age, presence of trisomy 21, and coexistence of other
relevant conditions such as Parkinson’s disease.

8. Proposed new criteria for AD. In 2011, National Institute on Aging and the Alzheimer’s Association work
group suggested new criteria for AD based on clinical and research evidence. All patients who met the 1984
criteria for probable AD described in A.1 would meet the current criteria. In addition, the following criteria
are proposed:

a. Probable AD dementia with increased level of certainty. This category includes patients with “probable
AD dementia with documented decline” and “probable AD dementia in a carrier of a causative AD genetic
mutation in APP, PSENI, or PSEN2 genes.”

b. Possible AD dementia. This category includes patients with an “atypical course” or “mixed etiology” and
would not necessarily meet the 1984 criteria for possible AD. “Atypical course” is characterized by
“sudden onset, insufficient historical detail or objective cognitive documentation of progressive decline.”
“Mixed etiology” includes subjects with concomitant cerebrovascular disease or features of DLB or
“evidence for another neurologic disease or a non-neurologic medical comorbidity or medication use that
could have a substantial effect on cognition.”

c. Probable or possible AD dementia with evidence of the AD pathophysiologic process. These criteria
are proposed only for research purposes and incorporate the use of biomarkers, which are not yet
advocated for routine diagnostic use. These biomarkers fall into the two categories of “brain amyloid /3
(Af3) protein deposition,” that is, low CSF Af42 and positive PET amyloid imaging; and “downstream
neuronal degeneration or injury,” that is, elevated CSF tau, decreased FDG uptake on PET in
temporoparietal cortex, and disproportionate atrophy on structural MRI in medial, basal, and lateral
temporal lobe, and medial parietal cortex. The biomarker profile will fall into clearly positive, clearly
negative, and indeterminate categories.

B. Vascular dementia. There are different published diagnostic criteria for VaD: NINDS-AIREN (National Institute
of Neurological Disorders and Stroke-Association Internationale pour la Recherche et I’ Enseignement en
Neurosciences), ADDTC (State of California Alzheimer’s Disease Diagnostic and Treatment Centers), DSM-1V,
and Hachinski Ischemia Scale. Their distinct features lead to differences in sensitivity and specificity. The first set
of criteria discussed is the NINDS-AIREN criteria for VaD and is as follows:

1. The criteria for probable VaD include all of the following:

a. Dementia defined similarly to DSM-IV criteria.

b. Cerebrovascular disease defined by the presence of focal signs on neurologic examination, such as
hemiparesis, lower facial weakness, Babinski’s sign, sensory deficit, hemianopia, and dysarthria consistent
with stroke (with or without history of stroke), and evidence of relevant cerebrovascular disease at brain
imaging (CT or MRI), including multiple large-vessel infarcts or a single strategically situated infarct
(angular gyrus, thalamus, basal forebrain, or posterior or anterior cerebral artery territories), as well as
multiple basal ganglia and white matter lesions and white matter lacunes or extensive periventricular white
matter lesions, or combinations thereof.
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c. Arelation between the two previous disorders manifested or inferred from the presence of one or more of
the following: (1) onset of dementia within 3 months after a recognized stroke, (2) abrupt deterioration in
cognitive functions, or (3) fluctuating, stepwise progression of cognitive deficits.

. Clinical features consistent with the diagnosis of probable VaD include the following:

a. Early presence of a gait disturbance.

History of unsteadiness and frequent, unprovoked falls.

Early urinary frequency, urgency, and other urinary symptoms not explained by urologic disease.

Pseudobulbar palsy.

Personality and mood changes, abulia, depression, emotional incontinence, or other subcortical deficits,

including psychomotor retardation and abnormal executive functioning.

. Features that make the diagnosis of VaD uncertain or unlikely include the following:

a. Early onset of memory and other cognitive functions, such as language, motor skills, and perception in the
absence of corresponding lesions at brain imaging.

b. Absence of focal neurologic signs other than cognitive disturbance.

c. Absence of cerebrovascular lesions on CT scans or MRIs.

. The term AD with cerebrovascular disease should be reserved to classify the condition of patients fulfilling

the clinical criteria for possible AD and who also have clinical or brain imaging evidence of relevant

cerebrovascular disease.

. The criteria for definite VaD are as follows:

a. Probable VaD, according to core features.

b. Cerebrovascular disease by histopathology.

c. Absence of neurofibrillary tangles or neuritic plaques exceeding those expected for age.

d. Absence of other clinical or pathologic disorders capable of producing dementia.

. Vascular dementia: ADDTC criteria for VaD are as follows:

a. The criteria for probable VaD include all of the following:

(1) Dementia by DSM-III-R criteria.

(2) Two or more strokes by history/examination and/or CT or T1-weighted MRI, or single stroke with
clear temporal relationship to onset of dementia.

(3) Presence of at least one infarct outside cerebellum by CT or T1-weighted MRI.

b. The criteria for possible VaD include all of the following:

(1) Dementia by DSM-II1-R criteria.

(2) Single stroke with temporal relationship to dementia or Binswanger defined as the following: (1) early-
onset incontinence or gait disturbance not explained by peripheral cause, (2) vascular risk factors, and
(3) extensive white matter changes on neuroimaging.

c. The criteria for mixed dementia are as follows:

(1) Evidence of AD or other disease on pathology examination plus probable, possible, or definite
ischemic VaD.

(2) One or more systemic or brain diseases contributing to patient’s dementia in the presence of probable,
possible, or definite ischemic VaD.

d. The criteria for definite ischemic VaD are as follows:

(1) Dementia.
(2) Multiple infarcts outside the cerebellum on neuropathology exam.

. Vascular dementia: DSM-IV criteria for VaD are as follows:

a. Impaired memory.

Presence of at least one of the following: aphasia, apraxia, agnosia, or impaired executive functioning.

Symptoms impair work, social, or personal functioning.

Symptoms do not occur solely during delirium.

Cerebral vascular disease has probably caused the above deficits, as judged by laboratory data or by focal

neurologic signs and symptoms.

. Vascular dementia: Hachinski Ischemic Scale for VaD assigns points to each criterion. A total score >7

corresponds to multi-infarct dementia, whereas <4 is interpreted as AD. Each of the following criteria is

shown with the associated number of points in parentheses.

a. Abrupt onset (2)

h. Stepwise progression (1)

c. Fluctuating course (2)

d. Nocturnal confusion (1)

e. Relative preservation of personality (1)

f. Depression (1)

PEeT
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¢. Somatic complaints (1)
h. Emotional incontinence (1)
i. History of hypertension (1)

j- History of strokes (2)

k. Associated atherosclerosis (1)
I. Focal neurologic symptoms (2)
m. Focal neurologic signs (2)

C. DLB is defined pathologically by the presence of cortical Lewy bodies composed mainly of a-synuclein and is
part of a spectrum with Parkinson’s disease, which has brainstem Lewy bodies. The McKeith criteria for the
clinical diagnosis of DLB are as follows:

1. Progressive cognitive decline interferes with normal social and occupational functioning

Deficits on tests of attention, executive function, and visuospatial functioning are often prominent

Prominent or persistent memory impairment may not be present early in the course of illness

Two of the following core features are necessary for the diagnosis of probable DLB, and one is necessary for

possible DLB:

a. Fluctuating cognition or alertness

b. Recurrent visual hallucinations

c. Spontaneous features of parkinsonism
5. Suggestive features. >1 suggestive feature + >1 core feature are sufficient for the diagnosis of probable DLB;

>1 suggestive feature and no core features are sufficient for the diagnosis of possible DLB; probable DLB
should not be diagnosed on the basis of suggestive features alone.
a. REM sleep behavior disorder
b. Severe neuroleptic sensitivity
c. Low-dopamine transporter uptake in basal ganglia demonstrated by single photon emission computed
tomography (SPECT) or PET imaging
6. Features supportive of the diagnosis are repeated falls, syncope or transient loss of consciousness, severe
autonomic dysfunction, tactile or olfactory hallucinations, systematized delusions, depression, relative
preservation of mesial temporal lobe structures on CT/MRI, reduced occipital activity on SPECT/PET, low
uptake meta-iodobenzylguanidine (MIBG) myocardial scintigraphy, prominent slow-wave activity on EEG
with temporal lobe transient sharp waves.
7. The following features suggest a disorder other than DLB:
a. Cerebrovascular disease evidenced by focal neurologic signs or cerebral infarcts present on neuroimaging
studies
b. The presence of any other physical illness or brain disorder sufficient to account in part or in total for the
clinical picture
c. If parkinsonism appears only for the first time at a stage of severe dementia
8. Temporal sequence of symptoms. DLB should be diagnosed when dementia occurs before or concurrently
with parkinsonism (if it is present). The term Parkinson’s disease dementia (PDD) should be used to describe
dementia that occurs in the context of well-established Parkinson’s disease.

D. FTLD involves focal atrophy of the frontal or temporal lobes or both, the distribution of atrophy determining the
clinical presentation. The age at onset tends to be slightly younger (often before 65 years) than that for AD.
Patients with clinical FTLD usually do not have Alzheimer’s-type pathologic findings, but instead have other
distinct pathology. According to recent consensus recommendations, there are five major neuropathologic
classifications for FTLD based on the presence of abnormally accumulating protein as follows: FTLD-tau
(includes Pick’s disease and FTDP-17), FTLD-TDP (transactive response DNA binding protein 43; includes
familial FTLD due to mutations in GRN, C9orf72, UBQLN2, VCP. or TDP43), FTLD-UPS (ubiquitin proteasome
system; includes familial FTLD due to mutations in CHMP2B), FTLD-FUS/FET (fused in sarcoma; includes
neuronal intermediate filament inclusion disease, basophilic inclusion body disease, familial FTLD due to FUS
mutations), and FTLD-ni (no inclusions).

The two major phenotypes of FTLD are behavioral variant (bvFTD) and primary progressive aphasia (PPA).
Three main variants of PPA are defined as nonfluent/agrammatic, semantic, and logopenic. International bvFTD
Criteria Consortium (FTDC) published their first report on the comparison of 1998 Neary et al. criteria and their
proposed criteria, which identified greater sensitivity. The proposed 2011 FTDC criteria for bvFTD need further
evaluation, and are as follows: Possible bvF'TD requires three of six clinically discriminating features
(disinhibition, apathy/inertia, loss of sympathy/empathy, perseverative/compulsive behaviors, hyperorality, and
dysexecutive neuropsychological profile). Probable bvFTD also includes functional disability and characteristic
neuroimaging; and bvFTD with Definite FTLD requires histopathologic evidence of FTLD or a pathogenic
mutation.

In comparison, the 1998 Neary’s criteria for the clinical diagnosis of bvFTLD are as follows:

Fal ol

37



1. In FTD, character change and disordered social conduct are the dominant features initially and throughout the
disease course. Instrumental functions of perception, spatial skills, praxis, and memory are intact or relatively
well-preserved. Core criteria are as follows:

a. Insidious onset and gradual progression.

b. Early decline in social interpersonal conduct.

c. Early impairment in regulation of personal conduct.
d. Early emotional blunting.

e. Early loss of insight.

2. Supportive diagnostic features of FTD are as follows:
a. Decline in personal hygiene and grooming.

b. Mental rigidity and inflexibility.

c. Distractibility and impersistence.

d. Hyperorality and dietary changes.

e. Perseverative and stereotyped behavior.

f. Utilization behavior.

o. Speech and language features: aspontaneity and economy of speech; press of speech, stereotypy of speech,
echolalia, perseveration, and mutism.

h. Physical signs: primitive reflexes, incontinence, akinesia, rigidity, tremor, low and labile blood pressure.

i. Investigations: Neuropsychology-significant impairment on frontal lobe tests in the absence of severe
amnesia, aphasia, or perceptuospatial disorder; EEG-normal; imaging-predominant frontal or anterior
temporal abnormality.

Gorno-Tempini et al. have provided new classification and criteria for the PPA variants. It should be
noted that while most PPA-nonfluent/agrammatic variant has FTLD-tau, most PPA-semantic variant has
FTLD-TDP, and most PPA-logopenic variant has AD pathology, a definitive clinicopathologic correlation
cannot be established. Thus, the following criteria represent clinical classifications.

(1) Diagnosis of PPA requires that the following criteria be met.
(a) Difficulty with language as the most prominent clinical feature.
(b) Daily activities
impaired primarily owing to language impairment.
(¢) Aphasia as the most prominent early deficit.
(d) Deficit not accounted for by other disorders.
(e) Deficit not accounted for by psychiatric diagnosis.
(f) No prominent initial episodic memory, visual impairments.
(g) No prominent initial behavioral disturbance.
(2) Clinical diagnosis of PPA-nonfluent/agrammatic variant.
At least one of the following core features must be present:
(a) Agrammatism in language production.
(b) Effortful, halting speech with inconsistent speech sound errors and distortions (apraxia of speech).
At least two of three of the following other features must be present:
(1) Impaired comprehension of syntactically complex sentences.
(2) Spared single-word comprehension.
(3) Spared object knowledge.
(3) Imaging-supported PPA-nonfluent/agrammatic variant diagnosis.
Both of the following criteria must be present:
(a) Clinical diagnosis of nonfluent/agrammatic variant PPA.
(b) Imaging must show one or more of the following results:
(1) Predominant left posterior frontoinsular atrophy on MRI.
(2) Predominant left posterior frontoinsular hypoperfusion or hypometabolism on SPECT or PET.
(4) PPA-nonfluent/agrammatic variant with definite pathology.
Clinical diagnosis (criterion a below) and either criterion b or ¢ must be present.
(a) Clinical diagnosis of nonfluent/agrammatic variant PPA.
(b) Histopathologic evidence of a specific neurodegenerative pathology (e.g., FTLD-tau, FTLD-TDP,
AD, and others).
(¢) Presence of a known pathogenic mutation.
(5) Clinical diagnosis of PPA-semantic variant.
Both of the following core features must be present:
(a) Impaired confrontation naming.
(b) Impaired single-word comprehension. At least three of the following other diagnostic features must
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be present.
(1) Impaired object knowledge, particularly for low-frequency or low-familiarity items.
(2) Surface dyslexia or dysgraphia.
(3) Spared repetition.
(4) Spared speech production (grammar and motor speech).
(6) Imaging-supported PPA-semantic variant diagnosis.
Both of the following criteria must be present:
(a) Clinical diagnosis of semantic variant PPA.
(b) Imaging must show one or more of the following results:
(1) Predominant anterior temporal lobe atrophy.
(2) Predominant anterior temporal hypoperfusion or hypometabolism on SPECT or PET.
(7) PPA-semantic variant with definite pathology.
Clinical diagnosis (criterion a below) and either criterion b or ¢ must be present.
(a) Clinical diagnosis of semantic variant PPA.
(b) Histopathologic evidence of a specific neurodegenerative pathology (e.g., FTLD-tau, FTLD-TDP,
AD, and others).
(¢) Presence of a known pathogenic mutation.
(8) Clinical diagnosis of PPA-logopenic.
Both of the following core features must be present.
(a) Impaired single-word retrieval in spontancous speech and naming.
(b) Impaired repetition of sentences and phrases. At least three of the following other features must be
present:
(1) Speech (phonologic) errors in spontaneous speech and naming.
(2) Spared single-word comprehension and object knowledge.
(3) Spared motor speech.
(4) Absence of frank agrammatism.
(9) Imaging-supported PPA-logopenic diagnosis.
Both criteria must be present.
(a) Clinical diagnosis of logopenic variant PPA.
(b) Imaging must show at least one of the following results:
(1) Predominant left posterior perisylvian or parietal atrophy on MRI.
(2) Predominant left posterior perisylvian or parietal hypoperfusion or hypometabolism on
SPECT or PET.
(10) PPA-logopenic with definite pathology.
Clinical diagnosis (criterion a below) and either criterion b or ¢ must be present.
(a) Clinical diagnosis of PPA-logopenic.
(b) Histopathologic evidence of a specific neurodegenerative pathology (e.g., AD, which is the most
common pathology, FTLD-tau, FTLD-TDP, and others).
(¢) Presence of a known pathogenic mutation.

E. MCl is the transitional state between normal aging and dementia, and represents a condition with greater rate of
progression to dementia than normal aging. Patients with amnestic MCI progress to AD at a rate of 10% to 15%
per year. Initial criteria for MCI required the presence of memory impairment. Current criteria also recognize
nonamnestic forms of MCI.

1. Criteria for MCI are as follows. Cognitive impairment that is not normal for aging, represents a decline, does
not reach criteria for dementia, and does not impair activities of daily living.

2. Subtypes of MCI are as follows. Depending on the presence or absence of memory impairment and presence of
one or more cognitive impairments, there are four types of MCI. Memory impairment present: amnestic MCI
versus nonmemory cognitive impairment: nonamnestic MCI. Single domain (one domain impaired only) versus
multiple domain. It is proposed that the expected outcome of single or multiple domain amnestic MCI is AD, of
single or multiple domain nonamnestic MCl is less likely to be AD, although this is possible, and could be
FTD or DLB.

3. New proposed research criteria for MCI. These criteria incorporate the use of biomarkers as described in
A.8.c. When both AP and neuronal injury biomarkers are “positive” in a subject with MCI, it is suggested that
these subjects have the highest likelihood of progressing to AD dementia; hence, the terminology of “MCI due
to AD-High likelihood” is proposed. When only one set of biomarkers is positive, “MCI due to AD-
Intermediate likelihood” and when both are negative, “MCI-Unlikely due to AD” is suggested. Additional
work is needed for the validation of these criteria and standardization of biomarkers.

39



EVALUATION

A. History. It is essential that the history be obtained not only from the patient but also from an independent
informant. In most cases the patient can be told, “I am now going to ask your spouse some questions, and if your
spouse makes any errors, feel free to make corrections.” Sometimes, the informant may not want to speak openly
in front of the patient, so the clinician may want to arrange a separate interview, perhaps while the patient is
undergoing another test or later by telephone.

1.

Patient difficulties. Determine what difficulties the patient is having and what family members have noticed.
Commonly, a patient with dementia may not know there is a memory difficulty or be able to give accurate
details of the problem. Begin by asking the patient an open-ended question such as “What problems are you
having?” This often does not elicit the desired responses. Even with specific questions such as “Are you
having difficulty with your memory?” the clinician may not be told what the problems are. The informant may
have to be asked specific questions, such as “What can’t the patient do now that he (or she) could do before?”
or “Does the patient sometimes ask the same question more than once in the same conversation?”

. Time course. The time the family first noticed problems and the course the disease has taken over time are

critical factors in the evaluation. A disease that is slowly progressive fits the profile of a degenerative disease
such as AD. A disease that starts suddenly or follows a stepwise progression would be more in keeping with
VaD. Rapidly progressive dementia (over a few months) suggests Creutzfeldt—Jakob’s disease.

Functioning of the patient. Determine how well the patient has been functioning at work and at home,
including performance of the basic activities of daily living. Patients with MCI are by definition able to
function well. Patients with progressive nonfluent aphasia or semantic dementia usually are also able to
function well. Ask what the patient does to keep busy. Does he or she read the newspaper, watch the news on
television, keep the checkbook, do the shopping, prepare the meals, take part in a sport or hobby? Knowing
this information helps in the planning of questions to ask during the mental status part of the examination.
Issues of safety. Ask whether the patient drives. If so, has the patient ever become lost while driving or had
any accidents, near-accidents, or traffic violations? If the patient prepares meals, has he or she ever left the
stove on? Does the patient keep weapons, and if so, has this posed any danger to the patient or to others?
Etiologically directed history. Include a history of vascular disease and risk factors, head injury, toxic
exposure, symptoms of infection or exposure to diseases such as tuberculosis, psychiatric history such as
depression, symptoms of depression (such as a change in weight, insomnia, crying, or anhedonia), medications,
systemic illnesses, other past illnesses, and alcohol or tobacco use.

The following questions may bring out symptoms of DLB: Does the patient have good days and bad days?

What specifically cannot the patient do on bad days? Does the patient see things that are not there (visual
hallucinations)? Does the patient act out dreams at night (rapid eye movement sleep behavior disorder)? Look
for personality and behavioral changes in FTD with specific questions—for example, Does the patient drive
recklessly, such as run stop signs or speed? Has the patient developed poor table manners such as eating
excessively fast? Does the patient have rituals or do things repetitively?
Family history. Ask what the patient’s parents died of and at what ages. Ask specifically whether there were
memory problems in the later years. Then ask about the ages and health of the patient’s siblings and children.
Patients with late-onset AD commonly have a family history of disease. A strong family history for a younger
patient suggests an autosomal dominant disease such as familial AD, familial FTLD, Huntington’s disease, or
spinocerebellar ataxia.

B. Physical examination.
1. Give a standardized short mental state test, such as the Folstein Mini-Mental State Examination or the Short

Test of Mental Status. Asking about news events is a highly sensitive measure of recent memory. Be sure that
the patient has been exposed to this information. Ask questions such as, Who is the president? What is his
wife’s name? Who was the last president? What is his wife’s name? Note any evidence of aphasia, apraxia, or
agnosia. Anomia with preservation of orientation suggests semantic dementia. Observe for lack of insight and
disinhibited behaviors that occur in FTD.

. Look for cardiovascular risk factors such as hypertension, arterial bruits, arrhythmia, and heart murmur.
. Complete a full neurologic examination. Pay special attention to focal deficits such as visual field cuts,

paresis, sensory loss, and ataxia. Posterior cortical atrophy, which most commonly has Alzheimer’s-type
pathology begins as progressive visual dysfunction similar to that of Balint’s syndrome. Evaluate for any
extrapyramidal difficulties, such as hypokinesia, increased muscle tone, a mask-like face, and micrographia.
Determine whether the patient has any problem in walking. This is often best undertaken in the hallway rather
than in the examining room. Note the patient’s step size, speed of walking, arm swing, and ability to turn. The
palmomental reflex and snout reflex are not particularly helpful because they are common among healthy
elderly. The grasp reflex occurs late in the course of the disease.

C. Laboratory studies.
1. Recommended in all cases are complete blood count (CBC), chemistry panel, erythrocyte sedimentation rate,

40



thyroid and liver function tests, folate and vitamin B12 levels, syphilis serologic testing, CT or MRI, and
neuropsychological evaluation.

2. Recommended selectively are electroencephalography, LP, chest radiograph, HIV test, drug screen, SPECT
or PET, heavy metal screen, copper, or ceruloplasmin.

3. Electroencephalography can be useful in diagnosing Creutzfeldt-Jakob’s disease, differentiating depression
or delirium from dementia, evaluating for encephalitis, revealing seizures as causes of memory difficulties, and
diagnosing nonconvulsive status epilepticus.

4. LP 1s recommended if the patient is suspected of having a paraneoplastic or limbic encephalopathy, cancer,
CNS infection; hydrocephalus is seen at imaging; the patient is younger than 55 years; the dementia is acute or
subacute; the patient is immunosuppressed; or vasculitis or connective tissue disease is suspected. In the
setting where it is important to make a specific diagnosis, CSF amyloid b and tau protein levels jointly are
reported to be 89% sensitive and 90% specific for AD. In the setting when Creutzfeldt—Jakob’s disease is
suspected often because the MRI diffusion image shows cortical ribboning or basal ganglia involvement, CSF
14-3-3 protein and CSF tau measurements plus the newer RT-QulC (real-time quaking-induced conversion) are
helpful.

5. FDG (fluorodeoxyglucose)-PET scan can be useful in differentiating FTD from AD. In one blinded study in
which FDG-PET was used to evaluate those patients with and those without dementia, the sensitivity was only
38%, and the specificity was 88%. Also, biparietal hypometabolism supports the diagnosis of AD but is not
specific.

6. Amyloid PET scan. There are now three FDA-approved isotopes for imaging brain Ab deposition. Many of
the present studies evaluating Ab antibody to treat or prevent AD include only patients who have evidence of
brain Ab deposits on amyloid PET scan. In this way, these drugs are accurately targeted, and those with non-
AD dementias are excluded. When there is a disease-modifying treatment or disease preventative therapy,
amyloid PET studies are expected to be used more often.

7. Other diagnostic biomarkers. The ¢4 allele of the apolipoprotein E gene (apoE4) is a well-established risk
factor for AD; however, the American Medical Association does not recommend apoE4 testing in the
diagnosis of AD or if the patient’s condition is presymptomatic. Mutations in the PSENI, PSEN2, and APP
genes can cause early-onset, autosomal dominant AD and are commercially available for testing. Genetic
counseling is required before and after mutation testing. Structural imaging techniques including voxel-based
morphometry, hippocampal volumetric measurement; functional imaging techniques including f~-MRI, magnetic
resonance spectroscopy, and amyloid PET imaging in the brain are emerging as imaging techniques with
potential use for differentiating various dementia types and for preclinical diagnoses.

8. Longitudinal biomarkers. As mentioned earlier, these biomarkers are included in the new criteria for
presymptomatic AD, MCI, and AD dementia, although additional research is needed for their validation and
standardization. Longitudinal assessment of CSF amyloid 8 and tau protein, PET amyloid imaging, FDG-PET,
and MRI volumetric studies lead to the hypothetical model of dynamic biomarker changes in AD, which posits
the following order of changes: decrease in CSF amyloid /3, increase in PET amyloid, increase in CSF tau and
phospho-tau, decrease in MRI hippocampal volume and FDG-PET activity, cognitive impairment. Studies in
asymptomatic carriers of early-onset familial AD mutation carriers suggest that changes in CSF biomarkers
occur 15 to 20 years before symptom onset. Development of PET tracers to follow brain tau accumulation will
be an important additional biomarker tool. These biomarkers will serve as valuable tools in tracking response
to disease-modifying therapies once they become available.

DIFFERENTIAL DIAGNOSIS

Be aware of the possible causes of dementia listed in Table 2.1. The most important reversible causes include
depression, medication, hydrocephalus, thyroid disease, vitamin B, deficiency, fungal infection, neurosyphilis,

subdural hematoma, and brain tumor.
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Key Points

» Neurodegenerative diseases constitute the most common etiology of dementia, but potentially reversible
etiologies can also exist.
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AD i1s the most common dementia etiology, accounting for 50% to 75% of the cases, followed by VaD (20% to
30%), FTD (5% to 10%), and DLB.

* In addition to a thorough history and physical examination, blood tests for reversible causes of cognitive decline
(including CBC, chemistry panel, vitamin B, levels, thyroid, liver, kidney function tests), CT or MRI, and

neuropsychological examination are needed for diagnosis, management, and counseling.

 Patients with atypical presentations, such as young age of onset, sudden onset, rapid progression, systemic
illness, presence of noncognitive symptoms or signs, may require additional testing, such as EEG, LP, FDG-
PET, or additional laboratory studies.

» AD typically presents as progressive worsening in memory, but atypical presentations with predominant
involvement of other cognitive domains also exist.

* Clinical features that suggest DLB include fluctuations, hallucinations, parkinsonism, REM sleep behavior
disorder, and neuroleptic sensitivity.

* FTD can present with predominant behavioral abnormalities or language impairment.

* Subjects with MCI have intact activities of daily living, but this condition can be a prodrome for dementia.
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3

Approach to the Patient with Aphasia

Jeffrey L. Saver and José Biller

Aphasia 1s a loss or impairment of language processing caused by brain damage. Language disorders are common
manifestations of cerebral injury. Reflecting the centrality of language function in human endeavor, the aphasias are a
major source of disability.

PATHOPHYSIOLOGY

A. Cerebral dominance. The left hemisphere 1s dominant for language in approximately 99% of right handers and
60% of left handers.

B. Neuroanatomy. A specialized cortical-subcortical neural system surrounding the Sylvian fissure in the dominant
hemisphere subserves language processing (Fig. 3.1). Circumscribed lesions in different components of this
neurocognitive network produce distinctive syndromes of language impairment.
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FIGURE 3.1 The neurocognitive network for language. The core perisylvian language cortices lie within the dashed line and
include Broca’s area in the inferior frontal gyrus, the supramarginal- and angular gyri in the parietal lobe, the subjacent arcuate
fasciculus white matter tract, and Wernicke’s area in the superior temporal gyrus. Extrasylvian sites that produce transcortical
aphasias are found in surrounding cortices (beyond dashed line). (Modified with permission from Mayeux R, Kandel ER.
Disorders of language: the aphasias. In: Kandel ER, Schwartz JH, Jessell TM, eds. Principles of Neural Science. 3rd ed. New
York, NY: Elsevier; 1991.)

ETI0LOGY

A. Stroke. Cerebrovascular disease is a frequent cause of aphasia. The perisylvian language zone is supplied by
divisions of the middle cerebral artery (MCA), a branch of the internal carotid artery (ICA). The classic aphasic
syndromes are most distinctly observed in ischemic stroke because vascular occlusions produce discrete, well-
delineated brain lesions.

B. Other focal lesions. Any focal lesion affecting the language cortices will also produce aphasia, including primary
and metastatic neoplasms and brain abscesses. Primary progressive aphasia (PPA) is a neurodegenerative
syndrome characterized by slowly progressive, isolated language impairment in late life and focal atrophy of
dominant frontotemporal cortices. Affected individuals frequently develop a generalized dementia after the first 2
years of illness. The three main variants of PPA and their anatomical correlate are as follows: (a)
nonfluent/agrammatic (left posterior frontal and insular regions); (b) semantic (left anterior temporal); and (c)
logopenic (left temporoparietal region). Among the causes of PPA are (1) tau-positive, ubiquitin/TDP 43-positive
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frontotemporal lobar degeneration and (2) a focal variant of Alzheimer’s disease (AD) pathology.

C. Diffuse lesions. Diseases producing widespread neuronal dysfunction will disrupt language processing along
with other cognitive and noncognitive neural functions. Traumatic head injury and AD are epidemiologically
common causes of aphasic symptoms, although not of 1solated aphasia.

CLINICAL MANIFESTATIONS

A. Nonfluency versus fluency. Fluency refers to the rate, quantity, and ease of speech production. In nonfluent
speech, verbal output is meager (<50 words per minute), phrase length shortened (one to four words per phrase),
production effortful, articulation often poor, and the melodic contour (prosody) disturbed. Nonfluent speakers
often preferentially employ substantive nouns and verbs, eliding small connecting grammatical/functor words
(“telegraphic speech™). Conversely, in fluent speech, verbal output is generous (and may even be more abundant
than customary), phrase length normal, production easy, articulation usually preserved, and the melodic contour
intact.

1. Anatomic correlate. Nonfluency indicates damage to the frontal language regions anterior to the fissure of
Rolando. Fluency signals that these areas are intact.

B. Auditory comprehension impairment. Impaired ability to understand spoken language ranges from complete
mystification by simple one-word utterances to subtle failure to extract the full meanings of complex sentences. In
informal conversation, aphasic patients often capitalize on clues from gestures, tone, and setting to supplement
their understanding of the propositional content of a speaker’s utterances. Examiners may underestimate the extent
of auditory comprehension impairment if they fail to test formally a patient’s comprehension deprived of
nonverbal cues.

1. Anatomic correlate. Comprehension impairment generally reflects damage to the temporoparietal language
regions posterior to the fissure of Rolando. Preserved comprehension indicates that these areas are intact.
(Comprehension of grammar is an important exception to this rule. Agrammatism is associated with damage to
inferior frontal language regions.)

C. Repetition impairment. Repetition of spoken language 1s linguistically and anatomically a distinct language
function. In most patients, repetition impairment parallels other deficits in spoken language. Occasionally,
however, relatively isolated disordered repetition may be the dominant clinical feature (conduction aphasia). In
other patients, repetition may be well preserved despite severe deficits in spontaneous speech (transcortical
aphasias). Rarely, such patients exhibit echolalia, a powerful, mandatory tendency to repeat all heard phrases.

1. Anatomic correlate. Impaired repetition indicates damage within the core perisylvian language zone.
Preserved repetition signals that these areas are intact.

D. Paraphasic errors. Substitutions of incorrect words for intended words are paraphasias. Paraphasic errors are
classified into three types.

1. Aliteral or phonemic paraphasia occurs when only a part of the word is misspoken, as when “apple”
becomes “tapple” or “apfle.”

2. A verbal or global paraphasia occurs when an entire incorrect word is substituted for the intended word, as
when “apple” becomes “orange” or “bicycle.” A semantic paraphasia arises when the substituted word is
from the same semantic field as the target word (“orange” for “apple’). Fluent output contaminated by many
verbal paraphasias is jargon speech.

3. A neologistic paraphasia occurs when an entirely novel word not extant in the speaker’s native lexicon is
substituted for the intended word, as when “apple” becomes “brifun.”

4. Anatomic correlate. Paraphasic errors may occur with lesions anywhere within the language system and do
not carry strong anatomic implications. To some extent, phonemic paraphasias are more common with lesions
in the frontal language fields and global paraphasias more common with lesions in temporoparietal areas.

E. Word-finding difficulty (anomia). Retrieval of target words from the lexicon is virtually always disturbed in
aphasia. Patients may exhibit frequent hesitations in their spontaneous speech while they struggle with word
finding. Circumlocutions transpire when patients “talk around” words they fail to retrieve, providing lengthy
definitions or descriptions to convey the meanings of words they are unable to access.

