Block 1: Neuro Board Review: Q & A

1.  A 15-year-old girl presents to the emergency department with a 4-week history of nasal drainage and face pain and a 2-week history of frontal headaches and fatigue. Her mother complains that her daughter has an "attitude" and has not been respectful or seemed to care about anything for the past 2 weeks. The daughter awoke this morning with a headache and vomited. On physical examination, the adolescent is afebrile and has normal vital signs. She responds slowly to questions and is not oriented to the date. She complains of pain to palpation of her cheeks and forehead. She has no nuchal rigidity and no focal weakness. The remainder of the physical examination findings are normal.

Of the following, the BEST initial diagnostic procedure is

A. computed tomography scan of the head with intravenous contrast

B. emergent electroencephalography to rule out nonconvulsive status epilepticus

C. lumbar puncture to rule out meningitis

D. nasal swab for bacterial culture

E. urine drug screen for barbiturates, amphetamines, and cocaine

Preferred Response: A

The subacute onset of mental status changes described for the adolescent in the vignette warrants an emergency evaluation. In most cases, neuroimaging is indicated, along with appropriate laboratory testing.  The relatively nonspecific pain and what her mother perceives as common emotional problems (apathy in a teenager) probably represent early frontal lobe symptoms. The headache on awakening and vomiting are concerning for increased intracranial pressure (ICP). 
Confusion and psychomotor retardation on the mental status examination indicate involvement of the central nervous system. A focal, ischemic, ictal, infectious/inflammatory, or toxic/metabolic process must be identified urgently. A brain abscess is suggested by the prominent facial pain in this setting; the sinuses are a common source of brain abscesses. Brain abscesses often present only with nonspecific pain and not with fever.

Head computed tomography (CT) scan is preferred for this patient because the constellation of pain, confusion, and morning vomiting makes a focal intracranial mass a possibility. Increased ICP is associated with morning vomiting because ICP is highest in the morning. Contrast is recommended because of the insidious onset, which could indicate either a neoplasm or infectious process. Intravenous contrast is not needed for all neuroimaging procedures. However, it increases the diagnostic yield of imaging studies where either neoplasm or infection is suspected because both typically involve some degradation of the blood-brain barrier or hypervascularity, resulting in contrast enhancement at the site of the lesion. 
Magnetic resonance imaging (MRI) with contrast also is a good choice. The advantage of MRI is higher spatial and soft-tissue resolution. Disadvantages of MRI compared with CT include: 1) less availability for emergency department studies; 2) need for pharmacologic sedation in agitated patients because sedation affects mental status, thereby masking disease-related mental status; 3) longer time in the scanner, which could delay treatment decisions; and 4) cost. Thus, in most cases, a head CT scan with contrast is preferred as the initial study in the emergency department.

Electroencephalography (EEG) is an important test for assessment of a patient who has encephalopathy of unclear cause to rule out nonconvulsive status epilepticus (NCSE), particularly if the patient is known to have epilepsy. If an EEG cannot be obtained rapidly, intravenous administration of 0.1 mg/kg lorazepam can treat NCSE immediately, although this would not clear confusion about other causes. For this adolescent, the facial pain makes the diagnosis of NCSE less likely than a brain abscess.  A lumbar puncture may be needed to rule out meningitis or encephalitis, but the pain and morning vomiting more strongly suggest the possibility of an intracranial mass. Lumbar puncture prior to head CT is not advised in this case because it could reduce pressure below the foramen magnum and result in herniation from the supratentorial mass. Toxicology screening and nasal swabs are reasonable but not the preferred initial diagnostic tests because they will not affect emergency management of the increased intracranial pressure.
2.  A 14-year-old boy presents to your office because the side of his face is drooping. His mother states that he complained yesterday of decreased food taste. Today, while at school, he could not use the microscope in science class because he couldn't close his left eye, and his teacher noted that his smile was crooked. Physical examination reveals no abnormalities and no vesicles in his ears. Mental status on neurologic examination is normal, pupil responses are normal, extraocular movements are full, and there is no nystagmus or reported double vision. He is unable to close his left eye or raise his left eyebrow, has decreased left-side nasolabial folds, and cannot close his mouth to puff out his cheeks (Item Q22). His palate and tongue movements are normal. Motor examination reveals normal proximal and distal strength in both arms and normal regular and tandem gait.

Of the following, the MOST appropriate initial diagnostic procedure is

A. blood test for antistreptococcal antibodies

B. brain magnetic resonance imaging

C. edrophonium (Tensilon®) test

D. no further testing

E. noncontrast head computed tomography scan

Preferred Response: D

Acute focal or generalized weakness is a medical emergency requiring a systematic history and neurologic examination to localize the problem. For acute focal weakness, the problem can localize to the brain, brainstem, spinal cord, anterior horn cell, root, nerve, junction, or muscle. Often, the physical examination can localize the problem to one of these levels. 
In the case of acute unilateral facial weakness, as described for the boy in the vignette, the typical differential diagnosis is acute facial nerve palsy (ie, Bell palsy) or a more rostral disease process of the brainstem or brain (cerebrum, motor cortex) such as a stroke. The key diagnostic point for facial weakness is whether the weakness involves the entire side of the face or the face below the forehead.   A 7th nerve palsy affects all the innervated muscles, weakening or paralyzing the entire hemi-face from forehead to chin.  A lesion above the facial nerve nucleus typically weakens the face below the forehead.

The boy described in the vignette has full left-sided facial weakness, including the muscles in his forehead. Such findings localize to the facial nerve, and in this clinical setting, neuroimaging is not revealing. Accordingly, no further testing is required. When the examination localizes a problem involving facial weakness to the brain or brainstem, brain magnetic resonance imaging (MRI) or, if MRI is not available quickly, noncontrast head computed tomography should be obtained.

Facial weakness due to an acute brain process, such as a left middle cerebral artery stroke, usually presents with involvement of both the contralateral right face and the right hand. The brainstem, specifically the pons, is the source of the facial nerve, and brainstem diseases can produce full hemi-facial weakness. However, due to the close proximity of other brainstem nuclei, a brainstem lesion affecting the left face also should affect other functions, including the left 6th nerve, which abducts the left eye. Often, sensory and motor findings on the opposite side of the body, the so-called "crossed signs," indicate brainstem disease.

The edrophonium/Tensilon® test involves administration of this acetylcholinesterase inhibitor to increase acetylcholine at the neuromuscular junction and reverse weakness. The test is used for diagnosis of myasthenia gravis. Myasthenia gravis typically produces bilateral fatiguing weakness, particularly ptosis, as well as weakness in other cranial nerves or generalized weakness.

Facial nerve palsy can be caused by a variety of infectious agents, but no specific diagnostic testing is indicated in most cases. However, in regions where Lyme disease is endemic or exposure is possible, testing for Lyme disease may be indicated.  Assessment of antistreptococcal antibodies is not helpful because streptococci do not cause facial nerve palsy.  The American Academy of Neurology practice parameter states that oral steroids probably are beneficial and acyclovir possibly is beneficial for treatment of facial nerve palsy. Pediatric studies and reviews have concluded that evidence is insufficient to recommend steroids for children. However, many clinicians recommend administering a short course of oral prednisone for Bell palsy.
3.  At 8 am, your nurse urgently calls you to see a child in the waiting room. You come out and observe a 5-year-old boy whose eyes are glassy and staring off to the right. He is making chewing movements and has urinated. He is not responding to his mother calls or touch. He then blinks several times and begins to respond, but is clearly confused. His mother explains that her son has been diagnosed with epilepsy, but she ran out of medication 2 days ago.  

Of the following, the MOST appropriate maintenance antiseizure medication for this child is
A. carbamazepine

B. diazepam

C. ethosuximide

D. phenobarbital

E. phenytoin

Preferred Response: A

The child described in the vignette has had a classic complex partial seizure. The seizure onset is likely in a nonmotor area, such as a temporal lobe, which caused the staring and nonresponsiveness. The chewing movements are automatisms. The confusion is typical for a postictal period. The cause of the seizure is the child’s epilepsy and probably the parent’s medical mismanagement. The reason for “running out” of medication needs to be explored with this parent so that she understands that abruptly discontinuing seizure medication places her child at risk of harm.

