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P A R T  I  

Symptoms and Signs 

1: Ini tial Headache  

Katherine Hamilton; Ana Recober 

Keywords 

Thunderclap headache; subarachnoid hemorrhage; reversible cerebral vasoconstriction syndrome; 
cerebral venous thrombosis; arterial dissection; pituitary apoplexy; spontaneous intracranial 
hypotension; Papilledema; Horner's sign; Lumbar puncture; Head CT; Brain MRI; Sedimentation rate 

New headache is a common complaint in the outpatient or emergency room setting. Distinguishing 

between headaches due to a potentially dangerous cause and those that are benign is paramount. 

Speed of onset of the headache, associated medical conditions, and neurologic examination findings 

are important factors to consider. 

1. A. Headaches commonly follow concussion. Decisions about imaging in this scenario are 

reviewed in Chapter 63. Cervical arterial dissection of the internal carotid or vertebral 

arteries may also be associated with headache following trauma; often there is a delay 

between injury and development of pain. There may be associated neck pain, and the 

headache is often notably focal over just one region (such as retroorbital). When suspicion 

for dissection is present, computed tomography angiogram (CTA) or magnetic resonance 

angiogram (MRA) of the neck are indicated. 

2. B. A sudden-ÖÕÚÌÛɯ ȹɁÛÏÜÕËÌÙÊÓÈ×ɂȺɯ ÏÌÈËÈÊÏÌɯ ÐÚɯ ÖÕÌɯ ÛÏÈÛɯ ÙÌÈÊÏÌÚɯ ÔÈßÐÔÜÔɯ ÐÕÛÌÕÚÐÛàɯ

within 1 minute. The intensity is not as significant as the rapidity of onset. This type of 

headache warrants emergent evaluation, starting with noncontrast head CT to evaluate for 

subarachnoid hemorrhage (SAH). 

3. C. In addition to SAH, head CT may identify other causes of thunderclap headache, such 

as intracerebral or intraventricular hemorrhage, pituitary apoplexy, or third ventricular 

colloid cyst. Presence of ischemic changes on CT should raise concern for arterial 

dissection, reversible cerebral vasoconstriction syndrome (RCVS), or cerebral venous 

thrombosis (CVT). A hyperdense artery sign suggests ischemic stroke, and hyperdense 

venous sinuses suggest CVT. 

4. D. Wi th modern -generation scanners and expert neuroradiology interpretation, the 

sensitivity of head CT for SAH approaches 99% when done within 6 hours of headache 

onset. However, sensitivity diminishes with time from headache onset and with less 

skilled CT readers. Given this and the catastrophic results of failing to identify SAH (i.e., 

aneurysmal rebleeding), if CT is negative, lumbar puncture should be performed. 

Xanthochromia, a yellow tinge to cerebrospinal fluid (CSF) caused by red blood cell (RBC) 

degradation, or elevated RBCs that do not decrease in successive tubes of CSF samples 

suggest the presence of SAH. Xanthochromia is reliably present 12 hours after occurrence 

of SAH and may persist for 2 weeks. 

5. E. Headaches developing slowly over hours to days are common and most often benign. 

Certain features suggest an increased likelihood of a dangerous cause. As most primary 

headaches (e.g., migraine) present in the second to third decade of life, older patients (> 50 

http://127.0.0.1:5002/B9780323635837000631.xhtml


years) presenting with new headache should undergo brain magnetic resonance imaging 

(MRI). Similarly, imaging is indicated in the immunocompromised and those with recent 

dental, head or neck, or neurosurgical procedures (concern for infection), in those with 

known malignancy (concern for metastasis), and in women who are pregnant or 

postpartum (concern for preeclampsia, RCVS, CVT). Additional testing, such as 

sedimentation rate to evaluate for giant cell arteritis or lumbar puncture to evaluate for a 

chronic meningeal process, may be needed depending on the clinical context. Postural 

headache that consistently worsens with lying down or headache precipitated by Valsalva 

maneuvers (e.g., coughing) suggest increased intracranial pressure and warrants brain 

imaging.  

6. F. Lumbar puncture should include m easurement of opening pressure, protein, glucose, 

and cell counts. While infectious and inflammatory processes rarely present with 

thunderclap headache, marked inflammation in the CSF should raise concern. RCVS and 

CVT can be associated with mild elevations in white blood cells (< 15 per mm3) and/or 

protein (< 100 mg/dL). Opening pressure is often elevated in patients with CVT.  

7. G. Characteristic clinical features suggest a specific underlying cause of thunderclap 

headache; however, even in the absence of these, a high suspicion for secondary cause of 

headache should be maintained. Multiple recurrent thunderclap headaches strongly 

suggest RCVS; this is a common feature of this condition. While very rare, 

pheochromocytoma may present similarly. Catheter angiog raphy is typically necessary to 

diagnose RCVS, given involvement of smaller- caliber vessels that are unreliably imaged 

with CT or MR angiography. CVT can present with thunderclap headache. There are often 

additional neurologic findings on examination; sup erimposed slowly progressive 

headache is typical. Diagnosis is with MR or CT venography. Pituitary apoplexy is due to 

either hemorrhage into or infarction of the pituitary gland. The former is visible on head 

CT, while the latter typically requires brain M RI with contrast to identify. Ocular 

movement abnormalities due to cranial neuropathies and visual loss due to compression 

of the optic nerves, chiasm, or tracts point to this diagnosis. Arterial dissection should be 

suspected in the setting of coexistent neck pain, recent trauma, or when focal neurologic 

deficits are present. Horner syndrome may be present with carotid dissection. Diagnosis is 

with neck MRA or CTA. Spontaneous intracranial hypotension is characterized by 

postural headache with improvement when lying flat. The presence of subdural fluid 

collections, meningeal enhancement, venous engorgement, pituitary hyperemia, or brain 

sagging on contrast MRI suggests the diagnosis. More involved testing to identify a spinal 

CSF leak may be needed. 



 
ALGOR d3',ɯƕȭƕ Flowchart for a patient with initial or new headache. CT, Computed 

tomography; ENT, ear, nose, throat; RBC, red blood cells; WBC, white blood cells. 

 

 



2: Chronic Headache 

Eric Kaiser; Ana Recober 

Keywords 

Chronic headache; Primary headaches; Secondary headaches; Migraine; Trigeminal autonomic 
cephalalgias; Trigeminal neuralgia; Temporomandibular disorder; Occipital neuralgia; Tension-type 
headache 

Chronic headache is one of the most common neurologic symptoms. The main focus of the initial 

evaluation of a patient with chronic headache is to (1) determine if the headache is secondary to some 

underlying disease or is a primary headache disorder, and (2) classify the headache type to choose 

optimal treatment.  

1. A. So-ÊÈÓÓÌËɯɁÙÌËɯÍÓÈÎÚɂɯÈÙÌɯÍÌÈÛÜÙes in the history that suggest headache may be due to an 

underlying disease. Most primary headache disorders present in adolescence or early 

adulthood, so headaches developing after age 50 should raise concern for a secondary 

cause and prompt brain imaging . Similarly, brain imaging is generally indicated for 

headaches following recent head trauma; that waken a patient from sleep, worsen with 

changes in body position or are triggered by Valsalva maneuvers including cough, 

exercise, or sexual activity; that occur in patients who are pregnant, immunocompromised, 

or have autoimmune disease or cancer; or that are associated with signs or symptoms of 

subacute infection. For patients with a known primary headache disorder, consider 

imaging if headaches develop new characteristics or patterns, or become progressively 

more severe or frequent. An abnormal neurologic examination should always prompt 

concern for a secondary cause and consideration of brain imaging. Be certain to evaluate 

for papilledema, which can indica te elevated intracranial pressure due to malignancy, 

infection, or idiopathic intracranial hypertension.  

2. B. Migraine is a common primary headache disorder. Approximately 20% ɬ40% of people 

with migraine experience an aura with at least some of their migrain e attacks. Auras are 

unilateral, fully reversible neurologic symptoms that develop gradually over 5 minutes 

lasting up to 60 minutes and are typically followed by a headache with migrainous 

features. Aura symptoms are most often visual and binocular (scotomas with or without 

positive phenomena such as fortification spectra and/or scintillations), but can be 

monocular. They may also affect sensation (numbness or dysesthesias), language 

(aphasia), or motor function. Brainstem aura (dysarthria, vertigo, tinnit us, diplopia, ataxia, 

and/or decreased level of consciousness) is rare and additional work up should be 

considered. Typical migraine aura can also occur without headache. 

3. C. For migraine without aura, an individual needs to have had at least five attacks o f 

headache with migrainous features (see chart) that last between 4 and 72 hours when 

untreated or unsuccessfully treated. The associated symptoms help distinguish migraine 

from other headache disorders. Unless there are concerning features on history or 

examination, additional testing is not needed.  

4. D. Trigeminal autonomic cephalalgias (TACs) are a group of primary headache disorders 

characterized by severe unilateral periorbital or temporal pain associated with ipsilateral 

cranial autonomic symptoms and a  sense of restlessness or agitation. Duration and 

frequency of attacks are different for each disorder, as well as treatment response. Initial 

diagnostic evaluation for TACs should include magnetic resonance imaging (MRI) of the 

brain with contrast with sp ecial attention to the pituitary gland and cavernous sinus.  



5. E. Ophthalmologic evaluation should be considered for orbital or periorbital pain, which 

may also occur with photophobia. Examples of primary ophthalmologic causes of pain 

include conjunctivitis, uveitis, keratitis, scleritis, corneal abrasions, dry eye syndrome, 

acute angle-closure glaucoma, orbital cellulitis, and optic neuritis.  

6. F. Trigeminal neuralgia consists of attacks of very brief, lancinating pain in the distribution 

of the trigeminal nerv e. The ophthalmic division of the trigeminal nerve is typically 

spared. Pain is often triggered by innocuous stimuli such as brushing teeth, cold air, 

talking, chewing, or touching the face. Rarely, trigeminal neuralgia is due to 

demyelination or neoplasm affecting the trigeminal nerve; more commonly it is idiopathic 

or associated with a compressive vascular loop. It is best evaluated with brain MRI with 

contrast and thin cuts through the trigeminal nerve and posterior fossa.  

7. G. Temporomandibular disorders may also show abnormal movements of the mandible 

and/or decreased range of motion in addition to tenderness on examination. Patient 

education, dental referral for occlusional splints, and physical therapy may be helpful. The 

usefulness of imaging is controversial. 

8. H. With occipital neuralgia, paroxysms of pain are brief and associated with dysesthesia 

and/or allodynia. Occipital nerve block is both diagnostic and therapeutic. Occipital 

neuralgia is often overdiagnosed in the setting of migraine, as occipita l tenderness is 

commonly found on examination and occipital nerve blocks often provide pain relief, but 

they are distinct disorders.  

9. I. Tension-type headache is the most common primary headache disorder, but most 

patients do not seek medical advice. Note that it does not have migrainous features such 

as aggravation by routine physical activity or nausea/vomiting, but may have photophobia 

or phonophobia. Unless there are concerning features on history or examination, 

additional testing is not needed.  



 
 +&.1d3',ɯƖȭƕ Flowchart for a patient with chronic headache. SUNA, Short-lasting 

unilateral neuralgiform headache attacks with cranial autonomic symptoms; SUNCT, Short-

lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing . 

 

 



3: Neck Pain 

Colin Quinn; Raymond S. Price 

Keywords 

cervical myelopathy; cervical radiculopathy; cervical trauma; cervical dissection; cervicalgia; epidural 
abscess 

1. A. Neck pain resulting from trauma should be managed with particular caution to avoid 

causing or exacerbating damage to the cervical spine. When injury to the spinal column is 

suspected, immediate cervical immobilization is critical. Neurologic examination should 

be performed immediately to determine if there are neurologic deficits referab le to a spinal 

level or vascular injury. Computed tomography (CT) of the cervical region is the imaging 

study of choice to examine the bony structure of spinal column. Magnetic resonance 

imaging (MRI) can provide more information regarding the spinal cord and the 

surrounding soft tissues and is recommended for patients with altered consciousness who 

cannot participate fully in the neurologic examination. Vascular imaging either with CT or 

MRI should be performed if there is suspicion for a vascular injury ( see section B). 

2. B. Dissection of the carotid or vertebral arteries should be considered in any patient with 

neck pain and symptoms or signs suggesting cerebral ischemia. While trauma is a 

significant risk factor for dissection, ~  50% of dissections occur spontaneously without 

obvious antecedent trauma. Fibromuscular dysplasia, Marfan or Ehlers -Danlos syndrome, 

and a variety of other rare disorders of connective tissue predispose to dissection. An 

important diagnostic clue to carotid dissection is the presen ce of an ipsilateral Horner 

syndrome (anisocoria with an ipsilateral small pupil and ptosis) due to injury to the third -

order sympathetic neurons ascending with the carotid artery.  

3. C. If a patient has neck pain with difficulty walking or leg weakness, susp ect cervical 

myelopathy. This requires emergent neuroimaging if acute and urgent neuroimaging if 

subacute or chronic to evaluate for the need for surgical decompression. If an intrinsic 

spinal cord lesion not related to compression is identified in a patie nt with acute or 

subacute onset of symptoms, refer to the evaluation of transverse myelitis in Chapter 113. 

4. D. Pain radiating into and down the arm (radicular pain) suggests cervical radiculopa thy. 

However, radicular pain is not always present and cervical radiculopathy must still be 

considered if there is arm weakness. 

5. E. The absence of arm weakness in the setting of radicular pain suggests a mild or sensory-

predominant cervical radiculopathy, although a pure musculoskeletal process without 

nerve compression cannot be entirely excluded. In either case, patients are treated with 

conservative symptomatic management with nonsteroidal antiinflammatory drugs 

(NSAIDs) and physical therapy. If pain is severe or persistent, medications for neuropathic 

pain (tricyclic antidepressants) may be used. Time-limited trials of opioids or 

benzodiazepines can be considered for severe, disabling pain but, given the potential for 

abuse and addiction should not be used as initial treatment for mild ɬmoderate pain. 

Although frequently used, gabapentin, systemic steroids, or epidural steroid injections 

have not demonstrated clear long-term benefit. Failure to respond to conservative 

treatment should prompt reevaluation f or progressive neurologic deficits.  

http://127.0.0.1:5002/B9780323635837001132.xhtml


6. F. Weakness of shoulder abduction along with neck pain radiating into the shoulder is 

most consistent with a C5 radiculopathy. Weakness of external rotation may also be 

present due to involvement of the muscles of rotato r cuff.  

7. G. Weakness of elbow flexion or a reduced biceps and brachioradialis reflex along with 

neck pain radiating into the anterior arm or lateral forearm is most consistent with a C6 

radiculopathy.  

8. H. Weakness of elbow and wrist extension or a reduced triceps reflex along with neck pain 

radiating into the posterior arm or forearm is most consistent with a C7 radiculopathy. For 

further localization of wrist drop, see Chapter 26. 

9. I. Weakness of finger extension and abduction along with neck pain radiating into the 

posterior arm or forearm is most consistent with a C8/T1 radiculopathy. For further 

localization of hand weakness, see Chapter 27. 

10. J. The presence of arm weakness in a presumed cervical radiculopathy indicates the loss of 

motor axons with the potential for further axonal loss if the underlying cause is not 

addressed. MRI of the cervical spine (with contrast if there is clinic al suspicion for 

infection or malignancy) should be performed to evaluate for the need for surgical 

decompression. Be aware that degenerative cervical spine changes, such as disc herniation 

or osteophytes, are very common in older patients and may represent an incidental 

finding unrelated to symptoms. If there is clinical uncertainty regarding whether the 

ËÌÎÌÕÌÙÈÛÐÝÌɯÊÏÈÕÎÌÚɯÚÌÌÕɯÖÕɯ,1(ɯÈÙÌɯÊÈÜÚÐÕÎɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯÚàÔ×ÛÖÔÚȮɯÕÌÙÝÌɯÊÖÕËÜÊÛÐÖÕɯ

studies/electromyography (NCS/EMG) should be performed. NCS/EMG can confirm the 

localization of the lesion in the peripheral nervous system, assess the severity of motor 

axon loss, and provide information on the acuity of the injury.  

11. K. The absence of arm weakness or radicular pain suggests a musculoskeletal source of 

pain. In the acute phase, these patients may benefit from NSAIDs. With more chronic pain, 

an interdisciplinary approach including physical therapy, massage, yoga, and cognitive -

behavioral therapy may be helpful. Patients should be instructed to resume normal 

activities and limit themselves to 1 ɬ2 hours of rest daily when the pain is most severe. 

http://127.0.0.1:5002/B9780323635837000266.xhtml
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 +&.1d3',ɯƗȭƕ Flowchart for a patient with neck pain. CTA, computed tomography 

angiography; MRA , magnetic resonance angiography; MRI , magnetic resonance imaging; 

NCS/EMG, nerve conduction studies/electromyography, TIA , transient ischemic attack. 

 



4: Low Back Pain 

Daniel Cristancho; Raymond S. Price 

Keywords 

Lumbago, sciatica; sciatica; lumbar radiculopathy; lumbar stenosis; cauda equina syndrome; conus 
medullaris syndrome; epidural abscess 

Acute low back pain spontaneously resolves within 2 ɬ4 weeks in the majority of cases. Therefore, in 

the absence of trauma, fever, known malignancy, or focal neurologic signs or symptoms (such as 

incontinence or leg weakness), acute low back pain does not require imaging or intervention other 

than conservative symptomatic management. 

1. A. Patients with new low back pain following trauma require emergent imaging of the 

lumbar spine, usually with computed tomography (CT), to identif y conus medullaris or 

lumbosacral nerve root injury secondary to fracture, ligamentous injury, or compression 

from hematoma. Left untreated, such injuries may result in permanent neurologic 

disability. Other specific clinical features may suggest a cause for pain for which imaging 

is indicated. The most frequent presenting symptoms of epidural abscess are back pain 

(~ 50%) and fever or chills (~ 33%). Delayed diagnosis is common and a high index of 

suspicion is necessary. Recent systemic infection or spinal procedure, including lumbar 

puncture, epidural anesthesia, or spine surgery, should raise concern for this diagnosis. 

Spinal cord infarction and Guillain -!ÈÙÙõɯÚàÕËÙÖÔÌȮɯÞÏÐÓÌɯÙÈÙÌȮɯÖÍÛÌÕɯÍÌÈÛÜÙÌɯ×ÙÖÔÐÕÌÕÛɯ

low back pain. In neither condition, however, is pain the only symptom; associated leg 

weakness and reflex abnormalities, along with the temporal course of symptoms, suggests 

these diagnoses. 

2. B. Nontraumatic low back pain involving new bowel or bladder incontinence, regardless 

of the presence of other symptoms, requires emergent imaging of the lumbar spine. 

Magnetic resonance imaging (MRI) provides better visualization of the conus medullaris, 

nerve roots, and intervertebral disc pathology compared to CT and is therefore preferred if 

available. Asymmetric  weakness, pain radiating into the legs (radicular pain), or absent 

knee reflexes suggests cauda equina pathology. In contrast, symmetric leg weakness with 

absent Achilles and preserved patellar reflexes suggests a conus medullaris lesion. 

3. C. The presence of radicular pain suggests lumbosacral radiculopathy. Nonradicular low 

back pain associated with unilateral leg weakness should also prompt consideration of 

lumbosacral radiculopathy. A forward flexed stance when standing or walking to reduce 

low back pain  suggests the lumbosacral radiculopathy is due to spinal canal stenosis. This 

posture provides symptomatic relief by widening the spinal canal.  

4. D. The absence of leg weakness or radicular low back pain is most suggestive of a 

musculoskeletal source of pain. In the acute phase, these patients may benefit from 

nonsteroidal antiinflammatory drugs (NSAIDs). With more chronic pain, an 

interdisciplinary approach including physical therapy, massage, yoga, and cognitive -

behavioral therapy may be helpful. Patients should be instructed to resume normal 

activities and limit themselves to 1ɬ2 hours of rest daily when the pain is most severe. 

5. E. Radicular pain without leg weakness suggests a mild or sensory-predominant 

lumbosacral radiculopathy, though a musculoskeletal source of pain cannot be excluded. 

Acute symptomatic treatment may include NSAIDS and physical therapy. Additionally, 

treatment for neuropathic pain with gabapentin may be beneficial. Time -limited trials of 



opioids or benzodiazepines can be considered for severe, disabling pain but, given their 

potential for abuse and addiction, should not be used as first -line treatment. Although 

frequently used, systemic steroids or epidural steroid injections have not clearly 

demonstrated a long-term benefit. Failure to respond to conservative treatment should 

prompt reevaluation for progressive neurologic deficits. For chronic low back pain, 

additional approaches such as tricyclic antidepressants and radiofrequency ablation are 

frequently used in addition to the treatmen ts above. 

6. F. Isolated unilateral weakness of hip flexion suggests an L2 radiculopathy, which is quite 

uncommon. Weakness of unilateral hip flexion, hip adduction, and knee extension with a 

reduced or absent patellar reflex suggests an L3 radiculopathy. These findings can also be 

seen with a lumbar plexopathy (see Chapter 95). 

7. G. The evaluation of unilateral knee extension weakness is discussed in Chapter 29. 

8. H. Unilateral foot drop is commonly caused by L5 radiculopathy and peroneal 

neuropathies. The evaluation of foot drop from ankle dorsiflexion weakness is discussed 

in Chapter 30. 

9. I. Unilateral ankle plantarflexion weakness and a reduced or absent Achilles reflex 

suggests an S1 radiculopathy or tibial neuropathy.  

10. J. The presence of leg weakness in a presumed lumbosacral radiculopathy indicates the 

loss of motor axons with the potential for further axonal loss if the underlying cause is not 

addressed. MRI of the lumbar spine (with contrast if there is clinical suspicion for infection 

or malignancy) should be performed to evaluate for the need for surgical decompression. 

Be aware that degenerative lumbar spine changes, such as disc herniation or osteophytes, 

are very common in older patients and may represent an incidental finding unrelated to 

symptoms. If there is clinical uncertainty regarding whether the degenerative chan ges 

ÚÌÌÕɯ ÖÕɯ ,1(ɯ ÈÙÌɯ ÊÈÜÚÐÕÎɯ ÛÏÌɯ ×ÈÛÐÌÕÛɀÚɯ ÚàÔ×ÛÖÔÚȮɯ ÕÌÙÝÌɯ ÊÖÕËÜÊÛÐÖÕɯ

studies/electromyography (NCS/EMG) should be performed. NCS/EMG can confirm the 

localization of the lesion in the peripheral nervous system, assess the severity of motor 

axon loss, and provide information on the acuity of the injury. Symptomatic treatment of 

these patients consists of the conservative treatment approach discussed in section E. 

11. K. If lumbar spine MRI is normal in patients with leg weakness or bowel or bladder 

incontinence, consider imaging of the thoracic and cervical spine to evaluate for 

myelopathy.  

http://127.0.0.1:5002/B9780323635837000953.xhtml
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 +&.1d3',ɯƘȭƕ Flowchart for a patient with low back pain. MRI,  Magnetic resonance 

imaging.  

References 

1 Chou R., Qaseem A., Snow V., et al. Diagnosis and treatment of low back pain: a joint 

clinical practice guideline from the American College of Physicians and the 

American Pain Society. Ann Intern Med. . 2007;147:478. 

2 Hartvigsen J., Hancock M.J., Kongsted A., et al. What low back pain is and why we 

need to pay attention. Lancet.. 2018;391:2356ɬ2367. 

3 Tavee J.O., Levin K.H. Low back pain . Continuum (Minneap Minn). . 2017;23:467ɬ

486. 

 



5: Aphasia 

H. Branch Coslett 

Aphasia is an acquired disorder of language that is frequently observed in patients with lesions in the 

left hemisphere. Stroke is one of the most common causes of aphasia; slowly progressive aphasia may 

be seen with mass lesions, or with neurodegenerative diseases such as primary progressive aphasia. 

Symptoms of aphasia, which may be observed individually or in different combinations, include poor 

word retrieval (anomia), difficulty accessing meaning from spoken language (comprehension deficits), 

and inability to repeat words, phrases or sentences or to apply the grammatical and syntactic rules to 

understand or generate language. 

When evaluating a patient with suspected aphasia, the following parameters should be assessed. 

First, naming should be tested by asking subjects to name objects that differ in frequency from high to 

low (e.g., thumb vs. eyebrow) and lengt h (e.g., bat vs. propeller). The nature of the errors should be 

noted. Patients will frequently be unable to generate a response or produce a sound-based error; less 

commonly, patients may substitute a word that is similar in meaning. Fluency should be assessed by 

noting the rate and ease with which language is produced. Non -fluent patients may generate only a 

few words at a time whereas fluent patients may produce long phrases or even sentences. 

Comprehension should be tested by asking patients to perform simple tasks ranging in complexity from 

ÚÐÔ×ÓÌɯÊÖÔÔÈÕËÚɯȹÌȭÎȭȮɯɁÊÓÖÚÌɯàÖÜÙɯÌàÌÚɂȺɯÛÖɯÊÖÔ×ÓÌßȮɯÚÌØÜÌÕÛÐÈÓɯÈÊÛÐÖÕÚɯÛÏÈÛɯÙÌØÜÐÙÌɯÎÙÈÔÔÈÛÐÊÈÓɯ

ÊÖÔ×ÌÛÌÕÊÌɯȹÌȭÎȭȮɯɁ ÍÛÌÙɯàÖÜɯ×ÖÐÕÛɯÛÖɯÛÏÌɯÊÌÐÓÐÕÎȮɯ×ÖÐÕÛɯÛÖɯÛÏÌɯËÖÖÙɯÞÐÛÏɯàÖÜÙɯÓÌÍÛɯÛÏÜÔÉȭɂȺȭɯRepetition 

should be assessed by asking patients to repeat utterances that vary across the dimensions of 

frequency and length; for example, patients may be asked to repeat single, high-frequency words (e.g., 

dog) to more complex utterances with multiple, low -frequency words (e.g.ȮɯɁ3ÏÌɯÚÌÈÔÚÛÙÌÚÚɯÚÛÐÛÊÏÌËɯ

ÛÏÌɯÞÌËËÐÕÎɯÎÖÞÕȭɂȺȭɯ%ÐÕÈÓÓàȮɯÐÛɯÐÚɯÐÔ×ÖÙÛÈÕÛɯÛÖɯÏÈÝÌɯÈɯÓÈÙÎÌɯÚÈÔ×ÓÌɯÖÍɯÓÈÕÎÜÈÎÌɯÛÖɯÌÝÈÓÜÈÛÌȰɯÛÖɯÛÏÈÛɯ

end, it is often useful to ask patients to tell a story or elaborate on topics of particular interest to them.  

A number of dist inct types of aphasia have traditionally been described. Although not all 

investigators agree that aphasia subtypes are readily distinguished or consistent across patients, they 

have a venerable history and are clinically useful. 

1. A. Anomic aphasia, the most common type of aphasia, is characterized by difficulty 

naming objects and concepts with relatively preserved comprehension, fluency, and 

repetition. It may be caused by lesions anywhere in the left hemisphere but is most 

frequently observed as a residual effect of more severe aphasias. 

2. B. Conduction aphasia is characterized by impaired repetition and naming but relatively 

preserved fluency and comprehension. Traditionally it is attributed to lesions of white 

matter tracts connecting Wernicke and Broca areas, but it is most frequently observed as 

the residual manifestation of Wernicke aphasia. 

3. C. Transcortical aphasias are characterized by intact repetition with impairments in other 

language faculties. Transcortical motor and sensory aphasia are associated with deficits in 

fluency and comprehension, respectively. Mixed transcortical aphasia is associated with 

impaired comprehension and poor fluency. In these disorders perisylvian tissue, including 

white matter tracts, is preserved; lesions are often subcortical. 

4. D. Wernicke aphasia (Fig. 5.1) is characterized by fluent speech with impaired 

comprehension, repetition, and naming. It is associated with lesions involving the 

posterior porti on of the superior temporal gyrus.  

http://127.0.0.1:5002/B9780323635837000059.xhtml#f0015


 

%d&ȭɯƙȭƕ Schematic showing typical lesion location in Broca aphasia (B) involving the left 

inferior frontal gyrus, and in Wernicke aphasia (W) involving the posterior portion of the 

superior temporal gyrus.  

5. E. Broca aphasia (Fig. 5.1) is characterized by non-fluent, effortful speech; naming is poor 

with frequent failures to respond and sound -based errors. Comprehension is relatively 

preserved but repetition is impaired. It is associated with lesions that involve the left 

inferior frontal gyrus and, in most cases, other portions of the lateral frontal lobe and 

anterior insula.  

6. F. Global aphasia is characterized by impairment in all language functi ons and is typically 

seen with large lesions involving much of the perisylvian portion of the left hemisphere.  

http://127.0.0.1:5002/B9780323635837000059.xhtml#f0015


 
 +&.1d3',ɯƙȭƕ Flowchart for a patient with aphasia.  

 

 

 

 

 

 

 

 

 

 

 

 



6: Chronic Cognitive Decline  

Murray Grossman 

Keywords 

cognitive impairment; Alzheimer's disease; Lewy body dementia; frontotemporal dementia; 
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Slowly progressive cognitive decline is seen most often in the elderly, and frequently causes great 

concern to family members, though the affected patient may be unconcerned or even unaware of the 

problem. In some cases, gradual behavior change may be the predominant symptom noted by the 

patient or family, and cognitive impairment may be less obvious. Unfortunately, large ly untreatable 

neurodegenerative diseases (e.g., Alzheimer dementia) are the most common cause. There are, 

however, some causes of cognitive decline that can be treated with reversal or stabilization of 

cognitive function; identification of these condition s is thus paramount. 

1. A. In all patients with cognitive deterioration, evaluation should start with a detailed 

medical history and screening laboratory testing focusing on conditions that may be 

associated with cognitive decline. Ask about symptoms suggesting hypothyroidism 

(sensitivity to cold, weight gain, constipation, dry skin, thinning hair), Cushing syndrome 

(fatty tissue deposits in the abdomen, upper back, and face, fragile skin, slow healing, 

acne, hirsutism), vitamin B12 deficiency (extremity numbn ess/tingling due to peripheral 

neuropathy, dietary idiosyncrasies), obstructive sleep apnea (snoring, daytime sleepiness), 

and rheumatologic disease (rashes, joint pain). Renal, liver, gastrointestinal, and cardiac 

disease should be identified. When appropriate, syphilis and HIV infection should be 

ruled out. Medications, particularly chronic narcotic or sedative use, may contribute to 

cognitive decline, as may heavy alcohol use. Finally, brain magnetic resonance imaging 

should be performed to evaluate for structural lesions that might cause cognitive decline.  

2. B. Deficits on detailed neurologic examination may point to specific neurologic diseases 

associated with cognitive decline. Bedside cognitive screening using a standardized 

instrument, for instance the  Montreal Cognitive Assessment (MOCA), helps to objectively 

quantify the degree of impairment and can be useful for following progression over time. 

This may be supplemented by more detailed neuropsychological evaluation.  

3. C. The triad of cognitive decline,  unstable gait, and urinary frequency/urgency can be seen 

with communicating (or normal pressure) hydrocephalus. Brain imaging will show 

marked ventricular dilatation out of proportion to atrophy. Improvement in gait soon after 

large-volume lumbar puncture  supports the diagnosis. Treatment is surgical placement of 

a ventriculoperitoneal shunt.  

4. D. Depression can simulate dementia, causing difficulty with memory and apathy. Most 

patients recognize they are depressed. Treatment may reverse the cognitive symptoms. 

Note that patients with organic dementia may develop secondary depression, making 

evaluation of the depressed patient with cognitive impairment complex.  

5. E. Progressive microvascular disease can accumulate insidiously in the context of 

hypertension, hyp erlipidemia, and/or diabetes leading to cognitive impairment. This may 

be accompanied by unstable gait and urinary frequency/urgency. This can overlap with 

communicating hydrocephalus and with common neurodegenerative conditions such as 

Alzheimer disease. 



6. F. Eighty percent of patients with Parkinson disease develop cognitive difficulties over 

time. The diagnosis of Parkinson disease is usually, but not always, established by the time 

marked cognitive impairment occurs.  

7. G. With older age, neurodegenerative conditions become increasingly common. The most 

common of these is Alzheimer disease, marked by disorders of episodic memory, naming, 

visuospatial processing, and executive functioning. Frontotemporal degeneration is 

increasingly recognized, particularly in  individuals younger than age 65. This condition 

may present as a disorder of social comportment, behavior, and personality that can 

resemble some psychiatric conditions as well as some forms of delirium related to medical 

conditions. Behavioral variant fr ontotemporal degeneration can be differentiated from 

these other conditions by its context and the age of onset (psychiatric conditions such as 

bipolar disorder begin at a much younger age). Frontotemporal degeneration also can 

present as a disorder of language known as primary progressive aphasia. Lewy body 

dementia is associated with prominent visual hallucinations. Parkinsonian features are 

also common. Cognitive symptoms are often preceded by rapid eye movement sleep 

behavior disorder by years. 



 

 +&.1dTHM 6.1  Flowchart for a patient with chronic cognitive decline. CBC, complete 

blood count; HIV, human immunodeficiency virus; MRI,  magnetic resonance imaging; PET, 

positron emission tomography; REM, rapid eye movement. 

 

 

 



7: Acute Memory Loss  

David Wolk 

Abrupt memory loss developing over minutes to days can be a striking clinical picture. Often the 

symptom is initially mistaken for a confusional state. While some causes of abrupt memory loss may 

indeed overlap with confusion, others ɭtransient global amnesia being perhaps the best exampleɭare 

characterized by preserved cognitive function in all domains except memory.  

1. A. Initial evaluation should determine if the symptoms are indeed isolated to memory, or 

if other neurologic symptoms or signs are present. Special attention should be paid to 

impairment in level of consciousness (even if mild), witnessed convulsive activity, ataxia, 

eye movement abnormalities, and visual field defects. 

2. B. If symptoms are isolated to memory loss, the nature of the memory impairm ent can 

provide important diagnostic clues. Temporal -limbic memory loss, often involving 

hippocampal function and its extended network, is marked by an inability to form new 

episodic memories (anterograde amnesia) and some degree of retrograde memory loss for 

episodes prior to the presenting event. Retrograde memory loss tends to have a temporal 

gradient in which memories formed closest to presentation are often more affected than 

remote ones. If an individual has an isolated retrograde memory loss but is able to form 

new memories, this generally reflects an underlying psychiatric condition. If there is loss 

of personal identity, one should consider a dissociative fugue state. Alternatively, if there 

is intact personal identity, psychogenic amnesia, includin g conversion disorder, is more 

likely.  

3. C. If there is alteration of consciousness or the presence of multiple seizures, consider 

infectious or autoimmune temporal -limbic encephalitis. In these cases, brain magnetic 

resonance imaging (MRI) with contrast should be performed looking for medial temporal 

and temporal pole signal abnormality. Herpes simplex virus (HSV) encephalitis is an 

important consideration, particularly if fever is present; when considered, acyclovir 

should be started as soon as possible. Lumbar puncture should be performed and 

cerebrospinal fluid tested with HSV polymerase chain reaction (PCR) with cell count, 

protein and glucose levels measured; autoimmune/paraneoplastic panels should be 

considered in the appropriate clinical context.  

4. D. The posterior circulation is the primary source of blood flow to the medial temporal 

lobe and thalamic regions in the memory network. If memory loss is hyperacute and 

associated with acute-onset focal neurologic findings such as double vision, visual field 

deficit, or hemisensory loss, posterior circulation stroke is likely. If present, brain MRI with 

diffusion weighted imaging will demonstrate infarction and confirm the diagnosis.  

5. E. Memory loss is common following prolonged or multiple seizures, particularl y those 

emanating from the medial temporal lobe. If early recovery to baseline does not occur, 

electroencephalogram (EEG) monitoring should be pursued to evaluate for nonconvulsive 

status epilepticus. 

6. F. Relatively rapid memory loss in the setting of confu sion or delirium, eye movement 

abnormalities, or ataxia should prompt consideration of Wernicke encephalopathy. A 

history of heavy alcohol use is common. Untreated, this can evolve into Korsakoff 

syndrome, which is associated with more isolated but often m ore profound amnesia. 

Immediate treatment with intravenous thiamine is required.  



7. G. The most common cause of isolated sustained anterograde memory loss is transient 

ÎÓÖÉÈÓɯÈÔÕÌÚÐÈɯȹ3& ȺȮɯÈɯÉÌÕÐÎÕɯÛÏÖÜÎÏɯÖÍÛÌÕɯÍÙÐÎÏÛÌÕÐÕÎɯËÐÚÖÙËÌÙɯÍÖÙɯ×ÈÛÐÌÕÛÚɀɯÍÈÔÐÓÐÌÚȭɯ

Memory loss generally lasts several hours, and there is no alteration of consciousness or 

other neurologic deficits. Due to their rapid rate of forgetting, patients repeatedly ask the 

same questions over and over, reflecting disorientation to place and time. TGA is often 

preceded by acute emotional events, strenuous physical activity, or pain. The underlying 

cause remains uncertain, with seizures, arterial or venous ischemia, and migrainous-type 

phenomena all proposed as explanations but with little supportiv e evidence. One should 

observe these patients to ensure the expected resolution of symptoms within 24 hours. If 

atypical features are present, brain MRI and EEG should be considered. 

8. H. Patients with recent cardiopulmonary instability, particularly in the intensive care unit 

setting, may have temporal-limbic memory loss due to the particular sensitivity of the 

hippocampus to hypoxia.  

 
 +&.1d3',ɯƛȭƕ Flowchart for the treatment a patient with abrupt -onset memory loss. 

EEG, Electroencephalogram; ICU, intensiv e care unit; IV, intravenous.  



8: Chronic Memory Loss  

David Wolk 

Memory loss that develops over several months to years is most commonly seen in older adults and 

often prompts concern about the possibility of Alzheimer disease. However, other conditions sho uld 

also be considered; a thorough history should investigate medication use, psychiatric symptoms, sleep 

disorders, and signs of systemic illness. Focal findings on neurologic examination, or neurologic 

symptoms beyond just memory loss, should prompt neur oimaging.  

1. A. Memory impairment in older adults is often due to medications that may affect both 

attention and memory. Anticholinergic medicines, such as meclizine, diphenhydramine, 

and oxybutynin, can impair memory in otherwise cognitively normal older adu lts, as may 

benzodiazepines and other sleep aids. Discontinuation of these medicines and 

reassessment is appropriate in this context. 

2. B. Depression and anxiety are common causes of memory loss. Both are associated with 

reductions in attention and concentra tion, which, in turn, diminish memory encoding and 

ÙÌÛÙÐÌÝÈÓȭɯ ÛɯÐÛÚɯÌßÛÙÌÔÌȮɯËÌ×ÙÌÚÚÐÖÕɯÏÈÚɯÉÌÌÕɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯɁ×ÚÌÜËÖËÌÔÌÕÛÐÈȭɂɯ-ÖÛÌȮɯ

however, that even with successful treatment, many such patients go on to experience 

progressive cognitive decline, suÎÎÌÚÛÐÕÎɯÔÖÖËɯËÐÚÛÜÙÉÈÕÊÌÚɯÔÈàɯÏÈÝÌɯɁÜÕÔÈÚÒÌËɂɯÈÕɯ

underlying neurodegenerative process. Treatment with antidepressants and antianxiety 

medications, particularly those without cognitive side effects such as selective serotonin 

reuptake inhibitors, should be  pursued; consider psychiatric consultation depending on 

the clinical context and response to treatment. Reassess patients for cognitive 

improvement in the context of improved mood or anxiety. Given the relatively slow time 

course of improvement in depression or anxiety, psychiatric evaluation and treatment are 

often done in parallel with workup for other causes of memory loss.  

3. C. Poor sleep is associated with daytime fatigue and also reduces attention and 

concentration with predictable negative consequences on memory. Sleep, particularly slow 

wave, is also critical for memory consolidation. Ask patients and their partners about 

daytime sleepiness and sleep habits. Snoring and gasping for air suggest obstructive sleep 

apnea, which can be effectively treated with continuous positive airway pressure. Obese 

×ÈÛÐÌÕÛÚɯÈÙÌɯÈÛɯÏÐÎÏÌÙɯÙÐÚÒȭɯ ÊÛÐÕÎɯÖÜÛɯÖÕÌɀÚɯËÙÌÈÔÚȮɯÐÕÊÓÜËÐÕÎɯÊÖÕÝÌÙÚÈÛÐÖÕÚɯÈÕËɯ×ÏàÚÐÊÈÓɯ

movements, reflects impaired reduction in muscle tone during rapid eye movement sleep 

and is a predictor for the presence or development of Lewy body spectrum disorders, 

including Parkinson disease and Lewy body dementia. Insomnia may have a psychiatric 

etiology, and such sleep deprivation can also contribute to poor memory. In all cases, an 

overnight polysomn ogram may be necessary for diagnosis. 

4. D. If none of the above potentially reversible causes of memory loss are found, brain 

magnetic resonance imaging (MRI) should be performed and B12, methylmalonic acid, 

and thyroid function tested. Suspicion for B12 def iciency should be heightened in the 

setting of large fiber neuropathy and macrocytic anemia, though cognitive symptoms may 

exist without these findings. Weight gain, cold intolerance, and cognitive slowing suggest 

hypothyroidism.  

5. E. Memory loss over weeks to months may be associated with a subdural hematoma, 

particularly in older adults after a fall. Focal findings are often absent on examination, and 

memory loss is often driven by poor concentration and executive function. A frontal lobe 



mass may affect memory encoding and retrieval, and is also often associated with other 

frontal lobe cognitive manifestations. Brain MRI reliably identifies these abnormalities.  

6. F. Memory impairment associated with a slow, magnetic gait and urinary incontinence 

suggests normal pressure hydrocephalus. The cognitive profile is typically characterized 

by slowing of processing speed and memory loss on the basis of poor encoding and 

retrieval, but normal memory storage (i.e., recall tends to be worse than recognition 

memory). Brain imaging shows enlarged ventricles. Confirmation of the diagnosis 

depends on demonstrating clinical improvement after large -volume lumbar puncture.  

7. G. Vascular dementia presents with a cognitive profile similar to normal pressure 

hydrocephalus (see section F). MRI will show extensive microvascular disease. Note that 

most with vascular cognitive impairment have a slowly progressive course and not the 

step-wise progression that is classically described. 

8. H. Prominent and slowly progressive memory loss in a te mporal limbic pattern is a 

hallmark of Alzheimer disease. This form of memory loss reflects a loss of information 

over time supported by impaired memory recall and recognition memory. Other cognitive 

domains, including executive function, language, and vis uospatial processing, tend to be 

less affected early in the course of disease. MRI demonstrating hippocampal and lateral 

parietal atrophy supports the diagnosis, though a normal MRI does not exclude Alzheimer 

disease. In addition to Alzheimer disease, a variety of other neurodegenerative conditions 

are associated with memory loss, but usually have impairment in other salient 

nonmemory cognitive domains (e.g., semantic dementia) or other associated neurologic 

features (e.g., asymmetric dystonia in corticobasal degeneration). 



 

 +&.1d3',ɯƜȭƕ Flowchart for the treatment of a patient with chronic memory loss. MMA,  

Methylmalonic acid; MRI,  magnetic resonance imaging; REM, rapid eye movement. 

 

 

 

 

 



9: Rapidly Progressive Dementia  

H. Branch Coslett; Brett L. Cucchiara 

Rapidly progressive dementia refers to cognitive and/or behavioral deficits that evolve over weeks to 

months, much more rapidly than with traditional neurodegenerative diseases such as Alzheimer 

dementia. Treatable conditions are found in up to 2 0% of those with rapidly progressive dementia, 

which is far more often than in patients with more chronically evolving dementia.  

1. A. Obtain a careful history to distinguish between a true rapid decline and a subacute 

worsening of a preexisting more chronic progressive neurodegenerative disorder. This 

ÔÈàɯÙÌØÜÐÙÌɯÊÈÙÌÍÜÓɯÍÖÊÜÚÌËɯØÜÌÚÛÐÖÕÐÕÎɯÈÉÖÜÛɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯÈÉÐÓÐÛàɯÛÖɯ×ÌÙÍÖÙÔɯÚ×ÌÊÐÍÐÊɯ

cognitive tasks (dealing with finances, navigation) over the past few years. Assess 

medication use with attention to any po tential temporal relationship between new 

medications or changes and the onset of symptoms. Certain toxic exposures (lead, 

mercury, bismuth) can cause relatively rapid cognitive and behavioral changes. Consider 

thiamine, niacin, and B12 deficiency. Screen for metabolic derangements, thyroid disease, 

and syphilis or HIV infection.  

2. B. Limbic encephalitis in the patient with cognitive decline over weeks suggests 

autoimmune encephalitis (see Chapter 115). Infectious causes tend to progress more 

rapidly (i.e., over days), though in atypical cases may have a more insidious course. 

3. C. Creutzfeldt -Jakob disease (CJD) is a prion disease causing spongiform encephalopathy. 

Startle myoclonus and ataxia are frequent clinical findings, as are periodic sharp wave 

complexes on electroencephalogram (EEG). Early in the disease, brain magnetic resonance 

imaging (MRI) may be normal; later, characteristic MRI signs appear. Routine 

cerebrospinal fluid (CSF) studies are often normal. Elevated CSF levels of the 14-3-3 

protein support the diagnosis and the real -time quaking -induced conversion (RT-QuIC) 

assay is confirmatory. Brain biopsy may be necessary in uncertain cases. There is no 

specific treatment for CJD. 