1. Anatomic correlate. Word-finding difficulty occurs with lesions located throughout the language-dominant
hemisphere and possesses little localizing value.

F. Reading and writing. In most cases of aphasia, reading impairment (alexia) and writing impairment (agraphia)
parallel oral language comprehension and production deficits. Occasionally, however, isolated reading
impairment, writing impairment, or both can occur in the setting of fully preserved oral language function.

1. Anatomic correlate. The anatomy of reading and writing incorporates both the core perisylvian language
zones and additional function-specific sites. Reading requires primary and higher-level visual processing in
the occipital and inferior parietal lobes. Writing depends on visual stores in the inferior parietal lobe and
graphomotor output regions in the frontal lobe.
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EVALUATION

A. History. Abrupt onset of language difficulty suggests a cerebrovascular lesion. Subacute onset may suggest tumor,
abscess, or other more moderately progressive process. Slow onset suggests a degenerative disease, such as AD
or frontotemporal lobar degeneration. Interviewing family members and other observers is crucial when the
patient’s language difficulty limits direct history-taking.

B. Physical examination.

1. Elementary neurologic signs. A detailed elementary neurologic examination allows identification of motor,
sensory, or visual deficits that accompany the language disorder, aiding neuroanatomic localization. Important
“neighborhood” signs are the presence or absence of hemiparesis, homonymous hemianopia or quadrantanopia,
and apraxia.

2. Mental status examination. It is important to assess the patient’s wakefulness and attentional function lest
language errors resulting from inattentiveness be wrongly ascribed to intrinsic linguistic dysfunction.
Nonverbal tests to evaluate memory, visuospatial, and executive functions should be used if severe language
disturbance precludes routine verbal assessment.

3. Language examination. A careful language examination is critical in the evaluation of aphasia, profiling the
patient’s impaired and preserved language abilities and allowing a syndromic, localizing diagnosis (Video
3.1).

a. Spontaneous speech. The patient’s spontaneous verbal output, in the course of conversation and in
response to general questions, should be judged for fluency versus nonfluency and presence or absence of
paraphasias. It is important to ask open-ended questions such as “Why are you in the hospital?” or “What
do you do during a typical day at home?”” because patients may mask major language derangements with
yes/no answers and other brief replies to more structured interrogatories.

b. Repetition. The patient is asked to repeat complex sentences. If difficulty is evidenced, simpler verbal
sequences from single-syllable words to multisyllabic words and short phrases are given to determine the
level of impairment. At least one sentence rich in grammatical/functor words, such as “No ifs, ands, or
buts,” should be employed to test for isolated or more pronounced difficulty in grammatical repetition, as
may be seen in Broca’s and other anterior aphasias.

c. Comprehension. An initial judgment of auditory comprehension can be made in the course of obtaining the
medical history and from spontaneous conversation. Tests that require no or minimal verbal responses are
essential to the evaluation of auditory comprehension in individuals with severe disturbance of speech
production and intubated patients.

(1) Commands. One simple bedside test is verbally to instruct the patient to carry out one-step and
multistep commands, such as “Pick up a piece of paper, fold it in half, and place it on the table.”
Cautions to recall when interpreting results are (a) apraxia and other motor deficits may cause
impairment not related to comprehension deficit and (b) midline motor acts on command, such as
closing/opening eyes and standing up, draw on distinct anatomic systems and may be preserved even in
the setting of severe aphasic comprehension disturbance.

(2) Yes/no responses. If the patient can reliably produce verbal or gestural yes/no responses, this output
system may be used to assess auditory comprehension. Questions of graded difficulty should be
employed for precise gauging of the degree of comprehension disturbance, using queries ranging from
simple (“Is your name Smith?””) to complex (“Do helicopters eat their young?”).

(3) Pointing. This simple motor response also permits precise mapping of comprehension impairment by
means of questions of graded difficulty. The examiner should employ both simple pointing commands
(“Point to the chair, nose, door”) and more lexically and syntactically complex pointing commands
(“Point to the source of illumination in this room”).

d. Naming. Difficulty with naming is almost invariable in all the aphasia syndromes. Consequently, naming
tasks are sensitive, although not specific, means of testing for the presence or absence of aphasia.

(1) Confrontation naming. The patient is asked to name objects, parts of objects, body parts, and colors
pointed out by the examiner. Common, high-frequency words (“tie,” “watch’) and uncommon, low-
frequency words (“knot” of the tie, “watchband”) should be tested.

(2) Word-list generation. Another type of naming test is to ask the patient to generate a list of items in a
category (animals, cars) or words beginning with a given letter (F, A, S). Normal individuals produce
12 or more words per letter in 1 minute.

e. Verbal automatisms. Patients with profound disruptions of speech production should be requested to
produce (a) overlearned verbal sequences, including the numbers from 1 to 10 and the days of the week; (b)
overlearned verbal material, such as the pledge of allegiance; and (¢) singing, such as “Happy Birthday to
You.” These utterances draw on subcortical and nondominant hemisphere areas and indicate residual
capacities in impaired patients that may be capitalized on in rehabilitation.

f. Reading. Patients should be asked to read sentences aloud. Written sentences that are commands (“Close
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your eyes”’) allow simultaneous testing of reading aloud and reading comprehension.

g. Writing. In the order of difficulty, patients may be asked to write single letters, words, and short sentences.
Obtaining a signature 1s insufficient because this overlearned sequence may be retained when all other
graphomotor functions are lost.

C. Laboratory studies.

1. Computed tomography. Head computed tomography (CT) scan will delineate most focal structural lesions
affecting the language regions of the brain. It may be normal in the first 24 hours following acute aphasia from
new-onset ischemic stroke.

2. Magnetic resonance imaging. Brain magnetic resonance imaging (MRI) is somewhat more sensitive than CT
at detecting morphologic abnormalities and is the preferred study if readily available. Imaging in the sagittal
and coronal as well as axial planes allows precise mapping of lesions within known neural language regions.

SYNDROMIC DIAGNOSIS

Distinctive features of a patient’s language disturbance may be employed to assign a syndromic diagnosis that has
localizing value. Eight classical cortical aphasia syndromes are distinguished on the basis of fluency, comprehension,
and repetition (Fig. 3.2). Approximately 60% of all aphasic patients exhibit one of these symptom clusters. Most of
the remaining ““atypical” aphasias will be found to harbor subcortical lesions. It is important to consider the time after
onset when employing these syndromes for clinicoanatomic correlation. Soon after an acute insult, deafferentation,
edema, hypoperfusion without infarction, and other mechanisms of diaschisis produce exaggerated clinical deficits.
Later, neuroplasticity-mediated recovery of function reduces clinical deficits. The aphasia syndromes have maximal
localizing value 3 weeks to 3 months after onset.
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FIGURE 3.2 Algorithm for diagnosis and localization of the eight classical cortical aphasias.

A. Perisylvian aphasias.

1. Broca’s aphasia. Patients with Broca’s aphasia exhibit (a) nonfluent, dysarthric, effortful speech; (b) similarly
disordered repetition; and (c) relatively intact comprehension, with mild difficulty in understanding syntax and
relational grammar. Their verbal output is often “telegraphic,” containing substantive nouns and verbs but
omitting small, connecting, functor words. Most patients exhibit a faciobrachial hemiparesis. Patients often
exhibit frustration over their language deficits and are at elevated risk for depression.

a. Lesions producing Broca’s aphasia lie in the posterior portion of the inferior frontal gyrus (Broca’s area;
Brodmann areas 44 and 45) and extend to involve surrounding motor, premotor, and underlying white matter
territories. Lesions restricted solely to Broca’s area produce mild, transient aphasia and more persistent
dysarthria.
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b. Broca’s area is supplied by the superior division of the MCA.

2. Wernicke’s aphasia. Patients with Wernicke’s aphasia evince fluent, effortless, well-articulated output, almost
always contaminated with paraphasias and neologisms. Repetition demonstrates a parallel impairment, with
fluent but paraphasic output. The leading feature of Wernicke’s aphasia is a severe disturbance of auditory
comprehension. Two types of behavioral responses to this comprehension deficit are observed. Most often in
the acute phase, patients seem to be unaware of their inability to comprehend spoken language, calmly
providing inappropriate and grossly paraphasic answers to observer’s inquiries. Less frequently, patients are
irritable and paranoid, perhaps because of their inability to understand what others say. A superior
homonymous quadrantanopia is frequently present. However, the absence of more dramatic motor or sensory
deficits, and the fluid production of speech, may mislead medical personnel into believing that the patient is
confused or psychotic rather than aphasic, and may delay diagnosis while metabolic or psychiatric
disturbances are sought.

a. The core of lesions engendering Wernicke’s aphasia map to the posterior third of the superior temporal
gyrus (Wernicke’s area; Brodmann area 22), an auditory association area. Lesion size may vary
considerably, and damage often extends to the middle temporal gyrus and the inferior parietal lobe.

b. Wernicke’s area is supplied by the inferior division of the MCA.

3. Global aphasia. The most profound form of aphasia, called global aphasia, is characterized by drastically
nonfluent output, severe disruption of comprehension, and little repetitive ability. Spontaneous speech is often
absent initially, or marked by the production of a few stereotyped sounds. Patients neither read nor write.
Hemiplegia 1s almost invariably present, and hemisensory loss and hemianopia are frequent.

a. The typical insult involves the entire left perisylvian region, encompassing Broca’s area in the inferior
frontal lobe, Wernicke’s area in the posterior temporal lobe, and all the interposed parietofrontal cortices.
In rare cases, separate, discrete lesions of Broca’s area and Wernicke’s area produce global aphasia
without hemiparesis.

b. The perisylvian region lies within the territory of the MCA, and ICA and MCA occlusions are the most
common causes of global aphasia.

4. Conduction aphasia. The hallmark of conduction aphasia is a disproportionate disruption of repetition.
Comprehension of spoken language is relatively intact. Fluent spontaneous output is often marred by
occasional hesitations and phonemic paraphasias, but is not as disturbed as repetition. Naming also tends to
demonstrate mild paraphasic contamination. Motor and sensory disturbances are usually absent or mild.

a. Two neural loci tend to give rise to conduction aphasia: (a) the supramarginal gyrus, sometimes with
extension to the subinsular white matter, and (b) the primary auditory cortex, insula, and subjacent white
matter. The arcuate fasciculus, a subcortical white matter tract connecting Wernicke’s and Brodmann’s
areas, is often, but not invariably, involved.

b. These regions are variably supplied by branches of the inferior or superior divisions of the MCA.

B. Extrasylvian aphasias. The extrasylvian aphasic syndromes share the clinical characteristic of preserved
repetition and the anatomic trait of sparing of the core perisylvian language zone. They occur less commonly than
the perisylvian aphasias. Many arise from watershed infarcts, but they may also appear in conjunction with
tumors, abscesses, hemorrhages, and other lesions.

1. Transcortical motor aphasia. Transcortical motor aphasia is characterized by discrepant spontaneous speech
and repetition. Spontaneous output is severely disrupted, nonfluent, and halting. In contrast, the ability to repeat
sentences verbatim is preserved, as is reading aloud. Comprehension is undisturbed. Naming may be mildly
impaired.

a. Transcortical motor aphasia results from damage at one of two foci: (a) prefrontal cortices and subjacent
white matter anterior or superior to Broca’s area or (b) the supplementary motor area and cingulate gyrus.
These lesions disconnect Broca’s area from limbic areas and other sources of the drive to communicate.

b. Lesions anterosuperior to Broca’s area lie in the vascular border zone between the middle and anterior
cerebral arteries. The supplementary motor area and cingulate gyrus regions are irrigated by the anterior
cerebral artery (ACA).

2. Transcortical sensory aphasia. Patients with transcortical sensory aphasia exhibit severely disturbed
comprehension of spoken language, but preserved repetition. Spontaneous speech is fluent, although often
paraphasic. Echolalia—automatic repetition of overheard phrases—is common. Reading aloud may be fairly
preserved, whereas reading comprehension is quite poor. Motor deficits are generally absent, but hemisensory
deficits are common.

a. Lesions may occur over a wide distribution posterior and superior to the posterior perisylvian region,
including the middle temporal gyrus, the angular gyrus, and underlying white matter. These insults
disconnect Wernicke’s area from multiple posterior association cortices, preventing retroactivation by aural
word forms of the widely distributed neural representations that convey their meanings.

b. The lesions generally lie within the vascular watershed between the posterior cerebral artery (PCA) and
MCA.
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3. Mixed transcortical aphasia. This rare and remarkable condition is analogous to global aphasia, except for

preserved ability to repeat. Spontaneous speech is minimal or absent. Patients are unable to comprehend

spoken language, name, read, or write. Repetition of spoken language, however, 1s preserved. Patients are

often echolalic. Mild hemiparesis and hemisensory loss affecting proximal greater than distal extremities may
be observed.

a. Lesions are an additive combination of those producing transcortical motor and sensory aphasias. Insults
anterosuperior to Broca’s area and posterosuperior to Wernicke’s area cut off the perisylvian language zone
from access to other cortices. Isolation of the speech area is a synonym for mixed transcortical aphasia.

b. The lesions fall in the crescentic vascular border zone among the ACA, MCA, and PCA.

. Anomic aphasia. These patients exhibit difficulty retrieving verbal tags in spontaneous speech and

confrontation naming. The remainder of language functions is relatively intact. Auditory comprehension,

repetition, reading, and writing are normal. Spontaneous speech is preponderantly fluent, although interrupted

by occasional hesitations for word finding. In severe cases, output may be lengthy but empty, with recurrent
circumlocutions.

a. A wide variety of lesions, including both dominant and nondominant hemisphere loci, may produce anomic
aphasia. Particularly common sources are insults to (a) the dominant inferior parietal lobe and (b) the
dominant anterior temporal cortices. The latter insults have been associated with category-specific naming
deficits in which naming in different semantic categories (e.g., living versus nonliving entities) is
differentially impaired.

b. The angular gyrus and anterior temporal cortices are supplied by different branches of the inferior division
of the MCA.

C. Subcortical aphasia syndromes. Focal lesions confined to subcortical structures strongly interconnected with
language cortices produce aphasia. Although the optimal classification system for the subcortical aphasias is a
still contested and unsettled enterprise, two major profiles can be discerned according to neuroanatomic location
of the lesions.

1.

Striatal-capsular aphasia. The language deficit in striatal-capsular aphasia resembles that in anomic or
transcortical motor aphasia. Patients may or may not be fluent but are almost invariably dysarthric. Mild to
moderate anomia coexists with generally intact auditory comprehension, repetition, reading, and writing.
Generation of complex syntactic sentences is impaired. Hemiparesis is common, hemisensory loss variable,
and hemianopia infrequent. Lesions involve the left putamen, dorsolateral caudate, anterior limb of the internal
capsule, and rostral periventricular white matter. This aphasia has been associated with both ischemic and
hemorrhagic strokes.

. Thalamic aphasia. The language deficit in thalamic aphasia resembles that in transcortical sensory aphasia.

Output may be relatively fluent, auditory comprehension is deficient, and repetition is preserved. Impairments
of naming, reading comprehension, and writing are also present. A contralateral emotional facial paresis
(diminished facial movement in expressing spontaneous emotions but preserved facial movements to
command) and contralateral hypokinesia are often the only elementary neurologic deficits. Lesions are situated
in the left anterolateral thalamus. Thalamic aphasia has been associated with left thalamic infarction often
involving the left tuberothalamic artery territory, and left thalamic hemorrhage.

D. Additional classical syndromes. Strategically placed lesions may produce dissociated impairments of reading,
writing, and oral language function. Three syndromes with well-characterized localizing properties will be
reviewed.

1.

Alexia without agraphia (pure alexia). Alexia without agraphia, the first of the disconnection syndromes
described by Joseph Jules D¢jerine in 1892, presents as an acquired loss of reading ability in a literate person,
with preserved ability to write spontaneously. Reading is severely impaired, whereas spontaneous speech,
repetition, and auditory comprehension are normal. Writing is preserved, but dramatically, after a delay,
patients are unable to read phrases they themselves have written. Recognition of words spelled aloud and
traced on the palm is normal. Only words presented visually pose difficulty. Patients frequently exhibit a slow,
letter-by-letter reading strategy, painstakingly recognizing and stating aloud each letter in a word and then,
from the string of spoken letters, determining the target word. A right homonymous hemianopia is common but
not invariable. Disorders of color vision, including achromatopsia and color anomia, may be present.

The most common neuroanatomic substrate comprises simultaneous lesions of the left occipital lobe and the
splenium of the corpus callosum, depriving the angular gyrus region critical for word recognition of visual
input from either the left or right hemisphere. The smallest sufficient injury 1s a single lesion of the
paraventricular white matter of the mesial occipitotemporal junction (the forceps major), interrupting
interhemispheric and intrahemispheric visual tracts to the angular gyrus but sparing the corpus callosum and
left occipital cortex. Etiologies include left PCA infarction, tumor, demyelinating disorders such as multiple
sclerosis (MS) or acute disseminated encephalomyelitis (ADEM), toxoplasma or herpes encephalitis, and
mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS).

2. Alexia with agraphia. Patients exhibit loss of literacy—inability to read or write—but relatively well-
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preserved oral language function. Speech is fluent, although anomia is often present, and auditory
comprehension and repetition are intact. Hemisensory deficits are frequent, and hemiparesis and hemivisual
disturbances are variable. A full-fledged Gerstmann’s syndrome, including dyscalculia, dysgraphia, left-right
confusion, and finger agnosia, may be present.

The underlying lesion classically involves the dominant inferior parietal lobule (angular and supramarginal
gyri).

3. Pure word deafness (auditory verbal agnosia). Patients resemble Wernicke’s aphasics. Comprehension and
repetition of spoken language are impaired, whereas speech is fluent. Unlike in Wernicke’s patients, however,
paraphasias are rare and, more importantly, comprehension of written material 1s intact. Writing production is
also normal. Although uncomprehending of word sounds, patients have intact hearing and are generally
successful in identifying meaningful nonverbal sounds such as car horns or telephone rings.

Two types of lesions underlie pure word deafness, both disconnecting Wernicke’s area from input from
primary auditory cortices. Some patients harbor bilateral superior temporal lesions. A roughly equal number
exhibit a single deep superior temporal lesion in the dominant hemisphere, blocking ipsilateral and crossing
callosal auditory pathways.

E. Aprosodia. Meaning is conveyed not only through the propositional content of language, but also through prosody
—the melody, rhythm, timbre, and inflection of the speaker. Prosody is frequently disturbed in nonfluent aphasia.
However, patients may have normal propositional language yet exhibit disturbances of the production,
comprehension, or repetition of prosody. Both cortical and subcortical dysfunctions can account for impaired
prosody. In general, the nondominant hemisphere (most often the right) plays a greater role in production and
comprehension of emotional prosody than does the dominant hemisphere.

DIFFERENTIAL DIAGNOSIS

Acquired speech impairments may result from disruption of lower-order neural and muscular mechanisms for
implementing sound production rather than disturbances of central processing of language. It is important to
distinguish these nonaphasic speech impairments from genuine aphasia, because they differ in their localizing
significance and spectrum of etiologic causes.

A. Dysarthria. Dysarthria is abnormal articulation of spoken language. At least five types of nonaphasic dysarthria
may be distinguished. (a) Paretic dysarthria is caused by weakness of articulatory muscles. Soft, low-pitched,
nasal voicing is characteristic. Causes include myopathies, neuromuscular junction disorders such as myasthenia
gravis, and lower motor neuron disease. (b) In spastic dysarthria, speech is typically strained, slow, and
monotonic. Bilateral upper motor neuron lesions compromising the corticobulbar tracts are the cause. (¢) In
ataxic dysarthria, jerky irregular speech rhythm and volume are noted, reflecting lesions to the cerebellum or its
connections. MS is a common cause. (d) Extrapyramidal dysarthrias include hypokinetic dysarthria, which is
seen in parkinsonism and choreic dysarthria, which is observed in Huntington’s disease and other chorea
syndromes. (¢) In aphemia (apraxia of speech), small lesions within Broca’s area (Brodmann areas 44 and 45)
or the left frontal oral motor cortex near the face M, area produce dysarticulation without disturbing core language
function.

Aphasic dysarthria—dysarticulation occurring as one manifestation of an aphasic language syndrome—is
common with anterior aphasias such as Broca’s syndrome. The nonaphasic dysarthrias may be distinguished from
aphasic dysarthria by demonstrating preserved intrinsic language functions including naming, comprehension, and
reading. Intact writing is most telling, showing normal productive language capacity when a nonoral output
channel is employed.

B. Mutism. Aphasia—disordered language—can be securely diagnosed only on the basis of exemplars of disturbed
output (or comprehension). Patients with acute-onset aphasia, especially Broca’s or global aphasia, are often
unable to speak for the first few hours or days. However, a wide variety of other insults can produce total
cessation of verbal output (articulation and voice). The full differential diagnosis of mutism includes (a)
psychiatric etiologies (schizophrenia, depression, catatonia, and psychogenic illness); (b) abulia/akinetic mutism
(bilateral prefrontal, diencephalic, and midbrain lesions); (c¢) acute dominant supplementary motor area lesions;
(d) pseudobulbar palsy; (e) locked-in syndrome from bilateral ventral pontine or midbrain lesions; (f) acute
bilateral cerebellar lesions; (g) lower motor neuron lesions; and (h) laryngeal disorders.

C. Thought disorders. When an intact language apparatus is placed in service of an underlying thought disorder,
bizarre utterances arise that superficially resemble the fluent aphasic output of patients with Wernicke’s or
conduction aphasia. Demographic features are helpful, recognizing that schizophrenia with psychotic speech of
new onset tends to appear in individuals in their 20s and 30s, whereas fluent aphasias cluster in older individuals
with vascular risk factors. Several features of the utterances also distinguish thought-disordered from fluent
aphasic speech. (a) Paraphasias are common in aphasia but rare in schizophrenia. (b) The neologisms of aphasics
are frequent and changing, whereas those of schizophrenics are infrequent and consistent. (¢) Open-ended
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questions tend to prompt briefer responses in aphasics than in schizophrenics. (d) Bizarre and delusional themes
appear only in schizophrenic discourse.

COURSE

Both undamaged language or perilesional regions of the left hemisphere, and language homologous regions of the right
hemisphere or both, are thought to support post aphasia recovery. Some degree of spontaneous recovery of language
function 1s invariable after a static brain injury. An initial accelerated period of improved function occurs over the
first few days or weeks after insult and 1s attributable to resolution of edema, ischemic penumbra, and other causes of
dysfunction at a distance from the site of permanent injury. The second, slower phase of recovery reflects utilization
of parallel circuits, retraining, and structural neural plasticity. The bulk of this functional recovery takes place in the
first 3 months after injury, and some may continue up to 1 year, rarely longer. Among the aphasia syndromes, the
greatest recovery compared with baseline tends to occur in Broca’s and conduction aphasias. Anomic aphasia is a
common end stage into which other aphasia subtypes tend to evolve.

Factors favoring greater spontaneous improvement, as well as response to speech therapy, are young age, left-
handedness or ambidexterity, higher education, smaller lesion size, no or few nonlanguage cognitive defects, absence
of emotional difficulties such as depression and neglect, and strong family support. Patients with traumatic aphasia
tend to recover more fully than patients with ischemic lesions.

REFERRAL

A. Neurologist. Most patients with aphasia should undergo neurologic consultation. The neurology specialist will
confirm the presence of aphasia, clarify the type, aid in etiologic diagnosis, and provide the patient and family
with an informed prognosis.

In selected cases, neurologists or physiatrists may consider pharmacotherapy of aphasia. Small case series
have suggested that stimulants, cholinesterase inhibitors, dopamine agonists, and other neurotransmitter
modulators may augment language therapy. Piracetam, donepezil, memantine, and galantamine have been found to
be effective adjuncts to treatment of chronic poststroke aphasia in some studies. However, few well-validated
randomized trials have been completed in this area, and more research is needed. Repetitive transcranial magnetic
stimulation (rTMS) especially when combined with language therapy or other therapeutic approaches may
promote language recovery, by releasing the perilesional fields from tonic inhibition.

B. Speech and language pathologist. All patients with aphasia should have an evaluation by a speech and language
pathologist. The speech therapist will perform a formal diagnostic assessment, profiling the patient’s language
strengths and weaknesses with normed tests. A variety of standardized language assessment batteries, including
the Boston Diagnostic Aphasia Examination, the Western Aphasia Battery, the Porch Index of Communicative
Ability, and the Communication Abilities in Daily Living, may be drawn on to survey a patient’s abilities. The
therapist then employs the results to design and implement an individualized treatment program of aphasia therapy.

Systematic language rehabilitation programs improve patient outcome. Treatment is tailored to each
individual’s pattern of linguistic and cognitive competencies and deficits, exploiting spared brain systems to
reestablish, circumvent, or compensate for lost language capacities. A variety of deficit-specific programs are
available to supplement general language stimulation. For nonfluency, treatments include (a) melodic intonation
therapy, (b) sign language and other gestural communication training, and (c) communication boards. Syntax
training may benefit agrammatism. Specific word-retrieval therapies have been developed for anomia and
comprehension training programs for auditory comprehension deficits.

Speech therapy programs generally last for 2 to 3 months, in 30- to 60-minute sessions conducted two to five
times per week. Recent studies suggest that intense treatment (at least 2 hours a day, at least 4 days per week)
during a short period may be more effective than a similar number of sessions spread out over a longer time
period. Self- and family-administered home exercises provide additional stimulation. Computer-based training is
expanding in scope and sophistication.

C. Neuropsychologist. Patients who have major nonlinguistic cognitive deficits in addition to aphasia, and whose
diagnosis 1s unclear, should undergo neuropsychological evaluation. Formal neuropsychological evaluation with
tests that minimize language requirements allow a more detailed profiling of memory, visuospatial reasoning,
executive function, praxis, and concept formation than can be obtained by bedside mental status examination.
Findings may aid the physician in making a diagnosis by suggesting the pattern of neural system involvement and
the speech pathologist in prescribing therapy by identifying the extent to which different extralinguistic capacities
can support various compensatory strategies.

D. Patient support groups. The National Aphasia Association (National Aphasia Association, 350 Seventh Avenue,
Suite 902, New York, NY 10001, 1-800-922-4622, www.aphasia.org) is an excellent resource for patients and
their families. The American Heart/Stroke Association and National Stroke Association also provide beneficial
programs and information.

51


http://www.aphasia.org

Key Points

* The left cerebral hemisphere is dominant for language in over 90% of all individuals.

 Assessing for aphasia involves evaluation of fluency, repetition, comprehension, reading, and writing.
Aphasia after stroke affects approximately one out of five stroke patients.

Aphasia has a negative impact on health-related quality of life.

Aphasia is complicated by high rates of depression and social isolation.

Alexia without agraphia is often due to a lesion in the left occipital lobe extending to the posterior corpus
callosum disconnecting the right visual cortex from language areas in the left temporal lobe.
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4

Approach to the Patient with Memory Impairment

Torricia H. Yamada, Natalie L. Denburg, and Daniel Tranel

The term amnmesia refers to conditions in which patients lose, partly or completely, the ability to learn new
information or to retrieve information acquired previously. Amnesia (also referred to here as memory impairment or
memory dysfunction) is common in neurologic diseases that affect the telencephalon or diencephalon and is a
defining characteristic and frequently an early manifestation of some of the most frequently encountered neurologic
diseases, including Alzheimer’s disease (AD). As such, reports of memory impairment must be taken seriously.

Accurate diagnosis and effective management of memory disorders are important. A considerable clinical
challenge is presented, however, by the facts that the most frequent neurologic diseases affect older adults and a
certain degree of decline in memory is associated with normal aging. Hence, it can be difficult to differentiate reports
of memory problems that may be normal manifestations of aging versus a signal of the presence of neurologic disease.
Memory problems are common in nonneurologic conditions such as psychiatric disease, and this constitutes another
reason for careful diagnosis. Such distinctions often require laboratory testing that can be conducted by
neuropsychological assessments.

TYPES OF MEMORY AND M EMORY SYSTEMS IN THE BRAIN

There are several fundamental distinctions between different types of memory and the neural systems to which
different types of memory are related (Table 4.1).

TABLE 4.1 Subdivisions of Memory

Dichotomy Characteristics

Retrograde Retrieval of knowledge acquired previously, especially knowledge acquired be-
fore the onset of brain injury

Anterograde Learning of new knowledge, especially learning of knowledge after the onset of
brain injury

Verbal Words, names, verbally coded facts; word-based material

Nonverbal Faces, geographic routes, complex melodies; spatially based material

Declarative Information that can be brought into consciousness, “declared,” held in the
“mind’s eye”

Nondeclarative Performance-based, motor output, habits and conditioning, automatic tendencies

Short term Ephemeral (3045 s), limited capacity (7 = 2 words, numbers)

Long term Permanent, unlimited capacity

Working memory depends on the integrity of the frontal lobes. More specifically, recent functional imaging studies
have linked working memory to the dorsolateral prefrontal sector of the frontal lobes. A laterality effect has also been
noted wherein verbal working memory tasks depend on the left dorsolateral prefrontal sector, whereas spatial tasks
depend on the right dorsolateral prefrontal sector.

A. Anterograde and retrograde memory.

1. Anterograde memory refers to the capacity to learn new information—that is, to acquire new facts, skills, and
other types of knowledge. It is closely dependent on neural structures in the mesial temporal lobe, especially
the hippocampus and interconnected structures, such as the amygdala, the entorhinal and perirhinal cortices,
and other parts of the parahippocampal gyrus.

2. Retrograde memory refers to the retrieval of information that was acquired previously—that is, retrieval of
facts, skills, and other knowledge learned in the recent or remote past. This type of memory is related to
nonmesial sectors of the temporal lobe, including the polar region (Brodmann’s area 38), the inferotemporal
region (including Brodmann’s areas 20, 21, and 36), and the occipitotemporal region (including Brodmann’s
area 37 and the ventral parts of areas 18 and 19). Autobiographical memory, a special form of retrograde
memory that refers to knowledge about one’s own past, is linked primarily to the anterior part of the nonmesial
temporal lobes, especially in the right hemisphere.

B. Verbal and nonverbal memory. Knowledge can be divided into that which exists in verbal form, such as words
(written or spoken) and names, and that which exists in nonverbal form, such as faces, geographic routes, and
complex musical patterns. This distinction is important because it is generally believed that the memory systems
in the two hemispheres of the human brain are specialized differently for verbal and nonverbal material (Table
4.2). Specifically, systems in the left hemisphere are dedicated primarily to verbal material, and systems in the
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right hemisphere are dedicated primarily to nonverbal material. This arrangement parallels the general

arrangement of the human brain, in which the left hemisphere is specialized for language and the right hemisphere

for visuospatial processing. This distinction applies to almost all right-handed persons and to approximately two-
thirds of left-handed persons. (In the remaining minority of left-handers, the arrangement may be partially or
completely reversed.)

C. Declarative and nondeclarative memory.

1. Declarative memory (also known as explicit memory) refers to knowledge that can be “declared” and
brought to mind for conscious inspection, such as facts, words, names, and individual faces, which can be
retrieved from memory, placed in the “mind’s eye,” and reported. The acquisition of declarative memories is
intimately linked to the functioning of the hippocampus and other mesial temporal lobe structures.

2. Nondeclarative memory (also known as implicit memory) refers to various forms of memory that cannot be
declared or brought into the mind’s eye. Examples include sensorimotor skill learning, autonomic conditioning,
and certain types of habits. Nondeclarative memory requires participation of the neostriatum, cerebellum, and
sensorimotor cortices. A remarkable dissociation between declarative and nondeclarative learning and
memory has been repeatedly found among patients with amnesia (including those with Korsakoff’s syndrome,
bilateral mesial temporal lobe lesions, medial thalamic lesions, and AD). Among such persons, sensorimotor
skill learning and memory are often preserved, whereas declarative memory is profoundly impaired.

D. Short- and long-term memory.

1. The term short-term memory is used to designate a time span of memory that covers from 0 to approximately
45 seconds, a brief period during which a limited amount of information can be held without rehearsal. Also
known as primary memory, it does not depend on the hippocampus or other temporal lobe memory systems but
is linked closely to cerebral mechanisms required for attention and concentration, such as subcortical frontal
structures.

TABLE 4.2 Hemispheric Specialization of Memory Systems

Left Right

Verbal Nonverbal

Words Patterns

Names Faces

Stories Geographic routes

Lyrics Complex melodies
Sequential, feature based Holistic, gestalt based
Lexical retrieval Unique personal knowledge

2. The term long-term memory refers to a large expanse of time that covers everything beyond short-term
memory. Also known as secondary memory, it can be divided into recent (the past few weeks or months) and
remote (years or decades ago). Unlike short-term memory, the capacity of long-term memory is enormous, and
information can be retained in long-term memory almost indefinitely. The mesial temporal system, including
the hippocampus, 1s required for the acquisition of knowledge into long-term memory. Other systems in the
temporal lobe and elsewhere are required for the consolidation and retrieval of knowledge from long-term
memory.

E. Working memory refers to a short time during which the brain can hold several pieces of information actively
and perform operations on them. It is akin to short-term memory but implies a somewhat longer duration (several
minutes) and more focus on the operational features of the mental process rather than simply the acquisition of
information. It can be thought of as “online” processing and operating on knowledge that is being held in activated
form.

