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Abstract

The Neurohospitalist Core Competencies comprise a set of competency-based learning objectives that encapsulate the
knowledge, skills, and attitudes of neurohospitalitists who specialize in the care of hospitalized patients with neurologic
conditions. These competencies serve to characterize the rapidly expanding field of neurohospitalist medicine. The 27 chapters
are divided into 3 sections entitled: neurological conditions, clinical interventions and interpretation of ancillary studies, and
neurohospitalist role in the healthcare system. Each individual learning objective in the chapters describes a specific concept
with an action verb to illustrate the behavior that the neurohospitalist exhibits. The individual neurohospitalist may not exhibit
mastery in each of the topics included as individual practices vary in scope and practice pattern. A few examples of how the
complete set of competencies may be used include in the creation of curricula for neurohospitalist fellowships, to assist in
defining the scope of practice of neurohospitalists for administrative leaders of hospitals and departments, and in influencing the
direction of further research and quality improvement in the field.

Keywords
neurohospitalist, techniques, education, quality, safety
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Section |: Neurological Conditions
1.0 Vascular Diseases of the Nervous System

I.1 Ischemic Stroke and Transient Ischemic
Attack (TIA)

Stroke is the leading cause of long term disability in in-
dustrialized countries and one of the major causes of mor-
tality worldwide. Acute stroke management requires a
neurohospitalist to perform efficiently to ensure timely ad-
ministration of acute stroke therapies to optimize stroke
outcomes.' The neurohospitalist must know the appropriate
diagnostic evaluation to identify the stroke etiology in order
to initiate effective secondary prevention strategies, which
can result in a cumulative relative risk reduction of 80% for
recurrent stroke.> Preventing common complications of
stroke in the hospital and initiation of rehabilitative service
are also paramount to ensuring optimal patient outcomes.”

Knowledge

Neurohospitalists should be able to:

e Describe risk factors and common taxonomy systems
for ischemic stroke etiologies (e.g. TOAST, ASCOD,
ESUS).

® Recognize the indications for early specialty consul-
tation and potential need for transfer if practicing in a
center without neurocritical care, neurosurgery, or
endovascular specialists.

® Describe the common causes and presentation of
stroke/TIA mimics, including retinal ischemia.

® Localize the most likely anatomic location of stroke
and most likely vascular territory(ies) affected based on
the clinical presentation.

¢ Describe the current acute therapeutic options for acute
ischemic stroke.

® Describe the indications, contraindications (absolute
and relative), and mechanisms of action of thrombo-
lytic therapy, along with potential complications of
thrombolysis and their management

® Describe the indications  for
interventions.

¢ Explain how to appropriately manage blood pressure in
the acute and subacute settings.

¢ Describe the antithrombotic treatment of each ischemic
stroke subtype.

e List the appropriate imaging, cardiac testing, and
laboratory testing to evaluate patients with suspected
stroke/TIA from both common and uncommon
etiologies.

® Recognize when advanced diagnostic testing may be
indicated to further elucidate the etiology of stroke.

endovascular
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Be familiar with current trends in pharmacological
management of vascular risk factors, such as diabetes,
hypertension, dyslipidemia, and atrial fibrillation.
Know the factors involved in assessing the risks,
benefits, and timing of initiation of anticoagulation
following stroke when an indication for anti-
coagulation is present.

Be familiar with procedural options to reduce stroke
risk or burden of atrial fibrillation.

Know the indication, timing of intervention, and
various  procedures  available  for  carotid
revascularization.

Know how to select patients most likely to benefit from
closure of a patent foramen ovale.

Recognize stroke risk factors specific to women, such
as exogenous estrogen use, pregnancy, and peripartum
stroke, as well as etiologies of stroke more common in
women such as migrainous infarction and reversible
cerebral vasoconstriction syndrome.

Explain goals for hospital discharge, including
specific measures of clinical stability for safe care
transition.

Initiate secondary stroke prevention measures based
upon the likely stroke etiology, including procedures
when indicated.

Counsel patients on the etiology of their stroke,
and on lifestyle modifications to reduce stroke
recurrence.

Communicate with patients and families to explain the
use and potential adverse effects of pharmacologic
agents, and to explain tests and procedures, along with
their indications.

Communicate with patients and families to explain the
goals of care, discharge instructions, and management
after hospital discharge to ensure safe follow-up and
transitions of care.

Recognize barriers to follow-up care of stroke pa-
tients and involve multidisciplinary hospital staff to
accordingly tailor medications and transition of care
plans.

Document the treatment plan and provide clear dis-
charge instructions for post-discharge clinicians, which
may include outpatient rehabilitation.

Attitudes
Skills

Neurohospitalists should be able to:

Neurohospitalists should be able to:

e Employ an early and multidisciplinary approach to

Elicit a thorough and relevant medical history to assess
for symptoms that are typical of stroke.
Expeditiously examine patients with clinical symptoms
concerning for stroke, including performing a stroke
severity score, such as the National Institutes of Health
Stroke Scale (NIHSS).

Succinctly make a decision regarding thrombolysis in
acute stroke patients.

Identify patients at risk for acute decompensation,
which may include those with a large hemispheric or
cerebellar infarction, high-grade vascular stenosis,

the care of patients who have had a stroke that
begins at admission and continues through all care
transitions.

Follow evidence-based recommendations, protocols,
and risk stratification tools for the treatment of stroke.
Work collaboratively with allied health professionals
(e.g., physical therapy, occupational therapy) to de-
velop comprehensive care plans to address deficits or
limitations that result from stroke.

) . ) . . System Organization and Improvement
intravascular thrombi, or acute intracranial occlusion. Y g p

® Diagnose the most likely etiology of stroke through To improve efficiency and quality within their organizations,
interpretation of testing including, but not limited to, neurohospitalists should:

cardiac imaging and rhythm monitoring, vascular and
parenchymal imaging, and laboratory results.
Identify patients at risk for aspiration following stroke
and address fluid and nutritional issues.

Manage or obtain appropriate and timely assistance
with management of airway compromise, temperature
elevations, abnormal blood pressure, and hypergly-
cemia when present.

Initiate prophylaxis against common complications of
stroke, which may include urinary tract infection, as-
piration pneumonia, and venous thromboembolism.
Address resuscitation status early during hospital stay;
identify goals of care on an ongoing basis with patients/
patient representatives.

Lead, coordinate, and/or participate in multidisciplin-
ary efforts to develop protocols to rapidly identify
patients with stroke who have indications for acute
interventions and to minimize time to intervention.
Lead, coordinate, and/or participate in multidisciplin-
ary initiatives to promote patient safety and optimize
resource use, including aggressive treatment of risk
factors and early assessment for rehabilitation.
Participate in regional efforts to optimize appro-
priate stroke care including emergency medical
services (EMS) triage and routing, stroke center
certification processes, and development of tele-
stroke networks.
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1.2 Hemorrhagic Stroke

Hemorrhagic stroke accounts for approximately 30% of all
incident strokes globally. A hemorrhagic stroke includes
intraparenchymal, subarachnoid, and intraventricular hem-
orrhage.' Acute hemorrhagic stroke management requires a
neurohospitalist to ensure timely administration of acute
therapies when indicated. The neurohospitalist must know the
appropriate diagnostic evaluation to identify the etiology of
hemorrhagic stroke in order to initiate effective secondary
prevention strategies. Lifestyle modification, alcohol mod-
eration, sympathomimetic drug avoidance, and blood pres-
sure control can reduce the risk of recurrent hemorrhagic
stroke. Decisions regarding use versus avoidance of antith-
rombotic agents often require input from the neurohospitalist
in patients at risk for both ischemic and hemorrhagic stroke.
Preventing common complications of stroke in the hospital
and initiation of rehabilitative service are also paramount to
ensuring optimal patient outcomes. Coordinating inpatient
care as well as ensuring timely and appropriate outpatient
follow up are also within the purview of the neurohospitalist.

