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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.
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® 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.

References

1. Grasner JT, Lefering R, Koster RW, et al. EuReCa
ONE-27 Nations, ONE Europe, ONE Registry: A
prospective one month analysis of out-of-hospital
cardiac arrest outcomes in 27 countries in Europe.
Resuscitation. 2016;105:188-95. doi: 10.1016/
j-resuscitation.2016.06.004.

2. Posner JB, Saper CB, Schiff ND, Claassen J. Plum and
Posner’s Diagnosis and Treatment of Stupor and
Coma. 5th ed. New York: Oxford University Press;
2019.

3. Sekhon MS, Ainslie PN, Griesdale DE. Clinical path-
ophysiology of hypoxic ischemic brain injury after
cardiac arrest: a “two-hit” model. Crit Care. 2017; 21:90.
https://doi.org/10.1186/s13054-017-1670-9

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.
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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 diagnostic criteria for the
diagnosis of GBS.

Skills

Neurohospitalists should be able to:

e Utilize GBS-specific tools to determine risk of neu-
romuscular respiratory failure.
Prescribe treatments for the management of GBS.
Prescribe medications for the management of neuro-
pathic pain if present.

* Initiate prophylaxis against complications related to
GBS including venous thromboembolism.

Attitudes
Neurohospitalists should be able to:

* Employ evidence-based treatment for the management
of GBS.

Reference

1. Leonhard SE, Mandarakas MR, Gondim FAA, et al.
Diagnosis and management of Guillain-Barré syn-
drome in ten steps. Nat Rev Neurol 2019; 15(11):671-
683. doi:10.1038/541582-019-0250-9

7.2 Acute Disorders of the
Neuromuscular Junction

Disorders of neuromuscular transmission can lead to acute
bulbar weakness requiring inpatient hospitalization. Myas-
thenia gravis is among the most common causes for bulbar
dysfunction, and has an estimated prevalence of 10 to 20
cases per 100,000 people.! A myasthenia gravis exacerbation
can become a crisis, defined as an exacerbation requiring
ventilator support (invasive or non-invasive), and neuro-
hospitalists are at the helm of this management.’

Knowledge
Neurohospitalists should be able to:

* Identify symptoms and signs that differentiate between
myasthenia gravis, botulism, and LEMS.

* Recognize factors that may lead to an exacerbation of
myasthenia gravis.

* Identify patients in whom botulism antitoxin is indicated.

Skills
Neurohospitalists should be able to:

¢ Implement acute treatment for a myasthenic crisis and
exacerbation.

¢ Obtain botulism antitoxin treatment for patients when
indicated.

¢ Communicate with physicians caring for patients with
myasthenia gravis hospitalized for other reasons to
prevent exacerbation.

Attitudes

Neurohospitalists should be able to:

¢ Employ evidence-based treatments for the manage-
ment of myasthenia gravis.

¢ C(Collaborate with outpatient neurologists for long-term
follow up care of patients hospitalized with myasthenia
gravis exacerbation.

¢ Collaborate with infectious disease consultants and
departments of public health to diagnose and treat
patients with suspected botulism.
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7.3 Acute Disorders of Muscle

Muscle diseases leading to inpatient hospitalizations are
relatively rare events. However, inflammatory myopathies, a
family of diseases that includes dermatomyositis, necrotizing
autoimmune myopathy, anti-synthetase syndrome, poly-
myositis and overlap myopathy can lead to dysphagia, in-
terstitial lung disease, respiratory failure and cardiac
arrhythmias.! The identification and management of these
muscle diseases is critical for neurohospitalists as they may be
called upon to manage or consult upon these patients in the
inpatient setting.

Knowledge
Neurohospitalists should be able to:

® Identify the presenting signs and symptoms of myopathy.

® Recognize co-morbid conditions and systemic signs
associated with inflammatory myopathies.

e Discuss when muscle biopsy is indicated in the workup
of acute myopathy.

Skills

Neurohospitalists should be able to:

® Design a diagnostic plan to determine the cause of a
patient’s myopathy including use of electrodiagnostics,
serologic testing, imaging, and pathology.

® Consult appropriate surgical colleagues when muscle
biopsy is required.

Attitudes

Neurohospitalists should be able to:

* Employ evidence-based treatments for the manage-
ment of acute myopathy.

¢ C(Collaborate with other specialty services (e.g., rheu-
matology, radiology, surgery) in designing diagnostic
pathways for patients admitted with acute myopathies.

® (ollaborate with outpatient providers in the coordi-
nation of care of patients presenting with new acute
myopathic illness.
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8.0 Neoplastic Disorders of the
Nervous System

8.1 Neuro-Oncology Emergencies

Neurologic complications of cancer occur in roughly 15% of
cancer patients over the course of their treatment, and can
arise in individuals with primary central nervous system
(CNS) malignancies as well as systemic cancers.' These
complications are often serious, requiring a hospital admis-
sion. The neurohospitalist must have familiarity with the
clinical manifestations of neuro-oncologic emergencies, in-
cluding the management of mass effect and herniation,
neurovascular complications of malignancy,” metastatic
epidural spinal cord compression,® and other specific acute
neuro-oncologic presentations.

Knowledge

Neurohospitalists should be able to:

® Recognize central nervous system mass effect and
herniation syndromes.

® Describe acute medical therapies to treat cerebral
edema and/or herniation.

¢ Describe nontraditional ischemic stroke mechanisms
that are seen in individuals with cancer and how they
are evaluated.

® Discuss the risk of hemorrhage with anticoagulation
therapy in individuals with venous thromboembolism
and an intracranial mass lesion.

® Recognize common presenting clinical symptoms of
epidural spinal cord compression and the indications
for emergent spine imaging.

® Recognize seizures due to a CNS tumor.

® Diagnose pituitary apoplexy based on clinical and
radiographic features.

Skills

Neurohospitalists should be able to:

e Effectively dose, escalate, and monitor acute medical

therapies for management of cerebral edema and/or
herniation.
Effectively treat seizures associated with a CNS tumor.
Identify clinical situations in which emergency neu-
rosurgical consultation is indicated for treatment of
mass effect/herniation.
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e Use available evidence and guidelines to determine the
most appropriate acute stroke therapy for an individual
with acute ischemic stroke and cancer, communicate
this recommendation to team members and families,
and document the rationale for this decision.

® Counsel patients, families, and colleagues about the
risks and benefits of anticoagulation in the setting of
acute symptomatic venous thromboembolism and in-
tracranial mass lesion(s).

¢ Ensure that emergent whole spine imaging is obtained for
individuals with suspected metastatic epidural spinal cord
compression and progressive neurologic impairment.

® Coordinate emergent surgical versus radiation therapy
for individuals with confirmed metastatic epidural
spinal cord compression.

® Arrange appropriate urgent medical and surgical con-
sultation for acute management of pituitary apoplexy.

e Establish relevant goals of care and lead or facilitate
conversations on code status and neurologic prognosis.

Attitudes

Neurohospitalists should be able to:

® Engage effectively with colleagues in emergency
medicine, neurosurgery, oncology/neuro-oncology,
and radiation oncology to communicate important
neurological exam findings and clinical changes.

e Partner with longitudinal oncology providers and
family/caregivers to establish the disease trajectory,
treatment strategy, and identify the most appropriate
medical interventions.

System Organization and Improvement

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

® Lead and/or participate in efforts to develop clinical
pathways with medicine, oncology, and neurosur-
gical teams to most effectively coordinate interdis-
ciplinary care of patients with neoplastic disorders of
the CNS.
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8.2 Intracranial Mass Lesions and
Leptomeningeal Cancer

Neurohospitalists often see individuals presenting with symptoms
from intracranial mass lesions, and are tasked with performing a
diagnostic evaluation and managing symptoms related to the mass
lesion or suspected leptomeningeal cancer. Often, if a cancer has
not been identified, the neurohospitalist is the main contributor to
this diagnostic evaluation. While the differential diagnosis may
include infections, autoimmune/inflammatory etiologies, or a
variety of malignancies, it is important for the neurohospitalist to
have a diagnostic approach to intracranial mass lesions.

Knowledge

Neurohospitalists should be able to:

¢ Identify the common clinical presentations of an in-
tracranial mass lesion.

¢ Identify the characteristic acute neurologic presenta-
tions of leptomeningeal cancer including: headache,
cranial neuropathy, and signs/symptoms of elevated
intracranial pressure.

¢ Know clinical and radiographic features that differ-
entiate different types of intracranial tumors and tumors
from abscess or tumefactive demyelination.

* Know which clinical, imaging, or other diagnostic
testing are most appropriate to evaluate for the presence
of systemic malignancy.

¢ Discern when surgery/tissue or cytology is required, and
when it is possible to treat without CNS tissue confirmation.

¢ Know the uses, limitations, sensitivity and specificity
of serum and cerebrospinal fluid (CSF) diagnostic
studies for CNS tumors and leptomeningeal cancer.

Skills

Neurohospitalists should be able to:

® Determine when lumbar puncture is safe versus unsafe due
to herniation risk in the presence of a CNS mass lesion.

® Order and interpret imaging to generate a prioritized
differential diagnosis for a CNS mass lesion.

e Perform an efficient and comprehensive diagnostic
evaluation for suspected CNS lymphoma.

¢ Perform an effective screen for systemic malignancy
for individuals with suspected brain metastasis.

® Diagnose leptomeningeal cancer based on clinical
presentation, imaging, and CSF studies.

Attitudes

Neurohospitalists should be able to:

¢ Employ an early and multidisciplinary approach to the
care of patients who have an intracranial mass lesion
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that begins at admission and continues through all care
transitions.
¢ (Counsel individuals and families throughout the process
of diagnosis and treatment for an intracranial mass le-
sion, being careful to convey an accurate sense of what is
known and the purpose of each step in the evaluation.
¢ Convey patient-centered prognostication based on the
best available evidence.
Clearly communicate uncertainty.
Have conversations about goals of care and what
matters most for the individual with an intracranial
mass lesion early and often.

System Organization and Improvement

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

¢ I ead, coordinate, and/or participate in efforts to reduce
unnecessary testing and diagnostic delays in the
evaluation of an intracranial mass lesion.

Reference
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8.3 Acute Neurologic Manifestations of
Systemic Malignancy and Neurologic
Complications of Cancer Therapies

The neurohospitalist must often discern whether the devel-
opment of neurologic symptoms is due to neurologic spread of
cancer, a paraneoplastic neurologic disorder (see section 1.9),
or a neurologic complication of cancer therapies. The status
and extent of an individual’s systemic cancer, the temporal
evolution of symptoms, and the timing of symptom onset
relative to cancer therapy are all important to know when
deciding how to interpret new neurologic findings. With cancer
therapeutics rapidly evolving, it is challenging to maintain an
updated knowledge of all neurologic side-effects of cancer
therapies. An understanding of prominent neurologic side-
effects as well as a reliable way to learn neurologic effects
of chemotherapeutic agents is an effective diagnostic approach.

Knowledge

Neurohospitalists should be able to:

® Describe the potential neurologic side-effects acutely,
subacutely, and remotely following radiation therapy.

® Discuss the acute neurologic side-effects of intrathecal
chemotherapy.

¢ Identify side-effects of chemotherapeutic agents used
to treat oncologic disease.

¢ Identify the spectrum of central and peripheral nervous
system presentations that may occur in association with
immune checkpoint inhibitor therapy.

Skills

Neurohospitalists should be able to:

® Manage neurologic complications of cranial and spine
radiation therapy.

¢ Identify potentially causative chemotherapeutic agents
in individuals with cancer receiving systemic therapies
and experiencing neurologic symptoms.

e Effectively diagnose and treat neurologic side-effects
of immune checkpoint inhibitor therapy.

Attitudes

Neurohospitalists should be able to:

¢ Collaborate with oncology teams to effectively com-
municate, diagnose, and treat neurologic conditions in
individuals with systemic cancers.

* Follow evidence-based recommendations and guide-
lines for the treatment of neurologic problems asso-
ciated with systemic cancers and cancer therapies.

System Organization and Improvement

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

® Engage with inpatient and outpatient oncology pro-
viders to fully understand the nature of an individual’s
cancer diagnosis, treatment, and prognosis.

Reference
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9.0 Autoimmune and Paraneoplastic
Conditions of the Nervous System

9.1 Acute Demyelinating Disease of the
Central Nervous System

Demyelinating diseases are some of the most common ill-
nesses encountered by the neurohospitalist.! Diagnosis of
multiple sclerosis can be made based upon a single inpatient
encounter and therapy is warranted in order to reduce the
duration of acute symptoms.”> The neurohospitalist must



Wold et al.

25

know the appropriate diagnostic evaluation to identify de-
myelinating disease of the central nervous system and initiate
treatment while supporting transition to an outpatient neu-
rologist for consideration of disease modifying therapy.*

Knowledge

Neurohospitalists should be able to:

® Recognize risk factors for development of demyelin-
ating conditions of the central nervous system.

e Describe and differentiate between the clinical features
of multiple sclerosis, neuromyelitis optica (NMO) and
NMO spectrum disorder, Myelin oligodendrocyte
glycoprotein antibody-associated disease (MOGAD),
acute disseminated encephalomyelitis, and tumefactive
demyelination.

® Identify imaging features suggestive of the afore-
mentioned acute demyelinating disorders of the central
nervous system.

e Understand the appropriate serum and cerebrospinal
fluid testing appropriate to diagnose demyelinating
diseases of the central nervous system and their
common mimics.

® Recognize the classic pathologic abnormalities on
brain biopsy of a demyelinating disorder as written in a
neuropathologic report.

¢ Identify acute treatment options for patients presenting
with an acute demyelinating disorder of the central
nervous system and describe their risks and benefits.

* Anticipate, recognize, and manage acute and chronic
symptoms of demyelinating diseases of the central
nervous system in need of inpatient supportive man-
agement, including spasticity, nausea/vomiting, pseu-
dobulbar affect, spasms, etc.

* Anticipate, recognize, and manage complications of
fulminant demyelinating diseases of the central ner-
vous system in need of supportive management, in-
cluding increased intracranial pressure, seeking
support from consulting services as needed.

® List appropriate testing to perform in advance of ini-
tiating a disease-modifying agent for demyelinating
disorders of the central nervous system.

® Be familiar with recent trends in disease-modifying
agents used for chronic management of demyelinating
disorders of the central nervous system.

Skills
Neurohospitalists should be able to:
® Elicit a thorough and relevant medical history to assess

for symptoms and risk factors of demyelinating dis-
orders of the central nervous system.

Perform a targeted examination of patients with clinical
symptoms concerning for demyelinating disorders of
the central nervous system.

Diagnose the most likely specific entity causing acute
demyelination of the central nervous system.

Counsel patients on the pathophysiology and prognosis
of their acute demyelinating episode.

Communicate with patients and families to explain the
indications, benefits, and potential adverse effects of
tests and pharmacologic agents relevant to their acute
demyelinating episode.

Employ an early and multidisciplinary approach to the
care of patients who have had an acute demyelinating
disease of the central nervous system that begins at
admission and continues through all care transitions.

Attitudes

Neurohospitalists should be able to:

Direct management decisions as related to an acute
demyelinating episode of the central nervous system
during hospitalization.