CLINICAL MANIFESTATIONS

Although the etiology of cognitive impairment may differ, the Diagnostic and Statistical Manual of Mental
Disorders, fifth edition (DSM-5), now generally classifies neurocognitive disorders as major neurocognitive disorder
and mild neurocognitive disorder while retaining the term dementia as a way to describe neurodegenerative
conditions (Video 4.1). Associated etiology medical codes for neurocognitive disorders include AD, frontotemporal
lobar degeneration, Lewy body disease, vascular disease, traumatic brain injury, substance/medication induced,
human immunodeficiency virus (HIV) infection, prion disease, Parkinson’s disease, and Huntington’s disease (in
addition to categories that are unspecified or related to another medical condition). Several frequent neurologic
conditions damage memory-related neural systems and lead to various profiles and severities of amnesia (Table 4.3).

Degenerative Diseases
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A. Cortical dementia.

1. AD is characterized by two principal neuropathologic features—the neurofibrillary tangle and the neuritic
plaque. Early in the course of the disease, the entorhinal cortex, which is a pivotal way station for input to and
from the hippocampus, is disrupted by neurofibrillary tangles in cortical layers I and IV. The perforant
pathway, which is the main route for entry into the hippocampal formation, is gradually and massively
demyelinated. The hippocampus eventually is almost deafferentated from cortical input. AD also breaks down
the efferent linkage of the hippocampus back to the cerebral cortex through destruction of the subiculum and
entorhinal cortex. The hallmark behavioral sign of this destruction is amnesia—specifically, an anterograde
(learning) defect that covers declarative knowledge but largely spares nondeclarative learning and retrieval.
Early in the course of the disease, retrograde memory is relatively spared, but as the pathologic process
extends to nonmesial temporal sectors, a defect in the retrograde compartment (retrieval impairment) appears
and gradually worsens.

TABLE 4.3 Causes of and Conditions Associated
with Amnesia

Degenerative disease (e.g., Alzheimer’s, Pick’s, and Parkinson’s)
Head injury

Cerebrovascular event (e.g., infarction and ruptured aneurysm)
Toxic conditions (e.g., alcoholism)

Anoxia, ischemia

Herpes simplex encephalitis (HSE)

Surgical ablation

Neoplasm

Normal pressure hydrocephalus

Transient global amnesia (TGA)

Functional amnesia

2. Frontotemporal dementia is characterized by symmetric atrophy of the frontal and temporal lobes. The
earliest and most prominent cognitive symptoms involve personality and behavioral changes. Although reports
of memory problems are common in frontotemporal dementia, they are never the sole or dominating feature.
Severe amnesia is considered an exclusionary criterion. Memory functioning is described as selective (e.g.,
“she remembers what she wants to remember”). Knowledge regarding orientation and current autobiographical
events remains largely preserved.

3. Frontal lobe dementia is another form of cortical dementia. It involves focal atrophy of the frontal lobes,
which causes personality changes and other signs of executive dysfunction. This condition is similar to Pick’s
disease, except that there is no predominance of Pick bodies.

a. Pick’s disease, characterized by Pick bodies (cells containing degraded protein material), is an uncommon
form of cortical dementia that often shows a striking predilection for one lobe of the brain, producing a state
of circumscribed lobar atrophy. The disease is often concentrated in the frontal lobes, in which case
personality alterations as well as compromised judgment and problem solving, rather than amnesia, are the
prominent manifestations. However, the disease can affect one or the other temporal lobe and produce signs
of a material-specific amnesia.

B. Subcortical dementia.

1. Parkinson’s disease is focused in subcortical structures and influences memory in a manner different from
cortical forms of dementia such as AD and Pick’s disease. Disorders of nondeclarative memory (e.g.,
acquisition and retrieval of motor skills) are more prominent, and there may be minimal or no impairment in
learning of declarative material. Patients with Parkinson’s disease often have more problems in recall of
newly acquired knowledge than in storage. When cuing strategies are provided, the patients have normal
levels of retention. Lewy body disease is also a neurodegenerative condition characterized by Lewy bodies
that share genetic and pathologic features of both Alzheimer’s and Parkinson’s disease. Core features can
include, but are not limited to, fluctuating cognition, hallucinations, and parkinsonism.

2. Huntington’s disease is also concentrated in subcortical structures and amnesia of patients with Huntington’s
disease resembles that of patients with Parkinson’s disease. In particular, there is disproportionate
involvement of nondeclarative memory. Patients with Huntington’s disease also tend to have disruption of
working memory.

3. Progressive supranuclear palsy is another primarily subcortical disease process that frequently produces
problems with memory. In general, however, the associated amnesia is considerably less severe than that of
AD. Laboratory assessment often shows relatively mild defects in learning and retrieval despite the patient’s
reports of forgetfulness.

C. Other degenerative conditions.
1. Dementia related to HIV/acquired immune deficiency syndrome (AIDS) is notable for varying degrees of
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memory impairment, with severity being roughly proportional to disease progression. Early in the course,

memory defects may be the sole signs of cognitive dysfunction. The problems center on the acquisition of new

material, particularly material of the declarative type. Memory defects in this disease appear to be attributable
mainly to defective attention, concentration, and overall efficiency of cognitive functioning rather than to focal
dysfunction of memory-related neural systems. Various investigators have found that the rate of percentage of

CD4 lymphocyte cell loss is associated with and may represent a risk factor for cognitive dysfunction among

persons with HIV/AIDS.

2. Multiple sclerosis (MS) patients have varying degrees of amnesia, although the severity can wax and wane
considerably in concert with other neurologic symptoms. Many patients with MS have no memory defects
during some periods of the disease. When present, the memory impairment most commonly manifests as
defective recall of newly learned information. Encoding and working memory are normal or near-normal.
Patients with MS often benefit from cuing. The amnesia of MS usually affects declarative material of both
verbal and nonverbal types; defects in nondeclarative memory are rare.

3. Head injury. Several distinct types of amnesia are associated with head injury.

a. Posttraumatic amnesia refers to the period of time following head trauma during which patients do not
acquire new information in a normal and continuous manner despite being conscious. During this time, the
patient may appear alert and attentive and may even deny having memory problems. It becomes apparent
later that the patient was not forming ongoing records of new experiences. Information is not encoded, and
no amount of cuing will uncover memories that would normally have been acquired during this period. The
duration of posttraumatic amnesia is a reliable marker of the severity of head injury and constitutes one of
the best predictors of outcome.

b. Retrograde amnesia is the defective recall of experiences that occurred immediately before the head
injury. Information from the time closest to the point of injury is most likely to be lost. The extent of
retrograde amnesia typically “shrinks” as the patient recovers, and patients are typically left with only a
small island of amnesia for the few minutes or hours immediately before the trauma.

c. Learning defects (anterograde amnesia) can occur in moderate and severe head injuries when there is
permanent damage to mesial temporal lobe structures, such as the hippocampus. The impairment is centered
on declarative knowledge; nondeclarative learning is rarely affected. The defect may be unequal for verbal
and nonverbal material if there is asymmetry of the structural injury.

4. Cerebrovascular disease.

a. Stroke is a frequent cause of amnesia, and the nature and degree of memory disturbance are direct functions
of which neural structures are damaged and to what extent. Amnesia is most likely to result from infarction
that damages the mesial temporal region, the basal forebrain, or the medial diencephalon, especially the
thalamus.

(1) In the mesial temporal lobe, the parahippocampal gyrus and hippocampus proper can be damaged by
infarction in territories supplied by branches of the middle cerebral or posterior cerebral arteries.
(Strokes in the region of the anterolateral temporal lobe are uncommon.) Infarction of this type is almost
always unilateral and almost always produces incomplete damage to mesial temporal memory
structures; hence, the profile is one of a partial material-specific defect in anterograde memory for
declarative knowledge.

(2) The most severe memory impairment results from bilateral infarcts situated in the anterior part of the
thalamus in the interpeduncular profundus territory. Unilateral lesions caused by lacunar infarction in
anterior thalamic nuclei produce material-specific learning defects reminiscent of those observed with
mesial temporal lobe lesions. Patients with thalamic damage, however, tend to have both anterograde
and retrograde defects. In the retrograde compartment, a temporal gradient to the defect is common—
that is, the farther back in time one goes, the less the severity of the amnesia.

b. Ruptured aneurysms located either in the anterior communicating artery or in the anterior cerebral artery
almost invariably cause infarction in the region of the basal forebrain—a set of bilateral paramidline gray
nuclei that includes the septal nuclei, the diagonal band of Broca, and the substantia innominata. The
amnesia associated with basal forebrain damage has several distinctive features. Patients have an inability
to link correctly various aspects of memory episodes (when, where, what, and why). This problem affects
both the anterograde and retrograde compartments. Confabulation is common among patients with basal
forebrain amnesia. Cuing markedly improves recall and recognition of both anterograde and retrograde
material.

c. Vascular dementia (VaD) refers to conditions in which repeated infarction produces widespread cognitive
impairment, including amnesia. The term i1s used most commonly to denote multiple small strokes (lacunar
strokes) in the arterioles that feed subcortical structures; hence, the usual picture is “subcortical” dementia.
The memory impairment in VaD generally affects encoding of new material (anterograde amnesia), and
nondeclarative learning also may be defective. Retrograde memory tends to be spared.

S. Toxic conditions.
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a. Alcoholism can produce permanent damage to certain diencephalic structures, particularly the mammillary
bodies and dorsomedial thalamic nucleus, which have been linked to amnesic manifestations. This
presentation is known as alcoholic Korsakoff’s syndrome or Wernicke—Korsakoff’s syndrome. The
amnesic profile in patients with Korsakoff’s syndrome 1s characterized by (1) anterograde amnesia for both
verbal and nonverbal material with defects in both encoding and retrieval, (2) retrograde amnesia with a
strong temporal gradient—that is, progressively milder defects as one goes farther back in time, and (3)
sparing of nondeclarative memory. Confabulation is characteristic of patients with Korsakoff’s syndrome,
especially in the early days following detoxification.

b. Other neurotoxins such as metals, especially lead and mercury, solvents and fuels, and pesticides, can
cause amnesia from acute or chronic exposure. The relation between exposure to these substances and
cognitive dysfunction is poorly understood, but there is little doubt that memory impairment often does
result from excessive exposure to these neurotoxins. The amnesia tends to manifest as a deficiency in new
learning (anterograde amnesia) that covers various types of materials, including verbal, nonverbal, and
nondeclarative. Defects of concentration, attention, and overall cognitive efficiency are frequent
contributing factors. In most cases, the memory impairment occurs in the setting of more widespread
cognitive dysfunction.

6. Anoxia/ischemia, which frequently occurs in the setting of cardiopulmonary arrest, often leads to the selective
destruction of cellular groups within the hippocampal formation. The extent of damage is linked to the number
of minutes of arrest. Brief periods of anoxia/ischemia can cause limited damage, and longer periods produce
greater destruction. With a critical length of deprivation, the damage concentrates bilaterally in the CAl
ammonic fields of the hippocampus. The result is selective anterograde amnesia affecting declarative verbal
and nonverbal material. The amnesia associated with anoxia/ischemia is reminiscent of the memory defect
produced by early-stage AD.

7. Herpes simplex encephalitis (HSE) causes a severe necrotic process in the cortical structures associated with
the limbic system, some neocortical structures in the vicinity of the limbic system, and several subcortical
limbic structures. The parahippocampal gyrus—particularly the entorhinal cortex in its anterior sector and the
polar limbic cortex (Brodmann’s area 38)—is frequently damaged. HSE also may destroy neocortices of the
anterolateral and anteroinferior regions of the temporal lobe (Brodmann’s areas 20, 21, anterior 22, and parts
of 36 and 37). The destruction may be bilateral, but with the advent of early diagnosis and treatment,
circumscribed unilateral damage has become more common. The profile of amnesia caused by HSE is dictated
by the nature of neural destruction. Damage confined to the mesial temporal region produces anterograde
declarative memory impairment. When HSE-related pathologic changes extend to nonmesial temporal
structures in anterolateral and anteroinferior sectors, the amnesia involves progressively greater portions of the
retrograde compartment. The retrograde defect can be quite severe if nonmesial temporal structures are
extensively damaged and, in the worst case, a patient can lose almost all capacity to remember declarative
information from the past and are not able to learn new information (global amnesia).

8. Surgical ablation of intractable epilepsy, especially temporal lobectomy, can result in memory impairment.
Even if the resection spares most of the hippocampus proper, the resection usually involves other anterior
regions of the mesial temporal lobe, including the amygdala and entorhinal cortex, resulting in mild but
significant memory defects. In the most common presentation, the patient has a material-specific learning defect
(nonverbal if the resection is on the right, verbal if it is on the left) after temporal lobectomy. In addition, the
amnesia affects only declarative knowledge. However, mild retrograde amnesia can also result if there is
sufficient involvement of the anterolateral and anteroinferior temporal sectors. Generally speaking, patients
whose seizures began at an early age are less affected by temporal lobectomy than are patients whose seizures
began later.

9. Neoplasms can lead to amnesia, depending on their type and location. Impaired memory is a common symptom
of brain tumors, especially those centered in the region of the third ventricle (in or near the thalamus) or in the
region of the ventral frontal lobes (in or near the basal forebrain). The most common therapies for high-grade
malignant brain tumors, including resection and radiation, often produce memory defects. Radiation necrosis,
for example, can damage the lateral portions of the temporal lobes and lead to a focal retrograde amnesia.

10. Normal pressure hydrocephalus is a partially reversible condition in which gait disturbance, incontinence,
and dementia, especially memory impairment, compose a hallmark triad of presenting features. Early in the
course, memory impairment can be minimal, but most patients with normal pressure hydrocephalus go on to
have marked memory defects. The typical situation is anterograde amnesia for declarative material; however,
problems with attention and concentration can exacerbate the amnesia and make the patient appear even more
impaired than he or she actually is.

11. Transient global amnesia (TGA) is a short-lasting neurologic condition in which the patient has prominent
impairment of memory in the setting of otherwise normal cognition and no other neurologic defect. The
duration of TGA is typically approximately 6 or 7 hours, after which the condition spontaneously remits, and
the patient returns to an entirely normal memory status. The cause of TGA 1s unknown, although psychological
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stress, vascular factors, seizure, and migraine have all been proposed as causes. During the episode, the
patient has severe impairment of anterograde memory for verbal and nonverbal material. Retrograde memory
is impaired to a lesser degree. After recovery, patients are unable to remember events that transpired during
the episode, and sometimes a short period of time immediately before the onset of TGA also is lost. Otherwise,
there 1s no long-term consequence.

12. Functional amnesia can occur in the absence of any demonstrable brain injury, as a consequence of severe
emotional trauma, hypnotic suggestion, or psychiatric illness. These presentations have been called functional
amnesia to differentiate them from amnesia caused by “organic” factors, although at the molecular and cellular
levels the mechanisms may not be distinguishable. A common form is functional retrograde amnesia, in
which the patient loses most or all memory of the past (including self-identity), usually after a severe
emotional or psychological trauma. Curiously, anterograde memory can be entirely normal, and the patient may
even have “relearning” of the past. Spontaneous recovery is frequent, although most patients are never able to
remember events that transpired during the episodes in which they had amnesia. Another interesting form is
posthypnotic amnesia, the phenomenon whereby patients cannot remember events that transpired while they
were under hypnosis.

EVALUATION

A. History.

1. Onset. Through careful history-taking, the clinician should determine as precisely as possible the timing of the
onset of the problem. Memory defects that began years ago and have gradually worsened over time point to
degenerative disease, such as AD. Reports of sudden memory impairment among younger patients, for whom
psychological factors (e.g., severe stress and depression) can be identified as being temporally related to the
problem, should raise the question of nonorganic etiologic factors.

2. Course. The history-taking should document carefully the course of the concern. Progressive deterioration in
memory signals a degenerative process. Memory defects after head injury or cerebral anoxia, by contrast, tend
to resolve gradually, and reports to the contrary raise the question of other (psychological) factors.

3. Nature. The clinician should explore the nature of the problem. With what types of information, and in what
situations, is the patient having trouble? Patients may produce vague, poorly specified concerns (e.g., “My
memory is bad” or “I’m forgetful”), and it is important to request specific examples to form an idea as to the
actual nature of the problem. Patients tend to use the term “memory impairment” to cover a wide range of
mental status abnormalities, and, again, elicitation of examples is informative. Patients who say they “can’t
remember” may actually have circumscribed impairment of word finding, proper name retrieval, or hearing or
vision.

B. Bedside examination. Memory assessment is covered to some extent by almost all bedside or screening mental
status examinations. If patients pass such examinations, do not report memory impairment, and are not described
by spouses or caretakers as having memory difficulties, it is safe to assume that memory is broadly normal. If any
of these conditions are not met, a more complete evaluation of memory is warranted. Referral for
neuropsychological assessment provides the most direct access to such evaluation.

1. Learning. Can the patient learn the examiner’s name? Three words? Three objects?

2. Working memory. Backward spelling, serial subtraction, and repeating numerical strings of digits backward
are good probes of working memory.

3. Delayed recall. It is important to ask for the retrieval of newly acquired knowledge after a delay, for example,
approximately 30 minutes. This may reveal a severe loss of information on the part of a patient who performed
perfectly in an immediate recall procedure.

4. Retrograde memory. The patient should be asked to retrieve knowledge from the past. This should be
corroborated by a spouse or other collateral person, because patients with memory defects may confabulate
and otherwise mislead the examiner.

5. Orientation. The patient should be asked for information about time, place, and personal facts. Defects in
orientation are often early clues to memory impairment.

6. Attention. Marked impairment of attention produces subsequent defects on most tests of memory. The
diagnosis of amnesia, however, should be reserved for patients who have normal attention but still cannot
perform normally on memory tests. Attentional impairment per se is a hallmark of other abnormalities, not
necessarily of an amnesic condition.

C. Laboratory studies of memory are conducted in the context of neuropsychological assessment, which provides
precise, standardized quantification of various memory capacities. Examples of some widely used procedures are
as follows.

1. Anterograde memory. Most conventional neuropsychological tests of memory, including the Wechsler
Memory Scale, fourth edition (WMS-1V), and other such instruments, assess learning of declarative
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knowledge. It should not be assumed that all aspects of memory are normal simply because the patient passes

these procedures. For example, these tests do not measure nondeclarative memory, and they rarely provide

adequate investigation of the retrograde compartment. Nonetheless, the WMS-1V and related procedures
provide sensitive, standardized means of quantifying many aspects of memory.

a. Verbal. In addition to several verbal memory procedures that comprise part of the WMS-1V (e.g., paragraph
recall and paired-associate learning), there are several well-standardized list-learning procedures in which
the patient attempts to learn and remember a list of words. The Rey Auditory—Verbal Learning Test, for
example, requires the patient to learn a list of 15 words. Five successive trials are administered, and then a
delayed recall procedure is performed after about 30 minutes. The patient’s learning capacity, learning
curve, and the degree of forgetting can be determined.

b. Nonverbal memory tests typically involve administration of various designs, such as geometric figures,
that the patient must remember (e.g., WMS-1V Visual Reproduction and the Benton Visual Retention Test).
Face-learning procedures also provide good tests of nonverbal memory.

. Retrograde memory. There are several standardized procedures for measuring retrograde memory, including

the Remote Memory Battery, the Famous Events Test, and the Autobiographical Memory Questionnaire. These
procedures probe recall and recognition of various historical facts, famous events and persons, and
autobiographical knowledge. Corroboration of retrograde memory, particularly with regard to
autobiographical information, is extremely important to determine the severity of retrograde memory defects.

. Nondeclarative memory. A standard procedure for measuring nondeclarative learning is the Rotary Pursuit

Task, which requires the patient to hold a stylus in one hand and attempt to maintain contact between the stylus
and a small metal target while the target is rotating on a platter. Successive trials are administered and are

followed by a delay trial. This procedure allows the measurement of acquisition and retention of the motor
skill.

. Working memory. The Digit Span Backward and Sequencing subtests from the WAIS-1V, as well as the Letter—

Number Sequencing and Arithmetic subtests, provide a sensitive means of quantifying working memory. In
Letter—Number Sequencing, the patient is read a combination of numbers and letters of varying lengths and is
asked to repeat them by first stating the numbers in ascending order and then the letters in alphabetical order. In
Arithmetic, patients must mentally solve math problems. The Trail-Making Test, which requires the patient to
execute a psychomotor response while tracking dual lines of information, is also a good probe of working
memory. Another commonly used procedure is the Paced Auditory Serial Addition Test, in which the patient
must add numbers in an unusual format under increasingly demanding time constraints. Finally, the Spatial Span
subtest from a previous version of the Wechsler Memory Scale (WMS-III) is the visual—spatial analog of the
aforementioned auditory—verbal subtest, Digit Span. Rather than recalling numbers in forward and backward
order, spatial span requires the examinee to replicate, forward and backward, an increasingly long series of
visually presented spatial locations.

. Long-term memory. The ability to acquire new information, in addition to consolidate and store that

information and retrieve it at a later time, 1s the real crux of memory. In a practical sense, it is not very helpful
to have normal short-term memory i1f one cannot transfer the information into a more permanent storage area.
Hence, delayed recall and recognition procedures, which yield information about the status of long-term
memory, are very important in memory assessment and can also provide information regarding the etiology of
memory impairments.

DIFFERENTIAL DIAGNOSIS

Different causes of amnesia have different implications for diagnosis and management. The following common
differential diagnoses are particularly challenging.

A.

Normal aging. A seemingly minor but practically difficult challenge is to differentiate true memory impairment
from the influences of normal aging. Aging produces certain declines in memory, which can be misinterpreted by
patients and clinicians alike as signs of neurologic disease. Many older adults who report “forgetfulness” turn out
to have peer-equivalent performances on all manner of standard memory tests, and the diagnosis of amnesia is not
applicable. Patients may be quick to interpret any episode of memory failure as a sign of AD, or they may
adamantly deny memory dysfunction in the face of obvious real-world impairment. Consequently, careful
quantification of the memory profile aids in the differential diagnosis.

Psychiatric disease. Many psychiatric diseases produce some degree of memory impairment. Accurate diagnosis
is critical, because most memory defects caused by psychiatric disease are reversible, unlike most of amnesia that
occurs in the setting of neurologic disease.

1. Dementia related to depression (sometimes called pseudodementia) is a condition that produces memory

impairment and other cognitive defects resembling “dementia” but not caused by neurologic disease. Severe
depression is the typical cause. Patients with pseudodementia often have memory impairment such as
anterograde amnesia that is quite similar to that in the early stages of degenerative dementia. However,
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depressed patients respond to treatment with antidepressant medications and psychotherapy; when the affective
disorder lifts, memory returns to normal.

2. Depression is a common cause of memory impairment among all age groups. Distinguishing features, however,
help differentiate amnesia due to depression from amnesia caused by neurologic disease. Depressed patients
tend to have problems in concentration and attention, and they may have defects in working memory and other
short-term memory tasks. Long-term memory is less affected, and retrograde memory is normal. Apathetic,
“don’t know” responses are common among depressed patients, whereas patients with a neurologic disorder
more often give incorrect, off-target responses. Depressed patients also tend to describe their memory
problems in great detail, whereas patients with a neurologic disorder, such as those with suspected
Alzheimer’s dementia, generally discount memory problems. Patient history is informative and the clinician
can usually find evidence of major stress, catastrophe, or other circumstances, and it is apparent that the onset
of the memory problems coincided with the onset of the affective disorder.

3. Schizophrenia and bipolar disorder can also cause memory impairments among all age groups. Similar to
depression, individuals diagnosed with schizophrenia or bipolar disorder often demonstrate difficulties with
attention and concentration that affect learning or encoding (e.g., frontal lobe systems disruption). That is, it is
difficult to have memory for an item not learned. Such individuals might have less difficulty retrieving what
they have learned and might also be able to cue up or recognize items more readily than an individual who
might have a neurologic condition.

C. Side effects of medications. Many medications commonly prescribed for older adults produce adverse side
effects on cognitive function, including memory. It is important to know what medications a patient has been taking
and to account for the extent to which those medications may be causing memory impairment. The history often
reveals that the onset of memory problems coincided with or soon followed the beginning of use of a particular
medication. Memory defects caused by medication side effects also tend to be variable—for example, worse at
certain times of the day. The main problems concern attention, concentration, and overall cognitive efficiency;
memory defects are secondary.

DIAGNOSTIC APPROACH

The diagnostic approach to a patient with amnesia should include any procedures necessary for establishing both the
most likely cause and the precise nature of the memory impairment. The most commonly used procedures are as
follows.

A. Neurologic examination should establish whether a memory problem is present, the general degree of severity,
and the history of the problem. It is not uncommon for patients with amnesia to underestimate or even deny the
problem; information from a spouse or caretaker is a critical part of the history. Careful mental status testing can
provide sufficient characterization of the amnesia profile.

B. Neuroimaging procedures, including magnetic resonance imaging (MRI) and computed tomography (CT), are
almost always helpful in diagnosing the cause of amnesia. Functional imaging, such as positron emission
tomography, may demonstrate abnormalities suggestive of AD (e.g., bilateral parietotemporal hypometabolism)
earlier in the natural course of the disease than may MRI, CT, or clinical assessment.

C. Neuropsychological assessment provides detailed quantification of the nature and extent of memory impairment.
Such testing should be considered for almost all patients with amnesia, although there may be instances in which
the mental-status-testing portion of the neurologic examination provides sufficient information.

CRITERIA FOR DIAGNOSIS

The diagnosis of amnesia is appropriate whenever there are memory defects that exceed those expected given the
patient’s age and background. Some conditions, such as severe aphasia, make it difficult to assess memory in a
meaningful way. Amnesia should not be diagnosed if the patient is in a severe confusional state, in which attentional
impairment rather than memory dysfunction is the principal manifestation (e.g., delirium). Otherwise, amnesia can
occur in isolation or coexist with almost any other form of impairment of mental status. It is customary to regard
patients as having amnesia if there is considerable discrepancy between the level of intellectual function and one or
more memory functions. There are many different subtypes of amnesia. Diagnosis of such subtypes usually requires
fine-grained quantification, such as that provided in a neuropsychological laboratory.

REFERRAL

A. Neuropsychological evaluation is appropriate for almost all patients with manifestations of amnesia. The
following situations that occur commonly in clinical practice particularly call for such a referral.
1. Precise characterization of memory capacities. For a patient who has sustained brain injury,
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B.

neuropsychological assessment provides detailed information regarding the strengths and weaknesses of the
patient’s memory. In most instances, memory assessment should be performed as early as possible in the
recovery period. This evaluation provides a baseline to which recovery can be compared. Follow-up
assessments assist in monitoring recovery, determining the effects of therapy, and making long-range decisions
regarding educational and vocational rehabilitation.

2. Monitoring the status of patients who have undergone medical or surgical intervention. Serial
neuropsychological assessment of memory is used to track the course of patients who are undergoing medical
or surgical treatment for neurologic disease. Typical examples include drug treatment for patients with
Parkinson’s disease, seizure disorder, surgical intervention for patients with normal pressure hydrocephalus,
or a brain tumor. Neuropsychological assessment provides a baseline memory profile with which changes can
be compared and provides a sensitive means of monitoring changes in memory that occur in relation to
particular treatment regimens.

3. Differentiating neurologic and neuropsychiatric disease. Neuropsychological assessment can provide
evidence crucial to the distinction between amnesic conditions that are primarily or exclusively neurologic and
those that are primarily or exclusively neuropsychiatric. A common diagnostic dilemma faced by neurologists
and psychiatrists is differentiating “true dementia” (e.g., cognitive impairment caused by AD) and
“pseudodementia” (e.g., cognitive impairment associated with depression).

4. Medicolegal situations. Cases in which “brain injury” and “memory impairment” are claimed as damages by
plaintiffs who allegedly have sustained minor head injuries or have been exposed to toxic chemicals. In
particular, there are many cases in which hard or objective signs of brain dysfunction (e.g., weakness, sensory
loss and impaired balance) are absent, neuroimaging and electroencephalogram (EEG) findings are normal,
and the entire case rests on claims of cognitive deficiencies, particularly memory dysfunction.
Neuropsychological assessment is crucial to the evaluation of such claims.

5. Conditions in which known or suspected neurologic disease is not detected with conventional
neurodiagnostic procedures. There are situations in which the findings of standard diagnostic procedures,
including neurologic examination, neuroimaging, and EEG, are equivocal, even though the history indicates that
brain disease and amnesia are likely. Examples include the early stages of degenerative dementia syndromes
and early HIV-related dementia. Neuropsychological assessment in such cases provides the most sensitive
means of evaluating memory.

6. Monitoring changes in cognitive function over time. In degenerative dementia in particular, equivocal
findings in the initial diagnostic evaluation are not uncommon. In such cases, follow-up neuropsychological
evaluation can provide important confirming or disconfirming evidence regarding the status of the patient’s
memory and possible progression of a disease process.

Rehabilitation. Another common application of neuropsychological assessment is the case in which a patient

undergoes cognitive rehabilitation for amnesia. Neuropsychological data collected at the initial assessment can

help determine how to orient the rehabilitation effort. Subsequent examinations can be used to measure progress
during therapy.

Key Points

There are several different types of memory that must be understood in order to identify neuroanatomical
correlates. As examples, working memory involves the frontal lobe while anterograde and declarative memory
involves the mesial temporal lobes.

The etiology of memory impairments can differ, so it is important to always identify specific memory problems,
as well as the onset and course of the memory impairments.

Some common causes of memory impairment can be attributable to neurodegenerative diseases, such as cortical
(e.g., AD) and subcortical disease (e.g., Parkinson’s disease), as well as other neurodegenerative conditions
(e.g., MS), head injury, cerebrovascular and psychiatric disease.

A neuropsychological evaluation is especially useful to objectively quantify memory impairments and the nature
of the impairments, including anterograde memory, verbal memory, nonverbal memory, retrograde memory,
nondeclarative memory, working memory, and long-term memory.

Neuropsychological evaluations are appropriate for almost all patients with memory complaints to characterize
the memory impairments in addition to providing information about monitoring and outcomes, aid in differential
diagnosis, and provide recommendations.
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S

Approach to the Comatose Patient

Michael P Merchut

Interpersonal communication and cognitive behavior require sufficient wakefulness, arousal, or alertness. Patients in
the persistent vegetative state appear conscious or awake at times, but show little to no communicative or cognitive
ability. Coma is the unconscious, sleep-like state of patients who are unresponsive to stimuli, where it is critical to
find and treat any number of reversible causes.

Arousal is a function of the ascending reticular activating system (ARAS), a complex pathway from dorsal pons
to midbrain to intralaminar thalamic nuclei and basal forebrain, with diffuse cortical connections. Single structural
lesions, such as an ischemic infarct or tumor, may produce coma by directly disrupting this pathway in the upper
brainstem. However, a unilateral cerebral hemispheral lesion does not produce coma unless it creates enough edema
and midline shift to adversely affect the ARAS bilaterally, typically at the thalamic level. Coma may also occur from
extensive, severe, bilateral cortical lesions, such as multiple hemorrhages, or from metabolic processes suppressing
cortical function in a global way, such as drug intoxication or hypoglycemia. If treated immediately, hypoglycemic
coma may resolve completely, as may other toxi-metabolic etiologies. Certain causes of coma, such as fulminant
encephalitis, are progressively fatal, and the patient never wakens. In other situations, such as anoxic encephalopathy,
the patient may “wake up” after several days of coma, yet remain in a persistent vegetative state with poor or no
cognitive recovery.

EVALUATION

A. History.
1. Sudden onset of coma is suggestive of the following:

a. Intracranial hemorrhage (prodromal severe headache may accompany spontaneous subarachnoid
hemorrhage [SAH] or cerebral hemorrhage).

b. Critical brainstem infarction or bilateral embolic cerebral infarcts.

c. Significant cerebral hypoperfusion after cardiopulmonary arrest.

d. Observed or unwitnessed head trauma.

2. Confusion or delirium preceding coma is suggestive of a toxi-metabolic etiology (organ dysfunction or
infection, electrolyte disorder, medicinal or drug toxicity).
3. Important information to obtain immediately consists of the following;

a. Current medications, especially any diabetic, epileptic, cardiac, or anticoagulant drugs.

b. Any history of adverse or allergic medicinal reactions.

c. Any history of recent head trauma, febrile or other illness, or previous neurologic symptoms.

d. Any use of recreational drugs.

B. Physical examination.
1. Arapid general or systemic examination may provide important clues for the etiology of coma.

a. Hypertension to an extreme degree may point to causes other than an acute cerebral hemorrhage or
infarction, including hypertensive encephalopathy, cocaine abuse, or eclampsia.

b. Hypotension reflects hypovolemia, cardiogenic or septic shock.

c. Fever accompanies systemic or central nervous system infections, as well as malignant hyperthermia,
neuroleptic malignant syndrome, or serotonin syndrome.

d. Hypothermia after cold exposure may even mimic brain death.

e. Cutaneous bleeding around the eyes or mastoid area accompanies skull fractures. More diffuse hematomas
suggest a systemic bleeding disorder. Infective endocarditis may cause “splinter” nail bed or palmar/plantar
hemorrhages, producing coma by means of cerebral infarcts or abscesses.

f. Jaundice, ascites, and hepatosplenomegaly may be noted in hepatic coma.