Knowledge

Neurohospitalists should be able to:

e List risk factors for hemorrhagic stroke.

® Know the most common primary and secondary causes
of intracerebral hemorrhage.

® Know the most common causes of non-traumatic
subarachnoid hemorrhage, including peri-
mesencephalic subarachnoid hemorrhage.

® Recognize conditions more likely to present with
cortical subarachnoid bleeding.

® Know the current acute therapeutic options for acute
hemorrhagic stroke management, including neurosur-
gical interventions.

® Recognize the indications for early specialty consul-
tation and potential need for transfer if not practicing in
a center with neurocritical care, neurosurgery, or en-
dovascular specialists.

e Know the indications, contraindications (absolute and
relative), and mechanisms of action of reversal agents
for anticoagulation-associated hemorrhage and
thrombolysis-associated hemorrhage.

e Know how to appropriately manage blood pressure
following intracerebral and subarachnoid hemorrhage
in the acute and subacute settings.

® Recognize and know the management strategies for
common complications of subarachnoid hemorrhage,
including vasospasm, re-bleeding, and hydrocephalus.

¢ Be familiar with the clinical presentations, imaging
findings, associated conditions, and management of
cerebral vascular malformations, including cavernous
malformations, arteriovenous malformation, dural ar-
teriovenous fistulas, developmental venous anomalies,
and capillary telangiectasias.

® Know the appropriate imaging, laboratory testing, and
advanced diagnostic testing necessary to evaluate for
an etiology in patients with hemorrhagic stroke.

e Know the indications, contraindications, and mecha-
nisms of action of pharmacological agents used for
hemorrhagic stroke prevention.

e Know the factors involved in assessing the risks,
benefits, and timing of initiation of anticoagulation
following hemorrhagic stroke when an indication for
anticoagulation is present.

e Know the indication, timing of intervention, and
various procedures available for treatment of cerebral
aneurysms and arteriovenous malformations.

¢ Know how to estimate the rupture risk of incidentally
identified aneurysms based on size, location, mor-
phology, and patient specific risk factors, and how to
counsel patients accordingly.

® Be able to prognosticate the most likely functional out-
come after hemorrhagic stroke based on individual patient
characteristics, early clinical course, and rehab potential.

* Explain goals for hospital discharge, including specific
measures of clinical stability for safe care transition.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough and relevant medical history to assess
for symptoms that are typical of a hemorrhagic stroke.

e Perform an appropriate physical examination to
identify focal neurological deficits suggestive of a
hemorrhagic stroke.

e Be able to accurately and expeditiously calculate
hemorrhagic stroke severity scores, such as the Hunt
and Hess Score or ICH Score.
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® Assess patients with hemorrhagic stroke quickly in System Organization and Improvement
order to make a decision regarding blood pressure . ) ) o ) o
targets, indication for reversal agents, and need for To 1mprov§ et.“ﬁmency and quality within their organizations,
endovascular or neurosurgical evaluation. neurohospitalists should:
e Identify which hemorrhagic stroke patients are at risk . . . o
for acute decompensation. e Lead, coordinate, and/or part101pat§ in multl@mmphmry
¢ Identify patients at risk for aspiration following efforts to devel(?p protocols to raplfily. 1d§nt1fy patients
hemorrhagic stroke and address fluid and nutritional Wlth hemorrhagm strok.e ,Wl,lo hgve 1nd¥cat10ns for acute
issues. interventions and to minimize time to intervention.
® Manage or obtain appropriate and timely assistance
with management of airway compromise, temperature R
. eferences
elevations, abnormal blood pressure, and hypergly-
cemia when present. 1. Greenberg SM, Ziai WC, Cordonnier C, et al. 2022
® Initiate prophylaxis against common complications in guideline for the management of patients with spon-
hemorrhagic stroke patients, which may include uri- taneous intracerebral hemorrhage: a guideline from
nary tract infection, aspiration pneumonia, and venous the American Heart Association/American Stroke
thromboembolism. Association.  Stroke.  2022;53(7):e282—e361.doi:
® Address resuscitation status early during hospital stay; 10.1161/STR.0000000000000407
identify goals of care on an ongoing basis with patients/ 2. Connolly Jr ES, Rabinstein AA, Carhuapoma JR, et al.
patient representatives. Guidelines for the management of aneurysmal sub-
® Initiate hemorrhagic stroke prevention measures, in- arachnoid hemorrhage: a guideline for healthcare
cluding procedures when indicated. professionals from the American Heart Association/
¢ Counsel patients on lifestyle modification to reduce American Stroke Association. Stroke. 2012;43(6):
hemorrhagic stroke recurrence. 1711-1737. doi:10.1161/STR.0b013e3182587839
® Communicate with patients and families to explain the
use and potential a.dverse effects of pharmacologic 1.3 Central Venous Thrombosis
agents, and to explain tests and procedures.
® Communicate with patients and families to explain the Central venous thrombosis (CVT) accounts for approxi-
history and prognosis of their hemorrhagic stroke, the ~ mately 0.5% — 1.0% of all strokes.' Thrombosis of a dural
goals of care, discharge instructions, and management sinus and/or cerebral veins can present with isolated head-
after hospital discharge to ensure safe follow-up and  ache, seizures, focal neurological deficits from cerebral is-
transitions of care. chemia (a “venous infarction”) or hemorrhage, or alterations
® Recognize barriers to follow-up care of patients who  in levels of consciousness due to cerebral edema. This
have had a hemorrhagic stroke, and involve multi- subtype of stroke is more likely to occur in women, affect
disciplinary hospital staff to accordingly tailor medi-  young patients, and carries a different risk factor profile than
cations and transition of care plans. more common forms of stroke. Risk factors for CVT include
® Document the treatment plan and provide clear dis-  cranial infection or trauma, pregnancy/puerperium, inflam-
charge instructions for post-discharge clinicians, which ~ matory bowel disease, antiphospholipid syndrome, cancer,
may include outpatient rehabilitation. and exogenous hormones.” The neurohospitalist must know
the appropriate diagnostic evaluation to identify the most
Attitudes likely etiology of thrombosis in order to initiate effective

Neurohospitalists should be able to:

* Employ an early and multidisciplinary approach to the
care of patients who have had a hemorrhagic stroke that
begins at admission and continues through all care
transitions.

® Follow evidence-based recommendations, protocols,
and risk stratification tools for the treatment of hem-
orrhagic stroke.

® Work collaboratively with allied health professionals
(e.g. physical therapy, occupational therapy) to develop
comprehensive care plans to address deficits or limi-
tations that result from hemorrhagic stroke.

secondary prevention strategies. As with other types of
stroke, preventing common complications of stroke in the
hospital and initiation of rehabilitative service are also par-
amount to ensuring optimal patient outcomes.

Knowledge

Neurohospitalists should be able to:

e List risk factors for CVT.

¢ Expeditiously evaluate patients with clinical symptoms
concerning for CVT.

® Recognize the typical imaging findings that suggest a
CVT is present.



Wold et al.

® Understand the venous anatomy and common varia-
tions in anatomy.

* Know the current acute therapeutic options for CVT,
including the indications, contraindications (absolute
and relative), and mechanisms of action of anti-
coagulation when used to treat CVT.

® Recognize the need to urgently manage any condition
associated with the thrombosis, such as dehydration,
infection, elevated intracranial pressure, or seizures.

® Recognize the indications for early specialty consul-
tation and potential need for transfer if practicing in a
center without neurocritical care, neurosurgery, or
endovascular specialists.

® Know the appropriate imaging and laboratory testing to
evaluate for the etiology in patients with central venous
thrombosis.

e Know the indication, timing of intervention, and
various procedures available for treatment of CVT and
complications of CVT.

e Know the indications, contraindications, and recom-
mended duration of use of oral anticoagulants used for
treatment of CVT.

® Be able to prognosticate the most likely functional
outcome after CVT based on individual patient char-
acteristics, early clinical course, and rehab potential.