4. D. Central nervous system (CNS) vasculitis may present with rapidly accumulating 

infarctions over weeks to months. Headache is a frequent feature, and CSF pleocytosis 

may be present. As the affected vessels are often small-medium in caliber, noninvasive 

vessel imaging (magnetic resonance angiogram [MRA]/computed tomography angiogram 

[CTA]) is often normal, and catheter angiography should be pursued recognizing that 

even this may be negative if the vasculitis involves only the very small vessels. Brain 

biopsy is necessary for diagnostic confirmation. Treatment is usually steroids and 

cyclophosphamide. Intravascular lymphoma may mimic CNS vasculitis clinically and 

radiographically.  

5. E. It is essential that MRI be performed with susceptibility weighted images (i .e., GRE, 

SWI) to identify microhemorrhages, which are the cardinal feature of amyloid angiopathy 

(AA). Patients with AA may have rapid cognitive decline due to accumulation of large 

numbers of microhemorrhages. Rarely, an inflammatory component may be pre sent 

(angiitis), resulting in vasogenic edema and in some cases even giving the appearance of a 

mass lesion. While there is no specific treatment for AA itself, amyloid angiitis is usually 

highly responsive to steroids.  

6. F. While extremely rare, dural arter iovenous fistulas (dAVFs) can cause rapid cognitive 

decline. MRI will show parenchymal lesions consistent with venous edema; abnormal flow 

voids consistent with dilated vessels on T2 images may suggest the diagnosis. Note that 

http://127.0.0.1:5002/B9780323635837001156.xhtml


dAVFs are often occult on MRA  or CTA, such that if the diagnosis is suspected, catheter 

angiography is required.  

7. G. Thiamine deficiency must be considered in any patient with rapid development of 

encephalopathy over days to weeks; the presence of eye movement abnormalities 

(nystagmus or ophthalmoparesis) and ataxia should increase suspicion (Wernicke-

Korsakoff syndrome), but neither of these findings are universally present. Chronic 

alcoholics are particularly susceptible. Clinical suspicion or characteristic MRI findings 

suggesting Wernicke-Korsakoff syndrome should trigger immediate thiamine 

administration. A whole blood thiamine level may be sent to confirm the diagnosis, but 

should not delay treatment.  

8. H. Brain MRI may be normal or show only nonspecific abnormalities in several impo rtant 

causes of rapidly progressive dementia. Hashimoto encephalopathy is a rare condition 

associated with antithyroid antibodies that may cause rapidly progressive dementia. 

Concomitant thyroid disease is often but not always present. The condition is ext remely 

steroid responsive. Suspicion for paraneoplastic/autoimmune encephalitis should be 

raised when the patient has a known malignancy, but certain types often occur without 

underlying cancer. Accompanying neurologic signs may provide important clues as to 

which antibody may be mediating the clinical syndrome (see Chapter 115). CJD may occur 

with a normal brain MRI and routine CSF studies (see section C). 

9. I. Extremely rare causes of rapidly progressive dementia may be suggested by particular 

accompanying symptoms or signs as outlined in the chart; MRI is usually abnormal in 

some but not all of these conditions. Prolonged EEG monitoring should be considered to 

capture the rare patient in nonconvulsive status epilepticus. 

10. J. A variety of other specific causes may be identified on brain MRI, including subdural 

hematoma, tumors, infection (i.e., focal mass lesions, progressive multifocal 

leukoencephalopathy), demyelinating disease, inflammatory dise ases, and hydrocephalus. 

http://127.0.0.1:5002/B9780323635837001156.xhtml


 
 +&.1d3',ɯ Ɲȭƕ Flowchart for the treatment of a patient with rapidly progressive 

dementia. CBC, complete blood count; CJD, Creutzfeldt -Jacob Disease; CNS, central nervous 

system; CSF, cerebrospinal fluid; DWI, diffusion weighted i maging; EEG, 

electroencephalogram; FLAIR, fluid -attenuated inversion recovery; LFT, liver function tests.  



10: Delirium  

Jon Rosenberg; Brett L. Cucchiara 

Keywords 
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Delirium refers to an acu te impairment in attention that compromises cognitive function; it is often 

associated with fluctuating arousal. Attention can be easily assessed at the bedside by asking the 

×ÈÛÐÌÕÛɯÛÖɯ×ÌÙÍÖÙÔɯɁÚÌÙÐÈÓɯƛÚɂɯȹÚÜÉÛÙÈÊÛɯƛɯÍÙÖÔɯƕƔƔɯÈÕËɯÛÏÌÕɯÙÌ×ÌÛÐÛÐÝÌÓàɯÚÜÉÛÙÈÊting 7 from each new 

total) or to repeat a series of numbers forward and then backward. The delirious patient may have 

periods of seeming lucidity followed by profound agitation and confusion. Hallucinations and 

combative behavior are common. Delirium is o ne of the most frequent neurologic conditions 

encountered in hospitalized patients, and is particularly common in the elderly. Medications 

commonly used for delirium are presented in Table 10.1 (contained in Appendix 1).  

1. A. Numerous underlying conditions p redispose to delirium. 1 The most common risk 

factors are advanced age, infection, dementia, immobility, electrolyte imbalance, 

malnutrition, and urinary catheterization. A careful search for underlying causes and 

reversible risk factors should be undertaken in all patients with delirium. Diagnostic 

testing should be tailored to the specific clinical scenario, but commonly includes a serum 

chemistry panel and complete blood count, urinalysis, urine and blood cultures, chest 

radiography, and toxicology screening. The presence of focal neurologic findings on 

examination should prompt urgent brain imaging. Electroencephalography and lumbar 

puncture may be necessary in some cases. 

2. B. In all patients with delirium, a focus on nonpharmacological measures is critical. These 

include redirection, promoting a normal sleep -wake cycle, removal of unnecessary lines, 

drains, or catheters, and transfer to a quiet environment whenever possible. 

3. C. Drug intoxication and alcohol withdrawal can mimic delirium. In stimulant intoxication 

and alcohol withdrawal, patients often have tachycardia, hypertension, diaphoresis, and 

tremor. Opiate intoxication is usually accompanied by bradycardia, hypotension, 

hypoventilation, and miosis. Prompt, specific treatment, especially for alcohol withdrawal 

and opiate overdose, can be life-saving. 

4. D. Alcohol withdrawal is treated with symptom -driven benzodiazepine administration, 

often using a prespecified protocol such as the Clinical Institute Withdrawal Assessment 

for Alcohol Scale (CIWA -Ar) to quantify symptom severity and guide dosing. 2 (See the 

CIWA -Ar protocol in the Appendix.) Patients with severe withdrawal symptoms may 

require intensive care management. Patients with delirium relate d to either alcohol 

intoxication or withdrawal should receive intravenous thiamine as the risk of concomitant 

thiamine deficiency and thus Wernicke encephalopathy is increased. A typical starting 

dose is 500 mg IV tid.  

5. E. Delirium may be subdivided into hy peractive, hypoactive, and mixed types. 

Hyperactive delirium occurs when cognitive impairment is accompanied by agitation and 

increased motor and speech output, whereas hypoactive delirium is associated with 

lethargy and decreased motor and speech output. Most patients demonstrate a mixed 

delirium type. Hypoactive delirium should be treated with nonpharmacological measures 

alone. For hyperactive and mixed delirium, antipsychotics such as haloperidol are 

typically used. Atypical antipsychotics or valproic ac id should be used if there is a high 

http://127.0.0.1:5002/B9780323635837000102.xhtml#bb0010
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risk for electrocardiographic QT interval prolongation or for patients at high risk of 

extrapyramidal side effects (i.e., comorbid Parkinsonism).  

 
 +&.1d3',ɯƕƔȭƕ Flowchart for the treatment of a patient with delirium CIWA-Ar,  Clinical 

Institute Withdrawal Assessment for Alcohol Scale.  

 



11: Coma 

Jonathan Ji; Atul Kalanuria; Joshua M. Levine 

Keywords 

Coma 

The causes of coma are varied and include a number of immediately life-threatening conditions for 

which emergent inte rvention is necessary. Close attention to general stabilization measures is 

necessary for all patients with coma. Simultaneously, laboratory studies should be sent and a brief 

history obtained from bystanders, family, and emergency medical first responders . At times the 

etiology of coma is obvious or known, such as traumatic brain injury or witnessed drug overdose. 

When the cause of coma is unknown, initial therapy is often empiric. Causes of coma may be divided 

into primary brain disorders and systemic dis orders that secondarily cause brain dysfunction. Primary 

brain disorders may be structural, such as pontine infarction, large intracerebral hemorrhage, or 

hydrocephalus; or nonstructural, such as seizures or encephalitis. Examples of systemic disorders that 

cause coma include shock (e.g., from sepsis or hemorrhage), exposure to toxins or drugs (e.g., 

pesticides, opiates), and severe metabolic derangements (e.g., hypoglycemia). 

1. A. Coma is frequently accompanied by respiratory and/or hemodynamic instability. Initial 

resuscitation includes securing an airway (usually with an endotracheal tube), mechanical 

ventilation, and hemodynamic support. Laboratory evaluation includes serum glucose, 

electrolytes, liver and thyroid function tests, ammonia, osmolality, blood  count, arterial 

blood gas, and toxicology testing. 

2. B.  ɯÍÖÊÜÚÌËɯÊÓÐÕÐÊÈÓɯÌßÈÔÐÕÈÛÐÖÕɯÐÕÊÓÜËÌÚɯÉÖÛÏɯÈɯÕÌÜÙÖÓÖÎÐÊɯÈÚÚÌÚÚÔÌÕÛɯȹɁÊÖÔÈɯÌßÈÔɂȺɯ

and a systemic survey. The coma examination focuses on level of arousal, cranial nerve 

functionɭespecially the pupils and position of the eyesɭand the motor examination with 

particular attention to motor asymmetry and abnormal reflexive movements (posturing). 

The goal of the initial neurologic examination is to help determine whether the coma is 

due to (1) brainstem dysfunction or a large focal hemispheric lesion (in which case a 

structural lesion is more likely) or (2) to bihemispheric dysfunction (in which case a 

systemic cause is more likely). Structural lesions may require emergent neurosurgery, 

whereas systemic causes typically require medical therapy. To facilitate rapid assessment 

and communication of severity, clinical scales such as the Glasgow Coma Scale are 

frequently used. A systemic survey should include full exposure of the patient and a 

search for etiological clues (e.g., the presence of traumatic injuries, skin temperature, 

needle marks suggesting intravenous drug abuse). 

3. C. When a structural cause is suspected, emergent noncontrast head computed 

tomography (CT) should be performed. This will identify many intracranial catastrophes 

leading to coma, such as large intracerebral hemorrhage or other mass lesions leading to 

herniation and acute hydrocephalus. Diffuse cerebral edema is typically identifiable on 

head CT, though in a young person the changes may not be as obvious as in older patients. 

Posterior reversible encephalopathy syndrome sufficient to cause coma is usually apparent 

on head CT, though better defined on brain magnetic resonance imaging (MRI). 

4. D. Two important though infrequent causes of coma of ten missed on initial noncontrast 

head CT are basilar thrombosis and deep cerebral vein thrombosis. In the case of basilar 

thrombosis, it often takes 12ɬ24 hours for ischemic changes consistent with infarction to be 

visible in the posterior circulation. De ep cerebral vein thrombosis may cause bi-thalamic 



venous edema and infarction, but this also may take hours to appear on CT, or the signs 

may be subtle and symmetric causing them to be unappreciated. CT angiography will 

rapidly and accurately identify basi lar thrombosis, and CT venography deep cerebral vein 

thrombosis. 

5. E. When coma is of unknown etiology, initial therapy is usually empiric. Empiric measures 

might include the following: (1) hyperventilation if elevated intracranial pressure is 

suspected; (2) administration of naloxone (0.4ɬ2 mg SC/IM/IV every 2ɬ3 minutes as 

needed) to address possible opiate intoxication; (3) gastric lavage with activated charcoal if 

recent medication overdose is suspected; (4) antibiotic administration if meningitis, 

encephalitis, or sepsis is suspected; and (5) administration of thiamine (500 ÔÎɯ(5ɯÛÐËɯǺɯƗɯ

days, then 250 ÔÎɯ(5ɤ(,ɯËÈÐÓàɯǺɯƙɯËÈàÚȺɯÍÖÓÓÖÞÌËɯÉàɯÎÓÜÊÖÚÌɯȹƛƙ mL of 20% glucose or 

150 mL of 10% glucose IV) to treat possible thiamine deficiency and hypoglycemia, 

respectively. In the setting of significant thiamine depletion, glucose may precipitate acute 

thiamine deficiency, so thiamine should be given first. Severe thiamine deficiency causes 

Wernicke encephalopathy, which classically presents with confusion, ataxia, and 

ophthalmoplegia, but in its extreme form may manifest as coma.  

6. F. The etiology of coma is sometimes known or obvious. Whether neuroimaging is 

indicated depends on the specific etiology. For example, in the case of traumatic brain 

injury, neuroimaging i s mandatory to determine if the patient requires immediate surgery, 

whereas in the case of cardiac arrest, neuroimaging might be deferred. When indicated, 

noncontrast head CT is usually the initial study, given speed of acquisition compared to 

MRI. 

7. G. Further testing might include lumbar puncture for cerebrospinal fluid analysis, 

electroencephalography to assess for status epilepticus, or further neuroimaging (e.g., 

brain MRI).  



 
 +&.1d3',ɯ ƕƕȭƕ Flowchart for the treatment of a comatose patient. CT, Computed  

tomography; CTA, computed tomography angiography; CTV, computed tomography 

venography; EEG, electroencephalogram; MRI,  magnetic resonance imaging; TBI, traumatic 

brain injury.  

 



12: Transient Visual Loss  

Ali G. Hamedani 

Transient visual loss that has resolved by the time of presentation is often challenging to evaluate, as 

the examination is often normal, and both benign and dangerous etiologies are possible. 

1. A. A first step is to distinguish between structures that refract and focus light (the cornea 

and lens) and those that sense light (retina) and carry and process visual information 

(optic nerves, chiasm, tracts, visual cortex). Ocular surface disease (e.g., corneal dryness, 

abrasions, or edema) is typically experienced as blurring, haziness, or fogging of vision 

without overt vision loss. Here, light reaches the retina, but the image projected on the 

retina is out of focus. In contrast, diseases of the retina, optic nerve, or other visual 

pathway structures are more likely to be experienced as darkening or loss of vision. 

Additionally, ocular surface disease usually results in diffuse blurring of vision. A history 

of distinctly focal visual symptoms such as isolated central, altitudinal, or hemianopic 

blurring would be atypical for ocular surface dis ease and increases suspicion for a 

neurologic process. 

2. B. Uhthoff phenomenon, which refers to fluctuation of neurologic symptoms associated 

with changes in body temperature in patients with multiple sclerosis, was first described 

in optic neuritis. An incr ease in body temperature, such as with a hot shower or exercise, 

transiently decreases myelin conduction through an affected optic nerve, causing transient 

visual symptoms.  

3. C. During eye movement, the position of the optic nerve head within the orbit shift s from 

one side to the other. If there is an intraorbital mass lesion, this movement may cause 

transient stretching and compression of the optic nerve, which may be experienced as 

gaze-evoked vision loss. Magnetic resonance imaging (MRI) of the orbits should be 

performed for evaluation.  

4. D. Transient binocular vision loss can indicate simultaneous bilateral retinal or optic nerve 

dysfunction or unilateral or bilateral occipital lobe dysfunction. Transient visual 

obscurations due to papilledema are an example of the former. Retinal and optic nerve 

perfusion pressure is dependent on both intraocular and intracranial pressure; as either of 

these increase, retinal and optic nerve perfusion decreases and can be sufficiently impaired 

to cause transient vision loss. The same principle underlies the vision loss that is 

experienced during presyncope, which is thought to be due to transient bilateral retinal 

ischemia caused by a drop in arterial pressure. Rarely, an embolus to the distal basilar 

artery may obstruct flow  to both posterior cerebral arteries, causing transient diffuse 

visual loss. There are usually other accompanying neurologic symptoms in this scenario. 

5. E. When considering transient visual phenomena of cortical origin, a helpful distinction is 

between those that cause positive symptoms (photopsias and other visual hallucinations) 

and those that cause purely negative symptoms (vision loss). Positive visual phenomena 

are more likely to accompany migraine or occipital lobe seizures, whereas pure loss of 

vision  is more common with occipital lobe ischemia. This distinction is not, however, 

completely reliable.  

6. F. Retinal migraine is a rare cause of transient monocular visual phenomena, both positive 

and negative, and is typically associated with headache. The exact mechanism is uncertain, 

and the diagnosis itself as distinct from classic migraine with aura is somewhat 

controversial. Often there are multiple recurrent attacks. Carotid dissection can cause 



retinal ischemia and present with transient monocular visual  loss; headache, neck pain, 

and an ipsilateral Horner syndrome are common symptoms of dissection. Given the risk of 

potentially catastrophic stroke, a high level of suspicion should exist for this entity. 

Diagnosis can be made with MRI or computed tomograp hy angiography. Carotid 

ultrasound is not sufficient to exclude dissection, as it often affects the distal cervical 

carotid artery, outside the field of view of ultrasound.  

7. G. Giant cell arteritis affects older patients and can cause transient retinal ischemia, though 

fixed deficits (ischemic optic neuropathy, retinal artery occlusion) are more common. 

Headache, scalp tenderness, jaw claudication, and constitutional symptoms are often 

present. The sedimentation rate is usually markedly elevated. Prompt admi nistration of 

steroids is critical for preventing further vision loss.  

8. H. The term amaurosis fugax is synonymous with a transient ischemic attack of the retina, 

which may be due to carotid stenosis or cardioembolism. Symptoms are often described as 

being similar to a shade coming down over the eye. Vascular and cardiac imaging should 

be performed, and appropriate antithrombotic therapy started. If high -grade 

atherosclerotic carotid stenosis is present, revascularization should be undertaken as soon 

as feasible. When multiple recurrent attacks of transient monocular visual loss occur with 

normal cardiac and vascular testing, vasospasm should be considered. These patients 

often respond to calcium channel blockers. 



 
 +&.1d3',ɯƕƖȭƕ Flowchart for the treatment of a patient with transient visual loss.  

 

 

 

 

 



13: Visual Field Loss  

Ali G. Hamedani 

1. A. The visual fields for the right and left eye have significant but not complete overlap 

with one another. Because the temporal visual field for each eye is larger than its nasal 

field, there is a portion of the visual field at the horizontal extremes ɭÛÏÌɯɁÛÌÔ×ÖÙÈÓɯ

ÊÙÌÚÊÌÕÛɂɭserved by the temporal field of one eye but extending beyond the nasal field of 

the other eye. An anterior occipital lesio n may therefore produce a monocular visual field 

defect affecting the temporal crescent in the eye contralateral to the lesion. 

2. B. At the optic chiasm, fibers from the nasal aspect of the optic nerves (which subserve the 

temporal visual fields of each eye) decussate and continue in the contralateral optic tracts. 

Lesions of the optic chiasm, especially when compressive, tend to affect these crossing 

fibers at the center of the chiasm first, resulting in a bitemporal hemianopia. Note that 

because fibers in the superior aspect of the optic nerve and chiasm represent the inferior 

visual fields and vice versa, compression of the optic chiasm from below produces an 

upper bitemporal hemianopia (often seen with pituitary adenomas), whereas compression 

from above produces a lower bitemporal hemianopia (as seen, for instance, with 

craniopharyngiomas).  

3. C. An afferent pupillary defect may be seen in optic tract lesions, usually ipsilateral to the 

side of field loss and thus contralateral to the optic tract lesion. The temporal visual field 

(served by the nasal fibers of the optic nerve) is larger than the nasal visual field (served by 

the temporal fibers of the optic nerve). This leads to a relative overrepresentation of the 

nasal optic nerve fibers within the optic trac tɭthat is, since only the nasal fibers decussate 

at the chiasm, the optic tract contains a greater proportion of nasal fibers from the 

contralateral eye than it does temporal fibers from the ipsilateral eye. Therefore, in an optic 

tract lesion, there can be more pupillary constriction when light is shone in the ipsilateral 

eye (since only the temporal fibers have been affected) than in the contralateral eye (since 

more nasal fibers have been affected), resulting in a contralateral afferent pupillary defect. 

Hemianopias due to optic tract lesions also tend to be incongruous (one eye is affected 

more than the other). 

4. D. Macular sparing is occasionally seen in ischemic stroke affecting the occipital lobe and 

reflects the fact that blood supply to the occipital pole is variable and may be from 

branches of either the middle or posterior cerebral arteries. While not always present in 

hemianopia due to occipital lobe lesions, when present it is highly localizing.  

5. E. Quadrantanopsias due to occipital lobe lesions tend to respect the horizontal meridian, 

whereas those due to lesions of the temporal radiations typically do not extend fully to the 

horizontal meridian, and those due to lesions of the parietal radiations can extend past the 

horizontal meridian.  

6. F. The lateral geniculate nucleus consists of the medial horn, lateral horn, and hilum. The 

medial and lateral horns are supplied by the anterior choroidal artery (a branch of the 

internal carotid artery) and the hilum is supplied by the lateral choroidal artery (a b ranch 

of the posterior cerebral artery). Anterior choroidal artery infarctions can result in a 

quadruple quadrantanopsia, and lateral choroidal artery infarctions in a horizontal 

sectoranopia. 



 
 +&.1d3',ɯƕƗȭƕ Flowchart for the treatment of a patient with visual field loss.  

 

 

 

 

 



14: Visual Hallucinations  

Ali G. Hamedani 

1. A. While technically not a hallucination but rather a distortion of an otherwise real image, 

metamorphopsia is a particular type of visual disturbance characterized by wavy or 

warped vision.  It is tested using an Amsler grid, during which patients are asked if a grid 

with straight lines appears wavy or distorted. Metamorphopsia most commonly localizes 

to the macula (e.g., age-related macular degeneration, central serous chorioretinopathy, 

epiretinal membrane) but can also occur transiently in migraine.  

2. B. 2ÊÏÌÌÙÌÙɀÚɯ×ÏÌÕÖÔÌÕÖÕɯÐÚɯÌß×ÌÙÐÌÕÊÌËɯÈÚɯÚÔÈÓÓɯÉÙÐÎÏÛɯËÖÛÚɯÈÙÊÐÕÎɯÈÊÙÖÚÚɯÛÏÌɯÝÐÚÜÈÓɯ

field, often temporally to nasally. They are most often experienced when looking against a 

light background,  for instance a clear blue sky, and are thought to represent leukocytes 

traveling through the retinal circulation. Purkinje figures are generated by the retinal 

vasculature casting a shadow on the photoreceptor layer of the retina in response to bright 

light. Flick and pressure phosphenes are brief flashes of light that arise due to mechanical 

stimulation of the outer retina, either by eye movement or manual pressure on the globes, 

respectively. 

3. C. Pathologic photopsias commonly occur in vitreoretinal disea se due to mechanical 

irritation or inflammation of the outer retina, which causes signals to be transmitted to the 

optic nerve in the absence of direct stimulation by light. As such, a sudden increase in 

flashes or floaters, especially if monocular, is concerning for retinal detachment and 

should always be evaluated with dilated fundus examination. When severe eye pain is 

present, acute angle-closure glaucoma should also be considered and is also an ophthalmic 

emergency; it may be precipitated by medication s commonly prescribed by neurologists, 

such as topiramate. Acute idiopathic blind spot enlargement comprises a group of 

autoimmune retinopathies characterized by enlargement of the physiologic blind spot, 

which may be accompanied by mild optic disc edema. It is distinguished from optic 

neuritis and other optic neuropathies by prominent symptoms of photopsias out of 

proportion to vision loss.  

4. D. Release hallucinations refer to visual hallucinations that occur in the context of vision 

loss, due to either ocular, pregeniculate, or retrogeniculate visual pathway lesions. While 

the genesis of hallucinations is complex and incompletely understood, one hypothesis is 

that they represent an imbalance between internal and external visual stimuli. Under 

normal conditio ns, the brain relies on external visual stimulation to suppress internal 

(cortically generated) visual percepts. When vision loss occurs, external stimulation is 

decreased, and internal visual stimuli fill in those areas in which vision is lacking. Charles  

Bonnet syndrome refers to visual hallucinations occurring in older individuals with 

ophthalmic disease, often age-related macular degeneration. They are classically thought 

to have normal cognition and insight into the unreal nature of their hallucination s, though 

some of these traditional diagnostic criteria have been questioned. 

5. E. Peduncular hallucinosis occurs due to midbrain lesions, often ischemic and with 

associated ocular motor abnormalities. The patient typically experiences vivid, complex 

imagery and may or may not have insight into their unreal nature. The mechanism of 

peduncular hallucinosis is unclear but is thought to represent abnormal regulation of 

rapid eye movement (REM) sleep centers in the reticular activating systemɭessentially, 



dream-like imagery from REM sleep intruding into wakefulness. Cognitive and sleep 

disturbances may also be present. 

6. F. Palinopsia refers to the persistence of a visual percept after its object is no longer 

present. Examples include continuing to see a person even though he or she has already 

left the room, seeing a string of objects behind an object that is moving, and 

ÚÜ×ÌÙÐÔ×ÖÚÐÕÎɯ×ÈÙÛɯÖÍɯÖÕÌɯÐÔÈÎÌɯȹÌȭÎȭȮɯÈɯÔÈÕɀÚɯÉÌÈÙËȺɯÖÕÛÖɯÖÛÏÌÙɯÐÔÈÎÌÚɯȹÌȭÎȭȮɯÛÏÌɯÍÈÊÌɯÖÍɯÈɯ

person who has no beard). Central polyopia is the mult iplication of objects within an 

image. It is the rare cause of monocular diplopia due to neurologic disease. Both occur in 

the setting of parietooccipital lesions or hallucinogenic drug exposure and likely exist on a 

similar spectrum.  

7. G. The content of formed visual hallucinations in neuropsychiatric disease does not 

readily distinguish between specific etiologies, but the presence of accompanying 

symptoms and signs is of great diagnostic value. For example, parkinsonism or cognitive 

impairment would sugges t an underlying neurodegenerative disorder such as Lewy body 

disease or Alzheimer disease, whereas delusions and disordered thought would be more 

consistent with a primary psychotic disorder. Note that in Parkinson disease and Lewy 

body disease, visual hallucinations may initially occur in the relative absence of overt 

cognitive impairment and with preserved insight; they may also be triggered or 

exacerbated by dopaminergic therapy such as dopamine agonists. Visual hallucinations in 

narcolepsy typically occur as the patient is falling asleep (hypnagogic hallucinations) or 

awakening from sleep (hypnapompic hallucinations); there may also be a history of sleep 

paralysis or cataplexy. Multiple drugs may precipitate visual hallucinations, particularly 

illicit dr ugs such as LSD, psilocybin, and mescaline; hallucinations are also seen with drug 

and alcohol withdrawal.  



 
 +&.1d3',ɯƕƘȭƕ Flowchart for the treatment of a patient with visual hallucinations.  

15: Ptosis 

Ali G. Hamedani 

The primary muscle of eyelid elevati on is the levator palpebrae (LP), which is innervated by the 

oculomotor nerve. A secondary muscle (the superior tarsal) is innervated by oculosympathetic nerve 

fibers arising from the superior cervical ganglion and produces a small amount of eyelid opening  that 

varies with level of arousal and sympathetic tone. The primary muscle of eyelid closure is the 

orbicularis oculi, which is innervated by the facial nerve.  



1. A. Initial evaluation should focus on determining if the patient has true ptosis or a ptosis 

mimic. Eyelid edema and anatomical variants of eye position can give the erroneous 

impression of ptosis. Facial weakness, such as that seen with Bell palsy, results in an 

abnormally widened palpebral fissure due to orbicularis weakness. This can give the 

mistaken impression of contralateral ptosis. Conversely, orbicularis overaction, such as 

that seen with hemifacial spasm, causes narrowing of the palpebral fissure, but this is not 

considered ptosis, as the eyelid closure is active, not passive. Eyelid-opening apraxia is a 

disorder of voluntary eyelid opening of supranuclear origin often seen in progressive 

supranuclear palsy and other neurodegenerative disorders. Reflexive eyelid opening is 

normal, and patients can often sustain eyelid opening after briefly e levating their eyelids 

manually, distinguishing this from true ptosis. A similar phenomenon can be seen with 

ÕÖÕËÖÔÐÕÈÕÛɯÏÌÔÐÚ×ÏÌÙÐÊɯÚÛÙÖÒÌȭɯ'ÌÙÐÕÎɀÚɯÓÈÞɯÖÍɯÌØÜÈÓɯÐÕÕÌÙÝÈÛÐÖÕɯÙÌÍÌÙÚɯÛÖɯÛÏÌɯÍÈÊÛɯÛÏÈÛɯ

an increase in activity of one levator muscle is accompanied by an obligatory increase in 

activity of the other levator muscle. This is explained by the fact that both muscles are 

innervated by a single midbrain nucleus. In cases of unilateral primary eyelid retraction 

(e.g., thyroid eye disease, dorsal midbrain syndrome), eyelid opening decreases in order to 

minimize eyelid retraction, but because both LP muscles relax, contralateral pseudoptosis 

ÖÊÊÜÙÚȭɯ'ÌÙÐÕÎɀÚɯÓÈÞɯÈÓÚÖɯÜÕËÌÙÓÐÌÚɯÛÏÌɯ×ÏÌÕÖÔÌÕÈɯÖÍɯÊÜÙÛÈÐÕÐÕÎɯȹÞÐÛÏɯÔÈÕÜÈÓɯÓÐÍÛÐÕÎɯÖÍɯ

one eyelid, the other lid comÌÚɯËÖÞÕɯÖÙɯɁÊÜÙÛÈÐÕÚɂȺȭ 

2. B. Eyelid excursion is the distance the upper eyelid margin travels between downgaze and 

upgaze. It reflects LP function. Reduced eyelid excursion (< 12 mm) indicates levator 

weakness due to a neurogenic, myogenic, or neuromuscular junction process. In contrast, 

×ÙÌÚÌÙÝÌËɯÌàÌÓÐËɯÌßÊÜÙÚÐÖÕɯȹȁ 12 mm) suggests that levator function is normal and that 

ptosis is due to other causes. 

3. C. Levator dehiscence-disinsertion is the most common cause of acquired ptosis in adults. 

It occurs when the LP dehisces from its attachment on the upper eyelid and reinserts more 

proximally. The lid crease, visualized as a horizontal skin crease on the upper eyelid in 

downgaze, is defined by the insertion of the LP on the upper eyelid. When the levator 

dehisces and reinserts more proximally, the lid crease is heightened. Because the levator 

muscle itself is otherwise normal, eyelid excursion is preserved. Levator dehiscence-

disinsertion commonly occurs with advancing age but can be accelerated by repetitive 

eyelid trauma (e.g., eye rubbing, contact lens wear). 

4. D. Orbicularis strength can be tested by asking the patient to forcefully close their eyes 

while the examiner attempts to manually open them.  

5. E. Horner syndrome is caused by lesions of the oculosympathetic pathway extending from 

the hypothalamus to the lower cervical and upper thoracic spinal cord, chain, superior 

cervical ganglion, and internal carotid artery. Causes include brainstem (e.g., lateral 

medullary infarction) and spinal cord lesions, apical lun g tumors (Pancoast syndrome), 

and carotid dissection. Ptosis in Horner syndrome is mild and accompanied by miosis 

(pupillary constriction) and anhidrosis.  

6. F. In addition to the LP, the oculomotor nerve also innervates multiple extraocular muscles 

(superior , inferior, and medial recti and inferior oblique) and the pupillary sphincter. 

Therefore, ptosis due to a third nerve palsy is typically accompanied by ophthalmoparesis 

and sometimes pupillary dilation. Pupillary involvement in a third nerve palsy is more  

frequently seen in compressive etiologies because the pupillary fibers are located more 

superficially than the oculomotor fibers and are thus the first to be affected in extrinsic 

compression. Myasthenia gravis does not affect pupillary function but does cause 

ophthalmoparesis and can do so in a pattern that may mimic any cranial nerve, nuclear, or 

internuclear eye movement disorder. Thus, myasthenia gravis should be considered in the 

differential diagnosis of a pupil -sparing third nerve palsy.  



7. G. Myasthenia gravis is an autoimmune disorder of neuromuscular transmission. Ptosis 

and diplopia are extremely common symptoms, classically occurring later in the day with 

fatigue. About half of patients present with purely ocular symptoms. Of patients 

presenting wi th ocular disease, over half will eventually develop axial and limb weakness, 

usually within 2 ɬ3 years of diagnosis. Acetylcholine receptor antibodies are present in 

only about half of patients with ocular myasthenia gravis, so nerve conduction studies 

wit h repetitive stimulation or single fiber electromyography may be needed to confirm the 

diagnosis. Most inherited and acquired myopathies spare the eyelids due to histologic 

differences in the extraocular muscles compared to other skeletal muscles. Notable 

exceptions include mitochondrial disease (chronic progressive external ophthalmoplegia), 

myotonic dystrophy, and oculopharyngeal muscular dystrophy. Ptosis in myopathies is 

almost always symmetric, whereas in myasthenia it may be symmetric or asymmetric.  



 
 +&.1d3',ɯƕƙȭƕ Flowchart for the treatment of a patient with ptosis.  

16: Pupillary Asymmetry 

(Anisocoria)  

Ali G. Hamedani 



Anisocoria refers to asymmetry in pupillary diameter between the two eyes. When pathologic, 

anisocoria indicates a disorder of pupillary constriction or dilation. If the disorder is of pupillary 

constriction, the larger pupil is abnormal, since it does not constrict as well to light. If the problem is of 

pupillary dilation, the smaller pupil is abnormal, as it has dilated less tha n the other pupil. To 

distinguish between these, the size of the pupils should be assessed in both dark and light. If the size 

difference between the pupils increases in dark, it suggests that the smaller pupil did not adequately 

dilate, since maximal dila tion should occur in dark. However, if anisocoria is more prominent in light, 

it indicates that the larger pupil did not adequately constrict to light. If the difference in pupillary 

diameter is equal in both light and dark, it indicates physiologic anisoc oria, which is a normally 

occurring phenomenon. Note that an afferent visual process (e.g., optic neuropathy) should not cause 

anisocoria when both pupils are observed under the same degree of lighting. 

1. A. Horner syndrome is caused by lesions of the oculosympathetic pathway extending 

from the hypothalamus to the lower cervical and upper thoracic spinal cord, sympathetic 

chain, superior cervical ganglion, and along the internal carotid artery. Because 

sympathetic fibers innervate the iris dilator and result in pupillary dilation, Horner 

syndrome causes a pupil that dilates incompletely in dark, resulting in anisocoria that is 

greater in dark than light, with the smaller, constricted pupil being the abnormal one. The 

oculosympathetic pathway also innervates th e tarsal muscles of the eyelid, and thus ptosis 

is also typically present in Horner syndrome. Diagnosis can be confirmed by apraclonidine 

or cocaine eyedrop testing. Apraclonidine is a weak sympathomimetic, but in Horner 

syndrome there is upregulation of p ostsynaptic receptors on the iris dilator resulting in 

denervation hypersensitivity; therefore, apraclonidine will dilate a Horner pupil more 

than a normal pupil, thus reversing the anisocoria. In contrast, cocaine is a norepinephrine 

reuptake inhibitor an d dilates a normal pupil but not a Horner pupil, thereby accentuating 

the anisocoria. 

2. B. The pupils constrict under two circumstances: (1) when light enters the eye (pupillary 

light reflex), and (2) when attempting to view a target at near, such as when reading (near 

response). Light-near dissociation refers to a pupil that does not constrict to light but does 

constrict to near. Tonic pupil is the most common cause of unilateral light -near 

dissociation (see section C). Other causes of light-near dissociation include severe retinal 

or optic nerve disease (differentiated pupil), dorsal midbrain lesions (Parinaud syndrome), 

aberrant regeneration of a third nerve palsy (pupillary sphincter becomes reinnervated by 

oculomotor rather than pupillomotor fibers and co nstricts during attempted adduction 

rather than to light), and Argyll -Robertson pupils (classically described in syphilis but also 

seen in diabetes). 

3. C. Tonic pupil is caused by a lesion of the ciliary ganglion. Because the fibers for the 

pupillary light r eflex synapse at the ciliary ganglion whereas the fibers for the near 

response pass through but do not synapse in it, tonic pupil is often characterized by light -

near dissociation. There is also delayed redilation following pupillary constriction to near. 

Tonic pupil is typically idiopathic and thought to be postviral or autoimmune. When 

bilateral and accompanied by areflexia, it is termed Adie syndrome. Other causes include 

local orbital processes and autonomic neuropathy (e.g., diabetes, amyloidosis, multiple 

systems atrophy). Over time, a tonic pupil may become smaller than the unaffected pupil.  

4. D. Pupillary involvement is more likely to occur with compressive rather than 

vasculopathic or other intrinsic processes affecting the oculomotor nerve because the 

parasympathetic fibers responsible for pupillary constriction are located superficially 

along the outside of the nerve, whereas the fibers that innervate the levator palpebrae and 

extraocular muscles are located more internally. Potential causes include an ipsilateral 

mass lesion (e.g., tumor, aneurysm) or uncal herniation. 

5. E. Pharmacologic pupillary dilation (mydriasis) occurs most commonly due to 

antimuscarinic agents that block the neuromuscular junction at the pupillary sphincter. 



Sympathomimetics also cause mydriasis. This may be intentional due to the instillation of 

mydriatic eyedrops or unintentional due to accidental ocular contact with anticholinergics 

(e.g., inhaled ipratropium, scopolamine patch). Mechanical causes of impaired pupillary 

constriction include iris trauma or tears, adhesions between the iris and cornea (anterior 

synechiae) or lens (posterior synechiae), and acute angle-closure glaucoma; these are 

associated with other abnormalities on slit lamp biomicroscopy.  

Tonic pupil, third ner ve palsy, and pharmacologic pupil can also be distinguished using eyedrop 

testing with pilocarpine, a muscarinic agonist. One drop of dilute pilocarpine (0.125%) is instilled in 

each eye. The normal response is to not constrict, as this concentration is too low to cause physiologic 

pupillary constriction. However, if the larger pupil constricts, it indicates a tonic pupil that has 

experienced denervation hypersensitivity (upregulation of postsynaptic receptors) and is therefore 

able to constrict in response to small amounts of pilocarpine. If there is no constriction to low -dose 

pilocarpine, then one drop of high -dose (1%) pilocarpine is used. If the larger pupil constricts, it 

indicates a third nerve palsy. If there is no constriction, it indicates a pharma cologic or mechanical 

pupil that is incapable of constriction due to saturation of postsynaptic receptors by a muscarinic 

antagonist or a structural abnormality of the pupillary sphincter.  



 
 +&.1d3',ɯƕƚȭƕ Flowchart for the treatment of a patient with pupi llary asymmetry 

(anisocoria). 



17: Diplopia  

Ali G. Hamedani 

1. A. #Ð×ÓÖ×ÐÈɯÐÚɯÛÏÌɯÝÐÚÜÈÓɯÚàÔ×ÛÖÔɯÖÍɯɁËÖÜÉÓÌɯÝÐÚÐÖÕȮɂɯÐÕɯÞÏÐÊÏɯÈɯÚÐÕÎÓÌɯÖÉÑÌÊÛɯÈ××ÌÈÙÚɯÈÚɯ

two separate images. With the exception of central polyopia, which is exceedingly rare, 

diplopia due to neu rologic disease is always binocular. Due to ocular misalignment from 

brainstem, cranial nerve, neuromuscular junction, or extraocular muscle disease, the two 

eyes are pointed at different targets and thus see two different images, which are 

perceived as double vision. These symptoms resolve when either eye is covered, as with 

only one eye open there is only one image to see. Very subtle ocular misalignment can 

cause two images to overlap so much that they are not perceived as discrete images but 

rather as a single blurry image that resolves when either eye is covered (binocular blur). In 

contrast, diplopia due to ophthalmic disease persists when the unaffected eye is covered 

and represents an intrinsic ocular process that is causing two images to be projected onto 

the same retina. 

2. B. Ocular motor function can be evaluated by assessing ocular motility and ocular 

alignment. Ocular motility assesses eye movement in different directions of gaze. If 

movement is clearly limited in one or more directions, the lesion  can often be localized 

based on the pattern of extraocular muscles that are affected. However, a patient with 

binocular diplopia may appear to have full extraocular motility, either because the degree 

of extraocular muscle weakness is very subtle or because the disorder is one of gaze-

holding, whereby the eyes are misaligned but the extraocular muscles themselves function 

normally. In this case, testing ocular alignment is helpful, most commonly with the 

alternating eye cover test. The patient is asked to fixate on a single target as the examiner 

alternates covering either eye. If the eyes are normally aligned, each remains steadily 

fixated on the target, and there are no refixation eye movements. If the eyes are 

misaligned, refixation movements will be obs erved during alternate eye covering.  

3. C. If ocular misalignment worsens in one direction of gaze and improves in the other, it is 

referred to as incomitant. This suggests subtle specific extraocular muscle weakness. In 

contrast, if ocular misalignment is comitant, that is, equal in different directions of gaze, 

this argues against weakness of any particular extraocular muscle and suggests 

decompensation of a congenital strabismus or an acquired gaze-holding disorder.  

4. D. The primary function of the superior o blique muscle, innervated by the fourth cranial 

nerve, is incyclorotation of the eye (rotation of the globe inward such that the superior 

aspect becomes displaced nasally and the inferior aspect rotates temporally), and its 

secondary function is depression. Because it is a relatively weak depressor, fourth nerve 

palsies are generally characterized by full ocular motility, and alignment testing is 

important for diagnosis. Vertical misalignment in a fourth nerve palsy (where the affected 

eye is the higher eye) increases in contralateral gaze and with ipsilateral head tilt. Many 

patients with fourth nerve palsy will have a visible contralateral head tilt as a means to 

correct for the ocular misalignment.  

5. E. Third nerve palsies may be complete or partial, affecting some muscles more than 

others. A vertical misalignment that changes in upgaze and downgaze (one eye is lower 

than the other in upgaze but higher than the other in downgaze), even with full ocular 

motility, can indicate a third nerve palsy. Pupillary in volvement may be present or absent 



and is more likely to occur with compressive lesions due to the somatotopic organization 

ÖÍɯÛÏÌɯÖÊÜÓÖÔÖÛÖÙɯÕÌÙÝÌȭɯ-ÖÛɯÈÓÓɯÛÏÐÙËɯÕÌÙÝÌɯ×ÈÓÚÐÌÚɯÕÌÌËɯÉÌɯɁËÖÞÕɯÈÕËɯÖÜÛȭɂ 

6. F. A skew deviation refers to a vertical misalignment due to an intrinsic brainstem lesion 

in the pathway responsible for maintaining tonic vertical eye position in response to head 

ÛÐÓÛȭɯ3ÏÌɯÓÖÊÈÓÐáÈÛÐÖÕɯÖÍɯÈɯÚÒÌÞɯËÌÝÐÈÛÐÖÕɯÍÖÓÓÖÞÚɯÛÏÌɯɁÏÐÎÏ-high, low -ÓÖÞɂɯÙÜÓÌȯɯÐÍɯÖÕÌɯÌàÌɯ

is higher than the other, the lesion may be higher (midbrain) on the side of the high eye, or 

lower (pontomedullary junction) on the side of the low eye. Skew deviations are 

distinguished from fourth nerve palsies by their comitance (since no one cranial nerve 

nucleus is affected, the misalignment is generally equal in different directions of gaze).  

7. G. Decompensated exotropia and esotropias are horizontal misalignments that present 

early in life. Their precise cause is unknown, but they are thought to represent abnormal 

development of binocu larity and gaze-holding in the brain.  

8. H. Myasthenia gravis and thyroid eye disease can present with isolated motility defects 

that can mimic any nuclear or internuclear eye movement abnormality. They should be 

suspected if there is a history of variable symptoms or if there are associated external and 

eyelid findings on examination (ptosis or orbicularis weakness for myasthenia gravis; 

eyelid retraction, proptosis, and periorbital edema for thyroid eye disease).  



 
 +&.1d3',ɯƕƛȭƕ Flowchart for the treatment of a patient with diplopia.  

18: Nystagmus 

Ali G. Hamedani; Raymond S. Price 

1. A. Nystagmus is a rhythmic, biphasic, oscillatory eye movement consistingof a slow phase 

in one direction followed by either a fast phase (jerk nystagmus) or another slow phase 



(pendular nystagmus) in the opposite direction. Jerk nystagmus is named for the direction 

of its fast phase. For example, upbeat nystagmus refers to a pattern of slow downward 

drift followed by a quick upbeat saccade. Not all abnormal oscillatory eye movement s are 

nystagmus. Some consist only of fast eye movements (e.g., opsoclonus), and others are less 

rhythmic than nystagmus (e.g., ocular bobbing); these are collectively known as 

nystagmoid eye movements. 

2. B. The Heimann-Bielschowsky phenomenon refers to pendular vertical oscillation of one 

eye associated with severe vision loss in the same eye. It usually affects children or young 

adults with severe unilateral optic nerve disease or amblyopia but generally does not 

occur in older adults with acquired vision l oss. 

3. C. Dissociated abducting nystagmus is present in one eye (the abducting eye) but not the 

other adducting eye when the patient is looking to one side. It indicates a contralateral 

internuclear ophthalmoplegia (INO). For example, if the left eye has abd ucting nystagmus 

in left gaze, it is due to a right INO, and one should look for incomplete adduction of the 

right eye. 

4. D. Oculopalatal tremor/myoclonus is caused by brainstem lesions, specifically within the 

area between the red nucleus, dentate nucleus of the cerebellum, and inferior olive (i.e., 

Mollaret triangle).  

5. E. Congenital nystagmus consists of large amplitude pendular horizontal nystagmus in 

primary gaze and jerk nystagmus in lateral gaze. It retains a horizontal vector in upgaze, 

unlike most acquired forms of nystagmus (e.g., gaze-evoked nystagmus), which either 

disappear or acquire an upbeat waveform in upgaze. It usually presents between 2ɬ4 

months of age and can occur with or without vision loss.  