¢. An arrhythmia or heart murmur may be clues for cardiogenic shock, cerebral cardioemboli, or infective
endocarditis.

h. Once cervical spine stability is assured, the finding of nuchal rigidity suggests infective meningitis or SAH,
but may disappear in deeper stages of coma.

i. Papilledema develops a few hours after severe elevation in intracranial pressure.
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C. Although the neurologic examination in coma is limited, a level of deficit or focal lesion may be revealed and
improvement or deterioration noted by serial observations. Developed initially for use in trauma patients, the
Glasgow Coma Scale is an easy and reproducible scoring system for all medical personnel, as is the more
recently developed FOUR Score (see Table 5.1), which is better in assessing brainstem reflexes and breathing

patterns.

1. Motor responsiveness.

a. Descriptive observations of any verbal and motor responses from the patient are more helpful than using

brief terms (stuporous, obtunded) with variable meaning,

b. Verbal responses include oriented conversation, disoriented communication, meaningless words or sounds,

to unresponsiveness.

c. Motor responses include spontaneous limb movements, limb movements on command, limb withdrawal to

noxious stimuli, to unresponsiveness.

(1) Decorticate posturing (upper limb flexion with lower limb extension, uni- or bilateral) localizes the

deficit to the cerebral hemispheres or thalamus.

TABLE 5.1 Coma Scales

Glasgow Coma Scale

Full Outline of Unresponsiveness (FOUR)

Eye response

4, eyes open spontaneously
3, eyes open to command
2, eyes open to pain

|, no eye opening

Motor response

6, follows commands

5, localizes pain

4, withdraws from pain (flexion)
3, decorticate posturing to pain
2, decerebrate posturing to pain
I, no motor response

Verbal response

5, oriented and converses

4, disoriented and converses
3, uses inappropriate words
2, incomprehensible sounds
|, no verbal response

Eye response

4, eyelids open or opened, tracking, or blinking to command

3, eyelids open but not tracking

2, eyelids closed but open to loud voice
I, eyelids closed but open to pain

0, eyelids remain closed with pain

Motor response

4, thumbs up, fist or peace sign

3, localizing to pain

2, flexion response to pain

|, extension response to pain

0, no response to pain or generalized myoclonus status

Brainstem reflexes

4, pupil and corneal reflexes present

3, one pupil wide and fixed

2, pupil or corneal reflexes absent

I, pupil and corneal reflexes absent

0, absent pupil, corneal and cough reflex

Respiration

4, not intubated, regular breathing pattern

3, not intubated, Cheyne-Stokes breathing pattern
2, not intubated, irregular breathing

|, breathes above ventilator rate

0, breathes at ventilator rate or apnea

(2) Decerebrate posturing (upper and lower limb extension, uni- or bilateral) localizes the deficit to the
midbrain (red nucleus).
(3) Ifrequired, noxious stimuli include rubbing the sternum, or applying firm but gentle pressure to the
forehead or nail beds.
(4) Asymmetrical limb movements or hypertonia occur with structural brain lesions, whereas symmetrical
motor responses are typical with toxi-metabolic conditions.
(5) Bilateral myoclonic jerks, asterixis, or tremulousness strongly suggest toxi-metabolic causes of coma.
(6) Asymmetrical or focal, rhythmical movements may be subtle clues when nonconvulsive status
epilepticus causes coma.
2. Respiratory patterns do not strictly correlate with the level of brain dysfunction as once thought and may be
obscured if the patient is mechanically ventilated.
a. Cheyne—Stokes’ breathing is observed as periods of increasing, then decreasing, tidal volumes and
respiratory rate, followed by seconds of apnea.
(1) It occurs more commonly in elderly patients, with or without systemic medical problems or congestive
heart failure.
(2) It may occur from bilateral cerebral lesions or a unilateral lesion with brain shift.
b. Persistent hyperventilation occurs more often from pulmonary causes like pneumonitis, and rarely from
midbrain lesions.
c. Arrhythmical, irregular respirations accompany dysfunction at the medulla, where critical cardiorespiratory
centers are located.
3. The pupils are typically small but reactive to light in the elderly, as well as those in toxi-metabolic coma, even
when other cranial nerve reflexes are absent.
a. A unilaterally large pupil unreactive to light (“fixed or blown pupil”) in an unresponsive patient represents
dysfunction of third cranial nerve pupilloconstrictive fibers.
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(1) Most commonly found with ipsilateral temporal lobe compression of the third cranial nerve (uncal
herniation) from hemorrhage or edema.

(2) Rarely due to a ruptured intracranial aneurysm at the junction of the internal carotid-posterior
communicating artery.

(3) Asymmetrical pupils and decreased pupillary light reflexes are independent predictors of a structural
lesion causing coma.

b. Bilateral midposition to large, unreactive pupils may occur with midbrain lesions or terminal anoxic brain
injury.

c. Pinpoint, reactive pupils are caused by extensive pontine lesions interrupting the descending sympathetic
pupillodilator fibers; however,

(1) pinpoint pupils can also be caused in older patients by cholinergic eyedrops for glaucoma, and
(2) narcotic overdose can also produce small pupils.
4. Ocular reflexes, which are cortically suppressible in an awake patient, indicate preserved brainstem function
when found in a comatose patient.

a. The oculocephalic (“doll’s eyes”) reflex occurs when the examiner passively turns the head to one side,
eliciting a normal lateral conjugate rolling of the eyes to the opposite side.

b. The oculovestibular (“cold caloric™) reflex occurs after instillation of 50- to 200-cc ice water into one ear
canal, with the head elevated 30 degrees, eliciting a slow, tonic deviation of both eyes toward the irrigated
ear, after several seconds delay.

(1) Ensure that the tympanic membrane is intact, so nonsterile water and debris cannot enter the middle ear.

(2) Ensure there is no impacted cerumen in the ear canal, causing a false-negative test.

(3) Lateral jerk nystagmus of the eyes toward the nonirrigated ear occurs in conscious patients, but not
comatose patients where cortical function is depressed.

c. Ocular reflexes
(1) should not be checked in trauma patients until cervical spine stability is assured,

(2) may be absent because of previous labyrinthine trauma, mastoiditis or toxicity from benzodiazepines or
barbiturates, and

(3) appear asymmetrical from a structural lesion affecting the brainstem, or from facial bone fractures
restricting extraocular muscle function.

d. Incoma,

(1) the eyes are slightly divergent at rest,

(2) conjugate lateral deviation of the eyes toward one side occurs from a lesion in the contralateral
brainstem or ipsilateral cerebral hemisphere,

(3) persistent, rhythmical nystagmus may be a subtle finding of nonconvulsive status epilepticus, and

(4) “‘ocular bobbing” consists of repetitive downward jerks of the eyes, with slower updrift, because of
pontine lesions with poor outcome.

e. Blinking
(1) occurs spontaneously if the pontine ARAS is intact and
(2) along with vertical eye movements may be the only motor functions (and means of communication) in a

patient with the “locked-in syndrome” (see section Differential Diagnosis).

ETI0LOGY

A. Toxi-metabolic coma accounts for almost two-thirds of unresponsive emergency room patients.
1. A confusional state or delirium occurs initially, followed by symmetrical motor or ocular reflex findings and
preserved pupillary light reflex.
2. Exceptionally, hemiparesis or aphasia may be due to hyperglycemic, hypoglycemic, hyponatremic, or
dysosmolar states.
3. Tremulousness, myoclonic jerks, and asterixis are typical.
4. Drug intoxication or overdose may also lead to subsequent traumatic brain injury and structural lesions leading
to coma.
B. Structural causes of coma account for about one-third of unresponsive emergency room patients.
1. Asymmetrical motor or ocular reflex findings occur early.
2. A unilaterally dilated pupil unresponsive to light indicates uncal herniation until proven otherwise.

DIFFERENTIAL DIAGNOSIS

A. Brain death.
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1. Irreversible, critical loss of brain and brainstem function.

a. Comatose patient with absence of all brainstem reflexes, including spontaneous respiration (abnormal
bedside apnea test: no observed breaths despite pco, > 60 mm, while on 100% oxygen).

b. The cause of coma is known and sufficient to cause brain death, such as cardiopulmonary arrest.

2. No improvement occurs during observation and treatment.

a. Observation is at least 6 hours 1n adults, 12 hours to 2 days for children.

b. Hypothermia, hypotensive shock, and drug intoxication have been ruled out or treated.

c. Ancillary testing may help to confirm the clinical diagnosis (absent cerebral blood flow on radioisotope
brain scan, or “flat-line” electroencephalogram [EEG]).

B. Persistent vegetative state (or “unresponsive wakefulness syndrome”).

1. After several days of coma, the patient appears intermittently awake, breathes spontaneously, and exhibits
primitive reflexes or eye-roving behavior.

2. Severe cerebral damage persists, however, and no meaningful communication or cortical responsiveness
occurs.

3. Patients showing some impersistent, subtle signs of awareness (visual pursuit, pain localization) are felt to be
in a “minimally conscious state” (MCS).

C. “Locked-in syndrome.”

1. The patient may appear to be in a persistent vegetative state, and is unable to move the limbs and face, or gaze
laterally (“de-efferented”).

2. Vertical gaze and eyeblinking are preserved, and serve as a means of proving that communication and cortical
functions are preserved (the patient accurately blinks once for “yes,” or twice for “no” in response to the
examiner).

3. Caused by an extensive pontine infarction or profound neuromuscular paralysis, such as Guillain—Barré
syndrome.

D. Thalamic lesions.

1. Bilateral lesions interrupting the projections of the intralaminar thalamic nuclei of the ARAS to the frontal
lobes can produce an inattentive, unresponsive, but still wakeful state.

2. Paramedian thalamic syndrome (see Video 5.1).

a. Lethargic patient with quadriparesis, impaired vertical gaze, and bilateral asterixis.
b. Caused by bilateral infarction of the dorsal midbrain and thalamus.
E. Nonconvulsive status epilepticus.

1. Occasionally, continual or persistent generalized seizures may occur in the absence of obvious clinical
convulsive activity.

2. Subtle clinical manifestations include rhythmical nystagmus, or twitching of an eyelid or part of the face or
limb.

3. Obtain an emergent EEG recording and assess the response to IV benzodiazepine boluses.

F. Psychiatric unresponsiveness.

1. Occurs rarely, and remains a diagnosis of exclusion.

2. Inthe absence of drug overdose, brainstem reflexes and spontaneous breathing should be preserved, and no
focal neurologic deficits are seen.

3. EEG brain wave frequencies are more similar to that of the awake state than the diffuse EEG slowing typical
of toxi-metabolic coma.

4. Psychiatric patients may become comatose from other medical or neurologic disorders as well, or from
therapeutic drug therapy (neuroleptic malignant or serotonin syndromes).

MANAGEMENT

A. Initial approach for a comatose patient.

1. Maintain airway, breathing, and circulation, with intubation, ventilation, and fluid/pressor support as needed.

2. Urgently correct any hypothermia, which, if profound, can mimic brain death.

3. If trauma has occurred or is strongly suspected, establish stability of the cervical spine (computed tomography
[CT] scan) before moving the head, as occurs with testing the oculocephalic (doll’s eyes) reflex.

4. Rule out hypoglycemia, especially in diabetic patients, with an immediate fingerstick glucose reading (or
empirical infusion of 50% dextrose 1f immediate testing is not available). Before any glucose infusion in
malnourished patients, prevent Wernicke’s encephalopathy with adequate thiamine supplementation, such as
500 mg IV (infused over 30 minutes) tid, followed by 250 mg IV daily for 5 days (see Chapter 63).

5. Check basic bloodwork (blood count, electrolytes, glucose, renal and liver functions, ammonia level, thyroid
functions, protime, activated partial thromboplastin time, arterial blood gas, possibly carbon monoxide [CO]

66



level if CO poisoning suspected) and urine drug screen.

6. The prognosis of coma following cardiac arrest improves with therapeutic hypothermia initiated within 6

hours, achieving a core temperature of 32° to 34°C for 24 hours, followed by slow rewarming.
B. Comatose patient with suspected hemorrhage.

1. After the initial approach above, perform a brain CT scan without contrast in a known or suspected trauma
patient to rule out intracranial hemorrhage.

2. Nontraumatic SAH is suspected with prodromal headache and sudden loss of consciousness.

a. Rule out SAH with a brain CT scan without contrast.
b. Perform a lumbar puncture (LP) if SAH is still strongly suspected but not seen on brain CT scan.
c. If SAH is found, request neurosurgical consultation and urgent conventional cerebral angiogram or CT
angiogram.
C. Comatose patient with fever or septic syndrome.

1. After the initial approach above, examine the patient for any likely systemic focus of infection, such as abscess
or peritonitis.

2. Panculture blood and urine, obtain chest X-ray.

3. Perform LP to exclude meningitis (in absence of focal neurologic findings, papilledema, bleeding disorder, or
local infection over the lumbar spine) and begin initial broad-spectrum antibiotic coverage plus
dexamethasone (see Chapter 63).

4. If LP is contraindicated, request emergent brain CT scan with and without contrast, and neurosurgery
consultation.

5. Especially in the case of Herpes simplex encephalitis, a brain magnetic resonance imaging (MRI) scan may
help reveal typical frontotemporal lesions.

D. Comatose patient with focal findings on neurologic examination.

1. After the initial approach above, exclude hemorrhage with a brain CT scan without contrast.

2. Investigate and treat intracranial hemorrhage or other cause of brain edema or shift.

3. Ifbrain CT scan is normal, obtain brain MRI with and without contrast, including diffusion-weighted
sequences, if patient is stable. MR or CT angiography may be urgently done when there is a strong suspicion of
ischemic infarction, because acute interventions (mechanical thrombectomy, intravascular thrombolysis) may
be helpful. Basilar artery thrombosis often presents with coma.

4. If brain CT and MRI scans are normal, perform EEG to exclude electrical status epilepticus or postictal state.

E. Comatose patient without focal findings on neurologic examination.

1. After the initial approach above, consider administration of IV naloxone or flumazenil, respectively, for
possible narcotic or benzodiazepine overdose. Be ready to treat any drug withdrawal symptoms.

2. Ifno toxi-metabolic causes become obvious, obtain a brain CT scan or brain MRI scan if patient is stable.

3. Ifbrain CT and MRI scans are normal, perform an EEG to exclude electrical status epilepticus or postictal
state.

Key Points

* Coma from toxi-metabolic causes typically begins with confusion or delirium, followed by symmetrical motor
or ocular reflex findings and preserved pupillary light reflex.

* Coma due to structural lesions usually presents early with asymmetrical motor or ocular reflex abnormalities,
followed later by changes in attention or consciousness.

» The prognosis of coma following cardiac arrest improves with therapeutic hypothermia initiated within 6 hours.
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6

Approach to the Patient with Seizures

Vicenta Salanova and Meridith Runke

A. Seizures result from the paroxysmal, hypersynchronous, abnormal activity of neurons in the cerebral cortex.
Seizures are common symptoms and can be manifestations of toxic—metabolic abnormalities or of infection, can
be secondary to a variety of disorders that affect neuronal function, or can be idiopathic with unknown cause.

1. Nonrecurrent seizures—for example, toxic—metabolic, hypoxia.
2. Recurrent seizures or epilepsy—inherited, acquired, or structural cortical lesions.

B. The international classification of epileptic seizures consists of two main categories—partial seizures and
generalized seizures.

1. Partial seizures (focal) result from localized epileptogenic lesions, except in children with benign focal
epilepsy, who have no structural lesions. Partial seizures are subdivided into

a. Simple partial seizures, if there is preservation of consciousness.

b. Complex partial seizures, if there 1s impairment of consciousness. A partial seizure typically begins as a
simple partial seizure consisting of an aura reflecting the site of seizure origin (or ictal spread to the
symptomatogenic area) and then evolves into a complex partial seizure. Both simple and complex partial
seizures can evolve into secondarily generalized seizures.

2. Generalized seizures can be convulsive or nonconvulsive and are subdivided into absence (typical and
atypical absences), myoclonic, clonic, tonic, tonic—clonic, and atonic seizures.

C. There is also an international classification of epilepsy and epilepsy syndromes. This classification takes into
account the age at onset, possible etiologic factors, inheritance, findings at neurologic examination, prognosis, and
seizure type (partial or generalized).

1. Localization-related epilepsy.

a. Idiopathic (benign childhood rolandic and occipital epilepsy).

b. Symptomatic, which is acquired and based mainly on the anatomic localization.
2. Generalized epilepsy and syndromes.

a. Idiopathic with age-related onset (e.g. benign neonatal familial convulsions, childhood and juvenile
absence epilepsy, juvenile myoclonic epilepsy, epilepsy with grand mal seizures on awakening).

b. Symptomatic (e.g., infantile spasms, Lennox—Gastaut syndrome). The international classification includes
two other categories: (1) epileptic syndromes with both focal and generalized seizures (e.g. acquired
epileptic aphasia) and (2) special syndromes (e.g. febrile convulsions). This chapter reviews the etiology,
clinical manifestations, evaluation, and differential diagnoses of some of these types of seizures with
emphasis on patients with partial seizures.

ETI0LOGY

A. Toxic—metabolic.

1. Systemic illness. Hypoglycemia, nonketotic hyperglycemia, hypoxia, hypocalcemia (in patients with or without
a history of hypoparathyroidism), hyponatremia (inappropriate antidiuretic hormone syndrome and water
intoxication), hypomagnesemia, uremia and hepatic failure, sickle-cell anemia, thrombotic thrombocytopenic
purpura, and Whipple’s disease.

2. Drugs and toxins. Cocaine, amphetamines, phencyclidine, lidocaine, and lead poisoning. Others can lower the
seizure threshold and increase the risk of seizures usually among patients with other predisposing factors
(tricyclics, theophylline, phenothiazine, and penicillins).

3. Withdrawal syndromes. Alcohol, hypnotics.

4. Pyridoxine deficiency.

B. Acquired structural lesions.

1. Infection. Brain abscess, meningitis, encephalitis (e.g., herpes simplex encephalitis), postinfectious
encephalomyelitis, cysticercosis, opportunistic infections in acquired immunodeficiency syndrome (AIDS),
and neurosyphilis.

2. Vascular. Vasculitis (systemic lupus erythematosus, hypersensitivity, and infectious vasculitis), ischemic or
hemorrhagic cerebrovascular disease, cerebral venous thrombosis, arteriovenous malformation, and cavernous
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C.

FIGURE 6.1 MRI showing left mesial temporal sclerosis. MRI, magnetic resonance imaging.

angioma.

Trauma. Usually penetrating, subdural hematoma.

Neoplasms and other lesions. Primary or metastatic tumors, hamartomas, and cortical dysplasia.

Mesial temporal sclerosis. Usually postfebrile convulsions (Fig. 6.1).

Other. Alzheimer’s disease, Creutzfeldt-Jakob disease, Paraneoplastic disorders limbic encephalitis,

Rasmussen encephalitis, and, in rare instances, multiple sclerosis.

7. Autoimmune epilepsy with neural autoantibodies including voltage-gated potassium channel complex, glutamic
acid decarboxylase, collapsing response-mediator protein, and anti-NMDAR (N-methyl-p-aspartate receptor)
encephalitis.

Familial.

1. Primary generalized epilepsy.

2. Benign focal epilepsy of childhood.

3. Febrile convulsions.

4. Autosomal-dominant nocturnal frontal lobe epilepsy (ADNFLE).

5. Familial temporal lobe epilepsy (FTLE).

Other genetic syndromes associated with seizures (tuberous sclerosis complex, neurofibromatosis type 1),

disorders of amino acid, lipid, and protein metabolism (e.g., phenylketonuria, maple syrup urine disease,

porphyria).

S E

- —

CLINICAL MANIFESTATIONS

A.

Metabolic—toxic and hypoxic insults. Patients with seizures attributable to metabolic or toxic causes have
generalized tonic—clonic seizures, but focal seizures and epilepsia partialis continua can occur with nonketotic
hyperglycemia. Posthypoxic coma usually causes multifocal myoclonus; however, periodic lateralized
epileptiform discharges (PLEDs) may be seen, at times associated with focal motor seizures.

Meningitis and encephalitis can cause either generalized or focal seizures with secondarily generalized seizures.
Patients with herpes simplex encephalitis often have complex partial seizures typical of those of temporal lobe
origin. The electroencephalogram (EEG) shows focal slowing in one or both temporal regions and PLEDs.
Magnetic resonance imaging (MRI) shows hypodense lesions in one or both temporal lobes.

. Partial seizures (functional-anatomic classification of epilepsy). Clinical features and EEG findings indicate

focal origin.
1. Temporal lobe seizures are the most common partial seizures. In many of these patients, the seizures are

refractory to medical treatment (Video 6.1).

a. Signs and symptoms. The findings at neurologic examination are often normal, except for memory
dysfunction, which can be seen in patients with bitemporal epilepsy. Most of these patients have an
epigastric aura (nausea, an epigastric rising sensation, stomach upset, or even pain). Other auras consist of
fear, complex visual or auditory hallucinations, déja vu, and olfactory and gustatory sensations. The clinical
manifestations are stereotypical, and most patients have one seizure type. Most patients exhibit staring,
unresponsiveness, and oroalimentary and gestural automatism. Some patients also have contralateral arm
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dystonic posturing. Ictal or postictal language difficulties also have lateralizing value. Ictal speech occurs
in patients with seizures arising from the nondominant temporal lobe. Patients with seizures originating
from the dominant temporal lobe may exhibit ictal and postictal dysphasia.

b. Etiologic factors and pathologic features. Mesial temporal sclerosis is the most common pathologic
finding. There is a strong association between mesial temporal sclerosis and prolonged complex febrile
seizures in patients younger than 5 years of age. There is usually a silent interval between the occurrence of
febrile seizures and the onset of mesial temporal lobe epilepsy, which often begins toward the end of the
first decade of life or soon after. Other pathologic findings include tumors, such as ganglioglioma, cortical
dysplasia, and cavernous malformation. As many as 15% of patients with medically refractory temporal
lobe epilepsy have evidence of a dual pathologic process. Mesial temporal sclerosis can occur with
temporal lobe developmental lesions such as cortical dysplasia and subependymal heterotopia.

c. EEG findings include epileptiform discharges over the anterior temporal region and often polymorphic
slowing. About 30% to 40% of these patients have bitemporal independent interictal epileptiform
discharges, usually with predominance on the side of ictal onset.

d. Imaging studies. MRI volumetric studies usually show a smaller hippocampus and increased signal
intensity on T2-weighted images that are indicative of hippocampal sclerosis. These changes can be seen in
as many as 80% of patients with refractory temporal lobe epilepsy.

e. Secondarily generalized tonic—clonic seizures and convulsive status epilepticus can occur; nonconvulsive
complex partial status epilepticus is rare.

f. Patients with temporal lobe seizures should be differentiated from patients with FTLE. The first series
described FTLE as a benign disorder with late age of onset, excellent outcome, and normal finding on the
MRI of the head. A second report, however, showed that some cases of FTLE were refractory to medical
treatment, requiring surgical treatment. The most recent report concluded that FTLE is a clinically
heterogeneous syndrome. The authors found hippocampal atrophy in 57% of their patients, including those
with a benign course or remission of seizures. They concluded that the findings indicated the presence of a
strong genetic component in the development of mesial temporal sclerosis in the families studied.

2. Focal motor seizures. These seizures originate in the vicinity of the rolandic motor cortex. Consciousness 1s
preserved.

a. Signs and symptoms. Examination may show contralateral mild hemiparesis or hyperreflexia. Seizures
commonly begin with focal contralateral twitching of the face or hand and then spread to involve the rest of
the extremity. When seizures originate in the nondominant hemisphere, patients are usually able to speak
during the seizures. When seizures originate in the dominant hemisphere, patients may have ictal and
postictal aphasia. Clonic eye movements, blinking, and conscious contraversion may also occur. Ictal focal
motor manifestations, postictal hemiparesis, and postictal aphasia are contralateral to the side of seizure
onset. Some patients have continuous focal motor activity (epilepsia partialis continua lasting weeks,
months, or even years).

b. Imaging studies. Focal structural lesions are common.

c. EEG shows focal slowing and focal epileptiform discharges over the frontal lobe; however, some patients
have no epileptiform discharges on scalp recordings or have bifrontal epileptiform abnormalities.

d. Patients with focal motor seizures have to be differentiated from patients with benign rolandic epilepsy
with centrotemporal spikes, which begins between the ages of 3 and 13 years. These children have normal
findings at neurologic examination and imaging studies. They have nocturnal generalized seizures and
partial seizures beginning in the face with preservation of consciousness, at times with speech arrest. The
EEG shows centrotemporal, high-amplitude, broad, sharp waves and slow discharges, with a horizontal
dipole, occurring predominantly during sleep. The prognosis is excellent.

3. Supplementary motor seizures originate in the supplementary motor cortex, which is located in the mesial
frontal lobe anterior to the primary motor leg area.

a. Signs and symptoms. Examination is usually normal. Almost one-half of these patients have a
somatosensory aura consisting of tingling or numbness of the extremities, which can be contralateral or
bilateral. These patients have unilateral or bilateral tonic posturing of the extremities at onset, vocalization,
speech arrest, and laughter. Other manifestations include fencing posture, thrashing, kicking, and pelvic
movements. Responsiveness is preserved unless the seizure evolves into a secondarily generalized tonic—
clonic seizure. Supplementary motor seizures are common during sleep and are of short duration without
postictal confusion or amnesia.

b. Imaging studies. MRI of the head may show lesions in the supplementary motor area.

c. The EEG may show epileptiform discharges over the vertex, but some patients may have no interictal
epileptiform discharges on scalp recordings. Ictal recordings are often nonlateralized. A few patients may
have no ictal EEG changes during scalp recordings.

4. Complex partial seizures of frontal lobe origin
a. Signs and symptoms. The examination is usually normal. Patients may have a cephalic aura that is
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followed by staring or looking ahead, unconscious contraversion, and complex motor automatism such as
bicycling, kicking, thrashing, running, and bouncing up and down. Vocalization and tonic posturing may
occur toward the end of the seizure as manifestations of ictal spread to the supplementary motor area.
Complex partial (nonconvulsive) status epilepticus, manifested by alteration of consciousness with
automatic behavior often in a cyclical manner lasting hours to days, also may occur. Secondarily
generalized tonic—clonic seizures and convulsive status epilepticus are believed to be more common in
patients with frontal lobe seizures.

b. Imaging studies. MRI may show lesions in the frontopolar, dorsolateral, orbitofrontal, and other frontal
regions.

c. The EEG may show focal slowing and interictal epileptiform discharges over one frontal lobe, lateralized
to one hemisphere, or bilateral frontal epileptiform abnormalities.

d. These patients with acquired frontal lobe epilepsy should be differentiated from those with ADNFLE. In
ADNFLE, the seizures begin in childhood and usually persist through adult life. They occur in clusters
during sleep and are characterized by vocalization, thrashing, hyperkinetic activity, or tonic stiffening.
Patients have normal findings at neurologic examination and on imaging studies. An ictal EEG may show
bifrontal epileptiform discharges. The seizures usually respond to carbamazepine monotherapy. These
seizures are often misdiagnosed as parasomnia or familial dyskinesia.

5. Occipital lobe seizures are rare, but they may be difficult to differentiate from seizures originating from the
posterior temporal lobe. These patients have to be differentiated from patients with benign occipital epilepsy,
the onset of which is in childhood and has similar symptoms but no occipital lesions. The age at onset of
benign occipital epilepsy ranges from 15 months to 17 years (with a peak between 5 and 7 years), and more
than one-third of patients have family histories of epilepsy.

a. Signs and symptoms. Occipital manifestations are common. Patients may have visual field defects, visual
auras consisting of elementary visual hallucinations described as colored flashing lights, or ictal blindness.
Other manifestations include contralateral eye deviation, a sensation of eye movement, nystagmoid eye
movements, and blinking. After the occipital manifestations, many patients have typical temporal lobe
automatism as well as focal motor seizure activity resulting from ictal spread to the temporal and frontal
lobes. Because of these different spread patterns, many patients have more than one type of seizure. Almost
two-thirds of patients have lateralizing clinical features, such as contralateral head deviation and visual
field defects, contralateral to the epileptogenic zone.

b. Imaging studies. On computed tomography (CT) scans and (magnetic resonance) MR images, many patients
have occipital lesions ipsilateral to the epileptogenic zone.

c. The EEG may show focal slowing and epileptiform discharges over one occipital lobe. However, most
often the EEG shows posterior temporal epileptiform discharges. Some patients have bilateral posterior
temporal—occipital epileptiform abnormalities.

6. Parietal lobe seizures are uncommon.

a. Signs and symptoms. The examination may show contralateral impaired two-point discrimination, but
more often the findings are normal. These patients have somatosensory aurae described as contralateral
tingling or numbness and painful and thermal sensations. Other aurae consist of disturbances of body image,
a sensation of movement in one extremity, or a feeling that one extremity 1s absent. Vertiginous sensations
and visual illusions can occur, as can an aphasic aura. Some of these patients have seizures of multiple
types as a result of ictal spread to the temporal and frontal lobes. Tonic posturing of extremities, focal
motor clonic activity, head and eye deviations, and temporal lobe automatism are commonly observed.

b. Imaging studies. MRI may show focal lesions in the parietal lobe.

c. The EEG most often shows lateralized epileptiform discharges to one hemisphere rather than localized
discharges.

D. Primary (idiopathic) generalized epilepsy. There is usually a family history of epilepsy. The first clinical
manifestations indicate involvement of both cerebral hemispheres. This form of epilepsy can be convulsive or
nonconvulsive.

1. Childhood absence epilepsy begins between the ages of 4 and 8 years. The findings at neurologic examination
are normal.

a. Signs and symptoms. There is a brief loss of consciousness, usually lasting 10 seconds or less and almost
always lasting less than 30 seconds. There is no aura or postictal confusion. Blinking, brief facial twitching,
or other clonic component, decreased postural tone, and automatism such as swallowing, lip smacking, and
fumbling with clothes are common. Some patients also may have tonic—clonic seizures.

b. The EEG shows the typical generalized, bilaterally synchronous 3-Hz spike—wave epileptiform discharges.
Hyperventilation for 3 to 5 minutes often provokes an absence seizure with typical generalized, bifrontally
dominant, regular, synchronous 3-Hz spike—wave complexes with abrupt onset and termination. In some
patients, the epileptiform discharges may be maximum over the posterior head regions.
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c. The prognosis is favorable, and for many patients the seizures remit in adolescence. The prognosis is less
favorable if tonic—clonic seizures occur.

d. Absence status. Rare patients may have prolonged confusion that lasts hours or all day and 1s associated
with continuous 3-Hz spike—wave discharges.

2. Juvenile absence epilepsy is less common than childhood absence epilepsy.

a. The clinical manifestations are similar, but seizures begin during puberty or later. The absences tend to
occur on awakening and are not as frequent as those in the childhood form. Myoclonic seizures also may
occur.

b. The EEG may show generalized 3-Hz spike—wave discharges or higher-frequency (4 to 5 Hz) discharges.

c. The prognosis is not as favorable as in the childhood form, and generalized tonic—clonic seizures are more
frequent. Absence status is also more frequent than in the childhood form.

3. Juvenile myoclonic epilepsy. Age at onset is in the second decade. The findings at neurologic examination are
normal. The diagnosis is often missed because of failure to recognize the myoclonic jerks.

a. Signs and symptoms. These patients have awakening myoclonic and generalized tonic—clonic seizures.
Absence seizures occur in 15% of patients. During brief myoclonic jerks, consciousness is preserved.
Myoclonic seizures may precede the onset of generalized tonic—clonic seizures by a few years, or they may
have simultaneous onset. The generalized tonic—clonic seizures usually follow a series of myoclonic
seizures. Seizures may be precipitated by sleep deprivation or alcohol intake.

b. The EEG shows generalized polyspike and wave discharges in most patients. Some patients are
photosensitive and have photoparoxysmal responses. During the myoclonic jerks, the EEG shows abrupt
onset of high-amplitude polyspike and wave complexes lasting from 2 to 10 seconds.

c. Prognosis. Although these patients have an excellent response to valproic acid, the electroclinical trait
persists for life, and most patients need lifelong treatment.