® Explain goals for hospital discharge, including specific
measures of clinical stability for safe care transition.

® Recognize delayed complications of CVT, including
the development of chronic headaches, neuro-
psychological and mood disorders, dural arteriovenous
fistulae, and intracranial hypertension.

® Know how to address issues specific to women in the
setting of CVT prevention.

Skills

Neurohospitalists should be able to:

¢ FElicit a thorough and relevant medical history to assess
for symptoms that are typical of CVT.

® Perform an appropriate physical examination to
identify focal neurological deficits suggestive of CVT.

® Assess patients with CVT and make rapid decisions
regarding use of anticoagulation.

® Recognize that invasive procedures such as endovas-
cular intervention (e.g. transvenous thrombolysis) or
decompressive hemicraniectomy may be considered
when clinical deterioration occurs despite appropriate
medical management.

¢ Identify patients at risk for aspiration following CVT
and address fluid and nutritional issues.

® Counsel patients on lifestyle modification to reduce
CVT recurrence.

® Communicate with patients and families to explain the
history and prognosis of the CVT.

® Recognize barriers to follow-up care of patients who
have had a CVT and involve multidisciplinary hospital
staff to accordingly tailor medications and transition of
care plans.

Attitudes

Neurohospitalists should be able to:

¢ Employ an early and multidisciplinary approach to the
care of patients who have had a CVT that begins at
admission and continues through all care transitions.

¢ Follow evidence-based recommendations, protocols,
and risk stratification tools for the treatment of CVT.

e Work collaboratively with allied health professionals
(e.g. physical therapy, occupational therapy) to develop
comprehensive care plans to address deficits or limi-
tations that result from CVT.

System Organization and Improvement

To improve efficiency and quality within their organizations,
neurohospitalists should:

® Lead, coordinate, and/or participate in multidisciplin-
ary efforts to develop protocols to rapidly identify
patients with CVT who have indications for acute
interventions and to minimize time to intervention.
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2.0 Seizures and Status Epilepticus

2.1 Seizures

Seizure is a very common reason for inpatient consultation of
a neuro-hospitalist. Each individual person faces an 8-10%
risk of a seizure at some point during their lifetime.' In
addition, approximately 3.4 million people live with epilepsy,
defined as 2 or more unprovoked seizures.” A Neuro-
hospitalist must know how to expeditiously diagnose and
treat seizures in order to optimize patient outcomes.> Seizures
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can be distressing to patients, their caregivers, and providers
who are not familiar with managing them. By providing
expert care in the management of seizures, neurohospitalists
are well suited to avoid misdiagnosis and prevent harms of
both uncontrolled seizures and unnecessary exposure to anti-
seizure medicines.

Knowledge
Neurohospitalists should be able to:

Describe the risk factors for seizures and epilepsy.
Identify antiseizure medications, their indications,
contraindications, and side effect profile.

® Describe the mechanism of action of antiseizure
medications, and potential interactions with other
commonly used medications.

® Recognize when patients should be referred to a
specialty epilepsy surgical center.

® Describe the detailed work up of a first time seizure.

® List magnetic resonance imaging (MRI) sequences
necessary in the work up of patient with suspected
seizure.

® Identify when to initiate antiseizure medications in a
patient with seizures.

e Identify the common etiologies of provoked seizures.

® Be familiar with the surgical or neuro-modulation
options for refractory epilepsy.

® Recognize the clinical presentation of common focal
onset and generalized seizures.

® Recognize common seizure mimics such as syncope,
metabolic abnormalities, drug toxicities, and stroke.

® Explain when to safely discharge a patient after having
a seizure.

® [dentify those patients in need of continuous video
electroencephalogram (EEG) monitoring.

Skills

Neurohospitalists should be able to:

e Elicit a thorough and relevant history in patients pre-
senting with seizure or possible seizure, including
semiology, frequency, precipitants, and past treatment
trials with particular attention to symptoms that may
suggest focal onset.

® Expeditiously examine patients with clinical symptoms
concerning for seizure.

® Make timely treatment decisions regarding treatment of
seizures.

® Communicate with patients and families about the
potential adverse effects and benefits of antiseizure
medicines.

® Monitor for common complications of seizures in-
cluding aspiration pneumonia and rhabdomyolysis.

¢ Identify the likely etiology of seizure based on avail-
able diagnostic testing.

® Recognize epileptic EEG patterns and common normal
variants on an EEG report.

e Provide clear discharge instructions for patients,
families, and post discharge providers including sei-
zure precautions, local driving restrictions, rescue
options, and return precautions.

Attitudes

Neurohospitalists should be able to:

e Assume clinical and intellectual responsibility for
management decisions related to seizures.

¢ Follow evidence based guidelines and protocols for the
treatment of seizures.

¢ Value and support a multidisciplinary approach to the
care of patients admitted with seizures.

* Promote safe transitions of care for patients with new
onset seizures.

System Organization and Improvement

To improve efficiency and quality within their organization,
neurohospitalists should:

¢ Lead and/or participate in multidisciplinary teams to
optimize length of stay and minimize intensive care
unit (ICU) needs of patients with seizures.

e Lead and/or participate in system wide efforts to ex-
pand resources of patients with seizures (e.g. drug
formularies, EEG access).
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2.2 Status Epilepticus

The Neurocritical Care Society defines status epilepticus (SE)
as greater than five minutes of continuous clinical or elec-
trographic seizure activity or recurrent seizure activity
without recovery to baseline between seizures.' Its incidence
is expected to be between 9.9-41 per 100,000 person years.>
Mortality is dependent on the underlying etiology of SE but
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still remains quite high with ranges from 10-20%.> A neu-
rohospitalist must be competent in rapidly diagnosing and
treating SE to optimize patient outcomes. In addition, they
should evaluate for the underlying etiology to initiate
treatments/interventions that may increase the likelihood of
aborting SE. Monitoring for secondary medical and neuro-
logic complications also falls within the neurohospitalist’s
purview, with appropriate management of such complications
leading to better long term outcomes.*

Knowledge

Neurohospitalists should be able to:

o Identify patients presenting with SEs.

® Identify intravenous antiseizure medication (ASM)
options, dosage, and common contraindications, both
absolute and relative.

® List, identify, and appropriately diagnose the common
underlying etiologies of SE, including toxic, metabolic,
infectious, vascular, traumatic, and autoimmune
etiologies.

o Identify the preferred options for treating pregnant
patients with SE.

® Describe the mechanism of action of ASMs used for
SE.

® Describe the laboratory and imaging work up neces-
sary in the evaluation of SE.

® Be familiar with the epidemiology, mortality, and
outcomes of SE.

e [dentify factors determining when it is safe for patients
to transfer out of the intensive care unit following SE
treatment.

e List and recognize the major complications of intra-
venous anesthetic agents commonly used for SE.

® Understand definitions and treatment protocols for SE,
refractory SE, and super refractory SE.

Skills

Neurohospitalists should be able to:

® Obtain a relevant history in patients with SE, with a
focus on identifying its etiology.

® Perform a physical exam focused on neurologic deficits
that may suggest a structural lesion in patients pre-
senting with SE.

® Manage or obtain timely assistance for airway com-
promise in patients with SE.

® Monitor and initiate prophylaxis for common medical
and neurologic complications of SE, including venous
thromboembolism and aspiration pneumonia.

® Recognize when additional work up to assess the
etiology of SE is needed, such as a lumbar puncture or
MRI.

¢ Identify patients with SE who are in need of continuous
EEG monitoring.

® Recognize when continuous EEG monitoring can be
safely discontinued.

¢ Perform a lumbar puncture if needed as part of SE work
up.

¢ Identify and discuss goals of care with patients and
families in the management of SE.

e Communicate the results of testing to patients and
families in the management of SE.

® Recognize the most common convulsive and non
convulsive SEs patterns on EEG.

¢ Interpret laboratory and radiological results in the work
up of patients with SE.