Follow evidence-based recommendations for the
evaluation and treatment of acute demyelinating dis-
ease of the central nervous system.

System Organization and Improvement

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

Lead, coordinate, and/or participate in a conscientious
discharge plan, including supporting the transition of
care into an outpatient neurologic practice experienced
in chronic management of demyelinating disease of the
central nervous system.
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9.2 Autoantibody and
Paraneoplastic Syndromes

The discovery of autoimmune and paraneoplastic enceph-
alitides significantly altered the landscape of neuro-
hospitalist practice, as it became possible to both diagnose
and treat many acute neurologic syndromes previously
thought to be idiopathic.' Neurohospitalists should be able
to identify patients with autoimmune and paraneoplastic
disorders of the central and peripheral nervous system in
order to promote timely delivery of therapy directed toward
both the primary autoimmune pathology and potential as-
sociated neoplasm.*

Knowledge

Neurohospitalists should be able to:

® Recognize risk factors for the development of a neural
autoantibody syndrome.

® Recognize typical clinical syndromes suggestive of a
specific neural autoantibody.

¢ Be familiar with pathophysiologic distinctions com-
monly used to categorize neural autoantibody syn-
dromes, including whether an antigen is intracellular or
extracellular, pathogenic, or a biomarker.

® List the most common cancers associated with neural
autoantibody syndromes.

¢ Identify important factors influencing the sensitivity
and specificity of neural autoantibody testing.

® Describe appropriate serum and cerebrospinal fluid
testing appropriate to diagnose neural autoantibody
syndromes or their common mimics.

¢ List appropriate inpatient and outpatient screening tests
for evaluation of potential neoplasms associated with a
neural autoantibody syndrome.

® Identify and describe risks and benefits of acute treatment
options for patients presenting with neural autoantibody
syndromes, including steroids, plasma exchange, intra-
venous immunoglobulin, and B-cell directed therapy.

® Recognize the importance of addressing the underlying
malignancy in those with paraneoplastic neural auto-
antibody syndromes.

® Be familiar with supportive management of the
symptoms and complications of neural autoantibody
syndromes, such as autonomic dysfunction, movement
disorders, and seizures.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough and relevant medical history to assess
for symptoms of and risk factors for neural autoanti-
body syndromes.

¢ Employ an early and multidisciplinary approach to the
care of patients who have neural autoantibody syn-
dromes that begins at admission and continues through
all care transitions.

® Pursue workup, diagnosis, and treatment of potential
neoplastic disease associated with a neural autoanti-
body syndrome, collaborating with inpatient consul-
tants as needed.

® Recognize those patients for whom empiric therapy for
a neural autoantibody syndrome is warranted prior to
confirmation of a specific autoantibody.

¢ Delay diagnostics that carry higher risks, such as brain
biopsy, and await lower-risk diagnostic results in those
patients for whom a neural autoantibody is highly likely.

¢ Counsel patients on the pathophysiology and prognosis
of their neural autoantibody syndrome.

® Anticipate, recognize, and manage symptoms and
complications of neural autoantibody syndromes in
need of supportive management.

¢ Communicate with patients and families to explain the
indications, benefits, and potential adverse effects of
tests and treatments relevant to their neural autoanti-
body syndrome.

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

Attitudes

Neurohospitalists should be able to:

® Assume primary clinical and intellectual responsibility
for management decisions as related to a neural au-
toantibody syndrome during hospitalization.

¢ Prioritize provision of the latest evidence-based rec-
ommendations for the evaluation and treatment of
neural autoantibody syndromes.

System Organization and Improvement

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

* Lead, coordinate, and/or participate in multidisciplinary
teams early in the hospital course to reduce complica-
tions, facilitate patient education, and identify and treat
potential neoplastic disease associated with neural au-
toantibody syndromes.
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9.3 Granulomatous, Vasculitic, and Other
Autoimmune Diseases of the Nervous System

Some autoimmune diseases of the nervous system are
challenging to diagnose based upon imaging features or
serologic testing alone, and diagnosis may frequently require
a biopsy of the nervous system or of an alternative systemic
‘[arget.1 These diseases include, but are not limited to,
granulomatous, vasculitic, amyloid-associated disease, and
diseases related to systemic rheumatologic conditions.
Neurohospitalists must be able to support the expedient and
systematic workup of these treatable processes in patients
presenting with acute symptoms requiring hospitalization.

Knowledge

Neurohospitalists should be able to:

¢ Differentiate between autoimmune diseases of the
nervous system that are neither demyelinating nor
neural antibody associated, including, but not limited
to, disease associated with systemic rheumatologic
conditions, granulomatous, vasculitic, or amyloid-
associated diseases.

® Recognize typical imaging findings that suggest an
autoimmune disease of the nervous system in the
aforementioned categories.

o Identify the appropriate imaging and laboratory testing
used to evaluate the potential presence of the afore-
mentioned autoimmune diseases of the nervous system.

e List potential infectious and neoplastic mimics of the
aforementioned autoimmune diseases of the nervous
system.

® Recognize and describe factors that influence the
sensitivity and specificity of a biopsy of the central or
peripheral nervous system.

® Identify and describe risks and benefits of acute
treatment options for patients presenting with auto-
immune disease of the nervous system, including
steroids and cyclophosphamide.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough and relevant medical history to assess
for symptoms and risk factors for other autoimmune
diseases of the nervous system felt unlikely to represent
demyelinating or autoantibody syndromes.

e Perform an evaluation for systemic involvement of
autoimmune disease of the nervous system that may
offer a potential biopsy target or other diagnostic al-
ternative to performing a brain biopsy, collaborating
with consultants as needed.

® Recognize those patients for whom biopsy of central or
peripheral nervous tissue is an appropriate diagnostic
step in the evaluation of an autoimmune disease of the
nervous system.

¢ Identify an appropriate target for biopsy of the central
or peripheral nervous system in patients in whom it is
an appropriate next step.

¢ Participate in a multidisciplinary pathologic review of a
biopsy specimen of the nervous system.

¢ Identify those patients for whom biopsy is not feasible
or appropriate and initiate a systematic empiric treat-
ment regimen with an associated plan for interval
clinical and diagnostic follow up.

¢ Initiate disease-specific treatment regimens in patients
for whom an autoimmune disease of the nervous
system has been confirmed, in conjunction with an
associated plan for interval clinical and diagnostic
follow up.

* Anticipate, recognize, and manage symptoms and
complications of autoimmune neurologic diseases.

¢ Communicate with patients and families to explain the
indications, benefits, and potential adverse effects of
tests and treatments relevant to their autoimmune
neurologic disease.

¢ Counsel patients on the pathophysiology and prognosis
of their autoimmune neurologic disease.

Attitudes
Neurohospitalists should be able to:

® Recognize and accept the diagnostic uncertainty that
arises in the management of autoimmune disease of the
nervous system.

¢ Maintain humility and re-explore diagnostic possibil-
ities in patients for whom the disease course is not
proceeding as expected, including considering alter-
native disease categories such as infection, neoplasm,
or genetic conditions.

® Respect and appreciate the value in direct and col-
laborative pathologic review of biopsy specimens of
the nervous system in a multidisciplinary manner.
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System Organization and Improvement

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

e Support the generation and maintenance of robust
referral networks that facilitate transfer of patients to
hospitals capable of providing higher level-of-care
services for patients with autoimmune diseases of
the nervous system, including brain biopsy.
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10.0 Acute Disorders of the
Vestibular System

Dizziness is a common complaint of patients presenting to the
emergency department, and vestibular disorders are one of the
many causes. Neurohospitalists provide valuable evaluations
of these patients in identifying both the more common causes
of dizziness and vertigo, along with the dangerous. While
stroke is a rare cause of isolated vertigo in the emergency room,
it is common for patients to receive neuroimaging due to
concern for stroke. Neurohospitalists should partner with
emergency room providers to perform comprehensive clinical
evaluations to allow for cost-effective medicine while still
ensuring neurovascular events are appropriately recognized.

Knowledge

Neurohospitalists should be able to:

® Describe and recognize the common disorders of the
peripheral vestibular system, including benign paroxys-
mal peripheral vertigo, acute unilateral peripheral vesti-
bulopathy (vestibular neuritis), and Meniere’s disease.

® Describe and recognize disorders of the central ves-
tibular system, including stroke, multiple sclerosis, and
vestibular migraine.

® Identify mimics of vestibular disorders such as or-
thostatic hypotension, cardiac arrhythmias, medication
effect, and panic attacks.

® Recognize red flag features that may indicate an urgent
process is ongoing, such as stroke, bacterial laby-
rinthitis, or a cardiac arrhythmia.

e Understand indications for vestibular suppressants,
anti-inflammatories, and antiviral medications for
vestibular disorders.

® List elements of a diagnostic workup for patients with
vertigo and dizziness, and recognize when diagnostic
imaging is indicated.

Skills

Neurohospitalists should be able to:

¢ Elicit a thorough history for symptoms typical of
vestibular disorders and their mimics, including the
description of the dizziness, patient risk factors,
symptom timing, onset, duration, triggers, recurrence
patterns, and other associated symptoms with particular
attention toward symptoms of brainstem dysfunction.

® Perform physical exam maneuvers as appropriate that will
help differentiate between the types of vestibular disorders,
including, but not limited to, head impulse testing, test of
skew, Dix-Hallpike Maneuver, and otologic examination.

¢ Perform otolith repositioning maneuvers in appropriate
situations, such as the Epley and half-somersault, or
collaborate with physical therapy to perform these
maneuvers, and educate patients on how to perform
them independently.

¢ (btain neuroimaging in patients with high-risk features
for central or structural etiology.

® Prescribe appropriate medications for the patient’s
diagnosis, if indicated.

e Recommend vestibular rehabilitation services when
appropriate.

¢ Counsel patients regarding the etiology, treatment, and
prognosis of vestibular disorders.

Attitudes

Neurohospitalists should be able to:

® Accept primary responsibility for differentiation of
peripheral and central causes of vertigo using a neu-
rologic history and examination.

® Act as a steward for appropriate resource utilization in
the emergency department in the evaluation of patients
presenting with dizziness.

System Organization and Improvement

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

® Create protocols to determine the appropriate use of
advanced neuroimaging in patients with vestibular
disorders.
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11.0 Traumatic Injuries to the Nervous
System Background

Traumatic injuries to the nervous system are a frequent oc-
currence, with traumatic brain injury alone affecting an es-
timated 69 million individuals worldwide per year.! Such
injuries can refer to damage done to the central nervous
system (CNS) including brain and spinal cord injuries, but
trauma can also affect the peripheral nervous system (PNS).
Brain injury medicine is an important subspecialty within
neurology as well as rehabilitation medicine, requiring a
multidisciplinary approach to the patient.

11.1 Traumatic Brain Injuries (TBI)

TBISs are defined as an “alteration in brain function, or other
evidence of brain pathology, caused by an external force,”
and can result in a variety of pathologies, including intra-
cranial hemorrhages, diffuse axonal injury, concussions, and
penetrating brain injury.

Knowledge

Neurohospitalists should be able to:

e List frequent comorbid conditions that can lead to a
TBI, such as substance abuse disorder and disorders
resulting in impaired balance.

® Describe the patient’s level of impairment of con-
sciousness using the Glasgow Coma Scale (GCS) to
assign severity of TBI.

e List attributes of the event and clinical presentation that
increase the risk of brain injury.

® Describe the pathophysiology of diffuse axonal injury
(DAI).

* Be familiar with signs of elevated intracranial pressure
and the indications for interventions.

® Describe when electroencephalogram (EEG) moni-
toring is indicated.

® Describe indications for prophylactic initiation of an-
tiepileptic medications to prevent post-traumatic sei-
zures, along with their duration of treatment.

® Understand duration of antiepileptic therapy if a sei-
zure occurs during the hospitalization.

® Be familiar with local anticoagulation reversal policies.

® Assist with identifying appropriate indications for and
timing of restarting anticoagulation after TBI.

® List common complications of TBI.

¢ Understand when palliative care services are indicated.

® Understand the current evidence-based recommenda-
tions for return to school, work, and sports.

® Recognize which patients may benefit from neuro-
psychological referral for cognitive evaluation.

e Be familiar with local rehabilitation services, both
inpatient and outpatient, for patients with TBI.

Skills

Neurohospitalists should be able to:

® Elicit a comprehensive history about the injury in an
expedited fashion.

® Be able to independently assess neuroimaging studies
for signs of intracranial hemorrhage, cerebral edema,
and signs of axonal injury.

e Appropriately triage TBI patients to the correct level of
care, and recognize when escalation of care is needed.

¢ Identify when neurosurgical intervention may be in-
dicated and communicate with the neurosurgical team
accordingly.

e Utilize hospital algorithms for the appropriate reversal
of anticoagulation in TBI patients on anticoagulation
who present with intracerebral hemorrhage, and assess
if and when resuming anticoagulation may be safe.

¢ Treat agitation related to TBI, using pharmacological
and non-pharmacological approaches.

® Treat associated complications of TBI, such as elec-
trolyte abnormalities (diabetes insipidus, syndrome of
inappropriate  antidiuretic = hormone  secretion
(SIADH)), or the treatment of TBI (such as sunken flap
syndrome after hemicraniectomy).

¢ Communicate with families in a manner that builds
trust and maintains compassion.

® Work collaboratively with multidisciplinary teams in
order to develop a comprehensive treatment plan.

¢ Obtain timely assistance from the trauma and neuro-
intensive care teams when appropriate.

® (learly communicate likely prognosis with consulting
teams and families.

¢ Identify risk factors that lead to TBI and counsel pa-
tients accordingly regarding the prevention of “second
hit syndrome.”

* Approximate when return to usual activities can occur,
and communicate these recommendations to patients
and their families.

Attitudes

Neurohospitalists should be able to:

¢ Follow evidence-based guidelines in the treatment of
TBI.

e Work collaboratively in multidisciplinary teams to
coordinate care in an efficient manner.
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System Organization and Improvement

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

® C(Create care pathways in a multidisciplinary fashion
with the goal of ensuring equitable care.

® Collaborate with other institutions within the health-
care system to optimize the triage and appropriate
transfer of patients with TBI as indicated.

11.2 Traumatic Spinal Cord Injuries (SCls)

Traumatic Injuries to the spinal cord can result in a varying
degree of disability and impairment, depending on the se-
verity of the injury (complete vs. incomplete) and the level of
the injury. The majority of SCIs occur in younger males and
are mainly due to motor vehicle accidents, followed by falls.*
According to the National Spinal Cord Injury Statistical
Center, in the US, SCIs are estimated to occur at an annual
rate of approximately 54 cases per 1 million people.’

Knowledge

Neurohospitalists should be able to:

® Be familiar with the acute care of SCI, in conjunction
with other disciplines, as it pertains to respiratory
treatment, neurogenic shock, prevention of thrombo-
embolism, etc.

® Be able to list common complications that can occur
after SCI, such as autonomic dysreflexia, neurogenic
bladder and bowel, pressure injuries, spasticity, and
impaired sexual function.

® Be aware that SCIs are frequently associated with TBIs
and know how to screen for coexisting TBI.

* Know that avoiding hypotension leads to improved
outcomes.

e Know the importance of pain management for the
patient with SCIL.

® Prognosticate an expected level of function after SCI.