4. Generalized tonic—clonic seizures. A patient with primary generalized tonic—clonic seizures usually has a
family history of epilepsy. The findings at neurologic examination are normal. Age at onset is usually during
puberty.

a. Signs and symptoms. There is no aura. A few patients may have a prodrome (nervousness, irritability)
hours before the seizure. The seizure begins with brief tonic flexion of the axial muscles and muscular
contraction of the extremities followed by a longer period of tonic extension of the axial muscles. The
mouth is closed, and this may lead to tongue biting. Apnea can occur as a result of contraction of the
respiratory muscles. The arms are semiflexed, and the legs are extended. After the tonic phase, there is
diffuse tremor, and then there is a clonic phase. Autonomic changes usually occur at the end of the tonic
phase. Heart rate and blood pressure can more than double during the tonic phase. There is also increased
bladder pressure.

b. Complications during a prolonged tonic—clonic seizure may include tongue biting, dislocation of shoulders,
vertebral compression fractures, aspiration pneumonia, and even sudden death. The mechanism of sudden
death is unclear; several factors, such as apnea, pulmonary edema, and cardiac arrhythmias, may be
involved.

c. The EEG shows generalized 4- to 5-Hz spike—wave activity, or multiple spike—wave complexes. More
irregular spike—wave discharges can occur. The likelihood of recording the epileptiform discharges
increases if the EEG is obtained 1 to 5 days after a seizure. Some patients have a photoparoxysmal
response with bisynchronous, generalized irregular spike and spike—wave discharges. EEG ictal changes
show generalized low-voltage fast activity (recruiting rhythm) followed by high-amplitude generalized
polyspike or polyspike and wave discharges. During the clonic phase, high-amplitude polyspike or
polyspike and wave discharges alternate with low-amplitude slowing. Postictally, there is low-amplitude
slowing.

d. Generalized tonic—clonic status epilepticus begins with recurrent, brief tonic—clonic seizures without full
recovery of consciousness or with a prolonged generalized tonic—clonic seizure lasting 30 minutes.

E. Secondary (symptomatic) generalized epilepsy. These patients have multifocal cortical abnormalities, including
infantile spasms (West’s syndrome) and Lennox—Gastaut syndrome.

1. West’s syndrome. The onset is usually between 3 and 6 months of age and always before 1 year. Some infants
have no identifiable etiologic factors (cryptogenic subgroup). Symptomatic West’s syndrome is more common
and can result from trauma, infection, Down’s syndrome, tuberous sclerosis, phenylketonuria, and other
disorders. These infants have frequent infantile spasms, developmental delay, and a characteristic EEG pattern
(hypsarrhythmia).

2. Lennox—Gastaut syndrome is one of the most severe epileptic syndromes. These children usually have
developmental delay, neurologic deficits, and seizures of multiple types, which are often medically refractory
(drop attacks, atypical absence, myoclonic, tonic, and tonic—clonic seizures). The EEG shows generalized
slow (<2.5 Hz) spike—wave discharges.
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a. Drop attacks represent atonic seizures and are characterized by sudden loss of tone, at times preceded by a
generalized clonic jerk. There is head drop, and often the child collapses. The ictal EEG shows an
electrodecremental response.

b. Atypical absences usually last longer than typical absences and are commonly associated with motor
findings and postictal confusion. They are more common during drowsiness and are not usually activated by
hyperventilation. The EEG shows generalized slow spike—wave discharges and diffuse slowing of the
background.

c. Absence status is common. Patients come to medical attention with prolonged absences (spike—wave
stupor), blinking, and at times facial twitching with continuous generalized spike—wave discharges.

d. Tonic seizures are common in Lennox—Gastaut syndrome. The arms are elevated in a semiflexed position,
and there is impairment of consciousness and autonomic changes.

EVALUATION

A. History.

1. The following should be documented: age at onset and frequency of seizures, family history of epilepsy,
psychosocial history, possible etiologic factors such as history of head trauma, difficult birth, febrile seizures,
meningitis, or encephalitis. Precipitating factors include medical illnesses that can lead to metabolic
abnormalities and exposure to drugs or toxins.

2. The presence and type of aura, detailed description of the seizure by a family member, presence of
automatism, ictal speech, dystonic or tonic posturing, postictal language difficulties, Todd’s paralysis, or the
presence of myoclonus can help to differentiate focal from generalized seizures.

3. Response to antiepileptic drugs (AEDs) and possible side effects.

B. Physical examination.

1. Detailed examination, including the skin, for signs of neurocutaneous lesions associated with seizures, such as
neurofibromatosis type 1, tuberous sclerosis complex, and Sturge—Weber syndrome. Cranial bruits may be
present in patients with arteriovenous malformations, and cervical bruits in patients with seizures resulting
from cerebrovascular disease.

2. Limb asymmetry suggestive of injuries early in life. Focal neurologic deficits, such as subtle hemiparesis,
hyperreflexia, decreased two-point discrimination, or visual field defects, may suggest the location of the
epileptogenic lesion. Memory deficits can be elicited in some patients with bitemporal epilepsy.

C. Laboratory studies include complete blood cell count; a Venereal Disease Research Laboratory (VDRL) test;
measurement of erythrocyte sedimentation rate and blood levels of glucose, calcium, sodium, and magnesium;
liver and renal function tests; drug and toxicology screening if indicated by the history or examination findings;
and human immunodeficiency virus testing for patients with risk factors. If the clinical manifestations suggest
limbic encephalitis and autoimmune epilepsy is suspected, neural autoantibodies including voltage-gated
potassium channel complex, glutamic acid decarboxylase, and NMDAR antibodies should be ordered.

D. Cerebrospinal fluid examination is performed if vasculitis or infection is suspected or if the serologic result is
positive for syphilis.

E. The EEG is essential to confirm the diagnosis of epilepsy and to characterize the seizure type. It usually shows
focal slowing and epileptiform abnormalities in patients with partial seizures or generalized epileptiform
discharges in those with generalized seizures. Seizures are rarely recorded on routine EEGs. The exception is
absence seizures, which can be precipitated by hyperventilation. Metabolic encephalopathy associated with
seizures usually has diffuse slowing or periodic patterns, such as triphasic waves, in patients with hepatic or renal
failure.

1. Activation procedures, such as photic stimulation, hyperventilation, and sleep, are performed.

2. Special electrodes. Earlobe, anterior temporal, or zygomatic electrodes are often used. Nasopharyngeal
electrodes are traumatic and produce artifacts, and they should not be used. Sphenoidal electrodes are
reserved for patients undergoing presurgical evaluation.

3. Video EEG recordings. In some patients with recurrent seizures and no interictal epileptiform discharges on
serial EEGs, prolonged video EEG recording may be needed to confirm the diagnosis and to characterize the
seizure type.

F. Imaging studies. When the history, neurologic examination, EEG findings, and seizure type suggest partial
seizures, the procedure of choice is MRI of the head. Although the CT of the head may be helpful, some patients
with partial seizures have lesions that do not appear on CT scans, such as hamartoma, cortical dysplasia, low-
grade glioma, or cavernous malformation.

DIFFERENTIAL DIAGNOSIS
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The differential diagnosis includes many neurologic, psychiatric, and medical disorders. The most common are

psychogenic seizures and syncopal episodes.

A. Syncope is defined as a brief episode of loss of consciousness as a result of a transient decrease in cerebral
blood flow. Episodes last a few seconds. Brief tonic—clonic movements and incontinence of urine and feces can
occur (convulsive syncope). An EEG during the prodromal period (light-headedness) shows diffuse high-
amplitude slowing, and when tonic or clonic activity occurs, the EEG result is isoelectric.

B. Psychogenic seizures are suspected when a patient has seizures precipitated by stress when others are present, no

response to anticonvulsants, seizures of long duration up to 15 or 30 minutes or even hours, side-to-side head

movements, pelvic thrusting, arrhythmic jerking, bilateral motor activity with preservation of consciousness,
bizarre and aggressive behavior, and crying. There is no postictal confusion after generalized tonic—clonic
jerking. However, some of these symptoms (bizarre complex automatism, pelvic thrusting, bilateral motor
activity) can occur among patients with complex partial seizures of frontal lobe origin and supplementary motor
seizures.

Panic attacks.

Cerebrovascular disorder. Transient global amnesia.

Migraine with brainstem aura.

E. Sleep disorder. Narcolepsy.

G. Movement disorder. Myoclonus, choreoathetosis, familial paroxysmal dystonia.

H. Paroxysmal vertigo.

I. Toxic—metabolic disorder. Alcohol withdrawal, hypoglycemia.

J. Daydreaming episodes.

=20

DIAGNOSTIC APPROACH

A. The history and examination are central to determine the type of seizure (generalized or focal, psychogenic,
related to syncope or metabolic causes, and so on), obtain descriptions of the aura (if present) and the seizure by a
witness, and identify subtle neurologic deficits. It is helpful to ask a family member to mimic the seizure. After the
initial evaluation, a presumptive etiologic diagnosis and a tentative seizure classification are often possible and
should determine the extent of the evaluation.

B. Laboratory evaluation should include serum electrolytes, baseline renal and hepatic function tests to rule out
metabolic causes, drug screening, and other tests as indicated by the history and examination findings.

C. If syncope is suspected, electrocardiography and Holter monitoring are performed as indicated by the history
and examination findings. More extensive evaluation for cardiac causes of syncope may be needed.

D. Sleep and awake EEGs are obtained with activation procedures (hyperventilation and photic stimulation) and
special electrodes. An ambulatory EEG may be helpful in the evaluation of patients with suspected seizures or
pseudoseizures or suspected convulsive episodes of syncope.

E. Prolonged video EEG may be needed to confirm the diagnosis, characterize the seizure type, and exclude
psychogenic seizures. Complex partial seizures of frontal lobe origin and supplementary motor seizures are often
misdiagnosed as psychogenic seizures, and ictal recordings are often needed.

F. Sleep studies (multiple sleep latency test and polysomnography) may be needed in the evaluation of some patients
with suspected sleep disorders.

G. MRI should be performed on patients with partial seizures and secondary (symptomatic) generalized epilepsy.

REFERRAL

A. For patients with recurrent seizures, an initial neurologic consultation, including an EEG to clarify the seizure
type, allows the proper choice of anticonvulsants.

B. When the diagnosis remains unclear after the initial evaluation or there is lack of response to anticonvulsants, the
patient should be referred to a Comprehensive Epilepsy Center. Evaluation at such centers includes prolonged
video EEG with sphenoidal electrodes. It is important to emphasize that patients with poorly controlled epilepsy
have a higher mortality rate than does the general population. Death is usually caused by accidents, status
epilepticus, sudden unexplained death, cardiac arrhythmias, and suicide. However, when seizures are completely
controlled after surgery, the mortality rate is not different from that of the age-matched general population.

1. Because the treatment and prognosis are based on the seizure type and epileptic syndrome, ictal recordings
are invaluable and allow the proper choice of anticonvulsants.

2. Ictal recordings are the most effective way to diagnose psychogenic seizures, but patients with psychogenic
seizures may also have epileptic seizures, and all the habitual seizure types should be recorded. To
compound the problem, some patients with supplementary motor seizures and other simple partial seizures may
have no ictal EEG changes on scalp recordings, or the EEG activity may be obscured by muscle artifacts.
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Inpatient prolonged video EEG recordings with reduction of AEDs may clarify the diagnosis by recording
secondarily generalized seizures.

C. Identification of surgical candidates and recent advances in the treatment of medically resistant partial
epilepsy. Approximately 3 million people in the USA have epilepsy and 30% to 40% of these patients are
refractory to medical treatment. These patients should be referred to a comprehensive epilepsy program, for the
diagnosis and treatment of their medically resistant epilepsy. Two randomized clinical trials for temporal lobe
epilepsy demonstrated the benefits of surgical treatment; however, despite that, surgical treatment for epilepsy
remains underutilized. Prolonged video EEG with surface electrodes and in some patients with intracranial
electrodes, 3-Tesla head MRI, tests of focal functional deficits (fluorodeoxyglucose positron emission tomography
scans), functional MRIs, to lateralize language, and neuropsychological testing and the intracarotid amobarbital
procedure to assess language and memory are conducted at epilepsy centers to identify surgical candidates.

D. Patients with medically refractory temporal lobe epilepsy are the largest group of patients undergoing epilepsy
surgery, and 70% to 80% of these patients become seizure free after surgery. A longitudinal study of a large
number of patients who underwent temporal resection showed the lasting benefits of epilepsy surgery. The best
surgical outcome was observed among patients with small lesions such as cavernous malformations, and mesial
temporal sclerosis. Studies have also shown considerable improvement in the quality of life of patients who
became seizure free after surgery.

E. Neurostimulators in epilepsy. Vagal nerve stimulation was approved for the treatment of patients with refractory
partial epilepsy who are not candidates for surgical resection. In clinical trials, 30% to 40% of patients with
medically refractory partial seizures had a reduction in seizures of at least 50%.

The SANTE trial (Stimulation of the Anterior Nucleus of the Thalamus for Epilepsy) reported the results of 110
patients who participated in a multicenter, double-blind, randomized controlled trial of bilateral stimulation of the
anterior nuclei of the thalamus for localization-related epilepsy. The long-term efficacy and safety of deep
thalamic stimulation (DBS) for drug-resistant partial epilepsy found that the median percent seizure reduction
from baseline was 69% at 5 years of follow-up. There was also a significant improvement in the responder rates,
seizure severity, quality of life, and reductions in most severe seizures. Based on the results of the SANTE trial,
DBS for epilepsy was recently approved in Europe, but remains investigational in the United States.

The responsive neurostimulation (RNS) provided class I evidence that responsive cortical stimulation is
effective in significantly reducing seizure frequency in adults who had failed two or more antiepileptic medication
trials, and had one or two seizure foci. Based on the RNS trial responsive neurostimulation was recently
approved in the United States for adults with medically refractory partial onset seizures who meet the above
criteria.

Key Points

* Seizures result from paroxysmal, hypersynchronous, abnormal activity of neurons in the cerebral cortex, and can
be manifestations of toxic—metabolic abnormalities or of infection or secondary to a variety of disorders that
affect neuronal function, or idiopathic with unknown cause.

» The international classification of epileptic seizures consists of two main categories: partial seizures and
generalized seizures.

« Partial seizures (focal) result from localized epileptogenic lesions, except in children with benign focal
epilepsy who have no structural lesions.

» Temporal lobe seizures are the most common partial seizures, and most of these patients have an epigastric
aura, staring, and oroalimentary and gestural automatisms. The head MRI often shows mesial temporal
sclerosis.

» There are 3 million people with epilepsy in the United States and 30% to 40% of these patients have medically
resistant epilepsy, and these patients should be referred to a comprehensive epilepsy program for evaluation
and treatment.
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7

Approach to the Patient with Syncope

Peter A. Santucci, Joseph G. Akar, and David J. Wilber

Syncope is often used broadly to describe transient loss of consciousness (TLOC) and postural tone followed by
spontaneous recovery. Though application of the term varies, modern usage commonly refers specifically to the
subgroup of these related to transient global cerebral hypoperfusion (distinguishing syncope from TLOC from other
causes such as seizure, trauma, or psychogenic causes). Though often of benign etiology, syncope can also be the
manifestation of a dangerous underlying disorder or the precursor to sudden death. Even in benign forms, it can
severely impact quality of life, not only by causing anxiety, but also by the potential restrictions on driving and work
that may be necessary. In the United States, syncope accounts for approximately 1% of emergency department visits
leading to over $2 billion of costs per year. More than a million individuals a year are evaluated for syncope and
related injuries (e.g., falls, fractures), which not only creates a high cost burden on the healthcare system, but also is
indicative of the significant impact on patient well-being and quality of life.

ETI0LOGY

Syncope is broadly defined as most commonly cardiovascular in etiology. Either a generalized or local cerebral
impairment of blood/oxygen delivery can cause the loss of consciousness. Despite frequent referral for neurologic
investigation after syncope, primary neurologic causes of TLOC are uncommon. However, neurally mediated
cardiovascular causes resulting in impaired oxygen delivery (e.g., neurocardiogenic/vasovagal episodes) are the most
common cause of syncope.

Even in cases where seizure-like motor activity is witnessed after the loss of consciousness, these may be a
consequence of a cardiovascular etiology and an assessment for such is often warranted. Other causes of TLOC may
present similarly and at times may be difficult to distinguish on initial evaluation.

Cardiovascular causes include decreased cardiac output secondary to abnormalities in heart rate (HR) and/or
stroke volume, impairment of cerebral blood flow (CBF), and decreased blood pressure related to hypovolemia or
decreased peripheral vascular resistance. Any medical condition causing one of these features may lead to the
development of syncope. As shown in Table 7.1, the causes of syncope can be classified into broad categories:
neurally mediated syncope, impaired orthostatic tolerance, cardiac arrhythmias, structural heart disease, and
cerebrovascular steal syndromes. Based on pooled data from five studies, the incidence of the major causes of
syncope is shown in Table 7.2.

Often multiple mechanisms can contribute to syncope. For example, medications, dehydration, or postprandial fluid
shifts can exacerbate mild preexisting orthostatic intolerance, neurally mediated syncope, sinus node dysfunction, and
impaired autoregulation of CBF. This is especially true in the elderly in whom syncope is commonly multifactorial.

Orthostatic intolerance can occur in several forms, including orthostatic hypotension, classic neurocardiogenic
syncope, and postural orthostatic tachycardia syndrome (POTS). Some overlap can exist between these etiologies.
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TABLE 7.1 Causes of Transient Loss of Consciousness

Syncopal

Neurally mediated
Vasovagal syncope
Carotid sinus syncope
Situational syncope (cough, swallow, micturition, defecation, postprandial, and so on)
Glossopharyngeal neuralgia
Orthostatic intolerance
Orthostatic hypotension
Volume depletion
Medications
Autonomic failure syndromes
Primary autonomic failure (Parkinson’s disease, MSA)
Secendary autenomic failure (e.g., diabetes mellitus, amyloidosis)
Alcohol or illicit drugs
Postexercise
POTS
Cardiac arrhythmias
Bradyarrhythmias
Sinus node dysfunction
Atrioventricular conduction system disease
Implantable device malfunction (pacemaker or defibrillator)
Tachyarrhythmias
Paroxysmal supraventricular and ventricular tachycardias
Primary electrical abnormalities (long QT syndrome, Brugada’s syndrome)
Cardiomyopathies: Arrhythmogenic right ventricular dysplasia, hypertrophic,
other cardiomyopathy
Drug induced (e.g., torsades de pointes, bradycardia)
Structural cardiovascular disease
Obstructive valvular disease, particularly aortic stenosis
Hypertrophic obstructive cardiomyopathy
Atrial myxoma
Aortic dissection
Pericardial tamponade
Pulmonary embolism
Cerebrovascular
Subclavian steal syndrome
Stroke/TIA (uncommon)

Nonsyncopal

Seizure

Psychogenic

Metabolic and other conditions
Electrolyte derangements
Hypoglycemia
Hypoxemia
Anemia

Abbreviations: MSA, multiple system atrophy; POTS, postural orthostatic tachycardia syndrome,
TIA, transient ischemic attack.

A. Neurally mediated syncope, also referred to as neurocardiogenic, reflex, or vasodepressor syncope, is common
and results from the activation of a reflex that produces a significant vasodilatory (vasodepressor) and/or
bradycardic (cardioinhibitory) response. Typically, it occurs after prolonged standing or sitting and may be
reproduced on tilt-table testing. Long-term follow-up studies have shown that neurally mediated syncope carries a
benign prognosis and a similar survival outcome to those patients with no history of syncope. Table 7.1 shows
various etiologies that can lead to neurally mediated syncope. Almost all of these etiologies can be diagnosed by
a carefully taken history. Classic vasovagal syncope may be considered in this group and usually occurs in the
setting of emotional or orthostatic stress, although it can also have an atypical presentation with no clear triggering
events or premonitory signs. A careful history should also diagnose the etiology of several causes of situational
syncope (e.g., postprandial, postmicturition, postdefecation). Syncope due to carotid sinus hypersensitivity occurs
in the setting of inadvertent mechanical pressure on the carotid sinus and can be reproduced by carotid sinus
massage. Glossopharyngeal neuralgia may present with syncope associated with painful swallowing.

TABLE 7.2 Incidence of Major Causes of Syncope and
Transient Loss of Consciousness

Cause %
Vasovagal 18
Situational 5
Orthostatic 8
Cardiac 18
Medication 3
Psychiatric 2
Neurologic 10
Carotid sinus I
Unknown 34

B. Orthostatic hypotension/orthostatic intolerance syndromes can cause inadequate cerebral perfusion leading to
syncope upon rising from a sitting or supine to an upright position. The most common mechanism of hypotension is
the loss of peripheral vascular tone because of failure of the autonomic nervous system to maintain peripheral
vascular resistance. This can occur because of a primary dysfunction of the autonomic nervous system associated
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with several neurodegenerative conditions (multiple system atrophy) or because of diseases causing secondary
autonomic nervous system failure (e.g., diabetes, amyloidosis). Multiple systems atrophy (MSA) encompasses a
group of sporadic progressive neurologic disorders characterized clinically by autonomic dysfunction (i.e.,
orthostatic hypotension, impotence, urinary retention or incontinence, and so on), parkinsonism, and ataxia in any
combination. Medications, alcohol, and drug toxicity should also be considered when evaluating orthostatic
hypotension. Volume depletion (e.g., dehydration, hemorrhage, Addison’s disease) may cause or exacerbate
orthostatic syncope. Combinations of medications that contribute to orthostatic hypotension are a particularly
common and overlooked cause.

POTS is a form of orthostatic intolerance in which the HR elevates (>30 bpm) in response to orthostatic stress
in the absence of hypotension (blood pressure decrease <20 mm Hg). Although presyncope is more common,
syncope also occurs in addition to a variety of other symptoms.

C. Cardiac arrhythmias often present with syncope because of a decrease in cardiac output. This can occur in
bradycardia (e.g., sinus arrest, heart block) or tachycardia (e.g., nonsustained ventricular tachycardia/fibrillation).
It is relatively uncommon for supraventricular tachycardias to cause syncope in the absence of other structural
heart diseases or the Wolff—Parkinson—White syndrome (i.e., preexcited atrial fibrillation). Arrhythmic syncope
may indicate a risk for sudden death and should be aggressively managed. In patients with congestive heart failure
(CHF), syncope is associated with an increased risk of cardiovascular and total mortality.

D. Structural heart disease can cause syncope because of the inability to produce sufficient cardiac output to match
demand. Obstructive valvular heart disease and hypertrophic cardiomyopathy are well-established etiologies.
Primary pump failure due to myocardial dysfunction can also lead to syncope; however, associated ventricular
arrhythmias are a more common cause. Other less common conditions include atrial myxoma and pericardial
tamponade.

E. Cerebrovascular and other vascular causes of syncope are rare. These include acute aortic dissection and steal
syndromes, such as subclavian steal, in which CBF is shunted away from the brain. Obstruction of CBF is a rare
cause of true syncope. Most carotid artery distribution transient ischemic attacks (TIAs) cause unilateral visual
impairment, weakness, or loss of sensation. Posterior circulation TIAs generally manifest as vertigo, diplopia,
unilateral or bilateral hemianopia, ataxia or disequilibrium, but not loss of consciousness. Rare patients with TIA
may have TLOC, but isolated syncopal episodes without accompanying neurologic symptoms should generally not
be ascribed to a TIA.

F. Psychogenic “syncope” (pseudosyncope) is a form or TLOC mimicking syncope that occurs without any
substantial changes in hemodynamics and is often associated with a prior significant psychologic event. Physical
causes must be excluded. It and other causes are included in the differential diagnosis of TLOC, but are usually
distinguished from true syncope.

G. Syncope of unknown origin is a diagnosis made after a careful history, physical examination, and selected
laboratory tests have failed to elucidate a specific etiologic factor. Up to 40% of syncope may fall into this
category. This diagnosis is clinically useful because it is associated with a prognosis considerably better than that
of patients who have identifiable cardiac or neurologic causes of syncope. Although long-term follow-up studies
have shown that patients with syncope and a history of cardiac or neurologic disease may have increased
mortality rates, those patients with syncope of unknown causation have a distinctly better prognosis.

H. TLOC from neurologic or other causes, such as seizures or concussion, are distinct from syncope and are
covered elsewhere (see Chapters 6, 37, 42, and 43).

EVALUATION

The evaluation of syncope should address these key questions:

e Was the loss of consciousness attributable to true syncope or to other causes? A careful history is crucial for
making the diagnosis and excluding nonsyncopal etiologies. Table 7.3 lists some conditions that are commonly
distinguished from syncope, some of which are associated with a TLOC.

* Which distinguishing features exist that may indicate the diagnosis? Table 7.4 lists features of vasovagal
syncope, seizures, and cardiac syncope.

* Is heart disease present? This is an important question not only for diagnosis, but also for prognosis. Patients with
syncope often have a fairly benign clinical course in the absence of heart disease. On the other hand, the presence
of cardiac disease may carry a much more ominous prognosis.

e Is the patient at risk of sudden death? As syncope can be a manifestation of a life-threatening condition, a
determination of patient risk should be made relatively early on.

Answering these questions can often largely be accomplished by an astute evaluation of the history and physical
examination alone. Additional studies are used as needed to provide further insight or to guide therapy.
A. History.

The history 1s by far the most crucial component of the evaluation of syncope. In many cases, a good history
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alone can point to the diagnosis and afford a good evaluation of risk. Particular attention should be paid to the

following points:

TABLE 7.3 Conditions to be Distinguished from Syncope

Disorders not associated with loss of consciousness

Falls

Drop attacks
Disorders associated with loss of consciousness
Psychogenic (may or may not have loss of consciousness)
Metabolic disorders
Hypoglycemia

Hypoxia

Hyperventilation with hypocapnia

Epilepsy

Medication/pharmacologic (anesthetic/sedating including recreational drugs,

alcohol)

TABLE 7.4 Typical Features of Vasovagal Syncope, Seizure, and Cardiac Syncope

Vasovagal

Seizure

Cardiac

Feature onset

Typical milieu
or precipitating
factor

Posture at time
of onset

Subacute onset

Prodromal weakness,
nausea

Fatigue

Delayed prolonged
standing or skipping
meals

Crowded enclosed
confines pregnancy pain
or trauma emotional
situation

Standing or sitting

Sudden onset or brief
aura

Auditory hallucinations
or visual changes

Spontaneous onset

Triggered by flashing
lights or monotonous
sensory stimulation

Standing, sitting, or
supine

Sudden onset

None, chest pain, dyspnea,
palpitations diaphoresis,
and other cardiac symp-
toms may be present
Often spontaneous onset

During or following
exertion
Known or suspected struc-

tural heart disease

Standing, sitting, or supine

Appearance Pallor Normal or cyanotic ster-  Pallor transient loss of
torous respiration awareness
Brief tonic—clonic motor Stereotypic motor Brief periods of tonic—
activity possible activity clonic motor activity
possible

Occasional urinary Urinary incontinence Urinary incontinence
incontinence common uncommon

Residual Rapid recovery Delayed recovery Rapid or briefly delayed

Recurrence with re-

Postictal cognitive

recovery
If prolonged hypoxia, ev-

sumption of upright impairment idence of central nervous
posture possible system injury present system
Todd's paralysis Symptoms of cardiac

dysfunction

1. Patient characteristics. In addition to the patient’s current age and gender, the age of onset of syncope yields
relevant clues in recurrent cases. A long-standing history of syncope from a young age in an otherwise healthy
individual may suggest a neurocardiogenic etiology. Comorbidities are often relevant to the diagnosis. The
most important prognostic factor in patients presenting with syncope is the presence of cardiac disease. Known
comorbidities such as coronary artery disease, hypertension, congestive heart failure, hypertrophic obstructive
cardiomyopathy, and valvular disorders require special emphasis. Symptoms associated with cardiac
conditions such as palpitations, dyspnea, fluid retention, decreased exercise tolerance, lightheadedness, or
chest pain require further evaluation.

2. Events leading to syncope. A patient’s activity and posture before the episode should be noted. Syncope that
occurs while supine may favor either an arrhythmic etiology or seizure, and largely excludes the etiologies
dependent on orthostatic stress. Conversely, syncope occurring shortly after standing is typically because of
orthostatic hypotension, while syncope during prolonged standing is most often neurocardiogenic. Vasovagal
syncope is likely if the event was triggered by fear, pain, emotional distress, or blood draw.

Syncope occurring during or immediately after urination, defecation, coughing, or swallowing is a feature of
situational syncope. Postprandial syncope is characterized by episodes that occur 15 to 90 minutes following
meals. Syncope in the setting of neck manipulation such as extension, flexion, rotation, or compression (e.g., a
tight shirt collar, necktie, or during shaving) may suggest carotid sinus hypersensitivity.

Syncope in the setting of exercise is particularly worrisome for a cardiac etiology. Syncope during physical
exertion is a characteristic finding in aortic stenosis, atrioventricular (AV) block, or tachyarrhythmias, whereas
loss of consciousness after exercise should arouse suspicion for hypertrophic cardiomyopathy or ventricular
arrhythmia.

3. Prodromal signs and symptoms often provide clinically relevant information. Very brief prodromal symptoms

81



lasting only seconds are a characteristic of cardiac causes, situational syncope, and orthostatic hypotension.
Cardiac causes of syncope often do not have any prodromal symptoms or may present with dizziness and/or
palpitations. On the other hand, vasovagal syncope typically has a more sustained warning period
accompanied by symptoms of nausea, diaphoresis, and flushing. Focal neurologic symptoms such as vertigo,
diplopia, ataxia, dysarthria, hemiparesis, and unilateral numbness are uncommon and may be indicative of a
TIA as the cause of the loss of consciousness.

. Events during the syncopal period. Though this typically requires the presence of a witness, obtaining as
much detail as possible regarding the events during the syncopal episode may be highly valuable. The patient
may be amnestic for events before, during, and after the episode. Often patients deny the loss of consciousness,
even when it occurs. A detailed history confirming a true loss of consciousness and describing neuromuscular
activity is extremely valuable. Although prolonged episodes of cerebral anoxia (more than 10 to 15 seconds)
can induce brief involuntary motor activity, the presence of more sustained episodes of alternating tonic and
clonic muscle action is strongly suggestive of a seizure. Urinary incontinence is more frequent among patients
with seizures, although it can accompany syncope of any cause. Fecal incontinence is more specific for
seizures.

. Postsyncopal events. Details of events immediately following the loss of consciousness may provide
important diagnostic clues. This history may also need to be obtained from witnesses. Prolonged duration of
confusion, amnesia, or lethargy is more consistent with seizure activity rather than a cardiac or neurally
mediated event. Similarly, the presence of focal neurologic symptoms or signs points to an inciting neurologic
event such as a seizure with residual functional deficit (Todd’s paralysis) or ischemic injury. Facial pallor
points to syncope, facial plethora is more suggestive of seizure, and diffuse muscle soreness suggests seizure
activity (see Chapters 5, 6, 42, and 43).

. Family history. A family history of syncope, arrhythmias, or early sudden cardiac death may point to a genetic
condition linked to ventricular arrhythmias, even in the absence of structural heart disease. Such a history
should prompt more detailed cardiac investigation.

. Comorbid conditions. In addition to the emphasis placed on obtaining a detailed history of any cardiovascular
pathology, other comorbidities may be of relevance.

The history taker should address the possibility of neurologic disorders predisposing to seizures mimicking
syncope. This includes primary or metastatic neoplasia, as well as a history of previous trauma, infection, and
ischemic or hemorrhagic injury to the brain. Medical conditions such as diabetes mellitus, alcohol abuse,
vitamin B, deficiency, or other metabolic disorders are associated with peripheral or autonomic neuropathy

and can cause orthostatic hypotension.

A gynecologic history should be elicited in appropriate patients to identify risk factors for pregnancy,
particularly in ectopic locations. Pregnant patients are at increased risk of syncope because of orthostatic
hypotension and vasovagal reactions. Moreover, a ruptured ectopic pregnancy occasionally manifests with
syncope.

A history of anxiety disorders and depression is important to elucidate. Psychiatric illness should be
suspected as a potential etiology, especially in patients with severe, atypical, repetitive, and drug-refractory
episodes. Patients with psychogenic syncope may have reproducible symptoms on tilt-table testing despite a
normal HR, blood pressure, and electroencephalography (EEG).

Finally, careful review of the patient’s medication list is essential. Antihypertensive and other drugs can
cause syncope by reducing cardiac output and lowering peripheral vascular resistance. As shown in Table 7.5,
many antihypertensive and psychotropic medications can induce orthostatic hypotension. Numerous drugs can
prolong the QT interval and may provoke ventricular arrhythmias that lead to syncope. Combinations of drugs
can often be the culprit.

TABLE 7.5 Agents Causing or Exacerbating Orthostatic
Hypotension

Angiotensin-converting enzyme inhibitors
Angiotensin receptor blockers
o-Blockers

[-Blockers

Calcium channel blockers
Diuretics

Nitrates

Sildenafil citrate
Phenothiazines

Opiates

Tricyclic antidepressants
Ethanol

Bromocriptine
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B. Physical examination.

1. Vital signs should include an assessment of orthostatic hypotension, which is defined as a decrease of 20 mm
Hg in systolic blood pressure or 10 mm Hg in diastolic blood pressure following standing from a supine
position. It 1s important that the supine blood pressure be obtained after at least 5 minutes of recumbency and
the standing blood pressure measured initially and again after the patient has been erect for at least 2 minutes.