® Recognize when intravenous (IV) anesthetic treatments
are needed to abort SE.

¢ Counsel patients on antiseizure medication compliance
after SE.

¢ Counsel patients on risk of sudden unexplained death
in epilepsy patients (SUDEP).

Attitudes
Neurohospitalists should be able to:

e Follow evidence-based recommendations, proto-
cols, and risk stratification tools for the treatment of
SE.

e Work within a multidisciplinary care team to develop
comprehensive care plans to address deficits and
promote recovery from SE.

¢ Collaborate with medicine teams and other specialties
involved in the care of patients with SE.

System Organization and Improvement

To improve efficiency and quality within their organizations,
neurohospitalists should:

e Jead and/or participate in organizational initiative to
improve early treatment of SE.

® Participate in organizational and regional initiatives to
coordinate the early steps, care, and potential need for
transfer of patients with SE.

® Be available to work with pharmacy and therapeutic
committees as needed to ensure adequate ASMs and
anesthetic agents are available in the emergent setting.
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3.0 Acute Disorders of Consciousness
and Cognition

Acute disorders of consciousness and cognition are referred
to in clinical practice and medical literature in a variety of
ways including acute encephalopathy, altered mental status,
coma, and confusion. These fundamental functions of the
brain are crucial to human life and are not yet fully understood
despite centuries of study by scientists and philosophers. The
interconnected networks in the central nervous system that
promote arousal and cognitive processes can be affected by
structural lesions and systemic abnormalities that will be
explored below.

3.1 Anoxic Brain Injury

Anoxic brain injury (ABI) is the most devastating sequelae
for patients who survive cardiopulmonary arrest, affecting
thousands of patients every year worldwide.! Cardiopul-
monary arrest refers to the acute cessation of respiration or
circulation which can be caused by a wide variety of con-
ditions including myocardial infarction, cardiac arrhythmia,
airway obstruction, respiratory failure, and massive pulmo-
nary embolism. The underlying etiology is emergently
evaluated and managed by emergency medicine and critical
care providers, but the focus of the neurohospitalist should be
the management of the consequent global hypoperfusion and
associated anoxic brain injury. The degree of neurological
deficit can be mild or irreversibly severe and depends on
patient-specific factors regarding baseline health and the
inciting anoxic event.” It is crucial for neurohospitalists to
diagnose and manage this acute disorder of consciousness.

Knowledge

Neurohospitalists should be able to:

® Identify the most common causes of anoxic brain
injury.

® Describe the mechanism of brain injury after an anoxic
event.

® Recognize the patient-specific factors that affect the
decision to utilize targeted temperature management
(TTM) after cardiopulmonary arrest.

® Describe the indications and contraindications for
TTM after cardiopulmonary arrest.

® Recognize the reasons for transferring a patient with
ABI to a center with higher level of care if certain
electrodiagnostic studies, neuroimaging, temperature
management, and other critical care therapies are not
available.

¢ Identify the most common patterns on EEG seen after
anoxic brain injury.

® Recognize the clinical and electrographic findings that
would require acute treatment with anti-seizure med-
ications after ABI.

e Identify the clinical factors that influence the neuro-
logical examination of a patient with ABI.

e Explain the findings, or lack thereof, on magnetic
resonance imaging (MRI) and computed tomography
imaging (CT) after ABI.

¢ Identify the evidence-based markers that assist in neu-
roprognostication after ABI and describe their limitations.

¢ Describe the therapeutic options that can be utilized
after ABL

¢ Identify alternative diagnoses that can accompany or
mimic ABI including structural and metabolic abnor-
malities that affect consciousness and cognition.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough history from the patient, family
members, bystanders, or other health care professionals
regarding the inciting cardiopulmonary arrest event
leading to the possible ABIL.

¢ Reliably examine patients for level of arousal, re-
sponsiveness to stimuli, brainstem reflexes, and ap-
pendicular motor responses regardless of their level of
consciousness.

¢ Identify myoclonus during examination at the bedside.

e Counsel patients and families on the mechanism of
brain injury suffered after cardiopulmonary arrest.

¢ Counsel patients and families on the findings identified
during neurological examination.

¢ Interpret neuroimaging and electrodiagnostic studies
and communicate these findings to other providers and
the family in an appropriate manner.

¢ Communicate with patients, families, and multidisci-
plinary teams regarding evidence-based markers for
neurologic prognosis in patients with ABI, including
the accompanying uncertainty.

¢ Communicate with multidisciplinary teams to provide
complex care for patients with prolonged disorders of
cognition and consciousness after ABI.
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® Counsel patients and families on the long-term ex-
pectations for physical therapy, occupational therapy,
and speech/cognitive therapy.

® Answer questions from caretakers about the long-term
needs for patients with ABI who will require assistance
with activities of daily living.

Attitudes

Neurohospitalists should be able to:

® Follow evidence-based guidelines for evaluating pa-
tients with ABI to determine diagnosis, acute man-
agement, and prognosis for recovery.

* Employ facility-specific protocols to efficiently utilize
electrodiagnostic and neuroimaging studies that are
available to evaluate patients with anoxic brain injury.

® Work collaboratively with critical care specialists,
nursing staff, physical therapists, occupational thera-
pists, speech languagepathologists, and social workers
to manage the complex care of patients with ABI.

System Organization and Improvement

To improve efficiency and quality within their organizations,
neurohospitalists should:

® Work closely with critical care specialists and other
providers involved in the acute management of patients
who experience cardiopulmonary arrest to rapidly
identify ABI and initiate neurological management.
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3.2 Disorders of Consciousness from Stroke
and Neurotrauma
Stroke and traumatic brain injury are two of the most common

causes of disability and mortality."* These processes can lead
to acute disorders of consciousness and cognition because of

localized structural abnormalities or global central nervous
system dysfunction. Stroke must involve the ascending re-
ticular activating system or higher order cognitive networks
in order to lead to changes in arousal or cognition.® Neu-
rotrauma can cause diffuse axonal injury, intraparenchymal
contusions, hydrocephalus, and/or hemorrhage in the epi-
dural, subdural, or subarachnoid spaces. These sequelae can
all directly lead to acute disorders of consciousness after
trauma.® Progression of these conditions either through ce-
rebral edema or hemorrhage expansion can lead to acute
changes in consciousness via herniation and brainstem
compression. Neurohospitalists can have a profound impact
on the disability and mortality outcomes for these patients
with emergent recognition and targeted treatment of these
disorders.

Please see chapters 1.1 (Vascular Disease of the Ner-
vous System) and 1.11 (Traumatic Injuries of the Nervous
System) for the knowledge, skills, and attitudes that
neurohospitalists should have for both stroke and neuro-
traumatic disorders.
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3.3 Disorders of Consciousness from
Seizures and Status Epilepticus

Seizures, both provoked and unprovoked, can commonly
affect consciousness and cognition. Focal seizures with
impaired awareness and generalized seizures cause intra-
ictal change in consciousness; post-ictal encephalopathy is
also prevalent after many types of seizures. Status epi-
lepticus (SE) is the most important disorder for the neu-
rohospitalist to rapidly diagnose and manage because of its
high morbidity and mortality." Importantly, non-
convulsive status epilepticus is a conspicuous cause of
altered consciousness and should be on the differential
diagnosis when neurohospitalists are evaluating patients
with acute disorders of consciousness and cognition.?

Knowledge
Neurohospitalists should be able to:
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® Describe the seizure types that can affect consciousness
and cognition.

® Identify patient-specific factors that increase risk for
subclinical seizures and non-convulsive SE.

e Explain the indications for urgent electrodiagnostic
studies (e.g. EEG) and neuroimaging (e.g. CT, MRI) in
the evaluation of patients with acute disorders of
consciousness.

Skills

Neurohospitalists should be able to:

® FElicit a focused history from patients’ family members
or bystanders regarding witnessed seizure-like activity
prior to hospitalization.