Selection of medications for the treatment of epilepsy depends on the type of epilepsy. The most basic distinction is whether the epilepsy is partial or generalized. Clinical data from a careful history are critical. For example, if the seizure begins with an aura (a smell, a particular sensation), a stare, or focal motor movements, it is likely to be a partial seizure. Partial seizure also may be characterized by asymmetric findings on the neurologic examination or the presence of focal weakness after the seizure. If a staring seizure is followed by immediate return to normal awareness, focal onset is much less likely and the child may have generalized onset, primary absence epilepsy. If the clinical history is unavailable or inconclusive as to the seizure type, but the clinician judges prior events to be highly likely to be seizures, electroencephalography may be helpful in defining epilepsy type and choosing appropriate medication.

Carbamazepine is effective for partial seizures, as experienced by the child in the vignette, and has a superior safety profile to phenobarbital or phenytoin.  Diazepam is used primarily for cluster or prolonged breakthrough seizures. Ethosuximide is the drug of choice for primary absence epilepsy.
4.  A 10-year-old boy has double vision and drooping eyelids. On physical examination, he is afebrile and has normal mentation. Pupillary responses are normal, but he has bilateral ptosis.  He cannot fully adduct his right eye. You note that his ptosis increases with sustained upward gaze. Bedside forced vital capacity is normal.

Of the following, the test MOST likely to confirm the diagnosis is

A. brainstem auditory evoked potentials

B. cold caloric testing

C. edrophonium test

D. lumbar puncture

E. visual evoked potentials

Preferred Response: C

The child described in the vignette presents with progressive fatigable weakness affecting his ocular muscles and bilateral eyelids. Fatigable weakness means that at the onset of a voluntary movement, or after a period of rest, muscle strength is normal. However, after a period of sustained use, muscle strength diminishes. Such a pattern is characteristic of weakness due to pathology at the neuromuscular junction.

New-onset weakness mandates urgent evaluation and consideration of problems involving airway protection and respiratory insufficiency, particularly if there is evidence on physical examination of generalized weakness. If the pharyngeal muscles are affected, speech sounds hyponasal.   Negative inspiratory force or forced vital capacity should be documented promptly because these findings determine whether the child should be transferred to an intensive care unit for ventilatory monitoring and support.

The first step in the diagnostic process is to localize the problem to the proper level of the nervous system: brain, brainstem/cerebellum, spinal cord, nerve, junction, or muscle. Such a determination not only allows for urgent appropriate diagnosis and treatment but can reduce unnecessary discomfort, risks, and costs of inappropriate diagnostic testing. Consultation with a neurologist can be useful before ordering testing. 
In this case, bilateral weakness in the eyelids and normal mentation make a cerebral or midbrain cause unlikely. Lateral gaze palsy from a pontine lesion also should affect the full face (as occurs in Bell palsy), which is not present. A multifocal cranial neuropathy is rare and unlikely. The ocular fatigability suggests a neuromuscular junction problem such as myasthenia gravis.
The diagnosis of myasthenia gravis can be confirmed with the edrophonium test ("Tensilon® test"), a specialized assessment using the acetylcholinesterase inhibitor edrophonium. Because the test can pose a risk of life-threatening bradycardia, it should be undertaken by an experienced physician with atropine at the bedside. Neurologic examination before and after administration ideally should be documented on video.

Lumbar puncture is the appropriate test for suspected Guillain-Barré syndrome (GBS), an acute inflammatory demyelinating polyneuropathy. Typically, affected children present with weakness beginning in the proximal legs, pain, and absent reflexes. A variant of GBS can involve predominantly the brainstem and cerebellum, but usually weakness is more extensive than described for this child, and the weakness is not fatigable. Further, at this early stage, the characteristic cerebrospinal fluid findings in GBS, normal cells and high protein, often have not emerged. Therefore, lumbar puncture is not the preferred study in this setting. Cold caloric testing evaluates vestibular function. This patient has no nystagmus and does not require this uncomfortable test. Neurophysiologic testing with auditory or visual evoked potentials is not needed when no clinical evidence suggests that these systems are affected.
Treatment of myasthenia gravis is complex and is managed best by an experienced neurologist. Treatment may include immunomodulation (eg, intravenous immunoglobulin or plasmapheresis) and acetylcholinesterase inhibitors. Imaging to assess for the presence of a thymoma also is standard practice in a child. The patient and family also should be educated about disease management and early recognition of impending myasthenic crisis.
5.  A 4-year-old boy presents to the emergency department with balance problems. He had been previously healthy, but his walking has worsened progressively for the past 2 days, with staggering and lurching. On physical examination, the boy is cooperative and alert. His muscles are not tender, and his joints are not red, swollen, or tender. His vision seems functionally normal, but there is end-gaze nystagmus in all directions. When sitting independently, his head and trunk bob. His strength appears normal, and his reflexes are normal. When asked to stand with his hands outstretched, a symmetric tremor is evident and worsens as he approaches the target on finger-to-nose testing. His gait is broad-based. A urine toxicology screen reveals normal results. Brain magnetic resonance imaging shows no tumors or other gray or white matter lesions. Lumbar puncture shows 3 white blood cells, 2 red blood cells, protein of 20.0 g/dL, and glucose of 50.0 mg/dL (2.8 mmol/L).

Of the following, you are MOST likely to advise the child’s mother that

A. intravenous steroids significantly reduce recurrence risk

B. neuroblastoma is a common cause of these symptoms

C. repeat lumbar puncture is needed in 2 days

D. symptoms may resolve in weeks to months

E. symptoms usually resolve after antibiotic treatment

Preferred Response: D

A child who experiences subacute-onset gait or balance problems should be evaluated thoroughly in the emergency department based initially on localization obtained through careful examination. The differential diagnosis includes structural and immunologically mediated diseases that can be life-threatening or cause permanent neurologic injury. The bilateral symptoms with completely normal mental status and no somnolence described for the boy in the vignette makes a cerebral cause less likely. The lateral end-gaze nystagmus, tremor on hand activation and finger-to-nose testing, trunk bobbing (titubation), and broad-based gait localize the problem to the cerebellum. The subacute onset of such symptoms strongly suggests acute cerebellar ataxia, which usually is acquired after infection or immunization. Because this is a self-limited, monophasic illness, the mother can be advised that the symptoms should resolve in weeks to months.

A repeat lumbar puncture in a few days is not likely to clarify the diagnosis. Otitis media does not cause nystagmus and ataxia, and antibiotics are not indicated (unless there is a concurrent bacterial infection). The recurrence risk for acute cerebellar ataxia is low, and it is unknown whether steroids reduce the risk further. Although clinical trials are not available to guide management, due in part to the low incidence of this condition, many clinicians empirically treat with a short course of high-dose steroids to reduce the duration of illness.

Although the time course makes a structural cerebellar or brainstem lesion unlikely for this patient, ordering the magnetic resonance imaging is reasonable because children in this age group may present with cerebellar and brainstem neoplasms such as astrocytomas, pontine gliomas, primitive neuroectodermal tumors (medulloblastomas), or ependymomas. Rarely, such a presentation may be associated with Guillain-Barré syndrome. Therefore, specialty consultation is advised.

For children presenting with acute ataxia, the clinician should be especially vigilant for the possibility of neuroblastoma presenting as opsoclonus myoclonus ataxia syndrome. Case series have shown that children who have opsoclonus myoclonus often are misdiagnosed initially as having acute cerebellar ataxia. Because distinguishing these diagnoses clinically is challenging, specialty consultation is advisable.
6. A 10-year-old boy presents with leg weakness that has progressed over 24 hours, bladder and bowel incontinence, and back pain. There is no history of trauma. On physical examination, leg reflexes are diminished, and there is numbness in the legs and lower trunk. Rectal examination demonstrates decreased tone. Sensory examination shows absent pinprick sensation below T6.