® Ensure the patient receives the appropriate level of
rehabilitation after SCIL.

® Be familiar with chronic medical complications of SCI,
such as accelerated atherosclerosis, neurogenic obesity,
and insulin resistance.

Skills

Neurohospitalists should be able to:

® Recognize the clinical presentation of common SCI
Syndromes (Brown Séquard Syndrome, Central Cord
Syndrome, Anterior and Posterior Cord Syndrome).

® Assess the motor and sensory levels of SCI and per-
form a neurological exam despite immobilization or
precautionary devices in place.

® Assess the level of completeness of SCI (ASIA scale).

¢ Obtain timely assistance of other services and disci-
plines as needed to appropriately care for the patient.

® Recommend appropriate bowel and bladder regimens
for dysfunction.

® Weigh risks and benefits of early deep vein thrombosis
(DVT) prophylaxis with heparin or recommend se-
quential compression devices.

¢ (learly communicate prognosis and possible treatment
pathways with other service lines, when acting as a
consultant.

Attitudes

Neurohospitalists should be able to:

* Encourage the patient to discuss issues associated with
SCI such as bladder, bowel, and sexual dysfunction.

® Have an open and encouraging demeanor allowing the
patient to discuss emotional problems following their SCI.

e Work collaboratively in multidisciplinary teams ad-
dressing the best acute and chronic management for the
patient, including rehabilitation services.

® Focus on the patient in a holistic manner, as SCI can
affect every aspect of a patient’s life.

® Be a resource for other professionals to problem-solve
clinical challenges surrounding the SCI.

1.3 Traumatic Injuries to the Peripheral
Nervous System (PNS)

Traumatic Injuries to the PNS can result in loss of function and
be associated with significant debility as well as long lasting
pain. Nerve injuries can be classified into three categories:

¢ Neurapraxia refers to a reduction in conduction velocity
caused by focal demyelination due to mild compression
or traction of the nerve. The axons and connective tissues
however remain intact in neurapraxia.

® Axonotmesis refers to damage to the axon combined
with focal demyelination, with the structure of the
nerve still being intact.

¢ Neurotmesis is the most severe form of nerve injury
referring to damage of the myelin, axon and nerve
connective tissue, resulting in discontinuity of the nerve.®

Knowledge

Neurohospitalists should be able to:

¢ Know the anatomy of the PNS.

e Using their knowledge about the anatomy of the PNS,
localize traumatic injuries to the plexus, root, or pe-
ripheral nerve.
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® Understand the pathophysiology of nerve injury in-
cluding Wallerian Degeneration.

* Know the basics of electromyography (EMG) and
nerve conduction studies in order to understand an
EMG interpretation.

® Know the conservative and surgical treatment options
for radiculopathy and be able to assist in the selection
of the most appropriate course of treatment.

Skills

Neurohospitalists should be able to:

® [Localize an injury within the PNS based on a neuro-
logical exam.

® Understand the classification of nerve injuries and the
prognosis of each respective stage.

® Prescribe appropriate pain medications or consult pain
specialists as appropriate.

® Obtain appropriate imaging or electrodiagnostic studies
as indicated.

® Collaborate with neurosurgical colleagues if a surgical
intervention is indicated.

Attitudes

Neurohospitalists should be able to:

® Maintain vigilance in recognition of a possible injury to
the PNS in a patient with multi-trauma.

® Work collaboratively in multidisciplinary teams ad-
dressing the best acute and chronic management for the
patient, including rehabilitation services.

® Be a resource for other professionals to problem-solve
clinical challenges surrounding the PNS injury.

® Understand that PNS can result in long lasting im-
pairment of function and inability to return to work and
counsel the patient accordingly.

System Organization and Improvement

To improve quality of care for the patient with injuries to the
PNS in their respective healthcare organization, neuro-
hospitalists should:

® (ollaborate with outpatient colleagues to obtain in-
patient EMG when appropriate.
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12.0 Neurologic Conditions Specific to
Reproduction, Sex, and Gender

12.1 Neurologic Disease and Reproduction

There is a growing body of knowledge about the influence of
sex and sex hormones on patients with neurologic disease
throughout their reproductive years. Neurohospitalists must
understand sex-related risk factors for neurologic conditions and
hormonal interactions with commonly prescribed medications
for neurological conditions. It is important for neurohospitalists
to be part of a team of physicians who can effectively counsel
and support patients in selecting appropriate medications for
their conditions based on their reproductive goals.

Knowledge
Neurohospitalists should be able to:

® Be familiar with sex-related incidence in various
neurologic conditions.

® Recognize risks of contraception options in patients
with migraine with aura, tobacco use, history of
clotting disorder, or ischemic stroke.

* Anticipate patients’ seizure frequency may be associ-
ated with reproductive hormone changes.

¢ Identify interactions with hormonal birth control with
commonly prescribed neurologic medications, partic-
ularly in the treatment of epilepsy.

® Recognize the relationship between meningiomas and
exogenous sex hormones.
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® Identify the symptoms of pituitary adenoma and pi-
tuitary apoplexy.

* Aanticipate the risk of gonadotoxic effects of certain
immunosuppressants commonly given in the inpatient
setting, including cyclophosphamide, and provide
appropriate counseling, along with consultation to
reproductive endocrinology when available.

® Identify neurologic conditions which may be hereditary.

Skills

Neurohospitalists should be able to:

® Counsel patients capable of childbearing on the tera-
togenicity of their medication for their neurologic
conditions when applicable, along with the use of high
efficacy birth control.

¢ Counsel patients on possible medication interactions
between their neurologic treatment and hormonal therapy.

Attitudes

Neurohospitalists should be able to:

® Direct neurologic aspects of care for inpatients hos-
pitalized for reproductive reasons.

System Organization and Improvement

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

® Collaborate with multidisciplinary colleagues, in-
cluding primary care providers, obstetrician gynecol-
ogists, maternal fetal medicine specialists, and
anesthesiologists when appropriate in the management
of care of inpatients with neurologic disease and re-
productive issues.
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12.2 Pregnancy, Delivery and Postpartum

Pregnancy results in physiologic changes that can influence
chronic neurologic conditions as well as alter risks for other
diseases. The neurohospitalist should be aware of the basic
pregnancy-related terminology, as well as changes that occur

during pregnancy and delivery that may impact neurologic
conditions. Neurohospitalists should also be knowledgeable
in the diagnosis and management of unique life-threatening
conditions in the peripartum period including preeclampsia
and eclampsia. Additionally awareness of medication effects
in pregnancy and lactation is critical to safely counsel
patients.

Knowledge

Neurohospitalists should be able to:

® Understand essential reproductive terminology and
appreciate the reproductive context in which inpatient
neurologic issues may arise pertaining to the peri-
partum period.

e Identify the risk of gadolinium to the fetus in
pregnancy.

¢ List neurologic medications that may need dose ad-
justments during pregnancy.

¢ Identify neurologic risks associated with delivery,
particularly high risk situations such as spinal cord
injury patients.

® Recognize increased risk of stroke and cerebral venous
sinus thrombosis in pregnancy and in postpartum
patients.

¢ Describe current guidelines regarding receipt of in-
travenous thrombolysis or endovascular thrombectomy
in pregnant patients with stroke.

® Consider possible neurologic medication interactions
with medical abortion treatments.

® Recognize the risk for neurological emergencies as
pertaining to their timing relative to delivery, including
the potential for occurrence in the postpartum period.

Skills

Neurohospitalists should be able to:

e Perform a risk assessment of neurologic treatment
options in a pregnant patient.

* Engage in risk-benefit discussions on neurologic
medication use during pregnancy.

® Recognize and minimize the risk associated with
ionizing radiation of computed tomography (CT) scans
in pregnancy and weigh this against potential need such
as in the need for CT in a pregnant patient with an acute
neurologic presentation.

® Appropriately monitor drug levels (particularly anti-
seizure medication levels) that change during
pregnancy.

® Collaborate with obstetrical providers regarding the
use of antiplatelet and anticoagulation medications
surrounding delivery in patients with neurologic in-
dications for these medications.
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® Assess the neurologic risks of valsalva and the po-
tential need for assisted delivery.

® Contribute to a multidisciplinary discussion of candi-
dacy for neuraxial anesthesia for delivery in patients
with neurologic disease.

® Identify and assist in the treatment of patients with neu-
rologic symptoms in the setting of pre-eclampsia/eclampsia.

® Provide appropriate counseling for patients seeking
abortion who receive anticoagulation or antiplatelet
therapy for neurologic indications.

e Assess for and recognize concerning features of
headaches in pregnant women suggestive of sinus
venous thrombosis, reversible cerebral vasoconstric-
tion syndrome (RCVS), and preeclampsia.

® Diagnose and recommend treatment in patients with
neurologic complications of neuraxial anesthesia.

® Counsel patients on risks and benefits of various
neurologic medications in pregnancy and lactation.

e Recognize neurological emergencies throughout
pregnancy and the postpartum period.

® Anticipate, diagnose and treat postpartum relapse in
multiple sclerosis, myasthenia gravis and other neu-
rologic autoimmune conditions.

® Recognize and treat common peripheral neuropathies
in pregnancy and the peripartum period, and identify
those patients requiring further imaging.

Attitudes

Neurohospitalists should be able to:

® Have a collaborative conversation regarding the risks
and benefit of neurologic imaging in pregnant patients.

® Appreciate the unique medical legal concerns that can
arise regarding neurologic complications of pregnancy
and the peripartum period and support obstetrical
colleagues in the provision of the highest quality and
safest neurologic care in this setting.

e Follow evidence-based recommendations and proto-
cols for pregnant patients with stroke, eclampsia, and
preeclampsia.
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12.3 Women’s Health and Aging

The structure and function of the brain is influenced by sex
hormone changes during menopause. Hormonal changes
have been implicated in a number of sex differences in
neurologic disease including Alzheimer’s disease. The

neurohospitalist should recognize how hormonal changes in
older patients may influence neurologic disease.

Knowledge

Neurohospitalists should be able to:

¢ Define menopause and list common sleep and mood
related changes.

¢ Identify neurologic risks of postmenopausal hormone
replacement therapy including stroke.

¢ Consider sex-related differences in head injury from
falls.

Skills

Neurohospitalists should be able to:

® Assess for menopause and hormone therapies when
relevant.

® Anticipate the risks to bone health of certain medi-
cations, including chronic oral steroids and some an-
tiseizure medications, and consider the need for
prophylaxis to reduce risk of osteoporosis, including
bisphosphonates, calcium, and vitamin D.
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12.4 Sexual and Gender Minorities

More rigorous research is needed to characterize the neurologic
health needs of sexual and gender minority individuals. Un-
derstanding specific needs of this population is necessary to
provide high quality care for their neurologic illnesses.

Knowledge

Neurohospitalists should be able to:

e Define gender identity, sex assigned at birth, sexual
orientation, and gender expression.

® Recognize conditions in which gender minorities may
experience greater risk and identify possible contrib-
uting factors.

¢ Identify how social determinants of health may in-
fluence hospitalization and care.

® Recognize how exogenous estrogen may influence
migraine and seizure frequency, along with stroke risk.
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® Recognize how exogenous testosterone may increase
the risk of hyperlipidemia and erythropoiesis, and also
affect thyroid function.

* Know the importance of not just stopping gender af-
firming hormone treatment and consider alternative
options such as transdermal estrogen.

¢ Consult providers familiar with transgender care when
needed.

Skills

Neurohospitalists should be able to:

® Use gender-neutral, patient-first terminology.

® Elicit and use correct gender pronouns for patients.

® Promote a clinical environment that is inclusive of
patients of sexual and gender minorities and supportive
of their authentic self.

o Gather a medication-use history in patients of sexual and
gender minorities, including use of gender-affirming ther-
apy, consider potential interactions with neurologic medi-
cations, and counsel patients about any associated risks.

® Recognize barriers to follow-up care for patients of
sexual and gender minorities and work with multidis-
ciplinary hospital staff accordingly to develop transition-
of-care plans.

Attitudes

Neurohospitalists should be able to:

® Employ an early and multidisciplinary approach to the care
of patients who are gender and sexual minorities that begins
at admission and continues through all care transitions.

e Accept the existence of their own biases as they relate
to patients who are gender and sexual minorities and
strive to identify and address them.

System Organization and Improvement

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

® Recognize elements of the inpatient clinical environ-
ment that are discriminatory and/or inequitable toward
patients of sex and gender minorities and identify in-
terventions to address these elements.
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13.0 Perioperative and Transplant Neurology

13.1 Perioperative General Neurology

Neurological conditions have a lifetime prevalence of ap-
proximately 6%, with the incidence increasing with age-
associated conditions such as neurodegenerative and cere-
brovascular disease. The risk of mortality with elective surgery
is approximately 1.3% in those under the age of 60, drastically
increasing to 11.3% in those over 80 years old.? Optimal
preoperative evaluation and perioperative management is es-
sential to prevent avoidable morbidity and mortality. The
neurohospitalist must be proficient at recommending presur-
gical testing, optimizing long term medications, recommending
use or avoidance of perioperative medications, and counseling
the neurological patient and surgical team on potential adverse
neurological complications from surgery.

Knowledge

Neurohospitalists should be able to:

® Describe neurological disease-specific perioperative
and postoperative risks.

¢ Identify modifiable and nonmodifiable risk factors
which increase neurological perioperative risk.

® Recognize that many neurological disorders increase
the risk of delirium in perioperative patients.

® Know the perioperative strategies for minimizing ad-
verse outcomes in patients with neuromuscular disease.

¢ Understand the diagnosis and management of neuro-
muscular conditions associated with surgery.
Identify and manage operative patients at risk for seizures.
Know the interactions of medications used for neu-
rological diseases with perioperative anesthesia, anti-
biotics, and pain medications, especially those known
to exacerbate some neurological diseases.

® Recognize whether medications used for neurological
conditions should be continued or held, and the timing
to restart therapy in the perioperative period.

¢ Be familiar with diagnosis and management of peri-
operative compressive or ischemic neuropathies.

¢ Be familiar with diagnosis and management of post-
surgical inflammatory neuropathies and plexopathies.

e Be familiar with the presentation of malignant hy-
perthermia syndrome.

Skills

Neurohospitalists should be able to:

® Assess hospitalized patients to determine the peri-
operative management of both neurologic medications
and devices, along with the risk of adverse effects when
discontinued or turned off.
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Counsel surgical team and nursing staff on importance
of timing of medication administration in conditions
such as Parkinson’s disease.

Identify those at high risk for perioperative compli-
cations including respiratory compromise or aspiration
and arrange for appropriate monitoring and therapy
(e.g. NIF/VC and use of NIV).

Initiate acute treatment for disease exacerbation when
indicated.

Assist in the management of malignant hyperthermia
syndrome.

Attitudes

Neurohospitalists should be able to:

Follow neurological disease-specific evidence-based
recommendations, protocols, and risk stratification
tools for reducing perioperative complications.

Work collaboratively with the surgical team, anesthesia
team, and ancillary care team to prevent, monitor,
identify, and treat those experiencing perioperative
neurologic complications.
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13.2 Perioperative Stroke

Perioperative stroke is stroke that occurs during or within
30 days of surgery, and occurs at an incidence of 0.1-1% in non-
cardiac, non-neurological operations. There are over 25,000
perioperative strokes in the U.S. annually, which is associated
with significant poor health outcomes, including higher 30-day
mortality, increased length of stay, and an increased risk of
discharge to a long term care facility. The neurohospitalist must
be able to optimize perioperative stroke risks, and identify and
treat those who experience a perioperative stroke.

