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Abstract

Neurologic complications of cancer are common and are frequently life-threatening events.
Certain neurologic emergencies occur more frequently in the cancer population, specifically
elevated intracranial pressure, epidural cord compression, status epilepticus, ischemic and
hemorrhagic stroke, central nervous system infection, and treatment associated neurologic
dysfunction. These emergencies require early diagnosis and prompt treatment to ensure the best
possible outcome and are best managed in the intensive care unit. This article reviews the
presentation, pathophysiology, and management of the most common causes of acute neurologic
decompensation in the patient with cancer.
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Introduction

Cancer is the second leading cause of death in the United States; yet patients with cancer are
living longer with the disease. With increasing life expectancy, neurologic complications of
cancer are becoming increasingly prevalent.

Neuro-oncology as a specialty, focuses on the treatment of primary malignancies of the
central nervous system, and also deals with the neurologic complications of cancer, which
occur in approximately 15% of cancer patients over the course of treatment.> Neurologic
complications of primary brain tumors and systemic cancer are serious, and frequently result
in hospital admission. In one retrospective review, neurologic complications accounted for
50% of admissions to a solid tumor service at a tertiary care center.2 These complications
result in significant morbidity and may be life-threatening emergencies that require urgent
intervention, intensive monitoring, respiratory support due to depressed mental status, and
management of systemic complications such as pulmonary embolus, myocardial infarction,
pneumonia, and sepsis.

The neurologic emergencies that occur as a complication of cancer are diverse and are
outlined in Table 1. When left untreated, these conditions result in irreversible injury; hence,
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early diagnosis and intervention is critical. This article discuses the clinical presentation and
both, available and emerging treatment options.

Elevated Intracranial Pressure

In patients with cancer, a frequent neurologic emergency is the development of elevated
intracranial pressure (ICP). When it is not appropriately managed, elevated ICP rapidly
results in irreversible neurologic deficits and death.

The pathophysiology of increased ICP can be understood by the Monro-Kellie Doctrine—a
cornerstone of neurologic intensive care. The volume of the cranial vault ranges from 1400
to 1700 cc, of which the brain constitutes approximately 80% of that volume, and CSF and
blood, each constitute another 10%.3 Since the cranium is rigid and has a fixed volume, the
Monro-Kellie Doctrine states that an increase in the volume occupied by brain, CSF, or
blood, results in a decrease in one or both of the other components, or the system's ability to
compensate fails giving rise to an increase in ICP.4

Cerebral perfusion pressure is equal to the difference between the mean arterial pressure and
intracranial pressure; hence, elevated ICP if left untreated results in cerebral ischemia.® A
rise in ICP also places patients at risk for herniation since it leads to the development of a
pressure gradient, which the brain attempts to normalize by shifting the contents of one
compartment into the adjacent, lower pressure, compartment.

There are many etiologies of increased ICP in patients with cancer. Primary and metastatic
brain tumors exert mass effect because the neoplasm occupies space, but also because the
tumor increases vascular permeability causing vasogenic edema. Tumors can also increase
intracranial pressure during the first 3 to 6 months after radiotherapy, as a consequence of a
robust inflammatory reaction that disrupts the blood brain barrier and results in new areas of
contrast enhancement and edema. This complication of radiotherapy is known as
pseudoprogression and is virtually indistinguishable from tumor progression.
Pseudoprogression may be differentiated from true tumor progression by observing the
enhancing abnormality over time—in pseudoprogression, the enhancement should stabilize
or spontaneously decrease.” A similar treatment effect that results in a mass-like area of
contrast enhancement that mimics tumor progression, occurs from 6 months to 2 years after
radiation and is known as radiation necrosis (shown in figure 1). Radiation necrosis can
occur following fractionated radiotherapy or after stereotactic radiosurgery and is thought to
be due to vascular damage, which induces tissue hypoxia. Similar to pseudoprogression, it
causes disruption of the blood-brain barrier, which may result in significant vasogenic
edema.® As the name implies, biopsy of an enhancing abnormality caused by radiation
necrosis, reveals bland necrosis rather than viable tumor cells (figure 2). Differentiating
between tumor and treatment effects is an important diagnostic dilemma in neuro-oncology.
It may be aided by advanced imaging techniques such as FDG-PET and MRI perfusion
imaging (figure 1D); however, these imaging modalities have not been studied prospectively
and are not standard of care.?
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Increased ICP may also occur as a consequence of cytotoxic edema, which is an
accumulation of fluid in the intracellular space that occurs due to status epilepticus,
meningoencephalitis, hyperammonemia, and stroke. Another cause of increased ICP is
decreased CSF outflow, which is seen in patients with an obstruction of the ventricular
system and in patients with decreased CSF absorption. Finally, hemorrhage into the cranial
vault will also create mass effect and also increases intracranial pressure.

Headache is the most common symptom of elevated intracranial pressure. The traditional
teaching is that the headache that occurs in the setting of elevated ICP is more prominent in
the morning as a result of nocturnal hypercarbia, which causes vasodilation, and supine
posture. However, Forsyth and Posner found that the classic morning headache is actually
uncommon and only present in 17% of patients.1% Another characteristic of the headache
that is attributable to ICP is plateau wave phenomena. Plateau waves are sudden increases in
ICP from the normal range (< 15 mmHg) to 50-100 mmHg;1! they are transient, last for
5-20 minutes, and can occur spontaneously or can be precipitated by coughing, pain, and
changes in position from lying to sitting or sitting to standing.12 With this sudden elevation
in intracranial pressure, individuals not only develop headaches but also transient neurologic
deficits, such as depressed arousal or focal deficits. Hence, plateau waves are frequently
misattributed to orthostasis.

Other symptoms of increased ICP include nausea, vomiting, and diplopia from abducens
(CN VI) nerve palsies. The abducens nerve follows a long tortuous course from the pons to
the lateral rectus; increased intracranial pressure causes downward displacement of the
brainstem resulting in dysfunction of the nerve as it is stretched.13 When it occurs, the
abducens nerve palsy falsely localizes to the pontomedullary junction, as the true etiology of
the deficit is a mass causing increased ICP that resides elsewhere. Besides deforming the
brainstem, elevated intracranial pressure is transmitted to the optic nerve, giving rise to optic
disc swelling (papilledema) and loss of venous pulsations. For this reason, an
ophthalmologic exam is a crucial component of the evaluation of a patient suspected of
having high ICP.