Of the following, the MOST appropriate initial diagnostic test is

A. brain magnetic resonance imaging with contrast

B. electromyography of the legs

C. lumbar puncture

D. nerve conduction velocities

E. spine magnetic resonance imaging with contrast

Preferred Response: E

The child described in the vignette has subacute rapidly progressive weakness and back pain, serious findings that require emergent diagnostic evaluation and management that includes imaging in an attempt to localize the problem to the brain, brainstem, spinal cord, nerve root, nerve, neuromuscular junction, or muscle. The reported sensory, motor, bowel and bladder symptoms are explained best by a lesion in the spinal cord. Such lesions can present in children abruptly, subacutely, or insidiously. Respiratory failure can occur due to high cervical spine lesions affecting the phrenic nerve to diaphragm function, but are not likely in this case.
Autonomic difficulties other than bowel and bladder incontinence also are common in chronic spinal cord injuries, but again are unlikely in this setting. Failure to diagnose treatable spinal cord lesions can result in permanent neurologic deficits. Magnetic resonance imaging (MRI) of the thoracic spine with contrast has the highest diagnostic yield in the acute presentation.

Subacute, bilateral progressive leg weakness could result from diseases in the brain such as hydrocephalus or a midline parasagittal lesion affecting cortical spinal tract fibers to the legs on both sides. Such conditions also could cause urinary incontinence. However, the absence of headache and alterations in consciousness, the back pain, and the reduced leg reflexes described for the boy in the vignette suggest that the cause of his leg weakness is not a brain lesion. Thus, brain magnetic resonance imaging is not the most appropriate initial diagnostic test.

Subacute progressive leg weakness also could result from peripheral nervous system disease, such as acute inflammatory demyelinating polyneuropathy (AIDP), also known as Guillain-Barré syndrome. Although the report of pain and the diminished leg reflexes for this patient are consistent with AIDP, the history of bowel and bladder incontinence and the sensory loss below the T6 spinal level do not support the diagnosis. Therefore, nerve conduction studies, which are used to diagnose nerve axonal or demyelinating disease, are not appropriate.  Electromyography (which can aid in diagnosing intrinsic muscle disease and documenting denervation and reinnervation processes) and lumbar puncture (which is useful for diagnosing AIDP when the clinical findings suggest this diagnosis) are not indicated when a spinal cord lesion is suspected. AIDP can be associated with autonomic instability, loss of airway protection, and respiratory failure.
7.  The mother of a 10-month-old child who has mild hypotonia brings him to the office after he has an unprovoked seizure. On physical examination, you note several hypopigmented macules on the trunk. Magnetic resonance imaging of the brain reveals several thickened areas of cerebral cortex, with abnormal signal and abnormalities along the walls of the lateral ventricles.

Of the following, the MOST likely diagnosis is

A. incontinentia pigmenti

B. neurofibromatosis type 1

C. Sturge-Weber syndrome

D. tuberous sclerosis

E. von Hippel-Lindau syndrome

Preferred Response: D

Low tone and seizures are relatively common neurologic problems. Low tone is a nonspecific finding that may be due to disease in the central or peripheral nervous system, but the occurrence of a seizure suggests a central cerebral cause. Neuroimaging with brain magnetic resonance imaging (MRI) generally is recommended for any infant who has a seizure because congenital brain malformations are more common at this age. The combination of such cerebral symptoms and pigmentary abnormalities of the skin are an indication to obtain brain MRI to assess for a possible neurocutaneous disorder. The seizures, hypotonia, hypopigmented macules, and MRI findings described for the child in the vignette are most suggestive of tuberous sclerosis complex (TSC).
Incontinentia pigmenti is characterized by spasticity rather than hypotonicity, and skin findings include swirled hyperpigmentation following the line Blaschko. Skin findings associated with neurofibromatosis type 1 include café au lait macules, axillary freckling, and iris Lisch nodules. Although Sturge-Weber syndrome can be associated with seizures in the first postnatal year, the primary skin finding is a port wine stain. Neither seizures nor skin abnormalities are seen with von Hippel-Lindau syndrome.

Initial management of this patient centers on the chief complaint, which is the seizure. In most cases, no treatment is recommended in a child after a first unprovoked seizure. However, the recurrence risk is much greater in TSC.  Subsequently, diagnostic assessment should be directed toward confirming whether this child has TSC. In many cases, this is a clinical diagnosis based on the characteristic findings of skin examination and the cerebral complications. However, many other organs may be involved at presentation or during the child's lifetime, including the eyes, kidneys, lungs, and heart. In the future, this child is at risk for developmental learning difficulties, behavior problems that can include features of autistic spectrum disorders, and malignancies. Given the autosomal dominant inheritance, proper management involves assessment of the parents and genetic counseling. Commercial genetic testing is available and is helpful in cases where clinical features, particularly early in the disease, do not confirm the diagnosis. Genetic testing may have false-negative results due to mosaicism, ie, some organs may be affected due to TSC1 or TSC2 mutations that are not present in blood. Given the complexity of this diagnosis, many experts recommend that children who have TSC be cared for in multidisciplinary specialty clinics.
8.  A 15-year-old boy presents to the emergency department after an apparent seizure. He had a sudden arrest of normal activity at school, with posturing on the left side, eye deviation, and loss of consciousness for about 1 minute, followed by confusion. On physical examination, he is fully oriented and answers questions appropriately. He is afebrile. Results of cranial nerve examination, motor examination, and gait evaluation are normal.

Of the following, the procedure that is MOST likely to establish the cause of the seizure is

A. brain magnetic resonance imaging with contrast

B. electroencephalography

C. lumbar puncture

D. noncontrast head computed tomography scan

E. urine toxicology screen

Preferred Response: A

The boy described in the vignette has had a first unprovoked seizure. The semiology of the seizure included some focality, with posturing on the left side, indicating that this was likely a focal, or partial, seizure. In the emergency department, after resolution of the postictal confusion, his mental status and neurologic examination results are normal.
The most important diagnostic test for determining the cause of one or more focal-onset seizures is a brain magnetic resonance imaging (MRI) with contrast. Although head computed tomography (CT) scan often is the initial neuroimaging performed in the emergency department, MRI is more sensitive to lesions that can be missed on CT scan. Rather than duplicating costly neuroimaging studies, if the child is clinically healthy and the parents are reliable, the clinician may safely defer an emergent head CT scan and schedule the more sensitive brain MRI as a follow-up test.
Urine toxicology screening should be considered in the emergency department after a first unprovoked seizure, but the lack of confusion or encephalopathy reported for the boy combined with his rapid return to a normal mental status argues against a drug-induced seizure.

A lumbar puncture should be obtained in a child who has a partial seizure, fever, and confusion to evaluate for encephalitides, particularly herpes encephalitis. Because this adolescent is afebrile and has a clear sensorium, cerebrospinal fluid studies and urgent neuroimaging need not be obtained.

Electroencephalography (EEG) can be helpful for determining an epilepsy syndrome diagnosis. For example, juvenile myoclonic epilepsy can present at this age and is characterized by myoclonus, generalized tonic-clonic seizures, and sometimes absence seizures, with generalized epileptiform discharges on EEG. However, epilepsy is a clinical diagnosis made after two unprovoked seizures. In the setting of a single focal seizure, the initial emphasis should be on determining whether a treatable focal lesion caused the seizure, for which EEG is unlikely to be helpful.
9.  A mother brings in her 4-year-old boy because she is concerned about his increasing clumsiness. He has been previously healthy and achieved developmental milestones on time.  His growth parameters are normal. On physical examination, his mental status is normal, as are results of cranial nerve and sensory examinations and reflexes. However, he cannot rise from the floor without using his hands, and his running looks clumsy.