6. F. Oculomasticatory myorrhythmia consists of slo w (1ɬ2 Hz) pendular convergent -

divergent eye movements with synchronous jaw movement. It is pathognomonic for 

Whipple disease. 

7. G. Seesaw nystagmus consists of repetitive cycles in which one eye elevates and intorts 

and the other eye depresses and extorts. Both phases may be of equal velocity, or one may 

be faster than the other. It localizes to the midbrain or the parasellar region. 

8. H. .×ÚÖÊÓÖÕÜÚɯȹɁËÈÕÊÐÕÎɯÌàÌÚɂȺɯÙÌÍÌÙÚɯÛÖɯÔÜÓÛÐËÐÙÌÊÛÐÖÕÈÓɯÍÈÚÛɯ×ÏÈÚÌɯȹÚÈÊÊÈËÌÚȺɯÊÖÕÑÜÎÈÛÌɯ

eye movements without an intersaccadic interval (a pause between individual eye 

movements). It is seen with the opsoclonus-myoclonus-ataxia syndrome, which is 

associated with viral encephalitis (e.g., West Nile virus), as an autoimmune process, or as a 

paraneoplastic syndrome associated with neuroblastoma in childhood and various 

malignancies (e.g., breast cancer, associated with anti-Ri antibodies) in adulthood.  

9. I. Ocular bobbing is a nonrhythmic movement with a quick, large amplitude, downward 

ocular deviation followed by a pause and then a  slow upward drift. The reverse, known as 

ocular dipping, can also occur. These are seen in diffuse bihemispheric dysfunction (e.g., 

severe toxic-metabolic encephalopathy) or large pontine lesions. 

10. J. Convergence-ÙÌÛÙÈÊÛÐÖÕɯɁÕàÚÛÈÎÔÜÚɂɯȹÛÌÊÏÕÐÊÈÓÓàɯÕÖÛɯÛÙÜe nystagmus, as it lacks a slow 

phase) occurs with dorsal midbrain lesions (i.e., Parinaud syndrome) and is typically 

accompanied by other pretectal signs such as pupillary light -near dissociation, vertical 

gaze paresis, and eyelid retraction. Co-contraction of the medial recti with other 

extraocular muscles results in retraction of the globes into the orbits. 

11. K. Square-wave jerks are small horizontal saccadic intrusions that occur in primary gaze 

and are separated by a brief pause between each conjugate eye movement (an 

intersaccadic interval). More than 10ɬ15 per minute are associated with neurodegenerative 

diseases such as progressive supranuclear palsy. When similar movements are variable in 

amplitude and occur following a visually guided saccade, consid er macrosaccadic 

oscillationsɭessentially, an extreme form of the hypermetric saccades seen in cerebellar 



disease. Ocular flutter is distinguished by the lack of an intersaccadic interval, and has 

clinical implications similar to opsoclonus.  

12. L. Nystagmus t hat has a rotary component without a corresponding unidirectional 

horizontal component (e.g., purely rotary, mixed vertical -rotary) is broadly known as 

central vestibular nystagmus and indicates dysfunction of the brainstem vestibular 

system. 

13. M. Downbeat nystagmus, best seen in lateral gaze, typically indicates a lesion at the 

cervicomedullary junction. Chiari malformations are a common cause. It can also be seen 

in cerebellar degeneration. Upbeat nystagmus can be seen in brainstem, particularly 

midbrain, a nd cerebellar lesions. 

14. N. A mixed horizontal -rotary jerk nystagmus typically indicates peripheral vestibular 

dysfunction (semicircular canals, vestibulocochlear nerve), though can be seen on occasion 

with lesions of the vestibular nuclei. It is unidirectional with the fast phase beating away 

from the affected side, retains a horizontal waveform in up and downgaze, increases when 

looking in the direction of the fast phase, and decreases when looking in the direction of 

the slow phase. 

15. O. Periodic alternating nystagmus changes direction in cycles of 45ɬ90 seconds. It indicates 

a lesion of the cerebellum and its projections to the dorsal medulla. 

16. P. The most common type of nystagmus encountered in clinical practice is physiologic 

nystagmus, which is a normal finding. It consists of small amplitude horizontal nystagmus 

present only in extreme gaze that beats left in left gaze and right in right gaze, and 

extinguishes after several beats. Larger amplitude nystagmus present in both maximal and 

submaximal  gaze that does not extinguish is gaze-ÌÝÖÒÌËɯȹÚÖÔÌÛÐÔÌÚɯÊÈÓÓÌËɯɁËÐÙÌÊÛÐÖÕ-

ÊÏÈÕÎÐÕÎɂȺɯÕàÚÛÈÎÔÜÚɯÈÕËɯÐÕËÐÊÈÛÌÚɯÈɯÓÌÚÐÖÕɯÐÕɯÛÏÌɯÉÙÈÐÕÚÛÌÔɯÖÙɯÊÌÙÌÉÌÓÓÜÔȭɯ(ÛɯÊÈÕɯÈÓÚÖɯÉÌɯ

seen with some medications (e.g., phenytoin). 



 
 +&.1d3',ɯƕƜȭƕ Flowchart for the treatment  of a patient with suspected nystagmus. INO, 

Internuclear ophthalmoplegia.  

19: Facial Weakness 

Raymond S. Price 



Keywords 

Bell's palsy; Ramsay Hunt; Central seventh nerve palsy; peripheral seventh nerve palsy; Lyme 
disease 

1. A. The upper motor neurons that in nervate the face (corticobulbar tract) originate from the 

primary motor cortex in the frontal lobe and travel through corona radiata and genu of the 

internal capsule, entering the brainstem through the cerebral peduncle and descending to 

the pons where they cross to synapse on the facial motor nucleus. The portion of the facial 

motor nucleus that elevates the forehead receives bilateral corticobulbar innervation, but 

the remainder of the facial motor nucleus, which controls the lower face, receives only 

contralateral corticobulbar innervation. This important, and clinically useful, anatomic 

feature means that a corticobulbar lesion on one side of the brain will cause contralateral 

facial weakness of the lower face, but preserved ability to elevate the forehead due to 

intact innervation from the ipsilateral corticobulbar tract. This defines the so -called 

ɁÊÌÕÛÙÈÓɂɯÚÌÝÌÕÛÏɯÕÌÙÝÌɯ×ÈÓÚàȭɯ6ÏÌÕɯ×ÙÌÚÌÕÛȮɯÉÙÈÐÕɯÐÔÈÎÐÕÎɯÞÐÛÏɯÔÈÎÕÌÛÐÊɯÙÌÚÖÕÈÕÊÌɯ

imaging (MRI) should be performed to identify the underlying lesion.  

2. B. Uni lateral facial weakness that involves both the lower and upper face (i.e., including 

ÛÏÌɯÐÕÈÉÐÓÐÛàɯÛÖɯÌÓÌÝÈÛÌɯÛÏÌɯÍÖÙÌÏÌÈËȺɯÐÚɯÍÙÌØÜÌÕÛÓàɯÙÌÍÌÙÙÌËɯÛÖɯÈÚɯÈɯɁ×ÌÙÐ×ÏÌÙÈÓɂɯÚÌÝÌÕÛÏɯ

nerve palsy, implying a lesion to the facial nerve after exiting the brainstem. Bell's palsy is 

ÛÏÌɯ×ÙÖÛÖÛà×ÐÊÈÓɯÌßÈÔ×ÓÌȭɯ-ÖÛÌȮɯÏÖÞÌÝÌÙȮɯÛÏÈÛɯÈɯɁ×ÌÙÐ×ÏÌÙÈÓɂɯÚÌÝÌÕÛÏɯÕÌÙÝÌɯ×ÈÓÚàɯÊÈÕɯÐÕɯ

fact be seen with brainstem lesions that involve the ipsilateral facial motor nucleus or the 

axons of the facial nerve prior to exiting the brainstem (t he fascicle). Given its compact 

ÖÙÎÈÕÐáÈÛÐÖÕȮɯÉÙÈÐÕÚÛÌÔɯÓÌÚÐÖÕÚɯÛÏÈÛɯÊÈÜÚÌɯɁ×ÌÙÐ×ÏÌÙÈÓɂɯÍÈÊÐÈÓɯÞÌÈÒÕÌÚÚɯÈÙÌɯÈÓÔÖÚÛɯÈÓÞÈàÚɯ

associated with additional focal neurologic findings, such as hemiparesis or eye movement 

abnormalities. 

3. C. All nerve roots and crania l nerves except for the olfactory nerve travel through the 

subarachnoid space. Therefore, any process causing inflammation in the cerebrospinal 

fluid contained within the subarachnoid space can lead to multiple cranial neuropathies 

and/or radiculopathies. Examples include infections such as Lyme disease, autoimmune 

diseases such as sarcoidosis, and carcinomatous meningitis. Diagnosis is made by lumbar 

puncture and analysis of cerebrospinal fluid.  

4. D. Bell's palsy is an acute idiopathic peripheral facial palsy, and is by far the most common 

cause of peripheral facial weakness. The weakness typically develops over hours to one 

day. A slower onset of symptoms or continued worsening beyond 3 weeks is inconsistent 

with Bell's palsy and should prompt brain MRI. Inf requently, an identifiable cause of facial 

palsy may be found in patients with a presentations otherwise consistent with Bell's palsy. 

These include varicella zoster infection, Lyme disease, human immunodeficiency virus 

(HIV) seroconversion, syphilis, and ÈÜÛÖÐÔÔÜÕÌɯÊÖÕËÐÛÐÖÕÚɯÚÜÊÏɯÈÚɯÚÈÙÊÖÐËÖÚÐÚɯÖÙɯ2ÑġÎÙÌÕɯ

syndrome. Laboratory testing for these should be considered in the appropriate clinical 

scenario (see sections E and F). Acute peripheral facial palsy should be treated empirically 

with prednisone 60 mg daily for 5 days followed by a taper of 10 mg/day for 5 days, 

starting as soon as possible and ideally within 3 days of symptom onset to increase the 

likelihood of complete facial recovery and reduce the time to recovery. Treatment should 

not be delayed while awaiting any laboratory tests for known causes of an acute 

peripheral facial palsy. Antivirals (acyclovir and valacyclovir) do not appear to improve 

outcome and, unless there is suspicion for zoster, should be avoided. One consequence of 

peripheral facial weakness is difficulty closing the affected eye, which can lead to corneal 

injury. Eye care should include artificial tears and ointments at night as needed and 

protective glasses or a patch for patients without full eye closure.  

5. E. Ramsay Hunt syndrom e is the combination of an acute peripheral facial palsy, ear pain, 

and a vesicular rash on the ear, in the external auditory canal, or in the oropharynx due to 



zoster. Treatment is valacyclovir 1000 mg three times daily for 10 days in addition to 

prednisone as with Bell palsy. 

6. F. Lyme disease can cause acute facial palsy and is an important consideration in endemic 

areas. Patients should be asked about tick exposure and rash, and Lyme testing done when 

appropriate. Provided neurologic involvement is limite d to facial palsy, treatment with 

oral doxycycline for 14 days is reasonable. 

7. G. Substantial, though not always complete, early improvement is seen in the vast 

majority of patients with Bell's palsy. If there is no improvement in the facial weakness on 

fol low -up 4 months after onset, consider the possibility of a mass lesion and perform brain 

MRI. 



 
 +&.1d3',ɯƕƝȭƕ Flowchart for the treatment of a patient with unilateral facial weakness. 

MRI,  Magnetic resonance imaging. 

20: Acute Vertigo  



Raymond S. Price 

1. A. Acute continuous vertigo, with onset over seconds to hours, is a common symptom. It 

is often associated with nausea, vomiting, gait unsteadiness, head motion intolerance, and 

nystagmus. The main diagnostic distinction is between central lesions affecting the 

brainstem/cerebellum, such as potentially life -threatening posterior circulation stroke, and 

peripheral lesions, such as vestibular neuritis, which affect the vestibulocochlear nerve. 

Central lesions require further diagnostic evaluation and directed  management of the 

underlying etiology. Vestibular neuritis (also referred to as vestibular neuronitis or, when 

associated with hearing loss, labyrinthitis) is thought due to idiopathic inflammation of the 

vestibular nerve, possibly related to a viral infe ction. Symptoms typically resolve 

spontaneously over time, and additional diagnostic testing is generally not necessary.  

2. B. Distinguishing between recurrent episodes of transient vertigo and persistent, 

continuous vertigo requires careful, focused question ing of the patient. Patients often 

misunderstand this question and incorrectly report persistent symptoms either because (1) 

the vertigo recurs every time they move their head or (2) because between discrete attacks 

of vertigo they retain a vague persistent feeling of ill -defined incomplete recovery. Both 

these scenarios are common in benign paroxysmal positional vertigo, the most common 

cause of transient episodic vertigo. 

3. C. The presence of abnormalities on the general neurologic examination may indicate 

involvement of brainstem structures outside of the vestibular system. Critically, it should 

be recognized that the general neurologic examination has poor sensitivity for identifying 

a central cause of vertigo; it is often normal even in patients with brai nstem or cerebellar 

lesions. 

4. D. In contrast to the general neurologic examination, a series of specific bedside tests of 

ÌàÌɯÔÖÝÌÔÌÕÛɯȹÙÌÍÌÙÙÌËɯÛÖɯÛÏÌɯɁ'(-32ɂɯÌßÈÔÐÕÈÛÐÖÕɯÍÖÙɯÏÌÈËɯÐÔ×ÜÓÚÌ-nystagmus-test of 

skew) is highly sensitive for identification of ce ntral causes of vertigo, possibly even more 

sensitive than brain magnetic resonance imaging.1 3ÏÌɯÛÏÙÌÌɯÊÖÔ×ÖÕÌÕÛÚɯÖÍɯÛÏÌɯɁ'(-32ɂɯ

examination are (1) the head impulse test (oculocephalic reflex), (2) assessing the direction 

of horizontal nystagmus, and (3) testing for vertical ocular alignment.  

5. E. The classic finding in vestibular neuritis is a mixed horizontal/torsional nystagmus that 

beats away from the affected ear. The direction of this nystagmus remains the same 

regardless of which direction the eyes move. In contrast, the classic finding of a horizontal 

cerebellar nystagmus is nystagmus that beats in the direction of gaze, meaning there is 

right -beating nystagmus when the patient looks to the right and left -beating nystagmus 

ÞÏÌÕɯÛÏÌɯ×ÈÛÐÌÕÛɯÓÖÖÒÚɯÛÖɯÛÏÌɯÓÌÍÛȭɯ3ÏÐÚɯɁËÐÙÌÊÛÐÖÕɯÊÏÈÕÎÐÕÎɂɯÕàÚÛÈÎÔÜÚɯÛÏÜÚɯÐÕËÐÊÈÛÌÚɯÈɯ

central lesion is likely present. 

6. F. The head impulse test assesses the horizontal oculocephalic reflex. To perform a head 

ÐÔ×ÜÓÚÌɯÛÌÚÛȮɯÛÏÌɯ×ÈÛÐÌÕÛɯÐÚɯÈÚÒÌËɯÛÖɯÍÐßÈÛÌɯÖÕɯÈɯÛÈÙÎÌÛɯÓÐÒÌɯÛÏÌɯÌßÈÔÐÕÌÙɀÚɯÕÖÚÌɯÈÕËɯÛÏÌɯ

×ÈÛÐÌÕÛɀÚɯÏÌÈËɯÐÚɯÙÈ×ÐËÓàɯÔÖÝÌËɯÛÖɯÛÏÌɯÙÐÎÏÛɯÖÙɯÓÌÍÛȭɯ ɯ×ÈÛÐÌÕÛɯÞÐÛÏɯÈÕɯÐÕÛÈÊÛɯÖÊÜÓÖÊÌ×ÏÈÓÐÊɯ

reflex will reflexively move their eyes in the opposite direction of head movement to 

maintain fixation. In a patient with an impaired oculocephalic reflex, their eyes will move 

with their head. To move their eyes back on the target, they will have a catch-up saccade 

in the opposite direction of the head movement. An abnorm al head impulse test suggests 

an ipsilateral lesion in the horizontal semicircular canal, eighth cranial nerve, or the 

vestibular nuclei. An abnormal head impulse test is thus usually but not universally 

indicative of a peripheral lesion, whereas a normal head impulse test suggests a central 

lesion. 

7. G. Vertical misalignment of the eyes in the setting of acute vertigo suggests a skew 

deviation. When the head is tilted in one direction, the eye in the direction of the head tilt 

http://127.0.0.1:5002/B9780323635837000205.xhtml#bb0010


must elevate and the contralateral eye must depress to maintain vertical alignment. In 

addition, both eyes rotate in the opposite direction of the head tilt. An injury to the 

peripheral or central vestibular pathway can result in a skew deviation in which the eyes 

are reflexively positi oned as if the head is tilted even though the head is not tilted. A skew 

deviation is usually but not universally indicative of a central lesion.  

8. H. The combination of normal vertical ocular alignment, direction -fixed nystagmus, and 

an abnormal head impulsÌɯÛÌÚÛɯÐÚɯÊÖÕÚÐËÌÙÌËɯÈɯɁÉÌÕÐÎÕɂɯ'(-32ɯÉÌËÚÐËÌɯÌßÈÔÐÕÈÛÐÖÕȮɯÈÚɯÐÛɯ

is consistent with a peripheral lesion such as vestibular neuritis.  

9. I. Treatment of vestibular neuritis consists primarily of supportive care, as symptoms 

typically improve spontaneously. Pat ients with acute vestibular neuritis are often 

markedly uncomfortable due to vertigo, nausea, and vomiting. Benzodiazepines (such as 

lorazepam) or antihistamines (such as meclizine or dimenhydrinate) can be used for 

symptomatic relief but should generally only be used for 24ɬ48 hours as longer use may 

interfere with vestibular recovery. A program of vestibular rehabilitation exercises may be 

beneficial for some patients. A short-course of corticosteroids is recommended by some 

experts to speed time to recovery, though no clear benefit has been shown in randomized 

trials. 2 

http://127.0.0.1:5002/B9780323635837000205.xhtml#bb0015


 
 +&.1d3',ɯ ƖƔȭƕ Flowchart for the treatment of a patient with acute vertigo. MRI, 

Magnetic resonance imaging. HIN TS, Head impulse-nystagmus-test of skew  
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21: Recurrent Episodic Dizziness  

Raymond S. Price; Brett L. Cucchiara 

/ÈÛÐÌÕÛÚɯÜÚÌɯÛÏÌɯÛÌÙÔɯɁËÐááÐÕÌÚÚɂɯÛÖɯÙÌÍÌÙɯÛÖɯÔÈÕàɯØÜÈÓÐÛÈÛÐÝÌÓàɯËÐÍÍÌÙÌÕÛɯÚàÔ×ÛÖÔÚȭɯ+ÐÎÏÛÏÌÈËÌËÕÌÚÚȮɯ

such as is seen with presyncope, gait imbalance, true vertigo, and, not uncommonly, generalized 

weakness or mental slowing, may all be described as dizziness. While an attempt should be made to 

ÊÓÈÚÚÐÍàɯÈɯ×ÈÛÐÌÕÛɀÚɯÊÖÔ×ÓÈÐÕÛɯÐÕÛÖɯÖÕÌɯÖÍɯÛÏÌÚÌɯÔÖÙÌɯ×ÙÌÊÐÚÌɯÊÈÛÌÎÖÙÐÌÚȮɯÛÏÐÚɯÐÚɯÕÖÛɯÈÓÞÈàÚɯÚÜÊÊÌÚÚÍÜÓȰɯ

patients frequently endorse more than one category or change categories on repeated questioning. 

Given this, when a patient reports episodic dizziness it is often more informative to ask what triggers 

the episodes and how long they last, as this information tends to be more reliable and is diagnostically 

useful. This chapter describes the approach to the patient with discrete episodes of dizziness which 

are consistent with vertigo, i.e., the sensation that the patient or their surrounding are moving when 

they are not. 

1. A. The presence of abnormalities on the standard neurologic examination raises concern 

for a brainstem or cerebellar lesion or a more diffuse central nervous system process, and 

brain magnetic resonance imaging (MRI) is warranted. If the patient reports the presence 

of any transient focal neurologic symptoms concur rent with their episodes of dizziness, 

this is particularly concerning for posterior circulation transient ischemic attack (TIA) and 

imaging of the posterior circulation with MR angiography should be considered. 

Importantly, the neurologic examination can be normal even in patients with brainstem or 

cerebellar lesions, and episodic vertigo with no other associated symptoms can occur with 

posterior circulation TIA. A high level of vigilance is thus required.  

2. B. The most common cause of brief (< 1 minute) episodes of vertigo triggered by positional 

change is benign paroxysmal positional vertigo (BPPV), which is particularly common in 

the elderly, though can affect those of any age. In BPPV, the discrete attacks of severe 

vertigo rarely last longer than 30 seconds; however, patients are often left with a vague 

sense of imbalance and very subtle vertigo that persists for much longer. When 

categorizing the duration of the episodes, the period of time during which symptoms were 

obvious and severe should be used. 

3. C. At some time in life, most people have experienced sudden lightheadedness (often 

interpreted as dizziness) due to orthostatic hypotension on rising suddenly from a 

recumbent position. A careful history establishing that episodes only occur when moving 

to an upright position indicates that orthostatic hypotension is the likely diagnosis. Note 

that many medications can contribute to this, particularly in older patients. Near 

immediate relief when returning to recumbency further establishes the diagnosis. As 

BPPV is also triggered by positional change, at times the distinction between BPPV and 

orthostatic hypotension can be challenging. Asking whether episodes ever occur with 

changes in head position not related to moving upright (e.g., rolling over in bed), and 

about the quality of the symptoms (i.e., lightheadedness versus true vertigo) may be 

useful. Very rarely, a patient with severe vertebral or basilar artery stenosis will experience 

TIAs triggered by reduced perfusion pressure when rising suddenly.  

4. D. The Dix-Hallpike maneuver is easily performed at the bedside; a positive test triggers 

ÛÏÌɯ×ÈÛÐÌÕÛɀÚɯÝÌÙÛÐÎÖɯÈÕËɯÊÈÜÚÌÚɯÛÖÙÚÐÖÕÈÓɯÕàÚÛÈÎÔÜÚɯÞÐÛÏɯÈɯÉÙÐÌÍɯÓÈÛÌÕÊàɯand fatiguability. 

When these conditions are met, it is diagnostic for BPPV, which is caused by otoliths that 

have been displaced from the utricle into the semicircular canals. Otolith repositioning, 

also called the Epley maneuver, will cure about 80% of patients. Unfortunately, a negative 



Dix -Hallpike does not exclude the diagnosis of BPPV, and is in fact not at all uncommon in 

those with BPPV. 

5. E. ,õÕÐöÙÌɯËÐÚÌÈÚÌɯÐÚɯÈɯÊÏÙÖÕÐÊɯÊÖÕËÐÛÐÖÕɯÛÏÖÜÎÏÛɯÛÖɯÉÌɯËÜÌɯÛÖɯÌßÊÌÚÚÐÝÌɯÈÊÊÜÔÜÓÈÛÐÖÕɯÖÍɯ

endolymph within the inn er ear. It is characterized by repeated spontaneous attacks of 

vertigo, each lasting 20 min to 12 hours, low - to medium -frequency sensorineural hearing 

loss in the affected ear, and fluctuating aural symptoms such as tinnitus or a sense of 

fullness or pressure in the affected ear.1 Long-term treatment generally consists of a low 

sodium diet and thiazide diuretics.  

6. F. The head impulse test assesses the horizontal oculocephalic reflex. The patient is asked 

ÛÖɯÍÐßÈÛÌɯÖÕɯÈɯÛÈÙÎÌÛɯÓÐÒÌɯÛÏÌɯÌßÈÔÐÕÌÙɀÚɯÕÖÚÌɯÈÕËɯÞÏÐÓÌɯÛÏÌÐÙɯÏÌÈËɯÐÚɯÙÈ×ÐËÓàɯÔÖÝÌËɯÛÖɯÛÏÌɯ

right or left. A patient with an intact oculocephalic reflex will reflexively move their eyes 

in the opposite direction of head movement to ma intain fixation. In a patient with an 

impaired oculocephalic reflex, their eyes will move with their head. To move their eyes 

back on the target, they will have a catch-up saccade in the opposite direction of the head 

movement. An abnormal head impulse tes t is usually but not universally indicative of an 

ipsilateral peripheral lesion, and in a patient with recurrent brief attacks of vertigo 

suggests a chronic, fixed peripheral vestibular lesion with breakdown of compensatory 

recovery under conditions of sud den position change. An example might be someone with 

prior vestibular neuritis and incomplete recovery.  

7. G. When the examination is normal despite provoking maneuvers, the cause of brief 

episodes of positional vertigo often remains elusive. BPPV is probably the most common 

cause, but any cause of chronic vestibular dysfunction may present this way. 

8. H. Vertigo associated with migraine (vestibular migraine) is probably an 

underappreciated cause of episodic vertigo.2 Headache is not always present concurrent 

with the attacks of vertigo, making diagnosis challenging. Prophylactic treatment is the 

same as for migraine in general. See Chapter 2. 

9. I. Dizziness, unsteadiness or lightheadedness is seen in about 20% of patients with panic 

attacks, and is common in anxiety disorders in general. Dangerous causes, such as 

posterior circulation TIA, must be excluded before entertaining th is diagnosis. 

http://127.0.0.1:5002/B9780323635837000217.xhtml#bb0010
http://127.0.0.1:5002/B9780323635837000217.xhtml#bb0015
http://127.0.0.1:5002/B9780323635837000023.xhtml


 
 +&.1d3',ɯ Ɩƕȭƕ Flowchart for the treatment of a patient with recurrent episodic 

dizziness. BPPV, Benign paroxysmal positional vertigo; MRA, magnetssic resonance 

angiography; MRI,  magnetic resonance imaging; TIA, transient ischemic attack.  

References 

1 Lopez-Escamez J.A., Carey J., Chung W.H., et al. #ÐÈÎÕÖÚÛÐÊɯÊÙÐÛÌÙÐÈɯÍÖÙɯ,ÌÕÐöÙÌɀÚɯ

disease. J Vestib Res. 2015;25:1ɬ7. 

2 Furman J.M., Marcus D.A., Balaban C.D. Vestibular migraine: clinical aspects and 

pathophysiology . Lancet Neurol. 2013;12:706ɬ715. 



22: Hearing Loss 

Neena Cherayil; Brett L. Cucchiara 

Evaluation of hearing loss begins with determining whether one or both ears are involved. With 

bilateral symmetric hearing loss, symptoms are almost always slowly progressive over time. 

Unilat eral hearing loss may be acute or chronic, a distinction with important implications for 

determining the underlying cause.  

1. A. Sound enters the external auditory canal and vibrates the tympanic membrane (TM) 

first, then the ossicular chain in the air -filled  middle ear, both of which amplify the sound. 

It is then transmitted to the inner ear where the cochlea resides. Disruption along this 

pathway by trauma (perforated TM), obstruction (cerumen, otosclerosis, neoplasm, serous 

middle ear effusion), or infectio n (otitis media) will cause conductive hearing loss. The 

Rinne and Weber tests rely on the principle that sound transmitted via bone bypasses the 

external and middle ear conductive system entirely and stimulates the cochlea directly. In 

the Rinne test, a vibrating 512-Hz tuning fork is placed on the mastoid bone and then 

moved to the ear canal, and sound perception compared between the two. Normally, 

sound from air conduction via the ear canal should be heard much longer than that via 

bone conduction. Conductive pathology will cause sound transmitted via bone to be 

detected longer than sound transmitted through air. Patients with sensorineural hearing 

loss (SNHL) will typically perceive air conduction longer than bone conduction. The 

Weber test can help lateralize asymmetric hearing loss. A vibrating tuning fork is placed 

midline on the forehead, and the patient is asked if sound is heard louder in one ear. With 

conductive pathology, the sound will be louder or lateralized to the affected ear. In SNHL, 

the sound will lateralize to the unaffected ear. Note that the reliability of both tests is 

questioned by many experts. 

2. B. ,õÕÐöÙÌɯËÐÚÌÈÚÌɯÐÚɯÈɯÊÏÙÖÕÐÊɯÊÖÕËÐÛÐÖÕɯÊÏÈÙÈÊÛÌÙÐáÌËɯÉàɯÔÜÓÛÐ×ÓÌȮɯÙÌÊÜÙÙÌÕÛɯÏÖÜÙÚ-long 

episodes of fluctuating SNHL, vertigo, and tinnitus or aural fullness. It is thought to be 

caused by distortion of the endolymph system within the inner ear.  

3. C. Lesions of the brainstem and cerebellopontine angle (CPA) can involve the eighth 

cranial nerve (CN VIII) or its nuclei. Brainstem lesions affecting  this area can be due to 

stroke, demyelination, or neoplasm; additional focal neurologic findings are usually 

present. The most common CPA lesion is acoustic neuroma (also known as vestibular 

schwannoma), a benign tumor that arises from CN VIII and typical ly causes progressive 

unilateral SNHL. Other common symptoms include tinnitus and disequilibrium/gait 

imbalance; facial numbness and peripheral facial weakness or twitching can also be seen 

due to involvement of CN V and CN VII respectively. Brain magnetic  resonance imaging 

(MRI) with contrast is the diagnostic test of choice. 

4. D. Sudden onset or rapidly progressive unilateral hearing loss should be assessed with 

brain MRI with contrast. The labyrinthine or auditory artery is the main arterial supply to 

the cochlea and vestibular system, and is a branch of the anterior inferior cerebellar artery 

(AICA), though it can originate anomalously from the vertebral or basilar artery. Stroke in 

the territory of these arteries can cause sudden-onset unilateral SNHL. Ho wever, stroke 

affecting only the labyrinthine artery is uncommon, so isolated acute onset hearing loss as a 

result of AICA infarction is rare. Even rarer are cases where a single AICA anomalously 

supplies bilateral AICA territories. Cortical deafness occur s with bilateral infarcts affecting 

the auditory cortex in the temporal lobes. This is also exceedingly rare. Other focal brain 



lesions may also present with rapidly progressive hearing loss, and management 

obviously depends on the specific lesion identifi ed. 

5. E. The vestibular nerve innervates the semicircular canals and otolith organs and courses 

together with the cochlear nerve to form CN VIII. Vestibular neuritis is an inflammation of 

the vestibular division of CN VIII that presents with acute -onset persistent vertigo; it is 

generally a benign, self-limited infectious or postinfectious phenomenon. When 

accompanied by hearing loss, which implies involvement of the cochlear nerve, it is 

known as labyrinthitis.  

6. F. Idiopathic sudden -onset SNHL is an otherwise unexplained hearing loss that develops 

over less than 3 days. Oral or intratympanic glucocorticoids are often used in the acute 

period, though evidence for benefit is limited. A majority of patients with this condition 

will recover hearing though those wi th more severe deficits at onset are less likely to 

recover. These patients should be referred for formal audiologic evaluation and treatment 

by otorhinolaryngology.  

7. G. Slowly progressive chronic SNHL is most often due to age-related loss of hair cells; 

exposure to loud noise or ototoxic medications can also damage hair cells. Less commonly, 

progressive bilateral SNHL can be caused by syphilis, systemic autoimmune disease, 

mitochondrial disease, or severe hypothyroidism, but these etiologies typically have other 

clinically apparent sequelae in addition to hearing loss. Lyme disease is an unusual cause 

of hearing loss but an important consideration in endemic areas. 



 
 +&.1d3',ɯ ƖƖȭƕ Flowchart for the treatment of a patient with hearing loss. AICA, 

Anterior in ferior cerebellar artery; MRI, magnetic resonance imaging; ORL, 

otorhinolaryngology.  

23: Pulsatile Tinnitus  

Jose Torres; Brett L. Cucchiara 



Pulsatile tinnitus refers to a perception of sound that coincides with the heartbeat. It may arise from a 

vascular lesion causing disruption of laminar flow, leading to turbulence that produces a bruit audible 

to the patient, or from normal sounds that are perceived as more intense because of proximity of 

vascular and auditory structures. Both venous and arterial anomal ies may cause pulsatile tinnitus. 

Occasionally patients perceive intermittent clicking or pulsing sensations in their ear that are not 

consistently synchronized with the heartbeat and thus not true pulsatile tinnitus. These may be due to 

myoclonus of the muscles of the middle ear, and are seen in those with prior brainstem stroke or 

multiple sclerosis. 

1. A. High -output cardiac states, such as thyrotoxicosis, severe anemia, or pregnancy, may 

cause pulsatile tinnitus, which will typically resolve along with the  underlying condition.  

2. B. $ßÈÔÐÕÌɯÍÖÙɯÈÕɯÈÜËÐÉÓÌɯÉÙÜÐÛȮɯÛÈÒÐÕÎɯÐÕÛÖɯÊÖÕÚÐËÌÙÈÛÐÖÕɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯËÌÚÊÙÐ×ÛÐÖÕɯÖÍɯÛÏÌɯ

location from which they perceive the sound coming. If the patient notes the sound is 

enhanced with specific maneuvers or positions, be certain to auscultate under these 

conditions. Be sure to note if the patient perceives the pulsatile tinnitus during the 

examination. Objective pulsatile tinnitus (i.e., a bruit is audible to the examiner) is more 

likely to be associated with an identifiable un derlying vascular abnormality.  

3. C. An audible bruit over the posterior neck suggests vertebral artery disease such as 

atherosclerotic stenosis or dissection. Bruits may be transmitted from the intracranial 

circulation as well.  

4. D. Cranial bruits indicate a h igh likelihood of significant and potentially dangerous 

pathology. Both brain and vascular imaging with magnetic resonance 

imaging/angiography (MRI/MRA) is indicated. Note that dural arteriovenous fistulas, an 

important cause of pulsatile tinnitus associat ed with a cranial bruit, may be occult on MRA 

or computed tomography angiography (CTA); catheter angiography is often necessary for 

diagnosis. 

5. E. Anterior cervical bruits typically rise from either the carotid arteries or jugular veins. If 

the bruit disapp ears with gentle neck compression, a Valsalva maneuver, or change in 

position such as turning of the head, it is likely venous.  

6. F. Carotid stenosis is the most common cause of an arterial bruit in the neck, most often 

due to atherosclerotic disease, which typically occurs at the carotid bifurcation and is 

usually easily diagnosed with carotid ultrasonography. Arterial dissection and segmental 

irregularity due to fibromuscular dysplasia may also cause pulsatile tinnitus but are not 

well -imaged by ultrasound.  A very rare cause of pulsatile tinnitus is a carotid 

paraganglioma, a tumor of the carotid body. In these latter cases, MR or CT angiography is 

necessary for diagnosis. 

7. G. Venous bruits in the neck most often represent a benign venous hum. However, 

abnormalities of venous drainage of the brain can cause pulsatile tinnitus, and cervical 

venous bruits are audible on occasion. Look for signs or symptoms suggestive of increased 

intracranial pressure; if present, MRI and MR venography of the brain is indicated.  

Lumbar puncture should be performed if MRI is normal and idiopathic intracranial 

hypertension (pseudotumor cerebri) is a consideration.  

8. H. Otologic abnormalities may cause pulsatile tinnitus audible to the patient but not the 

examiner (subjective pulsatile tinnitus). If a middle ear effusion is present and the onset of 

symptoms coincides with a middle ear infection, capillary hyperemia from otitis media 

may be responsible. A visible retrotympanic mass on examination may indicate a 

paraganglioma (ty pically a red, pulsatile mass) or an anomalous vessel. 

9. I.  ÜÛÖ×ÏÖÕàɯÙÌÍÌÙÚɯÛÖɯÈÕɯÌÕÏÈÕÊÌËɯ×ÌÙÊÌ×ÛÐÖÕɯÖÍɯÉÖËÐÓàɯÚÖÜÕËÚȮɯÛà×ÐÊÈÓÓàɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯ

own voice and breathing. Patients complaining of audible breathing or increased 

resonance of their own voice may have a persistently open or patulous Eustachian tube, 

allowing for excessive communication between the middle ear and the nasopharynx. In 

superior semicircular canal dehiscence syndrome there is thinning in the bony structures 



overlying the superior semici ÙÊÜÓÈÙɯÊÈÕÈÓȰɯ×ÈÛÐÌÕÛɀÚɯÔÈàɯËÌÚÊÙÐÉÌɯÏÌÈÙÐÕÎɯÛÏÌÐÙɯÖÞÕɯÌàÌɯ

movements, and in some cases may have vertigo triggered by loud noises (Tullio 

phenomenon). 

10. J. Many patients with subjective pulsatile tinnitus have no obvious clinical diagnostic clues 

to point to  a specific etiology, and thus deciding whether to pursue neuroimaging can be 

difficult. Duration of symptoms, associated systemic or neurologic symptoms, and medical 

history should all be considered. While most identified causes in these patients (e.g., 

anomalous or aberrant vessels, thinning of bony structures between vessels and inner ear) 

do not require specific treatment, this is not universally the case. Osseous abnormalities of 

the temporal bone, such as Paget disease and otosclerosis, invasive highly vascular 

tumors, dural arteriovenous fistulas, and vascular stenosis may all be important 

conditions to identify.  

 
 +&.1d3',ɯƖƗȭƕ Flowchart for the treatment of a patient with pulsatile tinnitus. CTA, 

Computed tomography angiogram; ICP, intracranial pre ssure; MRA, magnetic resonance 



angiogram; MRI , magnetic resonance imaging; MRV, magnetic resonance venography; 

SSCD, superior semicircular canal dehiscence syndrome.  
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24: Dysarthria  

Stephen Aradi; Brett L. Cucchiara 

1. A. Dysarthria refers to abnormal phonic characteristics of speech production due to 

impairment of the motor processes of speech. This contrasts with aphasia, in which 

abnormalities of language underlie impaired communicati on. The neurologic pathways 

involved in speech articulation include upper motor neurons in the primary motor cortex 

and other associated regions of cortex, the basal ganglia, the cerebellum, cranial nerves 

(CN) V, VII, IX, X, and XII, the neuromuscular jun ction, and the oropharyngeal muscles of 

speech; disruption anywhere along these pathways can lead to dysarthria. Dysarthria can 

be categorized based on its particular phonic characteristic, although this can be 

challenging to assess in routine practice: 

o Ɉ Spastic: Typically caused by bilateral dysfunction of the corticobulbar pathways 

innervating the cranial nerves mentioned above, as may be seen with bilateral 

strokes, demyelinating disease, or motor neuron disease. Features can include a 

strained hoarseness with slow and imprecise articulation.  

o Ɉ Hypo/hyperkinetic: In Parkinsonism, speech is quiet and often slow, but 

sometimes rapid and mumbling. Spasmodic dysphonia causes a choked-sounding 

speech. Vocal tremor is a feature of essential tremor. Irregular rate and volume of 

speech occur in hyperkinetic disorders such as Huntington disease. 

o Ɉ  ÛÈßÐÊȯɯɁ2ÊÈÕÕÐÕÎɂɯÚ×ÌÌÊÏȮɯÞÐÛÏɯÐÙÙÌÎÜÓÈÙɯÐÕÛÖÕÈÛÐÖÕȮɯ×ÐÛÊÏȮɯÝÖÓÜÔÌȮɯÈÕËɯÚ×ÌÌËȮɯ

can be seen with cerebellar lesions. 

o Ɉ Flaccid: There may be specific parts of the oropharyngeal musculature affected, 

ÐËÌÕÛÐÍÐÌËɯÉàɯÌÓÐÊÐÛÐÕÎɯÚàÓÓÈÉÓÌÚɯÖÍɯɁÒÈɂȮɯɁÓÈɂȮɯÈÕËɯɁÔÈɂȮɯÞÏÐÊÏɯÐÕÝÖÓÝÌÚɯ"-ɯ(7ɤ7Ȯɯ

XII, and VII, respectively. Fasciculations in these muscles, but especially the 

tongue, suggests motor neuron disease. 

o Ɉ Mixed: More complicated patterns involving features of two or more of the 

above types. 

2. B. Ischemic stroke is a frequent cause of acute onset dysarthria, especially if other focal 

neurologic signs and symptoms are present. Rapid neuroimaging and triage for possible 

reperfusion therapy are indicated.  

3. C. Dysarthria without other focal neurologic symptoms in the setting of altered mentation 

suggests intoxication, with alcohol being the most common offender. Toxic -metabolic 

encephalopathy is also common in susceptible hospitalized patients with underlying 

infections, acute kidney injury, or other metabolic derangements.  



4. D. Acute inflammatory polyneuropathies can affect the cranial nerves in addition to nerve 

roots and peripheral nerves, causing rapidly progressing bulbar sym ptoms. This is most 

common in the Miller -Fisher variant of Guillain -!ÈÙÙõɯÚàÕËÙÖÔÌɯȹ&!2ȺȮɯÉÜÛɯÊÓÈÚÚÐÊɯ&!2ɯ

and other variants can also feature prominent bulbar symptoms. Clues to the diagnosis 

include areflexia (though reflexes may remain early in the disease course) and, particularly 

with Miller -Fisher syndrome, weakness of the extraocular muscles manifesting as double 

vision.  

5. E. Signs of raised intracranial pressure (positional headache, nausea, and vomiting) with 

or without other progressive deficits may suggest an enlarging mass lesion. Demyelinating 

disease should be considered especially if there is a history of prior, recurrent attacks of 

focal neurologic symptoms.  

6. F. Because all spinal nerve roots and cranial nerves except the olfactory and optic nerves 

traverse the subarachnoid space, processes involving inflammation within or infiltration of 

the subarachnoid space or the leptomeninges can cause multiple cranial neuropathies 

and/or radiculopathies; atypical infections, leptomeningeal carcinomatosis, a nd 

inflammatory diseases such as neurosarcoidosis should be considered. 

7. G. If dysarthria is episodic and fluctuating, neuromuscular junction disorders such as 

myasthenia gravis should be considered. Other features of fatigable weakness including 

ptosis wit h curtaining, double vision, and limb weakness should be sought. If detected, 

testing for acetylcholine receptor antibodies and electromyography with repetitive 

stimulation should be done (see Chapter 97). 

8. H. Very rarely, recurrent brief episodes of isolat ed dysarthria may occur with transient 

ischemic attack, usually when there is a large vessel stenosis. Diagnosis typically requires 

computed tomography or magnetic resonance angiography. While atypical, isolated 

fluctuating dysarthria can also be due to my asthenia gravis. 

9. I. Motor neuron disease should be suspected when there is evidence of upper and lower 

motor neuron signs on examination in addition to dysarthria (see Chapter 96).  

10. J. Slowly progressive dysarthria can be a feature of numerous neurodegenerative and/or 

hereditary conditions, such as Parkinson disease, atypical Parkinsonian syndromes, 

hereditary or acquired ataxias, vocal tremor (as in essential tremor), spasmodic dysphonia, 

and paraneoplastic cerebellar degeneration. Associated features on examination can 

suggest further workup, including structural and functional neuroimaging and laboratory 

testing. 



 
 +&.1d3',ɯƖƘȭƕ Flowchart for the treatment of a patient with dysarthria. MRI, Magnetic 

resonance imaging. 

25: Proximal Weakness 

Hannah Machemehl; Colin Quinn 

Symmetric proximal weakness is most commonly associated with primary muscle disease 

(myopathy). However, diseases of the neuromuscular junction, neuropathies, spinal cord disease, and 

very rarely cerebral infarction can produce similar sympt oms. Patients with symmetric proximal 

weakness commonly describe difficulty rising from a chair, climbing stairs, and combing their hair.  



1. A. Myelopathy and lumbar radiculopathies from spinal canal stenosis typically cause 

asymmetric weakness; however, unusual presentations of these common conditions do 

occur. For instance, while rare, symmetric isolated involvement of the L2/L3 nerve roots 

causes weakness of hip flexion and knee extension along with a reduced or absent patellar 

reflex. Cervical or thoracic myelopathy with corticospinal tract involvement classically 

causes a pattern of prominent weakness of hip flexion, knee flexion, and ankle 

dorsiflexion. If the ankle dorsiflexion weakness is subtle, it may not be appreciated on 

examination giving the impre ssion of proximal weakness alone. If myelopathy is 

suspected, magnetic resonance imaging (MRI) of the cervical and thoracic spine should be 

performed.  

2. B. Several unique conditions should be considered in patients with isolated symmetric 

proximal arm weakne ss. Acute, proximal arm weakness with preservation of hand and leg 

ÚÛÙÌÕÎÛÏɯȹɁÔÈÕɯÐÕɯÈɯÉÈÙÙÌÓɂɯÚàÕËÙÖÔÌȺɯÔÈàɯÉÌɯÚÌÌÕɯÞÐÛÏɯÉÐÓÈÛÌÙÈÓɯÊÌÙÌÉÙÈÓɯÐÕÍÈÙÊÛÐÖÕÚɯÐÕɯ

the anterior watershed zones, typically as a consequence of hypoperfusion. Brain MRI is 

diagnostic, and vessel imaging should be performed, as large vessel stenosis is commonly 

present. Cervical spine syrinx classically causes symmetric bilateral arm or hand 

weakness, as well as loss of pain and temperature sensation with preservation of vibration 

sensatÐÖÕɯÐÕɯÛÏÌɯÉÈÊÒɯÈÕËɯÕÌÊÒɯÐÕɯÈɯɁÊÈ×Ì-ÓÐÒÌɂɯËÐÚÛÙÐÉÜÛÐÖÕȭɯ,1(ɯÖÍɯÛÏÌɯÊÌÙÝÐÊÈÓɯÚ×ÐÕÌɯÞÐÓÓɯ

identify a syrinx; if present, brain MRI should also be performed, as associated Chiari 

malformations can be present. Cervical myelopathy affecting the upper cervical sp inal 

cord at C5/C6 can cause prominent proximal arm weakness. In this case, upper motor 

neuron abnormalities (i.e., brisk reflexes) are usually present below the level of injury.  