An end-stage manifestation of elevated intracranial pressure is the Cushing's reflex, which is
caused by brainstem compression, brainstem stretch or a combination of both. The Cushing's
reflex is the triad of hypertension, bradycardia, and irregular breathing; it suggests
developing cerebral ischemia, imminent herniation, and the need to act promptly.1415

Brain Herniation

Brain herniation occurs when a pressure gradient causes cerebral structures to enter adjacent
compartments (figure 3). Uncal herniation develops when a hemispheric lesion pushes the
uncus of the temporal lobe (the hippocampal gyrus) into the posterior fossa, resulting in
compression of the midbrain and the ipsilateral oculomotor nerve (CN 111).16 A third nerve
palsy causes: (1) the affected eye to be depressed and abducted (“down and out™), (2)
ipsilateral ptosis from denervation of the levator palpebrae superioris, and (3) mydriasis
from unopposed sympathetic activation, resulting in a dilated pupil, also called a “blown
pupil.” A “blown pupil” may occur prior to the oculomotor deficits of a third nerve palsy,
since the parasympathetic fibers run along the outside of the nerve and are therefore, the first
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to be affected. Uncal herniation may compress the posterior communicating arteries as they
pass the tentorium, resulting in occipital lobe strokes. It may also cause hemiparesis, which
is ipsilateral to the supratentorial lesion that is causing the uncal herniation. This is known as
Kernohan's notch phenomenon, and it occurs as a result of displacement of the midbrain by
the uncus and compression of the contralateral cerebral peduncle against the tentorium
cerebelli. 1718

The brain can herniate downward onto the brainstem. When this occurs the reticular
activating system and other vital brainstem functions may be affected, either through direct
compression or compression and stretching of the small penetrating arteries of the pons
leading to a catastrophic hemorrhage.1® A hemorrhage that is isolated to the ventral pons,
which spares the reticular activating system, causes a devastating neurologic syndrome,
known as the locked-in syndrome. It manifests as quadriplegia and cranial nerve paralysis
with preserved consciousness. In classic locked-in syndrome, first described in 1966 by
Plum and Posner, the only volitional movements that remain are upgaze and upper eyelid
movements.20.21

Depending on the location and size, a supratentorial lesion may also cause the cingulate
gyrus to herniate under the falx cerebri. This is known as subfalcine herniation and it results
in compression and infarction of the territory supplied by the ipsilateral anterior
communicating artery.1” Clinically, patients experience contralateral leg weakness and
bladder incontinence when there is dysfunction of the bilateral medial frontal micturition
centers.22 Additionally, large infratentorial (posterior fossa) mass lesions may result in
upward herniation of the vermis into the brainstem, dorsal compression of the pons, and
downward herniation of the cerebellar tonsils into the foramen magnum; neurologic deficits
may be further compounded by the development of hydrocephalus (figure 4).23

Patients with elevated ICP, who are developing herniation, are frequently stuporous and so
the management of these patients begins with securing the airway. In a patient with elevated
intracranial pressure, sedation lowers intracranial pressure at the expense of the neurologic
exam, which is critical in the management of these patients. Sedation in these patients is
therefore a fine balance between controlling ICP and keeping the patient sufficiently awake
so that frequent neurochecks can be performed to evaluate for further neurologic
deterioration.

Dexamethasone, a corticosteroid with minimal mineralocorticoid activity, is effective at
reducing vasogenic edema regardless of the cause (tumor or treatment effect); hence, it is the
first line treatment in a patient with a mass lesion who presents with elevated ICP. In patients
with a mass lesion with significant vasogenic edema, a typical regimen is a loading dose of
dexamethasone 10 to 20 mg followed by a maintenance dose of 8 to 16 mg per day.24 While
the total daily dose is frequently divided into four doses, given every 6 hours, because of its
long half life, it is also appropriate to dose dexamethasone every 12 hours.! Unlike patients
with vasogenic edema, steroids play no role in the management of patients with herniation
due to cytotoxic edema.
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In combination with steroids, osmotherapy is the main medical treatment for elevated
intracranial pressure. Osmotherapy is typically reserved until the time of herniation as a
stopgap measure that bridges patients until the elevated intracranial pressure resolves or until
it can be treated definitively. It can be used to rapidly reverse active herniation due to
vasogenic edema, in combination with steroids, and is often used to treat elevated ICP due to
cytotoxic edema though its effectiveness is less clear in this setting. Hypertonic saline and
mannitol are the two agents that are used to create an osmotic gradient across the blood
brain barrier to shift fluid out of the brain. These two agents each have their merits and are
used interchangeably, though in transtentorial herniation, there is some evidence that 23.4%
hypertonic saline is particularly effective.16

Osmotherapy only serves as a stopgap as most processes that cause imminent herniation fail
to spontaneously resolve before osmotherapy loses its effectiveness. Neither mannitol nor
hypertonic saline can be continued indefinitely as the brain develops idiogenic osmoles
which draws water back into the brain, and these agents cause dose limiting metabolic
derangements and other toxicities.?®

The only other non-surgical interventions are head elevation and hyperventilation to a pCO2
of 26-30 mm Hg.> These interventions are primarily useful in the hyperacute setting, prior to
the initiation of osmotherapy. Hyperventilation decreases ICP by causing vasoconstriction
and decreasing cerebral blood volume. Hence, there is a theoretical risk of ischemia with
prolonged hyperventilation, which may account for the worse outcome identified by one
study that looked at patients with traumatic brain injury who were maintained on
hyperventilation.26

In terms of definitive therapy, only selected patients are suitable neurosurgical candidates.
Not all patients with a primary or secondary malignancy of the brain will benefit from
surgery due to the burden of disease or location of the lesion. Moreover, only certain masses
should be resected—for instance, masses due to lymphoma and tumefactive MS should be
managed medically. Lymphoma is exquisitely sensitive to steroids, chemotherapy and
radiation, and tumefactive MS responds to immunomodulation. Pseudoprogression and
radiation necrosis are also managed medically with the exception of particularly robust and
refractory cases, which are infrequently surgically resected.2’ As previously discussed, it can
be difficult to distinguish between pseudoprogression and true tumor progression; likewise,
it can be challenging to distinguish between a solid tumor that would benefit from resection,
and lymphoma or tumefactive multiple sclerosis. Lymphoma typically gives rise to
homogenously enhancing, supratentorial lesions that are frequently subependymal, but can
occur in the deep gray matter.28 Tumefactive multiple sclerosis typically produces enhancing
lesions that form an incomplete ring and have less edema than mass lesions.28 These
imaging characteristics are non-specific and a brain biopsy is often needed to make a
definitive diagnosis.