Knowledge

Neurohospitalists should be able to:

Know how to calculate the indirect risk of perioperative
stroke using AHA/ASA recommended tools, such as
the ACS surgical risk calculator.

Describe the potential mechanisms and etiology of
perioperative stroke.

Describe risk factors for perioperative stroke, including
patient factors and surgical considerations (emergent vs
elective and procedure type).

Know the current AHA/ASA recommendations for
timing of elective surgery after stroke, especially in
patients with endocarditis.

Be familiar with the perioperative management of
symptomatic and asymptomatic high grade extracra-
nial carotid artery stenosis, including indications for
preoperative carotid artery stenosis screening, carotid
revascularization options, and timing of intervention in
relation to the planned surgery.

Know how to quantify the risk of thromboembolism and
bleeding in patients on antithrombotics or anticoagulants.
Describe intraoperative management strategies to re-
duce stroke risk, including blood pressure manage-
ment, transfusion threshold, and ventilation strategy.

Neurohospitalists should be able to:

Perform a comprehensive cerebrovascular history that
includes active symptoms of cerebrovascular ischemia,
prior stroke/transient ischemic attack (TIA) etiology
along with etiologic testing performed, and the current
management of the patient’s stroke risk factors.
Document and communicate patient risk factors for
perioperative stroke and recommended testing to the
surgical team.

Assist the surgical team in choosing appropriate
perioperative management of antithrombotic and an-
ticoagulation to reduce risk of perioperative stroke.
Diagnose patients who experienced periprocedural
stroke and provide acute and/or subacute stroke in-
tervention and management, including etiologic eval-
uation and risk factor management.

Attitudes

Neurohospitalists should be able to:

¢ Employ risk stratification tools and follow guideline

recommended management to reduce risk of peri-
operative stroke.

Use a just culture mindset (a process where mistakes or
errors do not result in automatic punishment, but rather
a process to uncover the source of the error) when
discussing postoperative stroke assessment and treat-
ment to the surgical team.
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System Organization and Improvement

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

® Lead and assist in developing protocols for rapid
evaluation of patients in perioperative spaces, in-
cluding the post anesthesia care unit (PACU), with
symptoms concerning for acute stroke.
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13.3 Transplant Neurology

Ongoing advances in solid organ transplantation and stem cell
transplantation have dramatically improved the survival of
patients with end organ failure and hematopoietic disorders.
Transplant recipients experience neurologic complications in
30% of cases.' Therefore, it is essential for the neurohospitalist
to be adept at diagnosing and managing neurologic compli-
cations in the acute and chronic transplantation periods.

Knowledge
Neurohospitalists should be able to:

¢ Describe organ transplant specific neurological com-
plications (e.g. liver transplant and osmotic demyelin-
ation syndrome or hyperammonemic encephalopathy).

® Describe the different neurologic complications in the
acute and chronic periods after transplantation.

® Describe the neurotoxicities of antirejection medica-
tion, including the evaluation and diagnosis of drug
neurotoxicity, and treatment options.

® Describe the common opportunistic infections affect-
ing the central and peripheral nervous systems, the
appropriate diagnostic testing, and the initial broad
spectrum antimicrobial coverage.

® Know the nervous system infections common to
transplant type.

® Describe and recognize the presentation of central
nervous system (CNS) immune reconstitution in-
flammatory syndrome (IRIS) and treatment options.

® Describe the nervous system presentations of post-
transplantation lymphoproliferative disease (PTLD).

Skills
Neurohospitalists should be able to:

® Recognize the signs concerning for central or pe-
ripheral nervous system infection in the immuno-
compromised transplant patient and initiate proper
diagnostic evaluation.

¢ Diagnose the most likely cause of CNS lesions in post-
transplant patients by clinical presentation, examina-
tion, and interpretation of diagnostic testing.

¢ Identify transplant patients experiencing neurotoxicity
from treatment of the underlying disease or from anti
rejection medications, and discuss therapeutic options
with the transplant team.

¢ Communicate with patient and family tests and pro-
cedures, along with their indications throughout the
diagnostic work up.

Attitudes
Neurohospitalists should be able to:

¢ Follow evidence-based recommendations in the di-
agnosis and treatment of neurological complications in
the acute and chronic phase associated with organ and
stem cell transplant.

®  Work collaboratively with the transplant team and other
consulting services to develop a comprehensive care plan
in managing neurological complications of transplant.
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14.0 Functional Neurological Disorders

Background

Functional neurologic disorders (FND) are highly prevalent
and frequently encountered in inpatient and outpatient clinical
settings, with population studies estimating 50-100 cases per
100,000." FND presentations commonly encountered in the
inpatient setting include psychogenic non-epileptic seizures
(PNES), functional weakness, functional movement disorders,
and persistent postural perceptual dizziness (PPPD).

In an economic evaluation using three large US health care
databases reviewing data from 2008-2017, functional neurologic
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disorders were found to account for 0.5% of all adult neurology
admissions.” Patients with FND were more likely to undergo
advanced neurologic work-up than patients admitted with other
neurologic disorders. In 2017, the annual total inpatient charges for
adults with FND was $1,066 million, compared with $1,241
million for anterior horn cell disease. Charges for adult and pe-
diatric emergency department (ED) visits for FND in 2017 were
$163 million, compared with $135 million for refractory epilepsy.

Knowledge

Neurohospitalists should be able to:

e Be familiar with the DSM V criteria for the diagnosis of
FND.

® Generate an appropriate differential diagnosis and
workup for patients presenting with various possible
functional neurologic disorders.

e Know the features and exam findings in patients with
FND that are helpful in differentiating it from anatomic
neurological dysfunction.

Skills

Neurohospitalists should be able to:

® Obtain a history from a patient with possible FND in a
thorough and therapeutic manner.

® Perform the neurologic exam and identify inconsis-
tencies that can aid in the diagnosis of FND, including:
giveaway weakness, Hoover sign, drift without pro-
nation, co-contraction, and splitting the midline.'

® Perform an appropriate workup to exclude alternative
diagnoses that would better explain the patient’s
symptom or deficits.

® Perform an appropriate workup for superimposed other
neurologic conditions that could be contributing to
functional symptoms.

® Use clear and compassionate communication to deliver
the diagnosis of FND to patients, with key skills in-
cluding (adapted from Stone et al.’):
o Taking the problem seriously

Making it clear that there is a diagnosis

Demonstrating the rationale for the diagnosis

Conveying the potential for reversibility

Triaging for further treatment as needed with

psychiatry, physical, and occupational therapy

¢ Understand available treatment options including
cognitive behavioral therapy and physical therapy.

O O O o

Attitudes
Neurohospitalists should be able to:
® Be aware that patients with FND have often been

dismissed by other physicians, impacting their
healthcare experience.

¢ Incorporate knowledge of psychosocial biases that may
impact their interaction with patients with FND.

e Appreciate that patients may experience FND super-
imposed upon another neurologic condition and accept
responsibility for evaluating for potential additional
diagnoses.

System Organization and Improvement

Neurohospitalists should be able to:

¢ Understand the local and online resources for patients
with FND.

e Utilize local multidisciplinary groups for care of pa-
tients with FND or assist with creation of these groups.
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Section 2: Clinical Interventions and
Interpretation of Ancillary Studies

1.0 Determine Death by Neurological Criteria

Brain death is death. Between 2 and 12% of adults and 20% of
pediatric patients who are declared dead are declared using
brain death criteria. Neurohospitalists are often asked to
perform brain death examinations, and the cause of brain
death is highly variable. Neurohospitalists must work with all
of the medical teams providing care to the patient to ensure
that medications have been metabolized, alternative causes of
coma are not found, and that the patient’s state is irreversible.
Neurohospitalists must approach each patient with compas-
sion. Education provided to the patient’s family is paramount,
as the concept of brain death can be misunderstood and
synthesis of complex information during a time of grief is
challenging. Coordination surrounding the timing of de-
claring death is critical, as some patients may be eligible for
organ donation, and families may wish to convene to say their
goodbyes. Institutions each have their own policies and



38

The Neurohospitalist 0(0)

procedures surrounding brain death and local laws provide
additional regulations; therefore, neurohospitalists must be
aware of the criteria for declaration of brain death in their
specific institution.

Knowledge

Neurohospitalists should be able to:

® Be familiar with local policies, procedures and laws
surrounding brain death. Understand how to access
each of these as a reference when presented with
specific clinical questions.

* Know medications that can commonly affect physical
examinations, and which medications are affected by
hepatic dysfunction or renal insufficiency.

® Know common confounders to the brain death exami-
nation, such as: body temperature, blood pressure, med-
ications, illicit drugs, and abnormal laboratory values.

® Describe each of the components of the detailed brain
death exam, including the difference between spinal
and central reflexes.

® Recognize contraindications to apnea testing such as
severe obesity and chronic obstructive pulmonary
disease.

® Understand when to use ancillary testing (electroen-
cephalogram (EEG), radionuclide cerebral perfusion
testing, etc.) to determine brain death.

¢ Show curiosity in exploring patient’s beliefs surrounding
brain death, taking into account unique cultural, reli-
gious, or ethnic perspectives. If there are language
barriers, ensure that high-quality translation services are
used to maintain clear communication in the patient’s
relatives’ or legal representative’s preferred language.

Skills

Neurohospitalists should be able to:

® Determine alternative pathologies are not causing the
patients’ clinical presentation.

e Evaluate laboratory values that may influence the
physical exam.

® Educate family/legal representatives surrounding the
meaning of brain death and the subsequent steps that will
occur, such as extubation and cessation of other organ’s
functions, if the patient is found to be brain dead.

® Recognize appropriate timing of a brain death exam-
ination, with consideration of the half lives of medi-
cations and illicit substances that can confound the
examination, and in coordination with organ donation
services and respiratory therapy for apnea testing.

® Perform a brain death examination.

® Proactively identify unsafe conditions for portions of
the brain death examination.

® Appropriately use ancillary testing when the institution
requires, such as if the apnea test or other portion of the
examination cannot be performed.

® Recognize when an ethics, palliative care or other con-
sultation may be beneficial to provide guidance surrounding
complex patient presentations and social dynamics.

Attitudes

Neurohospitalists should be able to:

¢ Employ an early and multidisciplinary approach to
patients suspected to meet criteria for brain death.

¢ Follow evidence-based policy and procedures for de-
termination of brain death.

¢ Empathetically discuss the patient’s clinical state in a
way that respects different cultural backgrounds.

¢ Educate families regarding the meaning of brain death
and the implications for the patient.

¢ Employ a multidisciplinary approach with other pro-
viders, such as palliative care, spiritual counselors, and
social workers as needed to help with social support
and education.

System Organization and Improvement

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

e Jead or participate in the creation of policies and
procedures surrounding brain death with multidisci-
plinary experts.
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2.0 Intravenous Thrombolysis

Acute ischemic stroke remains the fifth leading cause of death
in the United States, and a major cause of disability.! For acute
ischemic stroke patients, intravenous (IV) thrombolysis is the
only pharmacologic therapy shown to improve outcomes,” ™
and is strongly time-dependent.” However, due to the intri-
cacies of patient selection and rapid pace of the science behind
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thrombolytic treatment, guidance from neurologists, either at
the bedside or via telehealth, is often sought prior to admin-
istration. The neurohospitalist must be intimately familiar with
the process of early and rapid acute stroke patient evaluation
and thrombolytic treatment decision making.

Knowledge

Neurohospitalists should be able to:

® Be familiar with American Heart Association/
American Stroke Association (AHA) Guidelines for
the Early Management of Patients with Acute Ischemic
Stroke®; specifically, sections regarding IV thrombol-
ysis and the rapid changes of the field.

e Know all IV thrombolysis absolute and relative
contraindications.’

® Describe risks and benefits of IV thrombolysis based
on current available evidence.

* Be comfortable using currently available thrombolytic
agents, and know which are Food and Drug Admin-
istration (FDA) approved for acute ischemic stroke and
under what circumstances, along with which are
commonly used outside of FDA approval

* Know dosing of currently available thrombolytic agents.

e Understand time-dependent nature of early thrombolysis.

® Describe risks of thrombolytic treatment in stroke
mimics.

® Identify appropriate imaging modalities used to aid
acute thrombolytic treatment decisions in various
clinical scenarios.

e Know blood pressure goals prior-to and during IV
thrombolytic treatment, as well as acute management
best practices to reach those goals rapidly and safely
when needed.

* Know how to manage complications of IV throm-
bolysis, including hemorrhage and angioedema.

® Know post-thrombolytic treatment monitoring standards.

e Understand stroke center certification-level specific
quality metrics/targets and be familiar with accredi-
tation processes if practicing at an accredited center.

Skills

Neurohospitalists should be able to:

e Elicit a focused history from the patient or relevant
bystanders to identify and exclude any contraindica-
tions to intravenous thrombolysis.

e Perform a rapid and accurate physical examination to
evaluate ischemic stroke-related neurologic signs and
deficits.

® Accurately perform a National Institutes of Health
Stroke Scale (NIHSS).

¢ [dentify stroke mimics.

Communicate risks and benefits of thrombolytic
treatment such that patients and family members can
make informed decisions.

Interpret imaging studies in order to make appropriate
thrombolytic treatment decisions.

Expeditiously make thrombolytic treatment decisions.
Manage acute severe hypertension rapidly to allow
administration of thrombolytics when indicated.
Manage potential complications of IV thrombolysis
including cerebral hemorrhage and angioedema.
Communicate clearly with emergency medicine or
consulting team providers and bedside nurse regarding
treatment decisions and acute management before,
during, and after thrombolytic administration.
Document detailed neurologic exam, consent conver-
sation or reasoning/contraindications for not admin-
istering thrombolytics, and treatment plans following
acute stroke evaluation.

Ensure appropriate post-thrombolysis monitoring is
ordered and patient is admitted/transferred to the ap-
propriate level of care.

Attitudes
Neurohospitalists should be able to:

® Work collaboratively with Emergency Department or

consulting team physicians, Advanced Practice Pro-
viders (APPs) and bedside nursing staff on acute
evaluation and management before, during, and after
thrombolytic administration.

Follow evidence-based best-practices in identifying
eligible patients, and treating with thrombolytics within
accepted standards.

Follow institutional protocols and standards for throm-
bolytic administration and post-treatment monitoring.

System Organization and Improvement

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

¢ Lead, coordinate, and/or participate in multidisciplinary

teams to develop and implement protocols to improve
efficiency of identification of thrombolytic-eligible patients.
Lead, coordinate, and/or participate in multidisciplin-
ary teams to identify barriers and system-based delays
in the administration of IV thrombolysis, and develop
standard work and protocols to minimize or eliminate
these barriers and delays.

Lead, coordinate, and/or participate in multidisciplin-
ary teams to establish institutional standards for post-
thrombolysis management and admission level of care
commensurate with local practices and abilities.
Lead, coordinate, and/or participate in detailed data col-
lection efforts for the purposes of acute stroke management
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process improvement, as well as quality metric measure-
ment and Stroke Center accreditation process.