3. C. Chronic inflammatory demyelinating polyneuropathy often causes a distinct pattern of 

distal numbness with proximal weakness. Patients often reports paresthesias and loss of 

sensation in their feet while at the same time reporting greater difficulty gett ing out of a 

chair or going up stairs (see Chapter 90). 

4. D. Serum creatine kinase (CK) is helpful in distinguishing myopathic from non -myopathic 

disease. However, one should approach modest levels of CK elevation with caution, as 

this may also be seen in neuropathic or motor neuron disease. In a patient with 

nonfluctuating, symmetric proximal weakness without numbness and a CK level >1500 

U/L, myopathy is the likely cause. In patients with lower CK levels and electromyography 

(EMG) demonstrating small motor units with early recruitment, myopathy is also the 

likely diagnosis. In some instances of chronic myopathies, the small motor units expected 

on EMG may not be present and a more neurogenic pattern may be seen. In these 

instances, muscle biopsy may be helpful to distinguish these entities (see Chapter 99). 

5. E. Myasthenia gravis (MG) is an autoimmune disorder caused by antibodies direct ed 

against the postsynaptic neuromuscular junction of skeletal muscle. MG is characterized 

by fluctuating weakness that worsens with activity and improves with rest. In generalized 

MG, weakness may involve the limb muscles, respiratory muscles, pharyngeal muscles, 

extraocular muscles, and levator palpebrae (see Chapters 97 and 98). 

6. F. In a patient with proximal weakness without numbness and diffuse chronic denervation 

on needle EMG, motor neuron diseases such as amyotrophic lateral sclerosis (ALS), 

Kennedy disease (spinal-bulbar muscular atrophy), or spinal muscular atrophy are most 

likely. Symmetric weakness is an uncommon initial presentation of ALS, as it usually 

begins with asymmetric weakness (see Chapter 96). 

7. G. Lambert-Eaton myasthenic syndrome is an autoimmune disease associated with 

antibodies against the voltage-gated calcium channel (VGCC). Weakness is commonly 

seen in the proximal limbs, particularly in the legs, mimicking a myopathic process. Other 

symptoms include dysarthria, dysphagia, and dysautonomia (e.g.,  dry mouth or dry eyes). 

CK levels are usually normal. Diagnosis is based on nerve conduction 

studies/electromyography and the presence of serum VGCC antibodies (see Chapter 97). 
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 +&.1d3',ɯ Ɩƙ.1 Flowchart for the treatment of a patient with symmetric proximal 

weakness. CIDP, Chronic inflammatory demyelinating polyneuropathy; CK, creatine kinase; 

CMAP, compound muscle action potential; NCS/EMG, nerve conduction 

studies/electromyography.  

26: Wrist Drop  
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Wrist drop refers to an impairment in hand extension at the wrist. The re is usually concurrent finger 

ÌßÛÌÕÚÐÖÕɯÞÌÈÒÕÌÚÚɯȹɁÍÐÕÎÌÙɯËÙÖ×ɂȺȭɯ3ÏÌɯÔÖÚÛɯÊÖÔÔÖÕɯÓÖÊÈÓÐáÈÛÐÖÕÚɯÈÙÌɯ×ÌÙÐ×ÏÌÙÈÓɯ×ÙÖÊÌÚÚÌÚȮɯÚÜÊÏɯÈÚɯ

Èɯ"ƛɯÙÈËÐÊÜÓÖ×ÈÛÏàɯÖÙɯÙÈËÐÈÓɯÕÌÙÝÌɯÊÖÔ×ÙÌÚÚÐÖÕɯÈÛɯÛÏÌɯÚ×ÐÙÈÓɯÎÙÖÖÝÌɯȹɁ2ÈÛÜÙËÈàɯÕÐÎÏÛɯ×ÈÓÚàɂȺȭ 

1. A. The rapidity of onset and t he duration of weakness should be assessed. Primary motor 

cortex has significant representation of hand movement, and abrupt onset wrist drop and 

hand weakness can be seen with cerebral infarction or hemorrhage affecting the 

ÊÖÕÛÙÈÓÈÛÌÙÈÓɯÍÙÖÕÛÈÓɯÓÖÉÌɯȹɁÏÈÕËɯÒÕÖÉɂȺȭɯ6ÏÌÕɯÊÖÕÊÜÙÙÌÕÛɯÕÌÞ-onset neck or radicular 

pain is present, a C7 radiculopathy is most likely.  

2. B. On clinical examination, a C7 radiculopathy cannot be distinguished from a middle 

trunk plexopathy, as both have a combination of wrist extension,  arm extension, and 

forearm pronation weakness and numbness of the middle finger. In this instance, nerve 

conduction studies and needle electromyography (NCS/EMG) are indicated. NCS should 

demonstrate normal sensory responses in the setting of radiculopathy. In a middle trunk 

plexopathy, the radial sensory response should be abnormal. 

3. C. A radial neuropathy with arm extension weakness indicates that the lesion must be in 

the axilla, which is proximal to the innervation of the triceps muscle. A radial neurop athy 

that spares the triceps is most commonly seen as part of a Saturday night palsy, in which 

the patient experienced prolonged compression of the radial nerve at or near the spinal 

groove, distal to the innervation of the triceps. This results in numbnes s of the dorsal 

forearm and hand, and weakness of the wrist and finger extensors and the brachioradialis 

muscle; elbow extension is spared. The radial nerve divides into a superficial radial 

sensory nerve that conveys sensation on the dorsal lateral hand, and the posterior 

interosseous nerve, which innervates wrist and finger extensors. The brachioradialis 

muscle is innervated prior to this division, thus a patient with finger extension and wrist 

extension weakness without weakness of either arm extension (triceps) or elbow flexion 

when the forearm is half pronated (brachioradialis) likely has a posterior interosseous 

neuropathy.  

4. D. A posterior cord plexopathy is a rare cause of wrist drop and can be easily confused 

with a radial neuropathy at the axilla as both cause weakness of arm extension, elbow 

flexion when the forearm is half pronated, wrist and finger extension and numbness of the 

dorsal forearm and lateral hand. A posterior cord plexopathy should be suspected when 

there is also arm abduction weakness, since the axillary nerve also arises from the 

posterior cord.  



 
 +&.1d3',ɯƖƚȭƕ Flowchart for the treatment of a patient with unilateral wrist drop. MRI, 

Magnetic resonance imaging. 

27: Unilateral Hand Weakness  
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Careful examination of t he anatomical pattern of unilateral hand weakness helps identify the most 

likely location of the causative lesion. In some cases, clinical weakness is subtle and the pattern of 

weakness is more easily identified on needle electromyography (EMG) examination  of these muscles. 

1. A. The rapidity of onset and the duration of weakness should be assessed. Primary motor 

cortex has significant representation of hand movement, and abrupt -onset isolated hand 

weakness can be seen with cerebral infarction or hemorrhage affecting the contralateral 

ÍÙÖÕÛÈÓɯÓÖÉÌɯȹɁÏÈÕËɯÒÕÖÉɂȺȭɯ3ÏÌÙÌɯÈÙÌɯÖÍÛÌÕȮɯÉÜÛɯÕÖÛɯÈÓÞÈàÚȮɯÖÛÏÌÙɯÈÚÚÖÊÐÈÛÌËɯÕÌÜÙÖÓÖÎÐÊɯ

symptoms or signs in this scenario. When concurrent neck or radicular pain is present, 

cervical radiculopathy should be considered.  

2. B. Ulnar neuropathy occurs most frequently at the elbow as the ulnar nerve travels 

through the cubital tunnel, but can also occur at the wrist or even in the hand. Ulnar 

neuropathy must be proximal to the wrist if there is weakness of medial wrist flexion, 

since the flexor carpi ulnaris muscle is innervated proximal to the wrist. Similarly, an ulnar 

neuropathy must be proximal to the wrist if there is sensory loss of the dorsal palm, ring 

finger, and small finger because the dorsal ulnar cutaneous sensory nerve leaves the ulnar 

nerve prior to the wrist.  

3. C. A radial neuropathy with arm extension weakness indicates that the lesion must be in 

the axilla, which is proximal to the innervation of the triceps muscle. A radial neuropathy 

that spares the triceps is most commoÕÓàɯÚÌÌÕɯÈÚɯ×ÈÙÛɯÖÍɯÈɯɁ2ÈÛÜÙËÈàɯÕÐÎÏÛɯ×ÈÓÚàȮɂɯÐÕɯÞÏÐÊÏɯ

the patient experienced prolonged compression of the radial nerve at or near the spinal 

groove, distal to the innervation of the triceps. This results in numbness of the dorsal 

forearm and dorsal lateral hand and weakness of the wrist and finger extensors but spares 

elbow extension. The radial nerve terminates into a superficial radial sensory nerve, which 

conveys sensation on the dorsal lateral hand, and the posterior interosseous nerve, which 

innervat es wrist and finger extensors. A patient with finger extension and wrist extension 

weakness without dorsal lateral hand numbness likely has a posterior interosseous 

neuropathy, although a predominantly motor process such as motor neuron disease, 

brachial neuritis, or multifocal motor neuropathy should also be considered in the 

appropriate clinical context.  

4. D. A medial cord plexopathy is a rare cause of hand weakness and can be easily confused 

with a C8/T1 radiculopathy clinically. Both cause median and ulna r hand weakness as well 

as numbness of the ring and small finger and medial hand (since the ulnar sensory fibers 

arise from the medial cord) and medial forearm (due to involvement of the medial 

antebrachial cutaneous sensory nerve). A medial cord plexopathy should be suspected 

when there is a combination of median and ulnar hand weakness but finger extension 

strength is preserved. 

5. E. On clinical examination, a C8/T1 radiculopathy cannot be distinguished from a lower 

trunk plexopathy, as both cause a combination of median and ulnar hand weakness, finger 

extension weakness, and numbness of the medial forearm, hand, and ring and small 

fingers. In this instance, nerve conduction studies (NCS) and EMG are indicated. NCS 

should demonstrate normal sensory responses in the setting of radiculopathy. In a lower 

trunk plexopathy, the ulnar and medial antebrachial sensory responses should be 

abnormal. 

6. F. The anterior interosseous nerve is a branch of the median nerve in the forearm that 

innervates the pronator quadratus,  flexor pollicis longus, and flexor digitorum profundus. 

There is no sensory component to the anterior interosseous nerve. Weakness of these 

muscles causes difficulty flexing the distal thumb and index finger. When trying to grasp 

objects between the thumb and index finger, patients compensate for this weakness by 

adducting these two digits. A patient with distal thumb and index finger flexion weakness 

likely has an anterior interosseous neuropathy, although a predominantly motor process, 



such as motor neuron disease, brachial neuritis, or multifocal motor neuropathy, should 

also be considered in the appropriate clinical context. 

7. G. Median neuropathy most frequently occurs at the wrist (carpal tunnel syndrome) but 

can rarely occur in the forearm. The presence of weakness of median-innervated forearm 

muscles such as the pronator teres or flexor carpi radialis would not be consistent with 

carpal tunnel syndrome and indicates a proximal median neuropathy.  

 
 +&.1d3',ɯƖƛȭƕ Flowchart for the treatment of a patient with unilateral hand weakness. 

MRI,  Magnetic resonance imaging. 

28: Unilateral Hand Numbness  
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Unilateral hand numbness is a common complaint with multiple potential causes. Careful 

examination of the anatomical patter n of the numbness helps identify the most likely location of the 

causative lesion. 

1. A. The rapidity of onset and the duration of numbness should be assessed. Primary 

sensory cortex has significant representation of hand sensation, and abrupt-onset isolated 

hand numbness can be seen with cerebral infarction or hemorrhage affecting the 

contralateral parietal lobe. There are usually, but not always, other associated neurologic 

symptoms or signs in this scenario. When concurrent neck or radicular pain is present, 

cervical radiculopathy is the most likely diagnosis.  

2. B. In the setting of abrupt -onset hand numbness with negative brain and cervical spine 

imaging, acute peripheral nervous system injury should be considered. Examples include 

compressive nerve injuries or trauma. 

3. C. Dorsal hand numbness is less common than numbness of the palmar surface. If a 

patient is unable to precisely localize the pattern of dorsal hand numbness, then radial and 

ulnar neuropathies and lower cervical radiculopathies (C6/C7/C8) are al l possible. 

4. D. Many patients are unable to localize the distribution of their hand numbness; they may 

ÚÛÈÛÌɯ ÛÏÈÛɯ ÛÏÌÐÙɯ ɁÞÏÖÓÌɯ ÏÈÕËɂɯ ÐÚɯ ÕÜÔÉɯ ÞÏÌÕɯ ÐÕɯ ÍÈÊÛɯ Èɯ ÔÖÕÖÕÌÜÙÖ×ÈÛÏàɯ ÖÙɯ ÚÐÕÎÓÌɯ

radiculopathy accounts for their symptoms. It is useful to ask the patient t o compare the 

degree of numbness present in the medial compared to lateral portions of the hand, as 

often this leads to recognition of a more localized sensory disturbance. If the pattern of 

sensory loss remains unclear, one should proceed to test for muscle weakness as outlined 

here, as this may still help identify the lesion location.  

5. E. In a patient with isolated ring and small finger numbness, ulnar neuropathy is the most 

common cause, but a C8 radiculopathy or, even less likely, a brachial plexopathy is 

possible. Ask about neck pain and radicular symptoms, but in the absence of weakness or 

hyporeflexia, the clinical examination cannot precisely localize the source of their 

symptoms. In this instance, nerve conduction studies and needle electromyography 

(NCS/EMG) are indicated. 

6. F. A radial neuropathy that spares the triceps is most commonly seen as part of a 

Ɂ2ÈÛÜÙËÈàɯÕÐÎÏÛɯ×ÈÓÚàȮɂɯÐÕɯÞÏÐÊÏɯÛÏÌɯ×ÈÛÐÌÕÛɯÌß×ÌÙÐÌÕÊÌËɯ×ÙÖÓÖÕÎÌËɯÊÖÔ×ÙÌÚÚÐÖÕɯÖÍɯÛÏÌɯ

radial nerve at or near the spinal groove, distal to the innerv ation of the triceps. This 

results in numbness of the dorsal forearm and hand and weakness of the wrist and finger 

extensors but spares elbow extension. 

7. G. In a patient with numbness of the lateral hand without weakness, carpal tunnel 

syndrome is the most common cause, although a C6 or C7 lesion is also possible. Ask 

about neck pain and radicular symptoms, but NCS/EMG is needed to conclusively 

determine the affected location. 

8. H. In a patient with lateral hand numbness and biceps or triceps weakness, a C6 or C7 

radiculopathy is most likely but a brachial plexopathy is possible. This is more easily 

distinguished on NCS/EMG. NCS should demonstrate normal sensory responses in the 

setting of radiculopathy. In an upper trunk or lateral cord injury, the median and lateral 

antebrachial sensory responses should be abnormal. 



9. I. In a patient with medial hand numbness and weakness of the first dorsal interosseous, 

abductor digiti minimi, abductor pollicis brevis, and extensor indicis proprius muscles, a 

C8 or T1 radiculopathy is most likely but a brachial plexopathy is possible. NCS should 

demonstrate normal sensory responses in the setting of radiculopathy. In a brachial plexus 

injury the ulnar and medial antebrachial sensory responses should be abnormal. 

 
 +&.1d3',ɯƖƜȭ1 Flowchart for the treatment of a patient with unilateral hand numbness. 

MRI,  Magnetic resonance imaging. 

29: Knee Extension Weakness 
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The quadriceps muscles in the anterior thigh extend the knee and are innervated by the femoral nerve, 

which arises from the lumbar plexus. The L2, L3, and L4 nerve roots provide axons to the femoral 

nerve. The quadriceps muscles are primarily innervated by axons from L3 and L4 roots. The axons 

from the L2 root in the femoral nerve innervate the iliopsoas muscle, which flexes the leg at the hip. 

Knee extension weakness will typically present with difficulty rising from a seated posit ion, climbing 

stairs, or with falls secondary to the knee buckling when walking. Careful examination of the 

anatomical pattern of the weakness helps identify the most likely location of the causative lesion. In 

some cases, clinical weakness is subtle and the pattern of weakness is more easily identified on needle 

electromyography (EMG) examination of these muscles. 

1. A. Symmetric knee extension weakness is commonly seen in myopathies and can also be 

seen in neuromuscular junction disorders, particularly Lambe rt -Eaton myasthenic 

syndrome. However, unilateral knee weakness is primarily caused by neuropathic lesions. 

One exception to this is sporadic inclusion body myositis, which, unlike most myopathies, 

is frequently asymmetric. The pattern of muscle involvemen t in sporadic inclusion body 

myositis is also atypical for most myopathies, with a predilection for the deep finger flexor 

muscles of the anterior forearm in addition to the quadriceps. If finger flexor weakness is 

present in a patient with quadriceps weak ness, consider inclusion body myositis. 

2. B. In a patient with unilateral knee extension weakness, next assess for weakness with hip 

adduction, tested by asking the patient to squeeze the thighs together. The muscles that 

adduct the hip are innervated by the  obturator nerve, which also arises from the lumbar 

plexus and receives axons from the L2, L3, and L4 nerve roots. 

3. C. The combination of hip adduction weakness and knee extension weakness indicates 

either a L3/4 radiculopathy or lumbar plexopathy, with the  former being much more 

common. A lumbar plexus lesion should be considered in a diabetic patient with weight 

loss and pain (diabetic amyotrophy). Patients with either lumbar plexopathy or L3/4 

radiculopathy will typically also have numbness over the later al thigh. Magnetic 

resonance imaging (MRI) of the lumbar spine without contrast should be the initial 

diagnostic test in patients with the combination of hip adduction weakness and knee 

extension weakness. MRI of the lumbar plexus and EMG can be considered if the lumbar 

spine MRI is nondiagnostic.  

4. D. In the absence of clinical or EMG evidence of hip adduction weakness, unilateral knee 

extension weakness is likely due to femoral neuropathy. A lesion of the femoral nerve can 

be further localized based on whether the lesion is proximal or distal to the innervation of 

the iliopsoas muscle, which flexes the leg at the hip. The branch to the iliopsoas comes off 

above the inguinal ligament. Injury to the femoral nerve proximal to the inguinal ligament 

typically occ urs in abdominal surgeries due to retraction. Injury to the femoral nerve at or 

distal to the inguinal ligament, which spares hip flexion, typically occurs secondary to a 

hematoma from catheterization of the femoral artery or vein or from prolonged flexion  

and external rotation of the leg as seen in pelvic surgery or labor and delivery.  



 
 +&.1d3',ɯƖƝȭƕ Flowchart for the treatment of a patient with unilateral knee extension 

weakness (quadriceps muscles). 

30: Unilateral Foot Drop  
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Unilateral foot drop is a common complaint. Careful examination of the anatomical pattern of the 

weakness helps identify the most likel y location of the causative lesion. In some cases, clinical 

weakness is subtle and the pattern of weakness is more easily identified on needle electromyography 

(EMG) examination of these muscles. 

1. A. A corticospinal tract lesion can present with preferential weakness of unilateral hip 

flexion, knee flexion, and ankle dorsiflexion because the extensor muscles of the legs also 

receive innervation from the lateral vestibulospinal tract. While this weak ness is not 



consistent with an isolated foot drop, the ankle dorsiflexion weakness may be the primary 

symptom noticed by the patient. In addition to assessing for subtle hip flexion and knee 

flexion weakness, a careful examination for other upper motor neu ron signs such as 

spasticity and hyperreflexia should be performed.  

2. B. In a patient with foot drop, the first movements to assess for weakness are ankle 

eversion and inversion. These movements need to be performed with the foot in a neutral 

or dorsiflexed position, which usually requires the examiner to dorsiflex the foot. If the 

foot remains plantarflexed, the gastrocnemius muscle can participate in eversion or 

inversion, potentially causing the examiner to mislocalize the lesion.  

3. C. The common peroneal (fibular) nerve bifurcates into the deep peroneal and superficial 

peroneal nerves. The superficial peroneal nerve innervates the peroneus longus, which 

everts the foot and carries sensory information from the lower lateral leg and the dorsum 

of the foot. In this context, a patient with a deep peroneal neuropathy would have a foot 

drop without ankle eversion weakness or obvious sensory loss. The only sensory fibers 

carried by the deep peroneal nerve convey sensation between the great and second toe, 

and thus this sensory distribution would need to be carefully assessed in a patient with 

foot drop but preserved eversion.  

4. D. A common peroneal (fibular) neuropathy is a frequent cause of foot drop. The typical 

location of the lesion is where the common peroneal nerve crosses the head of the fibula. 

This frequently occurs in the context of excessive crossing of the legs, particularly in 

patients who have recently lost a significant amount of weight. A patient with a common 

peroneal neuropathy will have numbness over the lower lateral leg and the dorsum of the 

foot and weakness of ankle dorsiflexion and eversion, but inversion will be normal 

because the tibialis posterior muscle, which inverts the ankle, is innervated by the tibial 

nerve. 

5. E. An L5 radiculopathy is the other frequent cause of foot drop. The presence of radicular 

back pain suggests an L5 radiculopathy. On examination, the presence of ankle inversion 

weakness distinguishes an L5 radiculopathy from a common peroneal neuropathy.  

6. F. Sciatic neuropathy is a raÙÌɯÊÈÜÚÌɯÖÍɯÍÖÖÛɯËÙÖ×ɯȹÕÖÛÌɯÛÏÈÛɯÛÏÌɯÛÌÙÔɯɁÚÊÐÈÛÐÊÈɂɯÜÚÜÈÓÓàɯ

refers to an L5 radiculopathy and not a sciatic neuropathy). The sciatic nerve bifurcates 

into the tibial and common peroneal nerves. A sciatic neuropathy can involve the fibers 

that will travel in both of these nerves or preferentially involve the common peroneal 

nerve fibers. When both the tibial and common peroneal fibers in the sciatic nerve are 

affected, there is ankle plantarflexion (gastrocnemius muscle) weakness due to tibial nerve 

involve ment, which would not be expected in a common peroneal neuropathy. 

Involvement of the gastrocnemius muscle is also not seen with an L5 radiculopathy, since 

the gastrocnemius muscle is innervated by the S1 nerve root. More difficult is 

distinguishing a scia tic neuropathy with preferential involvement of the common peroneal 

fibers from a common peroneal neuropathy. In this case, the key factor is that the common 

peroneal nerve fibers contained within the sciatic nerve innervate the short head of the 

biceps femoris, part of the hamstring muscle. Involvement of this muscle, therefore, 

implicates the sciatic nerve and is inconsistent with a common peroneal neuropathy. 

Because the hamstring is a very strong muscle, the examiner may not be able to appreciate 

weakness of this muscle on examination. The presence of denervation of the short head of 

the biceps femoris on needle EMG will make the distinction.  

7. G. A sciatic neuropathy with involvement of tibial and common peroneal fibers needs to 

be distinguished from a lu mbosacral plexopathy. The superior gluteal nerve, which 

innervates the gluteus medius (responsible for leg abduction) and tensor fascia lata 

muscles, arises from the lumbosacral plexus but not the sciatic nerve. Similarly, the 

inferior gluteal nerve, which  innervates the gluteus maximums (responsible for leg 

extension), arises from the lumbosacral plexus but not the sciatic nerve. The presence of 



either hip abduction weakness or hip extension weakness in a patient with ankle 

dorsiflexion and ankle plantarfl exion weakness indicates a lumbosacral plexopathy 

instead of a sciatic neuropathy. 

 
 +&.1d3',ɯƗƔȭƕ Flowchart for the treatment of a patient with unilateral foot drop (tibialis 

anterior). MRI,  Magnetic resonance imaging. 

31: Fasciculations 
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Fasciculations are caused by spontaneous depolarization of lower motor neurons, which results in 

contraction of the muscle fibers in the associated motor unit. Clinically this manifests as a visible 

twitch of the muscle beneath the skin. In most instances this twitching is not sufficient to cause joint 

movement, though this can be seen in late-stage motor neuron diseases in which a single motor unit 

may innervate a large territory within the muscle. Patients often become quite concerned by 

fasciculations due to their association with amyotrophic lateral sclerosis (ALS); however, unless 

weakness and/or hyperreflexia are present, more benign causes of fasciculations are substantially 

more likely.  

1. A. Evaluation of fasciculations should include a careful examination of all body regions 

including the limbs, trunk, and bulbar regions. Patients should be examined with limited 

clothing to avoid obstructing the view of proximal fasciculations. Many patients describe 

muscle twitching that is not visibl e to the examiner despite a careful search of all body 

regions. In these instances, provided the remainder of the neurologic examination is 

unremarkable, reassure patients that a dangerous neurologic condition is unlikely and 

reexamine in 6 months to be sure there is no clinical change. It is quite unusual for these 

patients to progress to manifest a clinically discernable neurologic condition.  

2. B. Fasciculations that occur repetitively in a single muscle are typically less concerning for 

ALS than more diffu se fasciculations. Electromyography and nerve conduction studies 

(EMG/NCS) are helpful for identifying nerve or nerve root injury which may explain the 

presence of focal fasciculations. 

3. C. Diffuse fasciculations are substantially more concerning, as they are more likely to be 

related to a systemic or diffuse motor neuron/nerve root process. 

4. D. Myokymia is due to the repetitive involuntary firing of multiple motor units in concert 

(grouped fasciculations). Limb myokymia is most commonly associated with a del ayed 

radiation therapy effect, though it can occur rarely secondary to a radiculopathy or 

mononeuropathy in the absence of radiation exposure. Facial myokymia can be seen in 

multiple sclerosis or mass lesions; in such cases, a magnetic resonance image (MRI) of the 

brain should be performed.  

5. E. Isaac syndrome is a disorder of motor neuron hyperactivity characterized by 

fasciculations, cramps, and impaired muscle relaxation. Issac syndrome is caused by 

autoantibodies usually directed against CASPR2 and less frequently LGI1. If the patient 

also has dysautonomia and a limbic encephalitis, then it is referred to as Morvan 

syndrome. During the needle EMG study of a patient with motor neuron hyperactivity, 

neuromyotonia may be seen. Neuromyotonia is characterized by very -high-frequency 

(> 100 Hz) spontaneous motor unit discharges that tend to rapidly dissipate. Issac 

syndrome can occur as an isolated autoimmune syndrome, in the setting of other 

disorders of autoimmunity (e.g., myasthenia gravis), or as a paraneoplastic process. 

Cancers most commonly associated with Isaac syndrome are thymoma, lung cancer, and 

lymphoma. Symptomatic treatment of fasciculations, cramps, and impaired muscle 

relaxation can be achieved with sodium channel antagonists, such as phenytoin or 

carbamazepine. Definitive treatment is immunosuppression with intravenous 

immunoglobulin (IVIG) or plasmapheresis. In paraneoplastic cases, treatment must also be 

directed at the underlying malignancy.  

6. F. Rarely, hypocalcemia or hypomagnesemia may cause benign fasciculations; 

measurement of serum electrolytes can be considered in patients with risk factors for such 

abnormalities. 

7. G. Diffuse fasciculations combined with diffuse weakness in the absence of numbness is 

highly concerning for a motor neuron disor der, such as ALS. Look for evidence of upper 

motor neuron dysfunction (i.e., brisk reflexes) to support this diagnosis. A thorough 

evaluation should be performed to exclude ALS mimics (see Chapter 96). 



 
 +&.1d3',ɯƗƕȭƕ Flowchart for the treatment of a patient with fasciculations. EMG/NCS, 

Electromyography/nerve conduction studies.  
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Temperature and pain sensations are conveyed via small myelinated and unmyelinated nerve fibers. 

These enter the spinal cord via the dorsal spinal root and synapse in the dorsal horn at the level of 

entry or ascend or descend ipsilaterally one to two spinal levels and then synapse in the dorsal horn. 

The second-order neurons then decussate at that level in the anterior commissure and ascend 

contralaterally through the spinal cord and brainstem to the thalamus. Th e third -order neurons from 

the thalamus synapse mainly in primary sensory cortex in the parietal lobe.  

Clinically, pain sensation is assessed by gently applying a sharp stimulus, such as a pin, to the 

×ÈÛÐÌÕÛɀÚɯÚÒÐÕȭɯ3ÌÔ×ÌÙÈÛÜÙÌɯÚÌÕÚÈÛÐÖÕɯÐÚɯÜÚÜÈÓÓàɯÈÚÚÌÚÚed by applying a cold stimulus, such as the 

ÔÌÛÈÓɯÖÍɯÛÏÌɯÛÜÕÐÕÎɯÍÖÙÒȮɯÛÖɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯÚÒÐÕȭɯ6ÏÌÕɯÈÚÚÌÚÚÐÕÎɯÛÌÔ×ÌÙÈÛÜÙÌɯÖÙɯ×ÈÐÕɯÚÌÕÚÈÛÐÖÕȮɯÐÛɯÐÚɯ

important to assess for asymmetry and to compare proximal and distal sites. 

1. A. A lesion involving the anterior commissure will cause bilateral reduction of pain and 

temperature sensation at that level due to disruption of the second-order neurons 

decussating through the anterior commissure. Pinprick and temperature sensation below 

the level of the anterior commissure lesion is spared, creating a so-ÊÈÓÓÌËɯɁÚÜÚ×ÌÕËÌËɯ

ÚÌÕÚÖÙàɯÓÌÝÌÓȭɂɯ3ÏÐÚɯËÐÍÍÌÙÌÕÛÐÈÛÌÚɯÐÛɯÍÙÖÔɯÉÐÓÈÛÌÙÈÓɯÈÕÛÌÙÖÓÈÛÌÙÈÓɯÚàÚÛÌÔɯÓÌÚÐÖÕÚɯÐÕɯÞÏÐÊÏɯ

pinprick and temperature sensation are reduced at the level of the lesion and below. The 

most common cause of an anterior commissure lesion is hydromyelia, which is a cystic 

lesion involving the central canal, or syringomyelia (syrinx), which is a cystic lesion not 

connected to the central canal. A midline intrinsic spinal cord tumor such as an 

ependymoma or demyel ination from multiple sclerosis can also involve the anterior 

commissure. If the sensory loss is over the neck or arms, a magnetic resonance image 

(MRI) of the cervical spine is indicated. If the sensory loss if over the abdomen, an MRI of 

the thoracic spine is indicated. 

2. B. Since the second-order axons carrying pain and temperature sensations decussate in the 

spinal cord and the axons carrying proprioception and vibration sensations and the upper 

motor neurons decussate in the medulla, the combination of l oss of pinprick and 

temperature sensations on one side and either loss of vibration and proprioception or 

upper motor neuron signs on the other side is diagnostic of a spinal cord lesion. When all 

three are present, the patient has a hemicord (Brown-Sequard) syndrome.  

3. C. In addition to carrying pain and temperature sensations, small myelinated and 

unmyelinated peripheral nerves carry autonomic fibers. Patients with a small fiber 

dysfunction typically present with length -dependent burning and shooting pain, 

autonomic dysfunction such as decreased or increased sweating, dry eyes or mouth, 

orthostasis, urinary retention, constipation or gastroparesis, or a combination of both. 

Patients can have polyneuropathy with a combination of small and large fiber dysfunct ion 

or polyneuropathy with preferential involvement of the small fibers (i.e., small fiber 

polyneuropathy). Patients with a small fiber polyneuropathy will not have weakness or 

loss of vibration sensation above the toes or loss of reflexes above the ankles. Nerve 

conduction studies and electromyography (EMG) do not assess small fiber nerve function 

and thus are normal in small fiber polyneuropathy. Small fiber polyneuropathy is often 

diagnosed based on clinical findings; additional testing if there is diagn ostic uncertainty 

can include assessing intraepidermal nerve fiber density on skin biopsy of the distal leg at 

the ankle, quantitative sensory testing, or autonomic testing. Common causes of small 

fiber polyneuropathy include diabetes, amyloidosis, HIV, an d autoimmune disease such 

ÈÚɯÚàÚÛÌÔÐÊɯÓÜ×ÜÚɯÌÙàÛÏÌÔÈÛÖÚÜÚɯÖÙɯ2ÑġÎÙÌÕɯÚàÕËÙÖÔÌȭɯ ÉÖÜÛɯƗƔǔɬ50% of small fiber 

polyneuropathy cases are idiopathic with a relatively stable course.  

4. D. In the setting of unilateral focal loss of pain and temperature sensations, an attempt 

should be made to map this loss to the known sensory distribution of a nerve (e.g., lateral 



anterior thigh in meralgia paresthetica) or a dermatome. If this can be mapped to a 

particular nerve or nerve root and the patient does not have weakness, further diagnostic 

testing is usually not necessary. However, in many patients with mononeuropathies or 

radiculopathies the description of the distribution of numbness cannot be definitively 

ascribed to a single nerve or dermatome. In these cases, further diagnostic testing such as 

nerve conduction studies and EMG can be helpful. 

5. E. Hemisensory pain and temperature disturbance affecting the face and body on the same 

side suggests a central (brain) lesion above the level of the medulla. Crossed sensory 

symptoms, with the face affected on one side and the body on the other, localize to the 

lateral medulla.  

 
 +&.1d3',ɯ ƗƖȭƕ Flowchart for the treatment of a patient with disturbance of 



pain/temperature sensation. EMG/NCS, Electromyography/nerve conductions stud ies; MRI, 

magnetic resonance imaging. 
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Vibration and proprioception sensations are conveyed via large myelinated nerve fibers. These enter 

the spinal cord via the dorsal spinal root; the majority of these fibers then ascend ipsilaterally in the 

spinal cord in the dorsal (posterior) c olumn. They then synapse in the medulla in the nucleus gracillis 

for axons from the leg and nucleus cuneatus for axons from the arms. The second-order neurons from 

those nuclei decussate in the medulla and ascend contralaterally in the medial lemniscus to synapse at 

the ventral posterior nucleus of the thalamus. Third -order axons from the thalamus synapse mainly in 

primary sensory cortex in the parietal lobe.  

Clinically, proprioception is tested by holding the medial and lateral aspects of a body part, such  as 

the great toe, and moving it up or down across the distal joint while asking the patient (with eyes 

closed) to indicate which direction it was moved. Both large - and small-amplitude movements should 

be tested. Vibration sensation is usually assessed with a 128-Hz tuning fork placed on a bony 

prominence such as the distal interphalangeal joint of the great toe or internal ankle. The presence or 

absence of vibration sensation as well as a subjective assessment of reduced but present vibration 

sensation is assessed. Alternatively, a graduated 64-Hz tuning fork can be used to quantitatively 

assess reduced vibration sensation with published normal values based on age. When assessing 

vibration or proprioception, it is important to assess for asymmetry and to c ompare proximal and 

distal sites. 

1. A. Since the axons carrying proprioception and vibration sensation ascend ipsilaterally in 

the spinal cord and the second-order axons carrying pain and temperature sensations 

decussate in the spinal cord, the combination of loss of pain and temperature sensations on 

one side and loss of vibration and proprioception sensations on the other side is diagnostic 

of a spinal cord lesion. When these findings are present in combination with ipsilateral 

upper motor neuron signs, the  patient has a hemicord (Brown-Sequard) syndrome. 

2. B. In the setting of unilateral reduction of vibration or proprioception without contralateral 

loss of pain or temperature sensation, the causative lesion can be anywhere along the path 

of the ipsilateral d orsal columns or the contralateral brainstem, thalamus, or parietal lobe. 

3. C. Since the axons carrying vibration and proprioception sensations from the arms enter 

the central nervous system in the cervical spinal cord and ascend to the brain, the presence 

of arm signs or symptoms indicates a lesion cannot be in the thoracic spinal cord. 

However, the absence of arm signs or symptoms does not exclude a cervical spinal cord 

process, and thus patients with isolated leg signs and symptoms suggestive of myelopathy 

require imaging of both the cervical and thoracic spinal cord.  



4. D. Patients with nonɬlength-dependent proprioception sensory loss typically present with 

sensory ataxia. In severe cases, patients may have pseudoathetosis of their fingers and toes 

due to proprioceptive loss. These patients may be misclassified as having weakness due to 

their difficulty in performing the motor examination secondary to proprioceptive loss. 

Weakness can be excluded by performing a motor examination with the patient visually 

focused on the requested movement. Nonɬlength-dependent proprioceptive sensory loss 

can be caused by lesions of the dorsal root ganglia. Typical causes include autoimmune 

ÊÖÕËÐÛÐÖÕÚɯÚÜÊÏɯÈÚɯ2ÑġÎÙÌÕɯÚàÕËÙÖÔÌȮɯ×ÈÙÈÕÌÖ×ÓÈÚÛÐÊɯÚàÕËÙÖÔÌÚɯÚÜÊÏɯÈÚɯÈÕÛÐ-HU and anti -

CV2, platinum -based chemotherapies, and excess intake of vitamin B6. It can also be 

caused by multifocal lesions affecting sensory nerves, such as is seen with sensory-

predominant chronic inflammatory demyelinating polyneuropathy (CIDP).  

5. E. Isolated length-dependent proprioception and vibration loss can be caused by injury to 

the large myelinated axons in the peripheral nervous system or from a process involving 

the axons as they ascend in the dorsal columns of the spinal cord. The afferent limb of the 

deep tendon reflexes is also carried in the peripheral nervous system by large sensory 

axons. The reduction or absence of ankle jerks thus suggests a peripheral nervous system 

process such as a distal symmetric polyneuropathy, whereas the preservation of reflexes 

suggests a dorsal column process. 

6. F. Vitamin B12 deficiency (including when secondary to nitrous oxide exposure), copper 

deficiency, and syphilis (tabes dorsalis) cause dorsal column lesions. When such a lesion is 

suspected, magnetic resonance imaging of the cervical and thoracic spine should be 

performed to assess for T2 hyperintensity restricted to the dorsal columns. Note that 

serum nontreponemal tests (e.g., rapid plasma reagin, RPR) may be negative in tabes 

dorsalis; treponemal tests (e.g., microhemagglutination assay for treponema pallidum 

antibodies, MHA -TP; fluorescent treponemal antibody absorption test, FTA-ABS) should 

be performed instead. 



 
 +&.1d3',ɯ ƗƗȭƕ Flowchart for the treatment of a patient with disturbance of 

vibration/proprioception sens ation. CIDP, Chronic inflammatory demyelinating 

polyneuropathy; EMG/NCS, electromyography/nerve conduction studies; FTA-ABS, 

fluorescent treponemal antibody absorption test; MHA -TP, microhemagglutination assay for 

treponema pallidum antibodies; MRI,  magnetic resonance imaging. 
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3ÏÌɯÔÜÚÊÓÌɯÚÛÙÌÛÊÏȮɯÖÙɯɁËÌÌ×ɯÛÌÕËÖÕȮɂɯÙÌÍÓÌßɯÐs the product of a segmental reflex arc involving specific 

spinal cord or brainstem regions; this makes testing reflexes useful for anatomic localization. Table 

34.1 shows the most commonly tested reflexes and the segmental arc involved. When assessing 

reflexes, the muscle should be in midposition and relaxed. Grading of reflexes is shown in Table 34.2. 

Consider the amount of force required to elicit the reflex and the amplitude of the reflex when 

determining how to grade the response. Asymmetry is particularly important to note, more so than 

the absolute intensity of the response as this may vary widely across normal subjects. An anxious, thin 

person may often have brisk reflexes, and even a few beats of clonus, despite being neurologically 

normal; likewise, diffusely symmetric hypoactive reflexes are also often normal.  

Table 34.1 

Reflex localization 

Reflex Segmental arc 

Jaw jerk Cranial nerve V 

Biceps reflex 5th and 6th cervical root (C5ɬC6) 

Brachioradialis reflex  5th and 6th cervical root (C5ɬC6) 

Triceps reflex Primarily 7th cervical root (C7)  

Patellar (knee) reflex 3rd and 4th lumbar root (L3 ɬL4) 

http://127.0.0.1:5002/B9780323635837000345.xhtml#t0010
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Reflex localization 

Reflex Segmental arc 

Achilles (ankle) reflex  1st sacral root (S1) 

Table 34.2 

Grading reflexes 

Response Grade Description  

Absent 0  No reflex despite a large amount of force 

Hypoactive  1 + Small amplitude reflex generated by a large amount of force 

Normal  2 + Normal amplitude reflex generated by a normal amount of force  

Hyperactive 

(brisk)  

3 + Large amplitude reflex generated by a small amount of force  

Sustained clonus 4 + Repetitive or continuous reflex response with steady stretching pressure 

applied  

Hyporeflexia 

1. A. Hyporeflexia indicates dysfunction of the peripheral nervous system, and may be due 

to disruption of either sensory or motor pathways. Disruption of the sensory pathway (the 

afferent arc of the reflex) is much more common, and is signaled by the absence of 

weakness or hyporeflexia out of proportion to weakness. In the case of disruption of the 

motor pathway, hyporeflexia is considered a lower motor neuron sign along with muscle 

atrophy and decreased tone, and the reduction in the reflex is directly prop ortional to the 

coexisting muscle weakness. The causative lesion can be anywhere along the path of the 



lower motor neuron (anterior horn cell, spinal nerve root, plexus, nerve, neuromuscular 

junction, or muscle). 

2. B. The most common pattern of hyporeflexia is bilateral, symmetric, and length dependent 

(meaning distal reflexes are more affected than proximal reflexes) and is seen in distal 

symmetric polyneuropathy such as diabetic polyneuropathy. The cell bodies of sensory 

neurons reside in the dorsal ganglia of each spinal nerve at that spinal level. Those that 

innervate the feet are the longest cells in the body, which makes them particularly 

susceptible to metabolic derangements, nutritional deficiencies, or other toxic exposures. 

Since the Achilles (ankle) reflexes are the most distal reflexes, they are the first affected in 

distal symmetric polyneuropathy, and symptoms gradually ascend from distal to 

proximal.  

3. C. The triceps muscle is primarily innervated by the C7 spinal nerve (with some 

contributions fro m C6 and C8) via axons that run in the radial nerve. The proximal radial 

nerve innervates the triceps, then wraps around the humerus at the spiral groove and 

supplies the brachioradialis muscle more distally. Isolated unilateral triceps hyporeflexia 

(witho ut involvement of the brachioradialis) suggests a C7 radiculopathy instead of a 

radial neuropathy because brachioradialis hyporeflexia should also be present in the, latter 

case. 

4. D. The biceps muscle is innervated primarily by C5 and C6 spinal nerves via axons that 

run in the upper trunk and lateral cord of the brachial plexus, and in the 

musculocutaneous nerve. The brachioradialis muscle is innervated primarily by C5 and C6 

spinal nerves via axons that run in the upper trunk and posterior cord of the brach ial 

plexus, and in the radial nerve. Therefore, the combination of biceps and brachioradialis 

hyporeflexia is suggestive of either a C5/C6 radiculopathy or less likely an upper trunk 

plexopathy.  

5. E. Isolated unilateral biceps hyporeflexia is suggestive of a musculocutaneous neuropathy 

instead of a C5/C6 radiculopathy or upper trunk plexopathy, because the latter lesions 

should also cause brachioradialis hyporeflexia. 

6. F. Isolated unilateral brachioradialis hyporeflexia is suggestive of a radial neuropathy 

distal to the spiral groove, because a proximal radial neuropathy will also cause triceps 

hyporeflexia.  

7. G. In acquired demyelinating polyneuropathies, such as Guillain -!ÈÙÙõɯ ÚàÕËÙÖÔÌɯ ÖÙɯ

chronic inflammatory demyelinating polyneuropathy (CIDP), there is typica lly diffuse 

hyporeflexia.  

8. H. A tonic pupil refers to a dilated pupil that does not constrict significantly to light but 

does constrict to a near stimulus. In reaction to a near stimulus, the pupil will constrict 

more than the other pupil and will dilate slowly when the stimulus is removed. The 

combination of a tonic pupils and areflexia is termed Adie syndrome. The etiology of this 

syndrome is usually unknown, and pathology has demonstrated neuronal loss in the 

peripheral sensory and parasympathetic gangl ia. 

Hyperreflexia 

1. A. Hyperreflexia indicates an upper motor neuron lesion, and reflects a loss of inhibitory 

modulation of the motor pathways. It is often associated with increased muscle tone 

(spasticity). The causative lesion may be anywhere along the pathway of the upper motor 

neuron in the corticospinal tract, including primary motor cortex, subcortical motor 

pathways, ventral brainstem, and the lateral column of the spinal cord. Common causes of 

hyperreflexia include focal brain lesions (typically caus ing unilateral hyperreflexia), 

cervical myelopathy, and motor neuron disease (amyotrophic lateral sclerosis, ALS). The 

latter is characterized by a combination of upper and lower motor neuron findings. This 



combination is also frequently seen in patients w ith cervical myelopathy and coexistent 

radiculopathy.  

2. B. The first step in evaluation of the patient with hyperreflexia is to determine if other 

neurologic findings are present that would indicate cortical or brainstem dysfunction such 

as aphasia, neglect, hemianopia, or cranial neuropathies; if so, this strongly suggests a 

focal brain or brainstem lesion, and brain magnetic resonance imaging (MRI) is indicated 

for evaluation. A brisk jaw jerk also suggests a lesion above the cervical cord, and should 

focus attention on brain and brainstem processes. 

3. C. The combination of hyperreflexia and lower motor neuron signs of atrophy and/or 

fasciculations suggests either multifocal spine disease involving both myelopathy (causing 

the hyperreflexia) and radiculopathy (causing the lower motor neuron signs) or ALS. The 

anatomic pattern of findings should be evaluated. A cervical cord lesion that involves the 

anterior horn cell will present with lower motor findings at the level of the lesion and 

upper motor neuron signs (i.e., hyperreflexia) below the lesion. For example, a C6 cord 

lesion involving the anterior horn cell might cause biceps atrophy and fasciculations and 

ipsilateral triceps and leg hyperreflexia. In this setting, MRI of the cervical spine 

identifying the l esion would be diagnostic. Similarly, coexistent cervical myelopathy and 

lumbosacral radiculopathy might present with arm and leg hyperreflexia with atrophy 

and fasciculations in the leg. Unremarkable spine imaging in these scenarios suggests ALS. 