® Reliably examine patients with altered consciousness
or cognition for any signs of subclinical seizures or
non-convulsive SE.

® Interpret electrodiagnostic study reports for patients
with acute disorders of consciousness, particularly in
the rapid recognition of non-convulsive SE.

¢ Communicate with multidisciplinary teams to co-
ordinate urgent evaluation and management of non-
convulsive SE; teams include -electrodiagnostic
technicians, nursing staff, and other healthcare
providers.

Attitudes

Neurohospitalists should be able to:

® Follow evidence-based guidelines for emergently eval-
uating patients with acute disorders of consciousness and
suspected subclinical seizures or non-convulsive SE.

System Organization and Improvement

To improve efficiency and quality within their organizations,
neurohospitalists should:

e Work closely with emergency medicine and critical
care providers to rapidly recognize non-convulsive SE
in order to begin the neurological evaluation and
management promptly.
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3.4 Disorders of Consciousness from Toxic
or Metabolic Encephalopathy

The central nervous system is acutely sensitive to systemic
changes in the internal milieu of the human body.! Com-
plications from dysfunction of almost every other organ in the
body can lead to changes in consciousness and cognition, and
neurohospitalists should have a good grasp of general
medicine for this reason. The brain is affected by changes in
cerebral blood flow, oxygen delivery, glucose utilization,
neurotransmitter function, electrolyte balance, enzymes, and
hormones.'* Cognition can also be acutely disrupted by
exogenous toxins, prescription medications, and recreational
drugs. Hospitalized patients often experience encephalopathy
secondary to their primary medical problems, so neuro-
hospitalists will frequently be consulted to evaluate these
conditions. Laboratory studies, neuroimaging, and electro-
diagnostic studies can all be helpful but should be effectively
synthesized and interpreted when caring for complex hos-
pitalized patients.

Knowledge

Neurohospitalists should be able to:

¢ Identify the most common causes of toxic and meta-
bolic encephalopathy that can lead to changes in
consciousness and cognition.

® Recognize the patient-specific factors that increase risk
for changes in consciousness and cognition from toxic/
metabolic derangements.

e Describe the indications for laboratory studies, neu-
roimaging, and electrodiagnostic studies in the eval-
uation of hospitalized patients with acute changes in
consciousness and cognition.

® Recognize the reasons for transferring a patient with
acute disorders of consciousness and cognition to a
center with higher level of care if they require further
evaluation with electrodiagnostic studies, neuro-
imaging, or other advanced care that is not available.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough history regarding the ongoing medical
conditions leading to the patient’s altered conscious-
ness and cognition.

® Reliably examine patients for level of arousal, re-
sponsiveness to stimuli, brainstem reflexes, and ap-
pendicular motor responses in order to distinguish
structural brain lesions from global cerebral
dysfunction.

¢ Examine language and cognitive deficits closely in
order to distinguish encephalopathy from aphasia.
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® Communicate with multidisciplinary teams to coor-
dinate complex care for patients with prolonged dis-
orders of cognition and consciousness due to severe
medical disease, including recommendation for med-
ical and procedural therapies that can be utilized to
mitigate encephalopathy via targeted treatment.

Attitudes

Neurohospitalists should be able to:

® Follow evidence-based guidelines for evaluating patients
with acute disorders of consciousness and cognition due
to suspected toxic and metabolic derangements.
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4.0 Infectious Disorders of the
Nervous System

Neuroinfectious disease is a rapidly evolving field due to the
identification of new pathogens, expansion of diagnostic
testing, and increased use of immunosuppressive medica-
tions. The Infectious Disease Society of America’s Emerging
Infections Network reported that 12.1% of all inquiries were
related to neuroinfectious disease,' encompassing bacterial,
viral, and parasitic infections of the central and peripheral
nervous system. This large percentage will have substantial
public health impact as nervous system infection and post-
infectious autoimmune syndromes result in significant neu-
rological sequelae. As focal neurologic deficits and
encephalopathy are common presentations of neuroinfectious
disease, the neurohospitalist must have expertise in recog-
nizing, diagnosing, and treating neuroinfectious disease and
its mimics.

Knowledge
Neurohospitalists should be able to:

® Describe risk factors for neuroinfectious disease.

® Generate a differential diagnosis in patients with
neuroinfectious disease and mimics.

® Generate an appropriate and prioritized approach to
diagnostic testing in patients with neuroinfectious
disease and mimics, including imaging, neurophysio-
logic testing, serum and cerebrospinal fluid testing.

¢ Know the management of common neuroinfectious
diseases and identify how to determine the manage-
ment of uncommon neuroinfectious diseases.

e Know the pathogens endemic to the local region of
practice.

® Be familiar with the local cerebrospinal fluid hospital
test catalog, and mechanisms for send out testing, next-
generation sequencing, and other advanced diagnostic
testing.

e Describe the common causes, mimics, risk factors,
presentation, diagnostic evaluation, and management
of infectious meningitis, including acute bacterial
meningitis, viral meningitis, eosinophilic meningitis,
health care-associated meningitis, chronic meningitis,
and recurrent meningitis.

¢ Distinguish between meningitis, encephalitis, and
meningoencephalitis.

e Describe the common causes, mimics, risk factors,
presentation, diagnostic evaluation, and management
of acute and chronic infectious encephalitis and/or
meningoencephalitis.

e Describe the common causes, mimics, risk factors,
presentation, diagnostic evaluation, and medical and
surgical management of central nervous system
abscesses.

¢ Describe the common infectious causes and mimics of
acute and chronic myelitis.

¢ Describe the common infectious causes and mimics of
polyradiculitis.

¢ Understand how to appropriately adjust the clinical
approach to patients with neuroinfectious diseases
based upon the immune status of the patient, including
those with human immunodeficiency virus (HIV).

® Recognize risk factors and clinical presentation of
infective endocarditis, and diagnose and manage its
neurologic sequelae.

® Describe and identify the presentation and manage-
ment of immune reconstitution inflammatory syn-
drome (IRIS).

® Describe and recognize the presentation of prion-
related diseases and their mimics, along with their
evaluation and management.

¢ Be familiar with neuroinfectious bioterrorism threats.

¢ Know the most common antimicrobial therapies used in
neuro-infectious disease management, with understand-
ing of central nervous system penetration and side effects.

¢ Identify neuroinfectious diseases in which adjunctive
immunomodulatory therapy is indicated.

Skills
Neurohospitalists should be able to:

¢ Obtain a comprehensive neurologic history with at-
tention to infectious disease review of systems, travel
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history, exposure information, social history, and past
medical history.

® Perform a detailed neurologic examination, including
fundoscopy, with attention to general physical exam-
ination signs of infection or inflammation (e.g. skin,
joint, lymph node evaluation).

¢ Interpret magnetic resonance imaging (MRI) and computed
tomography (CT) neuroimaging of the brain and spine,
recognizing findings suggestive of neuroinfectious disease.

e Recognize patterns of neurophysiologic testing sug-
gestive of neuroinfectious disease, including electro-
encephalogram (EEG) and electromyography (EMG).

® Perform lumbar puncture with opening pressure using
appropriate infectious precautions.

® Interpret cerebrospinal fluid patterns in a manner that
stratifies likelihood of neuroinfectious disease, in-
cluding bacterial, viral, fungal, parasitic and prion-
related disorders.

® Perform expanded spinal fluid testing to increase di-
agnostic yield in a cost-effective manner.

® Order and interpret both specific and unbiased spinal
fluid testing (next-generation sequencing) for infec-
tious diseases of the nervous system.

* Promptly initiate appropriate empiric and/or targeted
therapy for neuroinfectious diseases, and narrow anti-
microbial treatment as able throughout hospital course.

® Engage and collaborate with neurological surgery to
pursue procedural interventions when indicated for
diagnosis, treatment, and or management of neuro-
infectious diseases.