2. Given the prognostic importance of cardiac disease, a detailed cardiovascular examination should be
performed. Palpation of the carotid arteries may demonstrate weak and delayed carotid pulsation (pulsus
parvus et tardus), which occurs with hemodynamically significant aortic stenosis, or biphasic carotid pulsation
(pulsus bisferiens), which may be found in hypertrophic obstructive cardiomyopathy. Similarly, particular
attention should be paid to the presence of systolic—crescendo—decrescendo murmurs, implying the presence of
aortic stenosis or hypertrophic obstructive cardiomyopathy. Peripheral edema, elevated jugular venous
pressure pulmonary crackles, hepatomegaly, and a third heart sound (S;) signify heart failure. The presence of

a carotid bruit signifies a high likelihood of diffuse atherosclerotic vascular disease involving the cerebral,
coronary, and peripheral vasculature. A supraclavicular bruit and a diminished upper extremity arterial
pulsation are evidence of subclavian steal syndrome.

If carotid sinus supersensitivity is suspected, carotid massage can be performed in the absence of a bruit or
known atheromatous disease. Carotid sinus hypersensitivity can be detected by means of monitoring changes in
blood pressure and HR after 5 to 30 seconds of unilateral carotid artery massage. Responses are characterized
as cardioinhibitory, vasodepressor, or mixed. Carotid sinus hypersensitivity is more common in older patients.
Electrocardiographic and resuscitation equipment should be available.

3. A screening neurologic examination should be pursued to detect cognitive impairment, the presence of focal
neurologic defects indicative of either acute neurologic injury or a preexisting substrate for a seizure disorder,
peripheral neuropathy that would predispose to orthostatic hypotension, or a movement disorder that would
cause nonsyncopal falls.

4. A digital rectal or stool examination should be considered if there is concern about gastrointestinal bleeding.

C. Laboratory and other studies.

1. Electrocardiography (ECG)

a. ECG. The resting 12-lead ECG 1s an important test for both prognosis and triage. Although it is relatively
uncommon for the ECG to directly demonstrate an arrhythmic cause for syncope, the presence of pathologic
Q waves, left axis deviation, left bundle branch block, or left ventricular hypertrophy may point to
underlying cardiac pathology. Severe sinus bradycardia or AV block may be diagnostic. Other ECG signs
may suggest pulmonary embolism

Repolarization abnormalities also may provide clues critical to determining the etiology of syncope.
These include long QT intervals (long QT syndrome), epsilon waves with precordial T-wave inversions
(arrhythmogenic right ventricular dysplasia/cardiomyopathy), and right bundle branch block with coved ST
elevation in leads V1-V3 (Brugada’s syndrome). Abnormally short QT intervals may also be relevant.

b. Ambulatory electrocardiography. Ambulatory electrocardiography has become a critical tool in the
diagnosis of syncope. Because of the transient nature of arrhythmias causing syncope, routine 12-lead ECGs
rarely capture the culprit arrhythmia, and extended monitoring is often required to make a definitive
diagnosis. Several types of monitors could be used, depending on the frequency of the symptoms: 24-hour
continuous recordings, patient-activated looping and nonlooping event monitors, and continuous 24-hour
monitors that can be worn up to a period of 30 days or more.

Ambulatory monitoring has limited specificity because certain rhythm disturbances, such as brief pauses,
premature atrial and ventricular contractions, and nonsustained ventricular tachycardia, can be detected
even when they are not responsible for the syncope. Thus, it is important to correlate the findings of
ambulatory monitoring with symptoms. If symptoms occur during monitoring and no ECG abnormalities are
detected, a rhythm disturbance is effectively excluded as an etiologic factor.

c. Implantable loop recorder (ILR). Of increasing utility, subcutaneous ILRs for long-term monitoring have
become an essential tool in the evaluation of syncope of unknown etiology. Newer-generation ILRs can be
injected in the anterior chest in a brief procedure requiring only a local anesthetic, and have the energy to
run for several years. These devices can unmask or exclude cardiac arrhythmias as the cause of infrequent
episodes of recurrent syncope when all other evaluation has been inconclusive.

2. Echocardiography is one of the most widely used tests when evaluating patients for cardiac disease.
Echocardiography can provide clues regarding the etiology of syncope such as valvular heart disease or atrial
myxoma. More importantly echocardiography can confirm or exclude the presence of left ventricular
dysfunction, which is associated with a risk of sudden cardiac death and which carries important prognostic
implications.

3. Blood laboratory testing. Serum electrolyte abnormalities should be excluded. Elevated prolactin levels have
been reported in some patients hours after generalized tonic—clonic seizures. The same is true for creatine
kinase levels, although increased serum concentrations also can be caused by injury during a syncopal episode.
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Serum glucose levels are most valuable at the time of the event, particularly in evaluation of diabetic patients
who have recently increased their insulin or oral hypoglycemic therapy or decreased their caloric intake. A
complete blood count is occasionally helpful if blood loss or severe anemia is suspected.

Arterial blood gas analysis can be useful in evaluation of the occasional patient in whom pulmonary
embolism is suspected because of the history, physical examination findings, or ECG results.

4. Stress testing or coronary angiography to assess for coronary ischemia is appropriate in some patients,
particularly the elderly, those with exertional symptoms (syncope, chest pain, or dyspnea), cardiomyopathy, or
ventricular arrhythmias.

5. Electrophysiologic testing is used to assess the integrity of the sinus node, cardiac conduction system, as well
as the predisposition to ventricular and supraventricular arrhythmias. However, sensitivity is limited. The
results are most often abnormal in patients with known heart disease or those with significant abnormalities on
a routine ECG. Findings of greatest diagnostic value include inducible monomorphic ventricular tachycardia,
markedly abnormal sinus node recovery times, inducible supraventricular tachycardia with hypotension,
significant infra-His conduction disease, and pacing-induced infra-His block. Recent studies have shown that
patients with underlying left ventricular dysfunction are at high risk of arrhythmic death and benefit from
prophylactic defibrillator insertion even in the absence of syncope. Thus, patients with syncope and left
ventricular dysfunction may not necessarily benefit from electrophysiologic testing to assess inducibility of
ventricular arrhythmias.

6. Tilt-table testing. The utility of tilt-table testing for the diagnosis of neurocardiogenic syncope remains poorly
defined. It is only a moderately sensitive and specific test. A positive result is reproducible only 70% of the
time. The limited reproducibility of the test and the variable natural history of unexplained syncope reduce its
utility. Abnormal response patterns to tilt-table testing include the vasovagal response, which consists of a
decrease in blood pressure (vasodepressor) and bradycardia (cardioinhibitory), and the dysautonomic
response, which represents a failure of the autonomic system to compensate for an acute decrease in venous
return that occurs with upright posture. Thus, the HR does not significantly change while the blood pressure
declines. A third response to tilt-table testing is the POTS response in which there is a significant increase in
HR in response to upright positioning.

7. Radiographic studies/magnetic resonance imaging (MRI). Routine head computed tomography (CT) and
MRI of the brain have low yields but may be useful in the evaluation of patients who have sustained major
head trauma, have a newly diagnosed seizure disorder, or have focal deficits on the neurologic examination
(see Chapter 35). In addition, cardiac CT and MRI are becoming valuable means of detecting abnormal
cardiac substrate that may not have been found by other means.

8. EEG is not required routinely, but should be performed when clinical evaluation points to seizure or in
syncope of undetermined etiology when there is adequate suspicion (see Chapter 36).

9. Device interrogation. Patients with syncope in the presence of implanted pacemakers or implantable
cardioverter defibrillators should have the devices checked by appropriate personnel. Not only should device
malfunction be excluded as a cause of syncope, but modern devices store a plethora of diagnostic information
that may be useful in diagnosis.

MANAGEMENT

The majority of syncope is of cardiovascular cause, and the diagnosis is often suggested after a complete history and
physical examination. The goals of syncope management are twofold. One is prevention of further syncope and its
potential effects including physical injury, driving risks, and work restrictions. Even more important is the prevention
of sudden death in those at risk. Some patients with syncope from life-threatening cardiac disorders may appear
healthy and be otherwise asymptomatic. For example, highly functional athletes, including at the professional level,
may have malignant conditions (hypertrophic cardiomyopathy, genetic causes of ventricular arrhythmias, and so on)
that lead to sudden cardiac death.

If the cause 1s unclear, evaluation of a resting 12-lead ECG should be performed in nearly all patients. Patients with
symptoms or signs of cardiac disease, those with abrupt syncope without warning, and those with a concerning family
history of sudden death receive more detailed cardiac evaluation, which often includes echocardiography, evaluation
for coronary artery disease, and referral to a cardiologist or electrophysiologist. Further cardiac testing, including
electrophysiologic studies and/or long-term cardiac monitoring, may be appropriate (see Video 7.1). Patients with
unexplained syncope at high risk may be appropriate for preventive therapies, including the implantation of cardiac
rhythm devices. Neurocardiogenic syncope can sometimes be difficult to manage because of the limitations of
currently available therapies. Some orthostatically induced causes can also be challenging. Treatment should be in
accordance with recent guidelines. When the symptoms are deemed not to be of cardiovascular etiology or are
nonsyncopal (e.g., seizure, psychogenic, traumatic), the patient should be managed accordingly or referred to the
appropriate specialist.
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Key Points

» Syncope, even when broadly defined, is most commonly cardiovascular in etiology.
» Though most cases are of benign etiology, recurrent symptoms can severely impact quality of life and should be
aggressively managed.

» Syncope can be the initial manifestation of serious cardiovascular conditions that may place the patient at risk
of sudden death.

» With proper knowledge and questioning, the diagnosis is often suggested after a complete history and physical
examination.

» The goals of syncope evaluation and management are twofold. One 1s the prevention of further syncope when
feasible. However, the evaluation of risk and the prevention of sudden death are even more critically important.

» An assessment for heart disease is appropriate in many cases, particularly if the diagnosis is uncertain after the
initial evaluation.
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Approach to the Patient with Gait Disturbance and Recurrent Falls

Xabier Beristain

The act of walking is often perceived as a natural and simple activity, yet is a very complex motor skill. Therefore,
any disruption of the anatomical structures involved in generating and maintaining a normal posture and gait would
translate into a gait disorder. Gait and balance disorders are very common and a significant source of disability and
diminished quality of life, with about 20% of older adults having difficulty walking or requiring an assistive device to
ambulate. Arguably balance and gait examination is one of the most informative parts of the neurologic exam and able
to provide a significant insight about the patient’s functional status.

PATHOPHYSIOLOGY

A. Locometion could be described as cyclic, patterned movements of the limbs with advancement in space and
requiring controlled integration of posture and movement. Postural control is required to assure dynamic and
static stability. For effective locomotion, appropriate locomotor patterns have to be generated and modified as
needed on the basis of goals; inputs obtained from somatosensory, vestibular, and visual pathways; and changing
environmental factors. These inputs are also combined with experience to adjust to the environmental conditions
and anticipate any potential threatened stability. These anticipatory mechanisms may require tapping into the
working memory and cognitive abilities that unfortunately can already be affected in patients with brain disorders.

B. Anatomy and physiology. The generation and control of locomotion are governed by a three-level network that
also requires anticipatory postural adjustments mediated by the corticoreticulospinal system. The three levels
include the spinal central pattern generator (CPG), the brainstem locomotor regions, basal ganglia output and its
descending pathways, and control from the cerebral cortex (Fig. 8.1).

1. Spinal locomotor CPGs. The spinal cord generates muscle activation patterns with reciprocal burst of activity
in flexor and extensor muscles of the same limb. The rhythmic alternation of right and left [imb movements is
achieved through second-order interneurons in the Rexed lamina that project to the contralateral side. The
activity of the CPG is modulated by sensory proprioception feedback and skin afferents. The centers for
postural muscle synergies are likely localized rostrally, in the ventromedial reticular formation, as suggested
by spinal cats that can walk but cannot maintain balance.

2. Brainstem locomotor regions include three areas involved in locomotion: the mesencephalic locomotor
region (MLR), the subthalamic locomotor region (SLR), and the cerebellar locomotor region (CLR). The
MLR is located mainly in the cuneiform nucleus, by the pedunculopontine nucleus (PPN), and receives inputs
from the prefrontal cortices and the SLR. It is hypothesized that the excessive inhibitory effects exerted by the
basal ganglia over the PPN/MLR maybe the pathophysiologic basis for gait disturbance in Parkinson’s disease.
Because the SLR is part of the lateral hypothalamus, it may contribute to emotional motor behaviors that would
be mediated by the MLR. The CLR is located in the medial aspect of the cerebellar white matter. The CLR
appears to exert its action on locomotor rhythm generation through the MLR. Muscle tone is influenced both by
inhibitory and excitatory pathways at the brainstem level. The inhibitory system, mainly mediated by the PPN,
regulates postural muscle tone, rhythm, and pattern of locomotion. The excitatory reticulospinal tract from the
mesencephalic reticular formation, in addition to activating the CPG, increases postural tone. The
vestibulospinal tract controls the overall level of muscle tone while the rubrospinal tract may regulate flexor
muscle activity during locomotion such as when stepping over obstacles.

86



- Parietal, temporal,
& occipital lobes

1T ¢4 1

Basal
ganglia

Tl
ML

Frontal lobe

Thalamus

—> R

D

.l. Cerebellum
PMRF ¢

Spinal CPGs

FIGURE 8.1 Summary of important areas mvolved in human locomotion. Shaded areas are hypothesized to be important in the
development of HLGDs. CPGs, central patterns generators; HLGD, high-level gait disorder; MLR, mesencephalic reticular
formation; PMREF, pontomedullary reticular formation. (From Nutt JG. Higher-level gait disorders: an open frontier. Mov Disord.
2013;28(11):1560-1565.)

3. Cortical locomotor areas. The premotor (PM) and the supplementary motor area (SMA) are very
important for gait initiation. PM cortex may be responsible for sensory-guided gait initiation, whereas the SMA
may be also important for postural control. The temporoparietal cortex may integrate inputs from visual,
vestibular, and proprioceptive pathways that would help to generate, in real-time, motor programs by the PM
and SMA to adapt to a changing walking environment or situation.

ETi0LOGY

A.

Gait disturbances. A gait disturbance could be understood as a gait pattern that deviates from the accepted
“normal” gait; in that sense defective synchrony, fluency, smoothness and symmetry while walking, among other
features, would represent an abnormal gait. A gait disturbance may be caused by disruption at any level of the
neuraxis, and following the proposal by Nutt, Marsden, and Thompson gait disorders can be classified in a
hierarchical anatomically based system. This classification divides gait disorders into low-level, middle-level,
and high-level gait disorders (HLGDs) (Table 8.1). It should be taken into account that multiple factors are often
at play to cause gait disturbance, particularly in the elderly.

Causes of recurrent falls. Errors in judgment and environmental hazards are responsible for one-third to one-half
of the falls. About one-third of people older than 65 years may fall at least once a year, with one-fourth of them
suffering a serious injury and about 5% of them having a fracture. Most of the patients with recurrent falls have
neurologic disease, and the incidence of falls in hospitals and nursing facilities is almost three times the rates for
community-dwelling older adults over 65 years of age. Common cause of recurrent falls include peripheral
neuropathy, residual of stroke, diffuse cerebral ischemic disease, parkinsonian syndromes, dementing illnesses,
effects of medication, orthostatism, vestibulopathy, and poor vision, among others.

CLINICAL MANIFESTATIONS

A.

Features of normal walking. The gait cycle is defined as the time between successive heel-floor contacts with
the same foot, and it consists of two steps that would be one stride (Fig. 8.2). The gait cycle can be divided into
two phases: stance phase and swing phase. About 60% of the gait cycle 1s spent in the stance phase and 10% of
that time 1s bipedal support. The stance phase is when the foot is on the ground; the swing phase is the time when
the foot 1s in the air. The stance phase can be divided into initial double-limb support, single-limb stance, and
second double-limb support. The swing phase is divided into initial swing, mid swing, and terminal swing. Gait
parameters such as step length, cadence, and step height are shown in Table 8.2.
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TABLE 8.1 Higher-, Middle-, and Lower-Level Gait Disorder and
Their Anatomical Correlates

Levels Anatomical Level Balance and Gait Pattern
Psychological/psychiatric Variable: slow, buckling knees

Higher Cortex Different patterns: cautious, parkinsonian, ataxic,

Higher Subcortical spastic, magnetic, gait ignition failure, disequilibrium

Middle Basal ganglia Parkinsonian/dystonic/choreic

Middle Thalamus Astasia/ataxia

Middle Cerebellum Cerebellar ataxia

Middle Brainstem Ataxia/spasticity

Middle Spinal cord Spastic gait/tabetic gait

Lower Peripheral nerve Sensory ataxia/vestibular disequilibrium/visual
Proprioception, vestibular, visual disequilibrium

Lower Neuromuscular junction Waddling

Lower Muscle Waddling, steppage, Trendelenburg
Skeleton Antalgic/compensatory for deformities

1. Stride length (length of two successive steps) and cadence (steps per minute) determine the velocity of
walking. Gait velocity and step length are lower among women while cadence 1s higher in women. The most
commonly affected gait parameters in older individuals are the reduction of walking speed and step length and
increase in bipedal support. The magnitudes of arm swing, toe—floor clearance, and hip and knee rotations are
proportional to stride length and velocity. Reduced gait velocity is a nonspecific sign of an underlying medical
condition and is associated with reduced long-term survival.
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FIGURE 8.2 Phases of the normal gait cycle, expressed as percentage of total stride. DLS, double-limb support; SLS, single-
limb support.

TABLE 8.2 Gait Parameters

Stance phase When the foot is on the floor

Swing phase When the foot is in the air

Stance time The time when the foot is on the floor

Swing time The time when the foot is in the air

Cadence Number of steps per minute

Step length Distance advanced by one foot compared to the position of the other

Stride length The sum of two consecutive step lengths or the distance advanced by one
foot compared to its prior position

Step time Time between heel strike of one foot to heel strike of the other foot

Gait cycle The time between two consecutive heel strikes of the same foot

Stride time Time for a full gait cycle

Average gait velocity Stride length divided by stride time

2. The total-body center of mass oscillates vertically and horizontally during ambulation. The maximal vertical
oscillation happens during the single-limb support, while the most lateral horizontal excursions of the center of
gravity occur at the times of mid-single-limb support. These vertical and horizontal excursions of the center of
mass are optimized to consume the least amount of energy. Therefore, most gait disorders are associated with
increased energy expenditure during ambulation.

B. Normal development of walking. Most children walk independently by 15 months, and failure to walk by 18
months should be investigated as it could be indicative of an underlying central nervous system (CNS) pathology,
neuromuscular disease, visual impairment, or vestibular disease. Maturation of gait and balance probably
continues throughout childhood, but most of this maturation is accomplished by 3 or 4 years of age. By 5 years, the
child should be able to walk, run, hop, skip, and jump.
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C. Abnormal patterns of walking. Gait abnormalities can be classified in a hierarchical way as emerging from
disturbances at different levels of the neuraxis and neuromuscular system. With this in mind, we may divide gait
disorders as lower-, middle-, and higher-level gait disorders on the basis of the levels of motor control of
locomotion. It should also be taken into account that the characteristics of an abnormal gait are usually a
combination of the underlying pathologic process, compensatory mechanisms, and potential development of
secondary musculoskeletal abnormalities.

1. Lower-level gait disorders

The clinical characteristics of lowest- and middle-level gait disorders are predictable and consistent with

the observed neurologic and neuromuscular deficits. The associated compensatory mechanisms are appropriate
although limited by the underlying pathologic process and do not have a maladaptive counterproductive
quality. Lower-level gait disorders are caused by disease of the muscles, peripheral nerves, skeletal pathology,
peripheral vestibular system, and anterior visual pathway.

a.

Steppage gait. Steppage gait is seen in the context of weakness of foot dorsiflexion and could be uni- or
bilateral. For the toes to clear the ground during the swing phase of gait and to avoid tripping, it will
require an exaggerated knee and hip flexion on the affected leg; the step 1s high and short, and the foot
commonly slaps the floor at the end of swing phase. Peroneal nerve injury, radicular compromise, and a
demyelinating neuropathy are common causes of this gait pattern.

. Waddling and Trendelenburg gaits. The waddling gait pattern can be seen with bilateral hip girdle muscle

weakness and in patients with bilateral orthopedic hip problems. Gait is wide based, short stepped, and
associated to increased alternating lateral body sway and excessive hip drop. Increased arm abduction may
also occur as well as exaggerated lumbar lordosis if there is superimposed weakness of the paraspinal
muscles. Trendelenburg gait is characteristic of unilateral hip abductor weakness, and it is associated with
ipsilateral lurching of the torso and hip drop on the contralateral side while standing on the leg of the
affected side.

. Sensory ataxia. The ataxic gait is characterized by wide base with variability in step length, and there is

considerable stride-to-stride variability. This 1s associated with unsteadiness, and it is not specific for a
particular location in the neuraxis: it can be seen in the context of proprioceptive deficits (i.e., sensory
ataxia), cerebellar dysfunction (i.e., cerebellar ataxia), and pontine and thalamic pathology. The problem is
more obvious when the eyes are closed (Romberg test). Abnormal postural sway can be present during
stance with eyes open and closed.

Visual dise quilibrium. Sensation of being off balance in the context of acute visual distortion such as when
putting new prescription glasses on. This is typically associated with increased base of support,
cautiousness, and tentative steps.

. Vestibular dise quilibrium. Acute vestibular dysfunction may cause vertigo, with potential nystagmus,

instability, and a tendency to veer or fall toward the affected side. When the problem is chronic, the
symptoms are usually less dramatic, but the gait tends to be still cautious and mildly wide based, and the
patient has difficulty with Romberg maneuver and tandem walking. Patients are able to stand and walk
without assistance despite their disequilibrium.

Sensory disequilibrium. It refers to feelings of unsteadiness when there 1s a conflict among inputs from
visual, proprioceptive, and vestibular pathways. Acutely, this can be associated with falls but it may
become chronic specially if there is significant loss of at least two of these sensory modalities or there is no
adjustment of the CNS to the conflictive information from the different sensory modalities. In this setting,
the gait is slow and cautious, with increased bipedal support.

2. Middle-level gait disorders

Middle-level gait disorders are caused by ascending or descending sensorimotor tract lesions, cerebellar

dysfunction, bradykinesia, and hyperkinetic movement disorders.

a.

Spastic gait and scissoring. Lesion of the corticospinal tracts causes spastic gaits that can be hemiparetic
or paraparetic depending if the lesion is uni- or bilateral. In spastic gaits there is often a component of
associated weakness. Spastic hemiparetic gaits are characterized by lower limb hyperextension with
difficulty to flex hips and knees and excessive plantar flexion and inversion of the foot. Arm swing is
reduced with flexor or dangling arm posture. The base of support is narrow and because of the
hyperextension of the leg, to clear the ground while walking, will require a semicircular movement at the
hip during the swing phase (circumduction; Video 8.1). Patients with little spasticity and appropriate
proximal strength may clear the floor during the swing phase with increased hip flexion. Spastic
paraparesis is more commonly seen in patients with spinal cord injuries and shares some features with
hemiparetic gaits. In a sense, it could be imagined as walking on water up to the waist level. In addition, in
many cases, arm swing and upper limb posture are relatively normal depending on the level of the
pyramidal tract compromise. Spastic diplegic gait could be understood as a bilateral hemiparetic gait with
some particular features; the knees and hips are significantly flexed and hips are also adducted during the
gait cycle, causing the legs to cross each other in a pattern termed “scissoring.” Compared to bilateral
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hemiparesis in adults, in spastic diplegia the upper extremities and bulbar musculature are usually much
less affected than the lower extremities.

b. Cerebellar ataxia occurs typically in patients with bilateral damage to the cerebellum. Gait 1s wide based
with significant stride-to-stride variability. Upper and lower limb movements are uncoordinated and
abnormal postural sway during quiet stance is present. Different patterns of gait abnormality can be seen
depending on what regions of the cerebellum are involved (i.e., lateral, intermediate, and medial functional
zones). The medial zone (vermis) regulates extensor tone and dynamic balance control, and modulates the
rhythmicity of flexor and extensor muscles. Therefore, a rostral vermian and paravermian lesion produces a
predominantly trunkal and lower limb ataxia. This pattern of cerebellar degeneration is typically seen in
chronic alcoholism and chronic thiamine deficiency. Caudal midline vestibulocerebellar damage produces
disequilibrium and eye movement abnormalities. Patients tend to fall toward the side of the cerebellar or
central vestibular lesion. Damage to the vestibular nuclei can produce a sensation that the environment is
tilted and that the body is being pulled toward the side of the lesion. The intermediate cerebellar zone is
important while performing precise goal-directed limb movements. The lateral cerebellum plays a
significant role in adjusting to a new context or when strong visual guidance is required during ambulation
but it seems to be less important in uninterrupted walking.

c. Parkinsonian gait. Short-stepped shuffling gaits are often referred to as parkinsonian gaits and are typically
seen among patients with frontal lobe and basal ganglia dysfunctions. The typical gait in Parkinson’s
disease is narrow-based with short and slow steps and associated with stooped-over posture, stift trunk,
and diminished asymmetric arm swing. Turns are characteristically slow, requiring multiple steps, often
more than four or five steps. Festination is the tendency to walk faster and faster with diminished step
length, like trying to chase the center of gravity, and it is often seen in patients with freezing of gait (FoG).
In cases of cerebrovascular disease with parkinsonian-like gait the base of support tends to be wider than in
classic Parkinson’s disease and arm swing has higher amplitude than the step length.

d. Choreic gait is characterized by superimposed abnormal hyperkinetic movements on top of the normal gait
pattern, causing random extremity and trunk movements and postural shifts that can give the gait a bizarre,
dance-like appearance (“‘chorea’”). Choreic gait is often associated to increased risk of falling.

e. Dystonic gait is a pattern of walking in which extremity and trunkal movements and postural shifts are
interrupted by tonic or phasic co-contractions of antagonistic muscles in a fairly stereotypic fashion. There
is often some foot intorsion and the disorder can be task specific, making walking backward sometimes
easier than walking forward. The abnormal postures and patterns observed while walking will depend on
the extent of the dystonic disorder and give the gait a bizarre appearance.

3. Higher-level gait disorders
HLGDs are caused by impairment of the cortical-basal ganglia—thalamocortical pathways. Over the years
multiple terms have been used to describe these walking difficulties, such as lower-body parkinsonism, gait
apraxia, magnetic gait, or frontal lobe gait disorders to name a few. HLGD is not a single entity and it
encompasses several potential gait patterns that are characterized by some of the following features:

a. Bizarre or inadequate postural synergy, limb and trunkal placement, and interactions with the environment
(e.g., leaning backward when trying to get up from a chair).

b. Poor or absent rescue responses to postural perturbation.

c. Variable performance based on changes in the environment or emotional status.

d. Freezing or hesitation with seemingly insignificant environmental challenges (e.g., FoG while going through
a doorway).

Bilateral lesions produce more significant disturbances of gait and it is often seen in parkinsonian
syndromes and dementias as well as in extensive cerebrovascular disease. Unilateral lesions, on the other
hand, cause a tendency to fall away from the lesion.

Some HLGD gait patterns:

1. Cautious gait. It is a gait pattern characterized by a widened base, slow speed, and diminished step length that
resembles someone walking on ice. This is seen when an individual is walking in response to a real or
perceived lack of balance and it is more commonly seen in elderly people. It is associated with slightly
stooped posture, increased double-limb support, widened base, and reduced arm swing. This pattern can be
seen in patients with cerebrovascular disease and neurodegenerative disorders but, unfortunately, this pattern
of walking is nonspecific and provides with no significant clues to understand the underlying pathologic
process.

2. Fear of falling. This is a maladaptive behavior in which perceived disequilibrium or previous falls have
triggered an abnormal gait pattern. This is characterized by a tendency to grab or hold onto other people,
walls, or furniture when trying to walk for fear of falling. This fearfulness is very often out of proportion to the
actual walking abilities and it can be very limiting to the point that the patient may refuse to walk.

3. FoG. It is an episodic and brief spell of absence or significant reduction of forward progression while trying
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to walk to the point that feet may seem to be glued to the ground. Patients move their extremities relatively
normally while seated or recumbent, but their feet appear to stick to the floor while walking. When the
difficulty happens as the patient is trying to initiate gait it is called start hesitation or gait ignition failure; if it
happens before getting to a target destination it is called destination hesitation. Environmental distractions
and obstacles such as going through a doorway exacerbate or trigger FoG.

Frontal and subcortical disequilibrium. Disequilibrium due to acute unilateral frontal lobe lesions causes
patients to fall away from the side of the lesion; lesion in the basal ganglia, ventrolateral thalamus, or
dorsolateral midbrain causes a tendency to fall backward and laterally away from the lesion. However, when
the lesions affect both frontal lobes or the subcortical structures just mentioned, the disequilibrium is more
profound and sustained. This disequilibrium is characterized by poor synergy between postural and locomotor
abilities and they are associated to inappropriate and very often counterproductive adjustments; patients may
lean the wrong direction in such a way that stability and locomotion are compromised. This causes difficulty
keeping balance while standing and potentially while sitting as well.

. Other gait disorders

a. Antalgic gait. Stance and gait are modified to reduce pain and decrease time in the stance phase on the
affected limb is the norm. This is associated commonly to limping. The actual gait pattern would change
depending on the location of the pain, for example, with hip pain it will be the so-called “abductor lurch”
with shifting of the upper torso toward the painful hip during the single-limb stance on the painful hip and
there 1s no hemipelvis drop like the one seen in Trendelenburg gait. In addition to pain, skeletal deformities
are also associated to changes in stance and walking.

b. Functional/psychogenic gait. Psychiatric disorders such as depression and schizophrenia may affect
walking and balance; very often these patients walk slower and with diminished step length. Conversely,
patients with psychogenic gait disorders tend to display bizarre and variable gait patterns that do not fit
with known patterns of organic gait disorders. The most common patterns include excessive slowness,
buckling of the knees, and acrobatic-like gait (i.e., astasia—abasia). Patients frequently lean, lurch, and
gyrate in a manner that requires good balance and coordination. With distraction or suggestion patient’s gait
may improve even if this is more challenging than the original spontaneous gait observed (e.g., asking
patient to walk on heels or toes; reciting months of the years backward while walking). Sudden onset of
symptoms, a paroxysmal course, inconsistent and changing gait patterns, or acrobatic-like postures or gait
while retaining the ability to perform quick steady normal turns should prompt considering a functional
etiology. However, the clinician should exercise caution when making this diagnosis as some brain
disorders may be associated to bizarre-appearing gaits.

EVALUATION

A. History is critical in determining the cause of the gait difficulties and it should be focused on the nature of the
problem, timing, modifying factors, falls, and comorbidities that may have a negative impact on the ability to
walk. This is important to establish the cause and potentially suggest the most appropriate workup and therapeutic
approach in patients with gait difficulties.

1.

Functional disability is largely determined with a careful history. The frequency and circumstances of falls and
the ability to perform various activities of daily living (dressing, bathing, climbing stairs, and getting in and out
of bed and chairs) are important measures of disability.

. Associated signs and symptoms may suggest the cause such as rest tremor in Parkinson’s disease, vertigo in

vestibulopathies, urinary incontinence in patients with normal pressure hydrocephalus (NPH) or multiple
system atrophy (MSA), paresthesia in patients with neuropathy or muscle wasting in patients with
neuromuscular disease, for instance.

B. Physical examination is aimed at trying to anatomically localize the lesion and establish the degree of disability.
This should include a full neurologic exam and a general physical exam emphasizing the observation of gait
parameters, posture, range of motion tandem walking, and the use of provocative tests such as the Romberg tests
(Table 8.3). A detailed vestibular examination may be indicated in some patients (Table 8.4). Attention should be
paid to localizing signs such as pyramidal signs, tremor, sensory changes, or dysmetria, for instance. The general
examination should also look for physical signs of musculoskeletal problems, poor eyesight, cardiovascular
diseases, and the possibility of orthostatism that could impact balance and walking.
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TABLE 8.3 Inspection and Examination of Gait and Posture

Balance while sitting

Standing up from a
sitting position
Balance while
standing

Balancing on one
foot

Gait initiation

Gait parameters
Base width
Arm swing

Posture
FoG

Romberg and en-
hanced Romberg

test

Tandem
Turning

Dual task
Timed up and go

Pull test

If balance while sitting is poor it would suggest profound imbalance or weakness
Does the patient sequence the appropriate movements to stand up? Does the
patient need to use hands to stand up from a chair?

Can the patient stand without assistance? Does the patient need a wide base of
support to stand? Does he/she sway with the eyes open?

Is the patient able to stand on one foot for at least |10 sec? (healthy adults up to
80 yr may stand at least that long on one foot)

How long does it take to start walking? Is the step length appropriate while
starting to walk?

Pay attention to step length and height, cadence, rhythmicity, and speed that
should be over | m/sec

Distance between malleoli should be zero inches (unless anatomical deformi-
ties or obesity); more than that is abnormal but nonspecific

Amplitude, rhythmicity, and asymmetries should be noted. Abnormal in parkinso-
nian syndromes although not specific; it can be seen in orthopedic problems as well
Erect, stooped, hyperextended, tilted, twisted

Can be triggered by dual activities, turning or when going through doorways or
narrow spaces

Stand with feet together and see if patient sways both with eyes open and
closed. If sway is worse with the eyes closed (positive Romberg) it would
suggest vestibular or proprioceptive deficits. An enhanced Romberg test is a
Romberg test done in tandem position

Walking with one foot in front of the other

Number of steps needed to perform a 180 degrees turn while walking (1-2
steps is normal)

Does the patient freeze up or stop walking when asked to perform a cognitive
task?