4. D. Unila teral hyperreflexia suggests a contralateral brain or ipsilateral cervical spinal cord 

lesion. Cerebral infarction would be a common cause of the former, and a demyelinating 

lesion from multiple sclerosis of the latter.  

5. E. Note that small spinal cord lesio ns may not be well demonstrated on initial MRI. If 

there is high clinical suspicion, serial MRI may be necessary. 

6. F. Myelopathy is most commonly compressive due to disc disease or central canal 

narrowing, and is also frequently caused by demyelinating dise ase or inflammation which 

will demonstrate hyperintense cord lesions on MRI. However, less common causes of 

myelopathy should be considered as well. Human T -lymphotropic virus (HTLV) -

associated myelopathy typically shows nonspecific atrophy on MRI, though edema or 

longitudinally extensive hyperintense cord lesions can be seen. Vitamin B12 deficiency and 

copper deficiency classically demonstrate longitudinally extensive hyperintensity in the 

dorsal columns on MRI. However, these findings are not seen in all cases. Given the 

treatable nature of these conditions, any patient with an unexplained myelopathy should 

have serum vitamin B12, methylmalonic acid, copper, and ceruloplasmin studies. Nitrous 

oxide exposure causes irreversible inactivation of vitamin B12 that can lead to a 

presentation identical to vitamin B12 deficiency. Hereditary spastic paraplegia primarily 

involves the lower extremities, as neurodegeneration is most pronounced in the terminal 

segments of the longest axons such as the lumbar cortical spinal tract and cervical dorsal 

columns. Despite the name, arm involvement can occur but is typically milder than in the 

legs. 

7. G. Occasionally, bilateral hyperreflexia can be seen with diffuse subcortical white matter 

disease (leukoencephalopathy), such as in advanced small vessel ischemic disease and 

multiple sclerosis. Rarely, a bilateral medial frontal lobe process, such as a large midline 

meningioma, can cause bilateral leg hyperreflexia and weakness. 

8. H. Primary lateral sclerosis is a variant of ALS in w hich degeneration affects only the 

upper motor neurons. It typically presents with slowly progressive symmetric 

hyperreflexia and spasticity, which affects the legs initially, then progresses to involve the 

arms. Urinary urgency and diffuse mild weakness a lso occur as the disease progresses. 

Some patients will go on to develop lower motor neuron findings and meet diagnostic 

criteria for ALS.  



 
 +&.1d3',ɯ ƗƘȭƕ Flowchart for the treatment of a patient with hyporeflexia. EMG, 

Electromyography. HTLV, Human T-lym photropic virus  



 
 +&.1d3',ɯ ƗƘȭƖ Flowchart for the treatment of a patient with hyperreflexia. EMG, 

Electromyography; HTLV, human T-lymphotropic virus; MRI,  magnetic resonance imaging.  
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Aside from the olfactory cranial nerve (CN I) and  the optic nerve (CN II), the remaining cranial nerves 

(CN III ɬXII) have nuclei in the brainstem. These then have axons extending through the brainstem (the 

fascicle), exiting into the subarachnoid space, and on to individual paths to exit the skull. Since  some 

cranial nerves run near each other either in the brainstem or as they exit the skull, particular 

combinations of cranial neuropathies can suggest a precise anatomic localization. Similarly, the 

combination of cranial nerve dysfunction and either long  tract dysfunction (hemiparesis, hemibody 

sensory loss) or cerebellar dysfunction strongly suggests a brainstem lesion. When a combination of 

motor cranial neuropathies does not suggest a precise anatomic localization, then myasthenia gravis 

should be considered and, less commonly, the Miller Fisher variant of Guillain -!ÈÙÙõɯÚàÕËÙÖÔÌȮɯ

botulism, or a subarachnoid space process. When a combination of motor and sensory cranial 

neuropathies does not suggest a precise anatomic localization, a subarachnoid space process is likely. 

1. A. The oculomotor (CN III), trochlear (CN IV), and abducens (CN VI) nerves and the 

ophthalmic (V1 segment of CN V) and maxillary divisions of the trigeminal nerve (V2 

segment of CN V) all run through the cavernous sinus. Pathology there can subsequently 

affect any combination of these nerves. After passing though the cavernous sinus, the 

maxillary division of the trigeminal nerve (V2 segment of CN V), which receives sensation 

from the upper lip to the bridge of the nose, exits the skull t hrough the foramen rotundum. 

CN III, IV, VI, and the V1 segment of V (which receives sensation from the bridge of the 

nose to the forehead and posterior scalp) continue on through the superior orbital fissure 

to enter the orbital apex. Therefore, superior orbital fissure pathology can affect CN III, IV, 

VI, and the V1 segment of CN V, but not the V2 segment of CN V. The optic nerve travels 

through the optic canal to enter the orbital apex, where it is in close proximity to CN III, 

IV, VI, and the V1 segment of CN V. The optic nerve does not run through the superior 

orbital fissure or the cavernous sinus. Therefore, optic nerve involvement, such as 

monocular vision loss or an afferent pupillary defect, in conjunction with eye movement 

abnormalities from CN II I, IV, or VI dysfunction, implicates orbital apex pathology.  

2. B. Note that numbness from the bridge of the nose to the forehead and posterior scalp (V1 

segment of CN V) may also be present with orbital apex pathology.  

3. C. Neurologic findings of eye movement abnormalities or dysarthria/dysphagia in 

myasthenia gravis may mimic cranial neuropathies, but are actually due to the more 

diffuse process of impaired function at the neuromuscular junction.  

4. D. The fascicle of CN VI travels ventrally in the pons exiting n ear the corticospinal tract. 

The facial nerve (CN VII) exits the ventral and lateral pons. A lesion of the ventral lateral 

pons will cause horizontal diplopia from an ipsilateral abduction deficit, ipsilateral facial 

weakness involving the forehead, and a contralateral hemiparesis (Millard -Gubler 

syndrome). 

5. E. A dorsal lateral medullary (Wallenberg) syndrome usually involves the nucleus 

ambiguous, which provides motor axons to the glossopharyngeal (CN IX) and vagus (CN 

X) nerves, and the cranial portion of the spinal accessory (CN XI) nerve. These axons 

innervate most of the muscles of the palate, pharynx, and larynx, and a lesion of the 

nucleus ambiguous or its axons produces dysarthria and dysphagia. A dorsal lateral 

medullary syndrome can also involve the  inferior and medial vestibular nuclei, which can 

lead to vertigo; the spinal nucleus of the trigeminal nerve, which mediates pinprick and 

temperature sensation from the ipsilateral face; and the ascending spinothalamic tract, 

which mediates pinprick and t emperature sensation from the contralateral body. The 

descending sympathetic neurons can also be involved, resulting in an ipsilateral Horner 

syndrome. 



6. F. The glossopharyngeal (CN IX), vagus (CN X), and spinal accessory (CN XI) nerves exit 

the skull throug h the jugular foramen. The hypoglossal nerve (CN XII) exits the skull 

through the hypoglossal canal. These four cranial nerves then run together in the 

retroparotid space, as does the carotid artery. In this context, the combination of dysarthria 

and dysphagia, weakness of contralateral head turn, and ipsilateral trapezius elevation can 

occur with lesions in either the jugular foramen or the retroparotid space. The presence of 

ipsilateral tongue weakness (which causes deviation away from the affected side) 

secondary to hypoglossal nerve dysfunction or a Horner syndrome from a lesion 

involving the ascending sympathetic neurons on the carotid artery localizes the lesion to 

the retroparotid space. For the reasons previously stated, a jugular foramen syndrome 

would be considered in a patient with dysarthria, dysphagia, weakness of contralateral 

head turn, and ipsilateral trapezius elevation without tongue weakness or a Horner 

syndrome. 



 
 +&.1d3',ɯ Ɨƙȭƕ Flowchart for the treatment of a patient with multiple crania l 

neuropathies. 
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1. A. Initial evaluation should determine whether ataxia appears sensory or cerebellar. 

Profoundly decreased sensation and hyporeflexia in the absence of dysarthria or 

oculomotor findings make sensory ataxia m ore likely. Nystagmus, ocular dysmetria, and 

dysarthria suggest a cerebellar etiology. 

2. B. In some conditions (like Friedrich ataxia), sensory and cerebellar ataxia may coexist. 

3. C. Patients with cerebellar ataxia should undergo brain imaging to exclude causative 

structural lesions. Certain ataxias have specific magnetic resonance imaging (MRI) 

changes that facilitate recognition; examples include restricted diffusion in patients with 

Creutzfeldt -Jakob disease (CJD), pontine hypomyelination in autosomal recessive spastic 

ataxia of Charlevoix-Saguenay (ARSACS), and middle cerebellar peduncle (MCP) signs in 

multiple systems atrophy (MSA) or fragile -X tremor ataxia syndrome (FXTAS). 

4. D. Common causes of acute ataxia include toxic ingestions and Wernicke encephalopathy. 

Immune -mediated causes are an important consideration in patients with ataxia for less 

than 2 years. Antibodies recognized to cause autoimmune cerebellar degeneration include 

anti -Yo, anti-Hu, anti -Ri, and anti-TR. The opsoclonus-myoclonus-ataxia syndrome is 

associated with neuroblastoma in children and most often small cell lung cancer in adults. 

Other autoimmune causes include Hashimoto encephalopathy (associated with anti -TPO 

and anti -TG antibodies), anti-GAD65 cerebellar degeneration (which is also associated 

with stiff person syndrome), and gluten ataxia in celiac disease. 

5. E. While a detailed family history is critical in the evaluation of patients with chronic 

ataxia, absence of a family history does not exclude a genetic cause. Nonpaternity, de novo 

mutations, and anticipation in triplet repeat disorders are common reasons a family 

history may be absent. Genetic testing should be performed in conjunction with genetic 

counseling to ensure patients understand the ramifications of positive, negative, unclear, 

ÖÙɯÜÕÌß×ÌÊÛÌËɯÙÌÚÜÓÛÚȭɯ*ÕÖÞÓÌËÎÌɯÖÍɯÈɯ×ÈÛÐÌÕÛɀÚɯÎÌÕÌÛÐÊɯÚÛÈÛÜÚɯÊÈÕɯÈÓÓÖÞɯÛÏÌÔɯÛÖɯÔÈÒÌɯ

decisions regarding family planning, avoid unnecessary diagnostic testing, and inform 

eligibility for clinical trials.  

6. F. Identifying specific associated neurologic signs in autosomal dominant cerebellar 

ataxias narrows the differential diagnosis. Neuropathy and spasticity are seen in many 

spinocerebellar ataxias (SCAs). Spasticity is also a feature of Alexander disease and adult-

onset leukodystrophy. Parkin sonism is seen in SCA2, SCA3, SCA9, SCA12, and SCA17, 

and in neuroferritonopathy. Epilepsy is often a component of SCA10 and dentatorubral -

pallidoluysian atrophy (DRPLA). Myoclonus may be seen in SCA2, SCA14, DRPLA, and 

Gerstmann-Straussler-Scheinker syndrome, a rare familial prion disease caused by 

mutations in the PRNP gene. Chorea is a feature noted in SCA3, SCA17, and DRPLA. In 

cases with isolated ataxia, SCA5 and SCA6 are the most common entities. Of note, there 

can be considerable phenotypic heterogeneity between cases and even within families. 

7. G. Episodic ataxias are characterized by attacks of ataxic symptoms. The two most 

common forms of episodic ataxia are EA1 and EA2. In EA1, episodes are brief, lasting 

seconds to minutes and classically provoked by startle or sudden movements. Interictal 

myokymia may be present. The attacks in EA2 are more prolonged, lasting from hours to 

days, and are often provoked by stress or exercise. Interictal extraocular movement 

abnormalities including downbeat nystagmus may be seen in EA2. 

8. H. Associated neurologic signs can also help narrow the differential for autosomal 

recessive inherited cerebellar ataxias. Neuropathy is a prominent feature in Friedrich 

ataxia, ataxia with vitamin E deficiency (AVED), abetalipoproteine mia, ataxia 

telangiectasia, ARSACS, and ataxia with oculomotor apraxia types 1 and 2 (AOA1/2). 



Prominent spasticity is also seen in ARSACS, as well as in hereditary spastic paraplegia 

type 7 and cerebrotendinous xanthomatosis. Chorea can be a feature seen in ataxia 

telangiectasia and AOA1 or 2. Parkinsonism, psychiatric symptoms, and prominent 

dysarthria can be seen in Wilson disease. Dystonia is a feature of AOA2, ataxia 

telangiectasia, and Niemann Pick type C (NPC). Epilepsy may also be a feature of NPC, as 

well as autosomal recessive cerebellar ataxia 2 (ARCA2) and infantile onset spinocerebellar 

ataxia (IOSCA). 

9. I. Ataxia is often present in mitochondrial encephalopathy, lactic acidosis, and stroke -like 

episodes (MELAS), myoclonic epilepsy with ragged red  fibers (MERRF), neurogenic 

weakness with ataxia and retinitis pigmentosa (NARP), and POLG-related ataxia 

neuropathy spectrum diseases, which include sensory ataxia with neuropathy dysarthria 

and ophthalmoplegia (SANDO) and mitochondrial recessive ataxia s yndrome (MIRAS). 

Given heteroplasmy and the relatively low number of mitochondria found in peripheral 

blood cells, muscle biopsy may be necessary to make a diagnosis. 

10. J. FXTAS is the most common form of X-linked ataxia. A family history should include 

asking about children or grandchildren with intellectual disability and if women in 

subsequent generations suffered premature ovarian failure. FXTAS may present with a 

combination of action, postural, and rest tremor. Mild Parkinsonism and cognitive 

impairment  may be present as well. Characteristic magnetic resonance imaging features 

are T2 hyperintensities in the middle cerebral peduncles and the splenium of the corpus 

callosum, but these features are neither sensitive nor specific for FXTAS. 



 
 +&.1d3',ɯƗƚȭƕ Flowchart for the treatment of a patient with ataxia. AOA,  Ataxia with 

oculomotor apraxia; ARSACS, autosomal recessive spastic ataxia of Charlevoix-Saguenay; 

AVED, vitamin E deficiency; CJD, Creutzfeldt -Jakob disease; DRPLA, dentatorubral -

pallidoluysian at rophy; DWI,  diffusion weighted imaging; EA, episodic ataxia; EMG/NCS, 

electromyography/nerve conduction studies; FXTAS, fragile -X tremor ataxia syndrome; GSS, 

Gerstmannɬ2ÛÙåÜÚÚÓÌÙɬScheinker syndrome; HIV, human immunodeficiency virus; 



HSP,hereditary spastic paraparesis; IOSACA, infantile onset spinocerebellar ataxia; MELAS, 

mitochondrial encephalopathy, lactic acidosis, and stroke -like episode; MERRF, myoclonic 

epilepsy with ragged red fibers; MIRAS, mitochondrial recessive ataxia syndrome; MRI, 

magnetic resonance imaging; MSA, multiple systems atrophy; NARP, neurogenic weakness 

with ataxia and retinitis pigmentosa; NPC, Niemann Pick type C; SANDO, sensory ataxia 

with neuropathy dysarthria and ophthalmoplegic; SCA, spinocerebellar ataxia. 
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Gait disorders can result from dy sfunction of motor coordination systems, pyramidal or 

extrapyramidal motor pathways, or impairments in proprioceptive sensation. In addition, there are a 

number of nonneurologic causes of difficulty walking. Careful neurologic examination, including 

observation of the patient attempting to walk, can usually localize the lesion and focus the diagnostic 

evaluation.  

1. A. Initial evaluation should focus on determining if significant leg weakness is present. If 

so, this is the likely cause of the gait disorder. If weakness is unilateral and acute, consider 

cerebral infarction or hemorrhage; rarely spinal cord infarction can cause acute unilateral 

leg weakness. If bilateral and acute, consider spinal cord infarction and cord compression. 

If weakness has been rapidly progressive over days, consider transverse myelitis, cauda 

equina syndrome, or Guillain -!ÈÙÙõɯ ÚàÕËÙÖÔÌȭɯ /ÈÛÐÌÕÛÚɯ ÞÐÛÏɯ ÊÏÙÖÕÐÊɯ ÜÕÐÓÈÛÌÙÈÓɯ ÓÌÎɯ

weakness from a central nervous system (CNS) process such as stroke or spinal cord injury 

often have decreased flexion at the hip, knee and ankle when walking, which causes them 

to trip if they bring their leg directly forward. Instead, these patients move the affected leg 

ÐÕɯÈɯÊÐÙÊÜÓÈÙɯËÐÙÌÊÛÐÖÕɯȹɁÊÐÙÊÜÔËÜÊÛÐÖÕɯÎÈÐÛɂȺɯÞÏÌÕɯÞÈÓÒÐÕÎȭɯ/ÈÛÐÌÕÛÚɯÞÐÛÏɯÉÐÓÈÛÌÙÈÓɯÓÌÎɯ

weakness from a CNS process may have spasticity, which causes their legs to cross when 

ÞÈÓÒÐÕÎɯȹɁÚÊÐÚÚÖÙÐÕÎɯÎÈÐÛɂȺȭɯ/ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÖÖÛɯËÙÖ×ɯÞÐÓÓɯÛÙÐ×ɯÖÝÌÙɯÛÏÌɯËÙÖ××ÌËɯÍÖÖÛɯÞÏÌÕɯ

ÞÈÓÒÐÕÎɯÈÕËɯÊÖÔ×ÌÕÚÈÛÌɯÞÐÛÏɯÐÕÊÙÌÈÚÌËɯÍÓÌßÐÖÕɯÖÍɯÛÏÌɯÓÌÎÚɯÈÛɯÛÏÌɯÏÐ×ÚɯȹɁÚÛÌ××ÈÎÌɯÎÈÐÛɂ). 

Lastly, patients with myopathy or neuromuscular junction disease may have proximal leg 

ÞÌÈÒÕÌÚÚɯÊÈÜÚÐÕÎɯÌßÊÌÚÚÐÝÌɯÚÞÈàÐÕÎɯÖÍɯÛÏÌɯÛÙÜÕÒɯÞÏÌÕɯÞÈÓÒÐÕÎɯȹɁÞÈËËÓÐÕÎɯÎÈÐÛɂȺȭ 

2. B. Acute onset of isolated gait ataxia can be seen with cerebellar lesions, particularly those 

affecting the cerebellar vermis; posterior circulation ischemic stroke or intracerebral 

hemorrhage must be considered. Acute gait imbalance can also be seen in conjunction 

with continuous vertigo, in which the main diagnostic distinction is betwee n CNS lesions 

affecting the brainstem/cerebellum and peripheral lesions, such as vestibular neuritis, 

which affect the vestibulocochlear nerve. 

3. C. Unlike patients with proprioceptive sensory loss, patients with cerebellar dysfunction 

are unable to stand with their feet together with their eyes open. Patients often compensate 

for this unsteadiness when their feet are close together by having a wide-based gait. With 

prominent involvement of the cerebellar vermis, patients may have truncal instability and 

not be able to sit up unassisted. Limb ataxia due to cerebellar lesions can be seen on finger-



nose-finger or heel-knee-shin testing. Patients with weakness or proprioceptive loss will 

often also have difficulty with these tests, and thus one must be confident the difficulty is 

out of proportion to motor weakness or sensory impairment in order to attribute it to a 

cerebellar lesion. With cerebellar dysfunction, there may also be nystagmus and impaired 

saccadic eye movements. 

4. D. Moderate to severe sensory loss in the legs, particularly proprioceptive loss, can cause 

difficulty walking. This is termed sensory ataxia. Impairment of proprioceptive sensation 

can be caused by injury to peripheral nerves or the dorsal column of the spinal cord; with 

the former, ankle reflexes are usually absent, whereas they are preserved in the latter. A 

patient with proprioceptive dysfunction typically will exhibit the Romberg sign, in which 

the ability to stand with the feet together is preserved with the eyes open but balance is 

lost when the eyes are closed. 

5. E. Dystonia is characterized by sustained or intermittent muscle contraction causing 

stereotyped often twisting movements or postures, and is usually initiated or worsened by 

voluntary action including walking. A dystonic gait ma y appear bizarre and is often 

confused with a functional gait disorder, but can be differentiated by the stereotyped 

nature of the movements. Since gait dystonia is task-specific, the dystonia may disappear 

when the patient is asked to walk backwards.  

6. F. Nonneurologic causes of gait dysfunction include visual loss, orthopedic or 

rheumatologic disorders, pain, drug or toxic effect, peripheral vascular disease, and 

cardiorespiratory problems.  

7. G. Patients with unilateral vestibular dysfunction may have difficu lty walking but 

additionally will describe symptoms of vertigo or a sensation of motion while standing 

still. Nausea and vomiting may also occur. Patients with bilateral vestibular dysfunction, 

as can be seen with gentamycin toxicity, will also have diffic ulty walking but not report 

vertigo. These patients typically have bilateral abnormal head impulse testing.  

8. H. Frontal gait disorder, also described as a magnetic gait or gait apraxia, can be seen in 

syndromes that involve the subcortical white matter. The  gait has a normal or wide base 

and may become more shuffling or magnetic when the patient is distracted. The difficulty 

with leg movements is often specific for walking; patients may be able to move their legs 

normally when asked to do alternative tasks such as pretending to ride a bike. Classically, 

magnetic gait has been associated with normal pressure hydrocephalus (NPH), a condition 

in which dementia and urinary incontinence may accompany the gait disorder. NPH 

should be considered when there is ventri culomegaly out of proportion to cortical atrophy 

on computed tomography or magnetic resonance imaging. To more quantitatively define 

this finding, the ratio of the maximum width of the frontal horns of the lateral ventricles is 

divided by the maximum inter nal diameter of the skull at the same level (Evans index). A 

ratio > 0.3 is suggestive of NPH. If NPH is suspected, gait assessment should be performed 

before and after a large-volume lumbar puncture (~  30 mL of cerebrospinal fluid is 

removed). More common ly, magnetic gait is due to chronic severe microvascular brain 

ischemic disease, in which case it does not improve with shunting.  

9. I. Parkinsonism is the clinical constellation of tremor, bradykinesia, and rigidity. The most 

common cause is idiopathic Parkinson disease, although it can be caused by 

antidopaminergic medications, cerebrovascular disease, or other neurodegenerative 

processes. 



 
 +&.1d3',ɯ Ɨƛȭƕ Flowchart for the treatment of a patient with gait disorder. MRI, 

Magnetic resonance imaging; NPH, normal pressure hydrocephalus. 
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Urinary continence requires coordination of both the somatic and autonomic nervous systems, and 

also involves elements of volitional control and assessments of social appropriateness. Urinary storage 

is primarily mediated involuntarily by the sympathetic nervous system and volitionally by the 

somatic neurons to the external urethral sphincter. At low bladder volumes, contraction of the internal 

and external urethral sphincter is maintained  ÝÐÈɯ ϔ-adrenergic receptors and detrusor muscle 

ÊÖÕÛÙÈÊÛÐÖÕɯÐÕɯÛÏÌɯÉÓÈËËÌÙɯÞÈÓÓɯÐÚɯÐÕÏÐÉÐÛÌËɯÝÐÈɯϕ-adrenergic receptors. Urinary voiding is primarily 

mediated by the parasympathetic nervous system in conjunction with the pontine micturition center. 

At high er bladder volumes, descending axons from the pontine micturition center activate the 

parasympathetic neurons in the sacral spinal cord, which cause both detrusor muscle contraction via 

muscarinic acetylcholine receptors and urethral relaxation. They also inhibit the sympathetic neurons 

to the bladder and the somatic neurons to the external urethral sphincter. The pontine micturition 

center is inhibited by cortical regions so that voiding occurs in the appropriate social context.  

1. A. Bladder dysfunction may signal pathology at any level from the cortex and pons to 

spinal cord and sacral peripheral nerve roots. However, more often it is due to a primary 

urologic cause affecting the bladder or urethra, and thus urologic evaluation should be 

performed initially,  including an evaluation for urinary tract infection, prostate disease in 

men, and gynecologic disease in women. Urinary incontinence or retention is a frequent 

medication side effect. Commonly implicated medications include anticholinergics, 

opiates, calcium channel blockers, and diuretics.  

2. B. In patients with urinary hesitancy and/or urinary retention, there is dysfunction of 

detrusor muscle contraction indicating a loss of parasympathetic excitation. This can be 

seen in focal lesions of the sacral spinal cord (conus medullaris) or sacral nerve roots 

(cauda equina) or in diffuse processes affecting the autonomic nervous system. An acute 

cervical or thoracic spinal cord injury can result in acute urinary retention (spinal shock), 

but patients will develop d etrusor overactivity in a few weeks or months.  

3. C. Due to extensive autonomic innervation, bladder dysfunction may be seen in processes 

that preferentially involve the autonomic system, such as polyneuropathy from diabetes or 

amyloidosis, idiopathic small f iber polyneuropathy, and primary autonomic failure. 

Multiple system atrophy (MSA) may be a unifying diagnosis when an older patient 

presents with isolated, prominent autonomic dysfunction without other evidence of 

polyneuropathy. Accompanying evidence of P arkinsonism may not be seen in the early 

stages of MSA. In this context, patients with bladder dysfunction should be specifically 

asked about other symptoms of autonomic dysfunction, such as orthostasis, dry mouth, 

abnormal sweating, gastroparesis, and constipation. On examination, patients should be 

evaluated for distal loss of pain and temperature sensation and orthostatic hypotension.  

4. D. Intermittent catheterization is the main treatment for urinary retention regardless of the 

etiology. Intermittent cath eterization overrides the internal and external urethral 

sphincters, obviating the need for detrusor contraction, avoids damage to the upper 

urinary tract from chronic retention, and minimizes the infection risk relative to chronic 

catheterization. Scheduled voiding may also prevent overflow incontinence episodes and 

promotes patient independence. 

5. E. Detrusor overactivity (detrusor muscle contraction at low filling volumes) often occurs 

after central nervous system injury and leads to urgency, frequency, and urge 



incontinence. When the lesion is in the spinal cord, there may also be a loss of upper motor 

neuron modulation of the external urethral sphincter resulting in detrusor -sphincter 

dyssynergia. Thus, in addition to frequent detrusor contractions at low  filling volumes, the 

bladder and external sphincter often contract simultaneously, resulting in ineffective 

voiding.  

6. F. The classic triad of normal pressure hydrocephalus (NPH) includes urinary 

incontinence (especially urgency), gait instability (magnetic  gait), and dementia. Patients 

need not have all three features. Brain magnetic resonance imaging or computed 

tomography demonstrating ventriculomegaly out of proportion to cortical atrophy is 

present in NPH. To more quantitatively define this finding, the  ratio of the maximum 

width of the frontal horns of the lateral ventricles is divided by the maximum internal 

diameter of the skull at the same level (Evans index). A ratio of greater than 0.3 is 

suggestive of NPH. Ventriculoperitoneal shunting may provide  relief, largely depending 

on the stage of illness and comorbidities. 

7. G. Cortical lesions, particularly in the frontal lobe, often result in urinary urgency. 

Frequently cited mechanisms include interruption of conscious control of voiding or 

mechanisms underlying the switch from storage to evacuation of urine.  

8. H. Optimal treatment of bladder dysfunction with urgency often requires a multimodal 

È××ÙÖÈÊÏȭɯ ÕÛÐÊÏÖÓÐÕÌÙÎÐÊɯÖÙɯϕ-adrenergic medications promote detrusor relaxation by 

inhibiting parasympathetic and  activating sympathetic pathways, respectively. In patients 

with detrusor -sphincter dyssynergia, intermittent catheterization is usually employed as 

well to combat incomplete emptying, which can exacerbate detrusor overactivity, cause 

symptoms of urgency and frequency, and lead to infection.  



 
 +&.1d3',ɯƗƜȭƕ Flowchart for the treatment of a patient with bladder dysfunction.  
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Dysfunction of either the brainstem or both cerebral hemispheres is necessary for loss of 

consciousness (LOC) to occur. Syncope, caused by global hypoperfusion of the brain due to a drop in 

blood pressure or cardiac output, is the most common cause of transient LOC. Seizures may also affect 

bilateral hemispheres of the brain leading to LOC. One of the challenges in transient LOC is that the 

underlying causes range from benign (e.g., vasovagal syncope) to extremely dangerous (cardiac 

arrhythmia). Misdiagnosis is common, particularly mistaking so -ÊÈÓÓÌËɯ ɁÊÖÕÝÜÓÚÐÝÌɯ ÚàÕÊÖ×ÌȮɂɯ ÐÕɯ

which brief myoclonic jerks occur on losin g consciousness in the setting of syncope, for seizure 

activity. Likewise, despite the perception that it is specific for seizure, urinary incontinence occurs 

frequently irrespective of underlying cause. Careful evaluation and testing guided by the clinica l 

picture is thus important. As patients are by definition unconscious during the event itself, obtaining 

history from bystanders, family, and first responders is a priority. In rare cases where the patient is 

able to recall the event, consider mimics such as cataplexy. 

1. A. Prodromal symptoms preceding LOC may be recalled by the patient or may have been 

mentioned to witnesses on the scene prior to losing consciousness. Syncope typically has a 

prodrome of lightheadedness, nausea, diaphoresis, tinnitus, and vi sual dimming. Chest 

pain, palpitations, or shortness of breath suggest a cardiac cause. In the rare cases where 

transient LOC is due to posterior circulation transient ischemic attack (TIA), there may be 

vertigo or focal neurologic symptoms (e.g., dysarthr ia, double vision, hemiparesis, or 

hemisensory loss) preceding the episode. Seizures with a focal onset and secondary 

generalization may begin with confusion associated with some preservation of 

consciousness, with focal motor activity, or with an aura.  

2. B. "ÖÔÔÖÕÓàɯËÌÚÊÙÐÉÌËɯÈÜÙÈÚɯÈÙÌɯÈɯÚÌÕÚÌɯÖÍɯËõÑãɯÝÜɯÖÙɯÍÌÈÙȮɯÖÙɯÝÐÚÜÈÓȮɯÈÜËÐÛÖÙàȮɯÚÖÔÈÛÐÊȮɯÖÙɯ

olfactory (typically unpleasant) sensations. Seizure onset can also be accompanied by 

autonomic auras difficult to distinguish from symptoms seen in syncope, such as  

tachycardia, pallor, diaphoresis, or nausea. Seizures often occur without aura, or the 

patient may not recall the aura postictally. If convulsive activity is described, one must be 

careful to distinguish between focal convulsions (e.g., face twitching or arm shaking) before 

LOC, which strongly suggests seizure, and generalized myoclonic jerks during the period 

the patient is unconscious, which is nonspecific and, when brief, common in syncope. 

3. C. The duration of LOC and postictal confusion helps distinguis h between seizure and 

syncope. In syncope, LOC is usually brief (seconds), with rapid recovery once the cause is 

removed, such as returning to a recumbent position after orthostatic syncope. Seizures 

may lead to more prolonged LOC as well as a longer period of postictal dysfunction, such 

as confusion, which may last minutes to hours.  

4. D. If posterior circulation TIA is suspected, vascular imaging of the head and neck with 

computed tomography or magnetic resonance angiography should be performed. Absence 

of high-grade stenosis or occlusion makes this diagnosis extremely unlikely. 



5. E. Triggers and provoking factors may suggest a specific syncope etiology such as 

vasovagal, situational (e.g., tussive or micturition), or orthostatic syncope. Vasovagal 

syncope may be triggered by stress, fear, pain, physical exertion, or prolonged standing. 

Prior episodes of presyncope, most typically lightheadedness or vision dimming without 

LOC, provoked by the same triggers should be noted. Very rarely, LOC may be triggered 

by standing in patients with severe vertebrobasilar or bilateral carotid stenosis.  

6. F. If seizure is suspected, perform electroencephalogram (EEG) and brain magnetic 

resonance imaging (MRI). Epileptiform abnormalities on EEG indicate a high probability 

that seizure is the cause; a normal EEG, however, does not rule out epilepsy and is 

common in patients with seizures. Brain MRI is performed to look for an obvious seizure 

focus, such as tumor. If initial testing is unrevealing, EEG should be repeated, and 

prolonged EEG monitoring considered, both of which increase the yield for finding 

epileptiform abnormalities.  

7. G. Cardiogenic syncope is potentially life -threatening; it usually results from either 

arrhythmia (acquired or from genetic causes such as long QT or Brugada syndrome) or 

cardiac outflow obstruction (such as aortic stenosis or hypertrophic obstructive 

cardiomyopathy). Ask about known cardiac disease and family history of early sudden 

death. Evaluation for suspected cardiac causes of syncope includes electrocardiogram, 

echocardiography, and potentially long -term cardiac monitoring. When cardiac syncope is 

suspected, consult cardiology. 

8. H. Consider psychogenic events in patients with recurrent unexplained episodes of LOC. 

Suggestive features include recurrent events with variable presentations, prolonged 

periods of unresponsiveness (often longer than several minutes) with a rapid return to 

baseline, and eye closure, particularly if forced, throughout the episode (with epileptic 

seizures the eyes are usually open). Testing to rule out other causes should generally be 

completed before considering this diagnosis. Continuous video -EEG monitoring in an 

epilepsy monitoring unit can confirm a diagnosis of psychogenic nonepileptic seizures.  



 
 +&.1d3',ɯ ƗƝȭƕ Flowchart fo r the treatment of a patient with transient loss of 

consciousness. CTA, Computed tomography angiography; EEG, electroencephalogram; 

MRA , magnetic resonance angiography; MRI,  magnetic resonance imaging. 
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A transient ischemic attack (TIA) represents focal brain ischemia that reverses before leaving a 

permanent neurologic deficit. Most TIAs present suddenly and last for minutes, though on occasion 

symptoms can persist or fluctuate for hours before recovery. Given the transient nature of the 

symptoms, initial suspicion for TIA often depe ÕËÚɯÖÕɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯËÌÚÊÙÐ×ÛÐÖÕɯÖÍɯÛÏÌɯÌÝÌÕÛȭɯ3ÏÐÚɯÔÈàɯ

ÉÌɯÐÔ×ÙÌÊÐÚÌɯËÌ×ÌÕËÐÕÎɯÖÕɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯÈÉÐÓÐÛàɯÛÖɯÈÊÊÜÙÈÛÌÓàɯËÌÚÊÙÐÉÌɯÚàÔ×ÛÖÔÚȰɯÈɯÏÐÎÏɯÓÌÝÌÓɯÖÍɯ

suspicion for TIA is therefore always appropriate. TIA represents a warning sign of possible 

impending stroke, with the first 48 hours the highest risk period. Start antiplatelet therapy 

immediately and perform a diagnostic evaluation to determine the underlying mechanism that will 

guide long -term preventative therapy.  

1. A. There are a number of nonvascular causes of transient neurologic symptoms. The most 

important are seizure with transient postictal deficits (usually apparent from the history), 

and migrainous phenomenon. Use care in making the latter diagnosis, as headache may 

also accompany TIA; a history of migraine with aura along with similar stereotyped 

events in the past argues for migraine as a cause. When the diagnosis is uncertain, it is 

generally advisable to pursue a TIA workup to ensure a vascular cause is not responsible 

for the episode. 

2. B. Head computed tomography (CT) is commonly the initial imaging study. Rarely, 

patients with brain tumors or small subdural hematomas will present with transient focal 

neurologic symptoms, and these will generally be seen on CT. Magnetic resonance 

imaging (MRI) of the brain is a more sensitive test to identify acute ischemic changes (see 

section E), but in most centers is not easily and/or rapidly available. 

3. C. If urgent vascular imaging is performed and shows large artery atherosclerotic disease, 

or if this is k nown to exist prior to the TIA, the short -term risk of stroke is substantially 

increased and aggressive therapy is appropriate (see section F). 

4. D. The ABCD2 score is a risk stratification tool that can be used to estimate the risk of 

stroke following TIA. It can be quickly calculated during the initial evaluation. A score of 

0ɬ3 suggests a 48-hour stroke risk of about 1%; higher scores are associated with higher 

risk of up to 10% in the first 48 hours. 

5. E. MRI brain with diffusion -weighted imaging (DWI) sequ ences reveals acute infarction in 

about one-third of TIA patients. When present, the diagnosis of a vascular cause is 

confirmed and evaluation should proceed as for those with stroke; further, the risk of 

subsequent stroke is substantially greater. A negative MRI DWI study does not rule out 

TIA, but given the lower risk of future stroke and, in many cases, uncertainty about 

whether a vascular cause was responsible for symptoms, a more conservative evaluation 

for underlying etiology may be reasonable. MRI ma y also reveal an alternative diagnosis, 



such as tumor or demyelination. In patients with an obvious cause for TIA, such as atrial 

fibrillation or carotid stenosis, MRI may not be necessary. 

6. F. In high -risk patients (ABCD 2 ÚÊÖÙÌɯȁ 4 or large artery disease) who present within 24 

hours, dual antiplatelet therapy with aspirin and clopidogrel lowers the risk of recurrent 

stroke and should be administered as soon as possible. A loading dose of both (aspirin 

162ɬ325 mg, clopidogrel 300ɬ600 mg) should be given, followed by a 21-day course of 

treatment. After this, antiplatelet monotherapy should be continued indefinitely. If 

subsequent evaluation reveals a cardioembolic source warranting anticoagulation (e.g., 

atrial fibrillation), dual antiplatelet therapy should be discontinued and replaced with oral 

anticoagulation.  



 
 +&.1d3',ɯƘƔȭƕ Flowchart for the treatment of a patient with transient ischemic attack. 

CT, Computed tomography; EKG, electrocardiogram; MRI,  magnetic resonance imaging; 

TIA, transient ischemic attack. 

41: Acute Ischemic Stroke 
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When a patient presents with acute focal neurologic deficits consistent with ischemic stroke, the 

immediate goal is to determine whether the patient is eligible for reperfusion therapies with 

intravenous thrombolysis (tissue plasminogen activator, tPA) and/or endovascular therapy with 

mechanical thrombectomy (MT). Assessment is based on clinical symptoms which are typically 

assessed with the National Institutes of Health Stroke Scale (NIHSS), timing, and neuroimaging. A 

detailed description of the NIHSS can be found in Appendix 2. Evaluation and treatment decisions 

must be made as quickly as possible, keÌ×ÐÕÎɯÐÕɯÔÐÕËɯÛÏÌɯÔÈÕÛÙÈɯÛÏÈÛɯɁÛÐÔÌɯÐÚɯÉÙÈÐÕɂɭthere is clear 

evidence that faster treatment results in a greater likelihood of neurologic recovery.  

1. A. A focused history should establish the time of symptom onset. When the exact time of 

symptom onset is unclear, the time at which the patient was last known normal should be 

used. The NIHSS serves as a rapid neurologic exam to quantify the neurologic deficit. A 

fingerstick glucose should be checked to ensure hypo- or hyperglycemia is not causing a 

stroke mimic. 

2. B. In patients with mild, non -disabling deficits, the risk of thrombolytic therapy likely 

outweighs the benefit, so withholding tPA is reasonable. No specific threshold value of the 

NIHSS can discriminate between disabling and non-disabling deficits, therefore clinical 

judgment in the individual patient is required.  

3. C. Patients within 4.5 hours of the time last known normal may be eligible for intravenous 

(IV) thrombolysis. Noncontrast head computed tomography (CT) can exclude 

hemorrhage. IV tPA exclusion criteria should be quickly assessed (see Table 41.1), and tPA 

should be administered as rapidly as possible if the deficit is perceived to be disabling (see 

Table 41.1 in Appendix 1). If blood pressure elevation precludes tPA, administer IV 

antihyperte nsive medication such as labetalol or nicardipine to achieve an acceptable 

blood pressure. It is not necessary to wait for the results of laboratory testing other than 

fingerstick glucose unless the patient is on anticoagulation (if on warfarin, internatio nal 

normalized ratio [INR] >  1.7 precludes tPA) or has a clinical history raising suspicion of 

thrombocytopenia (e.g., sepsis, malignancy). 

4. D. A patient with a severe deficit and a contraindication to tPA may benefit from MT, so 

CT angiogram (CTA) should b e obtained to evaluate for large vessel occlusion. Depending 

on workflow, CTA may also be obtained with the initial CT in order to speed evaluation.  

5. E. When > 4.5 hours from onset, tPA should not be given, but if significant neurologic 

deficit is present, then rapid CTA (MRA is also acceptable, though generally more time -

consuming) should be used to assess for the presence of a large vessel occlusion, in which 

case MT should be considered. When < 6 hours from onset, perfusion imaging is generally 

not necessary. 

6. F. In the 6ɬ24-hour time window, if large vessel occlusion is present, perfusion imaging 

should be performed to identify patients that are likely to benefit from MT (small infarct 

core and large territory at risk).  

7. G. If occlusion of the internal caro tid artery (ICA) or proximal middle cerebral artery 

(MCA) is identified, MT should be pursued in patients with significant deficits <  6 hours 

from onset unless there is extensive ischemic injury on CT. In the 6-24-hour window, 

results of perfusion imaging should be considered in making an assessment of potential 

benefit of treatment. Thrombectomy for basilar artery occlusion has not been well studied, 

but given the severity of the disease, it is reasonable to treat based on similar principles. If 

no large vessel occlusion is present, the patient is not eligible for MT. 



8. H. Beyond 24 hours, the benefit of MT is uncertain; urgent CTA is appropriate if there is 

symptom fluctuation or progression.  

9. I. Patients that receive reperfusion therapy warrant intensive mon itoring per a standard 

protocol, particularly during the first 24 hours, due the risk of intracranial bleeding. A 

blood pressure goal of < 180/105 mmHg is appropriate. Antithrombotic therapy and deep 

vein thrombosis prophylaxis should be withheld for 24 ho urs following IV tPA, until head 

imaging confirms there is no hemorrhage. After MT, antithrombotic therapy can be started 

immediately if the risk of procedural bleeding complications is felt to be low; this is often 

assessed with a repeat head CT postprocedure to exclude intracranial bleeding.  

10. J. In patients not treated with tPA or MT, early administration of aspirin is indicated to 

reduce the risk of recurrent stroke. Within the first 24 hours of symptom onset, patients 

with minor stroke should be treated with combination aspirin and clopidogrel, assuming 

no contraindication, for 21 days, then switched to antiplatelet monotherapy.  

11. K. Aggressive intravenous hydration should be administered to all stroke patients unless 

there is concern for heart failure. Positioning the head of bed flat may improve cerebral 

blood flow in some patients. Formal dysphagia screening should be performed prior to 

allowing oral intake.  



 
 +&.1d3',ɯƘƕȭƕ Flowchart for the treatment of a patient with acute ischemic stroke. BP, 

Blood pressure; CBC, complete blood count; CT, computed tomography; CTA, computed 

tomography angiography; EKG, electrocardiogram; IV, intravenous; NIHSS, NIH Stroke 

Scale; PT/PTT, prothrombin time/partial thromboplastin time; tPA, tissue plasminogen 

activator.  

See Appendix 1 for Table 41.1: Criteria for selecting patients with acute ischemic stroke for 

thrombolysis.  

See Appendix 2 for description of the National Institute of Health Stroke Scale (NIHSS).  



42: Malignant Middle Cerebral 

Artery Infarction  

Izad-Yar D. Rasheed; Joshua M. Levine 

Ɂ,ÈÓÐÎÕÈÕÛɂɯÐÕÍÈÙÊÛÐÖÕɯÙÌÍÌÙÚɯÛÖɯÈɯÓÈÙÎÌɯÏÌÔÐÚ×ÏÌÙÐÊɯÐÚÊÏÌÔÐÊɯÚÛÙÖÒÌɯÊÏÈÙÈÊÛÌÙÐáÌËɯÉàɯÚÌÝÌÙÌɯÊÌÙÌÉÙÈÓɯ

edema; such infarction can lead to midline shift with resultant compression of contralateral 

hemispheric structures and downward herniation leading to death ( Fig. 42.1). Edema following 

hemispheric stroke slowly evolves, generally peaking 3ɬ5 days after stroke onset. The definitive 

therapeutic intervention is hemicraniectomy, in which a large segment of skull overlying the 

infarction is removed, allowing the brain to swell outward. Medical therapy with hyperosmolar 

agents such as mannitol and hypertonic saline also have roles as a bridge to hemicraniectomy or in 

those who are not surgical candidates. 

1. A. Even with aggressive therapy, patients with malignant middle cerebral artery (MCA) 

infarction are uniformly left with long -term significant disability, with the vast majority 

(> 80%) dependent on others for help with activities of daily living. The severity of brain 

ÐÕÑÜÙàɯ ÚÏÖÜÓËɯ ÉÌɯ ÊÓÌÈÙÓàɯ ÊÖÔÔÜÕÐÊÈÛÌËɯ ÛÖɯ ÍÈÔÐÓàȭɯ #ÐÚÊÜÚÚɯ ÞÐÛÏɯ ÍÈÔÐÓàɯ ÛÏÌɯ ×ÈÛÐÌÕÛɀÚɯ

willingness to live with severe disability as expressed prior to the stroke. Rarely can the 

patient engage meaningfull y in this discussion, as they typically are severely aphasic 

(dominant hemisphere involvement) or have dense neglect (nondominant hemisphere 

involvement), which precludes an accurate understanding of their condition. Many 

patients and families feel living with severe disability is a fate worse than death, and 

decline aggressive intervention. 

2. B. Patient age has a major impact on outcome following malignant MCA infarction. In 

randomized trials of hemicraniectomy, younger patients (<  60 years) treated surgically 

have both a dramatic reduction in mortality and a significantly greater likelihood of 

achieving mild -moderate disability. In contrast, mortality is reduced with surgery in older 

patients but almost all survivors are left with moderately severe d isability or worse. Given 

this, in combination with the invasiveness of hemicraniectomy, it is generally avoided in 

older patients. 