® [ead, coordinate, and/or participate in community and
regional efforts to coordinate acute stroke systems of
care, to improve prehospital stroke identification and
appropriate patient routing and transfer processes.
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3.0 Lumbar Puncture

Lumbar punctures (LPs) are a commonly performed hospital
procedure, and the most common invasive procedure per-
formed by neurohospitalists. Therefore, neurohospitalists

should be fully aware of the indications and contraindications
for LPs, as well as the risks of the procedure. They should also
be cognizant of which patients need basic diagnostic studies
and which need specialized testing, as many of these tests are
costly and have a long turnaround time. As such, neuro-
hospitalists may be consulted not only to perform the pro-
cedure, but comment on the diagnostic testing to be ordered.

Knowledge

Neurohospitalists should be able to:

® Describe the indications for LP in the hospital setting,
including but not limited to the diagnosis and/or
management of central nervous system infection,
subarachnoid hemorrhage, demyelinating disease,
central nervous system malignancies, idiopathic in-
tracranial hypertension, normal pressure hydrocepha-
lus, and Guillain-Barré¢ Syndrome.

* Explain the risks of the procedure to patients, including
but not limited to failure of the procedure, headache,
pain at the puncture site, bleeding, infection, damage to
spinal nerve roots.

® Recognize which patients may need neuroimaging prior
to performing the procedure (to rule out a mass lesion).

e Describe the contraindications to LP (such as: coa-
gulopathy, intracranial mass lesion, presence of epi-
dural abscess/overlying infection, patient refusal).

® Recognize factors which may increase the difficulty of
the procedure, including but not limited to increased
body habitus, spinal misalignments and deformities,
anxiety, and altered mental status.

¢ Identify patients who may require the procedure under
radiologic guidance.

¢ Identify patients who may require procedural sedation
or anesthesia.

® Recognize factors which may increase the risk of post-
dural puncture headache, including but not limited to
patient anxiety, use of large bore or cutting needle,
younger age, pregnancy.

¢ Identify patients who require large volume cerebro-
spinal fluid (CSF) removal, either for diagnostic pur-
poses (Tuberculosis testing, cytology/flow cytometry)
or therapeutic purposes (idiopathic intracranial hy-
pertension, cryptococcal meningitis).

Skills

Neurohospitalists should be able to:

¢ Elicit a clear history and perform a complete neurologic
examination to determine the indications for the procedure
as well as identifying any potential contraindications.

¢ Identify appropriate anatomical landmarks to guide
needle insertion.
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® Correctly position the patient to maximize safety and

chances of a successful procedure.

Use ultrasound-guided marking in appropriate patients.

Set up and maintain a sterile field.

Perform safe and adequate infiltration of local anesthetic.

Perform the LP at bedside, under sterile technique.

Accurately measure opening pressure measurement in

all patients unless contraindicated (such as if the patient

is in upright position).

® Measure closing pressure in patients who may benefit
from repeat procedure, including but not limited to
idiopathic intracranial hypertension and cryptococcal
meningitis.

® Order and interpret appropriate CSF diagnostic studies
based on the patient presentation, identifying those who
need more than routine tests, including but not limited to
immunologic markers (oligoclonal bands, myelin basic
protein, etc.), autoantibody panels, atypical/opportunistic
infectious panels, cytology/flow cytometry, etc.

® Synthesize data obtained from the diagnostic studies
and correlate with clinical presentation, imaging
studies, and any other laboratory or neurophysiologic
data, and outline a clear treatment plan.

® Communicate with the patient and nursing staff re-
garding post-procedural care.

e Diagnose and treat post-LP complications, including
post-dural puncture headache.

® Diagnose patients who may benefit from an epidural
blood patch.

® Interpret pre- and post-procedural cognitive and gait
assessments for patients with suspected normal pressure
hydrocephalus (NPH) and identify appropriate candi-
dates for extraventricular shunting/CSF diversion.

Attitudes

Neurohospitalists should be able to:

* Employ a standardized approach to pre-procedural
preparation.

® Communicate clearly with patients and families re-
garding the outline of the procedure, why it is being
performed, the potential risks, and the expected after-
care.

e Use a standard LP kit with all the necessary materials.

® Follow organizational guidance on safe performance of
LP.

® Follow institutional guidance on procedure perfor-
mance e.g., pre-procedure time-out and timely and
complete documentation of the procedure.

System Organization and Improvement

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

® Lead, co-ordinate and/or participate in departmental
efforts to reduce post-LP complications, including
headache and infection.

* Implement a standardized LP kit, with all necessary
components, that is easily accessible to performing
physicians.
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4.0 Indications and Clinical Correlation of
Nervous System Diagnostic Imaging

Computed Tomography (CT)

CT represents the backbone of neuroimaging, with rapid and
readily available imaging of the brain and spine. CT is used as
initial imaging in a variety of acute neurological conditions,
due to rapid acquisition time and as a quickly available re-
source across a variety of healthcare settings.

Magnetic Resonance Imaging (MRI)

MRI is an imaging modality used to image the brain and spine
without radiation. MRI images are derived from the appli-
cation of various radiofrequency pulse sequences to mole-
cules in the body that are aligned in a strong magnetic field.
MRI is more sensitive than CT for the detection of acute
ischemic stroke and is often obtained after an initial CT has
excluded intracranial hemorrhage.

Ultrasound (US)

technology is used in several ways to assist the neuro-
hospitalist. Carotid US is often used in the evaluation of the
stroke patient, particularly to assess for extracranial carotid
stenosis. While computed tomography angiography (CTA)
and magnetic resonance angiography (MRA) are more
commonly used modalities for evaluation of the extracranial
vasculature, some patients may not be able to undergo these
techniques, and so carotid US continues to be a useful im-
aging modality. Transcranial doppler studies (TCDs) are used
to assess the velocity of blood flow in the proximal intra-
cranial vessels. This is commonly used in the serial



42

The Neurohospitalist 0(0)

assessment of patients with subarachnoid hemorrhage for
evaluation of cerebral vasospasm. TCD can also be used for
emboli detection as part of a stroke workup.

Catheter Angiography

Catheter angiography is an invasive technique using contrast
dye injected through intra-arterial catheters inserted in the
groin, arm, or neck. Catheter angiography is often performed
emergently in the management and assessment of acute is-
chemic stroke, and can be combined with endovascular
techniques in treatment of a large vessel occlusion. It is also
used in the treatment of patients with ruptured or unruptured
cerebral aneurysms, or non-emergently to evaluate for other
cerebrovascular disorders such as vasculitis, reversible ce-
rebral vasoconstriction syndrome, arteriovenous fistula or
malformation, and other disorders.

Knowledge

Neurohospitalists should be able to:

® Identify key indications for neuroimaging modalities
including CT, MRI, US, and catheter angiography.

® Identify key differences in the diagnostic utility of CT and
MRI in the assessment of the patient with acute stroke.

® Recognize the key differences in the utility of CTA and
MRA in the patient with stroke.

® Discuss risks and benefits of additional radiation in-
curred through CTA and CT perfusion imaging.

® Be aware of the risks and benefits associated with use
of contrast dye in CT and MRI.

® Discuss utility of diagnostic imaging (including the use
of intravenous contrast) with the patient, and how this
will benefit their neurological evaluation.

® Assess for appropriate timing of imaging in the eval-
uation of the patient with acute and non-acute neu-
rological disorders.

® Follow evidence-based recommendations and proto-
cols for use of diagnostic imaging in the patient with
neurological symptoms.

Skills

Neurohospitalists should be able to:

® Perform basic evaluation and interpretation of CT and
MR imaging and provide clinical correlation to the
neurological patient.

e Interpret available diagnostic reports of imaging and
incorporate these in the treatment plan for the patient.

® Discuss results of diagnostic imaging with patients, as
well their families and caregivers, and discuss im-
portance of results with their neurological evaluation.

¢ Differentiate patterns of neurological disease on di-
agnostic imaging from benign variation.

® Be aware of limitations of the various diagnostic im-
aging studies, and differentiate between the utility of
various studies for various neurological conditions.

Attitudes

Neurohospitalists should be able to:

e Discuss imaging modality selection and use with
colleagues from Radiology as well as other depart-
ments to arrive at the best diagnostic plan for the
patient.

e Discuss with the patient the risks, benefits, and alter-
natives of diagnostic imaging modalities during their
neurological assessment and plan.

¢ Discuss and interpret results of diagnostic imaging in a
multidisciplinary manner with Radiology, Hospital
Medicine, Emergency Medicine, Neurosurgery, etc.

e Work in a multidisciplinary manner with other clini-
cians to determine appropriate timing of diagnostic
imaging studies and evaluation of the neurological
patient.

System Organization and Improvement

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

e Coordinate with Radiology to implement evidence-
based protocols for evaluation for the acute stroke
patient.
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5.0 Indications and Clinical Correlation of
Neurophysiology Studies

Neurophysiology Studies

Clinical neurophysiology is the recording of the generation and
propagation of electrical potentials of nerve and muscle cells.
The most commonly used neurophysiology studies include
Electroencephalogram (EEG), Evoked potentials (EP), Nerve
conduction study (NCS) and electromyogram (EMG) . While
neurohospitalists are not required to perform or interpret these
studies, they are essential in the evaluation and management of
disorders commonly managed by neurohospitalists.

5.1 Electroencephalogram (EEG)

EEG records the summation of postsynaptic potentials generated
by pyramidal cells in the cerebral cortex." The most important
utilization of EEG is to evaluate for epileptic seizures (convulsive
or non-convulsive). Continuous EEG monitoring is extremely
valuable in identifying non-convulsive seizures and non-epileptic
seizures, as there is no other test that can be used to definitively
diagnose these conditions. EEG also provides information re-
garding level of consciousness and degree of brain injury of the
patient and may aid in prognosis. Inter-ictal EEG findings such as
spikes, sharp waves, and spike waves are helpful in diagnosing
patients with epilepsy and for classification and localization of an
epilepsy focus. Continuous EEG monitoring is often utilized as
part of post cardiac arrest therapeutic hypothermia (TH) protocol
because EEG findings remain highly predictive of neurologic
outcome after the routine implementation of TH.?

Knowledge
Neurohospitalists should be able to:
® Understand evidence based recommendations in re-
gards to the appropriate type of EEG to order.
Recognize the utility and limitations of EEG studies.
Understand common nomenclature used in EEG
reports.3
Skills
Neurohospitalists should be able to:
® Interpret and explain EEG reports to patients, their
families, and consulting teams.
Attitudes
Neurohospitalists should be able to:
e Follow evidence-based recommendations, protocols,

and risk stratification tools for the utilization of EEG in
inpatient settings.

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 status epilepticus and seizures who have
indications for acute interventions and to minimize
time to intervention.
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5.2 Nerve Conduction Studies and
Electromyography (NCSs/EMG)

For patients presenting with disorders of the peripheral
nervous system, NCSs in conjunction with EMG provide
invaluable information regarding the state of myelinated
nerve fibers and muscles.

Knowledge

Neurohospitalists should be able to:

e Understand evidence based recommendations and
protocols in ordering NCS/ EMG studies for evaluation
of peripheral nervous system disorders in the inpatient
setting.

® Recognize the utility and limitations of NCS/EMG
studies, especially in the inpatient setting.

e Jocalize the lesion/ pathology based on NCS/ EMG
studies in conjunction with a history and physical
examination.

Skills

Neurohospitalists should be able to:

e Explain EMG results to patients, families, and con-
sulting teams and incorporate the information to de-
velop a treatment plan for the patient.

® Recognize the indications for obtaining an urgent vs
outpatient EMG/ NCS.
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Attitudes

Neurohospitalists should be able to:

* Employ a multidisciplinary approach to develop a
strategic plan for the best utilization of EMG resources
in their hospital system.

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 identify patients who
need an urgent EMG study in inpatient settings.
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5.3 Somatosensory Evoked
Potentials (SSEPs)

SSEPs are helpful in the evaluation of lesions along nervous
pathways in addition to prognosticating recovery after a
cardiac arrest in the appropriate clinical settings.

Knowledge

Neurohospitalists should be able to:

¢ Understand evidence-based recommendations and
protocols in ordering SSEP studies for prognostication
in anoxic brain injury patients.

® Recognize the utility and limitations of SSEP studies.

® Understand the origin and significance of common
obligatory waveforms and interpeak latencies de-
scribed in SSEP reports (e.g., EP, N13, N20).

Skills

Neurohospitalists should be able to:

¢ Interpret and explain the significance of the results of
SSEP testing to patients, families, and consulting teams.

® Incorporate the results of SSEP testing, in conjunction
with clinical and other data (laboratory, EEG, imaging,
etc.) to provide neuroprognostication in patients in the
appropriate clinical settings.

Attitudes

Neurohospitalists should be able to:

* Follow evidence-based recommendations, protocols,
and risk stratification tools for the utilization of SSEPs
in the appropriate clinical settings.
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Section 3: Neurohospitalist Role in the
Healthcare System

1.0 Equitable and Inclusive Care

Bias and oppression, both explicit and structural, can impact
patients in multiple aspects of their identities, including, but not
limited to, race, sex and gender, religious and political beliefs,
class/socioeconomic status, and ability. In these competencies,
we refer to all these potential disparities broadly, unless we
specify otherwise. Neurohospitalists should be aware of
healthcare disparities affecting their patient populations and how
to effectively combat these inequalities. Examples include dis-
parities in utilization of emergency and inpatient care by patients
belonging to racial or ethnic minorities' and disparate neurologic
care access and outcomes among sex and gender minorities.>

Knowledge
Neurohospitalists should be able to:

¢ Identify the impacts of bias and oppression (explicit or
structural) on the outcomes of different neurologic
conditions and in different patient populations.3

® Recognize personal bias and countertransference and the
potential impact on the patient populations they serve.

¢ Understand the roles of support services such as social
work and language interpreters to optimize patient
outcomes during hospitalization and post-discharge.

® Maintain awareness of and respect for evolving stan-
dards of inclusive language.

Skills

Neurohospitalists should be able to:

* Mitigate the effects of personal bias in clinical decision
making and delivery of patient care.
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® Identify disparities within the healthcare system to
improve outcomes for patients, families, communities,
and members of the healthcare delivery system.

® Practice inclusive listening when encountering pa-
tients, regardless of their background.

Attitude

Neurohospitalists should be able to:

® Respect cultural differences in approach to healthcare
values and decisions.

¢ Identify opportunities to improve the healthcare de-
livery environment to foster a more inclusive health-
care environment.

® Practice moral courage, self-advocacy, and allyship to
address injustices.

System Organization and Improvement

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

* Engage in efforts to eliminate healthcare disparities in
the patient populations they serve.

® Advocate for practices that advance the diversity of the
healthcare delivery system.

¢ Identify opportunities to improve the healthcare de-
livery environment to foster a more inclusive health-
care environment.