Walking from a chair, walk 3 m, turn and return to the chair (=14 sec may
indicate risk of falling)

The pull test evaluates the rescue response. To perform the test, the patient
assumes a normal stance, and is instructed to hold his/her ground when briskly
pulled backward at the shoulders by the examiner. The test is abnormal if the
patient takes more than |-2 steps to regain balance (the examiner must catch
the patient, if necessary, to prevent a fall)

C. Laboratory studies help to confirm the cause of the suspected gait disorder or to clarify the differential diagnosis
inferred from the history and physical exam. The clinical suspicion should guide the clinician when deciding what
studies are appropriate to answer the question at hand.

1. Blood work including a complete blood count, chemistry panel, and thyroid, renal, and liver function studies
are frequently performed. Based on the clinical findings a vitamin B, level is appropriate in cases of

neuropathy, suspected subacute combined degeneration of the spinal cord, or elderly patients with cognitive
difficulties and gait problems, for instance. Multiple other blood tests may be appropriate depending on the
clinical suspicion. A lumbar puncture would be indicated in patients with suspected NPH to drain between 40
and 60 mL of cerebrospinal fluid (CSF) (i.e., Fisher’s test) and establish if this would improve their ability to
walk.

TABLE 8.4 Vestibular Evaluation

Nystagmus Nystagmus is an involuntary, oscillatory, rhythmic eye movement with at least
one slow phase
Central nystagmus can be horizontal, vertical, or torsional
Peripheral nystagmus is very often horizontal-torsional and it can be sup-
pressed by visual fixation
In benign paroxysmal positional vertigo of the posterior semicircular canal the
nystagmus is typically vertical/rotatory

Hallpike's maneuver The Hallpike's maneuver should be performed in patients with episodic ver-
tigo especially if positional. With the patient sitting, the examiner turns the
head to one side and rapidly places the patient in a supine position with the
head overhanging the exam table. The patient is asked to keep the eyes open.
The test is positive if a nystagmus and/or vertiginous symptoms similar to the
ones described by the patients are triggered by the maneuver. The maneuver
should be also performed with the head turned to the other side

Horizontal head This test evaluates the vestibulo-ocular response (VOR) that it is necessary to
impulse test (head maintain stable visual fixation while the head is moving
thrust) The patient is asked to fixate on the examiner’s nose, and the examiner

quickly rotates the patient’s head 20 degrees across the midline to the other
side. A good technique is required as the most important factor of this ma-
neuver is the acceleration (instructional videos can be found at http://novel.
utah.edu/Newman-Toker/collection.php). When the head is rotated toward
the side of a peripheral vestibular lesion, the eyes fail to be on target because
of the impaired VOR and the head rotation is followed by a corrective saccade
toward the examiner’s nose. In patients presenting with an acute vestibular
syndrome, a normal head—impulse response usually suggests a central lesion

Past pointing With eyes open, the patient is to touch the fingers of the examiner. Then,
with eyes closed, the patient tries to perform finger—nose—finger test. In case
of labyrinth dysfunction it would be deviation to either the left or right in the
direction of the affected labyrinth

Fukuda stepping test Marching in place with eyes closed for 50-100 steps causes a deviation of
more than 45 degrees in the direction of the affected labyrinth

2. Imaging studies such as brain MRI and head computed tomography (CT) scans are performed as needed,
looking at the brain for enlarged ventricles, space-occupying lesions such as subdural fluid collection, old
ischemic strokes, cerebral atrophy, and diffuse white matter changes. Evaluation of the spine may uncover
evidence of space-occupying lesions, spinal stenosis, or spinal deformities that may cause walking difficulties.
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In cases of suspected degenerative parkinsonian syndromes a dopamine transporter scan may shed some light
and show diminished uptake of the radioactive ligand in the striatum.

3. Radiography of the hips, spine, and extremities is performed as needed especially if orthopedic causes are
suspected.

4. Electromyography and nerve conduction studies are helpful when suspecting a neuropathic or myopathic
problem.

5. Videonystagmography and other vestibular and otologic tests may be helpful when a vestibular dysfunction is
suspected as these tests may help distinguish central from peripheral vestibular disorders.

6. Comprehensive gait and balance analysis using instrumentation with optoelectronic systems, quantitative
posturography, and shoe-integrated wireless sensor systems is possible but not widely available. Their role in
the evaluation of most patients with gait difficulties is not well established at this point.

DIFFERENTIAL DIAGNOSIS

Differential diagnosis would depend on the gait patter observed and detailed history and physical exam. In older
adults with fairly symmetric abnormal gait patterns it can be difficult to establish the origin of the gait and balance
problem because of a significant overlap of symptoms. Some of the conditions with fairly symmetric gait difficulties
seen in older adults are shown in Table 8.5.

TABLE 8.5 Differentiating the Neurologic Causes of Geriatric Gait Disturbances

White Matter
Cerebrovascular
Disease

Cervical
Spondylosis

Parkinson’s

Clinical Feature Disease NPH PSP MSA

Asymmetric parkinsonism
Pill-rolling rest tremor in the
hands or rest tremor in the lower
limbs

Facial masking

Reduced arm swing

Good response to levodopa
Postural instability and falls during
the first year of symptoms
Prominent speech impairment
during the first year of symptoms
Stepwise progression

Dementia in the first year or two
of symptoms

Subcortical white matter degener-
ation and microinfarcts

Urinary dysfunction

Definite improvement after re-
moval of 40-60 mL CSF by means
of lumbar puncture
Hydrocephalus (>0.3 Evans’ ratio)
Supranuclear downward gaze
palsy

Ataxia

Early symptomatic orthostatic
hypotension

Spondylotic cervical spine and
cord compression

Numb clumsy hands and Rom-
berg's sign

Spastic lower limb movement
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Abbreviations: +, suggestive; + +, highly suggestive; CSF, cerebrospinal fluid; NPH, normal pressure hydrocephalus; PSP,

progressive supranuclear palsy.

DIAGNOSTIC APPROACH

The diagnostic approach is based on trying to identify the primary cause or causes of gait disturbance and all
contributing comorbidities. Most of the gait abnormalities seen in older patients are multifactorial and some of these
comorbidities can be easily overlooked as individually their relative weight in causing gait difficulties might be low.
However, multiple, and apparently minimal, problems can add up and significantly contribute to walking and balance
difficulties. Some examples of comorbidities worth exploring include vitamin B,, deficiency, arthritic limbs, spinal
deformities, neuropathy, deconditioning, hypothyroidism, depression, foot disorders, cardiopulmonary disease,
orthostatic hypotension, visual impairment, vertigo, and medications (e.g., sedative-hypnotics, anticonvulsants,
antipsychotics, and antiemetics). These contributing conditions are frequently more treatable than the primary
neurologic illness.

CRITERIA FOR DIAGNOSIS
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Criteria for diagnosis of gait disorders are heavily based on the medical and surgical history and findings on

physical exam.

A. The diagnoses of neurodegenerative diseases (e.g., Parkinson’s disease, MSA, and progressive supranuclear
palsy [PSP]) are based largely or entirely on the history and physical examination.

B. The diagnoses of other central and peripheral causes of gait disturbance are corroborated with neuroimaging or
electrophysiologic studies, as needed.

C. The diagnosis of idiopathic NPH is particularly challenging as the symptoms are not specific and the classic
clinical triad of gait disturbance, urinary incontinence, and cognitive dysfunction may also occur in patients
with vascular dementia, chronic subdural hematoma, and degenerative dementia. In addition, enlarged ventricles
can be seen in patients with cerebral atrophy and dementia (i.e., “hydrocephalus ex-vacuo’) that may already
display some of those symptoms. Unfortunately, there is no ideal test to predict clinical response to CSF shunting,
1. Unequivocal improvement in gait after removal of 40 to 60 mL of CSF through a lumbar puncture supports the

diagnosis but does not occur in all patients as it has a low sensitivity, between 30% and 60%. Improvement
after external lumbar CSF drainage for 3 days is more sensitive (over 80%) and specific, but has increased
risk of complications.

2. Improvement is achieved by approximately 50% of patients and sustained improvement by 30%.
Complications occur in 20% of cases. Patients with an identifiable cause of hydrocephalus (e.g., aqueductal
stenosis, Chiari’s malformation, and previous meningitis or subarachnoid hemorrhage) are more likely to
respond than are those with idiopathic hydrocephalus.

3. Radiologic evidence of ventricular enlargement 1s necessary to establish the diagnosis of NPH. The Evans’
index has been used to establish evidence of ventriculomegaly. The Evans’ index is the ratio at the maximal
frontal horn ventricular width divided by the inner diameter of the skull in axial cuts; a ratio >0.3 indicates
ventriculomegaly. Unfortunately the index does not guarantee a beneficial response to ventriculoperitoneal
shunting of CSF. As such the Evans’ index has little role to play in the decision to shunt CSF in patients with
suspected NPH.

D. White matter brain lesions have been linked to impaired balance, slower gait, and reduced mobility. White
matter hyperintensities seen on T2-weighted MRI images in the frontal lobe and periventricular regions show the
strongest relationships with balance and gait difficulties; in particular, bilateral symmetric periventricular white
matter lesions in the frontal and occipito-parietal regions have been found to be sensitive (frontal) or specific
(occipito-parietal) in discriminating individuals with increased difficulties with their mobility. These white
matter lesions can be measures through MRI imaging by using the Fazekas scale. This scale quantifies the amount
of white matter T2 hyperintensities, usually attributed to chronic small vessel ischemia, and gives them a grade,
from 0 to 3, based on size and degree of confluence of white matter lesions. Moderate and severe white matter
lesions according to the Fazekas scale have been, on average, independently associated with a deterioration of
gait and balance.

REFERRAL

A. Neurologic consultation. All older adults should be asked about falls at least once a year. If there is an abnormal
gait or recurrent falls they will require further evaluation by a clinician with appropriate skills and experience.

1. A second opinion is advisable before shunting a patient with presumed NPH and before operating on a patient
with presumed cervical spondylosis.
2. Drug-resistant parkinsonism is strong evidence against the diagnosis of idiopathic Parkinson’s disease.

B. Physical therapy and vestibular rehabilitation are considered cornerstones of management of gait and balance
disorders. Vestibular rehabilitation is indicated when unsteadiness and vestibular dysfunction are involved and
aimed at promoting vestibular adaptation and compensation. Prevention of falls should focus on physical
conditioning and encourage regular physical activity. It should ideally be delivered through a multidimensional
physical therapy activity program tailored to the patient’s needs; it should include exercises to enhance strength,
endurance, balance, and flexibility. A comprehensive safety evaluation of the patient’s home by a physical
therapist or visiting nurse is appropriate to establish potential fall hazards and suggest adaptations to the home
environment. These adaptations may include the installation of handrails, raised toilet seats, grab bars in the
shower, adequate lighting, and rubber floor mats among others. Elimination of throw rugs, clutter, and uneven
surfaces would also decrease the risk of falls. The use of appropriately fitting shoes, with relatively firm slip-
resistance soles and low heels is recommended and shoes with slippery soles, high heels, sleepers, and flip-flops
should be avoided. Regarding mobility devices such as canes and walkers may improve balance and mobility if
properly fit and should be prescribed after a complete evaluation by a physical therapist.

C. Referral to a podiatrist, orthopedist, or rheumatologist should be considered when skeletal or foot
abnormalities contribute or cause significant walking difficulties.
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Key Points

 QGait and balance disorders are common, especially among older adults, and a significant source of disability
and limited quality of life.

» An active lifestyle is an important part of minimizing the risk of falls and balance difficulties as inactivity leads
to deconditioning.

» Walking is a complex motor behavior that can be affected by lesions at multiple levels of the neuraxis and
musculoskeletal system.

A gait problem is the result of the primary gait difficulty and the associated compensatory mechanism.

* A gait pattern can help establish what structures of the neuraxis are affected and therefore localize the lesion;
some gait disorders are very stereotypic and easy to identify (i.e., low- and mid-level gait disorders) while
others are very variable and can be very challenging to diagnose and manage (i.e., HLGDs).

* Good proprioception, vision, and vestibular inputs are needed to maintain good balance; impairment of at least
two of these inputs can seriously affect balance and this is the basis of the Romberg test.

» Central and peripheral vestibulopathies can cause balance difficulties but distinguishing both can be challenging
at times; in peripheral vestibulopathy, all the signs are ipsilateral except for the fast component of the
nystagmus. Lack of long-tract signs is not by itself indicative of a peripheral etiology. The head thrust test if
performed properly can distinguish both (i.e., it is abnormal in peripheral vestibulopathies).

» Extensive white matter abnormalities seen on T2-weighted images and fluid attenuation inversion recovery
(FLAIR)—weighted images on MRI, especially bilateral frontal or occipito-parietal periventricular ones, are
associated with poor balance and walking difficulties.

» Defective cognition, in particular executive dysfunction, is linked to worsened performance while walking as
shown in dual-task paradigms (e.g., more difficulty walking when asked to recite months of the year backward).

 There is significant overlap in the walking pattern of NPH and Parkinson’s disease. However, a way to help
distinguishing both is that Parkinson patients can be very responsive to external cueing while NPH patients are
not.

 There is no good algorithm to clearly diagnose and treat patient with NPH; a robust response to removal of 40
to 60 mL of CSF is very encouraging but the sensitivity of this test is very low in predicting response to CSF
drainage. Trying an external lumbar drain for a few days is more sensitive but more prone to complications.
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9

Approach to the Patient with Sleep Disorders

Mark E. Dyken and Kyoung Bin Im

This chapter focuses on primary sleep disorders described in the third edition of the International Classification of
Sleep Disorders (ICSD). The greatest difficulties in approaching patients with sleep disorders often relate to an
incomplete sleep history, as only a few diagnoses require formal polysomnography (PSG). Nevertheless, the patient
usually cannot recall a pathologic event that occurs during sleep, and as such, an attempt to substantiate the sleep
history with a bed partner, family member, or close associate should be made.

(GGENERAL APPROACH

A. The sleep history. What is the sleeping environment and bedtime routine? When 1s bedtime (regular or irregular)?
What is the sleep latency (the time to fall asleep “after the head hits the pillow”)? What is the sleep quality? Is it
restful or restless and, if restless, why? How many arousals occur per night and for what reasons? What is the
final awakening time? Is assistance in waking necessary? How does the patient feel on waking? How many hours
of sleep are needed for refreshment? Does the patient nap, and, if so, when, how often, how long, and how does
the person feel after the nap (refreshed, unchanged, worse)? Does the patient experience excessive daytime
sleepiness (EDS) or frank sleep attacks? A 2-week sleep diary, started before the initial clinic appointment, can
diagnose disorders like inadequate sleep hygiene, a problem in 1% to 2% of adolescents and young adults and in
up to 10% of the sleep-clinic population that presents with insomnia (Fig. 9.1).

1. The degree of sleepiness can rate the severity of any sleep disorder through operational definitions: mild—
sleepiness that impairs social or occupational performance during activities that require little attention
(reading or watching television); moderate—sleepiness that impairs performance during activities that require
some attention (meetings and concerts); and severe—sleepiness that impairs performance during activities that
require active attention (conversing or driving).

2. Subjective measure scales, like the Epworth sleepiness scale, can be used to qualify, quantify, and follow
problems with sleepiness (Fig. 9.2). Chronically sleep-deprived persons can underestimate their sleepiness.
Over time, they lose the reference point from which to make comparisons and forget what it feels like to be
fully rested. In such cases, EDS can be reported as memory loss, slow mentation, and amnestic periods with
automatic behavior.

B. The wake history. A history of insomnia and EDS can lead to, exacerbate, or result from a variety of medical and
mental disorders and from drug or substance use/abuse.

TYPES OF SLEEP DISORDERS

A. Insomnia. The ICSD criteria demand a history of “persistent difficulty with sleep initiation, duration,
consolidation, or quality that occurs despite adequate opportunity and circumstances for sleep, and results in some
form of daytime impairment,” evidenced by the patient, or the patient’s parent or caregiver as at least one of the
following: sleepiness, fatigue, malaise, impaired attention, concentration, or memory; social, vocational, or
school dysfunction; mood disturbance; reduced motivation, energy, or initiative; and errors or accidents at work
or driving. The /CSD formally differentiates chronic (complaints at least three times a week for at least 3 months)
and short-term insomnias (significant complaints for less than 3 months). An earlier edition of the /CSD defined
clinical and pathophysiologic subtypes that might provide some utility when approaching any given patient with
insomnia.
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Mon. |Tues. |Wed. |Thurs. |Fri. Sat. Sun.
a.m. a.m. a.m. a.m. a.m. a.m. a.m.

1. What time did you go to
bed last night?

2. How many minutes did it
take you to fall asleep?

3. How many times did you
wake up?

4. How many total minutes
did the awakenings keep
you awake?

5. What time did you wake
up?

6. What time did you get out
of bed?

Mon. |Tues. |Wed. |Thurs. |Fri. Sat. Sun.

*Please use Wakefulness .. m
key below to answer the P Pt Bl P, p-m. p:m. p.m.

Sfollowing questions:

1. How awake were you in
the morning?

2. How awake were you in
the afternoon?

3. How awake were you in
the evening?

4. Did you nap today? When
and for how long?

*Level of Wakefulness key:

1 -Very sleepy

2 - Fairly sleepy

3 — Mix of sleepy and alert feelings
4 — Fairly alert

5— Very alert

FIGURE 9.1 Example of a typical week-at-a-glance sleep diary.

1.

Adjustment (acute) insomnia. This term has been used to describe insomnia that immediately follows a
clearly identifiable stressor and is expected to resolve when the stress ends or the patient adapts. Adjustment
insomnia is often associated with anxiety and depression related to the specific stressor.

Psychophysiologic insomnia. This is a conditioned insomnia due to learned, sleep-preventing associations. It
can represent persistent adjustment insomnia, where an external (or internal) stressor leads to a state of arousal
“racing mind” in association with bedtime at home (patients often sleep better in the sleep lab; the “reverse
first-night effect”).

Paradoxical insomnia. Patients complain of severe insomnia with no objective evidence of disturbed sleep or
daytime impairment. PSG studies show that these individuals overestimate their sleep latencies and
underestimate their sleep times. Patient concerns are not alleviated when they are presented with these
objective findings. High-frequency activity on electroencephalographic power-density measures may alter
sleep perception in this patient population.
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THE EPWORTH SLEEPINESS SCALE

Name:
Today’s date: Your age (years):
Your sex (male = M; female = F):

How likely are you to doze off or fall asleep in the following
situations, in contrast to feeling just tired? This refers to your usual
way of life in recent times. Even if you have not done some of these
things recently try to work out how they would have affected you.
Use the following scale to choose the most appropriate number for
each situation:

0 = would never doze

| = slight chance of dozing

2 = moderate chance of dozing
3 = high chance of dozing

Chance
of
Situation dozing
Sitting and reading N
Watching TV —
Sitting, inactive in a public place (e.g.a theater or a
meeting)

As a passenger in a car for an hour without a break S —
Lying down to rest in the afternoon when circumstances

permit

Sitting and talking to someone

Sitting quietly after a lunch without alcohgl
In a car, while stopped for a few minutes in the traffic

Thank you for your cooperation

FIGURE 9.2 The Epworth sleepiness scale. A score of 10 or greater suggests EDS. (From Johns MW. A new method for
measuring daytime sleepiness: the Epworth sleepiness scale. Sleep. 1991;14:540-545, with permission.)

4.

Idiopathic insomnia. This lifelong disorder is reported in 1% of young adults, beginning in infancy or early
childhood. It has no known precipitators or major psychological concomitants, but may be associated with
attention-deficit/hyperactivity disorder (ADHD) and dyslexia. A genetic abnormality in sleep/wake
mechanisms is suspected. PSG often shows reduced body movements despite severely disturbed sleep.

. Insomnia due to (another) mental disorder. In this diagnosis, insomnia is a symptom of a mental disorder, but

its severity demands treatment as a distinct problem, which often improves the underlying mental disorder.
Major depression is frequently associated with insomnia and reduced rapid eye movement (REM) sleep
latency, but PSG is not needed for diagnosis.

Inadequate sleep hygiene. This presents as a primary or secondary diagnosis in over 30% of sleep-clinic
patients. It involves two categories of habits inconsistent with good sleep: practices that produce increased
arousal (e.g., caffeine and nicotine use) and practices that are inconsistent with the principles of sleep
organization (variable bedtime and awakening times). Important factors can include engaging in mentally or
physically stimulating activities too close to bedtime and failure to maintain a comfortable sleeping
environment.

Behavioral insomnia of childhood. There are two types seen in up to 30% of children (possibly more frequent
in boys) after 6 months of age. Sleep-onset association type occurs with dependency on a specific stimulation,
object, or setting for sleep. Sleep-onset associations are extremely prevalent and are only a disorder if highly
problematic. Limit-setting type occurs with bedtime stalling, or refusal in toddlers and preschoolers. This
problem is often due to poor practices of the caregiver.

Insomnia due to drug or substance. This is suppression or disruption of sleep during consumption or
exposure to a drug, food, or toxin, or upon its discontinuation. The PSG in chronic alcohol withdrawal can
reveal light and fragmented sleep that may persist for years.

. Insomnia due to a medical condition. Disorders that cause discomfort (comfort is necessary for normal sleep)

and neurodegenerative problems (with disruption of normal central sleep/wake mechanisms; poorly formed or
absent sleep spindles are common) are representative of many possible etiologies. This diagnosis should only
be considered when insomnia causes marked distress and warrants specific attention.

B. Sleep-related breathing disorders (SRBDs). In addition to the wake/sleep history, PSG is required in diagnosing
SRBDs. PSG is the combined sleep monitoring of electroencephalography (EEG), electromyography (EMG),
electrooculography (EOG), and physiologic measures that include airflow, respiratory effort, and oxygen
saturation (Sao,). PSG differentiates four sleep stages—non-REM (NREM) stages N1, N2, and N3, and REM
(stage R). An obstructive apnea is a drop in airflow by >90%, in association with continued inspiratory effort, for
>10 seconds 1n adults, or the duration of two baseline breaths in children. A central apnea is an absence of
inspiratory effort for >10 seconds in adults, or, in children, for 20 seconds, or the duration of two baseline breaths
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in association with an arousal, awakening, or a >3% Sao, reduction. A mixed apnea occurs when there is initially

absent inspiratory effort, followed by resumption of inspiratory effort in the second part of the event. Hypopneas
in adults occur with a >10-second period of reduced airflow of >30%, with an Sao, reduction of >3% (or an

associated arousal). In children, a hypopnea requires a >30% fall in airflow for duration of two baseline breaths,

in association with an arousal, awakening, or >3% Sao, reduction. Severity of an SRBD is suggested by the

apnea—hypopnea index (AHI)—the average number of apneas and hypopneas per hour of sleep.

1. Obstructive sleep apnea disorders. Obstructive sleep apnea (OSA) is associated with repeated episodes of
upper airway obstruction. From 30 to 60 years of age, the prevalence ranges from 9% to 24% for men and 4%
to 9% for women. Obstructions often result in oxygen desaturation, elevation in Paco,, and arousals, which

disrupt sleep continuity and can lead to EDS. This syndrome often occurs among sleepy, middle-aged,
overweight men with insomnia who snore. Premenopausal women are less commonly affected. This disorder
has also been associated with systemic and pulmonary hypertension, nocturnal cardiac arrhythmia and angina,
gastroesophageal reflux, nocturia, and an overall reduction in quality of life. Predisposing factors include
familial tendencies, redundant pharyngeal tissue (e.g., adenotonsillar hypertrophy), craniofacial disorders
(e.g., micrognathia, retrognathia, nasal obstruction), endocrinopathy (e.g., acromegaly, hypothyroidism with
myxedema), and neurologic disease.

a. OSA, adult

(1)

(2)

&)

4

)

History. The patient or bed partner often reports restless, unrefreshing sleep and sleep maintenance
insomnia with arousals associated with gasping, choking, or heroic snoring, possibly exacerbated by
fatigue, alcohol, weight gain, or the supine sleeping position. Snoring may force the person to sleep
alone and persist even when sitting. Although patients may not report daytime sleepiness, problems
with fatigue, memory, and concentration are frequent. A family history of similar problems should be
carefully sought.

Examination. The blood pressure, body mass index (BMI—weight in kilograms per square meter of
height), and neck and waist circumference should be documented, as hypertension and obesity may
relate to OSA. Of general concern (following western standards) are a BMI > 30 kg/n?, a neck
circumference of >40 cm (15.7 inches), and a waist circumference (often measured at the iliac crest)
>102 cm (40.2 inches) in men, and >88 cm (34.6 inches) in women. These are frequent signs in OSA
that may predict comorbidities in the metabolic syndrome, heart disease, and stroke. Oral and
nasopharyngeal patency and abnormalities of the tonsils, adenoids, tongue, soft and hard palate, uvula,
nasal septum, turbinates, and temporomandibular joint as well as fatty infiltration of soft tissues in the
upper airways should be documented.

PSG. Recurrent obstructions and respiratory effort-related arousals (RERAs) contribute to EDS.
(However, the frequency of events correlates poorly with sleepiness severity.) Events generally appear
worse in the supine position and during REM sleep. Tachy—brady cardiac arrhythmias and asystole may
be documented. The diagnosis of OSA is considered with an obstructive AHI, or respiratory
disturbance index (RDI; the obstructive AHI + the average number of RERAs/hour of sleep) >5, and
when there is at least one symptom; EDS, insomnia, arousals with shortness of breath or choking, and
witnessed loud snoring/apneas, or significant comorbidity; arterial hypertension, coronary artery
disease, congestive heart failure (CHF), atrial fibrillation, stroke, mood disorders, or diabetes. The
diagnosis is also given whenever the obstructive AHI or RDI is >15 (even in the absence of symptoms
or comorbidities).

Differential diagnosis. Loud snoring and RERAs, as part of the upper airway resistance syndrome
(UARS), can lead to EDS without the standard PSG evidence of OSA (as RERAs are
pathophysiologically similar to obstructions). During PSG, defining RERA requires esophageal balloon
(or nasal pressure/inductance plethysmography) monitoring that reveals >10 second episodes of
respectively increasing negative pressure, or flattening of nasal pressure waveforms (that correspond to
increased respiratory effort), which terminate with arousal. In addition, isolated snoring, central sleep
apnea (CSA), nonobstructive alveolar hypoventilation, narcolepsy, and restless legs syndrome (RLS)
may manifest similarly to OSA in regard to disruptive sleep and EDS.

Other tests. In severe cases, an interdisciplinary approach may necessitate electrocardiography, chest
radiography, echocardiography, and pulmonary function tests (addressing pulmonary hypertension and
right ventricular hypertrophy), cephalometric evaluations of the upper airways, and extensive
cerebrovascular assessments.

b. OSA, pediatric. The prevalence of OSA is 2% in the general pediatric population, with girls and boys
being affected equally, but with a higher prevalence in African American relative to White children. Some
children may have OSA breathing patterns similar to adults; nevertheless, younger children may be prone to
obstructive hypoventilation (long periods of persistent partial upper airway obstruction).

(1)

History. Snoring and difficulty breathing are common, often with reports of associated neck
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hyperextension and diaphoresis. Cognitive and behavioral complications (ADHD) are frequent, with
EDS being reported especially in older children.

(2) Examination. Although children can have OSA secondary to large tonsils and adenoids, obesity is
becoming a more common etiology. Pectus excavatum may result from chronic paradoxical respirations.
Patients with craniofacial abnormalities, Down syndrome, neuromuscular diseases, cerebral palsy,
gastroesophageal reflux (with upper airway edema), mucopolysaccharidosis, sickle cell disease, or
who are post cleft palate repair may be prone to OSA.

(3) PSG. Even relatively short obstructions may lead to severe hypoxemia as children have faster
respiratory rates with lower functional residual capacities than adults. OSA in children is defined by an
obstructive AHI >1.

(4) Differential diagnosis. In children, UARS, isolated snoring, CSA, nonobstructive alveolar
hypoventilation, narcolepsy, and RLS may manifest similar to OSA in regard to disruptive sleep and
EDS. In the pediatric PSG, RERAs are defined by a sequence of >2 breaths, characterized by
increasing respiratory effort, flattening of the inspiratory portion of the nasal pressure waveform,
snoring, or an elevation in the end-tidal Pco, leading to an arousal from sleep.

2. CSA syndromes

a.

CSA with Cheyne—Stokes breathing (CSB). PSG defines CSB as at least three consecutive cycles of a
crescendo/decrescendo breathing with a central AHI of >5, and/or a cyclic crescendo/decrescendo pattern
that lasts >10 consecutive minutes. CSB is most prominent in NREM sleep (usually absent or attenuated in
REM). It occurs predominately in men >60 years of age, with a prevalence up to 45% in CHF, and in 10%
of strokes. CHF (a poor prognostic sign), stroke, and possibly renal failure are the most important
precipitating factors.

. CSA due to a medical disorder without CSB. A majority of the medical conditions with CSA are

associated with brainstem lesions and cardiac or renal disorders.

. CSA due to high-altitude periodic breathing. The only known predisposing factor to this disorder is when

an individual has an increased hypoxic ventilatory responsiveness. This leads to hyperventilation on rapid
ascent to altitudes >4,000 m and a hypocapnic alkalosis that, during sleep, inhibits ventilation (usually the
first night), leading to central apneas in NREM sleep that alternate with hyperpneas in cycles of 12 to 34
seconds (often leading to shortness of breath, frequent arousals, and EDS). This is considered a normal, and
transient, adaptive phase to higher altitudes.

CSA due to medication or substance. Regular use (>2 months) of long-acting opioids (methadone and
time-release morphine and hydrocodone) can lead to CSA (often in association with obstruction,
hypoventilation, and periodic breathing). The presumed etiology is from an effect on u-receptors on the
ventral surface of the medulla.

. Primary CSA. This idiopathic disorder is more frequent in middle-aged to elderly males, associated with a

low-normal waking Paco, (<40 mm Hg), and high chemoresponsiveness (evidenced as central apneas) to
the normal rise in PaCo, that occurs in sleep. Significant primary CSA with an AHI >35 can lead to arousals
with shortness of breath, insomnia, and EDS.

. Primary CSA of infancy (apnea of prematurity <37 weeks conceptual age, apnea of infancy >37

weeks, <1 year conceptual age). Central, mixed, obstructive apneas or hypopneas (most notably in
active/REM sleep) associate with signs of physiologic compromise (hypoxemia, bradycardia, the need for
resuscitative measures), but progressively decrease as the patient matures during the early weeks of life.
The prevalence varies inversely with conceptual age (in 84% of infants <1,000 g, and <0.5% of full-term
newborns), as it is related to developmental immaturity of brainstem respiratory centers. This has not been
established as an independent risk factor for sudden infant death syndrome.

3. Sleep-related hypoventilation disorders. These syndromes often coexist with elements of OSA and CSA.

a.

PSG. In adults, hypoventilation during sleep can be scored in either of the following situations: if there is
an increase in the arterial Pco, (or surrogate; transcutaneous or end-tidal Pco,) to a value >55 mm Hg for
>10 minutes, or there 1s >10 mm Hg increase 1in arterial Pco, (or surrogate) during sleep (in comparison
with an awake supine value) to a value exceeding 50 mm Hg for >10 minutes. In children, hypoventilation
during sleep can be scored when >25% of the total sleep time as measured by either the arterial Pco, (or
surrogate) is spent with a value >50 mm Hg.
(1) Obesity hypoventilation syndrome. These patients must hypoventilate (as defined by an arterial
PaCo, [or surrogate] >45 mm Hg) while awake, and the hypoventilation must be primarily related to

mass loading from obesity (as defined by a BMI >30 kg/n’; >95th percentile for age and sex for
children). Prolonged periods of decreased tidal volume and sustained arterial oxygen desaturation (for
several minutes) are usually seen, but not required for diagnosis. OSA is diagnosed as a separate entity
in 80% to 90% of these patients. The serum bicarbonate level is routinely elevated secondary to renal
compensation for the respiratory acidosis that follows chronic hypercapnia.
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(2) Congenital central alveolar hypoventilation syndrome (CCHS). CCHS can lead to polycythemia,
pulmonary hypertension, heart failure, and death. It is a rare congenital genetic disease (most cases due
to de novo mutations in the PHOX2B gene) associated with failure of automatic central control of
breathing, usually evident at birth, and requiring intubation. Most patients have a polyalanine point
mutation and severity relates to a greater number of polyalanine repeats. Patients may progress to
adequate waking breathing with normal daytime PaCo, levels, although some continue to show daytime

hypoventilation, and others may need continuous ventilatory support. All will continue to require

ventilatory support during sleep. Rarely individuals can present in adulthood, especially when stressed

with general anesthesia or respiratory illness. Although central apneas may occur, the PSG primarily
shows hypoxemia and hypercapnia that associate with decreased tidal volume and respiratory rate,
with hypoventilation generally appearing worse during slow wave (stage N3) sleep. CCHS is often
associated with Hirschsprung’s disease (approximately 16%), autonomic dysfunction, neural tumors,
and dysphagia.