In selected patients with large contrast enhancing tumors with significant vasogenic edema,
who are appropriate candidates for further treatment, bevacizumab may temper early
herniation. Unlike steroids, which may reduce vasogenic edema within hours and has a
maximal effect at 3-6 days, bevacizumab improves edema over days to weeks and is
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therefore, of little value in the acute management of a patient that is actively herniating.
Bevacizumab is a monoclonal antibody that inhibits angiogenesis by blocking the activity of
vascular endothelial growth factor (VEGF). Due to its profound effects on vasculature, it is
effective at reducing edema and counteracting the inflammatory effects of
pseudoprogression and the vasculopathy of radiation necrosis.2%-32 It may permit some
patients with large contrast enhancing lesions and significant edema, who have been
stabilized on steroids, to be weaned off the steroids, and for this reason, it can be considered
a steroid-sparing agent.24:33

Hydrocephalus

Hydrocephalus is a common complication of metastatic cancer. There are two types,
communicating and non-communicating hydrocephalus.

Communicating hydrocephalus is due to impaired CSF absorption, and in the cancer
population, the most common cause is leptomeningeal carcinomatosis. Patients with
leptomeningeal carcinomatosis develop hydrocephalus and then present with signs and
symptoms of increased ICP. When the process is sufficiently indolent, the ventricles may
enlarge without increasing the opening pressure.3* This latter group develops symptoms of
normal pressure hydrocephalus, i.e. apraxic gait, incontinence, and progressive confusion.!
Other signs and symptoms of leptomeningeal carcinomatosis that co-occur with
hydrocephalus, which help to make the diagnosis, include cranial nerve palsies,
radiculopathy, nuchal rigidity, and cortical deficits,35:36

The evaluation of communicating hydrocephalus includes imaging of the entire neuroaxis to
look for radiographic evidence of leptomeningeal disease and a lumbar puncture. The
purpose of the lumbar puncture is two fold: to sample the CSF for malignancy and to
determine whether decompression of the ventricular system palliates the symptoms of
hydrocephalus. While an improvement in neurologic symptoms following a high volume
CSF drainage suggests that the patient will benefit from a ventriculoperitoneal shunt,
patients with large ventricles, with the right clinical phenotype, may benefit from a
ventriculoperitoneal shunt in spite of a negative tap test.34

Placing a ventriculoperitoneal shunt in patients with leptomeningeal disease may be
followed by radiation to symptomatic areas, treatment with systemic chemotherapy with
good blood-brain barrier penetration, and potentially intrathecal chemotherapy in patients
who do not have bulky leptomeningeal disease and without significant hydrocephalus.3®
Intrathecal chemotherapy may not be appropriate in a patient with overt hydrocephalus
because it is a risk factor for the development of a necrotizing leukoencephalopathy.3’

Following shunt placement, patients may again develop signs and symptoms of
hydrocephalus; when this occurs, consideration should include overdrainage causing
subdural hematomas, infection, and shunt malfunction. Shunt failure can be difficult to
diagnose, and rapidly fatal if the problem is not corrected. It can occur because of
discontinuities or Kinks in the tubing, and because shunts become obstructed, particularly
when there is an increase in proteinaceous material in the CSF due to leptomeningeal
disease. If the shunt was placed to relieve elevated intracranial pressure from communicating
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hydrocephalus, a lumbar puncture can be helpful in diagnosing a malfunction as the opening
pressure of a lumbar puncture should match the pressure setting of a properly functioning
shunt.

Non-communicating or obstructive hydrocephalus occurs when a structural lesion obstructs
the ventricular system and is a cause of rapid neurologic deterioration. An intraventricular
tumor, such as a pineal region tumor will block the third ventricle resulting in dilatation of
the bilateral lateral ventricles and downward herniation; alternatively, a hemispheric lesion
can entrap a lateral ventricle, resulting in dilatation of that ventricle and uncal herniation.
Another catastrophic event is when the fourth ventricle is closed off by an enlarging
posterior fossa mass; this results in the situation shown in figure 4C and D.

In patients with non-communicating hydrocephalus, a lumbar puncture would not relieve the
accumulation of CSF and is potentially unsafe as it could result in herniation and death.
Signs that a lumbar puncture is unsafe are the presence of a lateral shift of midline structures
and loss of the suprachiasmatic and perimesencephalic cisterns. A large posterior fossa mass
is also a relative contraindication to lumbar puncture.® For this reason, there is no
intermediate step in the management of non-communicating hydrocephalus prior to
diversion of fluid via VP shunt or third ventriculostomy, or definitive treatment of the
obstructing lesion.

Cord Compression

Spinal cord compression from an epidural metastasis is a common neurologic complication
of cancer (occurring in 5-10% of patients). It represents a neuro-oncological emergency
because favorable neurologic outcome is contingent on early recognition and management.
Cord compression in solid tumors most commonly arises from epidural extension of a
vertebral metastasis (~75% of cases), though vertebral collapse from tumor infiltration may
compress the cord (~20% of cases) and rarely intrathecal deposits may develop.38 Epidural
spinal cord compression most frequently involves the thoracic spinal cord (~70% of cases),
but can occur anywhere along the length of the cord, down to L1 where the cord terminates
at the conus medullaris.3%49 Beyond L1, high-grade epidural disease causes a cauda equina
syndrome due to compression of the nerve roots as they travel past the conus medullaris and
is managed similarly.

Because of its high prevalence and the close proximity of the lungs to the vertebral column
permitting local extension, lung cancer is the most common etiology; however, epidural
spinal cord compression also occurs commonly in breast, prostate, renal cell, and colorectal
cancer.3% Hematologic malignancies such as non-Hodgkin lymphoma also cause epidural
spinal cord compression, occasionally as the first presentation, but often without bony
involvement 41

Since spinal cord compression primarily develops from vertebral metastases, the presenting
symptom is commonly bony pain at the site of the deposit. Bony pain from a vertebral
metastasis, also known as biologic pain, can be distinguished from arthritic pain because it
classically awakens the patient from sleep as endogenous steroid production nadirs during

J Intensive Care Med. Author manuscript; available in PMC 2017 June 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lin and Avila

Page 8

the night, unlike mechanical pain from arthritic changes which is typically exacerbated by
activity.39

As vertebral metastases enlarge, in addition to extending dorsally, they can also extend
laterally, compressing nerve roots as they are exiting through the neural foramina, causing
radicular pain. Radicular pain follows a dermatomal pattern; hence, radicular pain in the
trunk causes a band like pain in contrast to radicular pain from a lumbosacral metastasis,
which causes an electrical pain that typically radiates down the leg. Another source of
discomfort is Lhermitte's sign, which is an electrical sensation that runs down the spine to
the arms and the leg that occurs following neck flexion. This phenomenon is due to irritation
or compression of the dorsal columns, typically at the cervical spine but also at the upper
portion of the thoracic spine.*2

Lhermitte's sign suggests cord dysfunction as does weakness, loss of sensation below the
level of the lesion, and bladder or bowel dysfunction. These findings indicate that cord
compression has begun and urgent intervention is necessary. A lesion above T1 affecting the
corticospinal tract or the anterior horn of the spinal cord will cause upper and lower
extremity weakness that is typically bilateral though it may be asymmetric. Any lesion
affecting those same structures below T1 will only cause lower extremity weakness. A
sensory level suggests a localization within the spinal cord, but can be unreliable. The cord
compression may be above that level and there may be other sites of disease, and for that
reason a MRI of the total spine is indicated.4? While a CT of the spine may identify a culprit
lesion, MRI of the spinal cord provides significantly more information, such as cord edema
and ischemia, which is important in management. At the time of presentation, patients may
exhibit spinal shock resulting in decreased tone and hyporeflexia; over time, compression of
the spinal cord, specifically of the corticospinal tracts, gives rise to upper motor neuron
signs, such as increased tone, spasticity, and pathologic reflexes—for example, presence of
the Babinski sign (extensor toes).