® Provide culturally appropriate resources to patients.
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2.0 Inpatient Perioperative Consultation for
Neurologic Patients

2.1 Perioperative Consultation for Stroke

Stroke in the perioperative period is an uncommon but po-
tentially devastating complication for patients undergoing
surgery.">* While the risk of stroke in the operative setting

varies depending on type and extent of the surgical procedure,
it can occur in the setting of any surgery, particularly in
patients with pre-existing risk factors. Neurohospitalists need
to be aware of these risk factors so that they can adequately
advise the patient and the surgical team on the potential risks
of undergoing treatment and also recommend risk reduction
strategies. Additionally, neurohospitalists must be able to
promptly diagnose stroke in the postoperative setting, in-
cluding rapidly identifying patients who are candidates for
thrombolytic and/or endovascular treatment.

Knowledge

Neurohospitalists should be able to:

e Know the definition of perioperative stroke.

® Assess the risk of perioperative stroke in individual
patients.

® Assess the risk of perioperative stroke associated with
specific surgeries.

® Be aware of the role of additional investigations that
may be helpful to further delineate perioperative stroke
risk.

® Be aware of the risk of and potential impacts of per-
iprocedural silent cerebral infarcts after cardiac
surgery.

e Assist with recommendations regarding timing of
elective surgery in patients with a recent history of
ischemic stroke and/or transient ischemic attack (TIA).

® Recognize which patients need special management of
medications in the perioperative setting.

¢ Identify which patients may need bridging of anti-
coagulation prior to undergoing surgery.

¢ Identify patients who may benefit from revasculari-
zation procedures prior to surgery.

® Define the risk of perioperative complications for
patients with infective endocarditis who require car-
diothoracic intervention.

Skills

Neurohospitalists should be able to:

¢ Obtain a complete history of previous stroke, TIA, or
other vascular events, and identify relevant risk factors
for ischemic stroke.

¢ Expeditiously examine patients who present with po-
tential acute ischemic stroke in the post-operative
period, and rapidly identify those who may benefit
from emergent therapy.

¢ Expeditiously interpret post-operative imaging studies
to determine eligibility for hyperacute ischemic stroke
therapies.

¢ Communicate with anesthesiologists regarding strategies
to reduce risk of both ischemic and hemorrhagic stroke.
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® Diagnose the most likely mechanism of perioperative
ischemic stroke based on patient presentation, imaging
characteristics, and the specific risks associated with
the procedure.

® Perform risk stratification of ischemic stroke for pa-
tients undergoing surgery.

¢ Interpret vascular imaging of patients with infective
endocarditis as part of risk assessment.

® Communicate with the primary team regarding peri-
operative plans for antithrombotics and/or anti-
coagulation, such as bridging period and/or when
anticoagulation is safe to resume.

® Communicate effectively with patients and family mem-
bers about the risk of perioperative stroke and whether
alternative treatment may be available and/or feasible.

® Document the treatment plan clearly for the patient and
primary team, including safety of antithrombotics,
timing of initiation, and need for any additional di-
agnostic tests or secondary prevention measures.

Attitudes

Neurohospitalists should be able to:

® Follow validated risk stratification methods to identify
patients at risk for perioperative ischemic stroke.

® Follow institutional and organizational guidelines for
the management of perioperative stroke risk for high-
risk surgical procedures.

* Follow evidence-based guidance for antithrombotic and
anticoagulation management in the perioperative period.

® Recognize when specialty consultation may be needed,
including but not limited to Neurocritical Care, Car-
diology, Neurosurgery, Cardiothoracic surgery, Inter-
ventional Neuroradiology.

System Organization and Management

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

® Coordinate preoperative assessment for high-risk pa-
tients with the appropriate teams lead, coordinate, and/
or participate in multidisciplinary efforts to promote
early recognition of post-operative stroke.
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2.2 Perioperative Consultation for Patients
with Epilepsy

Patients with epilepsy are at greater risk for postoperative
complications than the general population, including
breakthrough seizures as well as medical complications such
as stroke and systemic infection. Neurohospitalists should be
able to identify patients with epilepsy who are at highest risk
of complications and implement measures to mitigate this risk
as much as possible.

Knowledge

Neurohospitalists should be able to:

® Define which patients are at highest risk for break-
through seizure in the perioperative period.

¢ Identify which patients may need closer monitoring of
electrolytes, renal function, and anti-seizure drug levels.

e Know which anesthetic agents may lower the seizure
threshold and which may be relatively protective
against seizures.

¢ Identify patients who may be at risk of acute symp-
tomatic seizures due to metabolic derangements in
specific surgical procedures (e.g., hypocalcemia after
thyroid/parathyroid surgery, hyponatremia after intra-
cranial or urological procedures etc.).

Skills

Neurohospitalists should be able to:

¢ Elicit a complete history of epilepsy including recent
seizure control, medication intolerances, and prior
experiences with anesthesia.

e Recommend alternative anti-seizure regimens and/or
formulations as needed during the perioperative

¢ (learly document the plan for anti-seizure medications
for epileptic patients, including dose changes, formu-
lation, and timing.

¢ Identify and optimize modifiable factors prior to
surgery to reduce the risk of breakthrough seizure,
including but not limited to sleep disturbance,
delays in medication administration, and fasting
periods.



Wold et al.

47

® Promptly diagnose and treat breakthrough seizures
and/or status epilepticus in the perioperative setting.

® Diagnose seizure mimics in the post-operative period,
such as shivering and myoclonus.

® (Clearly communicate the treatment plan with the pa-
tient, surgical team, and other staff to ensure minimal
interruptions to anti-seizure medications.

Attitudes

Neurohospitalists should be able to:

* Employ evidence-based measures and clear commu-
nication skills regarding the use of anti-seizure med-
ication in the perioperative setting.

Systems Organization and Improvement

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

® Coordinate with the primary surgical team regarding
efforts to reduce the risk of breakthrough seizures in
epileptic patients requiring surgery.

® Collaborate with surgeons, anesthesiologists, and other
key stakeholders to create general guidelines for the
continuation of anti-seizure medications in the peri-
operative setting.
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2.3 Perioperative Consultation for Patients
with Existing or Neuromuscular Conditions

Patients with neuromuscular disease, particularly those with
ventilatory dysfunction, may be at elevated risk for peri-
operative complications. Neurohospitalists are vital in the
assessment of these patients and are positioned to advise on
risk reduction strategies. Neurohospitalists are also vital in the
diagnosis of postoperative neuromuscular weakness, respi-
ratory failure, or compressive neuropathy.

Knowledge
Neurohospitalists should be able to:
¢ Identify patients with neuromuscular disease who may

require specific ventilation parameters in the peri-
operative setting.

¢ Identify patients with neuromuscular disease who may
require measurement of pulmonary function prior to
undergoing surgery.

¢ Identify patients with neuromuscular disease who may
require preoperative cardiac testing and/or monitoring
for arrhythmia.

¢ Identify which patients may require medication ad-
justment or other treatments prior to surgery.

® Describe which anesthetic medications are safe to use
for patients with myasthenia gravis and which should
be avoided.

¢ Explain which postoperative medications can precip-
itate myasthenic crisis and should therefore be avoided.

¢ Identify patients at risk of compressive mono-
neuropathy in the intraoperative period.

® Recognize that patients without a prior diagnosis of
neuromuscular disease may have manifestations in the
postoperative setting.

Skills

Neurohospitalists should be able to:

® Monitor and treat perioperative clinical deterioration in
patients with known neuromuscular disorders.

¢ Evaluate, diagnose, and treat new-onset neuromuscular
disorders in postoperative patients.

Attitudes

Neurohospitalists should be able to:

¢ Employ a systematic and evidence-based approach to
the management of neuromuscular disorders in the
perioperative setting.

¢ Employ evidence-based risk assessment, based on
clinical history and pulmonary function testing, to
predict the need for postoperative mechanical venti-
lation requirements.

¢ Employ judicious use of diagnostic testing in the post-
operative period through appropriate patient selection.

¢ C(Collaborate with neuromuscular specialists in the care
of patients with known and emergent neuromuscular
conditions.

Systems Organization and Improvement

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

¢ Implement clear guidance on medications to avoid in
patients with myasthenia gravis.

¢ Implement evidence-based guidelines for the peri-
operative management of patients with neuromuscular
disease, including which patients should have
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pulmonary function testing and which patients require
specialized ventilation strategies.

® [Lead, coordinate and/or participate in multidisciplinary
efforts to reduce length of stay in patients requiring
ventilator support for neuromuscular disease.

® Coordinate multidisciplinary efforts to reduce the risks
of intraoperative nerve injury.

® Ensure effective transitions of care.
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2.4 Perioperative Consultation for Patients
with Parkinson Disease

Parkinson disease is a prevalent and disabling condition, with
high rates of complications in the perioperative setting related
to mobility issues, cognitive and/or psychiatric symptoms,
medication management, and autonomic dysfunction. Neu-
rohospitalists work closely with surgical teams to coordinate
safe continuation of medications, reduce risk of postoperative
complications, and initiate early rehabilitation. Neuro-
hospitalists should also be aware of management of Deep
Brain Stimulators in patients undergoing surgery.

Knowledge

Neurohospitalists should be able to:

® Explain the need to continue Parkinson disease med-
ication for as long as possible prior to undergoing
surgery and restarting as soon as possible after surgery.

® Describe the correct timing of medications in multiple
formulations, including medications administered by
feeding tube.

® Know that patients with Parkinson disease are at higher
risk of perioperative complications including but not
limited to delirium, hallucinosis, post-op infection,
urinary retention, falls, and sleep disturbances.

® Know that patients with Parkinson disease may have au-
tonomic dysfunction that can complicate the perioperative
course, including but not limited to orthostatic hypotension,
urinary dysfunction, dysphagia, and constipation.

® Recognize which Parkinson’s medications may con-
tribute to delirium in the perioperative setting.

® Know how Deep Brain Stimulators should be managed
for different surgical procedures to reduce the risk of
interference with the implanted pulse generator.

¢ Identify patients who may benefit from a formal
swallow evaluation in the perioperative setting.

Skills

Neurohospitalists should be able to:

¢ Elicit a clear history of severity of Parkinson’s disease
symptoms, medications used, medication dosing and
timing, and prior experiences with surgery, if any.

® Assist with the management of movement abnormal-
ities, orthostatic hypotension, dysphagia, and psychi-
atric symptoms.

® Document the plan regarding changing, stopping or
restarting medications for Parkinson disease, with clear
instructions on dosing, formulation, timing, and po-
tential adverse effects.

Attitudes

Neurohospitalists should be able to:

¢ Employ a systematic and evidence-based approach to
prescribing and altering medications for Parkinson
disease in the perioperative setting.

System Organization and Improvement

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

¢ Lead, coordinate and/or participate in multidisciplinary
efforts to reduce post-operative complications for pa-
tients with Parkinson disease, including but not limited
to aspiration pneumonia, urinary tract infection, and
falls.

¢ Implement guidelines for the management of medi-
cations for Parkinson disease in the perioperative
setting.

® Lead, coordinate and/or participate in multidisciplinary
efforts to promote early mobilization and rehabilitation
for post-operative patients with Parkinson disease.

* Ensure effective transitions of care for patients with
Parkinson disease.
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3.0 Neuroprognostication

3.1 Central Nervous System Injury

Central nervous system injury can have widely variable out-
comes, depending on the mechanism and severity of the insult.
Neurohospitalists are often called to offer a prognosis—an
attempt to accurately determine if the patient will recover a
quality of life in accord with their values and (if available)
advance directives'. Appropriate neuroprognostication for
patients with disorders of consciousness (DoC) after brain
injury can inform and empower surrogate decision makers,
facilitate goals-of-care discussions, support bedside providers,
and has broader implications for health system resource al-
location. However, neuroprognostication is fraught with the
potential for error due to lack of good data, psychosocial and
ethical factors®. Accurate prognosis is highly mechanism-
dependent; our understanding of the sensitivity and specific-
ity of prognostic tools evolves rapidly; there is subjectivity in
the understanding of “good” and “bad” prognosis; and the
determination of prognosis can lead to “self-fulfilling proph-
ecy” decision making.'” It is of critical importance for neu-
rohospitalists to apply mechanism-appropriate prognostic tools
and understand their implications so they can reliably and
effectively counsel caregivers and consulting providers.

Knowledge
Neurohospitalists should be able to:

® Identify different mechanisms of brain injury and the
importance of mechanism to prognosis.

¢ Be familiar with, describe, and appropriately use evolving
terminology for states of disordered consciousness.

e Understand the impact that statements about neuro-
prognostication have on goals of care, versus pre-
existing patient directives, physiological futility, and
pre-existing comorbid disease states.

® Be familiar with relevant clinical tools and rating scales
for assessing disorders of consciousness.

® Be familiar with evolving imaging and clinical neuro-
physiology studies for assessing DoC (eg. fMRI BOLD,
evoked potentials, electroencephalogram (EEG)).

® Describe multimodal neuroprognostication.

¢ Articulate the differences between neuroprognostication
and brain death assessment in technical and non-clinical
terms.

® Understand the basis for guidelines recommending
against early definitive prognostic statements for brain
injury leading to DoC.

Skills

Neurohospitalists should be able to:

® Perform a complete and accurate exam on a comatose
patient.

¢ Interpret structural neuroimaging relevant to brain
injury and DoC.

¢ Interpret EEG reports and findings relevant to brain
injury and DoC.

e Identify situations in which advanced functional
neuroimaging or clinical neurophysiological studies
may provide additional prognostic information in DoC.

* Assemble and articulate multimodal neuroprognostic
assessments in technical and non-technical terms.

e Manage and/or assist in managing goals of care dis-
cussions for care teams and patient decision makers.

¢ Demonstrate comfort with expressing clinical ambi-
guity and a range of potential outcomes to care teams
and patient decision makers.

e Partner with patient decision makers to understand
patient values regarding quality of life and functional
independence.

e Appropriately consult support services, such as palli-
ative care and chaplain services.

Attitudes

Neurohospitalists should be able to:

e Appreciate the ethical implications of neuroprognostication,
including the subjectivity of perceived quality of life and the
ramifications of self-fulfilling prophecies.

¢ Follow evidence-based guidelines for prognostication
in the setting of DoC.

¢ Employ a multidisciplinary approach to multimodal
neuroprognostication and appreciate the need for clear
communication with providers, patient caregivers, and
other services when goals of care discussions are
indicated.

® Respect cultural differences in the approach to cog-
nitive and physical disability.

System Organization and Improvement

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

e Lead, coordinate, and/or participate in hospital or
health-system initiatives to standardize assessments for
neuroprognostication in brain injury.

¢ Coordinate with subspecialty clinical neurophysiology,
radiology, and laboratory service lines to ensure, as
appropriate, the availability and consistency of studies
related to neuroprognostication.

® Lead, coordinate, and/or participate in hospital or
health-system ethical support programs to help ensure
consistent neurological expertise in these challenging
cases.
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3.2 Post-Cardiac Arrest Brain Injury

Post-cardiac arrest brain injury (PACBI) is the result of
cascading insults initiated by both circulatory arrest and
subsequent reperfusion injury.' It is the most common cause
of death in patients who obtain return of spontaneous cir-
culation (ROSC) after arrest. It is also the most common
cause of long-term disability following cardiac arrest. It bears
distinct consideration in discussions of neuroprognostication,
in part to its mechanistic homogeneity, ubiquity, and the
relatively protocolized nature of cardiac arrest management.
The field of PCABI-neuroprognostication is rapidly evolving,
with a large body of data for outcomes of disordered con-
sciousness after arrest of highly variable quality.>

Knowledge

Neurohospitalists should be able to:

® Describe basics of mechanisms of injury due to cardiac
arrest (eg. primary hypoxic injury, post-ROSC hypo-
perfusion, reperfusion injury, intracranial hypertension).