Of the following, the MOST appropriate next test to assess the cause of this child’s symptoms is

A. electromyography

B. lumbar puncture

C. measurement of serum creatine kinase

D. muscle biopsy

E. spine magnetic resonance imaging

Preferred Response: C

The chronic progressive weakness described for the boy in the vignette requires a thorough, but not emergent, diagnostic evaluation to localize the problem to the brain, brainstem, spinal cord, root, nerve, neuromuscular junction, or muscle. The history of achieving developmental milestones on time, the normal growth parameters (including head circumference), and findings on examination of appropriate mental status and absence of hyperreflexia make a central nervous system problem unlikely. The normal sensory examination findings and reflexes make neuropathy less likely. The inability to arise from the floor without using his hands (Gower sign) indicate weakness of proximal muscles and suggests muscle disease.

Measurement of serum creatine kinase is an easy initial test for chronic progressive weakness that can confirm the impression of muscle disease. If this is elevated, referral to a neurologist, particularly a neuromuscular specialist, is the next recommended step for determination as to whether electromyography (EMG), muscle biopsy, or molecular diagnostic testing is warranted. A number of conditions are associated with elevated creatine kinase concentrations.

Because the boy in the vignette has had no back pain, sensory change, or report of bowel or bladder incontinence, spine magnetic resonance imaging is not indicated. EMG may be helpful for defining intrinsic muscle disease, but because this is a painful and expensive procedure, localizing the problem more accurately to the muscle with serum creatine kinase measurement is preferred initially. Similarly, muscle biopsy ultimately may provide specific diagnostic information, but it is not preferred as the initial study. Lumbar puncture would not provide revealing diagnostic information for this clinical presentation.
10.  During the health supervision visit of a 10-year-old boy, you note some wasting and weakness of his lower leg muscles, with diminished patellar and ankle reflexes. You examine his parents’ legs and feet and notice that his mother has a bilateral foot drop and deformed feet.

Of the following, the MOST likely diagnosis is

A. Becker muscular dystrophy

B. celiac disease

C. chronic inflammatory demyelinating polyneuropathy

D. hereditary sensorimotor neuropathy

E. hydrocephalus

Preferred Response: D

The child described in the vignette has physical findings suggestive of a chronic neuropathy.  The distal weakness accompanied by reduced reflexes and loss of muscle bulk noted in the motor examination localize the problem to the peripheral nervous system. The presence of similar but more advanced symptoms in the mother (deformed foot with “hammer toes” — higharched, flexed toes) supports a diagnosis of autosomal dominant hereditary sensorimotor neuropathy (eg, Charcot Marie Tooth disease). A large number of genes and loci have been identified for various forms of hereditary sensorimotor neuropathy. Referral to a neurologist, particularly one specializing in neuromuscular diseases, is recommended.

Neuropathy may occur as part of more than 400 heritable diseases affecting peripheral nerve axons, myelin, or both. The most common primary, heritable forms are the hereditary sensorimotor neuropathies. Diagnostic evaluation is based on history and clinical findings, associated neurologic and systemic signs and symptoms, and results of clinical neurophysiologic studies (electromyography/nerve conduction velocities) that may localize the problem more accurately. Neuropathy also can be acquired. Autoimmune diseases, heavy metals and other toxins, chemotherapeutic and other medications, vitamin deficiencies (B1, B6, B12, E), and endocrine disorders such as diabetes may damage peripheral nerves.
Becker muscular dystrophy results in muscle weakness, but it is not associated with reduced muscle bulk and hyporeflexia. Additionally, Becker muscular dystrophy is caused by mutations in the dystrophin gene, and the pattern of inheritance is X-linked recessive, so the mother would not be symptomatic.  Celiac disease can present with a variety of neuropathic problems, but both hands and feet are involved, pain in hands and feet often is prominent, and sensory ataxia might be present on physical examination. The prevalence in first-degree relatives is low.   Chronic inflammatory demyelinating polyneuropathy (CIDP) usually occurs as an adverse long-term outcome of Guillain-Barré syndrome, also known as acute inflammatory demyelinating polyneuropathy (AIDP). The absence of a prior history of AIDP and the apparent autosomal dominant inheritance through the mother in this case make CIDP unlikely.  Hydrocephalus can cause leg weakness due to compression of cortical spinal tract fibers to the legs, but the neurologic examination would document increased, not decreased reflexes.
11.  During the health supervision visit for a 6-week-old boy, his father expresses concern that his son "doesn't look like" his other children. Growth parameters are normal except for a head circumference of 35.5 cm (less than the 5th percentile). On physical examination, you note that the infant does not appear to fixate or track your face visually. There is "slip through" on vertical suspension and "draping over" on horizontal suspension. Deep tendon reflexes are brisk. Moro reflex is present and brisk.

Of the following, the MOST likely cause of this infant's hypotonia is

A. anterior horn cell disease

B. congenital brain malformation

C. congenital myasthenic syndrome

D. congenital myopathy

E. spinal cord disease

Preferred Response: B

The diagnostic process for a "floppy" infant involves the same thinking process as for acute weakness, with the primary difference being the urgency. Chronic generalized hypotonia at a health supervision visit does not require emergency evaluation unless there is difficulty breathing. The first step is to try to determine the responsible neurologic level, based on history and physical examination. The brain, brainstem, spinal cord, anterior horn cell, root, nerve junction, and muscle should be considered systematically in each case.

Three findings for the child described in the vignette localize his problem, at least in part, to the cerebrum. First, and most importantly, the head circumference of this 6-week-old is essentially that of a newborn. It is important to determine by reviewing prior measurements whether head growth has arrested or the microcephaly was present at birth. Second, the infant is not tracking visually. Because this could be an eyeball or brainstem problem, it is important to assess the red reflex, pupil reactions, and vestibular ocular reflex (manually move the head briskly but gently to each side and determine if the eyes move the expected, opposite direction).  In the presence of microcephaly, cortical visual processing problems are more likely than eye or brainstem problems. Finally, the infant’s reflexes are brisk, which is usually indicative of brain pathology. Absent reflexes point to a peripheral nervous system problem. The compilation of these findings suggests that the most likely cause is a congenital brain malformation.

Spinal cord lesions can cause weakness and hypotonia caudal to the level of the lesion, but they do not result in a small head or poor visual tracking. Similarly, spinal muscular atrophy/anterior horn cell disease, congenital myasthenia (neuromuscular junction dysfunction), or congenital myopathies would not account for this symptom complex.
12.  A mother brings her 8-year-old daughter to your office after the girl experiences a first unprovoked generalized tonic-clonic seizure at school. The child had been seen in an emergency department, and results of a head computed tomography scan performed there were normal. Her development, school performance, and results of physical examination are normal. You review safety concerns (no unsupervised time in bathtub or pools, wearing a bicycle helmet) and seizure first aid with the mother. Following published guidelines, you obtain routine electroencephalography (EEG), which a neurologist interprets as normal. The mother asks you about anticonvulsant therapy to prevent further seizures.

Of the following, you are MOST likely to advise her that

A. repeat sleep-deprived EEG is needed to select medication

B. treatment with carbamazepine should be initiated

C. treatment with phenobarbital should be initiated

D. treatment with phenytoin should be initiated

E. treatment with seizure medication should be deferred

Preferred Response: E

For a child who has a first unprovoked seizure, as described in the vignette, safety concerns (no unsupervised time in bathtub or pools, wearing a helmet while on a bike or scooter) and seizure first aid should be reviewed with the parents and documented in the chart. Treatment after a single seizure in childhood is not recommended, no matter what EEG shows. 

In some cases, retrospective evaluation of children suggests that they have had subtle complex partial seizures or previously have been found after an unwitnessed seizure. Therefore, it is critical for the physician seeing the child after an apparent first seizure to obtain a very careful history to be certain that the seizure is, indeed, the first.
The most important diagnostic decision after a first unprovoked seizure is whether to obtain neuroimaging to diagnose a focal, treatable cause for seizures. Neuroimaging should be obtained after a first unprovoked seizure when the seizure occurs in the first year after birth, is focal/asymmetric, or begins with a stare and subsequently generalizes. Neuroimaging also should be obtained after a first unprovoked seizure when the history or physical examination results indicate probable focal central nervous system pathology, such as if the child has unilateral weakness or when postictal confusion is prolonged, particularly if the child is febrile (to rule out herpes encephalitis).