When cord compression occurs at the high cervical cord, a relatively rare occurrence,
respiratory compromise results. Both cervical and high thoracic spinal cord compression can
cause autonomic dysreflexia, which manifests as bradycardia, extreme hypertension,43
strokes and myocardial infarction. Autonomic dysreflexia can be triggered by constipation
or an excessively full bladder, and so these triggers should be recognized and addressed
preemptively.

At the time of recognition, treatment should be initiated with a bolus of dexamethasone. The
appropriate dose of dexamethasone has been long debated and has not been settled. The
typical range that is administered varies from 10-100 mg. One small study enrolled 37
patients to dexamethasone boluses of 10 or 100 mg, and in their small population, they
found no difference in outcome in patients that received the lower dose in terms of pain,
ambulation or bladder function; however, they did identify more side effects in the high-dose
group.** While this suggests that most patients should receive a dexamethasone bolus of 10
to 16 mg at the time of presentation with cord compression, it may still be reasonable to treat
highly symptomatic patients with dexamethasone 100 mg. Following the initial bolus,
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dexamethasone 4 mg every 6 hours or 8 mg every 12 hours are the typical maintenance
dosing schedules.

The NOMS criteria was developed at Memorial Sloan Kettering Cancer Center (MSKCC) to
provide a decision making framework for the management of metastatic spine disease.
NOMS is an acronym and pneumonic device, which allows the evaluator to remember the
four assessments by which spinal metastases should be evaluated: Neurologic, Oncologic,
Mechanical instability, and Systemic disease. The neurologic assessment is based on the
clinical presentation and the radiologic features of the epidural disease. In a randomized
clinical trial, patients with radiologically proven cord compression, neurologic symptoms,
and less than 48 hours of paraplegia, were more likely to retain the ability to walk and had
improved pain control when treated with surgery followed by radiation compared to
radiation alone.*® Based on this trial, high-grade metastatic epidural spinal cord compression
is an indication for surgical decompression in patients with disease restricted to a single area
and an expected life expectancy of at least 3 months. It is now known that surgery can be
avoided in patients with highly radiosensitive/chemosensitive tumors causing high-grade
epidural spinal cord compression, and for this reason, an oncologic assessment is required.
Tumors that are commonly considered radiosensitive are lymphoma, seminoma, myeloma,
breast, prostate, ovarian and neuroendocrine carcinomas. In these tumors, external beam
radiation therapy can frequently reverse neurologic deficits. Radioresistant tumors include
renal, thyroid, hepatocellular, colon, non-small cell lung carcinomas, sarcoma, and
melanoma; however, even these metastases can be treated with highly conformal image-
guided external beam radiotherapy in the absence of high-grade epidural spinal cord
compression. Mechanical instability is another indication for surgical stabilization by
consensus opinion.*® The final assessment in deciding the most appropriate treatment is an
evaluation of the extent of systemic disease, as a patient with widely metastatic disease may
not be a good candidate for an aggressive surgery.

Whether or not patients receive surgery, palliative radiation is indicated in individuals with
epidural spinal cord compression with controlled systemic disease. The dose administered is
a tradeoff between tumor control and neurotoxicity to the adjacent spinal cord. Early
transient radiation-induced myelopathy occurs 2-6 months after treatment and is thought to
occur due to demyelination of the dorsal columns, hence it is associated with Lhermitte's
sign; in these patients, the MRI is usually unrevealing.3° Late radiation myelopathy occurs
over a year after RT, and is sometimes (though not always) associated with MRI changes and
frequently results in painless, progressive paraparesis, sensory loss, and loss of bladder and
bowel function and so it is on the differential when patients represent with lower extremity
weakness. 39

Status epilepticus

Seizures are highly prevalent in patients with primary and secondary brain tumors. Patients
with brain tumors frequently develop symptomatic epilepsy due to cortical irritability
resulting from the structural abnormality. Nevertheless, a subset of patients with brain
tumors never have a seizure and so prophylaxis with anti-epileptic drugs is not
recommended.4” When seizures occur, they start as partial seizures that may or may not
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secondarily generalize. Low-grade gliomas are more epileptogenic than glioblastoma with
an incidence of 60-85%, compared to 30-60% in the latter group.*8 In patients with brain
metastases, the incidence ranges from 20-35%.49

Most seizures are short and self-limited. They become a neurologic emergency when the
seizure evolves into status epilepticus. It has been suggested that cortical injury occurs after
20 to 30 minutes of seizure activity. Using that as a benchmark, it has been suggested that
status epilepticus should be defined as a single continuous seizure that exceeds anywhere
from 5 to 30 minutes.> In practicality, patients should be treated as though they are in status
epilepticus when a seizure lasts longer than 5 minutes or two or more seizures occur without
a return to baseline in between events.

Seizures can be non-convulsive. In this situation, status epilepticus may be a challenging
diagnosis to make, as the clinical manifestations are subtle, by definition. For this reason, an
EEG is often indicated in the evaluation of a patient that does not return to baseline after a
seizure and in the evaluation of altered mental status. Non-convulsive status epilepticus
frequently starts with a convulsive seizure, though this is not always the case. Following the
initial convulsion, patients may appear to be in a post-ictal state, but in actuality, they are
continuing to have seizures.>® On closer inspection, these patients may demonstrate subtle
signs of further seizure activity such as eye deviation away from the seizure focus or subtle
motor manifestation, such as face or hand twitching.

Seizures occur in patients with cancer: (1) as a neurologic complication of treatment, (2) as a
complication of metabolic derangement caused by cancer, (3) due to paraneoplastic limbic
encephalitis, and (4) as a result of meningoencephalitis.

Posterior reversible encephalopathy syndrome (PRES) is a common treatment related cause
of seizures. In addition to seizure, PRES causes altered mental status, headache, and cortical
blindness. It is associated with the following therapies: bevacizumab, sorafenib,
cyclophosphamide, I-asparaginase, cisplatin, and gemcitabine; immunosuppressants such as
tacrolimus and high-dose corticosteroids; and occurs as a consequence of uncontrolled
hypertension resulting in auto-regulatory failure.152 Seizures may be triggered by
medications that lower the seizure threshold, such as the antibiotics: meropenem, imipenem,
cefepime, and ciprofloxacin; pain medications such as tramadol; and anti-depressants like
bupropion.