® Describe the impact of temperature management on
neurological outcomes.

® Be aware of the effects of hypothermia on the meta-
bolism of some sedating medications, including pro-
pofol, which can affect the neurological examination.

¢ Describe multimodal neuroprognostication specifically
for PACBI and identify sources for consensus guide-
lines and workflows

e Articulate the differences between  neuro-
prognostication and brain death assessment in technical
and non-technical terms.

® Describe the timing of various neuroprognostication
studies and clinical assessments.

® Recognize the dominant definition of “poor” clinical
outcome in neuroprognostic literature for PACBI.

¢ Identify exam features associated with a poor neuro-
logical prognosis in PACBI.

¢ Identify and describe the strengths and limitations of
ancillary testing in PACBL

Skills

Neurohospitalists should be able to:

¢ Perform a complete and accurate exam in a comatose
patient and identify pertinent clinical findings for
PACBI neuroprognostication.

e Identify and describe the strengths and limitations,
and interpret the findings of ancillary testing in
PACBI.

¢ Assemble multimodal prognosis for anoxic brain injury
utilizing clinical, and as appropriate, clinical neuro-
physiological imaging, and laboratory findings.

¢ Articulate the implications of prognostic findings to
care teams and patient decision makers.

® Manage or assist with goals of care discussions for
patients with poor prognosis in PACBI.

e Appropriately consult support services, such as palli-
ative care and chaplain services.

Attitudes

Neurohospitalists should be able to:

e Appreciate the ethical implications of neuro-
prognostication in PACBI, including the subjectivity of
perceived patient quality of life and the ramifications of
self-fulfilling prophecy.

e Follow evidence-based guidelines for multimodal
neuroprognostication in PACBI, and appreciate the
rapid evolution of neuroprognostication in this
field.

e Employ a multidisciplinary approach to multimodal
neuroprognostication and appreciate the need for clear
communication with providers, patient caregivers, and
other services when goals-of-care discussions are
indicated.

e Respect cultural differences in the approach to cog-
nitive and physical disability.
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System Organization and Improvement

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

e [Lead, coordinate, and/or participate in hospital or
health-system initiatives to standardize neuro-
prognostication for PACBI for consistent and ethical
guideline-driven care.

® Lead, coordinate, and/or participate in multidisciplin-
ary teams early in the hospital course to coordinate the
appropriate timing and interpretation of multimodal
prognostic assessments, set appropriate expectations,
and compassionately convey results.

® Coordinate with subspecialty clinical neurophysiology,
radiology, and laboratory service lines, as appropriate,
to ensure the availability and consistency of neuro-
prognostication studies.
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4.0 Teleneurology

Telemedicine is a rapidly growing field which increases
access to healthcare. Telemedicine is a broad term that can
be applied to communication via phone or email, review of
diagnostic tests and imaging, as well as “face-to face”
visits by video. Neurohospitalists’ skills may be leveraged
via telestroke or teleneurology services to help in place of,
or to augment, in-person neurohospitalist or neurologist
coverage. 12

Knowledge

Neurohospitalists should be able to:

® Describe the limitations of telemedicine.

® Maintain awareness of the availability of local re-
sources and levels of care available at sites of care.

¢ Be familiar with the telemedicine equipment provided
for the consultation itself.

e Describe the licensure requirements surrounding
telemedicine services.

* Be aware of the privacy requirements set forth in the
Health Insurance Portability and Accountability Act
(HIPAA) and the Health Information Technology for
Economic and Clinical Health Act.

Skills

Neurohospitalists should be able to:

* Modify the neurological exam to the limitations of the
telemedicine interaction.

e Conduct a focused neurological examination and es-
tablish rapport remotely.

® Engage assistants who might participate in the tele-
medicine visit in order to improve the exam.

¢ Identify when escalation of care is indicated.

® Provide effective communication with the patient and
local care team regarding diagnosis, prognosis, and
treatment plan.

Attitudes

Neurohospitalists should be able to:

® Work collaboratively with family members, caregivers,
and other health professionals possibly present at the
visit to perform a succinct exam and develop com-
prehensive treatment plans.

System Organization and Improvement

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

¢ C(Collaborate to develop meaningful outcome measures.
® Actively participate in the oversight and improvement
of quality metrics.
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5.0 Neurological Risk Reduction for the
Hospitalized Patient

5.1 Delirium and Falls

Encephalopathy, nonfocal deterioration in alertness and cog-
nitive performance, is the most common neurologic compli-
cation of a critically ill hospitalized patient. It indicates the
inability of the brain to maintain normal function under severe
physiologic stress and can be compared to failure of other end
organs.'? Delirium is a common manifestation of mild to
moderate encephalopathy and is defined as an acute and fluc-
tuating change in mental and cognitive status. Delirium presents
as decreased arousal and attention with incoherent thought and
speech. Hospital delirium has an overall prevalence of 23%
amongst hospitalized older adults, with an increased prevalence
in the intensive care unit (31% to 75%).” Development of
delirium has been found to be an important predictor of both
morbidity and mortality in critically ill patients.*

One common adverse event in the inpatient setting that can
be the result of delirium is falls. The rate of hospital falls have
been decreasing over the past few years, but they are still the
most common adverse event reported in the hospital. Each
year, there are roughly 700,000 to 1 million patient falls re-
sulting in around 250,000 injuries and 11,000 deaths. These
falls are both a physical and economic burden to patients in
addition to also significantly impacting medical organizations.’

Knowledge

Neurohospitalists should be able to:

® Describe risk factors for patients at increased potential
for development of delirium.

e Be familiar with different methods of measuring and
assessing for delirium in the hospitalized patient (e.g.,
Confusion Assessment Method (CAM-ICU), the 4 A’s
test (4AT), Delirium Rating Scale (DRS), etc.).

® Recognize when further medical workup/imaging are
required in a patient with delirium symptoms.

® Describe pharmacologic and non-pharmacological
methods to intervene in the prevention /management
of delirium in the inpatient setting.

® Describe factors associated with increased risk of falls
in hospitalized patients.

e Explain how different characteristics (use of anti-
coagulation, age of patient, recent medical interventions,
etc.) can stratify falls from having minor to major impact.

¢ Be familiar with various measurement strategies in
assessment of fall risk (e.g., Morse Fall Scale, St.
Thomas Risk Assessment Tool in Falling elderly in-
patients [STRATIFY], Hendrich II Fall Risk Model
instruments, etc.).

® Describe ways to manage a hospitalized patient after
they sustain a fall.

® Recognize when further medical workup/imaging are
required in a patient with in-hospital fall.

® Recognize the indications for escalation of care.

Skills

Neurohospitalists should be able to:

o Identify patients at risk for delirium through exami-
nation of a patient’s medical history, medication list,
and relevant in-hospital medical interventions.

¢ Utilize physical exam findings to identify patients who may
be developing delirium, or whose level of consciousness/
cognition may be fluctuating and worsening.

® Monitor for common causes/triggers to the develop-
ment of delirium in the hospitalized patient.

¢ Communicate with patients and families why delirium
occurs, and what the usual trajectory is/how delirium
can impact the hospitalization.

¢ Communicate with patients and families to explain the
use and potential adverse effects of pharmacologic
agents used for delirium, and explain the rationale
behind non-pharmacological methods.

¢ Identify patients at risk for falls while hospitalized and
implement strategies to try to avoid falls.

¢ Communicate with patients and families if a fall does
arise, the reasons why it may have occurred and how to
prevent future falls.

Attitudes

Neurohospitalists should be able to:

¢ Employ an early and multidisciplinary approach to the
care of patients who are at risk for delirium, or have
developed delirium through all care transitions.

® Follow evidence-based recommendations, protocols,
and risk stratification tools for the identification,
monitoring, and treatment of delirium.

e Work collaboratively with other health professionals
(Registered Nurses (RNs), Occupational Therapists
(OTs), Physical Therapists (PTs), environmental ser-
vices, etc.) to develop methods to identify and alleviate
both intrinsic (orthostatic hypotension, cognitive im-
pairments, balance and gait abnormalities) and ex-
trinsic (setup of the room, height of bed, availability of
walking aids/assistive devices) fall risk factors.
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System Organization and Improvement

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

® Lead, coordinate, and/or participate in multidisciplin-
ary teams to implement strategies to reduce hospital
acquired delirium.

References

1. Maas MB, Naidech AM. Critical care neurology
perspective on delirium. Semin Neurol. 2016;36(6):
601-606. doi:10.1055/5-0036-1592318

2. Pustavoitau A, Stevens RD. Mechanisms of neuro-
logic failure in critical illness. Crit Care Clin. 2008;
24(1):1-vii. doi:10.1016/j.ccc.2007.11.004

3. Kwak MJ. Delirium in frail older adults. Ann Geriatr Med
Res. 2021;25(3):150-159. doi:10.4235/agmr.21.0082

4. Pandharipande PP, Girard TD, Jackson JC, et al. Long-
term cognitive impairment after critical illness. N Engl
J Med. 2013;369(14):1306-1316. doi:10.1056/NEJM
0al301372

5. LeLaurin JH, Shorr RI. Preventing Falls in Hospitalized
Patients: State of the Science. Clin Geriatr Med. 2019;
35(2):273-283. doi:10.1016/j.cger.2019.01.007

6. Balas MC, Vasilevskis EE, Olsen KM, et al. Effective-
ness and safety of the awakening and breathing coor-
dination, delirium monitoring/management, and early
exercise/mobility bundle. Crit Care Med. 2014;42(5):
1024-1036. doi:10.1097/CCM.0000000000000129

5.2 Withdrawal

Withdrawal from central nervous system (CNS) depressant
substances such as alcohol, opiates, muscle relaxants, and
benzodiazepines is common in hospitalized patients and can
be potentially lethal. It is estimated that 10% of hospitalized
patients experience alcohol withdrawal. Early treatment re-
duces neurological complications such as seizures. Early
identification and optimized usage of a treatment protocol can
be crucial to improving outcomes and decreasing morbidity.'

Knowledge

Neurohospitalists should be able to:

¢ Identify the symptoms of alcohol withdrawal and know
the timing at which neurological complications, such as
delirium tremens or seizures, are likeliest to occur.

® Understand the rationale for high dose thiamine re-
pletion in patients with alcohol use disorder.

® Identify symptoms of withdrawal from different rec-
reational drugs.

® Understand the difference between withdrawal from
short-acting and long-acting opioids.

® Describe the neurological effects/complications of
withdrawal from commonly used psychotropic
medications.

Skills

Neurohospitalists should be able to:

¢ Institute treatment protocol based on appropriate re-
assessments of patients using commonly utilized scales.

e Follow evidence-based recommendations, protocols,
and risk stratification tools for the identification,
monitoring, and treatment of withdrawal syndromes
that include neurological signs and symptoms.

Attitudes

Neurohospitalists should be able to:

® Collaboratively support patients at risk for or experi-
encing withdrawal, including engagement of social
workers and experts in Addiction Medicine where
appropriate.

System Organization and Improvement

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

¢ Evaluate and learn from deviations from evidence-
based recommendations.

¢ Employ a multidisciplinary approach to the care of
patients who are at risk for or develop withdrawal
syndromes, including effective transitions of care.
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5.3 Deconditioning, Critical lliness
Polyneuropathy and Myopathy

Weakness after critical illness is a pervasive problem. This is
secondary to not only diffuse atrophy secondary to disuse of
skeletal muscles, but also due to cellular injury to peripheral
nerves and muscles during critical illness. Critical illness poly-
neuropathy (CIP) and myopathy (CIM) are distinct entities, but
can often coexist as critical illness polyneuromyopathy
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(CIPNM). This is very prevalent in the critically ill population,
with 70% of patients with sepsis and 100% of patients with
multiorgan failure having measurable neuromyopathy.' This can
have a significant impact on patient morbidity and mortality, as
neuromuscular respiratory weakness may be so profound that
there is secondary impediment to weaning from mechanical
ventilation. A detailed 2013 study of critically ill patients found
through serial biopsies that muscle protein synthesis starts to be
depressed on day 1 compared to healthy controls.>

Knowledge
Neurohospitalists should be able to:

® Recognize factors that put patients at higher risk for
development of CIP and CIM.

® Recognize clinical findings and diagnostic criteria for
CIP and CIM.

¢ Identify the medications that increase the risk of critical
illness polyneuropathy and myopathy.

® Recognize the role of EMG/NCS when a diagnosis of
CIP and CIM is uncertain.

e Understand the long-term recovery trajectory and
prognosis for patients who develop CIP and CIM.

Skills

Neurohospitalists should be able to:

® Understand which interventions have been found to be
useful in the prevention and treatment of CIP and CIM.

®* Know when to utilize laboratory investigations, im-
aging modalities, and other neuro-diagnostic testing.

Attitudes

Neurohospitalists should be able to:

¢ Discuss different approaches to nutritional support for
patients with CIP and CIM.

* Employ an early and multidisciplinary approach to the
care of patients who are at risk for CIP/CIM or have
developed CIP/CIM.

System Organization and Improvement

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

¢ Enhance awareness amongst critical care providers in
their institutions to identify the risk factors and
symptoms of CIN/CIM early on to involve Neurology.

¢ Eliminate medication that might contribute to wors-
ening and ensure involvement of rehabilitative spe-
cialists for mobilization and physical rehabilitation.
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5.4 Complications of Hospitalization for
Patients with Chronic Neurological Diseases

Underlying neurologic disability exacerbates the vulnera-
bility of the nervous system tissue to impairment and injury.
This can manifest in different ways.

Recrudescence is the reemergence of neurologic deficits in
the context of physiologic stress (toxic-metabolic factors,
infection, electrolyte derangements, unstable vital signs).
This can be seen in patients with prior resolved stroke deficits,
remitted demyelinating symptoms and other focal structural
injuries to the brain and spinal cord.'

Patients with underlying neurodegenerative diseases,
particularly those causing dementia, often experience an
exacerbation of baseline disease symptoms and a deteriora-
tion in clinical status out of proportion to the physiologic
disturbances that cause them. In most cases, symptomatic
treatments that are typically effective at baseline become less
effective, and escalation of doses is often more likely to cause
adverse effects than to improve symptoms. Abrupt discon-
tinuation of certain medications (like for Parkinson’s Disease)
when patients are not safe to swallow can cause detrimental
effects and certain disease-modifying immunosuppressive
treatments may need to be held while there is an active in-
fection. Thus, a thorough review and alternatives for chronic
medications for neurological diseases should be instigated.

Knowledge
Neurohospitalists should be able to:

e Understand which medications that are used for
chronic neurological conditions are necessary to be
continued in some formulation, even in patients who
are unable to take anything by mouth.

¢ Identify when common medications used in the critical
care setting are contraindicated in patients with certain
chronic neurological conditions.

® Recognize medications that can exacerbate/provoke
symptoms in patients with underlying chronic neuro-
logical conditions in the setting of surgery or acute illness.

Skills
Neurohospitalists should be able to:
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® Identify which medications used for chronic neuro-
logical conditions should be held and which should be
continued while a patient is hospitalized.