(3) Sleep-related hypoventilation due to a medical disorder. This section includes a variety of disorders.

(a) Lower airway obstruction occurs in disorders with obstruction or increased airflow resistance
below the larynx, such as chronic obstructive pulmonary disease (COPD); chronic bronchitis and
emphysema; bronchiectasis; cystic fibrosis; and o, antitrypsin deficiency. The greatest risk factor
for COPD (the third leading cause of death in the United States) is cigarette smoking. Patients with
COPD and significant sleep hypoxemia have increased pulmonary hypertension and mortality.
Lower airway obstructive disease is evidenced by a forced expiratory volume exhaled in one
second/forced vital capacity ratio <70% of predicted values.

(b) Pulmonary parenchymal or vascular pathology can be documented using pulmonary function tests,
radiography, echocardiography, pulmonary artery catheter measurements, and hemoglobin studies.
Associated diseases include interstitial lung diseases, pulmonary hypertension, sickle cell anemia,
and cystic fibrosis. Worse pulmonary function and a lower waking Sao, increases the risk for sleep
hypoventilation/hypoxemia, and subsequent polycythemia and cardiac dysrhythmias. PSG findings
are generally worse in REM sleep.

(¢) Neuromuscular and chest wall disorders can cause hypoventilation secondary to reduced
contractility of the ventilatory musculature (intercostals, accessory muscles, and diaphragm), or
due to anatomic distortion of the chest wall (which causes inefficient breathing). This often affects
patients with obesity, amyotrophic lateral sclerosis, myasthenia gravis, muscular dystrophies,
kyphoscoliosis, postpolio syndrome, and spinal cord injuries with diaphragmatic paralysis. The
course of the breathing disturbance approximates the severity of the underlying condition, and can
put the patient at risk for pulmonary hypertension, cor pulmonale, and cognitive dysfunction.
Spirometry in patients with neuromuscular and chest wall disorders generally reveals a restrictive
ventilatory dysfunction, with a forced vital capacity that is frequently <50% of predicted.

C. Central disorders of hypersomnolence. These disorders involve dysfunction of the normal central wake/sleep
centers. The ascending reticular activating system (ARAS) of the brainstem promotes wakefulness through two
pathways, leading to diffuse cortical projections. A ventral hypothalamic system excites the lateral nucleus (LN)
and tuberomammillary nucleus of the hypothalamus, which relays to cholinergic basal forebrain cells, while a
dorsal thalamic route stimulates nonspecific midline and intralaminar nuclei, while inhibiting the reticular nucleus
of the thalamus. The central sleep-onset system has a hypothalamic “sleep switch” in the preoptic area of the
hypothalamus (the ventrolateral and median preoptic nuclei). These nuclei have reciprocal inhibitory relays with
multiple waking centers.

1. Narcolepsy (types 1 and 2). Classically begins during puberty or young adulthood with EDS. Sleep attacks
can occur while driving, engaged in active conversation, or eating. Once sleepiness stabilizes, it generally
does not progress, but the other symptoms associated with narcolepsy may come and go. Cataplexy, often
precipitated by strong positive emotion (usually mirth), involves attacks that range from brief sensations of
weakness to essential paralysis. The spells are transient and do not produce cognitive impairment. Thirty-three
percent to eighty percent of narcoleptics have the ancillary symptoms of hallucinations and sleep paralysis.
Hypnagogic (at sleep onset) and hypnopompic (on awakening) hallucinations are generally frightening visual,
auditory, or movement perceptions that essentially represent dreaming while awake. Sleep paralysis occurs
during the transition from sleep to waking (or waking to sleep). The patient may experience brief paralysis
(seconds to minutes) with the inability to speak. Other symptoms of narcolepsy can include insomnia, poor
memory, depression, and automatic behaviors. Narcolepsy is associated with pathologic REM sleep
mechanisms, clinically evidenced as EDS, cataplexy, sleep paralysis, and hypnagogic/hypnopompic
hallucinations. In narcolepsy type 1 these symptoms are due to a deficiency of wake-promoting neuropeptides
(orexins/hypocretins) in the LN of the hypothalamus, as defined by cerebrospinal fluid (CSF) hypocretin
(Hcrt)-1 concentration, measured by immunoreactivity, as either <110 pg/mL or <1/3 of mean values obtained
in normal subjects with the same standardized assay. Narcoleptics with cataplexy, and approximately 24% of
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narcoleptics without cataplexy, have low CSF Hcrt-1 concentrations and are given the formal diagnosis of

narcolepsy type 1. Narcoleptics without cataplexy and with CSF Hcrt-1 levels >110 pg/mL or >1/3 of mean

values obtained in normal subjects with the same standardized assay are given the formal diagnosis of
narcolepsy type 2. Another clinical and pathophysiologic subtype is narcolepsy type 1 due to a medical
condition, primarily central nervous system (CNS) disorders with lesions of the hypothalamus resulting from
head trauma, tumors, or autoimmune and paraneoplastic disorders associated with anti-Ma2 or anti-aquaporin-

4 antibodies.

a. PSG and the multiple sleep latency test (MSLT). The diagnosis of narcolepsy requires objective
measurements, and includes documenting abnormalities of REM sleep utilizing PSG/MSLT. These
evaluations should be preceded by at least 1 week of actigraphic recording with a sleep log to help rule out
insufficient sleep, shift work, or another circadian sleep disorder that could appear similarly on
PSG/MSLI. The patient must also discontinue any drug that affects their sleep for a minimum of 14 days (or
five times the half-life of the drug and its metabolites) prior to the PSG/MSLT. This should be confirmed
with a urine drug screen. REM sleep 1s defined on PSG and MSLT as a “relatively low voltage, mixed
frequency EEG” of alpha and theta waveforms, associated with “saw-tooth” waves, which occurs with an
EOG that shows REMs and an EMG that documents atonia. In diagnosing narcolepsy, the MSLT should be
performed approximately 2 hours after the patient awakens from the overnight PSG (which assures adequate
sleep, with the goal of at least 7 hours of sleep, and a paucity of other sleep disorders, including SRBDs).
The MSLT is a series of five 20-minute attempts at napping (during the patient’s normal waking hours),
which are separated by approximately 2-hour intervals. A mean sleep latency (the average time it takes the
patient to fall asleep after the beginning of each individual nap period) <8 minutes and two or more naps
during which REM sleep appears (a sleep-onset rapid eye movement period [ SOREMP]) are classically
associated with narcolepsy. A SOREMP (within 15 minutes of sleep onset) on the preceding PSG may
replace one of the SOREMPs required for diagnosis on the MSLT.

b. Split-screen, video-PSG studies. As patients are infrequently examined during a cataplexy attack, the
suspicion of cataplexy is usually based on the clinical history. Nevertheless, split-screen, video-PSG
studies in individuals with frequent spells, performed during actual cataplectic events precipitated by
emotional provocation, have shown REM sleep patterns during periods when patients were able to give
appropriate responses to detailed questioning. Similar results have been documented during episodes of
sleep paralysis and hypnagogic hallucinations.

c. Genetics. The risk of narcolepsy type 1 in first-degree relatives of affected patients is 1% to 2% (a 10-fold
to 40-fold risk increase). Relatives of individuals with narcolepsy type 1 may be prone to partial
narcolepsy symptoms suggesting narcolepsy type 2. The major histocompatibility complex of chromosome 6
contains genetic markers for narcolepsy. For nearly all patients with narcolepsy type 1 the mapping of
specific human leukocyte class II antigens (DQ1 and DR2) reveals a subtype human leukocyte antigen allele
DQB1*0602. The presence of the DQB1*0602 allele in approximately 45% of patients narcolepsy type 2
(and in 12% to 38% of controls) indicates that genetic testing alone is not sufficient for the diagnosis of
narcolepsy.

d. Orexins/hypocretins. Narcolepsy type 1 is caused by a deficiency of LN hypothalamic hypocretin (orexin)
wake-promoting neuropeptide signaling, and approximately 24% of narcoleptics without cataplexy have
low CSF Hcrt-1 levels (8% have intermediate levels; >110 pg/mL, <200 pg mL).

. Idiopathic hypersomnia. This 1s generally a lifelong disorder (remission rate of 14%) of EDS, which

routinely begins in adolescence (mean age of onset 16.6 to 21.2 years), and is associated with self-reported

routine total sleep times >10 hours in at least 30% of patients. The use of 24-hour PSG monitoring has
documented 24-hour sleep times (major sleep episode plus naps) >660 minutes. About 36% to 66% report
sleep inertia (sleep drunkenness), defined as prolonged difficulty waking with automatic behaviors and
confusion. About 46% to 78% of patients report long (often >1 hour) unrefreshing naps. There are no reports of
cataplexy and no more than I SOREMP on PSG/MSLT studies, while the mean sleep latency averages 7.8 to

8.3 minutes. The autonomic concomitants implied by the frequency of associated headaches, orthostasis,

perception of temperature dysregulation, and Raynaud’s-type phenomena suggest hypothalamic dysfunction;

nevertheless, relatively recent CSF studies have shown normal orexin/hypocretin and histamine levels.

. Kleine—Levin Syndrome (KLS). The KLS is rare (prevalence of 1 to 2 cases per million; 500 cases reported)

and begins during the second decade in 81%, with a male—female ratio of 2:1. It is characterized by baseline

normalcy interrupted by relapsing-remitting episodes of hypersomnolence associated with cognitive,
psychiatric, and behavioral disturbances. The first episode is often associated with an infection or alcohol use,
and recurs every 1 to 12 months (median 3 months), typically resolving after a median of 14 years. During
episodes the patient may sleep as long as 20 hours, are generally amnestic for waking confusion, hyperphagia

(66%), hypersexuality (53% primarily men), infantile/depressed behaviors (53%; primarily women), and

hallucinations/delusions (30%). Birth and developmental problems and Jewish heritage are risk factors for

KLS. In addition, the frequency of HLA DQB1*02 was increased in one retrospective, multicenter study of 30
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KLS patients. Brain MRI is normal, but functional brain imaging during episodes is frequently abnormal,
variably showing hypometabolism in the thalamus, hypothalamus, mesial temporal lobe, and frontal lobe, with
half of the patients showing persistent abnormalities when asymptomatic. Postmortem examinations have been
performed in four cases with inconsistent findings that include perivascular lymphocytic infiltrations in the
hypothalamus, thalamus, amygdala, grey matter of the temporal lobes, diencephalon, and mesencephalon,
raising on occasion the suspicion of localized encephalitis. An autoimmune etiology is suggested by the
combined clinical onset during adolescence that is often associated with infection and the HLA DQB1*02.
Finally, menstrual-related KLS is a very rare clinical and pathophysiologic subtype (18 reported cases), where
episodes occur exclusively just before or during menses. Response to estrogen and progesterone has suggested
a reproductive disturbance in these cases.

. Hypersomnia due to a medical condition. The conditions that can cause hypersomnia through direct effects on

wake/sleep mechanisms include neurodegenerative disorders, brain trauma and tumors, encephalitis, genetic

disease, and stroke. The diagnosis of narcolepsy type 1 due to medical condition is given when these
conditions lead to cataplexy.

a. Hypersomnia secondary to Parkinson’s disease. In Parkinson’s disease (PD), hypersomnia may result
from degeneration of dopaminergic cells in the substantia nigra and cholinergic neurons in the basal
forebrain.

b. Posttraumatic hypersomnia. Hypersomnolence has been reported with a frequency of 28% in traumatic
brain injury. This type of hypersomnia has been reported even in mild head injury (without loss of
consciousness), and also during recovery from posttraumatic coma (where early PSG return of sleep
spindles and normal sleep—wake cycling is a positive prognostic sign). In some cases this hypersomnolence
may result from injury to the hypothalamic hypocretin/orexin neurons or other wake-promoting centers in
the brain.

c. Genetic disorders associated with primary CNS somnolence. Specific genetic disorders associated with
hypersomnia include Norrie’s disease, Niemann—Pick type C disease, myotonic dystrophy, Prader—Willi
syndrome, fragile X syndrome, and Moebius syndrome. In Niemann—Pick disease type C, accumulation of
unesterified cholesterol and sphingolipids in the hypothalamus, with a subsequent reduction in
orexin/hypocretin, may be a cause of sleepiness. In myotonic dystrophy, hypothalamic (orexin/hypocretin)
dysfunction, and loss of serotonin in the dorsal raphe nucleus, may account for hypersomnolence. Smith—
Magenis syndrome is associated with reversal in the normal pattern of melatonin secretion (serum levels
are high during the day, rather than at night).

d. Hypersomnias secondary to brain tumors, infections, or other CNS lesions. Tumors, infections, strokes,
sarcoidosis, or neurodegenerative lesions especially in the hypothalamus or rostral midbrain can produce
EDS.

e. Hypersomnia secondary to endocrine disorders. Hypersomnia secondary to endocrine disorder is
typified by hypothyroidism. A significant reduction in slow wave activity can be induced by
hypothyroidism.

f. Hypersomnia secondary to metabolic encephalopathy. This includes encephalopathies related to hepatic,
renal, adrenal, and pancreatic failure, toxin exposures, and some inherited childhood metabolic disorders.

¢. Residual hypersomnia in patients with adequately treated OSA. Residual sleepiness in this population
may be caused by hypoxic injury to central monoamine waking systems.

. Hypersomnia due to a medication or substance. This includes use, abuse, and cessation of stimulants, and

sedative-hypnotic drugs.

. Hypersomnia associated with a psychiatric disorder. These are related to psychiatric conditions that include

adjustment, personality, schizoaffective, mood, and seasonal affective disorders. Subtypes include

hypersomnia associated with a major depressive episode (atypical depression and bipolar type II disorder),
and conversion disorder (or as an undifferentiated somatoform disorder).

. Insufficient sleep syndrome. This 1s due to voluntary, but unintentional, chronic sleep deprivation. Patients

are preoccupied with etiologies they presume are responsible for their sleepiness (causes other than a reduced

total sleep time), and their symptoms, which may include irritability, malaise, and reduced concentration.

. Circadian rhythm sleep—wake disorders. A circadian rhythm sleep—wake disorder (CRSWD) occurs when there
are incongruities between the sleep—wake schedule demanded by society and the intrinsic sleep—wake pattern of
the patient (determined in large part by the circadian pacemaker—the suprachiasmatic nuclei of the anterior
hypothalamus). When not extrinsic or self-imposed (“jet lag” or shift work), these problems are believed to result
from abnormal intrinsic physiologic responses to environmental time cues (Zeitgebers) such as sunlight (which
exerts its effects through retinal-hypothalamic pathways). The patient’s state of sleepiness or arousal subsequently
is out of synchrony with that of the general population. The result is alternating sleepiness and insomnia when the
patient tries to follow a normal schedule.

1. History. In many cases, a sleep log can be diagnostic. The accurate, 1- to 2-month documentation of all

bedtimes, final awakening times, and nap times can help differentiate a circadian rhythm disorder from poor

103



sleep hygiene. The log should be filled out during a vacation or “free” time so as to avoid societal constraints

that prevent the patient from following their intrinsic sleep—wake pattern.

2. Other tests. Actigraphy is a method for recording limb movement using a device (usually placed on the wrist)
that records movement. Digitized data are downloaded to a computer, and computer algorithms are used to
approximate wake and sleep periods over prolonged periods of time. The American Academy of Sleep
Medicine (AASM) indicates actigraphy is reliable and valid for detecting sleep in healthy populations, and
useful in the routine evaluation of CRSWDs, insomnia, and EDS. In addition, some sleep disorder centers can
monitor hormonal rhythms [such as dim-light melatonin onset], and 24-hour body temperature fluctuations,
which can lose normal circadian fluctuations and amplitudes in CRSWDs.

a. Delayed sleep—wake phase disorder. This occurs with a prevalence rate up to 16%, and is primarily noted
in adolescents and young adults, and individuals with evening-type personalities (as defined by the Horne—
Ostberg questionnaire). There is an association with polymorphisms in the circadian clock gene #Per3,
with a positive family history in 40%. Patients report chronically late bedtimes with late final awakening
times (delayed over 2 hours relative to societal norms), which can be confirmed with a sleep logs and
actigraphy (over at least 7 days). These individuals do not report sleepiness unless they attempt to follow
the normal societal sleep—wake schedule.

b. Advanced sleep—wake phase disorder. Persons with this syndrome go to sleep very early in relation to the
setting of the sun, arise very early in relation to sunrise, and do not report excessive sleepiness during their
“normal” waking hours. This tendency increases with age, and has a prevalence of 1% in middle-aged and
older adults. Almost all patients are considered morning-type personalities. In younger patients genetic
factors may be involved, possibly with an autosomal-dominant inheritance pattern, in association with a
mutation in the circadian clock gene #Per2. This CRSWD is generally addressed only if it impairs the
quality of the patient’s work, social, or family life.

c. Irregular sleep—wake rhythm disorder. In this disorder there is no definitive sleep—wake rhythm. Patients
subsequently have intermittent nocturnal insomnia and variable periods of daytime sleepiness, which
generally result in three or more irregularly timed naps during a 24-hour period. The total sleep time during
a 24-hour is normal, but the timing of sleep is not predictable. This disorder can be seen in the
institutionalized elderly, in association with dementia, and in children with intellectual disabilities.

d. Non-24-hour sleep—wake rhythm disorder. Also known as hypernychthemeral syndrome, these patients
have an inability to synchronize (entrain) the physiologic desire for a sleep—wake schedule that is greater
than 24 hours with a normal 24-hour day. Subsequently these patients continually “phase delay” and on a
day-to-day basis show a progressive 1- to 2-hour delay of bedtime and final awakening times. When they
attempt to keep regular sleep—wake schedules (fixed bedtime and final awakening times), they experience
recurrent periods without sleep problems (when their intrinsic schedules match society’s), which are then
followed by the gradual onset of periods associated with sleep-onset insomnia, difficulty waking in the
morning, and daytime sleepiness (when their intrinsic schedules are out of synchrony with society’s). These
patients are often blind and the disorder has been reported with intellectual disability, schizophrenia, and
rarely in the otherwise normal population. Upon diagnosis, imaging studies of the brain can be considered,
as this disorder has been associated with suprasellar lesions.

e. Shift work disorder. In this disorder insomnia and EDS result when the patient works during the normal
physiologic sleep period. The prevalence of shift work in industrialized countries is 20% and the estimated
prevalence of insomnia/EDS because of shift work 1s 2% to 5%. This disorder may complicate
gastrointestinal and cardiovascular disorders, cause social difficulties, or lead to drug dependency in
attempts to improve sleep, and presents work-related safety concerns.

f. Circadian sleep—wake disorder not otherwise specified. Degenerative diseases (including Parkinson’s
and Alzheimer’s disease), blindness, and hepatic encephalopathy can alter the function of the biologic clock
and lead to insomnia and EDS. Sleep-related problems can then influence the severity of the underlying
condition (e.g., “sun downing” and nocturnal wandering in dementia).

E. Parasomnias. These are undesired sleep-related physical events, associated with semipurposeful behaviors and
elevated autonomic activity. Of the parasomnias, only the REM sleep behavior disorder (RBD) requires PSG for
diagnosis.

1. NREM-related parasomnias. Confusional arousals, sleepwalking, and sleep terrors are closely related
parasomnias formally referred to as disorders of arousal (from NREM sleep). They can occur in a familial
pattern, are primarily noted in children, and generally begin in slow-wave (stage N3) sleep during the first
third of the night. The spells are associated with general lack of environmental responsiveness, automatic
actions, confusion, disorientation, and occasional injuries. After these events, from which the patient is
generally unarousable, there is usually amnesia without dream recall.

a. Confusional arousals. These are prevalent in children (17.3% in children 3 to 13 years of age) and adults
<35 years of age (2.9% to 4.2% in adults >15 years of age), with a lifetime prevalence of 18.5%. The
childhood form usually appears around 2 years of age and diminishes in occurrence after 5 years age.

104



Young children may sleepwalk when they become adolescents. Adolescents and adults can have the
variants: severe morning sleep inertia and sleep-related abnormal sexual behaviors. Severe morning sleep
inertia is a persistent problem that can lead to sleep-related injury (risk of motor vehicle accidents), violent
behavior, poor work performance, and social problems. Sleep-related abnormal sexual behaviors can lead
to assaultive behaviors followed by morning amnesia.

b. Sleepwalking. This occurs with a lifetime prevalence up to 18.3% (peaking by 8 to 12 years of age), and in
up to 4% of adults (with associated violent behaviors occurring more frequently in men). The rate of
familial sleepwalking is 60% when both parents are affected. Childhood sleepwalking can lead to injury,
but usually resolves by puberty.

c. Sleep terrors. These occur with a prevalence rate up to 6.5% in children, and in 2.2% of adults. Adults
may have associated bipolar, depressive, or anxiety disorders. The onset 1s usually between 4 and 12 years
with resolution often during puberty. During the spell, the patient often appears frightened, with tachycardia,
tachypnea, diaphoresis, and inconsolable screaming and crying that can last from a few seconds to 20
minutes.

2. REM-related parasomnias.

a. RBD. This disorder 1s associated with violent behavior during sleep that reflects dream enactment. Events
begin during REM (“dreaming” or “paralyzed”) sleep and are followed, after arousal, by reports of dream
imagery compatible with the actions observed during the spell. This disorder generally appears after the
age of 50 years, in elderly men, with a prevalence of 0.38% to 0.5% in the elderly and the general
population. It is often associated with synucleinopathies (neurodegenerative disorders like PD and
dementia with Lewy bodies (DLB), where there are neuronal lesions from aggregates of insoluble a-
synuclein protein). A conversion rate (often after a delay of more than a decade) up 82% has been reported
from idiopathic RBD to parkinsonism/dementia. RBD is reported in 46% of individuals with PD, 50% with
DLB, and in >90% multiple system atrophy. The patients have histories of potentially harmful sleep-related
body movements associated with dreaming, Patients frequently report sleep-related injuries, which include
bruises, lacerations, dislocations, fractures, and subdural hemorrhage. The pathophysiology may be
degeneration of REM-atonia pathways. The PSG shows that during REM sleep, muscle tone is generally
elevated (REM without atonia). Periodic limb movements during sleep (PLMS) are seen in 75% of patients
during NREM sleep. Behaviors appearing as dream enactment may be appreciated during REM sleep.

(1) Clinical or pathophysiologic subtypes. The parasomnia overlap disorder occurs when RBD occurs
with a disorder of arousal, sleep-related eating disorder, sexsomnia, or rhythmic movement disorder
(RMD). Status dissociatus is diagnosed when the PSG has no discernable sleep stages, but behaviors
that resemble sleep and suggest dreaming and RBD. This can be seen in a broad range of underlying
neurologic and medical conditions.

F. Sleep-related movement disorders

1. RLS. RLS is clinically diagnosed by symptoms that form the acronym URGE: an Urge to move the limbs
(usually the legs), that is worse at Rest, improves with movement (Going), and is most evident in the Evening
(often when attempting to go to sleep). In children there may be an association with ADHD. This symptom
complex affects up to 10% of the general adult population, 30% of patients with rheumatoid arthritis, and up to
20% of patients with uremia (up to 62% of those on hemodialysis). It is reported almost twice as often in
women, possibly related to the 11% to 20% prevalence recognized after the 20th week of pregnancy. There are
early- and late-onset types of RLS. The early-onset form begins <45 years of age, is slowly progressive, and
highly familial with 40% to 92% reporting affected family members. Linkage analyses have shown that a gene
variant of BTBD9 is estimated to confer a population attributable risk of 50% for RLS. The late-onset form
typically, rapidly progresses and aggravating factors are common. Etiologic elements may relate to physiologic
mechanisms associated with relative central dopamine and iron deficiencies (serum ferritin <18 to 50 ug/L,
iron saturation <16% to 20%).

2. Periodic limb movement disorder (PLMD). PLMS are reported in 80% to 90% of patients with RLS, in up to
34% of patients >60 years of age, and in up to 15% of insomniacs. When PLMS are significantly elevated and
they have an adverse effect on sleep or daytime functioning, the diagnosis of PLMD is made. Gene variants
BTBDY9 and MEIS|1 (found in genome-wide studies of RLS) appear to influence the expression of PLMS.
PLMD can be exacerbated by tricyclic antidepressants, monoamine oxidase inhibitors, and hypnotics, and
during withdrawal from benzodiazepines, barbiturates, and antiepileptic drugs. On PSG, the PLMS appear as
elevated, predominantly 50 to 150 Hz, EMG activity from the tibialis anterior muscle, which persists for 0.5 to
5.0 seconds and coincides with episodes of repetitive, stereotypic extensions of the large toe with ankle, knee,
and hip flexion. Consecutive movements have an intermovement interval >5 seconds and <90 seconds
(generally 20 seconds to 40 seconds), and occur primarily in stage N2 sleep. PLMS are considered significant
when the PLM index (the average number of PLMS per hour of sleep) is >5 in children and >15 in adults. New
actigraphic monitors with high sampling rates can adequately detect PLMS, and promise to be a powerful
research tool to study the known night-to-night variability of PLMS. There is controversy regarding whether
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autonomic arousals associated with PLMS (characterized by significant heart rate and blood pressure surges)
provide a mechanism for possible increased risk for cardiovascular and cerebrovascular disease.

3. Sleep-related RMD. RMD primarily affects children. The movements are sleep related, stereotypical,
repetitive movements of the head, neck, or large muscle groups and are often associated with rhythmic
vocalization that includes head banging, body rocking, and leg banging (Video 9.1). Rhythmic body movements
often begin in normal children between 8 and 18 months of age and rarely lead to injury. These movements
generally resolve by 5 years of age, although persistence may be associated with stress, stimulus deprivation,
or CNS lesions. Family members are generally concerned about the noise and sometimes violent nature of
these behaviors. PSG studies have shown that rhythmic movements tend to arise from stage N1 or N2 sleep and
occur with a frequency of 0.5 to 2 Hz. A series of movements generally lasts <15 minutes.

OTHER INVESTIGATIONAL TOOLS AND OPTIONS

A. The maintenance of wakefulness test (MWT). The MWT is a MSLT variant that is performed while the patient
attempts to maintain wakefulness in an environment conducive to sleep (a warm, dark room, while lying in a
semireclining position). The sleepiness documented utilizing an MWT may more accurately translate to a work
situation when compared to the MSLT. The AASM Standards of Practice Committee recommends the MWT begin
2 hours after awakening from overnight sleep. It consists of four, 40-minute naps; each nap separated from the next
by a 2-hour interval. A mean sleep latency <8 minutes is abnormal, whereas values between 8 and 40 minutes are
of uncertain value. The use of an MWT has been approved in some occupations where sleepiness is hazardous, to
justify a change in employment, and to support disability. No sleep is the strongest evidence for the ability to
maintain wakefulness, but does not guarantee safety in regard to hypersomnolence.

B. Brain imaging and EEG. In some hypersomnias due to a medical condition, imaging of the brain and routine EEG
may be of prognosticating value. In posttraumatic coma with hypersomnolence, radiographic evidence of
hydrocephalus predicts poor treatment response. In Alzheimer’s disease, clinical progression, secondary to
degeneration of cholinergic neurons in the basal forebrain, often correlates with EEG loss of sleep spindles, slow
waves, and REM sleep patterns. The use of extended PSG montages, which have extra channels, can allow more
thorough assessment of variables such as the EEG (for nocturnal seizures) and EMG (for sleep-related movement
and behavior disorders). Daytime provocative studies can be used to appropriately characterize phenomena such
as cataplexy.

C. Others. Routine laboratory studies may be needed to rule out anemia, hypoxemia, infection, and metabolic and
endocrinologic abnormalities. A Minnesota Multiphasic Personality Inventory with an interview by a
neuropsychologist or psychiatrist familiar with sleep disorders can be helpful in cases in which an affective
disorder is suspected. There is promise that for a number of intrinsic sleep disorders, such as narcolepsy, genetic
testing may help to confirm the diagnosis.

D. Referral to a sleep disorder center. When sleep problems persist, greatly impair quality of life, or necessitate
formal sleep studies for diagnosis or therapy (SRBDs and narcolepsy), referral to a reputable sleep disorder
center should be considered.

SUMMARY

The general approach to the patient with a sleep disorder should always begin with the sleep history. The many
specific questions necessary for diagnosing a variety of unique sleep disorders are neatly summarized in the /CSDs.
The use of PSG is essential in diagnosing SRBDs, central disorders of hypersomnolence, and the RBD. The MSLT
can delineate the types of pathologic sleepiness specific to narcolepsy and idiopathic hypersomnolence, whereas the
MWT has been used to assess treatment efficacy and job suitability. In certain cases, basic metabolic panels, drug
screens, genetic testing, and a variety of laboratory studies, including arterial blood gases (ABGs), complete blood
counts, renal function tests, and CSF analyses, are of value. Occasionally, brain imaging, to address potential lesions
affecting the ARAS and specific wake/sleep CNS centers, is important. An approach that properly combines clinical
acumen with the appropriate diagnostic tools generally leads to a solid diagnosis, which allows successful
therapeutic interventions.

Key Points

« It is imperative when approaching a patient with a suspected sleep disorder, to begin with a full sleep history
for which the many specific questions necessary to diagnose any given disorder are clearly summarized in the
ICSDs.

» The /CSDs define many sleep disorders, and only a few require PSG for diagnosis. These include the SRBDs
and RBD (and in conjunction with an MSLT, the central disorders of hypersomnolence, as typified by
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narcolepsy types 1 and 2).
* In certain cases sleep diaries/actigraphy, properly timed urine drug screens, genetic testing, and CSF analyses
(narcolepsy type 1), and waking ABGs and PaCo, monitoring (sleep-related hypoventilation/hypoxemia) can be

invaluable.

* An approach combing clinical acumen (based on a solid sleep history) and when indicated, diagnostic tools
(which can include sleep diaries/actigraphy, PSG/MSLI, drug screens, ABGs, genetic testing, and CSF
analyses) generally lead to solid diagnosis and successful treatment of many sleep disorders.

Recommended Readings

American Academy of Sleep Medicine. International Classification of Sleep Disorders: Diagnostic and Coding Manual. 2nd
ed. Westchester, IL: American Academy of Sleep Medicine; 2005.

American Academy of Sleep Medicine. International Classification of Sleep Disorders. 3rd ed. Darien, IL: American Academy
of Sleep Medicine; 2014.

Arand D, Bonnet M, Hurwitz T, et al. The clinical use of the MSLT and MWT. Sleep. 2005;28(1):123—144.

Berry RB, Brooks R, Gamaldo CE, et al; for the American Academy of Sleep Medicine. The AASM Manual for the Scoring of
Sleep and Associated Events: Rules, Terminology and Technical Specifications, Version 2.0. Darien, IL: American Academy
of Sleep Medicine; 2012. www.aasmnet.org

Dyken ME. Cerebrovascular disease and sleep apnea. In: Lenfant C, Bradley TD, Floras JS, eds. Sleep Apnea: Implications in
Cardiovascular and Cerebrovascular Disease. New York, NY: Marcel Dekker; 2000:285-306.

Dyken ME, Lin-Dyken DC, Poulton S, et al. Prospective polysomnographic analysis of obstructive sleep apnea in Down
syndrome. Arch Pediatr Adolesc Med. 2003;157:655-660.

Dyken ME, Lin-Dyken DC, Seaba P, et al. Violent, sleep-related behavior leading to subdural hemorrhage: polysomnographically
documented REM sleep behavior disorder with split-screen electroencephalographic-video analysis. Arch Neurol.
1995;52:318-321.

Dyken ME, Lin-Dyken DC, Yamada T. Diagnosing rhythmic movement disorder with video-polysomnography. Pediatr Neurol.
1997;16:37-41.

Dyken ME, Rodnitzky R. Periodic, aperiodic and rhythmic motor disorders of sleep. Neurology. 1992;42:68-74.

Dyken ME, Somers VK, Yamada T, et al. Investigating the relationship between stroke and obstructive sleep apnea. Stroke.
1996;27:401-407.

Dyken ME, Yamada T, Glenn CL, et al. Obstructive apnea associated with cerebral hypoxemia and death. Neurology.
2004;62:491-493.

Dyken ME, Yamada T, Lin-Dyken DC. Polysomnographic assessment of spells in sleep: nocturnal seizures versus parasomnias.
Semin Neurol. 2001;21(4):377-390.

Dyken ME, Yamada T, Lin-Dyken DC, et al. Diagnosing narcolepsy through the simultaneous clinical and electrophysiologic
analysis of cataplexy. Arch Neurol. 1996;53:456—460.

Iber C, Ancoli-Israel S, Chesson A, et al; for the American Academy of Sleep Medicine. The AASM Manual for the Scoring of
Sleep and Associated Events: Rules, Terminology and Technical Specifications. 1st ed. Westchester, IL: American Academy
of Sleep Medicine; 2007.

Kushida CA, Littner MR, Morgenthaler T, et al. Practice parameters for the indication for polysomnography and related
procedures: an update for 2005. Sleep. 2005;28(4):499-521.

Littner M, Kushida CA, Anderson MW, et al. Practice parameters for the role of actigraphy in the study of sleep and circadian
rhythms: an update for 2002. Sleep. 2003;26:337-341.

Littner MR, Kushida C, Wise M, e