The electrolyte abnormalities that place cancer patients at risk for seizure are the same as for
the general population. They are hyponatremia, hypernatremia, hypocalcemia, and
hypomagnesemia. These electrolyte abnormalities typically cause generalized tonic-clonic
seizures, although partial seizures can also occur.>3 Paraneoplastic antibodies that cause
seizures by inducing a limbic encephalitis, include anti-Hu, anti-voltage gated potassium
channels, anti-GABA receptor, and anti-NMDA receptor antibodies. Removal of these auto-
antibodies with IVIG and plasmapheresis can potentially treat the encephalitis.>* In addition
to seizures, limbic encephalitis manifests with altered mental status, and on MR, it
frequently results in T2 hyperintensity of the bilateral temporal lobes.
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The management algorithm at MSKCC (figure 5) for a patient that presents with a
convulsive seizure that lasts longer than five minutes begins with lorazepam 4 mg 1V push,
since benzodiazepines are the most effective drug at terminating status epilepticus.®® If the
seizure does not terminate after 5 minutes, then another 4 mg of lorazepam should be
administered. In a patient in whom IV access cannot be obtained, IIM midazolam is an option
as it appears to be as effective for controlling seizures, with a safety profile that is similar to
IV lorazepam when studied prospectively in the prehospital setting.>®

For decades, phenytoin has been the anti-epileptic drug of choice for treating status
epilepticus. While there are no randomized trials establishing its superiority over other anti-
epileptic drugs, phenytoin has the most literature supporting its effectiveness. For that
reason, it is still the most frequently used second line agent after benzodiazepines have
failed.5’ It is loaded at a dose of 15-20 mg/kg with a goal level of 20 mcg/ml (after
correcting for hypoalbuminemia). When phenytoin is given in its 1V form, it should be
infused slowly (no faster than 50 mg/min) because it has the potential to cause hypotension
and serious skin reactions. Fosphenytoin is a water-soluble phosphate ester prodrug that is
converted to phenytoin within the body.?® It can be infused rapidly with fewer complications
than phenytoin; however, hypotension and arrhythmia can still occur with fast infusions at
high doses, so patients should be on telemetry and vitals should be checked frequently
during administration and for at least twenty minute afterwards.

If phenytoin fails to control the seizure, several medications can be considered as third-line
agents: specifically phenobarbital, valproic acid, lacosamide, and levetiracetam.>9
Frequently, patients in status epilepticus have lost their ability to protect their airway, are
hypercarbic prior to consideration of a third line agent, and require intubation. Patients that
are intubated can be placed on propofol or midazolam infusions, which is very effective at
suppressing seizures. The rate should be titrated to the absence of seizure on video EEG and
a burst suppression pattern in refractory cases.

In non-convulsive status, the management is similar. These patients are often intubated and
propofol or midazolam is often titrated to the cessation of seizure activity; however, the
treatment of these patients cannot be presented in an algorithm. There is still no data that
aggressive treatment of non-convulsive seizures improves clinical outcomes; nevertheless,
this is often done, unless the patient is only minimally symptomatic. When patients are
minimally symptomatic, such as a patient in focal motor status (epilepsia partialis continua)
the risk benefit ratio does not justify heavily sedating these patients to the point that they
require mechanical ventilation.

In the general population, medication non-compliance is the most common cause of status
epilepticus. While medication non-compliance is also a problem in the cancer population,
there is a higher pretest probability that there is an underlying process causing the
development of the refractory seizures, which needs to be identified and treated. For that
reason, patients with cancer need an evaluation to look for a structural lesion, whether it is
growth of a known brain tumor, a hemorrhage at the site of the tumor, worsening edema, or
radiation necrosis. They also require an infectious work-up which may or may not include a
lumbar puncture. In the case of seizures occurring in the setting of an enlarging tumor,
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worsening edema, or radiation necrosis, the administration of dexamethasone may be highly
effective at improving seizure control.50

Stroke

Ischemic Stroke

Cancer causes hypercoagulability as it is an inflammatory state. Furthermore, certain tumors
secrete procoagulant substances, and for these reasons, patients with cancer are at
particularly high risk for ischemic stroke. A retrospective review at MSKCC found that
adenocarcinomas, in particular, increase the risk, and that stroke was a risk factor for
recurrent thromboembolic events (stroke, M, and PE).%1 Mechanisms by which many of
these patients develop strokes based on autopsy studies include nonbacterial thrombotic
endocarditis and disseminated intravascular coagulation.52 Patients with cancer are also at
risk from stroke from the direct and indirect effects of chemotherapy and targeted
treatments. Certain therapeutics are pro-thrombotic, such as bevacizumab, sunitinib,
sorafenib, and cisplatin.>2 Chemotherapy also promotes the development of stroke by
compromising the immune system; thereby permitting the development of bacterial
endocarditis, sepsis, and varicella zoster virus vasculopathy. Radiation to the head and neck,
itself, increases the risk of TIA and ischemic stroke by at least two-fold with a median time
to stroke of around 10 years. It does this by damaging the medium and large intra- and extra-
cranial arteries and causing accelerated atherosclerosis.®3 Other, rarer causes of stroke
unique to the cancer population are tumor emboli from a cardiac metastasis, arterial
occlusion by tumor, and PRES.

The management of stroke in the cancer population is similar to the management in the
general population with certain nuances that will be discussed here. In the acute setting
(within 4.5 hours of developing symptoms), patients with cancer should still be considered
for intravenous tissue plasminogen activator (IV tPA). While a brain tumor was not an
exclusion criterion for IV tPA in the original NINDS trial, the presence of an intracranial
neoplasm has been added to the package insert as a contraindication.54 As there is a paucity
of data, IV tPA may still be considered in patients with a non-vascular intracranial neoplasm,
such as a meningioma or a vestibular schwannoma, after weighing the risk and benefits.55

Unfortunately, patients with cancer, even when they do not have brain tumors, often have
other contraindications to IV TPA such as thrombocytopenia or recent major surgery. In
2014, the Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute
Ischemic Stroke in the Netherlands (the MR CLEAN trial) provided the first evidence that
mechanical thrombectomy with the new stent retriever devices improves outcomes, when the
intervention is performed within the first six hours.5¢ Since then, six additional trials have
reported a similar benefit.57-70 Thrombectomy is not yet standard of care, but the data has
matured and now there is strong evidence supporting its use. Therefore, patients with clinical
evidence of a large acute stroke suggesting an accessible proximal clot should be evaluated
for thrombectomy with a CT angiogram (CTA), MR angiogram (MRA), or catheter
angiogram, as an adjunct to IV tPA and when IV tPA is contraindicated.
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Even if patients do not have clinical evidence of a full MCA syndrome, a CTA or MRA may
still be indicated because a proximal clot may be present and merely obscured by collateral
circulation. Thrombectomy should be considered in patients who develop basilar artery
occlusion even after 6 hours have elapsed from the last known normal, as the brainstem may
be more resistant to ischemia, and strokes in this vascular distribution are particularly
devastating.’!