3. C. "ÓÐÕÐÊÈÓɯÊÙÐÛÌÙÐÈɯÍÖÙɯ×ÙÌËÐÊÛÐÕÎɯÞÏÐÊÏɯÈÊÜÛÌɯÐÚÊÏÌÔÐÊɯÚÛÙÖÒÌÚɯÉÌÊÖÔÌɯɁÔÈÓÐÎÕÈÕÛɂɯÈÙÌɯ

imperfect. Generally, those with inv olvement of two -thirds or more of the MCA territory, 

particularly if the basal ganglia is also affected, are likely to develop severe swelling and 

midline shift and benefit from decompressive surgery with hemicraniectomy. In many 

cases the degree of infarction is only apparent on early interval follow -up head computed 

tomography (CT); accordingly, patients without evidence of malignant infarction on initial 

scan should have an interval CT 12ɬ24 hours after the initial scan. If radiographic evidence 

of likel y malignant infarction is present in a patient otherwise eligible for surgery within 

the first 24ɬ48 hours of stroke onset, proceed to hemicraniectomy even in the absence of 

neurologic decline. 

4. D. In patients without clear radiographic evidence to suggest a high risk of malignant 

infarction (e.g., smaller MCA infarctions, lack of early edema and midline shift), close 

neurologic monitoring is indicated. Often the earliest sign of malignant infarction is 

increasing somnolence. Do not wait for symptoms of uncal (anisocoria or an unreactive 

pupil) or transtentorial (new field cut, bilateral small fixed pupils, impaired upgaze) 

http://127.0.0.1:5002/B9780323635837000424.xhtml#f0010


herniation to develop prior to considering hemicraniectomy. Should deterioration occur, 

administration of osmotic agents and hyperventila tion can be implemented. Perform 

immediate repeat head CT to exclude alternative causes of worsening, such as 

hemorrhagic conversion. Proceed to hemicraniectomy as soon as possible. 

5. E. Mannitol and hypertonic saline are osmotic therapies used to reduce cerebral edema. 

Mannitol is a reasonable initial choice, and is strongly preferred in volume -overloaded 

patients; hypertonic saline is preferred in patients with renal impairment. Administration 

through a central venous catheter is desirable but not essential. A bolus of 1 g/kg mannitol 

ƖƔǔɯÊÈÕɯÉÌɯÎÐÝÌÕɯÐÕÛÙÈÝÌÕÖÜÚÓàɯÌÝÌÙàɯƚɯÏÖÜÙÚɯÈÚɯÕÌÌËÌËȭɯ#ÌÛÌÙÔÐÕÌɯÛÏÌɯɁÖÚÔÖÓÈÙɯÎÈ×ɂɯ

(calculated serum osmolarity subtracted from measured osmolarity) prior to redosing; if it 

exceeds 20 mOsm/L, do not give additional mannitol. Replete urine losses aggressively 

with normal saline to prevent hypovolemia. Hypertonic saline is an alternative to 

mannitol, given as a bolus (either 250 mL of 3%; 150 mL of 5%; or 30 mL of 23.4% solution) 

every 6 hours. Closely monitor serum sodium; if >  160 mmol/L, hypertonic saline should 

be stopped. Osmotic therapy is best viewed as a bridge to decompressive surgery, as it is 

far less effective than hemicraniectomy. However, for patients who are not candidates for 

hemicraniectomy, osmotic therapy may b e used in an attempt to minimize the impact of 

cerebral edema until swelling starts to resolve on its own, usually after day 3 ɬ5. It should 

not be used prophylactically.  



 
%d&ȭɯƘƖȭƕ Head computed tomography showing large left middle cerebral artery infarct ion 

with edema and midline shift.  



 
 +&.1d3',ɯƘƖȭƕ Flowchart for the treatment of a patient with suspected malignant 

middle cerebral artery infarction. CT, Computed tomography; MCA, middle cerebral artery.  
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43: Large Cerebellar Infarction  

Brett L. Cucchiara 

Because of its unique position abutting the brainstem, infarction of the cerebellum can lead to a 

compression of the fourth ventricle with resulting hydrocephalus, direct compressive brainstem 

injury, and downward brainstem herniation, all with devastating neurologic consequenc es (Fig. 43.1). 

Vulnerable patients are those with large cerebellar infarctions associated with mass effect, typically 

caused by occlusion of the posterior inferior cerebellar artery  or by occlusion of multiple cerebellar 

branch arteries. In the latter case, involvement of the vermis is associated with an increased risk of 

neurologic deterioration. Treatment is surgical decompression with suboccipital craniectomy, and 

placement of an external ventricular drain if there is hydrocephalus. Intervention must be performed 

urgently when signs of brainstem dysfunction are present to prevent progressive injury.  

1. A. In patients at risk, close observation for signs of neurologic deterioration is mandatory. 

Serial brain computed tomography (CT) may be useful for monitoring the degree of mass 

effect and hydrocephalus. If neurologic signs or symptoms referable to brainstem 

dysfunction appear and are associated with a correlating change in the degree of 

compression on imaging, surgery should be pursued urgently. At times there may be 

uncertainty as to whether clinical signs of brainstem dysfunction are in fact due to 

brainstem compression, for instance when a significant change on serial imaging is not 

apparent. In these cases, osmotic therapy such as a bolus of mannitol can be given; if there 

is improvement in symptoms, this argues strongly to proceed with decompressive 

surgery. 

2. B. In some patients, progressive swelling becomes apparent on serial scans without an 

obvious clinical change. Prophylactic decompressive surgery should be considered in 

these cases, as waiting until clinical symptoms appear carries some risk of irreversible 

brain injury.  

http://127.0.0.1:5002/B9780323635837000436.xhtml#f0010


 
%d&ȭɯ ƘƗȭƕ Magnetic resonance image of the brain showing large left posterior inferior 

cerebellar artery infarction with early mild brainstem compression.  



 
 +&.1d3',ɯƘƗȭƕ Flowchart for the treatment of a patient with large cerebellar infarction.  

44: Prevention of Recurrent 

Ischemic Stroke  
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Mechanisms of ischemic stroke are heterogeneous, and therapies to prevent recurrent stroke vary 

based on underlying mechanism. Determining the specific cause of stroke in the individual patient is 

therefore critical. Major mechanistic categories in the typ ical patient with stroke (i.e., older or with 

traditional vascular risk factors) include large vessel atherosclerotic stenosis, cardioembolism, small-

vessel (lacunar) disease, and a host of infrequent other specific causes. Occasionally, hypercoagulable 

states, unusual infectious causes of stroke, and other less common causes will need to be considered. 

Note that these less common causes of stroke are more likely to be present in younger patients (< 60 

years old), and thus evaluation is different in that gr oup (see Chapter 45, Ischemic Stroke in the 

Young). 

1. A. The location and pattern of infarction on brain imaging has mechanistic implications. 

Simultaneous acute infarctions in more than one vascular territory strongly implicates a 

proximal embolic source. When acute infarctions are present in all three vascular 

territories, consider hypercoagulability of malignancy. Carotid revascularization is an 

important intervention to prevent recurrent strok e, but it depends on the infarct being in 

the territory supplied by the carotid artery. For posterior circulation infarctions, there is 

little role for revascularization. Magnetic resonance imaging (MRI) of the brain is more 

sensitive than computed tomography (CT) at identifying and defining the infarction 

pattern; however, in a patient with an obvious mechanism (such as atrial fibrillation) it is 

not always necessary. 

2. B. CT and MR angiography of the head and neck provide a comprehensive assessment of 

the cerebral vasculature and are highly sensitive for identifying significant stenosis. As an 

alternative in older patients (>  60 years) with anterior circulation stroke, carotid 

ultrasound adequately evaluates the carotid bifurcation where the vast majority of  carotid 

stenosis occurs, and transcranial Doppler can screen for intracranial stenosis. While less 

sensitive than CT or MR angiography, this strategy is also less expensive and resource 

intensive. 

3. C. In the older patient, atrial fibrillation is a major ca use of stroke; electrocardiography and 

cardiac monitoring should be performed in all patients. Unless an obvious cause of stroke 

is apparent, transthoracic echocardiography (TTE) should generally also be performed. 

This can identify important cardioembolic  sources, such as dilated cardiomyopathy, severe 

heart failure, apical akinesis, valvular disease, and intracardiac thrombus. 

Transesophageal echocardiography (TEE) is more sensitive than TTE for some of these 

findings, but is invasive and relatively low y ield. It should be reserved for those with 

multiple unexplained infarcts or concern for infective endocarditis. It can also be 

considered in those with embolic -appearing stroke in which a complete evaluation has 

been unrevealing. Basic laboratory testing is indicated for all patients to screen for 

hematologic or coagulation abnormalities, kidney disease, diabetes, and hyperlipidemia. 

D-dimer is a useful test in many patients, as extreme elevations are strongly associated 

with hypercoagulability of malignanc y. Be aware, however, that D-dimer is not useful 

when measured after thrombolysis.  

4. D. A number of uncommon causes of nonatherosclerotic vasculopathy exist. Arterial 

dissection should be treated with antiplatelet therapy; stenting or surgical 

revascularization should generally be avoided, as spontaneous healing of the vessel is 

common and early risk of recurrent stroke is low. Fibromuscular dysplasia (FMD), which 

can be associated with dissection, is also treated with antiplatelet therapy alone. In neither 

case is statin therapy necessary, as these conditions are not due to atherosclerosis. Syphilis, 

antiphospholipid antibody syndrome, Moyamoya disease, and vasculitis may also cause a 

nonatherosclerotic vasculopathy; all are quite rare. 

5. E. Large artery atherosclerosis can involve the cervical or intracranial arteries. When stroke 

is in the territory of >  50% cervical internal carotid artery stenosis, carotid endarterectomy 

(CEA) or carotid stenting (CAS) should be performed. Benefit is greatest when done 

http://127.0.0.1:5002/B978032363583700045X.xhtml


withi n the first week after the stroke. CEA is preferred in most patients; CAS may be 

appropriate in younger patients and those with significant coronary disease. Vertebral 

artery and intracranial atherosclerosis are managed medically. With intracranial stenosi s 

> 50%, a 90-day course of aspirin and clopidogrel is appropriate, followed by monotherapy 

thereafter. 

6. F. Long-term oral anticoagulation is imperative when atrial fibrillation is identified, 

reducing the risk of recurrent stroke by ~  50%; it is also indicated if intracardiac thrombus 

is found. Severe cardiomyopathy with an ejection fraction <  35% and an embolic-

appearing stroke warrants long -term oral anticoagulation. If the ejection fraction 

subsequently improves, anticoagulation may be changed to antipla telet therapy. Valvular 

vegetations may indicate infectious endocarditis, in which case antibiotic therapy and 

surgical consultation should be pursued, or nonbacterial thrombotic endocarditis, in which 

case evaluation for underlying hypercoagulability and rheumatologic disease is indicated 

and anticoagulation typically started. Surgical resection should be considered in patients 

with a cardiac mass (fibroelastoma, myxoma). Complex aortic atherosclerosis (> 4 mm 

thickness or mobile) is generally treated with  dual antiplatelet therapy for a period of at 

least 3ɬ6 months. 

7. G. Lacunar (small-vessel) infarctions, by definition <  15 mm and located in deep, 

subcortical brain structures, are most often due to intrinsic disease in the small penetrating 

arteries, though embolism can mimic lacunar infarction. Classic lacunar syndromes 

include pure motor weakness, pure hemisensory loss, ataxia hemiparesis, and dysarthriaɬ

clumsy hand syndrome; the specificity of these clinical patterns for a small -vessel 

mechanism is poor, however. 

8. H. Specific clinical scenarios should prompt consideration of less common causes of 

stroke. Fever, particularly if present on hospital arrival, should prompt suspicion for 

infectious endocarditis, as should bacteremia. Blood cultures and TEE should be 

performed. Always consider the possibility of cancer causing hypercoagulability in older 

patients with stroke, particularly those with multiple recurrent unexplained strokes, prior 

recent venous thromboembolism, or markedly elevated D -dimer. When suspected, CT of 

the chest/abdomen/pelvis is appropriate.  

9. I. Vasculitis, either systemic or isolated to the central nervous system (CNS), is a rare cause 

of stroke. When suspected, a thorough diagnostic evaluation is critical, including serologic 

testing for systemic vasculitis, lumbar puncture to assess for cerebrospinal fluid 

inflammation and infectious processes, and catheter angiography to assess the smaller 

cerebral vessels. Brain/meningeal biopsy should be performed if isolated CNS vasculitis is 

strongly  suspected, but a negative biopsy does not rule out the diagnosis. Treatment is 

usually steroids and cyclophosphamide. Rheumatology consultation is appropriate.  

10. J. Paroxysmal atrial fibrillation is found on prolonged outpatient cardiac rhythm 

monitoring in  5%ɬ10% of stroke patients with no identified mechanism on initial 

evaluation. Patients with cortical embolic appearing stroke and stroke in multiple vascular 

territories are particularly likely to have occult atrial fibrillation.  



 
 +&.1d3',ɯƘƘȭƕ Flowchart for the treatment of a patient with ischemic stroke. ASA, 

aspirin; CAS, carotid artery stenting; CBC, complete blood count; CEA, carotid 

endarterectomy; CT, computed tomography; CTA, computed tomography angiogram; DM,  

diabetes mellitus; EKG, electrocardiogram; FMD,  fibromuscular dysplasia; HTN, 

hypertension; MRA, magnetic resonance angiogram; MRI, magnetic resonance imaging; 

PFO, patent foramen ovale; PT/PTT, prothrombin time/partial thromboplastin time; TEE, 

transesophageal echocardiography; TTE, transthoracic echocardiography. 

45: Ischemic Stroke in the Young  

"ÏÙÐÚÛÖ×ÏÌÙɯ&ȭɯ%ÈÝÐÓÓÈȰɯ2ÛÌÝÌÕɯ1ȭɯ,ÌÚÚõ 
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Ischemic stroke in a young adult (generally considered age < 60 years), particularly when traditional 

vascular risk factors are absent, should raise suspicion for an unusual stroke mechanism. 

1. A. Evaluate for traditional vascular risk factors, but note that arterial dissection, infective 

endocarditis, drugs of abuse, and thrombophilia are much m ore common stroke 



mechanisms in young compared to older patients. Careful inquiry into family history, 

preceding headache or neck pain, and illicit drug use are essential. 

2. B. Brain magnetic resonance imaging (MRI) is useful to help determine the distributi on 

and timing of stroke. Multifocal infarcts or infarcts of different ages suggest an embolic or 

hypercoagulable source. Carotid ultrasound is not adequate to evaluate for arterial 

dissection, a common stroke mechanism in the young, and thus computed tomography or 

MR angiography (CTA/MRA) of the head and neck should be performed. Initial 

laboratory testing should screen for hematologic abnormalities, renal dysfunction, risk for 

atherosclerosis, and syphilis. Depending on the context, more specific labs may be 

warranted (see sections F and H). 

3. C. Carotid or vertebral arterial dissection is a common cause of stroke in the young. 

Dissection can occur spontaneously or as a consequence of trauma. A connective tissue 

disorder may predispose to dissection. Dissection carries a relatively low long -term risk of 

stroke recurrence. Short-term (1ɬ3 months) aspirin plus clopidogrel is commonly used in 

those with minor stroke, followed by long -term aspirin monotherapy; the latter tends to be 

preferred in those with larger strokes to minimize the risk of hemorrhagic transformation. 

Anticoagulation can be considered if there is stroke recurrence despite antiplatelet 

therapy. Revascularization with stenting is rarely indicated and should be considered only 

in those with recurr ent hemodynamic symptoms or stroke despite medical therapy.  

4. D. Reversible cerebral vasoconstriction syndrome (RCVS) typically presents with recurrent 

thunderclap headaches. It is often associated with the use of sympathomimetic 

vasoconstrictive drugs such as stimulants and decongestants. A thorough history of 

prescription and over -the-counter medications as well as illicit drug use is essential. 

Potentially implicated drugs should be stopped. Verapamil may help mitigate 

vasoconstriction and treat headache. 

5. E. Moyamoya disease is characterized by progressive bilateral narrowing of the internal 

carotid artery terminus extending into the anterior and middle cerebral artery 

accompanied by a network of small collateral vessels (so-ÊÈÓÓÌËɯɁ×ÜÍÍɯÖÍɯÚÔÖÒÌɂȺȭɯ,ÖÚÛɯ

often a primary process (moyamoya disease) likely to have a genetic basis, it can also occur 

secondary to a specific underlying disease (moyamoya syndrome) such as severe 

atherosclerosis, syphilis, or antiphospholipid antibody syndrome, amongst others. 

Moyam oya carries a risk of both ischemic and hemorrhagic stroke. In patients with an 

ischemic stroke, antiplatelet therapy is appropriate. Adequate hydration and avoidance of 

hypotension is crucial. Surgical procedures to facilitate collateral flow from the ext ernal 

carotid system to the intracranial circulation can be considered in patients with severe 

vascular compromise, progressive stenosis, and recurrent stroke. 

6. F. Central nervous system (CNS) vasculitis may be a primary process or a component of a 

systemic vasculitis. Thorough evaluation of the kidneys, liver, eyes, and skin to identify a 

systemic process should be performed. Serum markers of inflammation, systemic 

autoimmune disease, and infection should be tested; erythrocyte sedimentation rate (ESR), 

C-reactive protein (CRP), anti-nuclear antibodies (ANA), anti -neutrophil cytoplasmic 

antibodies (ANCA), anti -double stranded DNA (Anti -dsDNA), anti -2ÑġÎÙÌÕɅÚ-syndrome-

related antigen A and B (SSA/B), cryoglobulins, human immunodeficiency virus (HIV) 

and rapid  plasma reagin (RPR) are commonly evaluated. Cerebrospinal fluid (CSF) should 

be evaluated for signs of inflammation with tests for specific infectious causes (such as 

varicella-zoster virus or fungal infections) based on the CSF profile. In the absence of an 

infectious or systemic process, primary CNS vasculitis should be considered. 

Brain/meningeal biopsy and rheumatology consultation are indicated in this scenario.  

7. G. Transthoracic echocardiography (TTE) with bubble study is a reasonable starting point 

for cardiac imaging. If unrevealing, proceed to transesophageal echocardiography (TEE) 

with bubble study.  



8. H. If no mechanism is found despite above evaluation, testing for high -risk thrombophilia 

should be performed. This may include testing for antiphospho lipid antibodies and 

×ÙÖÛÌÐÕɯ"ɯÈÕËɯ2ɯÈÕËɯÈÕÛÐÛÏÙÖÔÉÐÕɯ(((ɯËÌÍÐÊÐÌÕÊàɯËÌ×ÌÕËÐÕÎɯÖÕɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯÈÎÌɯÈÕËɯÊÓÐÕÐÊÈÓɯ

context. Notably, protein C, S, and antithrombin III measurements are unreliable in the 

setting of acute thrombosis, so should be measured at least 4ɬ6 weeks after a thrombotic 

event. The factor V Leiden and prothrombin gene mutation tests are commonly 

performed, but only when the patient is homozygous or both are positive is 

anticoagulation generally warranted. In the appropriate clinical contex t, 

hypercoagulability of malignancy should also be considered.  

9. I. Prolonged cardiac monitoring for atrial fibrillation is particularly low yield in patients 

< 40 years old, but can be considered if older, if there is a family history of atrial 

fibrillation , or in the presence of cardiac disease by history or on echocardiography. 

10. J. Cardiac thrombus, severe cardiomyopathy, and nonbacterial thrombotic endocarditis 

should be treated with long -term anticoagulation. Patients with a cardiac mass should be 

referred to cardiothoracic surgery. Aortic atherosclerosis > 4 mm or with a significant 

mobile component is generally treated with dual antiplatelet therapy.  



 
 +&.1d3',ɯƘƙȭƕ Flowchart for the treatment of a young patient with ischemic stroke. 

CBC, complete blood count; CTA, computed tomography angiogram; CSF, cerebrospinal 

fluid; DVT, deep vein thrombosis; MI,  myocardial infarction; MRA, magnetic resonance 

angiogram; MRI,  magnetic resonance imaging; PE, pulmonary embolism; RPR, rapid plasma 

reagin; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography. 

46: Patent Foramen Ovale and 

Ischemic Stroke  



"ÏÙÐÚÛÖ×ÏÌÙɯ&ȭɯ%ÈÝÐÓÓÈȰɯ2ÛÌÝÌÕɯ1ȭɯ,ÌÚÚõ 
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Patent foramen ovale (PFO) is a common congenital cardiac finding. The foramen ovale allows for 

unidirectional blood flow from the right atria to the left atria while in utero, and while it typically 

closes after birth, persistence of the foramen ovale is seen in ~ 25% of healthy adults. It is, therefore, a 

very frequent incidental finding. PFO has been implicated as a potential source of ischemic stroke via 

paradoxical embolization, in which a clot from the systemic venous system travels to the right atrium 

and passes through the PFO in order to reach the left side of the heart and the systemic arterial 

ÊÐÙÊÜÓÈÛÐÖÕȭɯ3ÏÌɯÈÚÚÖÊÐÈÛÐÖÕɯÉÌÛÞÌÌÕɯÚÛÙÖÒÌɯÈÕËɯ/%.ɯÐÚɯÔÖÚÛɯÙÖÉÜÚÛɯÍÖÙɯàÖÜÕÎÌÙɯ×ÈÛÐÌÕÛÚɯȹȀ 60 years) 

with otherwise unexplained (cryptogenic) stroke; in this population, p ercutaneous PFO closure 

reduces the risk of recurrent stroke.1ɬ3. However, in cases where a specific alternative stroke etiology is 

identified, this is much more likely to be the cause of the stroke than the PFO, and closure is rarely 

indicated. 

1. A. Trials of PFO closure in cryptogenic ischemic stroke included only patients 60 years old 

or younger. In olde r patients, the association of PFO and stroke is much weaker, likely due 

to the much higher prevalence of traditional stroke mechanisms in this population such 

ÛÏÈÛɯÛÏÌɯ/%.ɯÐÚɯÔÖÚÛɯÖÍÛÌÕɯÈÕɯɁÐÕÕÖÊÌÕÛɯÉàÚÛÈÕËÌÙȭɂɯ&ÐÝÌÕɯÛÏÐÚȮɯ/%.ɯÊÓÖÚÜÙÌɯÐÕɯÖÓËÌÙɯ

patients is not recommended. 

2. B. Confirmation of acute ischemic stroke on imaging is critical before considering PFO 

closure. In younger patients, symptoms suggestive of transient ischemic attack commonly 

are due to nonvascular mechanisms, such as migraine and seizure. Chronic infarctions are 

not infrequently found on imaging and are not an indication for PFO closure as the 

underlying stroke mechanisms in these cases are typically obscure, the risk of recurrence 

uncertain, and such patients are not eligible for inclusi on in trials showing benefit for PFO 

closure. 

3. C. A comprehensive evaluation to determine stroke mechanism is critical for all younger 

patients with ischemic stroke. This is outlined in Chapter 45. If an alternative mechanism 

is identified, PFO closure should not be pursued. The absolute risk of recurrent stroke 

associated with PFO is very low, so closure is not emergent, leaving time to complete a 

careful, thorough workup. The Risk of Paradoxica l Embolization (ROPE) score is a simple 

scoring system that can be used to estimate the likelihood that stroke was related to PFO in 

the individual patient; it also can be used to predict the risk of recurrent stroke. 4 

4. D. The clinical trials that demonstrated the efficacy of PFO closure focused on patients 

with embolic appearing infarcts, typically excluding those with small deep infarcts 

thought to be due to lacunar disease.3 Subgroup analysis of one trial that separately 

analyzed those with cortical compared with small deep infarcts (presumed to be 

nonlacunar by the enrolling investigator) suggested no benefi t in the latter group. 2 

5. E. In the context of underlying thrombophilia that requires anticoagulation, it is unclear 

whether PFO closure conveys added benefit. Closure certainly does not preclude the need 

for anticoagulation, as it does not mitigate the risk of deep vein thrombosis or pulmonary 

embolism. While patients with thrombophilia were largely excluded from PFO closure 

trials, subgroup analysis of one trial revealed no additiona l benefit of closure in patients 

treated with anticoagulation. 2 In another trial that randomized patients between closure 

and anticoagulation, there was no significant difference in  these treatments, raising the 

possibility that closure likely conveys little or no added benefit. 1 

6. F. A larger PFO or an associated atrial septal aneurysm may be associated with an 

increased risk of recurrent stroke, with the benefit of closure magnified in such patients. 2 In 
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patients lacking any of these high-risk features, the benefit of closure is less clear, but may 

be considered. 

7. G. Percutaneous PFO closure is performed with a small device deployed into the PFO via 

cardiac catheterization. Open surgical repair is generally only performed if cardiac surgery 

is required for a different issue.  

 
 +&.1d3',ɯƘƚ.1 Flowchart for the treatment of a patient with patent foramen ovale and 

ischemic stroke. CT, Computed tomography; CTA, computed tomography angiogram; DVT, 

deep vein thrombosis; MRA, magnetic resonance angiogram; MRI,  magnetic resonance 

imaging; PE, pulmonary embolism; PFO, patent foramen ovale; TEE, transesophageal 

echocardiography; TTE, transthoracic echocardiography.  
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47: Spinal Cord Infarction  

Michael McGarvey 

Spinal cord infarction (SCI) is a rare but devastating disorder. A majority of infarctions involve 

anterior spinal cord and present with acute quadriparesis or paraparesis depending on the level of the 

spinal cord involved; rarely, weakness of a single limb may be seen, and even more rarely hemiparesis 

mimicking cerebral infarction. The diagnosis is made clinically and by excluding other potential 

Ìß×ÓÈÕÈÛÐÖÕÚɯÍÖÙɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯÚàÔ×ÛÖÔÚȭɯ2×Ðne magnetic resonance imaging (MRI) may confirm the 

diagnosis of infarction, although it can be normal in the acute period. Depending on the clinical 

scenario, urgent MRI may be needed to exclude compressive lesions of the cord which may cause 

similar symp toms but require a completely different therapeutic approach (e.g., decompressive 

surgery and/or steroids).  

1. A. The etiology of SCI is critical to management. The most important distinction is 

whether SCI occurs in the perioperative or procedural setting or  in a spontaneous 

outpatient setting. The vast majority of SCI occurs periprocedurally, typically complicating 

aortic surgery. 

2. B. SCI is a major complication of spinal and descending aortic surgery that puts the spinal 

cord at risk due to loss or injury of  critical intercostal arteries that collateralize the anterior 

spinal artery. 1 In an effort to reduce this complication, surgical techniques have been 

developed to identify and redu ce this complication, including intraoperative 

neurophysiologic monitoring (IOM) and the use of lumbar cerebrospinal fluid drains to 

increase spinal cord perfusion. 

3. C. If spinal cord ischemia is detected by IOM, spinal cord perfusion is enhanced by 

increasing systemic blood pressure. Blood pressure goals must be individualized due to 

the competing risk of hemorrhage or exacerbation of underlying aortic disease. It is 

reasonable to increase mean arterial pressure in increments of 10 mmHg until there is 

clini cal improvement or it is felt unsafe to increase pressure further. Perfusion can also be 

augmented by placing a lumbar cerebrospinal fluid drain to reduce intracranial pressure 

to 8ɬ12 cm H 2O. In some cases, a lumbar drain will already be present because it was 

prophylactically placed in the operating room. Additional considerations to augment cord 

perfusion include surgical vascular manipulations and optimizing oxygen delivery with 

transfusion. 

4. D. Reversal of the ischemia in many cases occurs intraoperatively, but if a patient arouses 

from anesthesia with any degree of weakness, a similar protocol is followed.  

http://127.0.0.1:5002/B9780323635837000473.xhtml#bb0010


5. E. SCI is associated with high morbidity and mortality, and patients require substantial 

supportive care. When there is neurologic improvement, aggre ssive support should be 

continued until stability has been present for at least 24 hours. These patients are at high 

risk for reoccurrence of ischemia, typically manifested as fluctuating or worsening 

weakness, particularly with even mild instances of hypo tension and thus require vigilant 

observation as they are weaned from SCI treatment. After patients have stabilized, they 

may begin their typical postoperative care. If patients with complete paralysis do not 

improve despite aggressive management, the infarction can be considered complete after a 

24-hour period and aggressive support can be discontinued.  

6. F. The mechanisms of spontaneous spinal cord ischemia are diverse and include embolism 

and severe aortic atherosclerosis, but also unusual causes such as sÜÙÍÌÙɀÚɯÔàÌÓÖ×ÈÛÏàɯÈÕËɯ

fibrocartilaginous emboli. Perhaps the most important and treatable cause is aortic 

dissection, resulting in loss of perfusion to critical spinal cord collateral blood flow. 

Computed tomography angiography of the chest should be perf ormed to identify aortic 

dissection in patients with spontaneous SCI because management typically requires 

emergent surgical intervention.  

7. G. While surgical repair of aortic dissection is critical, blood pressure should be supported 

to augment spinal cord perfusion. Extremity malperfusion syndromes should be excluded, 

as they often mimic or mask SCI in this setting. 

8. H. Cervical cord infarction is more often embolic than perfusional. While reperfusion 

therapies such as thrombolysis are theoretically appealing, there is little data on such 

treatment and conservative management is generally pursued. Spontaneous thoracic SCI 

in the absence of aortic dissection is very uncommon, but can be due to atherosclerosis of 

×ÌÙÍÖÙÈÛÐÕÎɯÈÙÛÌÙÐÌÚȮɯÚÜÙÍÌÙɀÚɯÔàÌÓÖ×ÈÛÏàȮɯÖÙɯÍÐbrocartilaginous emboli. Thoracic ischemia 

is more likely to be perfusional, as compared to cervical ischemia, so blood pressure and 

volume support is more critical.  

9. I. (ÍɯÈɯ×ÈÛÐÌÕÛɀÚɯ2"(ɯÐÚɯ×ÌÙÚÐÚÛÌÕÛɯÈÕËɯÎÙÌÈÛÌÙɯÛÏÈÕɯƖƘɯÏÖÜÙÚɯÐÕɯÓÌÕÎÛÏȮɯÐÛɯÐÚɯÜÕÓÐÒÌÓàɯÛÏat 

aggressive management will change the outcome. If the onset of spontaneous SCI is less 

than 24 hours, in particular if symptoms are fluctuating or progressing, aggressive 

management should be pursued, very similar to that undertaken in the perioperative  

setting. 



 
 +&.1d3',ɯƘƛȭƕ Flowchart for the treatment of a patient with spinal cord infarction. CT, 

Computed tomography; DVT, deep vein thrombosis; Hgb, hemoglobin; ICP, intracranial 

pressure; ICU, intensive care unit; MRI,  magnetic resonance imaging.  
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48: Asymptomatic Carotid 

Stenosis 

Glenn Konsky; Michael Mullen 

Keywords 

Carotid stenosis; carotid endarterectomy; carotid stent; carotid revascularization 

Asymptomatic carotid stenosis refers to atherosclerotic narrowing of the extracranial internal carotid 

artery, most commonly involving the proximal internal carotid artery at or jus t distal to the carotid 

bifurcation. To consider the stenosis asymptomatic, the patient must not have experienced ischemic 

stroke, transient ischemic attack (TIA), or retinal ischemia referable to the stenotic artery within the 

past 6 months. Randomized trials of carotid revascularization in asymptomatic patients have shown 

that revascularization is associated with approximately a 3% risk of perioperative stroke or death and 

a 1% per year absolute reduction in the risk of stroke (i.e., 2% per year with medical therapy vs. 1% 

per year after revascularization). Because the upfront procedural risk is substantial relative to the 

annual risk reduction, careful patient selection is critical. Further, recent evidence suggests that 

modern, more intensive medical the rapy has reduced the risk of stroke attributable to asymptomatic 

carotid stenosis, possibly to as low as 0.5% per year. If true, this may limit the potential benefit from 

carotid revascularization.  

1. A. Intensive medical therapy for all patients should inclu de antithrombotic therapy, high -

dose, high-intensity statin therapy, blood pressure control with a goal <  130/80 mmHg, 

diabetes control with a goal HgbA1c < 7.0% when applicable, and lifestyle modification 

including smoking cessation, healthy diet, exercise, and weight loss. Choice of 

antithrombotic therapy should be individualized. Low -dose aspirin monotherapy is 

reasonable for most patients; for those with significant carotid stenosis (> 50%) and a low 

risk of systemic bleeding, the addition of low -dose rivaroxaban (2.5 mg bid.) to aspirin 

offers additional reduction in vascular risk and should be considered.  

2. B.  ÓÓɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÊÈÙÖÛÐËɯÚÛÌÕÖÚÐÚɯȁ 60% should be screened to confirm that they have 

not had a TIA, ischemic stroke, or retinal ischemia referable to the stenotic artery within 

the past 6 months. If any of these has occurred, the patient should be considered 

symptomatic and the risk of subsequent ischemic stroke is much higher; in this scenario, 

carotid revascularization is of substantial benefit a nd should be pursued.  

3. C. Age, life expectancy, and medical comorbidities are important considerations. Patients 

with a life expectancy < 5 years should generally avoid revascularization because the 

procedural risk is high relative to the short -term reducti on in stroke. This is particularly 

true in the context of medical comorbidities that may increase the procedural risk. Current 

guidelines recommend carotid revascularization only be considered in asymptomatic 

patients if the surgical risk of stroke, death,  or myocardial infarction is <  3%. 

4. D. Features which convey a greater likelihood of benefit from carotid revascularization 

include young age, male sex, and absence of significant medical comorbidities. 

Transcranial Doppler ultrasonography (TCD) can be used to evaluate for microembolic 

signals (MES) ipsilateral to the stenotic carotid artery. If present, MES suggest a high short-

term risk of stroke. Additionally, progressive stenosis over time despite aggressive 

medical therapy is associated with a higher ri sk of stroke. Plaque morphology, including 



the presence of heterogeneous and/or ulcerated plaque, and impaired cerebral 

vasoreactivity on TCD may also be associated with an increased risk of stroke. Clinical 

decision making should be individualized, includ ing shared decision making with the 

patient that incorporates their personal preferences, age, medical comorbidities, estimated 

life expectancy, and surgical risk. Notably, contrary to common belief, a higher degree of 

stenosis at initial presentation (i.e., 80% vs. 65%) has not been associated with an increased 

benefit from revascularization.  

5. E. (ÕɯÊÈÙÌÍÜÓÓàɯÚÌÓÌÊÛÌËɯ×ÈÛÐÌÕÛÚɯÞÏÖɯÏÈÝÌɯÈɯÓÐÍÌɯÌß×ÌÊÛÈÕÊàɯÖÍɯȁ 5 years and an estimated 

surgical risk of stroke, death, or myocardial infarction <  3%, it is reasonable to proceed 

with carotid revascularization.  

6. F. In the absence of high-risk features, it is reasonable to proceed with medical therapy 

alone. Given the equipoise between medical therapy and carotid revascularization, it is 

critical to engage the patient in a process of shared medical decision making. 

"ÖÕÚÐËÌÙÈÛÐÖÕɯÚÏÖÜÓËɯÉÌɯÎÐÝÌÕɯÛÖɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯ×ÌÙÊÌ×ÛÐÖÕÚɯÈÉÖÜÛɯÐÔÔÌËÐÈÛÌɯÝÚȭɯÓÖÕÎ-term 

risk, as well as their level of anxiety about both the carotid disease and the risks of surgery. 

7. G. When carotid revascularization is planned, both carotid endarterectomy (CEA) and 

carotid artery stenting (CAS) are options. CEA is typically preferred due to a lower 

perioperative risk of stroke and death. CAS can be considered in patients < 70 years of age 

with high -risk cardiac disease and/or contralateral carotid occlusion. In some cases, carotid 

artery anatomy precludes CEA (e.g., high bifurcation), in which case CAS can be 

considered. 

8. H. Patients treated with medical therapy alone should receive an annual carotid 

ultrasound. If there is progressive stenosis despite medical therapy, or the development of 

other high -risk features, it is reasonable to consider carotid revascularization. 



 
 +&.1d3',ɯƘƜȭƕ Flowchart for the treatment of a patient with asymptomatic carotid 

stenosis. BP, Blood pressure; MI,  myocardial infarction.  
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49: Preoperative Neurovascular 

(Carotid) Clearance  

Michael Mullen 

The risk of perioperative stroke varies dramatically based on the intervention being performed. Stroke 

risk is generally estimated to be < 1% for cardiac catheterization, general surgery, and noncarotid 

vascular surgery. Carotid artery interventions, intracranial vascular procedures, and cardiac surgeries 

have higher rates of periprocedural stroke. Among cardiac surgeries, coronary artery bypass grafting 

(CABG) has been associated with a 1%ɬ4% risk of stroke. Cardiac valve procedures and thoracic aortic 

surgeries have even higher risks, with estimates ranging from 2% to over 10% in some studies. 

There are no existing guidelines for preoperative neurologic clearance. Studies, predominately 

conducted in cardiac surgery populations, have identified patient level risk factors for periprocedural 

stroke including age, a history of atherosclerotic risk factors and/or atherosclerotic disease, and a 

history of prior stroke. Additionally, there is evidence that the risk of periprocedural stroke is highest 

in the first 6 months after a prior stroke. Given the association between carotid stenosis and risk of 

stroke, a common and controversial clinical question is whether or not carotid artery imaging is 

necessary preoperatively. 

1. A. Because symptomatic carotid artery stenosis is associated with a high short-term risk of 

stroke, patients should be screened to determine if they have a history of stroke, transient 

ischemic attack (TIA), or retinal ischemia within the past 6 months. If so, carotid imaging 

should be performed if not already done.  

2. B. In patients with symptomatic carotid stenosis >  50% the risk of stroke recurrence is 

substantial, and it is appropriate  to pursue carotid revascularization with carotid 

endarterectomy (CEA) or carotid artery stenting (CAS) prior to planned surgery.  

3. C. In patients with stroke within the past 6 months without carotid stenosis, there appears 

to be an elevated risk of perioperative stroke, regardless of the stroke mechanism. This is 

true even in otherwise low -risk, noncardiac surgeries. If the surgery is not urgent, it is 

reasonable to delay the planned surgery until at least 6 months poststroke. 

4. D. Among asymptomatic patients (no stroke or TIA within the past 6 months), the utility 

of carotid imaging depends on the planned surgery. Noncardiac surgery is associated with 

a low risk of stroke even in the presence of carotid stenosis; this perioperative stroke risk is 

generally exceeded by the risk of stroke complicating CEA or CAS. Given this, there is no 

need for carotid imaging prior to the planned procedure in asymptomatic patients.  

5. E. For patients undergoing nonurgent CABG or other cardiac surgery requiring 

cardiopulmonary bypa ss, it is reasonable to perform screening carotid ultrasound on high-

risk patients. High -ÙÐÚÒɯÍÌÈÛÜÙÌÚɯÐÕÊÓÜËÌɯÈÎÌɯȁ 70 years, prior stroke, multivessel coronary 

artery disease, peripheral artery disease, and the presence of a carotid bruit. 

6. F. The presence of no stenosis or unilateral stenosis, or bilateral moderate stenosis is not 

associated with a significantly increased risk of stroke after CABG. Carotid intervention is 

not necessary prior to the planned cardiac surgery in these patients. 

7. G. When bilateral severe stenosis/occlusion is present, consider revascularization of the 

more severely stenotic vessel, or the dominant hemisphere if both hemispheres are equally 

stenotic. Revascularization should not be attempted on an occluded vessel. When carotid 

revascularization is pursued, treatment strategies could include staged CAS/CABG, staged 



CEA/CABG, or combined CEA/CABG. In patients who do not require urgent coronary 

revascularization, staged CAS/CABG is likely optimal, given increased cardiac risk 

associated with CEA, but typically requires a delay in CABG of 4 ɬ6 weeks due to the need 

for short -term dual antiplatelet therapy. Similar decision -making likely applies to non -

CABG cardiac surgery, although this is less well studied.  

 
 +&.1d3',ɯ ƘƝȭƕ Flowchart f or the treatment of a patient requiring preoperative 

neurovascular (carotid) clearance. CABG, Coronary artery bypass grafting; CAD, coronary 

artery disease; CAS, carotid artery stenting.  
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50: Acute Spontaneous 

Intracerebral Hemorrhage  

Laura A. Stein; Christopher G. Favilla 

1. A. Patients with intracerebral hemorrhage (ICH) have a high risk of neurologic 

deterioration, particularly early after presentation. Close neurologic mo nitoring is thus 

important. Intubation and mechanical ventilation are necessary in some patients due to 

obtundation or coma. Aggressive blood pressure control may reduce the risk of 

hemorrhage expansion in the acute period; an initial target of < 160/90 mmHg is 

reasonable. Easily titratable intravenous antihypertensives with a short duration of action, 

such as labetalol or nicardipine, are preferred. Neurosurgical consultation is indicated for 

patients with mass effect or intraventricular hemorrhage potenti ally causing increased 

intracranial pressure as hemorrhage evacuation or external ventricular drainage may be 

needed. Head of bed should be positioned at 30 degrees or greater to reduce intracranial 

pressure. Patients with witnessed or suspected seizures should receive antiepileptic drugs, 

but prophylactic treatment is generally not indicated.  

2. B. Urgent laboratory workup to evaluate for coagulopathy (complete blood count, 

prothrombin, and partial thromboplastin time) is important, and a urine toxicology scr een 

should be sent to evaluate for potential sympathomimetic drugs (cocaine, amphetamines) 

that might contribute to ICH. Importantly, the presence of such drugs does not preclude 

another underlying ICH mechanism, so even if present a thorough evaluation sh ould still 

be performed. 

3. C. In addition to laboratory testing for coagulopathy, focused history to identify recent 

anticoagulant or thrombolytic use is essential. Reversal of any identified coagulopathy 

should be immediately undertaken (see Chapter 52). The presence of coagulopathy does 

not necessarily exclude another contributing cause of ICH (e.g., anticoagulant use may 

increase risk of bleeding into a brain metastasis), so additional evaluation may still be 

needed and should be based on clinical suspicion. 

4. D. Common etiologies of hemorrhage vary based on the hemorrhage location. Deep, 

subcortical hemorrhages, for example in the thalamus or basal ganglia, are typically due to 

chronic hypertension. In contrast, superficial, lobar hemorrhages (i.e., cortical) are less 

commonly due to hypertension; in the elderly, amyloid angiopathy is a common cause. 

http://127.0.0.1:5002/B9780323635837000527.xhtml


Look for finger -like projections of lobar ICH, which supports the diagnosis of amyloid 

angiopathy.  

5. E. While most deep hemorrhages are hypertensive in etiology, in the absence of a history 

of hypertension or evidence of end-organ damage attributable to chronic hypertension, 

further diagnostic evaluation is warranted. Brain magnetic re sonance imaging (MRI) 

showing severe microvascular disease or chronic deep microhemorrhages (see section G) 

strongly suggests a hypertensive etiology. The presence of elevated blood pressure in the 

acute period should not be considered to indicate chronic hypertension; this is a common 

physiologic response to the brain hemorrhage itself. 

6. F. Simultaneous multifocal acute ICHs are rare and suggest an atypical hemorrhage 

etiology. Most of these specific causes will be identified with a contrast enhanced brain 

MRI. Venous sinus thrombosis sufficient to cause multifocal ICH is almost always visible 

on standard enhanced brain MRI; however, MR venography may be necessary to confirm 

the diagnosis and assess the degree of compromise to venous drainage. In some cases, it 

may be necessary to repeat imaging in 4ɬ8 weeks after acute hemorrhage has cleared to 

better evaluate underlying lesions.  

7. G. It is important to ensure brain MRI is performed with gradient echo (GRE) or 

susceptibility weighted imaging (SWI) sequences. These sequences identify chronic, often 

asymptomatic, areas of hemorrhage within the brain typically not visualized with 

standard MRI sequences. When multiple microhemorrhages are present in a cortical 

distribution in an elderly patient with lobar hemorrhag e, amyloid angiopathy is usually 

the cause. Amyloid angiopathy is associated with a substantial risk of ICH recurrence, and 

thus antithrombotic therapy must be scrupulously avoided. While a superficial or lobar 

ICH location is atypical for hypertensive hem orrhages, long-term blood pressure control 

remains important and may reduce the risk of recurrent ICH. Other important causes of 

superficial or lobar hemorrhage include arteriovenous malformations, cavernomas, 

hemorrhagic metastasis, and venous sinus thrombosis. The latter diagnosis must always 

be carefully considered as management requires acute parenteral anticoagulation, 

completely different than that for all other causes of ICH. MR venography or computed 

tomography (CT) venography are used to confirm th e diagnosis. Occasionally, 

hemorrhagic conversion of ischemic stroke may be confused with a primary ICH. A good 

rule of thumb is that if the initial CT scan is done within 6 hours of symptom onset and 

shows ICH, hemorrhagic conversion of ischemic stroke is highly unlikely.  

8. H. A small subset of patients with arteriovenous malformation or dural arteriovenous 

fistulas will have normal CT or MR angiography. If there is high suspicion for vascular 

malformation and no other identified cause, catheter angiography should be pursued. 

Repeat MRI brain and vessel imaging should be considered 4ɬ8 weeks after initial 

presentation if the etiology of ICH remains unknown. This allows time for resolution of 

the hematoma and surrounding edema that may mask underlying patholog y. 



 
 +&.1d3',ɯƙƔȭƕ Flowchart for the treatment of a patient with spontaneous intracerebral 

hemorrhage. CBC, complete blood count; CT, computed tomography; CTA, computed 

tomography angiography; ICH, intracerebral hemorrhage; MRA, magnetic resonance 

angiography; MRI,  magnetic resonance imaging; MRV, magnetic resonance venography; PT, 

prothrombin time; PTT, partial thromboplastin time; RCVS, reversible cerebral 

vasoconstriction syndrome. 