Obtaining an EEG is recommended by published practice guidelines. There are two primary problems to keep in mind when deciding whether to order an EEG:  

1) Inter-reader agreement in the interpretation of EEGs is low. The level of training of neurologists reading pediatric EEGs may be low in some communities, which is a particular problem for neonatal EEGs, and even experienced EEG readers frequently differ in their visual interpretations.  

2) Positive and negative predictive values are not very informative. The sensitivity of EEG varies widely, depending on who reads it, but at best is approximately 50%; that is, about 50% of children who have epilepsy and 50% of children who have a first unprovoked seizure that eventually will recur have epileptiform EEGs, but the rest have normal EEGs.

Accordingly, a normal EEG reading does not rule out recurrence or epilepsy and only means that a recurrent seizure is somewhat less likely. The specificity after first seizure is, at best, about 70%; that is, about 30% of children who do not have a seizure recurrence still have epileptiform discharges on the EEG. Thus, a positive EEG also does not predict epilepsy accurately.
Repeat EEGs with sleep deprivation have been advocated by neurology practice parameters for many years in cases where the first EEG is read as normal and sleep was not present. The best available evidence suggests, at most, modest benefit to this practice if used routinely in children. Any benefits of the higher yield should be weighed against the potential for additional false-positive results, the time for the additional trip to the EEG laboratory, missed school and work, cost, and the burden of sleep deprivation. After a first seizure, the repeat EEG will not result in any additional information that changes acute management.

Regardless of EEG results, two or more unprovoked seizures in a child are diagnostic of epilepsy and warrant treatment and consultation with a neurologist for selection of medication.  Because phenobarbital causes sedation and cognitive and behavioral changes in young children, it would not be used, except in countries where resources for medical care are very limited. Phenytoin has somewhat erratic absorption and can cause gingival hyperplasia in children, so it is not first-line therapy for a new diagnosis of epilepsy. Carbamazepine is a good choice for a child diagnosed with partial epilepsy, but not for generalized epilepsy. Valproic acid is a good choice for both partial and generalized epilepsy in children older than age 2 years.  Each of these generic choices, along with the plethora of new medications, has unique adverse event profiles, which physicians must understand.
13.  A 5-year-old boy is brought to the office 4 hours after falling off his bicycle. His mother reports that he was not wearing a helmet, and bystanders said that he did not lose consciousness.  When his friends brought him home, he was tearful and sleepy but was answering questions appropriately. The mother noted an abrasion on the left side of his head and applied ice to a small area of swelling on the left temple. Over the last several hours, however, he has become increasingly confused and has had multiple episodes of vomiting. On physical examination, he is difficult to arouse, and his right pupil is larger than his left.

Of the following, a TRUE statement regarding this patient’s likely diagnosis is that

A. improved survival is associated with prompt neurosurgical intervention in symptomatic patients

B. intracranial injury is unlikely because there was no loss of consciousness

C. mannitol is the initial treatment of choice

D. the gradual onset of symptoms is most consistent with a concussion

E. the injury is caused by laceration of the veins that bridge the dural sinuses and the brain

Preferred Response: A

Epidural hematoma should be suspected in pediatric patients who sustain seemingly minor head injuries but then exhibit progressive development of symptoms such as lethargy, worsening headache, vomiting, and focal neurologic signs, as described for the boy in the vignette. The absence of a history of loss of consciousness or signs of skull fracture is not a reliable negative predictor of an epidural hematoma. As many as 50% of affected children do not have changes in consciousness, and skull fractures may be absent in up to 40%. Epidural hematomas typically result from lacerations to meningeal blood vessels; shearing of the bridging veins between the dural sinuses and the brain most often causes subdural hematomas.

Epidural hematomas are seen in 2% to 3% of all children admitted to the hospital following head trauma. When diagnosed and treated before patients deteriorate, the associated mortality is nearly 0%. The treatment of an epidural hematoma that is large, in the temporal or posterior fossae, causing focal neurologic deficits, or associated with alteration of consciousness is neurosurgical drainage. Selected patients who have small hemorrhages that produce minimal or no symptoms may be considered for nonoperative management.

The initial treatment for any patient in whom an intracranial injury is presumed is maintenance of adequate oxygenation, ventilation, and perfusion. Neurosurgical intervention may be indicated for patients who have space-occupying lesions. The use of mannitol as an adjunct for the treatment of cerebral edema and increased intracranial pressure no longer is recommended as an initial intervention. It has been demonstrated that survival is improved by maintaining the brain in a euvolemic or slightly hypervolemic state through the use of isotonic and hypertonic saline solutions. Mannitol may be employed to decrease intracranial pressure and improve cerebral blood flow in the intensive care unit for a patient who has an intracranial pressure monitor in place.

Concussions typically are associated with the rapid onset of neurologic impairment at the time of a direct blow to the head or a blow to the body that impacts the head with an “impulsive” force. Signs and symptoms of a concussion may include confusion, amnesia, loss of consciousness, headache, nausea/vomiting, visual disturbances, concentration difficulty, ataxia, and dizziness. Affected patients do not have focal motor deficits and abnormal neuroimaging findings. The concussive symptoms resolve spontaneously over time, with most patients returning to baseline within 7 to 10 days.
14.  A 5-month-old girl presents with a 1-week history of exaggerated startle movements and decreased motor and social activity. According to her parents, the child bends her head and trunk forward, extends her arms out quickly, and cries. Such actions may occur 10 to 20 times consecutively and have become more frequent over the past several days. She also is much less physically active and less interactive with her parents. Electroencephalography shows a diffuse, severely abnormal pattern (hypsarrhythmia).

Of the following, the MOST effective treatment for this child is

A. adrenocorticotropic hormone

B. carbamazepine

C. phenobarbital

D. phenytoin

E. prednisone

Preferred Response: A

The child described in the vignette is experiencing infantile spasms. This epileptic encephalopathy is characterized by myoclonic-like seizures that can be subtle, such as a head drop, or more dramatic, such as a "clasp-knife" spasm of the body with arm flexion or extension. The clustering is common, particularly at times of sleep-wake transition. 

Importantly, the ictal spasms are accompanied by changes in cognitive and motor function, manifested by reduced social interaction and activity that are related to the underlying diffuse electrical brain dysfunction. Such dysfunction produces a severely chaotic, cortical electrical pattern identified on electroencephalography as "hypsarrhythmia." Outcome is almost uniformly poor for infants who have pre-existing neurologic problems and develop infantile spasms.  Neurologic outcomes sometimes are good for those who have previously normal neurodevelopment. Infantile spasms should prompt a careful physical examination as well as neuroimaging because tuberous sclerosis may present with infantile spasms.

The treatment of choice for infantile spasms, recommended in current United States practice guidelines, is adrenocorticotropic hormone. Prednisone is generally less effective. Other antiseizure medications may be useful when other seizure types develop, but these have not been shown to be effective for infantile spasms. Phenobarbital is inexpensive, but it is sedating, and the drug often is not recommended after the neonatal period due to adverse behavioral effects. Neither phenytoin nor carbamazepine is effective against infantile spasms. Vigabatrin is unavailable in the United States but is the drug of choice in Europe and Canada, particularly for children who have infantile spasms due to tuberous sclerosis.
15.  A 6-year-old boy presents in late summer to the emergency department with a severe headache and muscle pains. He recently returned from a camping trip. On physical examination, he is febrile and has no focal weakness, but he suffers a prolonged tonic-clonic seizure and becomes unresponsive. Head computed tomography scan reveals no abnormalities. Acyclovir and fosphenytoin are administered. Magnetic resonance imaging shows subtle, diffuse signal change and thickening in the cerebral cortex, no signal changes in temporal lobes, and no meningeal enhancement.