Intraparachymal Brain Hemorrhage

Intraparenchymal brain hemorrhage (IPH), like ischemic strokes, occur more frequently in
the cancer population because chemotherapy and hematologic malignancies give rise to
thrombocytopenia and coagulopathy, medications like bevacizumab predispose to
hemorrhage, radiation vasculopathy can cause a moyamoya syndrome,’2 and brain tumors
spontaneously bleed. Among primary brain tumors, oligodendroglioma is the tumor type
that is most prone to hemorrhage; among brain metastases, choriocarcinoma, melanoma,
lung, papillary thyroid, and renal cell cancer are the primary tumor types that are most
hemorrhagic.”3

Acute promyelocytic leukemia (APL) is a hematologic malignancy that requires special
mention as it accounts for a disproportionate number of IPH due to its ability to cause
disseminated intravascular coagulation. APL is a highly curable disease with a cure rate that
now exceeds 80%. Unfortunately, coagulopathy is present in 70-80% of these patients at the
time of disease diagnosis. With improvement in supportive treatment, the incidence of IPH
has dropped but it still occurs with relative regularity in cancer hospitals.’#

The management of IPH in patients with cancer is similar to the management in the non-
cancer population. It is important to correct coagulopathy and thrombocytopenia as soon as
possible, and to lower blood pressure when the patient is hypertensive. A platelet goal of
100,000/microliter is typically chosen, but this may be very challenging to maintain because
cancer patients frequently have a consumptive process and are frequently unable to produce
platelets. Antiplatelet and anticoagulants should be held in the acute setting. While it is clear
that coagulopathy should be corrected with fresh frozen plasma or prothrombin complex
concentrate, it is unclear whether patients should be given platelet transfusions when they
have received aspirin or medications like clopidogrel.”®

The main indication for surgical intervention in hemorrhagic stroke is the development of
hydrocephalus due to intraventricular extension of the IPH (necessitating an external
ventricular device) and imminent herniation, which may be an indication for
hemicraniectomy or suboccipital decompression.’8 Clot evacuation was investigated in the
Surgical Trials in Intracerebral Hemorrhage (STICH and STICH I1) and was not shown to
improve outcome; nevertheless, it is still considered in certain instances where the
hematoma is superficial and the patient is deteriorating.’’:’8

In the general population, an investigation into the underlying cause frequently involves
vascular imaging at the time of the hemorrhage with a CT angiogram or a MR angiogram. In
the cancer population, in addition to the routine vascular imaging, it is often necessary to

J Intensive Care Med. Author manuscript; available in PMC 2017 June 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lin and Avila Page 14

evaluate for a brain metastasis with a standard brain MRI in both the acute setting and a few
months later after the hematoma has partially resorbed.

Venous thrombosis

In the International Study of Cerebral Venous and Dural Sinuses Thrombosis, 7.4% of cases
of cerebral venous thrombosis were associated with cancer.”® Cancer patients are
predisposed to thrombosis of their venous sinuses due to hypercoagulability but also because
treatment of cancer can give rise to severe dehydration and certain medications can trigger
thrombosis, such as the anti-estrogen tamoxifen, L-asparaginase, and heparin, specifically
when it causes heparin induced thrombocytopenia (HIT).8%:81 \lenous sinus thrombosis can
also occur due to venous compression by an extrinsic metastasis and rarely as a consequence
of a bacterial infection, such as meningitis or an ear infection.

Venous sinus thrombosis, especially of the sagittal and lateral sinuses, results in headaches
and the other symptoms of increased ICP. Individuals with venous sinus thrombosis also
develop focal neurologic symptoms from ischemia and hemorrhagic strokes, as a
consequence of venous congestion, and they may develop focal or generalized seizures.”®
CT and MRI may suggest the presence of a venous sinus thrombaosis by revealing evidence
of a clot within the sinus or by identifying the sequela of venous congestion. However, those
studies are frequently insufficient due to their lack of sensitivity and specificity. A study that
permits direct visualization of the sinuses is the magnetic resonance venogram. CT
venogram and conventional angiogram also image the venous system, but are infrequently
used for this indication. Venous sinus thrombosis is a unique situation, where
anticoagulation is the primary treatment even when there is evidence of IPH.”®

CNS Infection

In patients with cancer, there should be a lower threshold for investigating meningitis with a
lumbar puncture. In the general population, 44% of patients with bacterial meningitis had
the classic triad of fever, neck stiffness, and altered mental status.82 Within the cancer
population, only 5% have this same triad. In a retrospective study at MSKCC, the most
common symptom was fever and was only present in 56% of the cohort.83 In neutropenic
patients, a CSF pleocytosis is not always found; for this reason, these patients may require
empiric CNS coverage until the CSF cultures have been negative for 48 hours. The causative
organisms are quite different in the cancer population as the majority of infections are due to
staphylococcus aureus and coagulase negative staphylococcus. This is a consequence of the
high rates of infections associated with neurosurgical procedures. While vancomycin and
ceftriaxone (with or without ampicillin—depending on the age and immunologic status of
the patient) treats community acquired bacterial meningitis, in patients that have been in the
hospital or undergone a neurosurgical procedure, coverage should include cefepime (vs
ceftazidime or meropenem) rather than ceftriaxone.8

Viral encephalitides also occur much more frequently. Human herpesvirus 6 (HHV6) causes
a limbic encephalitis in highly immunosuppressed individuals, most notably patients
undergoing hematopoietic stem cell transplant. HHV6 encephalitis presents with headaches,
seizures, amnesia, personality changes, and persistent cognitive deficits. The diagnosis is
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made by CSF PCR. On neuroimaging, the classic appearance of limbic encephalitis, T2
hyperintensity of the medial temporal lobes is typically seen 7 to 10 days after the
development of symptoms. When the diagnosis is made, the antiviral medications used to
treat the infection are foscarnet, ganciclovir or valganciclovir.8°

The cancer population is also more susceptible to herpes simplex encephalitis, due to
exposure to chemotherapy, corticosteroids and in patients with brain tumors, radiotherapy.
Patients that are immunosuppressed, in addition to being more likely to have a bland CSF,
are more likely to have a false negative on HSV PCR testing.8° For that reason, when the
suspicion is high for HSV encephalitis—a patient with fever and a concerning MRI (T2/
FLAIR hyperintensity, diffusion restriction, and enhancement of one or both temporal lobes)
—it may be prudent to repeat the CSF HSV PCR testing prior to discontinuing acyclovir.86
Neuroinvasive West Nile Virus is another serious complication of chronic
immunosuppression, and it has two presentations. One presentation is a poliomyelitis-like
flaccid paralysis due to infection of the anterior horn cells, which can cause respiratory
failure leading to intubation and mechanical ventilation. The other presentation is a
meningitis or meningoencephalitis. A characteristic feature of West Nile Virus
meningoencephalitis is a prominent movement disorder, which may include tremor,
myoclonus, and Parkinsonism.8” The treatment is supportive.