® Enlist and/or collaborate with other medical and sur-
gical services as needed in the care of patients with
neuroinfectious diseases or neurologic complications
of infectious disease.

¢ Address length of treatment and plans for ongoing
monitoring and follow up after hospital discharge to
ensure safe transitions of care.

® Counsel patients and families on the indications and
risks of diagnostic procedures or treatments in the
management of suspected neuroinfectious disease.

® Counsel patients and families on neuroinfectious dis-
ease diagnosis, treatment, monitoring, and prognosis.

® Recognize and address barriers to follow-up care of
neuroinfectious disease patients and involve multi-
disciplinary hospital staff to customize medication and
transition of care plans.

Attitudes

Neurohospitalists should be able to:

® Support an early and multidisciplinary approach to
diagnostic evaluation and care of patient with sus-
pected neuroinfectious disease through admission and
throughout all care transitions.

® Prioritize provision of the latest evidence-based rec-
ommendations for the evaluation and treatment of
neuroinfectious disease.

® Value collaboration with consultant referrals and allied
health professionals to develop a comprehensive care
plan to address the cause and treatment of neurologic
infection, ongoing management of neurologic se-
quelae, and prevent recurrent or new infection.

System Organization and Improvement

To improve efficiency and quality within their organizations,
neurohospitalists should:

¢ Lead, coordinate, and/or participate in multidisciplin-
ary teams to develop institutional protocols or algo-
rithms for specific neuroinfectious disease including
prion disease.

e Jead, coordinate, and/or participate in multidisciplin-
ary initiatives to promote hospital infection control.
¢ Participate in local or state level public health de-

partment reporting processes.
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5.0 Acute Toxic and Metabolic Conditions of
the Nervous System

Knowledge

Neurohospitalists should be familiar with the toxic, meta-
bolic, infectious, iatrogenic, and systemic medical conditions
that can adversely affect levels of consciousness and cog-
nitive function.'” Specifically, neurohospitalists should be
able to explain the pathophysiology and identify the typical
neurologic syndrome and associated physical and neuro-
logical examination findings for each condition. The diag-
nostic workup, approach to treatment, and prognostic
indicators are also within the neurohospitalists purview.'™

Skills
Neurohospitalists should be able to:

¢ Elicit a thorough and relevant medical history to assess
for symptoms that are typical of commonly
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encountered systemic conditions that result in cogni-
tive dysfunction in hospitalized patients.

® Expeditiously perform a neurological assessment on a
patient with altered mental status and be able to cor-
rectly interpret findings of global cerebral dysfunction
seen in acute toxic and metabolic encephalopathies as
distinct from the acute focal findings identified in
cerebral vascular events.

® Describe the pathophysiology, risk factors, and typical
and atypical clinical features of the diseases and
conditions associated ~ with  toxic-metabolic
encephalopathies.

® Describe the approach to patients with acute confu-
sional state and delirium.

® Describe the approach to utilization of laboratory tests,
electroencephalography, lumbar puncture, and imaging
modalities to make the diagnosis of commonly en-
countered toxic-metabolic encephalopathies.

® Be familiar with the approach to treatment of the most
commonly encountered toxic-metabolic encephalopathies.

® Be familiar with the prognostication of the most com-
monly encountered toxic-metabolic encephalopathies.

Attitudes

Neurohospitalists should be able to:

* Employ a multidisciplinary approach to the care of pa-
tients with toxic-metabolic encephalopathies, that begins
at admission and continues through all care transitions.

e Follow evidence-based recommendations, practice
guidelines, protocols, risk stratification tools, and tools
for prognostication where available for any specific
conditions identified in the course of the work up for a
toxic-metabolic encephalopathy.

System Organization and Improvement

Neurohospitalists should be able to:

® Participate in multidisciplinary efforts to identify pa-
tients at risk for delirium, institute delirium prevention
strategies, and assist with patient/family education.
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6.0 Acute Headache

6.1 Primary Headache Syndromes

Active headache disorders have a prevalence of 52%
worldwide.! In the United States, acute headache accounts for
2.2% of all emergency department presentations, with about
5% of these patients being diagnosed with a secondary cause
of headache.” Neurohospitalists must be adept at dis-
tinguishing primary headache disorders from secondary
causes of headache and guiding management.

Knowledge

Neurohospitalists should be able to:

® Describe common clinical symptoms that are consis-
tent with primary headache syndromes, such as mi-
graine, tension-type headache, and cluster headache.

e Describe the hypothesis of cortical spreading depres-
sion and its importance in migraine aura.

® Recognize clinical symptoms and signs consistent with
migraine aura, including typical aura, brainstem aura,
hemiplegic migraine, and retinal migraine.

® Recognize signs and symptoms of trigeminal auto-
nomic cephalalgias (TACs) and trigeminal neuralgia

® Describe when acute imaging is indicated in patients
with headache, using a validated framework such as
SNNOOP10.*

e Describe pharmacological and non-pharmacologic
treatment modalities for headache, including side ef-
fects and any monitoring requirements.

¢ Know procedural interventions that may be beneficial
in some patients.

¢ Define status migrainosus and treatment options for
this condition.

® Recognize medication-overuse and rebound headache.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough and relevant medical history to dif-
ferentiate between primary headache syndromes and
secondary causes of headache.

¢ Perform an appropriate physical examination, includ-
ing funduscopy, to identify abnormalities suggestive of
secondary causes of headache.
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® Make decisions regarding the utility of imaging, labs,
and lumbar puncture in the work-up of headache
etiology.

® Decide on appropriate medical therapy for symptom-
atic headache treatment based on the suspected or
confirmed cause of symptoms.

¢ Communicate with patients and families to explain the
benefits and potential adverse effects of pharmacologic
agents.

® Communicate with patients and families to explain the
course and prognosis of their headache syndrome.

® Recognize barriers to follow-up care of patients who
have primary or secondary headaches and help guide
patients to the most appropriate follow-up.

e Document the treatment plan and provide clear dis-
charge instructions for post-discharge clinicians.

Attitudes

Neurohospitalists should be able to:

* Employ a thorough and nonjudgmental approach to the
care of patients who have primary headache syndromes
and secondary causes of headache.

® Follow evidence-based recommendations and protocols
for the evaluation and treatment of primary headache
syndromes and secondary causes of headache.

® Work collaboratively with other health professionals to
develop comprehensive care plans to address headache
in the inpatient setting.

®  Work collaboratively with other health professionals to
aid in transitioning long-term care for patients with
headache syndromes to the outpatient setting.

System Organization and Improvement

To improve efficiency and quality within their organizations,
neurohospitalists should:

e Jead, coordinate, and/or participate in multidisci-
plinary initiatives to promote patient safety, optimize
resource use, create pathways for care transitions,
and minimize hospital presentations for recurrent
headache.

References

1. Stovner LJ, Hagen K, Linde M, Steiner TJ. The global
prevalence of headache: an update, with analysis of
the influences of methodological factors on prevalence
estimates. J Headache Pain. 2022;23(1):34. Published
2022 Apr 12. doi:10.1186/s10194-022-01402-2

2. Goldstein JN, Camargo CA Jr, Pelletier AJ, Edlow JA.
Headache in United States emergency departments:
demographics, work-up and frequency of pathological

diagnoses. Cephalalgia. 2006;26(6):684-690. doi:
10.1111/5.1468-2982.2006.01093.x

3. Doretti A, Shestaritc I, Ungaro D, et al. Headaches in
the emergency department -a survey of patients’
characteristics, facts and needs. J Headache Pain.
2019;20(1):100. Published 2019 Nov 5. Doi:10.1186/
s10194-019-1053-5

4. Do TP, Remmers A, Schytz HW, et al. Red and orange
flags for secondary headaches in clinical practice:
SNNOOP10 list. Neurology. 2019;92(3):134-144.
doi:10.1212/WNL.0000000000006697

6.2 Headache Due to Head and Neck Trauma

Headache is a common symptom in head/neck injury both
in the acute and chronic phases. In one longitudinal study,
41% of patients with head/neck injury reported headache at
initial evaluation, with 71% of patients reporting headache
12 months later.' Headache can also indicate complications
of traumatic injury, such as arterial dissection, cerebral
venous thrombosis, and cerebrospinal fluid (CSF) leak.
Neurohospitalists have an important role in evaluating
headache and associated symptoms to guide management
after traumatic head and neck injury. This section does not
cover post-traumatic intracranial hemorrhage.