Of the following, the MOST likely cause of the boy’s symptoms is

A. arbovirus

B. Borrelia burgdorferi

C. herpes simplex virus 1

D. Listeria monocytogenes

E. Taenia solium

Preferred Response: A

The child described in the vignette has symptoms of an acute viral infection, with fever, muscle pains, and a prolonged seizure. Involvement of the central nervous system should be suspected because of the seizure. The magnetic resonance imaging (MRI) findings suggest focal encephalitis that could be due to an arbovirus or herpes simplex infection. Arbovirus infection is more likely to occur in late summer because arbovirus is transmitted to humans by mosquitoes.
In addition, herpes simplex infection results in necrotizing focal encephalitis in the temporal lobes rather than the subtle thickening described in the vignette. In both cases, focal infection and inflammation in the brain's cortex can lead to seizures. In the case of herpes, outside the neonatal period, the temporal lobe infection occurs because of reactivation of the herpes simplex virus (HSV) in the trigeminal nerve and spread directly into adjacent brain tissue.  Virus also can enter the brain via the blood, in which case generalized encephalitis is more likely. Examples include HSV in the neonatal period or measles, although this is much rarer because of the measles-mumps-rubella vaccine. Other viruses prone to cause encephalitis include human immunodeficiency virus, cytomegalovirus, and rabies.

The other infectious etiologies are less likely, given the details of this case. Ingestion of the eggs of Taenia solium (pork tapeworm) can lead to neurocysticercosis. This can present with focal-onset seizures, but affected patients usually do not appear ill, and computed tomography scan or MRI typically reveal isolated or multiple cysts. Borrelia burgdorferi is transmitted by ticks, and early infection presents with the characteristic rash (erythema migrans). Late-stage disease can present with central nervous system findings, the most common of which is facial nerve palsies. Meningitis is less likely but can occur. Focal encephalitis is extremely unlikely. Listeria monocytogenes is not likely to present in a child of this age, and the characteristic central nervous system infection is brainstem encephalitis.
16. A mother brings her 3-year-old boy to the emergency department. She explains that the boy suddenly stopped paying attention, stared, and had jerking of his arms and legs for about 1 minute. His lips turned blue, and he became incontinent of urine. After the episode, he appeared confused and became very sleepy. On physical examination, he has a temperature of 104°F (40°C). Following administration of acetaminophen, his temperature has decreased to 98.6°F (37°C). He is alert, interactive with his parents, and has normal findings on physical examination.

Of the following, the MOST appropriate next step is to

A. begin therapy with carbamazepine

B. obtain magnetic resonance imaging

C. obtain sleep-deprived electroencephalography

D. perform a lumbar puncture

E. provide the family with education

Preferred Response: E

A febrile seizure is the most common type of acute seizure in early childhood. Less commonly, other acute stresses to the central nervous system may result in a seizure. Examples include focal lesions affecting the brain (head trauma, intracerebral hemorrhage, stroke, tumor), infection involving the surface of the brain or surrounding tissues (meningitis, encephalitis, abscess), metabolic derangements (involving glucose, sodium, potassium, calcium, magnesium. or toxins), or intrinsic disturbances of neurotransmission (eg, the first seizure in a child who ultimately is diagnosed with epilepsy).

A seizure is an abrupt alteration of neurologic function. A generalized tonic-clonic seizure is characterized by classic motor symptoms (rhythmic jerking) and loss of awareness, followed by sleep. As is often the case, the parent did not know that the child described in the vignette was sick, and the first elevated temperature was detected after the seizure. The child experienced a simple febrile seizure. Simple febrile seizures usually occur in children between the age of 6 months and 6 years, last less than 5 minutes, are nonfocal, and occur at the beginning of the illness.

The family should be educated about febrile seizures. The key components of this education are: 1) seizure first aid, 2) seizure precautions, 3) risk of recurrence of seizures, and 4) prognosis.

First aid: If the child has another seizure, he should be placed on the floor on his side, away from furniture. Some families worry that the child may swallow his tongue and may want to place a spoon or other object in the mouth to prevent this. Parents should be told that tongue swallowing cannot and does not occur, and no object should be placed in the child’s mouth. The parent should time the seizure to be able to report to the doctor its duration. If the seizure lasts 5 minutes, the family should call 911 for emergency assistance.

Precautions: Seizure precautions in children prior to driving age involve “wheels and water.” This common sense advice includes the wearing of helmets when the child is “on wheels” and adult supervision whenever the child is in water, including bath water. The child can sleep in his or her own bed and does not need to sleep with a parent.
Recurrence risk: In an otherwise healthy child who experiences a single, simple febrile seizure, the recurrence risk for febrile seizures is about 33%.

Prognosis: There is no evidence that simple febrile seizures cause brain damage. The family should be reassured that the risk of epilepsy, ie, recurrent nonfebrile seizures, is less than 5%.  For a 3-year-old child who has a febrile seizure, the focus of the diagnostic evaluation is on the cause of the illness, not on the brain. Neuroimaging is not needed. In the absence of encephalopathy and at age 3 years, lumbar puncture is not recommended routinely. Lumbar puncture is recommended in children younger than 18 to 24 months of age and based on clinical judgment in other settings. 
There is no role for electroencephalography in the evaluation of a child who has a febrile seizure because it does not provide information that affects management.  Daily anticonvulsant medications such as carbamazepine are not prescribed after one or a few febrile seizures. Some physicians prescribe rectal diazepam or intranasal midazolam to all children after a single seizure to be used in the future should a prolonged seizure occur. This is especially important for a child who had a febrile seizure lasting more than 5 minutes, is medically fragile, or has limited access to medical facilities.
Neuroimaging, usually noncontrast head computed tomography (CT) scan, commonly is obtained in emergency departments after a first unprovoked seizure. However, the probability of finding a focal treatable lesion at the time of first seizure in an otherwise healthy child is approximately 2%, and emergent treatment almost never is required in this setting. The risk of focal lesions is higher in teenagers than in children and is much higher in adults, in whom neuroimaging after a first unprovoked seizure is recommended. In the absence of encephalopathy and any persistent, new focal findings on history or physical examination in an otherwise healthy child, neuroimaging generally can be deferred and obtained as an outpatient. If the clinician judges that neuroimaging is indicated, outpatient magnetic resonance imaging has a higher diagnostic yield than a head CT scan. Experts generally recommend neuroimaging for first focal onset seizures.

17.  A 6-year-old boy presents for evaluation due to an episode of screaming and confusion at night.  The boy's parents heard him scream in his room, and when they went to him, he exhibited rapid twitching of his left arm and hand, stiffening of his left leg, rolled back eyes, and some blinking of both eyes. He was incoherent and minimally responsive for 5 to 10 minutes. After the episode, he was weak on the left side of his body. By morning, he had returned to a normal status.

Of the following, the MOST likely diagnosis is

A. benign rolandic epilepsy

B. juvenile myoclonic epilepsy

C. night terrors

D. nocturnal frontal lobe epilepsy

E. rapid eye movement sleep behavior disorder

Preferred Response: A

The first unprovoked seizure described for the boy in the vignette occurred out of sleep and was clearly partial, with vocalization, left-sided motor movements, and transient focal weakness afterward. He is otherwise completely healthy and normal. It is possible he has had other nocturnal seizures that did not awaken his parents. The most common diagnosis for such findings in childhood is benign rolandic epilepsy, a childhood-onset epilepsy that typically occurs between the ages of 3 and 13 years and resolves before adulthood. Seizures may be infrequent, and the child usually has no other problems. Inheritance is autosomal dominant.

Interictal electroencephalography showing characteristic centrotemporal spikes is confirmatory. Treatment generally is not needed because the nocturnal seizures are infrequent and do not cause any problems the following day. Partial seizure medications such as carbamazepine are effective, if used.

Juvenile myoclonic epilepsy has a later onset, typically in teenage years, and is characterized by one or more of the following: 1) myoclonic jerks, usually in the morning; 2) generalized tonic-clonic seizures, often in the morning, and 3) absence seizures. Unlike benign rolandic epilepsy, juvenile myoclonic epilepsy is a form of generalized epilepsy.