Varicella re-activation should be considered in the immunocompromised patient with altered
mental status and multifocal strokes that develop over time. Varicella can cause a small or
large vessel vasculopathy, even in the absence of a Zoster outbreak or CSF pleocytosis. CSF
VZV PCR is the most widely available test; however, CSF VZV IgG is more sensitive. The
treatment is acyclovir and possibly prednisone to reduce the inflammatory component. VZV
can also cause a meningoencephalitis or myelitis.88

Perhaps, the most devastating viral process that these patients develop is progressive
multifocal leukoencephalopathy (PML)—a fatal demyelinating condition caused by the JC
virus. Primary infection typically occurs during childhood, after which the JC virus becomes
latent. In the setting of immunosuppression, the virus can become reactivated causing
progressive neurologic deficits, such as hemiparesis, hemianopia, and aphasia. This disease
achieved prominence in the 1980s, during the AIDS epidemic, but was first described in
patients with cancer, specifically hematopoietic cancers, as a complication of CLL, Hodgkin
Lymphoma, and Waldenstrom macroglobulinemia.89-9 PML can also occur in patients with
hematologic malignancies on the order of months to over a year after stem cell transplant,
and can be precipitated by immune modulating biologics such as the anti-CD20 antibody,
rituximab, which results in B-cell depletion and prolonged dysfunction of the humoral
immune response.1-92 On neuro-imaging PML causes focal or multifocal lesions that do not
follow vascular territories as shown in figure 6. The lesions typically do not enhance and do
not have surrounding edema, except when the individual is able to mount an inflammatory
reaction, especially following immune reconstitution.* There are no proven treatments other
than reversing immune suppression.
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Fungal meningitides such as cryptococcosis, blastomycosis and histoplasmosis, and parasitic
infections like cerebral toxoplasmosis are the comparatively slow moving, deadly infections
that are seen in these severely immunocompromised individuals.

Neurologic Complications of Cancer Treatment

Neurologic complications of cancer treatment is a broad topic, which cannot be discussed
comprehensively in this review. Patients with cancer develop neurologic complication
following radiotherapy, surgical procedures, and as a consequence of medications. This last
category is very broad; one example, is PRES. As discussed, it can provoke seizures in
patients with cancer, as well as cortical blindness, headache, and altered mental status. The
diagnosis is made with imaging, typically MRI. While the parietal and occipital lobes are
most commonly affected, the FLAIR/T2 hyperintensities are not necessarily posterior, the
abnormality is not necessarily restricted to the white matter, and it is not always reversible
(figure 7 A-C). It is not uncommon for there to be areas of diffusion restriction and even
hemorrhage.52 The treatment is discontinuation of the offending drug and to make these
patient normotensive as autoregulatory failure is central to its pathophysiology.

There are specific clinical syndromes caused by traditional cytotoxic chemotherapy. For
example, ifosfamide causes a syndrome that includes hallucinations, personality changes,
somnolence, agitation, confusion, seizures, cranial nerve palsies, and even coma, which
occurs 12 hours to 6 days after treatment and is often self limited (but may be shortened by
treated with methylene blue or thiamine).52:95.96 Cytarabine neurotoxicity may manifest as
encephalopathy that evolves into a cerebellar syndrome that may not be reversible.96-99
Methotrexate neurotoxicity is another entity, which predominantly occurs in children, but
can occur in adults following intravenous or intrathecal administration of the drug, and
presents either acutely with confusion, headaches and seizure, or subacutely after several
days with neurologic signs, such as dysarthria, hemiparesis, altered mental status, and
seizures. On MRI, patients that develop subacute methotrexate neurotoxicity can show
restricted diffusion, though the deficits can improve spontaneously over time (figure 6 D-
F).l

Traditional cytotoxic chemotherapy is gradually being supplanted by biologics, small
molecule inhibitors and immunotherapy, each with their own unique effects on the CNS and
the peripheral nerves. Guillain-Barre Syndrome/chronic inflammatory demyelinating
polyneuropathy (CIDP), myasthenia gravis, transverse myelitis and hypophysitis—resulting
in cardiovascular collapse—have all been reported in patients receiving ipilimumab, a
monoclonal antibody that increases the activity of the immune system by targeting CTLA-4,
a receptor that downregulates the immune response.190 Genetically engineered T-cells with
chimeric antigen receptors (CAR T-cells) is another form of immunotherapy that is being
tested and has shown significant promise. CAR T-cells are designed to engage tumor cells in
leukemia, lymphoma, and certain solid tumors, and has an unusual complication known as
cytokine release syndrome, which manifests as fevers, hypotension, and hypoxia. It causes
severe neurologic deficits ranging from encephalopathy to obtundation, in the presence or
absence of seizure activity.10!
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Conclusion

Neurologic complications of cancer are diverse and a common cause of morbidity and
mortality in the cancer hospital. They are frequently emergencies, which start insidiously,
making the diagnosis challenging. A high index of suspicion is often needed to make
diagnoses such as increased ICP, hydrocephalus, subclinical seizures, meningitis, venous
sinus thrombosis, and cord compression. Failure to recognize a developing neurologic
complication can be catastrophic since immediate treatment is often required to ensure the
best possible neurologic outcome.