51: Intracerebral Hemorrhage in 

the Young  



Ava Liberman; Christopher G. Favilla 

Intracerebral hemorrhage (ICH) is uncommon in young adults (age <  50 years) but is more likely to be 

associated with specific underlying vascular abnormalities than in older patients. Given this, 

diagnostic evaluation is often more involved and comp lex. 

1. A. Acute medical management is broadly similar to that in older patients. Careful 

monitoring is critical due to the high risk of clinical deterioration. Aggressive blood 

pressure lowering may limit hemorrhage expansion. While there is very limited dat a for 

specific blood pressure targets in younger patients, considering premorbid blood pressure 

when determining the target is likely sensible, with more aggressive lowering in 

previously normotensive patients.  

2. B. Given the higher prevalence of structural vascular abnormalities in younger patients, 

immediate vessel imaging is appropriate for almost all patients. Computed tomography 

angiography (CTA) can be obtained rapidly and is probably more sensitive than magnetic 

resonance angiography for identifying sm all vascular malformations. If the clinical 

scenario or hemorrhage pattern is concerning for cerebral venous sinus thrombosis, 

venous imaging should be obtained acutely. Lobar hemorrhage with associated edema or 

venous infarction should raise the suspicion  for sagittal sinus or cortical vein thrombosis; 

bilateral thalamic hemorrhage should raise suspicion for straight sinus thrombosis. Testing 

for coagulopathy and a toxicology screen should be sent. While stimulants (e.g., cocaine, 

amphetamine) are associated with ICH in the young, a positive toxicology result should 

not prevent further diagnostic testing as vascular malformations often coexist in these 

patients. 

3. C. Specific features of the medical history and clinical presentation may suggest an 

underlying mechanism for the ICH and help target diagnostic testing.  

4. D. If vascular imaging does not reveal a clear etiology, perform brain magnetic resonance 

imaging (MRI) brain with contrast, being sure to include susceptibility -weighted or 

gradient -echo sequences to detect areas of chronic hemorrhage. Cerebral cavernous 

malformations are angiographically occult and thus best seen on MRI. While hypertension 

is a much less frequent cause of ICH in the young than in older patients, it still accounts 

for many cases. Severe microvascular disease with multiple microhemorrhages on MRI 

supports this as a cause. Evidence of contrast enhancement may suggest hemorrhage into 

tumor.  

5. E. Noninvasive imaging studies such as CTA are less sensitive than catheter angiography 

for ident ifying some important causes of ICH in the young, including reversible cerebral 

vasoconstriction syndrome (RCVS), dural arteriovenous fistulas, and small arteriovenous 

malformations. If ICH is unexplained after noninvasive imaging, catheter angiography 

should be pursued.  

6. F. Up to 25% of patients with RCVS will have a normal catheter angiogram early in their 

clinical course, with abnormalities becoming apparent on repeat angiogram several days 

to a week later. Therefore, if there is strong clinical suspicion for RCVS (i.e., recurrent 

thunderclap headaches, associated convexity subarachnoid hemorrhage), early repeat 

angiography should be done. Note also that concurrent arterial dissections can be seen 

with RCVS and may be an important clue to this diagnosis.  

7. G. If initial evaluation is unrevealing, MRI brain with contrast should be repeated 4 ɬ8 

weeks later. This time allows for resolution of the hematoma and associated edema, which 

may mask underlying pathology. If this study is unrevealing, consider repeat cat heter 

angiography. Small arteriovenous malformations may initially be compressed by the acute 

hematoma and may only become apparent on follow -up angiography.  



 
 +&.1d3',ɯƙƕȭƕ Flowchart for the treatment of a patient with spontaneous intracerebral 

hemorrhage. AVM,  Arteriovenous malformation; CBC, complete blood count; CTA, 

computed tomography angiography; ICH, intracerebral hemorrhage; MRI, magnetic 

resonance imaging; PT/PTT, Prothrombin Time/Partial Thromboplastin Time; RCVS, 

reversible cerebral vasoconstriction syndrome.  

52: Intracerebral Hemorrhage Due 

to Anticoagulant Therapy  

Paul J. Novello; Christopher G. Favilla 



Patients taking anticoagulants have larger baseline intracerebral hemorrhage volume, greater early 

hemorrhage expansion, and increased morbidity and mortality compared to those not on 

anticoagulants. While there is little formal data proving that prompt reversal of anticoagulation 

improves outcome, most experts agree that aggressive, rapid reversal is an important intervention 

likely to l imit brain injury in this scenario. Reversal protocols are largely based on expert opinion as 

opposed to clinical trial data, and institutions often have specific internal reversal protocols based on 

local expertise and resource availability. The recommendations presented here represent one of many 

reasonable approaches. 

1. A. In the case of unfractionated heparin, protamine is the typical reversal agent. Protamine 

1 mg neutralizes about 100 units of unfractionated heparin, with a maximal dose of 50  mg. 

Because intravenous heparin has a short plasma half-life, the amount administered within 

the preceding 2ɬ3 hours may reasonably represent the total active dose that needs to be 

reversed. For example, if a heparin infusion has been running at 1000 units/hour for the 

past 3 hours, reversal of 3000 units would be appropriate, which requires 30 mg of 

protamine. A single dose of protamine is usually sufficient because of the short half -life of 

intravenous (IV) heparin, but activated partial thromboplastin time (aPTT) should be 

checked after protamine administration to ensure adequate reversal. 

2. B. For patients receiving prophylactic doses of subcutaneous heparin, reversal is typically 

not warranted. aPTT levels should be checked, and if elevated, protamine can be dosed 

accordingly. If needed, the exact dose of protamine is unclear in the context of 

subcutaneous heparin, but the longer half-life warrants surveillance of aPTT and redosing 

of protamine as needed. 

3. C. For low -molecular-weight heparin, protamine achieves parti al reversal (about 60%ɬ80% 

of anti -Xa activity). Protamine dosing depends on the timing and dose of low -molecular-

weight heparin. Recombinant factor VIIa can be considered in patients with refractory life -

threatening bleeding.  

4. D. The need for reversal of direct oral anticoagulants (DOAC) depends on the time from 

last dose. Some conservative protocols advocate for reversal if the last dose was within 48 

hours, but given the relatively short half -life of these medications, reversal for use within 

24 hours is probably most reasonable. Betrixaban has a longer half-life, so late reversal 

might be considered with this agent. If the time of last DOAC dose in unknown, it is 

appropriate to proceed with reversal. If last dose was within 2 hours, activated charcoal 

can be considered to reduce absorption of any remaining unabsorbed drug.  

5. E. Thrombin time is very sensitive to dabigatran, so if the thrombin time is normal, 

reversal is not needed. However, rapidly obtaining this measurement is difficult at many 

centers, and treatment should not be delayed to await thrombin time results. 

Idarucizumab is a humanized monoclonal antibody that uniquely binds dabigatran given 

as two separate 2.5 mg IV doses, separated by no more than 15 minutes. If idarucizimab is 

not available, prothrombin complex concentrate (PCC) can be considered (50 units/kg, 

maximum dose 5000 units). Alternatively, hemodialysis can also be considered to remove 

circulating dabigatran, particularly if there is renal insufficiency. Consultation with 

pharmacy and hematology is appropriate.  

6. F. Andexanet alfa is a reversal agent specific to factor Xa inhibitors. Dosing depends on 

timing and dose of DOAC. If andexanet is not available, a dose of 50 units/kg of PCC 

should be administered, with a maximum of 5000 units.  Factor Xa inhibitors are not 

readily dialyzable.  

7. G. For warfarin related intracerebral hemorrhage, 10  mg of IV vitamin K should be 

administered immediately, but this does not rapidly correct the coagulopathy and 

normalize the international normalized rati o (INR). It is critical, then, to give 4 -factor PCC 

for rapid warfarin reversal. The PCC dose should be selected based on INR. Typically, no 

reversal is needed if the INR is < 1.4. In the case of mildly elevated INR (1.4ɬ1.9), reversal 



can be considered depending on the severity of bleeding. If PCC is unavailable, fresh 

frozen plasma (FFP) can be considered, but slower administration time and the risk of 

volume overload make this less desirable. The preferred initial dose of FFP is 15mL/kg or 4 

units. Rechecking the INR after reversal is important to ensure the coagulopathy has been 

corrected. 

 
 +&.1d3',ɯƙƖȭƕ Flowchart for the treatment of a patient with intracerebral hemorrhage 

while on anticoagulation. aPTT, activated partial thromboplastin time; DOAC, direct oral 

anticoagulant; IV, intravenous; PCC, prothrombin complex concentrate; SC, subcutaneous. 
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Patients with intracerebral hemorrhage often have concurrent ischemic vascular disease, venous 

thromboembolic disease, or atrial fibrillation for which antiplatelet (AP) or anticoagulant (AC) therapy 

would be ind icated. Deciding if and when to start or restart antithrombotic therapy in these patients is 

a common challenge in clinical care. Determining the underlying cause of the intracerebral 

hemorrhage helps predict the risk of recurrent bleeding. Similarly, the risk of thromboembolism 

should be estimated based on the specific clinical scenario. This then allows one to weigh the risks and 

benefits of therapy. In general, those with a prior vascular event (secondary prevention) are at higher 

risk than those who are clinically asymptomatic (primary prevention), and those with a recent event 

more at risk than those with a remote event. Risk scores such as the CHA2DS2-VASc score can help 

stratify thrombotic risk in patients with atrial fibrillation; patients with mecha nical heart valves are at 

high risk even without a history of prior ischemic events.  

1. A. Hypertensive hemorrhage typically affects the deep, subcortical structures. The risk of 

recurrence is about 2% per year; this can be significantly reduced with aggressive blood 

pressure control.1 Even so, the risk of recurrent hemorrhage often exceeds the risk of a 

future ischemic event in low -risk patients, such that antithrombotic agents  are likely to 

cause more harm than benefit. 

2. B. Amyloid angiopathy is a common cause of lobar or multicompartment hemorrhage in 

elderly patients. The risk of recurrent bleeding in patients with amyloid angiopathy is very 

high even in the absence of antithrombotic agents (~ 10% per year), and therefore it is 

generally recommended to avoid all antiplatelet and anticoagulant agents regardless of 

indication. 2 

3. C. Coagulopathic hemorrhages can occur in the setting of therapeutic or supratherapeutic 

anticoagulation, or when anticoagulation is combined with an antiplatelet agent. In 

general, if the hemorrhage occurred while on warfarin or in the setting of combination 

therapy with an anticoag ulant and antiplatelet, transition to direct oral anticoagulant 

(DOAC) monotherapy should be considered given the lower risk of intracranial 

hemorrhage with these agents compared to warfarin. 3 When intracerebral hemorrhage 

occurs in the context of DOAC use, the cause of hemorrhage and the indication for therapy 

should guide decision -making.  

4. D. Hemorrhagic transformation of an ischemic stroke is quite different from a primary 

intracerebral hemorrhage in that the underlying precipitating event is ischemia. 

Accordingly, the long -term risk of recurrent hemorrhage is low, and the risk of recurrent 

ischemia may be relatively high. Hemorrhagic conversion can be characterized on imaging 

as petechial hemorrhage, in which case antithrombotic therapy can usually be continued 

without cessation, or parenchymal hematoma, in which case antithrombotic therapy is 
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typically held for at least 1 week and possibly as long as 4 weeks depending on the size of 

the infarction and the hemorrhage, and the short -term risk of recurrent ischemia 

(determined by stroke mechanism). 

5. E. Cavernous malformations, or cavernomas, can be identified incidentally or in the 

context of acute hemorrhage. If identified incidentall y, without prior clinical symptoms of 

hemorrhage, it is reasonable to start or continue antiplatelet agents or anticoagulation in 

most patients based on vascular indication; the exception is low-risk primary prevention 

in which the risk -benefit ratio is qu ite unclear. In the setting of prior clinical hemorrhage, 

antithrombotic therapy is reasonable for patients at high risk of recurrent vascular events. 

However, brainstem cavernomas often have higher risk of bleeding and the consequence 

of recurrent hemorrh age is more significant, so a patient-centered discussion of the risks 

versus benefits of therapy is warranted. 

6. F. Once secured by either surgical or endovascular intervention, arteriovenous 

malformations (AVMs) and cerebral aneurysms have a low risk of re current hemorrhage 

and antiplatelet or anticoagulant therapy can be used as needed. 

 
 +&.1d3',ɯƙƗȭƕ Flowchart for the treatment of a patient with intracerebral hemorrhage 

and indication for antiplatelet or anticoagulant therapy. AC, Anticoagulant; AFib, atrial 

fibrillation; AP, antiplatelet; BP, blood pressure; DOAC, direct oral anticoagulant; INR, 

international normalized ratio; HTN,  hypertension; MI,  myocardial infarction; VTE, venous 

thromboembolism.  
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Subarachnoid hemorrhage (SAH) refers to bleeding within the cerebrospinal fluid (CSF) -filled 

subarachnoid space. The majority of spontaneous cases are due to ruptured cerebral aneurysms, but 

15%ɬ20% are due to another mechanism. SAH, particularly aneurysmal SAH, carries a high rate of 

morbidity and mortality. Prevention of recurrent SAH is paramount, and determining the mechanism 

of initial SAH is necessary to select the proper therapy to prevent recurrence.  

1. A. Patients with SAH require intensive monitoring. Regardless of etiology, acute blood 

pressure management is critical. A goal of < 160/90 mmHg is reasonable, though the 

optimal target is unclear. Elevated intracranial  pressure is a common complication of SAH, 

so the head of bed should be maintained > 30 degrees. If hydrocephalus is present, 

ventriculostomy should be placed to facilitate CSF drainage. 

2. B. Cortical/convexity SAH in elderly patients is likely to represent amyloid angiopathy. 

Magnetic resonance imaging (MRI) of the brain demonstrating chronic lobar hemorrhage 

or cortical microhemorrhages supports this diagnosis, but must be performed with 

gradient echo/susceptibility weighted images which are sequences sensitive to chronic 

hemorrhage. There is no specific treatment for SAH due to amyloid angiopathy, but all 

antithrombotic therapy should be stopped as there is a high risk of recurrent bleeding.  

3. C. Vascular imaging, starting with brain computed tomography angiography (CTA), is 

indicated in young patients with cortical/convexity SAH and in older patients without 

evidence of amyloid angiopathy on MRI. CTA is highly sensitive for identifying 

arteriovenous malformations and larger aneurysms, but less sensitive for dural 

arteriovenous fistulas, reversible segmental vasoconstriction syndrome, and smaller, 

particularly distal, aneurysms.  

4. D. Reversible cerebral vasoconstriction syndrome (RCVS) is a vasospastic condition 

associated with multifocal segmental narrowing  of cerebral vessels. It is often visible only 

on catheter angiography; further, segmental narrowing seen on CTA is not infrequently 

artifactual. Consider catheter angiography to confirm the diagnosis. RCVS can be 

associated with conditions such as pregnancy and migraine, and may be triggered by use 

of vasoconstrictive drugs, including sympathomimetics, triptans, and decongestants. A 

thorough history of prescription, over -the-counter, and illicit drug use is essential. 

Potentially implicated drugs should be  stopped. Calcium channel blockers such as 

verapamil are commonly used to mitigate vasoconstriction. Repeat vessel imaging in 1ɬ3 

months should confirm normalization of the vessels.  

5. E. If CTA is unrevealing, brain MRI with contrast should be performed; MR venography 

should also be considered if there is suspicion for cerebral venous thrombosis (i.e., 

prodromal progressive headache, known hypercoagulable state, or significant 

parenchymal edema, venous infarction, or adjacent parenchymal hemorrhage on 

imaging ). Isolated cortical vein thrombosis and superficial cavernomas may also cause 

focal convexity SAH and are best visualized on brain MRI. If negative, catheter 

angiography should be pursued.  

6. F. When SAH is isolated to the perimesencephalic region, an underlying etiology is rarely 

identified; aneurysms are found in only about 5% of cases. Initial evaluation with CT and 

catheter angiography is appropriate, but if negative, repeat vascular imaging is not 

necessary. 

7. G. Hemorrhage in the basal cisterns typically represents aneurysm rupture. CTA is the 

preferred initial study, but MRA can also be considered. Both are very sensitive to 



aneurysms > 3 mm, but can miss smaller aneurysms. Catheter angiography is indicated 

regardless of the results of CTA (to ensure an aneurysm has not been missed if CTA is 

negative, and to better define aneurysm anatomy if previously identified), but CTA is 

useful to help target the catheter-based study to areas of concern. Also, occasionally a 

thrombosed aneurysm may be better seen on CTA. 

8. H. A ruptured aneurysm should be secured within 24 hours in order to reduce the risk of 

rebleeding. An unsecured aneurysm carries ~ 15% risk of early rebleeding; if this occurs, 

the mortality rate approaches 50%. An aneurysm can be secured via endovascular coiling 

or surgical clipping, a determination that is based on specific anatomic and clinical 

features of the patient. 

9. I. Medical management after aneurysmal SAH focuses on reducing the risk of secondary 

complications, specifically seizures, hydrocephalus, and vasospasm. Prophylactic 

levetiracetam is administered for 1 week; clinical seizures will require a longer course of 

antiepileptic drug therapy. Aside from rebleeding, vasospasm causing delayed cerebral 

ischemia is one of the most devastating consequences of SAH. Monitoring for vasospasm 

and ischemia is done with frequent neurological exams and daily transcranial Doppler 

ultrasonography. Elevations in blood flow velocities indicate evolving vasospasm. When 

present and severe, treatment options include induced hypertension and aggressive 

volume expansion, angioplasty of affected vessels, and direct intraarterial administration 

of vasodilators. Oral nimodipine (60  mg every 4 hours) for 21 days has been shown to 

improve outcome after SAH; the putative mechanism is reduction of vasospasm induced 

delayed cerebral ischemia. 

10. J. Small aneurysms may initially be obscured by hemorrhage, vasospasm, or thrombosis 

within the aneurysm, so if an underlying vascular abnormality is not identified catheter 

angiography  should be repeated between 4 and 10 days. 



 
 +&.1d3',ɯƙƘȭƕ Flowchart for the treatment of a patient with subarachnoid hemorrhage. 

AVF, arteriovenous fistula; AVM,  arteriovenous malformation; BP, blood pressure; CTA, 

computed tomography angiography; GRE, gradient echo; SAH, subarachnoid hemorrhage; 

SWI, susceptibility weighted imaging; MRI,  magnetic resonance imaging; RCVS, reversible 

cerebral vasoconstriction syndrome; TCD, transcranial Doppler.  
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Management of unruptured intracranial aneurysms (UIAs) poses a conundrum to physicians. The 

prevalence of UIAs is approximately 3%, the majority of which are discovered incidentally. Rupture of 

an aneurysm can have devastating effects with high morbidity and mortality, but the vast majority of 

aneurysms do not rupture. Aneurysm repair, which can be performed with either open surgical or 

endovascular approaches, effectively eliminates the risk of rupture, but carries a risk of procedural 

complications. Shared decision-making, taking into account age, general health status, personal 

preferences, and the patient-specific risk of rupture and procedural complications is advisable.  

1. A. Modifiable risk factors for aneurysm rupture include smoking, hypertension, and 

alcohol abuse; these should be addressed in all patients with UIA.  

2. B. If an aneurysm is causing a cranial neuropathy, a classic example being a third nerve 

palsy from a posterior communicating artery aneurysm, repair should be pursued as this 

indicates an expanding aneurysm. 

3. C. Aneurysms in the cavernous carotid artery do not cause subarachnoid hemorrhage, as 

the blood is contained within the cavernous sinus; they should only be repaired if causing 

a cranial neuropathy or rarely if very large in size.  

4. D. Risk of rupture increases with aneurysm size, with 7 mm often considered a threshold 

of increased risk warranting intervention. However, other risk factors such as anatomical 

configuration of the aneurysm, location, and personal or family history (two or more first -

degree relatives) of prior rupture also influence risk (see box in algorithm). Patient age is 

important. Younger patients are exposed to greater risk of rupture given their longer life 

span; they are also at lower risk of procedural complication. Scores to predict the risk of 

rupture may assist with decision making. 1,2 

5. E. For patients with smaller aneurysms (< 7 mm), decision-making is complex and there is 

not consensus on which patients to treat. Most of those with very small aneurysms 

(< 4 mm) should be observed unless multiple high -risk features are present. Neurovascular 

consultation is indicated when the o ptimal treatment strategy is in question.  

6. F. Both open surgical clipping and endovascular treatment of aneurysms are effective. A 

meta-analysis of surgical treatment showed a 1.7% mortality rate and an overall morbidity 

rate of 6.7%.3 /ÈÛÐÌÕÛɯÈÎÌɯȁ ƙƔɯàÌÈÙÚȮɯÈÕÌÜÙàÚÔɯÚÐáÌɯȁ 12 mm, and aneurysms located in the 

posterior circulation were predictors of poor surgical outcome. Endovascular treatment 

options include coiling, stent -assisted coiling, and endoluminal flow diversion. A meta -

analysis showed a 4.8% total unfavorable outcome rate for endovascular treatment, but 

also a 9.1 % retreatment rate.4 Aneurysm morph ology (e.g., wide neck) and size should be 

considered when choosing which strategy to use for repair. In general, endovascular 

coiling is associated with lower treatment morbidity and mortality, but clipping offers a 

lower recurrence rate. 
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7. G. Aneurysm grow th is significantly associated with rupture, but the likelihood of growth 

is generally low, particularly for small aneurysms. A typical recommendation is to 

perform follow -up vascular imaging at 1 year. Magnetic resonance angiography is the 

preferred nonin vasive imaging method, since it does not expose patients to radiation and 

an exogenous contrast agent is not needed. If stability is demonstrated on follow-up 

imaging, the ideal long -term surveillance plan is controversial, but interval imaging can be 

decreased or even stopped for many patients. 

 
 +&.1d3',ɯƙƙȭƕ Flowchart for the treatment of a patient with unruptured intracranial 

aneurysm. MRA, Magnetic resonance angiography.  
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Vascular malformations of the brain can be organized into five subtypes: (1) cavernous malformations, 

(2) capillary telangiectasias, (3) arteriovenous malformations (AVMs), (4) developmental venous 

anomalies, and (5) dural arteriovenous fistulas (dAVFs). Vascular malformations m ost often come to 

clinical attention when they cause intracerebral hemorrhage. Occasionally, they may be found in 

patients with epilepsy as a seizure focus. Increasingly, vascular malformations are discovered 

incidentally on brain imaging performed to eval uate an unrelated neurologic complaint. In patients 

with vascular malformations, the most important driver of treatment decisions is whether or not the 

lesion is symptomatic.  

1. A. Cavernous malformations, or cavernomas, are thin-walled venous cavities that can be 

found in the cortex, white matter, basal ganglia, brainstem, and spinal cord. They are 

usually sporadic, but familial syndromes associated with multiple cavernomas exist and 

are important to recognize. Cavernomas are angiographically occult, and vascular imaging 

is not indicated. Bleeding risk is increased in patients with prior hemorrhage or focal 

neurologic deficits attributed to cavernoma and in those with brainstem cavernoma 

location. For example, in patients with asymptomatic, incidentally discov ered non-

brainstem cavernomas, the risk of bleeding is < 1% per year, increasing to 3%ɬ4% per year 

in patients with prior hemorrhage and non -brainstem cavernomas, and as high as 5%ɬ6% 

per year in those with brainstem cavernoma with prior hemorrhage. Surgic al resection of a 

cavernoma should be considered in patients with recurrent hemorrhage or intractable 

epilepsy, particularly if easily accessible surgically. Resection is generally not performed 

after a single hemorrhage in isolation. 

2. B. Capillary telangie ctasias are small clustered capillary-like anomalies usually found in 

the brainstem and cerebellum. They are most often incidental imaging findings and do not 

require monitoring or further investigation except when part of a genetic disorder such as 

hereditary hemorrhagic telangiectasia. Symptomatic hemorrhage is extremely unusual.  

3. C. AVMs are tortuous collections of histologically abnormal vessels that are supplied by 

feeding arteries and drain into deep or superficial veins. Their lack of an organized 

capillary network can cause high -flow arteriovenous shunting of blood. The most feared 

complication is intracranial hemorrhage, which can be subarachnoid, from an associated 

feeding artery aneurysm, or intraparenchymal, from intranidal rupture. Bleeding risk is 

increased with prior hemorrhage, deep location, deep venous drainage pattern, and if an 

associated aneurysm is present. In patients with prior hemorrhage, annual risk of 

recurrent bleeding is ~ 5%. Seizures and headache can also occur with AVMs. Catheter 

angiography is necessary to define AVM anatomy to guide treatment decisions. Given 

their complexity, evaluation and management of a ruptured AVM should be done by an 

experienced multidisciplinary team. Treatment options include endovascular 

embolization,  radiosurgery, and surgical resection. Staged intervention is sometimes 

necessary. 



4. D. Developmental venous anomalies are normal venous channels that have an anomalous 

location or radiographic appearance. While they can be very rarely associated with 

hemorrhage, especially when associated with a cavernoma, surgical intervention is almost 

always contraindicated because of their physiologic role in venous drainage of functional 

brain tissue; disturbance can lead to venous infarction and further hemorrhage.  

5. E. A dAVF is a dural -based arteriovenous shunt, typically supplied by extracranial arterial 

branches that anastomose with an intracranial dural vein and sinus. A dAVF is typically 

acquired through trauma or aberrant revascularization after cerebral vein throm bosis. 

Cerebral dAVF may present with symptomatic intracranial hemorrhage, cerebral edema, 

seizure, or pulsatile tinnitus. One commonly encountered form of dAVF is cavernous -

carotid fistula, which can present with local eye abnormalities such as scleral in jection, 

proptosis, double vision, and visual blurring or loss of vision. Spinal dAVF may also 

occur, typically manifesting with progressive myelopathy. Catheter angiography is 

necessary for adequate diagnostic evaluation; note that dAVFs are often not well seen on 

noninvasive vascular imaging studies (computed tomography or magnetic resonance 

angiography). In general, symptomatic dAVFs should be treated, often requiring a 

multidisciplinary approach (endovascular embolization, open surgical resection, less 

commonly stereotactic radiosurgery). Lesions are classified based on location and 

involvement of cortical veins. The presence of cortical venous drainage carries an 

increased risk of hemorrhage, which typically justifies referral for intervention.  



 
 +&.1dTHM 56.1  Flowchart for the treatment of a patient with vascular malformation. 

AVM,  Arteriovenous malformation.  
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Cerebral venous sinus thrombosis (CVST) presents with progressive headache, papilledema, changes 

in mental status, focal neurologic deficits, and/or seizures. Obstructed venous drainage causes venous 

congestion, resulting in cerebral edema, hemorrhage, or ischemia if the arterial pressure cannot 

overcome the venous pressure (venous infarction). CVST is often overlooked in patients with 

progressively worsening unexplained headache and young patients with lobar hemorrhage. Early 

identific ation is critical, as when unrecognized, progression and neurologic deterioration are common. 

Note that intracerebral hemorrhage due to CVST is the rare hemorrhagic condition in which 

anticoagulation is indicated. This reflects the fact that hemorrhage is due to venous outflow 

obstruction, not arterial bleeding. Hyperdensity in the sinuses on noncontrast computed tomography 

(CT) may suggest the diagnosis, but brain magnetic resonance imaging (MRI) with contrast and/or 

MR venography is usually necessary; CT venography is an alternative.  

1. A. Anticoagulation is necessary regardless of the presence or absence of hemorrhage. If 

hemorrhage is present, it is reasonable to start therapeutic intravenous heparin because of 

its rapid reversibility and the ability to closely monitor anticoagulant levels. In the absence 

of hemorrhage, low -molecular-weight heparin (LMWH) may be more convenient and is 

likely of similar efficacy. Direct oral anticoagulants (DOACs) can also be considered once 

clinical stability is apparent.  

2. B. With clinical deterioration and progressive edema despite therapeutic anticoagulation, 

consider endovascular therapy to mechanically remove venous sinus clot. Hyperosmolar 

therapy should also be considered when edema is severe, particularly as a bridge to 

endovascular therapy. Because of the high risk of seizures, continuous 

electroencephalogram monitoring is reasonable in patients with progressive symptoms or 

depressed mental status. 

3. C. With clinical deterioration and worsening hemorrhage despite thera peutic 

anticoagulation, consider endovascular therapy as mentioned above. In rare cases of focal 

hematoma expansion causing herniation (i.e., temporal lobe hemorrhage), decompressive 

surgery can be considered. However, surgery necessitates temporary cessation of 

anticoagulation, which may result in worsening venous congestion and infarction.  

4. D. Determine the underlying etiology of CVST to guide choice of optimal treatment, 

including duration and type of anticoagulant therapy. If intravenous heparin or LMWH 

was initially administered, this can be transitioned to an oral agent (DOAC or warfarin), 

assuming that medication is appropriate for the particular patient and underlying 

etiology.  

5. E. During pregnancy and the postpartum period, there is an elevated risk o f venous 

thrombosis. LMWH is the treatment of choice in pregnancy, although initial heparin use is 

also reasonable. Warfarin should be avoided in pregnancy due to teratogenicity. 

Hypercoagulability typically persists several weeks after delivery, so treatm ent is 

recommended to continue at least 6 weeks postpartum. 

6. F. Both LMWH and DOACs are reasonable for hypercoagulability of malignancy. If cancer 

treatment is curative, consider discontinuing anticoagulation eventually.  

7. G. When CVST is unprovoked and witho ut clear cause, life-long anticoagulation is 

generally recommended although there is little data specific to CVST. 

8. H. Oral contraceptive pills increase the risk of venous thrombosis, a risk that is 

compounded with age and smoking. A nonhormonal intrauterin e device is the ideal 

alternative birth control plan, although some second -generation progesterone OCPs may 

not carry a risk of venous thrombosis. Similarly, estrogen supplementation contributes to 

venous thrombosis, in which case it should be stopped immediately. Some 

chemotherapeutic agents may also cause venous thrombosis and should be avoided. 

9. I. If CVST occurs in the context of a high-risk thrombophilia, life -long oral anticoagulation 

is warranted. Choice of optimal anticoagulant agent (i.e., warfarin vs. DOAC) should be 



made in discussion with an expert in disorders of coagulation. With antiphospholipid 

syndrome, warfarin is preferred; DOACs may be appropriate in other scenarios.  

10. J. Repeat venous imaging, typically with MR venography, should be repeate d in 3ɬ6 

months to evaluate for recanalization of the venous sinuses and to establish a baseline 

study for comparison in the future should new or recurrent symptoms develop. 

Incomplete recanalization is not uncommon and generally well tolerated.  

 
 +&.1d3'M 57.1 Flowchart for the treatment of a patient with cerebral venous sinus 

thrombosis. CT, Computed tomography; CVST, cerebral venous sinus thrombosis; EEG, 

electroencephalogram; IV, intravenous; LMWH,  low -molecular-weight heparin; MR, 

magnetic resonance. 
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Neurotrauma  

58: Brain Death 

Joshua M. Levine 

1. A. Brain death is defined, in the United States and many other countries, as permanent 

and irreversible cessation of whole brain function. Some countries, such as the United 

Kingdom, consider loss of all brainstem function sufficient to meet criteria for brain death. 

Brain death is a clinical diagnosis and, in localities that recognize the determination, is 

legally equivalent to death from permanent cessation of cardiac functi on. While various 

guidelines exist for determination of brain death, practice is determined by local law and 

by institutional policy. It is therefore incumbent upon the physician to know and to follow 

these. 

2. B. Examples of etiologies sufficient to account for loss of whole brain function include 

global hypoxic -ischemic injury and herniation from severe cerebral edema or 

hydrocephalus.  

3. C. The concept of brain death is frequently confusing to both physicians and the lay 

public. While permission to determine b rain death is generally not required, it is good 

practice to educate families about the concept of brain death and to describe the process of 

brain-death determination.  

4. D. Some institutions require two clinical examinations separated by a waiting period, 

while others require only a single examination. An examination that is consistent with 

brain death establishes that the patient is comatose and lacks all brainstem reflexes, 

including spontaneous breathing. The following examination elements should be assessed 

and documented: 

o Ɉ Coma ɬ there should be no motor responses to pain except for reflexes mediated 

by the spinal cord. 

o Ɉ Pupillary light reflex ɬ the pupils should be nonreactive to bright light.  

o Ɉ Corneal reflexes ɬ there should be no reflex eye closure when the corneas are 

touched with a gauze. 

o Ɉ Oculocephalic reflexes ɬ there should be no reflex movement of the eyes when 

the head is turned. This test should be deferred in patients with known or 

suspected instability of the cervical spine. 

o Ɉ Oculovestibular reflexes ɬ there should be no movement of the eyes after 

instillation of cold water into each external auditory canal.  

o Ɉ Cough ɬ there should be no cough when the carina is stimulated with a deep 

suction catheter. 



o Ɉ Gag ɬ there should be no gag when the posterior pharynx is stimulated with a 

tongue depressor or firm plastic suction tip.  

o Ɉ Spontaneous breathing ɬ there should be no patient-initiated breaths on the 

mechanical ventilator. Spontaneous breathing is also tested more rigorously by a 

formal ap nea test. 

5. E. In general, confirmatory studies are not required to determine brain death. However, 

under certain circumstances and in some areas, confirmatory testing may be mandated. 

When portions of the clinical examination cannot be completed (e.g., due to severe facial 

trauma), confirmatory testing is indicated. Confirmatory tests might include a nuclear 

blood flow scan or a catheter cerebral angiogram showing no cerebral blood flow, or a 

brain-death protocol electroencephalogram showing no cerebral electrical activity.  

6. F. Formal apnea testing should be performed and aims to demonstrate absent function of 

medullary breathing centers. Typically, after a brief period of preoxygenation, the patient 

is removed from the ventilator and observed for 10 ɬ15 minutes. An apnea test is 

considered consistent with brain death if the patient makes no respiratory effort and the 

×ÈÛÐÌÕÛɀÚɯ ÈÙÛÌÙÐÈÓɯ ×ÈÙÛÐÈÓɯ ×ÙÌÚÚÜÙÌɯ ÖÍɯ ÊÈÙÉÖÕɯ ËÐÖßÐËÌɯ ÙÐÚÌÚɯ ÍÙÖÔɯ Èɯ ÕÖÙÔÈÓɯ ÉÈÚÌÓÐÕÌɯ ÛÖɯ

> 60 mmHg or to 20 mmHg above baseline. 



 
 +&.1d3',ɯƙƜȭƕ Flowchart for the treatment of a patient with suspected brain death.  
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59: Management of Increased 

Intracranial Pressure  

Jessy Walia; Monisha A. Kumar 

Brain tissue, cerebrospinal fluid (CSF), and blood are contained within the confined space of the skull. 

An increase in volume of one of these components necessarily results in a compensatory reduction in 

another. Normal physiologic compensatory mechanisms include egress of CSF or venous blood into 

the lumbar cistern or extracranial blood compartment. However, with a sufficiently large intracranial 

mass lesion, such as intracranial hemorrhage, or diffuse brain swelling, such as with traumatic brain 

injury, these compensatory mechanisms are overwhelmed, leading to decreased intracranial blood 

flow and/or direct compression of brain tissue, both of which may cause brain injury and potentially 

brain death. As a general rule, the patient with increased intracranial pressure ( ICP) should be 

intubated and mechanically ventilated to facilitate management. Measures to lower ICP aim to 

prevent this injury and can be broadly divided into therapies that (1) reduce brain tissue volume, 

typically osmotic agents (e.g., mannitol, hyperto nic saline) or surgical procedures to remove mass 

lesions; (2) reduce intracranial blood volume, typically through hyperventilation, which causes 

vasoconstriction; and (3) reduce the volume of CSF, typically through an external ventricular drain. 

An ICP greater than 20ɬ25 mmHg that is sustained for a period of greater than 5 minutes generally 

warrants treatment.  

1. A. Simply raising the head of the bed may reduce ICP. Likewise, the head should be 

maintained in the midline position to avoid compression of the j ugular veins. 

Hypoosmotic fluids should be avoided. Seizure activity may increase cerebral metabolic 

demand and result in ICP elevation, so if present, it should be aggressively treated. 

2. B. Mild hyperventilation (PaCO 2 30ɬ35 mm Hg) will rapidly reduce ICP by causing 

vasoconstriction, but the effect is not durable. It should therefore generally be used only in 

the setting of impending herniation as a bridge to more definitive ICP -lowering therapy.  

3. C. If ICP is elevated due to a focal mass lesion, such as hemorrhage or tumor, surgical 

evacuation of the mass or decompressive craniectomy should be pursued if appropriate. 

CSF diversion with an external ventricular drain (EVD) may also be considered. If there is 

hydrocephalus, placement of an EVD is essential, and allows both direct monitoring of ICP 

and treatment by draining CSF. Steroids may be used when a tumor is present. For other 

conditions, such as intracerebral hemorrhage, traumatic brain injury, and ischemic stroke, 

steroids are ineffective and should be avoided.  

4. D. Administration of an intravenous (IV) bolus of 20% mannitol (1  g/kg) rapidly reduces 

ICP. It may be repeatedly administered every 6 hours. The osmolar gap (measured serum 

osmolarity minus calculated serum osmolarity) should be calculated prior t o each dose to 

assess for accumulation; if > 20 mOsm/L, additional mannitol should not be given. Given 

the osmotic diuresis induced by mannitol, urinary losses should be carefully repleted to 

avoid hypovolemia. If hypovolemia is present initially, a bolus of hypertonic saline 

(150 mL of 5%; or 30 mL of 23.4% solution every 6 hours) may be used instead of mannitol. 

If serum sodium is > 160, hypertonic saline (HTS) should be stopped; it should also be 

avoided in the setting of severe acidosis. In the setting of renal failure, mannitol should be 

avoided and HTS used instead. 



5. E. HTS is available in various concentrations and for bolus or continuous administration. It 

is preferable to administer higher -concentration formulations via a central venous catheter 

to minimize infusion site reactions. Serial assessment of serum sodium is recommended 

for patients receiving repeated doses or continuous infusion of HTS. HTS induces a 

hyperchloremic metabolic acidosis and may cause volume overload or pulmonary edema.  

6. F. Neur omuscular paralysis may reduce ICP in patients with refractory persistently 

elevated ICP. A test bolus should be given first, and a continuous infusion may be 

instituted if the patient responds.  

7. G. Barbiturate (e.g., pentobarbital) coma can be considered for those who fail to respond to 

all other aggressive interventions to control ICP. Hypotension is a side effect, so patients 

should be carefully volume resuscitated, and vasopressors may be used as needed. 

Pentobarbital has potent immunosuppressive effects, and prolonged use should therefore 

be with caution. Continuous electroencephalogram should be used to target the infusion to 

burst suppression or ICP within target range (whichever occurs sooner). Therapeutic 

hypothermia may also be considered. If there is felt to be increased intraabdominal 

pressure, for instance in cases of major abdominal or thoracic injuries, laparotomy to 

reduce intraabdominal pressure may in some cases lower ICP by increasing venous 

drainage. 



 
 +&.1d3',ɯƙƝȭƕ Flowchart for the treat ment of a patient with increased intracranial 

pressure. EEG, Electroencephalogram; EVD, external ventricular drain; HOB, head of bed; IV, 

intravenous; HTS, hypertonic saline; ICP, intracranial pressure. 



60: Management of 

Neuromuscular Respiratory 

Failure  

Elizabeth Mahanna-Gabrielli 

Patients with neuromuscular disease presenting with severe weakness require close monitoring of 

their respiratory status, as progression to respiratory failure can occur relatively suddenly. As the 

fundamental problem is one of v entilation as opposed to oxygenation, patients may continue to have 

normal oxygen saturation despite progressively worsening respiratory function. Similarly, 

hypercarbia represents a late manifestation of neuromuscular respiratory insufficiency and indicat es 

impending respiratory failure; ventilatory support should start before hypercarbia is present. It is 

therefore critical to monitor ventilatory capacity frequently in these patients, typically with bedside 

measures of vital capacity and negative inspiratory force (NIF).  

1. A. For patients with myasthenia gravis or Guillain -!ÈÙÙõɯ ÚàÕËÙÖÔÌȮɯ ×ÙÌ×ÈÙÈÛÐÖÕɯ ÈÕËɯ

planning for starting plasmapheresis or intravenous immunoglobulin therapy should 

begin as soon as respiratory concerns are identified. 

2. B. Respiratory status should be assessed a minimum of every 4 hours. The goal is to gauge 

whether the patient requires ventilatory support. Forced vital capacity (FVC) and NIF are 

ÉÖÛÏɯÔÌÈÚÜÙÌÔÌÕÛÚɯÖÍɯÈɯ×ÈÛÐÌÕÛɀÚɯÙÌÚ×ÐÙÈÛÖÙàɯÔÜÚÊÓÌɯÚÛÙÌÕÎÛÏɯÈÕËɯÈÓÚÖɯÊÖÙÙÌÓÈÛÌɯÞÐÛÏɯÛÏÌɯ

ability  to cough and clear secretions. A simple bedside maneuver to roughly estimate FVC 

is to have the patient count as high as they can in a single breath; each number counted is 

equivalent to approximately 100  mL of FVC. For example, if a patient is able to count to 25, 

her FVC is about 2500 Ô+ȭɯ3ÏÌɯɁƖƔɤƗƔɂɯÙÜÓÌɯÐÚɯÈɯÎÖÖËɯÙÜÓÌɯÖÍɯÛÏÜÔÉɭif the FVC drops 

below 20 mL/kg, the NIF below 30  cm H 2O, or the patient is more than mildly dyspneic, 

ventilatory support should be started. A drop of 30% or more in either FVC or NIF should 

also prompt consideration of elective ventilatory support. The presence of facial weakness 

can sometimes confound measurement of FVC and NIF in the nonintubated patient, due 

to an inability to maintain a tight seal on the measurement device. This should be taken 

into consideration when these parameters are interpreted. 

3. C. If the cause of weakness is Guillain-!ÈÙÙõɯ ÚàÕËÙÖÔÌȮɯ ÐÕÛÜÉÈÛÐÖÕɯ ÈÕËɯ ÐÕÝÈÚÐÝÌɯ

mechanical ventilator support should be started, as these patients typically have 

progressive worsening over days before improvement starts to occur, even with 

immunotherapy.  

4. D. If the patient is oxygenating well on room air, one can assume the patient is not 

markedly hypercapnic and does not have significant consolidation; noninvasive positive 

pressure ventilation in the biphasic positive airway pressure (BiPAP) mode can be started.  

5. E. If supplemental oxygen is required, arterial blood gas (ABG) and chest radiograph 

(CXR) should be checked. If hypercapnia is present or CXR shows consolidation 

concerning for aspiration pneumonia or pneumonitis, BiPAP is not appropriate and 

intubation should be undertaken.  



6. F. If inspiratory pressures (IPAP) greater than 20 cm H 2O are required, there is a risk of 

overcoming the lower esophageal sphincter tone and insufflating the stomach, and 

intubation should be pursued.  

7. G. An increasing oxygen requirement or increasing IPAP are signs the patient may be 

failing BiPAP. An ABG should check for hypercapnia and CXR for signs of consolidation 

and aspiration. If present , intubation should be pursued.  

8. H. When intubating a patient with neuromuscular disease, special attention should be 

paid to the choice of paralytic agent. If possible, intubation of patients with myasthenia 

gravis or Guillain -!ÈÙÙõɯ ÚàÕËÙÖÔÌɯ ÚÏÖÜÓËɯ ÉÌɯ ×ÌÙÍormed without a neuromuscular 

blocking agent; when necessary, one-third to one -half the usual intubating dose of a 

nondepolarizing agent should be used. Depolarizing agents such as succinylcholine 

should be avoided given the unpredictable response in myasthenia and the risk of 

hyperkalemia in Guillain -!ÈÙÙõɯÚàÕËÙÖÔÌȭɯ!Ìɯ×ÙÌ×ÈÙÌËɯÍÖÙɯÈɯ×ÙÖÓÖÕÎÌËɯÌÍÍÌÊÛȮɯÈÕËɯÚÌËÈÛÌɯ

and monitor the patient appropriately.  

9. I. As muscle weakness begins to improve, daily spontaneous breathing trials (SBTs) with 

FVC and NIF measurements should occur. When the patient passes the SBT, FVC is 

> 10 cc/kg, and NIF > 20 cm H 2O, a trial of extubation should be considered. BiPAP 

ventilation can be used as a bridge immediately following extubation as needed.  