Nocturnal frontal lobe epilepsy has a variable and unusual nocturnal presentation that involves complex, stereotyped dystonic movements and sometimes vocalizations that can lead to confusion with parasomnias. The associated seizures typically last fewer than 2 minutes and may cluster, occurring many times per night, at any time of the night. The affected child may have some partial recall of the events.

Night terrors are a non-rapid eye movement (REM) sleep parasomnia that can be confused with nocturnal seizures. Night terrors can start as early as 18 months of age, earlier than benign rolandic epilepsy, peak at age 5 to 7 years, and usually resolve by adolescence. The phenomenology involves a sudden arousal, vocalization, and confusion, with autonomic changes such as mydriasis and tachycardia. The movements are not repetitive clonic movements or twitching, like a seizure. The child is unconscious during the episode and does not recall it the next day. Events usually occur, at most, twice per night and during deep slow wave sleep, in the first half of the night, 1 to 2 hours after falling asleep.

REM sleep behavior disorder is an uncommon parasomnia in children. Paralysis normally occurs during REM sleep. In REM sleep behavior disorder, there is a partial or full loss of this paralysis. As a result, the individual may act out dreams that may be vivid, intense, or violent.  This disorder tends to occur in adults who have neurodegenerative diseases and is associated with the use of psychiatric medications or alcohol withdrawal. However, cases have been described in children, including those who have autism.
18.  You receive a phone call at your office from a resident, who is making rounds in the hospital.

She tells you that computed tomography scan of the 14-year-old girl you admitted last night with a history of fever and increasing headaches revealed a large brain abscess and asks your advice on choice of antimicrobial therapy. 

Of the following, the BEST combination of antimicrobial agents to start for this patient is

A. cefazolin + metronidazole + gentamicin

B. clindamycin + ceftriaxone

C. nafcillin + metronidazole + cefuroxime

D. piperacillin-tazobactam + gentamicin

E. vancomycin + metronidazole + ceftriaxone

Preferred Response: E

Brain abscesses can occur at any age, but they are seen most commonly in children between 4 and 8 years of age. Patients who have right-to-left cardiac shunts, bacterial meningitis, chronic otitis media, sinusitis, orbital cellulitis, dental infections, and penetrating head wounds are at risk for the development of a brain abscess. The responsible bacteria vary, based on the mechanism of acquisition. A single organism is involved in approximately 70% of cases; the remainder of cases are polymicrobial. Abscesses that develop as a complication of chronic sinus disease also frequently contain anaerobes. In most situations, the early clinical manifestations of brain abscess are nonspecific complaints such as fever, headache, and lethargy. As the illness progresses, severe headache, vomiting, seizures, papilledema, focal neurologic signs, and coma may develop. Computed tomography and magnetic resonance imaging are the reliable methods of confirming the diagnosis.

Because of the large number of potential pathogens involved in a brain abscess, the initial antimicrobial therapy should be broad, such as a combination regimen of vancomycin + metronidazole + ceftriaxone. Vancomycin provides coverage for methicillin-susceptible and - resistant Staphylococcus aureus as well as other aerobic gram-positive organisms (eg, streptococcal species). Metronidazole penetrates the blood-brain barrier well whether administered intravenously or orally and covers a large number of anaerobes. Ceftriaxone provides not only aerobic gram-positive coverage (eg, streptococcal species), but also addresses gram-negative organisms (eg, Haemophilus influenzae). The choice and number of agents can be altered according to culture results and the susceptibility of recovered organisms. The duration of antimicrobial therapy is usually 4 to 6 weeks.

Surgical management of brain abscesses has changed since the advent of neuroimaging. Current indications for surgical management include multiloculated abscess, abscess in the posterior fossa, fungal abscess, or the patient who is not improving or worsening with antimicrobial therapy.

Any combinations of antimicrobial agents that involve cefazolin or clindamycin for staphylococcal coverage are inferior to vancomyin due to their poor penetration of the central nervous system. Nafcillin penetrates the central nervous system well, but its use is limited because of the prevalence of methicillin-resistant S aureus. Combination penicillins (eg, piperacillin-tazobactam), cefuroxime, and gentamicin do not penetrate the CNS well.

19.  A 6-year-old boy presents with a sudden-onset loss of awareness characterized by staring, drooling, and chewing movements for more than 15 minutes, followed by confusion, then deep sleep. On physical examination in the emergency department, the child is afebrile and appears to be returning to normal. Vital signs and general examination findings are normal, and there are no focal findings. Head computed tomography scan shows a large, contrast-enhancing cerebral mass without edema or midline shift.

Of the following, the MOST likely diagnosis is

A. arteriovenous malformation

B. brain damage from a seizure

C. ependymoma

D. glioblastoma multiforme

E. herpes encephalitis

Preferred Response: A

The most common cause of hemorrhagic stroke in children is vascular malformation, of which there are two types: arteriovenous malformations (AVMs) and cavernous malformations. These can present in childhood with hemorrhage that leads to headache and seizures, as described for the boy in the vignette. Severe, "worst-ever" headache; seizure; and mental status change are indications for emergency evaluation and imaging of the central nervous system. The computed tomography scan obtained for this boy shows a contrast-enhancing tortuous vascular mass without surrounding edema or midline shift.

Seizures are not believed to cause brain damage in children, except in rare cases. A large hemorrhage can cause seizures, but seizures cannot cause a large hemorrhage.  Ependymomas are one of the more common brain tumors in children. They emerge from the ependymal lining of ventricles, do not hemorrhage, and typically occur in the posterior fossa of young children. Therefore, they present more indolently, with headache and cranial nerve findings. Glioblastoma multiforme, the highest grade astrocytoma, is uncommon in young children. Although glioblastoma multiforme can hemorrhage, it does not have a tortuous vascular appearance on imaging and has surrounding edema. Herpes encephalitis causes hemorrhagic necrosis and can present with seizures, but usually the patient is febrile and the characteristic imaging appearance does not involve a tortuous vascular-appearing mass.
20.  A 12-year-old girl presents with a 2-day history of progressive back pain and difficulty walking, especially up stairs. This morning she had trouble dressing and combing her hair. On physical examination, the girl’s vital signs are stable and she is not short of breath. Cardiac, pulmonary, and joint evaluation results are normal. Neurologic examination reveals normal mental status and cranial nerves. Strength is diffusely reduced in the arms and legs, and reflexes are absent. Her gait is slow, and she requires assistance to arise from the floor. Noncontrast head computed tomography scan results are normal. Forced vital capacity is normal. Lumbar puncture reveals a cerebrospinal fluid protein concentration of 110 mg/dL. Cerebrospinal fluid white blood cell count, red blood cell count, and glucose concentration are normal. You admit the girl for cardiorespiratory monitoring and treatment.

Of the following, the treatment that is MOST likely to be beneficial in hastening this child’s recovery is

A. immune globulin intravenously

B. methotrexate intrathecally

C. methylprednisolone intravenously

D. neostigmine intravenously

E. tissue plasminogen activator intravenously

Preferred Response: A

The evaluation of subacute generalized weakness is a medical emergency because symptoms may progress to respiratory insufficiency or dysautonomia and death. The evaluation should be systematic, considering possible causes at the level of brain, brainstem, spinal cord, anterior horn cell, root, nerve, junction, and muscle. The girl described in the vignette has generalized weakness, with normal mentation and sparing, at present, of muscles of the face and swallowing. Therefore, the problem is less likely to involve the brain or brainstem. Similarly, the absence of sensory loss makes spinal cord involvement unlikely. The back pain and absent reflexes localize the problem to root and nerves, and the classic cerebrospinal fluid findings (high protein concentration, normal cells) confirm the diagnosis of acute inflammatory demyelinating polyneuropathy (AIDP), also known as Guillain-Barré syndrome (GBS).