Oncology is an exciting field as new treatments are constantly being developed that offer
new hope to patients with cancer. As the treatment of cancer evolves, so does the spectrum
of neuro-oncologic emergencies.
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C

Figurel.
This is a patient with a meningioma. (A) shows the appearance of the meningioma on the T1

post-contrast sequence prior to stereotactic radiosurgery. (B) shows the enlargement of the
contrast enhancing abnormality in the immediate period after stereotactic radiosurgery, as a
consequence of pseudoprogression. (C) shows the associated vasogenic edema. (D) shows
that the lesion has decreased cerebral blood volume on perfusion imaging, suggesting that
the increase in contrast enhancement is due to treatment effect rather than tumor growth.
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Figure 2.
The histological appearance of radiation necrosis. The radiation necrosis is characterized by

large zones of necrosis that primarily involves the white matter, and fibrinoid necrosis or
hyalinization of blood vessels.
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Figure 3.
A large supratentorial lesion may cause uncal herniation, where the hippocampal gyrus is

forced into the posterior fossa, resulting in compression of the midbrain and the ipsilateral
third nerve. Uncal herniation may also cause Kernohan's notch phenomenon, where the
contralateral corticospinal tract becomes compressed against the tentorium cerebelli as it
passes through the midbrain. A large supratentorial mass may also result in midline shift and
subfalcine herniation, which may cause a stroke in the ipsilateral anterior cerebral artery
distribution. Finally, downward herniation can cause a pontine hemorrhage and herniation of
the cerebellar tonsils, resulting in dysfunction of the medulla.
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Figure 4.
This is a patient with an anaplastic astrocytoma. (A) and (B) show the appearance of the

patient's brain at presentation. (C) shows the effect of neoplastic infiltration on the patient's
cerebellum, which results in compression of the brainstem, upward and downward
herniation, and closure of the fourth ventricle. (D) shows the resultant hydrocephalus.
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Guideline for Treatment of Adult Convulsive Status Epilepticus at MSKCC

First5 + Maintain Aiway, Breathing, Circulation
minutes + Diagnose Convulsive Status Epilepticus (SE)
+ Obtain IV access
= Begin continuous EKG and vital sign monitoring
+ Finger Stick for glucose
+ Draw biood for: Basic Metabolic Panel, Magnesium, Phosphorus, CBC, Hepatic Function
Panel, Anti-epileptic drug (AED) levels (phenobarbital, phenytoin, valproic acid,
carbamazepine), toxicology screen
+ Call Neurology consult
v 2
+ Thiamine 100 mg IV
+ 50 mlof D50 IV for glucose less than 70 mg/dL
= lorazepam (Ativan) 4 mg IV over 2 minutes; if necessary repeat once 5 minutes
after first dose
6-10
minutes ’
~ X ~
< SEpersists? >
~ —
~ No
Yes
; v Fosphenytoin (phenytoin
~ equivalents): 20 mgkg IV at
= Give fosphenytoin (Cerebyx) P mg,min) o9
= Continue to monitor BP and EKG
X
1020 Ny
minutes fosphenytoin completely > No
“~._ administered? / ¥

= Check AED levels and establish standing dose

~, schedule;
= Give additional boluses PRN to maintain high levels
Yes *  Continue vital sign monitoring
r | = Order Neuroimaging, EEG, CSF, additional blood
Repeat fosphenytoin 10 mg/kg work, toxicology screen as indicated

SE per@—wui

Yes

oy
Neurology
consultant
continues as per
department protocol
(Page 2)

Notes:
'If bacterial meningitis is suspected start ceftriaxone, vancomycin, and ampicillin (can start along with
treatment for SE). Start Acyclovir if HSV encephalitis is suspected. Perform LP when stable.

2|f no IV access, give midazolam 10 mg intramuscular
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Guideline for Treatment of Adult Convulsive Status Epilepticus (cont.)

Neurology
consultant
continues as per
department protocol

(Page 2)
20-60
minutes
+ Neurologist present '
* Intubate a5 necessary Phenobarbital: IV 20 mg/kg at 50-100 mg/min
+  Start phenobarbital (PHB)
+ Transfer to monitored bed in NOU, UCC, or ICU
¥ + Check AED levels and establish standing dose schedule;
+ Give additional boluses PRN to maintain high levels
< SE persists? No + Continue vital sign monitoring
+  Order Neuroimaging, EEG, CSF, additional blood work,
toxicology screen as indicated
After 60
minutes )
Yes [+ Midazolam IV: load 0.2 mg/kg; repeat 0.2-0.4 mg/kg boluses every 5 minutes |

until seizures stop, up to a maximum total loading dose of 2 mg/kg. Initial
rate 0.1 mg/kg/hour. Continuous IV range 0.05-2 mg/kg/hour. Continuous
infusion after loading dose if seizures persist

Propofol IV: load 1mg/kg; repeat 1-2 mg/kg boluses every 3-5 minutes until

OR seizures stop, up to a maximum total loading dose of 10mg/kg. Initial rate
propofol (Diprivan) drip 25meg/kg/min. Dose range 15-200 mcg/kg/min. Continuous infusion after
loading dose if seizures persist.

Add midazolam (Versed) drip

b4 -
SE persists? > No__»Wean propofol or midazolam
= g over 24 hours
Yes
v

midazolam, propofol

Use anesthetics for drug-induced coma
to last at least 24 hours.

propofol: load 1mg/kg; Initial rate 25mcg/kg/min

Titrate until burst suppression under care of

v
Continuous IV midazolam, propofol or thiopental
neurologist

Y

< SE persists?

Yes

v valproate IV 40 mg/kg over 10
minutes.

Consider adding valproate IV (Depakon)
Can re-bolus 20 mg/kg over 5 minutes

Figureb.
Treatment algorithm for adult convulsive status epilepticus at MSKCC.
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Figure 6.
(A) through (C) are of a patient treated with fludarabine and (D) through (F) are of a patient

treated with methotrexate. (A) and (D) are the fluid-attenuated inversion recovery (FLAIR)
sequence, (B) and (E) are diffusion weighted imaging (DWI) sequences, and (C) and (F) are
apparent diffusion coefficient (ADC) sequences.
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Table 1

Neurologic emergenciesand their critical care needs

Neurologic Emergency

Critical Care Needs

Elevated intracranial pressure
- Brain herniation
- Communicating hydrocephalus

- Non-communicating hydrocephalus

Frequent neurochecks, osmotherapy, intubation/airway management for depressed mental
status, neurosurgical management (ICP monitoring, continuous CSF drainage)

Status epilepticus
- Convulsive status epilepticus

- Non-convulsive status epilepticus

Frequent neurochecks, intubation/airway management for depressed mental status, propofol or
midalozolam infusions, VEEG monitoring

Cord compression

Frequent neurochecks, management of spinal shock

Ischemic stroke

Frequent neurochecks, monitoring for hemorrhagic conversion (particularly, after the
administration of tPA or following thrombectomy), monitoring for herniation in patients with
a malignant MCA distribution stroke.

Intraparenchymal brain hemorrhage

Frequent neurochecks, intensive blood pressure control, reversal of coagulopathy/
thrombocytopenia, intubation/airway management for depressed mental status, management
of complications such as herniation and status epilepticus.

Venous sinus thrombosis

Frequent neurochecks, management of complications like intraparenchymal brain hemorrhage
and seizures.

Meningoencephalitis

Frequent neurochecks, intubation/airway management for depressed mental status,
management of complications such as elevated intracranial pressure and seizures

Neurologic complications of treatment

Frequent neurochecks, intubation/airway management for depressed mental status,
management of seizures and associated medical complication.
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