Knowledge
Neurohospitalists should be able to:

® Recognize headache as a common complication of
head and neck trauma.

® Recognize arterial dissection as a cause of headache
after head and neck trauma.

® Recognize cerebral venous thrombosis (CVT) as a
cause of headache after head and neck trauma.

® Recognize headache as a long-term complication of
head and neck trauma.

® Recognize the headache features typically associated
with traumatic CSF leak.

e Know the appropriate imaging to order to evaluate
for neurological complications of head and neck
trauma that present with persistent cervicocephalic
pain syndromes such as arterial dissection, CVT and
CSF leak.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough history of symptoms and collateral
history in patients with head and neck trauma.

¢ C(Clinically correlate imaging findings suggesting neu-
rological complications of head and neck trauma that
present with persistent cervicocephalic pain syndromes.
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® Rapidly decide when a new or changing post-traumatic
headache may require additional evaluation.

® Balance risks and benefits of holding versus continuing
antithrombotic medications in various situations in the
setting of acute head and neck trauma complicated by
intra-axial bleeding.

Attitudes

Neurohospitalists should be able to:

* Employ a thorough and practical approach to the care
of patients who have had head and neck trauma.

® Follow evidence-based recommendations and proto-
cols for the evaluation and treatment of headache in
head and neck trauma.

® Work collaboratively with other health professionals to
develop comprehensive care plans to address acute and
chronic headache in head and neck trauma in the in-
patient setting.
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6.3 Headache Syndromes Attributed to
Cranial and/or Cervical Vascular Disorder

Headache is a common symptom of various central ner-
vous system (CNS) vascular diseases. Thunderclap
headache is widely recognized as a major red flag for
subarachnoid hemorrhage (SAH), but can be seen in other
cerebrovascular disorders. Headache occurs in approxi-
mately 19% of acute ischemic stroke patients and 68% in
CVT patients as reported in cohort studies.'* Vascular
causes of headache require urgent evaluation and man-
agement. Neurohospitalists have an important role in
obtaining the headache history in conjunction with asso-
ciated symptoms to identify vascular causes of headache,
and to effectively guide management.

Knowledge

Neurohospitalists should be able to:

® Recognize that headache may be a presenting symptom
of intracranial hemorrhage, ischemic stroke, SAH, re-
versible cerebral vasoconstriction syndrome (RCVS),
intracranial or extracranial dissection, and posterior re-
versible encephalopathy syndrome (PRES).

® Describe common conditions and medications asso-
ciated with RCVS, along with the management of
RCVS.

® Recognize the indications for and utility of CT and MR
angiography in evaluating a patient with suspected
RCVS, including when to refer patients for digital
subtraction angiography.

e Describe the clinical signs and symptoms as well as
situations that may indicate PRES, along with the
typical management of PRES.

® Beaware of the role and limitations of different types of
vascular imaging used to evaluate for potential
dissection.

e Be familiar with the association of headache with
vasculitis (primary CNS or systemic).

® Recognize the indications for early specialty consulta-
tion and potential need for transfer in vascular causes of
headache if not practicing in a center with neurocritical
care, neurosurgery, or an endovascular specialist.

Skills

Neurohospitalists should be able to:

® Elicit a thorough and relevant medical history to
identify presentations concerning for vascular causes
of acute headache.

e Perform an appropriate physical examination to
identify focal neurological deficits suggestive of vas-
cular causes associated with headache.

e Make decisions on appropriate treatment of vascular
causes of headache, and recognize other factors that
may alter the usual recommended treatments.

¢ Facilitate prompt involvement of other specialists, such
as neurocritical care, neurosurgery, etc. when necessary
for the situation.

¢ Communicate with patients and families to explain the
history and prognosis of different vascular causes of acute
headache, including guidance during the course of hos-
pital stay as various phases of evaluation/treatment occur.

Attitudes

Neurohospitalists should be able to:

¢ Employ a thorough and practical approach to the care of
patients who have vascular causes of acute headache.

® Follow evidence-based recommendations and proto-
cols for the evaluation and treatment of vascular causes
of headache.
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6.4 Headache Due to Disorders of
Intracranial Pressure

Headache is a common symptom associated with disorders of
intracranial pressure (ICP), both low ICP and high ICP. A
headache due to a disorder of ICP is often, but not always,
positional. Increased ICP headaches characteristically worsen
in a supine position and can be associated with visual changes
and pulsatile tinnitus (which can be seen in up to 68% of
patients with idiopathic intracranial hypertension).' In con-
trast, intracranial hypotension usually presents with ortho-
static headache, including after post-dural puncture.’
Neurohospitalists have an important role in distinguishing
between a headache due to low or high ICP to effectively
guide further evaluation and management.

Knowledge
Neurohospitalists should be able to:

®* Know the clinical symptoms that may indicate in-
creased ICP or decreased ICP.

® Recognize features of positional headaches that cor-
relate with intracranial hypotension.

® Recognize clinical symptoms or signs that indicate the need
for a more urgent evaluation, such as visual loss, rapidly
progressing headache, or episodes of altered consciousness.

® Recognize imaging features that may be associated
with increased ICP or decreased ICP.

® Describe the imaging that can be performed to find the
etiology of intracranial hypotension.

® Be familiar with procedures and interventions that aid
in management of idiopathic intracranial hypertension
(ITH) and clinical situations that may necessitate these.

Skills

Neurohospitalists should be able to:

e Elicit a thorough and relevant history to identify pa-
tients who may have symptoms of increased ICP.

® Perform a fundoscopic exam to assess for signs of optic
disc edema that may correlate with symptoms of in-
creased ICP.

® Make rapid decisions regarding imaging as well as
subsequent lumbar puncture as appropriate.

® Facilitate urgent ophthalmologic evaluation in patients
at high risk of visual loss.

Decide when further testing for secondary causes of

increased ICP is warranted.

e Evaluate patients with intracranial hypotension (in-
cluding post-dural puncture) and decide on conser-
vative versus procedural management.

¢ Communicate with patients and families to explain the
use and potential adverse effects of medications used to
manage II1H.

¢ Communicate with patients and families to explain the
history and prognosis of IIH, any lifestyle changes to
make, and warning signs for worsening ICP.

¢ Communicate with patients and families to explain the

goals of care, discharge instructions, and management

after hospital discharge to ensure safe follow-up and
transitions of care.

Attitudes

Neurohospitalists should be able to:

¢ Employ a thorough and practical approach to the care
of patients who have suspected increased or decreased
ICP.

¢ Follow evidence-based recommendations and proto-
cols for the evaluation and treatment of elevated ICP or
decreased ICP.

e Work collaboratively with other health professionals
(ophthalmology, neurosurgery, primary care, etc.) to
develop comprehensive care plans to address causes of
increased or decreased ICP in the inpatient and ulti-
mately outpatient setting.

System Organization and Improvement

To improve efficiency and quality within their organizations,
neurohospitalists should:

¢ Lead, coordinate, and/or participate in multidisciplinary
efforts to develop protocols from the emergency de-
partment to the inpatient wards in order to best utilize
healthcare resources to identify patients requiring deeper
diagnostic evaluation, as well as prompt involvement of
ophthalmology and neurosurgery when necessary.