The treatment of choice for AIDP/GBS in adults and children is intravenous immune globulin, administered at 2 g/kg total dose. Respiratory status, with forced vital capacity or negative inspiratory force, and cardiovascular status should be monitored in the hospital due to the risk of death. Neuropathic pain also should be treated, and both gabapentin and carbamazepine are effective.  Intravenous methylprednisolone alone is not effective in this disorder. Neostigmine is an acetylcholinesterase inhibitor used for diseases at the neuromuscular junction such as myasthenia gravis. Intravenous tissue plasminogen activator is used in acute treatment of thrombotic stroke in adults. Intrathecal methotrexate is used as a chemotherapeutic agent for central nervous system malignancies.
21.  A term newborn is delivered to a mother who has had a 5-day history of a nonspecific gastroenteritis, some loose stools, generalized malaise, and low-grade fever. The infant had a seizure at 6 hours of age and is ill, with an inspired oxygen requirement of 0.40, some petechiae, and oozing from the umbilicus and phlebotomy sites. He is irritable on neurologic examination.

Laboratory findings include:

· White blood cell count, 7.5x103/mcL (7.5x109/L)

· Platelet count, 90.0x103/mcL (90.0x109/L)

· Hematocrit, 45% (0.45)

· Aspartate aminotransferase, 240.0 U/L

· Alanine aminotransferase, 300.0 U/L

· Fibrinogen, 90.0 mg/dL (2.6 mcmol/L)

· Prothrombin time, 20 seconds

· Partial thromboplastin time, 60 seconds

· Internationalized Normalized Ratio (INR), 1.80

· Serum glucose, 90.0 mg/dL (5.0 mmol/L)

A lumbar puncture reveals 35 white blood cells, with 50% polymorphonuclear cells and 50% mononuclear cells; 1 red blood cell; glucose of 60.0 mg/dL (3.3 mmol/L); and protein of 100 mg/dL (1,000 g/L). No organisms are seen on cerebrospinal fluid (CSF) Gram stain.

Of the following, a TRUE statement about this patient’s meningitis is that

A. gram-negative organisms are unlikely to be causative

B. group B streptococcal meningitis is likely to be the cause

C. infection likely is related to maternal enteroviral infection

D. the abnormal CSF glucose and protein values indicate bacterial meningitis

E. the abnormal liver function test results and CSF cell counts indicate herpes simplex virus infection

Preferred Response: C

The infant described in the vignette has symptoms of respiratory distress, neurologic irritability, and coagulopathy. The likely viral gastroenteritis suffered by his mother was of short enough duration not to have conferred any protective antibody transfer to the fetus. His laboratory findings are most concerning for thrombocytopenia, coagulopathy, and elevated hepatic transaminases. His lumbar puncture results indicate a pleocytosis consistent with meningitis.

Neonatal meningitis of either viral or bacterial cause typically occurs in the face of a sepsis syndrome that may be associated with known risk factors prenatally (maternal fever, chorioamnionitis, prolonged rupture of membranes) or postnatally (bacteremia, urinary tract infection, or respiratory distress), with attendant signs of apnea, lethargy, acidosis, and hypoglycemia. The infection most often is bacterial. 
Physical examination findings can include a bulging or tense anterior fontanelle, irritability, fever, emesis, coma, and seizures; neuromotor tone may be increased or decreased. CSF values in bacterial meningitis generally include elevated protein values to more than 150 mg/dL (1,500 g/L), white blood cell count of more than 100, and a glucose value less than 50% of that measured in the blood. These values may differ greatly from those seen in viral (aseptic) meningitis of the newborn, such as that affecting the infant described in the vignette. 
Neonatal enteroviral infection may follow maternal infection, characteristically in the spring and summer seasons. Clinically, affected newborns manifest illness with a sepsis syndrome, coagulopathy, and meningitis. Hepatopathy and respiratory distress also may be significant.

The mortality rate of neonatal bacterial meningitis generally is cited at 10%, but both mortality and late morbidity vary with the cause of meningitis in the newborn. The most common pathogens for neonatal meningitis include group B Streptococcus, Escherichia coli, other gram-negative rods, and Listeria monocytogenes. Although neonatal group B streptococcal meningitis is common, it generally is associated with later onset (after 7 days), a shocklike state, and CSF findings consistent with bacterial meningitis, as noted previously. Gram-negative meningitis varies with perinatal exposure, prior maternal or neonatal antibiotic use, comorbidities, and neonatal intensive care unit (NICU) practices. S pneumoniae and Haemophilus influenzae are uncommon causes of meningitis in the newborn. Staphylococcal infections may be increasing causes of concern in the NICU. Methicillin-resistant S aureus meningitis may require aggressive therapy and isolation. Herpes simplex viral meningoencephalitis is associated with a hemorrhagic pleocytosis, apnea, seizures, coagulopathy, and hepatic transaminase values generally greater than 1,000 U/L.

22.  A 16-year-old girl presents to the emergency department with the complaint of weakness for 3 weeks. She is having difficulty walking up stairs, particularly in the evening, and she has had double vision intermittently. She has no pain. On physical examination, this slim adolescent female appears sad and uninterested, with droopy eyelids. Cranial nerve examination shows slight limitation of abduction of the right eye, with complaints of double vision on the right, facial weakness, and a nasal-sounding voice. Motor examination documents 4/5 strength in the hands, shoulders, and hips. Reflexes are 1+ in arms and legs. Sensory examination results are normal.

Of the following, the MOST important initial test is

A. edrophonium chloride (Tensilon®) test

B. forced vital capacity

C. lumbar puncture

D. magnetic resonance imaging of the brain

E. measurement of serum creatine kinase

Preferred Response: B

The subacute progressive weakness and diplopia reported by the adolescent in the vignette require emergent diagnostic evaluation and management. Because subacute generalized weakness can progress rapidly to involve airway muscles or cause respiratory insufficiency and death, assessment of respiratory function is paramount, and the preferred initial procedure is measurement of forced vital capacity or negative inspiratory force. At the bedside, a rough estimate may be obtained by having the child inhale maximally and count continuously and clearly to as high a number as possible until expiration is complete. The final number is multiplied by 100 mL (eg, counting to 20 results in 2,000 mL). Forced vital capacity should exceed 20 mL/kg. A value of less than 15 mL/kg is an indication for intensive care unit admission for ventilatory support. Because pulse oximetry is not sensitive for monitoring neuromuscular respiratory insufficiency, the patient requires frequent forced vital capacity or negative inspiratory force evaluation, which is accomplished best in the intensive care unit.

The diagnostic evaluation of subacute progressive weakness should focus initially on localization of the problem to the brain, brainstem, spinal cord, root, nerve, neuromuscular junction, or muscle. The normal consciousness reported for the patient in the vignette makes a brain lesion an unlikely cause for her bilateral general weakness. The diplopia and pharyngeal weakness suggest the possibility of brainstem involvement, but fluctuating bilateral ptosis with preserved consciousness, bilateral limb weakness, and normal sensation make that less likely.
Localization to the spinal cord is not probable because of the cranial nerve findings. Neuropathy is possible, although the fluctuation of symptoms, fatigability, and persistence of elicitable reflexes makes this localization unlikely. The difficulty walking up steps could point to a muscular problem. However, the fluctuations, the progression over 3 weeks without any muscle pain, the ptosis, and subtle extraocular muscle findings make muscle disease unlikely. Although adolescents may present with psychogenic weakness, this girl’s physical examination findings make this diagnosis unlikely. Thus, the neuromuscular junction is the most likely localization.

This clinical presentation is consistent with childhood-onset myasthenia gravis. After respiratory issues have been assessed and managed, making the proper diagnosis is critical. Based on the clinical presentation, tests of the neuromuscular junction for myasthenia gravis, such as the Tensilon® test, performed under rigorously controlled conditions with atropine at the bedside, are important. Tensilon (edrophonium) inhibits acetylcholinesterase.  Cholinergic adverse effects of edrophonium include bradycardia, which is reversed by atropine. Other adverse effects could include increased salivation and lacrimation, mild sweating, flushing, urgency, and perioral fasciculations.

Tests of central nervous system structure (brain magnetic resonance imaging) are not useful. Similarly, the yield of lumbar puncture and serum creatine kinase measurement is low.