 
 +&.1d3',ɯƚƔȭƕ Flowchart for th e treatment of a patient with neuromuscular respiratory 

failure. BiPAP, Biphasic positive airway pressure; IPAP, inspiratory pressure; IVIg, 

intravenous immune globulin; NIF, negative inspiratory force.  
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61: Paroxysmal Sympathetic 

Hyperactivity  

Meghan M. Caylor; Arun K. Sherma 

1. A. Paroxysmal sympathetic hyperactivity (PSH) is a syndrome encountered in patients 

with severe acute neurologic injury. Patients with PSH may have episodic tachycardia, 

hypertension, tachypnea, fever, diaphoresis, and posturing. Episodes may last minutes to 

hours and recur several times per day. Features supporting the diagnosis include multiple 

autonomic symptoms occurring simultaneously, multiple recurrent episodes over several 

days, and response to specific abortive therapy. The triggering of paroxysms by both 

noxious and non-noxious stimuli is also an important defining feature of PSH. The 

pathophysiology of the condition is poorly understood, but impaired descending 

inhibitory control of excitatory spinal circuits, permitting unregulated sympathetic 

outflow, is a comm only proposed mechanism. PSH is often seen in severe traumatic brain 

injury, but may occur with any type of acute brain injury. Historically, terms used to 

ËÌÚÊÙÐÉÌɯÛÏÐÚɯÊÖÕËÐÛÐÖÕɯÐÕÊÓÜËÌɯɁËàÚÈÜÛÖÕÖÔÐÈȮɂɯɁËÐÌÕÊÌ×ÏÈÓÐÊɯÚÌÐáÜÙÌÚȮɂɯɁÚàÔ×ÈÛÏÌÛÐÊɯ

ÚÛÖÙÔÐÕÎȮɂɯ ÈÕË Ɂ×ÈÙÖßàÚÔÈÓɯ ÈÜÛÖÕÖÔÐÊɯ ÐÕÚÛÈÉÐÓÐÛàɯ ÞÐÛÏɯ ËàÚÛÖÕÐÈȭɂ1 Numerous 

medications are used to treat PSH, but there is little strong evidence to guide therapy. The 

most common agents employed in clinical practice are listed in Table 61.1. Often a 

combination of agents is necessary to achieve control of PSH episodes.2,3 

Table 61.1 

Dosing and titration of medications for paroxysmal sympathetic hyperactivity 

Acute abortive therapies  

blank cell  Starting dose  Titration  Maximum dose 

Morphine IV  2ɬ4 mg IV q1ɬ2 

h prn  

2-mg increments Doses up to 10 mg IV 

may be needed 

Propranolol IV  1ɬ3 mg IV q1ɬ2 1ɬ2-mg increments 5 mg IV per dose 

http://127.0.0.1:5002/B9780323635837000618.xhtml#bb0010
http://127.0.0.1:5002/B9780323635837000618.xhtml#t0010
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Dosing and titration of medications for paroxysmal sympathetic hyperactivity 

Acute abortive therapies  

blank cell  Starting dose  Titration  Maximum dose 

h prn  

Labetalol IV  10ɬ20 mg IV 

q1ɬ2 h prn 

10-mg increments 80 mg IV per dose 

Midazolam IV  1ɬ2 mg IV q2ɬ4 

h prn  

1ɬ2-mg increments 10 mg IV per dose 

Maintenance/preventative therapies  

Oxycodone PO 5ɬ10 mg q4ɬ6 h 5-mg increments ɬ 

ϕ-blockers 

Propranolol 

PO 

 

Labetalol PO 

 

10ɬ20 mg 

q8ɬ12 h 

100ɬ

200 mg q8ɬ

12 h 

 

10ɬ20-mg increments 

100ɬ200-mg increments 

 

320 mg/day a 

 

2400 mg/day a 

Clonidine PO  0.1 mg q8ɬ12 h 0.1ɬ0.2-mg increments 2.4 mg/day a 

Gabapentin PO 100ɬ300 mg q8 

h 

200ɬ300-mg increments 3600 mg/day a 

Benzodiazepines 

Clonazepam 

 

0.25ɬ1 mg 

 

0.5-mg increments 

 

ɬ 

http://127.0.0.1:5002/B9780323635837000618.xhtml#tf0010
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Dosing and titration of medications for paroxysmal sympathetic hyperactivity 

Acute abortive therapies  

blank cell  Starting dose  Titration  Maximum dose 

PO 

 

Diazepam 

PO 

q12 h 

2.5ɬ10 mg 

q8ɬ12 h 

 

5 mg increments 

 

ɬ 

Bromocriptine 

PO 

1.25ɬ2.5 mg 

q8ɬ12h 

2.5-mg increments 40 mg/day (divided q8 ɬ

12 h) 

Baclofen PO 5 mg q8 h 5 mg/dose every 2ɬ3 days 80 mg/day a 

Dantrolene PO 25 mg daily  After 7 days increase to 25 mg tid. Titrate 

dose by 25ɬ50 mg increments weekly.  

400 mg/day (divided q6 

h) 

IV, Intravenous; PO, per os; 

a

 Total maximum daily doses should be divided q6ïq8 h 

2. B. Abortive therapy encompasses the initial intervention phase, utilizing rapid -acting 

intravenous (IV) agents to terminate acute episodes. Morphine is the prototypical IV 

opiate used in PSH and is particularly effective to abort multiple symptoms due to the 

additive effect of histamine release (lowers blood pressure, normally regarded as an 

adverse effect of IV morphine); other opia tes may also be useful. Propranolol is considered 

ÛÏÌɯϕ-blocker of choice in PSH, as its lipophilicity allows it to cross the blood -brain barrier; 

labetalol is an alternative nonselective agent used frequently. Abortive agents can also be 

used to pretreat known triggers to prevent/minimize severity of paroxysms early in the 

course, as maintenance therapies are being uptitrated. 

3. C. Preventative/maintenance therapies (oral agents) should be instituted after excluding 

alternative diagnoses and establishing a pattern of symptoms. Treatment may be 

optimized by using drugs with varied mechanisms of action. If no contraindications, oral 

opiates (such as oxycodone) and oral propranolol are recommended first-line maintenance 

agents. Additional agents may be selected ÉÈÚÌËɯÖÕɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯ×ÙÌËÖÔÐÕÈÕÛɯÚàÔ×ÛÖÔÚɯ

and comorbidities. Reevaluate every 24 hours and consider escalating current agents 

(every 1ɬ3 days) or adding additional agents based on patient symptoms or occurrence of 

dose-limiting side effects.  

4. D. Deescalation can be considered once acceptable control is achieved (episode-free or 

infrequent abortive therapies required). Therapeutic doses may be maintained for a period 

of time (several days or 1ɬ2 weeks or longer) depending on the severity of symptoms, or 

http://127.0.0.1:5002/B9780323635837000618.xhtml#tf0010
http://127.0.0.1:5002/B9780323635837000618.xhtml#xtf0010


imm ediately titrated down if mild PSH. The rate of downtitration should depend on 

duration of therapy and pharmacologic class with attention to minimize the risk of 

withdrawal.  

 
 +&.1d3',ɯƚƕȭƕ Flowchart for the treatment of a patient with paroxysmal sympathe tic 

hyperactivity. IV, Intravenous; PSH, paroxysmal sympathetic hyperactivity.  

References 

1 Baguley I.J., Perkes I.E., Fernandez-Ortega J.F., Rabinstein A.A., Dolce G., Hendricks 

H.T. For the Consensus Working Group. Paroxysmal sympathetic hyperactivity 



after acquired brain injury: consensus on conceptual definition, nomenclature, and 

diagnostic criteria . J Neurotrauma. 2014;31:1515ɬ1520. 

2 Perkes I., Baguley I.J., Nott M.T., Menon D.K. A review of paroxysmal sympathetic 

hyperactivity after acquired brain  injury . Ann Neurol.  2010;68:126ɬ135. 

3 Rabinstein A.A., Benarroch E.E. Treatment of paroxysmal sympathetic hyperactivity . 

Curr Treat Options Neurol.  2008;10:151ɬ157. 

62: Traumatic Brain Injury  

Lindsay Raab; Danielle K. Sandsmark 

Keywords 

Traumatic brain injury; axonal injury; intracranial hemorrhage; intracranial pressure; secondary brain 
injury 

Initial primary brain injury following trauma occurs immediately at the time of head impact and is 

largely irreversible. Public health measures such as airbags, seat belts, bike helmets, and fall 

prevention measures are therefore essential to limit traumatic brain injury (TBI). Pathology at this 

initial stage includes diffuse axonal injury, intraparenchymal hemorrhage and contusion, and 

extraaxial hemorrhages includ ing epidural and subdural hematoma, subarachnoid hemorrhage, and 

intraventricular hemorrhage. Secondary insults, including a variety of ischemic, metabolic, and 

inflammatory disturbances, develop over hours to days after injury and exacerbate the now injur ed, 

vulnerable brain tissue. Monitoring for secondary brain injury is the focus of hospital -based care 

following TBI. Main targets for intervention include limiting cerebral edema and brain compression, 

optimizing tissue perfusion, and minimizing metabolic  distress. 

1. A. Neurologic status on hospital arrival, commonly measured with the Glasgow Coma 

Scale (GCS), is an important predictor of prognosis. Other factors indicative of the degree 

of brain injury include duration of loss of consciousness (LOC) and duration of 

posttraumatic amnesia. These factors are most helpful in predicting outcomes in severe 

injuries but are less reliable for mild injuries. Severity of TBI is often classified as mild 

(GCS 13ɬ15, LOC < 30 minutes, posttraumatic amnesia < 24 hours), moderate (GCS 9ɬ12, 

LOC 30 minutesɬ24 hours, posttraumatic amnesia 24 hoursɬ7 days), and severe (GCS < 8, 

LOC > 24 hours, posttraumatic amnesia > 7 days). 

2. B. Patients with TBI frequently have additional traumatic injuries; a complete trauma 

survey must be conducted. Securing the airway, stabilization of the spine, and treatment 

of immediately life -threatening issues such as pneumothoraces, cardiac tamponade, or 

shock should be undertaken. Serial examinations and assessments should be performed to 

avoid mi ssed injuries. 

3. C. Coagulopathy may be present in TBI and lead to additional secondary injury from 

ongoing bleeding. Prior antiplatelet and anticoagulant use should be identified, and 

prothrombin and partial thromboplastic times as well as platelet count me asured. When 

present, coagulopathy should be corrected as appropriate. 

4. D. Urgent surgical intervention is usually required for epidural hematoma, large or acute 

subdural hematomas, or any hemorrhage leading to mass effect with midline shift and 

impending h erniation.  

5. E. Following TBI, intracranial pressure (ICP) may be increased due to diffuse cerebral 

injury, focal intracranial hemorrhage, or contusions. Seizure activity may exacerbate 



elevations in ICP. Simple bedside measures to increase venous drainage should be 

implemented to lower ICP; more aggressive measures are often necessary, particularly in 

severe TBI. These are outlined in Chapter 59. 

6. F. Monitoring of cerebral metabolism is available in some neurointensive care units and 

may include measurements of cerebral perfusion pressure, brain oxygen, cerebral blood 

flow, and cerebral microdialysis. In general, cerebral perfusion pressure (CPP) should be 

kept > 60 mmHg and brain oxygen should be maintained > 20 mmHg, but treatment must 

be individualized with the goal of matching glucose and oxygen delivery to meet cerebral 

metabolic demands based on the available monitoring data. In the absence of advanced 

neuromonitoring devices, the focus should  be on minimizing systemic metabolic 

derangements through optimizing hemodynamics and pulmonary mechanics. A 

reasonable target for PaCO2 is 35ɬ40 mmHg; targeting lower values with prolonged 

hyperventilation is not advised. Oxygen saturation should be kept > 88%, and hemoglobin 

> 7 g/dL. 

7. G. TBI patients are at high risk of both clinical and subclinical seizures, which if present 

should be treated with antiepileptic drug therapy. Continuous electroencephalogram 

(EEG) monitoring may detect subclinical seizures. Prophylactic antiepileptic drug therapy 

is for the first 7 days after injury is reasonable, but longer treatment has not been shown to 

prevent posttraumatic epilepsy.  

8. H. Fever is common after severe TBI and is associated with poor neurological outcomes. 

Temperature > ƗƜȘ"ɯÚÏÖÜÓËɯÉÌɯÈÎÎÙÌÚÚÐÝÌÓàɯÛÙÌÈÛÌËɯÞÐÛÏɯÈÊÌÛÈÔÐÕÖ×ÏÌÕɯÈÕËɤÖÙɯÐÕËÜÊÌËɯ

normothermia using surface or intravascular cooling devices. Hypothermia has been 

shown to have no benefit, and may even cause harm, so should be avoided. Nonsteroidal 

anti inflammatory drugs should be avoided in most patients given the concomitant 

presence or risk of intracranial hemorrhage. 

9. I. Hyperglycemia is associated with worse neurologic outcomes in TBI, and it is thus 

reasonable to treat with insulin to maintain gluco se < 200mg/dL. Overly stringent glycemic 

control (glucose levels maintained at 70ɬ140mg/dL) does not improve mortality and 

results in more hypoglycemic episodes. 

http://127.0.0.1:5002/B978032363583700059X.xhtml


 
 +&.1d3',ɯƚƖȭƕ Flowchart for the treatment of a patient with traumatic brain injury. CT, 

Computed tomography; EEG, electroencephalogram; ICP, intracranial pressure. 
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1. A. Concussion, more appropriately called mild traumatic brain injury, refers to any 

trauma-induced alteration in brain function. An obvious corollary of this is that patients 

must have head trauma causing some neurologic symptoms (though these may be very 

brief) in order to be diagnosed as having had a concussion. Common symptoms are 

confusion and amnesia, imbalance, dizziness, and headache. The injury may or may not 

involve loss of consciousness, but when present, the period of alteration of mental status is 

generally brief (less than 30 minutes). 

2. B. Initial assessment of the patient with concussion should be focused on determining 

whether urgent neuroimaging is required. When indicated, computed tomography (CT) is 

the preferred modality to rule out intracranial hemorrhage, which might require close 

monitoring and/or urgent neurosurgical intervention. Clinical decision tools, such as the 

Canadian CT Head Rule, are useful in this assessment.1 Basic information on the 

mechanism of injury and specific high -risk patient features should be obtained first, as this 

information may lead to a rapid decision to proceed directly to imaging. For example, 

imaging  is recommended for all patients over age 60 years with concussion, regardless of 

specific neurologic symptoms or findings.  

3. C. If no high -risk patient features are present, then a thorough assessment of neurologic 

symptoms and function should be performed to guide the decision on whether imaging is 

necessary. Milder neurologic symptoms, such as headache, dizziness, balance difficulties, 

and confusion, are common after head impacts but do not necessarily warrant head 

imaging unless one of these more concerning features is present. 

4. D. If brain CT is abnormal and demonstrates acute hemorrhage, hospital admission with 

close neurologic monitoring should be undertaken given the risk of hemorrhage 

expansion, particularly in the first 24 hours after injury.  

5. E. The vast majority of individuals with concussion will have normal head CT scans and 

do not require hospital admission. Providing anticipatory guidance to these patients has 

been associated with improved outcomes. Patients should receive a description of their 

injury and its severity, education regarding common symptoms and those that warrant 

emergency room reevaluation, details of the recovery process and return to activity, and 

contact information for appropriate community resources. 2 Symptom management beyond 

over-the-counter analgesics and antiemetics is generally not required, as the vast majority 

of patients will experience a slow recovery over the next 1ɬ4 weeks without pharmacologic  

intervention. In the past, patients had been counseled to undertake complete cognitive and 

physical rest until their symptoms resolve. However, more recent evidence demonstrates 

that this approach is associated with increased symptoms and prolonged recovery. 
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Therefore, a graduated return to normal daily activities is recommended after a brief 

period of rest (24ɬ72 hours). 

 
 +&.1d3',ɯƚƗȭƕ Flowchart for the treatment of a patient with suspected concussion. CT, 

Computed tomography.  
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While the initial neurologic symptoms following concussion typically resolve quickly, many will have 

symptoms that evolve over the ensuing 1ɬ3 days. The majority of patients experience a complete 

recovery in 2ɬ4 weeks. However, about 20% of patients experience persistent symptoms lasting 

months to years.1 Postconcussive symptoms vary significantly between individuals but include 

headache, neck pain, sleep disturbances and fatigue, vestibular dysfunction, mood disturbances, and 

cognitive changes. Identifying the specific symptoms helps individualize treatme nt.2 Women, those 

with prior traumatic brain injury, and those with preexisting anxiety and depression are at higher risk 

of developing persistent symptoms.  

1. A. Precise definitions vary, but generally postconcussive syndrome can be considered 

when persistent symptoms are experienced for greater than 1ɬ3 months after injury. If 

symptoms persist at 1 month postinjury, it is reasonable to start treatment to facilitate 

recovery. 

2. B. Headaches are common in the acute period after head impact but can become 

persistent. Many of these have migrainous features, though other headache types can also 

develop. Pharmacologic therapy is identical to that used for abortive and preventative 

management in headache not related to concussion (see Chapters 65 and 66). 

3. C. Neck pain is a frequent complaint, particularly after hyperexten sion injuries. Muscular 

tension in the neck may cause cervicogenic headaches. Occipital neuralgia may be present. 

Physical therapy is the mainstay of treatment. Occipital nerve blocks may be considered 

for those with symptoms consistent with occipital neur algia. Pharmacologic therapy with 

muscle relaxants and/or benzodiazepines, particularly diazepam, may be helpful but 

should be limited to short -term use of not more than 1 week. 

4. D. Sleep disturbances after concussion are common. While the immediate postinjury 

period is typically characterized by hypersomnolence, chronic sleep disturbances include 

insomnia, excessive daytime sleepiness, and sleep fragmentation. Obstructive sleep apnea 

can develop or become symptomatic. As poor sleep can aggravate other symptoms, 

screening for and treating sleep disturbances early is particularly important. A variety of 

pharmacologic and nonpharmacologic approaches can be used (see Chapter 78), though 

they have not been studied specifically in postconcussive syndrome. 

5. E. Vestibular dysfunction, characterized by dizziness and imbalance, and tinnitus can be 

particularly disabling after concussion. These disturbances are closely related to 

oculomotor dysfunction, which  may manifest as abnormalities of near-point convergence, 

saccades, and smooth pursuits. Patients often describe worsening symptoms with visual 

scanning, such as when reading, using phone or computer screens, being in crowds, or 

driving, or with rapid head  and eye movement, such as bending over or turning around 

quickly. Vestibular physical therapy is the primary treatment. Pharmacologic agents like 

meclizine or benzodiazepines are of little benefit and should not be routinely used.  
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6. F. Mood disturbances are both a risk factor for persistent postconcussive symptoms and a 

consequence of concussion. Depressive symptoms, including fatigue, irritability, difficulty 

sleeping, impaired concentration, and anxiety, are associated with poorer recovery after 

concussion. Posttraumatic stress and anxiety disorders are also commonly associated with 

these injuries. Treatment should incorporate a multimodal approach that includes 

pharmacologic management and psychological support. Serotonin selective reuptake 

inhibitors (SSRIs) are generally favored over other antidepressants, although tricyclic 

antidepressants can be considered in those with concurrent chronic headache or neck pain. 

7. G. Cognitive complaints can include trouble concentrating, irritability, and short -term 

memory impairment. Other symptoms that can exacerbate cognitive deficits, such as 

headaches, poor sleep, and depressive symptoms, must be treated. Neuropsychological 

testing can identify areas of difficulty and help to guide cognitive therapy. There are 

limited  data regarding the use of stimulants and agents like amantadine to improve 

cognitive functioning after concussion.  



 
 +&.1d3',ɯƚƘȭƕ Flowchart for the treatment of a patient with persistent symptoms 

following concussion. SSRI, serotonin selective reuptake inhibitor; TCA, tricyclic 

andidepressant.  
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Acute treatment of migraine should target both head pain and, if present, associated symptoms  such 

as nausea and vomiting. The latter may limit absorption of oral medications; in these cases, intranasal 

or subcutaneous formulations may be useful in the outpatient setting, and intravenous formulations in 

the hospital setting. Abortive medications a re most effective when taken early in the migraine attack. 

Supportive measures should include aggressive hydration and rest or sleep when feasible. Caffeine 

may potentiate the effects of abortive medications and often helps relieve migraine. In general, use of 

abortive medications should be limited to 2 ɬ3 days per week to avoid medication overuse headache. 

Emerging alternatives to abortive medications include neurostimulation and occipital or other cranial 

nerve blocks with anesthetics; these may be particularly useful in patient for whom specific 

medications are ineffective or contraindicated.  

1. A. In the hospital setting, the range of options for migraine treatment is broad due to the 

ability to give parenteral agents. Selection of therapy depends on which agents may have 

already been used in an attempt to abort headache, prior history of response or lack of 

response to particular agents, and potential contraindications to specific medications. In 

patients who have not already tried a triptan, subcutaneous su matriptan and 

metoclopramide are a reasonable choice for initial therapy. Prochlorperazine or 

chlorpromazine can be used as alternatives to metoclopramide. When given parenterally, 

all three of these antiemetics have efficacy for relieving headache as well as associated 

nausea/vomiting. Pretreatment with diphenhydramine helps to prevent extrapyramidal 

side effects from these drugs. Ondansetron may be a more efficacious antiemetic but does 

not seem to have antimigraine effects. For patients previously unresponsive to triptans or 

who have not been able to abort their current migraine with a triptan, intravenous 

dihydroergotamine (DHE) can be an effective treatment strategy, but should not be used if 

a triptan has been administered within the previous 24 hours.  DHE is contraindicated in 

patients with hemiplegic migraine, basilar migraine, cardiovascular disease, and severe 

renal or hepatic impairment. DHE should not be used within 2 weeks of 

monoaminoxidase inhibitors due to risk of serotonin syndrome. Finally, monotherapy 

with parenteral metoclopramide (prochlorperazine or chlorpromazine are alternatives) can 



be used if a patient has taken a triptan within 24 hours of presenting to the emergency 

department (ED) or has contraindications to triptans or DHE (Table 65.1). 

2. B. When severe nausea or vomiting are present, subcutaneous sumatriptan should be 

used. It can be easily self-administered by patients at home. This is often effective at 

treating both the headache and nausea. If not, an antiemetic such as metoclopramide may 

be given as adjunctive therapy. Intranasal sumatriptan or zolmitriptan can also be 

considered in this situation, but nasal sprays can be difficult to tolerate in the presence of 

nausea. 

3. C. Triptans should be used as a first-line abortive therapy for severe migraine headache, 

and can also be used when pain is moderate but does not respond to simple or 

combination analgesics. Subcutaneous and intranasal formulations have faster onset of 

action (10ɬ20 min) and are preferred for headaches that are severe at the beginning of the 

attack or are present in the morning upon awakening. Eletriptan and rizatriptan appear to 

be the most effective oral triptans, but also may have more side effects. Almotriptan is 

often better tolerated with reasonable efficacy. Naratriptan has a slower onset of action 

and tends to have the least side effects. Frovatriptan has a longer half-life and should be 

considered if the pain usually returns within 24 hours. Importantly, response to individual 

triptans varies across patients, and it is reasonable to switch to a different triptan before 

trying other classes of medications. Triptans are contraindicated in patients with 

hemiplegic migraine, basilar migraine, or cardiovascular disease. Common side effects are 

dizziness, fatigue, flushing, tingling, and chest pain.  

4. D. Combining a triptan with a nonsteroidal antiinflammatory drug (NSAID) has been 

shown to be more effective than either used as a monotherapy, and should be considered 

if triptans alone are ineffective.  

5. E. Not infrequen tly, migraine headache will initially respond to intravenous therapy in the 

ED, but subsequently recur within 24 hours. Administration of a single dose of 

intravenous dexamethasone reduces the risk of headache recurrence and should be 

considered for most patients treated for headache in the ED. 

6. F. In patients for whom triptans and DHE are contraindicated, simple analgesics, 

combination analgesics, occipital and other cranial nerve blocks with anesthetics, and 

neurostimulation devices are alternatives availa ble in the outpatient setting. 

Neurostimulation devices for acute migraine treatment include transcutaneous trigeminal 

nerve stimulation, noninvasive vagus nerve stimulation, and transcranial magnetic 

stimulation. The use of butalbital -containing analgesic combinations (Fioricet and Fiorinal) 

is discouraged due to concerns of medication overuse headache. However, they may be 

considered when all other options are contraindicated or ineffective as long as they are 

used sparingly.  



 
 +&.1d3',ɯƚƙȭƕ Flowchart for the treatment of a patient with acute migraine attack. 

DHE, Dihydroergotamine; IM,  intramuscular; IV, intravenous; NSAID,  nonsteroidal 

antiinflammatory drug; SC, subcutaneous.  

See Appendix 1 for Table 65.1: Medications for treating migraine  headaches. 
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Prophylactic therapy for migraine is aimed at reducing the frequency, and possibly severity, of 

recurrent migraine headaches. To maximize tolerability, it is important to start with low doses and 

titrate slowly ( Table 66.1). Patients should be given realistic expectations of the benefit likely to be 

achieved (about 50% improvement in general) and the time to achieve benefit (often 1ɬ3 months). 

Keeping a headache diary helps evaluate therapeutic response more objectively. 

1. A. Keeping a regular schedule for meals and sleep hours (including weekends), exercising 

regularly, and reducing stress are central aspects of migraine prevention. Careful attention 

to the frequency with which acute medications are used, including over -the-counter 

medications, is important to avoid medication overuse headache. If migraine headache 

frequency is greater than 1 day per week, consider starting a prophylactic medicat ion. 

2. B. Choice of preventive therapy depends on migraine frequency and severity, as well as 

patient preference and comorbidities. For patients who do not have significant migraine -

related disability or functional impairment such as missed school, work, fam ily or social 

activities, choosing a treatment with few side effects but potentially lesser efficacy is 

reasonable (e.g., magnesium or riboflavin). For those with significant migraine -related 

disability, preventive therapy is often selected based on comorbidities and patient 

preference (Table 66.1). For example, some medications have additional effects that may be 

desirable in certain cases, such as weight loss in patients with obesity or sedation in 

×ÈÛÐÌÕÛÚɯÞÐÛÏɯÐÕÚÖÔÕÐÈȭɯ1ÌËÜÊÛÐÖÕɯÐÕɯÏÌÈÙÛɯÙÈÛÌɯÞÐÛÏɯϕ-blockers may be desired in a patient 

with anxiety but undesired in an athlete. While it is appealing to use a single medication to 

address multiple conditions, avoid compromising optim al disease management by 

choosing a less effective medication purely for this reason. 

3. C. Chronic migraine, defined as 15 or more days with headache per month for 3 months or 

longer, is usually more difficult to treat than episodic migraine. Most standard 

prophylactic treatments for episodic migraine can also be tried in chronic migraine, but 

only botulinum toxin, topiramate, and calcitonin -gene-related peptide (CGRP) inhibitors 

have demonstrated efficacy in chronic migraine in randomized control trials. Rou te and 

frequency of administration of each of these treatments, as well as cost, play an important 

role in choosing therapy.  

4. D. Neuromodulation has emerged as an alternative or complement to other established 

preventive treatments. Multiple neuromodulation  therapies have been tested and may 

have a role in migraine prophylaxis, acute migraine treatment, or both (transcutaneous 

trigeminal nerve stimulation, noninvasive vagus nerve stimulation, minimally invasive 

sphenopalatine ganglion stimulation, subcutaneo us occipital nerve stimulation). However, 
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some of these devices are still undergoing clinical trials and/or are of uncertain long -term 

benefit in migraine prevention. Peripheral cranial nerve blockade and trigger point 

injections with lidocaine and/or bupi vacaine are also used for migraine prophylaxis. The 

most common targets are the greater and lesser occipital nerves. The trigeminal branches 

(auriculotemporal, supraorbital, and supratrochlear nerves) can also be blocked. 

Table 66.1 

Prophylactic Treatment for Migraine 

Medication  Dosing  Special considerations  

Nutraceuticals: 

Riboflavin  400 mg/day Well tolerated  

Magnesium 400ɬ800 mg/day May cause diarrhea 

Coenzyme Q10 100 mg tid  Well tolerated  

Melatonin  1ɬ9 mg qhs May help with insomnia  

Tricyclic Antidepressants 

Amitriptyline  25ɬ100 mg qhs Consider if sedation is desired. 

Nortriptyline  25ɬ100 mg qhs Better tolerated than amitriptyline.  



Prophylactic Treatment for Migraine 

Medication  Dosing  Special considerations  

ϕ-Blockers 

Metoprolol  50ɬ200 mg/day Avoid in athletes, asthma, and diabetes 

Propranolol  120ɬ240 mg/day  

Timolol  10ɬ15 mg/day  

Antiepileptics:  

Topiramate 50ɬ200 mg/day Teratogenic. Monitor for cognitive side effects 

and weight loss. 

Valproic acid  500ɬ1000 mg/day Teratogenic. Monitor for weight gain.  

Other Antihypertensives  

Candesartan 8ɬ32 mg/day Teratogenic. Well tolerated. 

Lisinopril  10ɬ20 mg/day Can cause dizziness 



Prophylactic Treatment for Migraine 

Medication  Dosing  Special considerations  

Other Agents: 

Onabotulinumtoxin 

A 

155ɬ195 U IM every 12 weeks Well tolerated  

Monoclonal Antibodies  

Erenumab 70ɬ140 mg SC monthly  Blocks CGRP receptor. 

Well tolerated. Can cause constipation and 

injection site reactions 

Fremanezumab 225 mg SC monthly or 675 mg 

SC quarterly 

Blocks CGRP ligand. 

Well tolerated. Can cause injection site 

reactions. 

Galcanezumab 120ɬ240 mg SC monthly  

CGRP, Calcitonin-gene-related peptide; IM, Intramuscular; SC, subcutaneous. 



 
 +&.1d3',ɯ ƚƚȭƕ Flowchart for the treatment of a patient with recurrent migraine 

headache. ACE-I/ARB, Angiotensin -converting enzyme inhibitors/angiotensin -receptor 

blockers; CGRP, calcitonin -gene-related peptide. 
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Trigeminal autonomic cephalalgias (TACs) encompass a group of primary headache disorders 

characterized by unilateral headache with ipsilateral cranial autonomic symptoms such as 

conjunctival injection, lacrim ation, nasal congestion, rhinorrhea, facial sweating, miosis, ptosis, and 

eyelid edema. A sense of restlessness or agitation is often associated with the pain. 

1. A. In some cases, it may be difficult to differentiate between TACs, particularly when the 

durat ion or frequency of the attacks is not clear. Therefore, it is reasonable to consider a 3-

week trial of indomethacin ( Table 67.1) in patients with unilateral headache associated 

with  ipsilateral cranial autonomic symptoms. Paroxysmal hemicrania and hemicrania 

continua are by definition prevented absolutely by therapeutic doses of indomethacin, in 

contrast to cluster headache and short-lasting unilateral neuralgiform headache attacks 

with conjunctival injection and tearing (SUNCT) or short -lasting unilateral neuralgiform 

headache attacks with cranial autonomic symptoms (SUNA).  

Table 67.1 

Dosing and Titration of Medications for Trigeminal Autonomic Cephalalgias 

Drug  Starting dose  Titration  Maximum dose  

Indomethacin  25 mg tid  Increase by 25 mg tid every 7 days 

(discontinue if not effective at 

maximum dose for 7 days) 

225 mg daily  

Sumatriptan  4ɬ6 mg SC Repeat dose if no response in 1 hour 12 mg in 24 hour 

Zolmitriptan  5 mg intranasal Repeat dose if no response in 1 hour Two doses in 24 

hour  

Sumatriptan  20 mg intranasal Repeat dose if no response in 1 hour Two doses in 24 

hour  
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Dosing and Titration of Medications for Trigeminal Autonomic Cephalalgias 

Drug  Starting dose  Titration  Maximum dose  

Dihydroergotamine 

(DHE) 

1 mg IM, SC or 

intranasal 

Repeat dose if no response in 1 hour 3 mg in 24 hour  

Intranasal lidocaine 4ɬ10% 1 mL Repeat once after 15 minutes  

Prednisone 60ɬ80 mg 80 ÔÎɯǺɯƙɯËÈàÚȮɯÛÏÌÕɯËÌÊÙÌÈÚÌɯÉàɯ

10 mg every 2 days 

Two to three 

courses/year 

Verapamil  80 mg tid  

(short-acting 

preferred)  

Increase by 80 mg every 10ɬ14 days 960 mg daily  

Lithium carbonate  200 mg tid  May increase to 300 mg tid after 7 

days 

300 mg tid  

Topiramate 25 mg qhs Increase by 25 mg daily every 7 days 200 mg daily  

Melatonin  5 mg qhs Increase by 3ɬ5 mg every week 20 mg daily  

Lamotrigine  25 mg daily  Increase by 25 mg q2 week 200 mg bid  

Gabapentin 100 mg tid  Increase by 100ɬ300 mg every 4ɬ5 

days 

1200 mg tid  



Dosing and Titration of Medications for Trigeminal Autonomic Cephalalgias 

Drug  Starting dose  Titration  Maximum dose  

Sodium valproate  250 mg daily  Increase by 250 mg every 7 days 2000 mg daily  

Methylergonovine  0.2 mg tid   0.6 mg daily  

Ergotamine 2 mg bid    

IM, Intramuscular; SC, subcutaneous. 

2. B. Patients that do not respond to indomethacin or cannot tolerate it may try melatonin, 

typically needed at high doses (9ɬ20 mg nightly), celecoxib, topiramate, verapamil, or 

gabapentin. These agents are usually selected based on comorbidities and patient 

preference. Greater occipital nerve blockade is an alternative to preventive oral drugs. The 

level of evidence supporting effectiveness for any of these second-line therapies is low. For 

greater occipital nerve blocks, a mixture of 2ɬ4 mL of an anesthetic (2% lidocaine or 0.5% 

bupivacaine) and 80 mg of methylprednisolone is injected unilaterally or bilaterally 1 ɬ

2 cm below the midpoint between the inion and mastoid process.  

3. C. Lamotrigine may be useful for prevention of S UNCT or SUNA. Topiramate, 

gabapentin, intravenous lidocaine, and greater occipital nerve blockade can also be used 

for these typically refractory headache syndromes. Because the headache pain with these 

conditions is so brief, abortive therapy is not pract ical. 

4. D. First-line abortive treatment for cluster headache is 100% oxygen inhaled via a 

nonrebreather face mask at a rate of 7ɬ15 L/min for 15ɬ20 min in the sitting position. 

Injectable and intranasal triptans are alternative abortive treatments for clust er attacks. 

Dihydroergotamine (DHE) given intranasally (IN), subcutaneously (SC), or 

intramuscularly (IM) can be used as an alternative to triptans if these are not effective or 

tolerated. Triptans and DHE are contraindicated in patients with coronary arte ry disease 

or stroke due to concerns about vasoconstriction. 

5. E. Transitional therapy is often needed while waiting for long -term cluster headache 

preventive treatments to begin to work, which typically takes several weeks. Prednisone 

60ɬ80 mg daily for 5 d ays followed by a 14-day taper is a common strategy. Other options 

include greater occipital nerve blockade, DHE 1 mg SC, IM, or IN daily for 1 week, or 

ergotamine 2 mg PO twice daily for 1 week.  

6. F. Verapamil is the preferred preventive drug for cluster he adache. Lithium is considered 

a second-line agent due to potential toxicity (renal, thyroid, and liver) and a narrow 

therapeutic window (target level of 0.4 ɬ0.8 mEq/L). Melatonin, topiramate, sodium 

valproate, gabapentin, or methylergonovine can be used based on patient preference and 

comorbidities. Calcitonin -gene-related peptide (CGRP) monoclonal antibodies are being 

investigated for preventive treatment of cluster. Neuromodulation can be used for acute 

and/or preventive treatment (noninvasive vagal nerve  stimulation, sphenopalatine 

ganglion stimulation, and occipital nerve stimulation). Deep brain hypothalamic 



stimulation is not recommended. Invasive destructive surgical procedures (radiofrequency 

ablation of the trigeminal ganglion, trigeminal rhizotomy,  gamma knife surgery, and 

microvascular trigeminal nerve decompression) are reserved as a last-resort therapy for 

refractory cases. 

 
 +&.1d3',ɯƚƛȭƕ Flowchart for the treatment of a patient with trigeminal autonomic 

cephalalgia. IM,  Intramuscular; SC, subcutaneous; SUNA, short-lasting unilateral 

neuralgiform headache attacks with cranial autonomic symptoms; SUNCT, short-lasting 

unilateral neuralgiform headache attacks with cranial autonomic symptoms.  
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Trigeminal neuralgia, also known as tic douloreux, manifests as recurrent attacks of abrupt, unilateral, 

severe stabbing (or electric-like) pain in the distribution of the trigeminal nerve. Typically, the 

mandibular or maxillary region is involved, with the ophthalmic region only rarely affected. Pain 

persists for seconds to 2 minutes, then resolves. Episodes may recur multiple times per day. 

Symptoms are often triggered by chewing, brushing teeth, touching the face, or eating or drinking. 

Detailed neurological examination should demonstrate no abnormalities, specifically including no 

sensory loss in the distribution of the trigem inal nerve between attacks, and normal trigeminal nerve 

motor function (e.g., muscles of mastication). If abnormalities are present on examination, an 

alternative diagnosis should be considered. Trigeminal neuralgia may be idiopathic or due to a 

compressive or demyelinating lesion; brain magnetic resonance imaging with contrast can be 

performed to exclude secondary causes. Symptomatic treatment is generally similar regardless of the 

presence of an underlying identifiable cause. 

1. A. The mainstay of treatment is carbamazepine, which is effective at controlling pain in 

about 75% of patients. A low dose should be started, with upward titration until good 

symptomatic relief is achieved. Oxcarbazepine is an alternative, and appears to have 

similar efficacy.  

2. B. Other agents that can be used in addition to or instead of carbamazepine include 

gabapentin, baclofen, and lamotrigine, though evidence for efficacy of these drugs is 

weaker. 

3. C. For refractory cases unresponsive to medical therapy or in cases where medications 

result in severe side effects, surgical procedures can be considered to relieve pain. These 

include microvascular decompression, percutaneous rhizotomy, and stereotactic 

radiosurgery (gamma knife radiosurgery). Of these, microvascular decompression is the  

only one that is not an intentionally destructive procedure. Through an incision behind the 

ear, the surgeon explores the cerebellopontine angle to identify sites of physical 

compression of the trigeminal nerve, typically caused by an adjacent vessel, and relieves 

the compression. Microvascular decompression appears to produce the most durable 

response of the surgical procedures for trigeminal neuralgia, but is also the most invasive 

procedure. Percutaneous rhizotomy is an intentionally destructive procedu re with direct 

injury (heat, chemical, or mechanical) targeted to the trigeminal nerve via a needle placed 

through the face into the gasserian ganglion. Pain relief is often accompanied by 

numbness, but it produces near immediate results. It is recommended for patients who are 

deemed poor surgical candidates or who experience recurrent pain despite microvascular 

decompression. Stereotactic radiosurgery is also a destructive procedure; in this case 

utilizing high doses of focused radiation to damage the trig eminal nerve root. It is the least 

invasive procedure, but pain relief takes weeks to months to fully develop.  



 
 +&.1d3',ɯƚƜȭƕ Flowchart for the treatment of a patient with trigeminal neuralgia.  
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Intracranial hypotension, or low cerebrospinal fluid (CSF) pressure, should be suspected in a patient 

with a positional headache that worsens within 15 minutes of st anding and improves with 

recumbency. The positional component of the headache may become less prominent or absent over 

time if the intracranial hypotension is untreated. Patients can also experience nonspecific symptoms 

such as dizziness, photophobia, blurred vision, nausea, vomiting, and neck pain and stiffness. 

Uncommonly, spinal manifestations of intracranial hypotension may appear, including 

radiculopathies, myelopathy secondary to compression by an extradural fluid collection or enlarged 

venous plexus, or bibrachial amyotrophy from a ventral extradural fluid collection. Some patients 

with intracranial hypotension have nonpositional headaches or present without headache. In these 

patients, intracranial hypotension is suggested by findings on magnetic res onance imaging (MRI). 

Classic MRI findings in intracranial hypotension include diffuse dural enhancement, subdural fluid 

collections, pituitary enlargement, brainstem sagging (such as descent of the mammillary bodies and 

narrowing of the interpeduncular fo ssa), and tonsillar descent through the foramen magnum (pseudo-

Chiari malformation). The presence of any of these findings on brain MRI should raise the possibility 

of intracranial hypotension; no one finding is consistently present in all cases. Diffuse d ural 

enhancement is the most common MRI finding, but this may disappear with prolonged intracranial 

hypotension.  

1. A. Intracranial hypotension is a common complication of lumbar puncture (LP) and can 

also complicate more invasive procedures that disrupt the dura, such as the administration 

of spinal anesthesia or spinal or sinus surgery. In cases of iatrogenic intracranial 

hypotension, further brain imaging is not necessarily required depending on the context.  

2. B. Intracranial hypotension can occur spontaneously secondary to a dural tear or fistula 

between the cerebrospinal fluid and the venous system. In a patient with clinical 

symptoms, an MRI brain with gadolinium is the preferred imaging modality to confirm 

the diagnosis. However, this can be normal in up t o 20% of patients with low CSF 

pressure. If there remains high clinical suspicion, an LP can be performed to assess the 

opening pressure taking care not to exacerbate symptoms. Low CSF pressure is defined as 

less than 6 cm H 2O; note that opening pressure must be measured in the lateral decubitus 

position. A normal opening pressure does not exclude a diagnosis of intracranial 

hypotension.  

3. C. Regardless of etiology, mild to moderate symptoms associated with intracranial 

hypotension should be treated with cons ervative measures that aim to restore CSF 

volume, including strict bed rest, oral or intravenous hydration, and high -dose caffeine 

intake. 

4. D. If symptoms persist despite conservative management, a blind epidural blood patch 

should be performed. An epidural  blood patch involves the injection of 5ɬ10 cc of 



autologous blood into the epidural space. While an epidural blood patch can result in 

immediate clinical improvement, up to 50% of patients require more than one.  

5. E. If symptoms persist despite epidural blo od patches, spinal imaging should be 

performed to attempt to identify the site of CSF leakage. Common findings on MRI spine 

with gadolinium include an extradural fluid collection or engorgement of the epidural 

veins. 

6. F. If MRI spine is normal or nondiagnos tic, computed tomography (CT) or MR myelogram 

or radioisotope cisternography should be pursued. CT and MR myelogram are preferred 

as they provide better spatial resolution.  

7. G. If the site of CSF leakage is known, a targeted epidural blood patch or epidural  

patching with fibrin glue may be performed at the corresponding level. If nonsurgical 

therapies are unsuccessful, surgical repair can be considered, which involves the 

placement of sutures or metallic clips around dural tears or leaking meningeal divertic ula. 



 
 +&.1d3',ɯƚƝȭƕ Flowchart for the treatment of a patient with suspected intracranial 

hypotension. CSF, Cerebrospinal fluid; CT, computed tomography; MRI,  magnetic resonance 

imaging.  
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Evaluation of the patient with a first seizure is focused on determining (1) the risk of recurrence and 

whether antiepileptic drug (AED) therapy is warranted to reduce this risk, and (2) whether there is 

sufficient concern for an underlying cause to warrant further specific diagnos tic testing. About 8%ɬ

10% of the population will experience a seizure in their lifetime. On average, patients with a single 

seizure have a risk of recurrence of 32% in the first year, reaching 46% over 5 years. This risk is 

substantially lower in patients with provoked seizures (e.g., following acute infection or metabolic 

derangement) and substantially higher in patients with structural brain injury or an abnormal 

electroencephalogram (EEG). Further, if there have been two unprovoked seizures occurring on 

different days (meeting the criteria for a diagnosis of epilepsy), the chance of recurrent seizures is at 

least 60%. In general, those with a risk of seizure recurrence of 60% of greater should be treated with 

an AED. 

1. A. Patients should be asked about prior known seizures and about possible previously 

unidentified subtle seizure activity, such as auras, that may immediately suggest a 

diagnosis of epilepsy. If prior seizures are confirmed or seem likely, an AED should be 

started, and magnetic resonance imaging (MRI) of the brain with contrast to identify 

structural lesions that might serve as a seizure focus and EEG should be done. The latter is 

important for estimating risk of recurrence, but also to help determine whether 

generalized or focal epilepsy is present, which affects AED choice. 

2. B. If there is an identified reversible provoking factor, the risk of seizure recurrence is 

likely to be substantially lower than otherwise, and AED therapy is generally not 

indicated. Brain imaging and EEG can be considered in select cases to help better estimate 

this risk, but are not uniformly necessary.  

3. C. Nocturnal seizure (occurring from sleep), history of prior brain injury including stroke, 

severe traumatic brain injury, or central nervous system infection, and neuro logic 

examination findings consistent with focal cortical injury (e.g., as seen in cerebral palsy or 

prior stroke) are all associated with an increased risk of seizure recurrence. Epileptiform 

activity is seen on EEG in approximately 30% of patients with epilepsy and approximately 

doubles the chance of seizure recurrence. Note that a normal EEG does not exclude the 

diagnosis of epilepsy. Brain MRI has a higher yield than computed tomography (CT) and 

should be obtained, most often as an outpatient. A structural abnormality felt to constitute 

a seizure focus is found in ~ 10% of patients with an unprovoked  first seizure, and 

increases recurrence risk by ~ 2.5-fold. Other testing, such as toxicology screen, and 

analysis of electrolytes and cerebrospinal fluid may be useful in the appropriate setting, 

although these are not universally needed. In cases where the diagnosis of seizure is 



uncertain, an elevated lactic acid level and anion gap may help to distinguish seizures 

from syncopal or psychogenic events, but has not been shown to predict the chance of 

seizure recurrence. 

4. D. Patients with an increased risk of recurrence are typically treated with an AED. 

However, the decision to treat or not should be based on an individual assessment. 

Patients with a prolonged aura, or without loss of consciousness, may opt not to treat even 

in the setting of a high probabi lity of recurrence; other patients may have experienced 

multiple events of uncertain etiology, where seizure is not clearly proven, and may prefer 

to confirm the diagnosis prior to treatment. Conversely, patients with high -stress jobs, a 

need to resume driving as soon as possible, or whose single seizure episode included a 

cluster of generalized convulsions may opt to treat even in the absence of a clear epilepsy 

diagnosis. 

5. E. The benefits of starting AED treatment presumptively after a first seizure in a 

potentially lower -risk patient include decreasing the chance of recurrence within the first 

two years by ~ 35%, possible earlier return of driving privileges, possible decreased 

severity of future seizures, and peace of mind. However, early AED treatment, a s 

compared to waiting, does not affect quality of life, and is not believed to affect the long-

term prognosis for seizure recurrence. Any benefits should be weighed against medication 

side effects, pregnancy concerns, convenience, and cost. In general, AED therapy is not 

started in this scenario. 



 
 +&.1d3',ɯƛƔȭƕ Flowchart for the treatment of a patient with first seizure. CT, Computed 

tomography; EEG, electroencephalogram; MRI,  magnetic resonance imaging.  
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