¢ Lead, coordinate, and/or participate in multidisciplin-
ary initiatives to promote patient safety, optimize re-
source use, create pathways for care transitions, and
minimize hospital presentations for recurrent headache
associated with increased or decreased ICP.
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6.5 Headache Associated with Infection and
Inflammatory Disorders

Headache is a common symptom of CNS infectious or inflam-
matory disorders. Among the typical features suggestive of
bacterial meningitis (fever, headache, neck stiffness, altered mental
status), headache was found to be present in 87% of cases in a large
prospective cohort of bacterial meningitis patients." CNS in-
flammatory disorders (or systemic disease with CNS spread) can
have variable degrees of associated headache, which can be an
important diagnostic clue.® Neurohospitalists must also be attuned
to changes in headache suggestive of further brain injury which
may complicate infectious and inflammatory disorders.

Knowledge

Neurohospitalists should be able to:

® Recognize clinical symptoms or signs (e.g. meningi-
smus) that indicate a high likelihood of CNS infection
(meningitis/encephalitis).

® Obtain a relevant history in patients with suspected
inflammatory cause of headache, including evaluating
for signs of giant cell arteritis (GCA).

® Recognize the uses and limitations of lab tests and
imaging in suspected GCA.

® Be aware of the role of acute steroids and temporal
artery biopsy to facilitate diagnosis/treatment in sus-
pected GCA.

® Recognize the role of headache in signifying the
presence of CNS inflammatory disease, including in
the presence of systemic inflammatory disease.

Skills

Neurohospitalists should be able to:

® Perform a thorough physical exam to identify patients with
signs of meningismus or temporal artery inflammation.
Aid in the evaluation and management of suspected GCA.
Communicate with patients and families to explain the
history, prognosis, and potential complications of
various CNS infections.

Attitudes
Neurohospitalists should be able to:
® Follow evidence-based recommendations and proto-

cols for the evaluation and treatment of CNS infections
and inflammatory disorders with associated headache.
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6.6 Headache Associated with Pregnancy
and Postpartum Period

Headache can affect a large proportion of pregnant people, up
to 57.6% in one series.' Patients with pre-existing primary
headaches, in particular migraine, typically experience an
improvement in their headache syndromes during pregnancy.”
However, some pregnant patients may have worsening
headaches requiring management. Of high concern are sec-
ondary headaches in pregnancy and the postpartum period.?
These secondary headaches are usually most concerning for
vascular conditions such as pre-eclampsia, PRES, RCVS, and
CVT. Neurohospitalists must be knowledgeable of these
conditions and thoughtful in their evaluation and management
of pregnant and postpartum patients with headache.

Knowledge

Neurohospitalists should be able to:

® Recognize the value of differentiating between primary
and secondary headaches that present in pregnancy.

® Know how thrombotic and hemorrhagic risk changes
during pregnancy, including the postpartum period.

¢ Describe the secondary causes of headache in pregnant
and postpartum patients.

® Describe the imaging that will aid in distinguishing
between secondary causes of headache in pregnant and
postpartum patients.

e Know the clinical symptoms and signs associated with
pre-eclampsia, and imaging findings that may be seen
on CT or MRI evaluation.

® Recognize that low pressure headaches can be a
consequence of spinal epidural punctures.

® Know the medications that can be used in treatment of
headache in pregnant patients as well as the relative and
absolute contraindications present with certain medications.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough and relevant history in pregnant
patients with headache.
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Expeditiously evaluate pregnant or postpartum patients
with an acute headache.

Perform an appropriate exam, including a fundoscopic
exam, in the headache patient.

Make rapid decisions regarding imaging.
Expeditiously work with obstetrics team to make rapid
diagnostic and treatment decisions.

Communicate with patients and families to explain the
need for higher-risk imaging in pregnancy.
Communicate with patients and families regarding the
benefits and contraindications of various. medications
that may be used for symptomatic treatment of head-
ache in pregnancy.

Attitudes

Neurohospitalists should be able to:

Employ a thorough and practical approach to the care
of patients who have headache in pregnancy or in the
postpartum period.

Follow evidence-based recommendations and proto-
cols for the evaluation and treatment of headache in
pregnancy and the postpartum period.

Work collaboratively with other health professionals
(obstetrics in particular) to develop comprehensive care
plans to address various causes of headache in preg-
nancy and the post-partum period in the inpatient and
ultimately outpatient setting.
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7.0 Acute Disorders of the Peripheral
Nervous System

7.1 Acute Disorders of Peripheral Nerves

Acute peripheral neuropathies, disorders of neuromuscular
transmission, and myopathies may lead to disabling pain,
reduced function, respiratory failure, and systemic compli-
cations depending on what part of the motor unit (nerve,
neuromuscular junction, muscle) and what aspect of each
(e.g., motor, sensory, autonomic nerves) are involved.
Neurohospitalists will be called upon to manage such dis-
orders in the hospitalized setting.

Knowledge

Neurohospitalists should be able to:

Skills

Identify symptoms of acute neuropathies, disorders of
neuromuscular transmission, and acute myopathy.
Localize a set of signs to the peripheral nerve, neu-
romuscular junction, or muscle.

Decide when electrophysiological testing (e.g., elec-
tromyogram and nerve conduction study) is indicated
in the inpatient setting.

Recognize symptoms and signs of rapidly progressing
neuromuscular weakness, including neuromuscular
respiratory failure that will require triage to an ap-
propriate care setting.

Discuss the utility of tracking bedside pulmonary
function tests in the management of patients with
neuromuscular respiratory weakness.

Generate a differential diagnosis of peripheral neu-
ropathies that may present acutely (e.g., Guillain-Barré
syndrome (GBS), porphyria, nutritional deficiencies,
vasculitic/inflammatory, infectious).

Generate a differential diagnosis of disorders of neu-
romuscular transmission that may present acutely (e.g.,
myasthenia gravis, botulism, Lambert Eaton myas-
thenic syndrome (LEMS)).

Generate a differential diagnosis for acute myopathy (e.g.,
toxic, inflammatory, infectious, metabolic, genetic).
Recognize laboratory data that can help in diagnosing
the etiology of an acute neuropathy, disorder of neu-
romuscular transmission, or myopathy.

Neurohospitalists should be able to:

Perform a focused neurological examination of the
peripheral nervous system.

Perform an appropriate examination to determine pos-
sible risk of acute neuromuscular respiratory failure.
Collaborate with neuromuscular subspecialists and/or
electrophysiologists to obtain electrodiagnostic testing
when indicated.

Collaborate with intensivists when care in the intensive
care unit is required.

Communicate with allied health professionals (e.g.,
physical therapy, occupational therapy, respiratory
therapy, speech therapy, nutrition) to develop a com-
prehensive plan of care for patients with peripheral
nervous system disorders.

Initiate appropriate treatments, both symptomatic and
disease modifying.

Communicate with patients and their families re-
garding treatment options, their risks and benefits, and
prognosis.
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Attitudes

Neurohospitalists should be able to:

® Discuss etiologies of peripheral neuropathies with
family and primary care teams.

® Understand and address a patient’s experience, in-
cluding their presence or absence of neuropathic pain.

e Educate colleagues regarding the initial management
and workup of an acute peripheral neuropathy.

® Educate patients regarding the initial workup and
management of acute peripheral neuropathies.

7.1 Guillain Barré Syndrome

Guillain Barré Syndrome (GBS) or Acute Inflammatory De-
myelinating Polyradiculoneuropathy (AIDP) is a common cause
for acute flaccid paralysis. It has an incidence of 1-2 per 100,000
person-years.' It is important to recognize that GBS can lead to
neuromuscular respiratory failure in 20-25% of patients despite
treatment." GBS can have autonomic manifestations ranging
from isolated tachycardia and hypertension to cardiac ar-
thythmia, which may lead to additional hospital morbidity."

Knowledge

Neurohospitalists should be able to:

Identify symptoms and signs accompanying GBS.
Recognize autonomic manifestations of GBS.

® Identify and treat conditions associated with GBS (re-
spiratory failure, venous thromboembolism, aspiration
pneumonia, pressure injuries, exposure keratopathy).

® Apply established consensus d