* Communicate with patients and families to explain the
possibility of recrudescence affecting the in-patient
clinical symptoms.

¢ Differentiate recrudescence from new neurological
conditions.

Attitudes

Neurohospitalists should be able to:

® Collaborate with different members of the healthcare
team to understand how the patient’s underlying
chronic neurological conditions may impact the current
hospitalization.

System Organization and Improvement

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

e Have clear communication with the patient/patient’s
representative, bedside RNs and/or consulting or ad-
mitting teams to ensure patient’s baseline medications
are appropriately held/continued in the inpatient setting.
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6.0 Medical Risk Reduction for the
Neurologic Inpatient

Hospitalization of neurologic patients can result in unintended
adverse events, particularly in older adult patients. Disruption
of home environments and typical sleep patterns, lack of proper
nutrition, tethers (e.g., intravenous lines, restraints, urinary
catheters, telemetry), and polypharmacy can all contribute to
functional decline." While some aspects of functional decline
may be nearly unavoidable in the setting of acute neurologic
illness, many of the harmful risks associated with hospitali-
zation can be minimized with proper planning. In the following
sections, we discuss approaches to minimize risks.
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6.1 Sleep Deprivation

Hospitalized neurologic patients commonly encounter un-
familiar sleep environments, prolonged periods of bed rest,
frequent nighttime awakenings for care (e.g., vital sign
checks, medication schedules, phlebotomy), and are exposed
to environmental factors including excess noise and light, all
of which contribute to sleeplessness and sleep deprivation.
Multicomponent interventions addressing sleep deprivation
and delirium prevention have been shown to decrease risk of
developing delirium and reduce hospital length of stay, 30-
day readmission rates, and hospital costs.'*

Knowledge

Neurohospitalists should be able to:

e Describe factors associated with increased risk of sleep
deprivation in hospitalized patients.

¢ Identify methods to improve sleep for hospitalized
patients.

¢ Be familiar with different methods of assessing and
intervening in delirium, as well as non-pharmacologic
and pharmacological methods of preventing and
managing delirium in the hospitalized patient.

Skills

Neurohospitalists should be able to:

¢ Communicate with patients and families about sleep
deprivation and delirium in the hospital setting and how
these complications can impact the hospitalization.

¢ Communicate with patients, families, and multidisci-
plinary team members methods that can improve sleep
quality in the hospital setting.

Attitudes

Neurohospitalists should be able to:

¢ Employ an early and multidisciplinary approach to the
care of patients at risk of sleep deprivation or who have
already developed sleep deprivation and associated
complications.

System Organization and Improvement

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

® Participate in multidisciplinary efforts to implement
interventions such as sleep enhancement protocols,
which have been shown to improve sleep quality
among hospitalized patients.
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6.2 Malnutrition

Poor nutrition in hospitalized neurologic patients can result
from difficulties in self-feeding, restriction in movement,
restrictive diet orders (e.g., alternative texture diets for
dysphagia, nothing by mouth, etc.), impaired cognition, and
poor appetite, nausea, or constipation. Malnutrition is asso-
ciated with increased mortality risk, comorbid hospital
complications such as pressure sores, and specific micro-
nutrient deficiencies can exacerbate underlying neurologic
illness.' Interventions from the multidisciplinary inpatient
team, including evaluation by a dietician or nutritionist, have
been shown to decrease associated mortality in this setting.'

Knowledge
Neurohospitalists should be able to:

® Describe factors associated with increased risk of
malnutrition.

® Recognize findings concerning for malnutrition on
history, physical examination, and diagnostic studies.

e Explain the relationship between malnutrition and
morbidity and mortality.

® Understand the relationship between dysphagia and
malnutrition.

® Recognize that restricted diets are generally not nec-
essary for hospitalized neurologic patients and that
when ordered these diets may limit the nutritional
intake of acutely ill neurologic patients.

Skills

Neurohospitalists should be able to:

® Diagnose malnutrition based on criteria by the Academy
of Nutrition and Dietetics and the American Society for
Parenteral and Enteral Nutrition (ASPEN).4

¢ Communicate with multidisciplinary team members,
including nutritionists and dieticians, to effectively assess
malnutrition and implement targeted treatment strategies.

® Communicate with patients and family members the
importance of adequate nutritional intake and its role in
recovery from acute neurologic illness.

e Collaborate with multidisciplinary team members,
including occupational therapists and speech and
language pathologists, to appropriately assess dys-
phagia and implement effective nutritional regimens
that balance risks associated with aspiration versus
malnutrition.

Attitudes

Neurohospitalists should be able to:

¢ Follow evidence-based recommendations and proto-
cols for the identification/monitoring/treatment of
malnutrition.

* Employ an early and multidisciplinary approach to the
care of patients at risk for malnutrition.

¢ Employ multidisciplinary approaches and follow
evidence-based recommendations for the assessment
of dysphagia and associated nutritional repletion
strategies (whether oral, enteral, or parenteral).

System Organization and Improvement

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

¢ Participate in multidisciplinary efforts to reduce risks
of malnutrition and implement best practices in tar-
geted treatment strategies in neurological patients.

® Participate in multidisciplinary efforts to assess risks of
dysphagia and implement best practices in nutritional
repletion strategies in neurological patients.
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6.3 Nosocomial Infections

Acutely ill neurologic patients are at increased risk for
hospital-acquired (or nosocomial) infections. A high index of
suspicion may be necessary to identify infection, as neuro-
logic deficits may mask typical signs and symptoms of in-
fection. Commonly encountered nosocomial infections
among hospitalized patients include pneumonia, urinary tract
infections, Clostridium difficile associated diarrhea, and
catheter-related infections.'

Knowledge
Neurohospitalists should be able to:

® Describe common risk factors associated with noso-
comial infections (e.g., use of indwelling medical
devices, surgical procedures, injections, overuse or
improper use of antibiotics, prolonged hospitalization,
immunodeficiency, and extremes of age).

® Understand best practices and judicious use of antibiotics.
Explain standard (universal) precautions.
Understand the appropriate uses for catheterization,
catheterizing only when necessary and for the shortest
period needed.

Skills

Neurohospitalists should be able to:

® Properly use personal protective equipment (including
appropriate donning and doffing best practices and
periodic education on use of this equipment).

¢ Interpret microbiologic studies with caution and relate
findings to a patient’s clinical symptoms and signs,
instead of in isolation.

® Communicate with patients and family members the
need for compliance with antibiotics.

Attitudes

Neurohospitalists should be able to:

* Employ hand hygiene best practices.

® Follow Infectious Diseases Society of America practice
guidelines in treatment of community acquired and
hospital acquired infections.
Employ standard (universal) precautions.
Follow appropriate isolation precautions as necessary.

System Organization and Improvement
To improve efficiency and quality within their organizations,

neurohospitalists should:

® Participate in a patient safety culture in which con-
sistent hand hygiene and infection control are a priority.
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6.4 Polypharmacy

Multiple medications, particularly multiple new medications
brought forth during hospitalization, have the potential to
place patients at risk for further nutritional, functional, and
cognitive decline during their hospitalization." By criteria,
polypharmacy is defined as the use of 5 or more medications
per day. Among neurologic inpatients, particularly older
patients, polypharmacy has been shown to be an independent
risk factor for falls, delirium, nursing home admission, and
mortality.>> Minimizing the use of unnecessary medications
is essential to reducing the risk of adverse drug events. When
needed, starting new medications at the lowest possible
therapeutic dose can similarly help avoid adverse drug events.
With older neurologic patients specifically, clinical moni-
toring of weight and renal and/or hepatic impairment can
guide dose adjustments and minimize the burden of risk.

Knowledge

Neurohospitalists should be able to:

¢ Identify common medication interactions and medi-
cations that put patients at the highest risk for devel-
oping inpatient complications.

Skills
Neurohospitalists should be able to:

¢ Perform medication reconciliations appropriately and
regularly.

¢ C(Collaborate with multidisciplinary colleagues (e.g.,
pharmacists) to minimize the use of nonessential
medications as appropriate.

¢ Find potential alternatives to high-risk medications in
the inpatient setting.

Attitudes

Neurohospitalists should be able to:

¢ Employ an early and multidisciplinary approach to the
care of patients who are at risk for polypharmacy and
withdrawal.

¢ Follow medication reconciliation best practices par-
ticularly at times of transition into or out of the
hospital.
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System Organization and Improvement

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

® (Coordinate with community providers to identify the
patients who are at high risk for development of adverse
events from polypharmacy and work together to see if
medication consolidation and/or reduction is possible.
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6.5 Venous Thromboembolism

Delivering risk-appropriate prophylaxis to hospitalized pa-
tients can prevent up to 70% of venous thromboembolism
(VTE), deep vein thrombosis (DVT), and potentially fatal
pulmonary embolism (PE)." Hospitalized neurology patients,
especially those with ischemic stroke or CNS malignancy, are
at increased risk of developing VTE.> 3

Current guidelines recommend routine use of anticoagu-
lant pharmacologic thromboprophylaxis for VTE prevention
in acutely or critically ill hospitalized patients, except in those
with high bleeding risk in which case mechanical methods
such as intermittent pneumatic compression are recom-
mended.* ° Despite this, numerous studies show that
thromboprophylaxis is not consistently offered to a large
number of hospitalized patients. * Conversely, studies also
suggest that increased bleeding risk associated with standard
anticoagulant thromboprophylaxis may negate its mortality
benefit in some patients.'

Individual patient factors must be continually reassessed
during hospitalization to optimally balance risks of bleeding and
clotting. A multifaceted approach combining evidence-based
predictive models, electronic hospital decision support pro-
grams, monitoring systems, as well as patient and nurse edu-
cation can improve adherence to best practices while avoiding
unnecessary use of thromboprophylaxis in low-risk patients.'

Knowledge

Neurohospitalists should be able to:

¢ Identify VTE risk factors and contraindications to VTE
prophylaxis.

® Describe complications of
thromboprophylaxis.

pharmacologic

Skills

Neurohospitalists should be able to:

¢ Perform individual VTE-prevention risk assessments.

e Select risk-appropriate VTE thromboprophylaxis.

® Recognize signs and symptoms of VTE, as well as
complications of thromboprophylaxis, such as bleed-
ing and heparin-induced thrombocytopenia.

¢ Communicate with patients and family members the
importance of compliance with VTE prophylaxis.

Attitudes

Neurohospitalists should be able to:

¢ Follow evidence-based recommendations for the pre-
vention and identification of VTE.

¢ Ensure risk-appropriate VTE prophylaxis compliance
and continuous risk reassessment.

System Organization and Improvement

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

® Ensure admitted neurology patients are included in
hospital decision support programs to ensure risk-
appropriate use of VTE thromboprophylaxis, such as
electronic order-sets, and clinician alerts.
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6.6 Pressure-Induced Skin and Soft
Tissue Injury

Hospitalized neurologic patients are at increased risk of devel-
oping pressure-induced skin and soft tissue injuries due to im-
mobility, sensory disturbances, incontinence, and compromised
nutritional status.' Prevention of pressure-induced injuries is both
cost-saving and increases quality-adjusted life-years.?

Knowledge

Neurohospitalists should be able to:

® Recognize when their patients are at risk of pressure-
induced skin and soft tissue injuries.

® Be familiar with pressure-injury risk reduction strate-
gies, such as elevation of paretic extremities, pressure
redistribution, and use of pressure-reducing products.

* Involve wound care specialist when appropriate to care
for patients with concern for pressure-induced skin and
soft tissue injury.

Skills

Neurohospitalists should be able to:

® Participate in multidisciplinary efforts to monitor for
the development and prevent pressure-induced injuries.
® Communicate with patients and family members the im-
portance of pressure injury prevention and management.

Attitudes
Neurohospitalists should be able to:
® Recognize the value of an early and multidisciplinary

approach to the care of patients at risk of developing
pressure injuries.

® Recognize the value of a multidisciplinary approach to
pressure-injury management.

System Organization and Improvement

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

® Advocate for a patient safety culture in which pressure-
injury prevention and monitoring is a priority.
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6.7 Tethers

Tethering medical devices such as urinary catheters, intra-
vascular lines, cardiac telemetry leads, oxygen tubing, drains,
and intermittent pneumatic compression devices are associ-
ated with increased rates of infection, delirium, and falls." ?
Tethers are frequently ordered when not indicated or may be
kept in place when no longer appropriate. The risks and
benefits of each tethering device must be assessed daily to
ensure timely discontinuation when use is no longer justified.

Knowledge
Neurohospitalists should be able to:

® Recognize when frequently used medical tethering
devices, such as indwelling urinary catheters, intra-
vascular lines, cardiac telemetry leads, oxygen tubing,
and intermittent pneumatic compressions, are no lon-
ger clinically indicated.

® Recognize that there are potential complications of
medical tethering devices and these should be dis-
continued as soon as they are no longer medically
necessary.

Skills
Neurohospitalists should be able to:
¢ (Collaborate with multidisciplinary team members (e.g.,

nursing, respiratory therapy) to minimize inappropriate
utilization of tethering devices
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® Communicate with patients and families regarding the
risks and benefits of keeping tethering devices in place.

Attitudes

Neurohospitalists should be able to:

® Follow evidence-based recommendations and proto-
cols for the initiation, maintenance, and discontinua-
tion of tethering devices.

System Organization and Improvement

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

® Promote a patient safety culture in which continuous
reassessment of the appropriateness use of tethering
devices is a priority.
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7.0 Neurohospitalist as Educator

Education within the inpatient setting is a critical aspect of
patient care. Learners include not only medical students,
residents, fellows and advanced practitioners, but also
members of the multidisciplinary care team, patients, and
families. Multiple studies have demonstrated that medical
students and trainees report improved teaching from hospi-
talists on the internal medicine, pediatrics, and more recently
neurology inpatient services compared to traditional
models."""® Neurohospitalists contribute their distinct skill
set and knowledge of healthcare systems, quality improve-
ment, and high value care in medical education. The edu-
cational benefits of the neurohospitalist model extend beyond
teaching on rounds, as neurohospitalists are often more
available to provide both formal and informal teaching op-
portunities for learners throughout the day.

The Accreditation Council for Graduate Medical Educa-
tion (ACGME) requires all neurology training programs to
have at least 6 months of inpatient neurology. Neuro-
hospitalists are able to teach from a wide breadth of expertise
across many neurologic subspecialties. In addition to
teaching pathophysiology, the neurohospitalist is well-
equipped to rolemodel interdisciplinary care and

communication, patient safety, evidence-based medicine, and
cost- and time-effective care. Hospitalists have been noted to
be more available and approachable to learners and imple-
ment more frequent and reliable feedback.

Knowledge
Neurohospitalists should be able to:

¢ Provide formal and informal education about patho-
physiology, diagnostic testing, and treatment for a wide
range of neurologic conditions in the acute care setting.

® Teach the effective implementation of evidence-based
medicine into clinical practice.

e Educate about patient safety, inpatient quality mea-
sures, and cost-effective care.

e Teach team members how to create care plans that
optimize transitions of care within their hospital system.

Skills

Neurohospitalists should be able to:

e Employ different educational techniques to engage
learners of different styles.

¢ Lead and model interdisciplinary communication and
education to elevate patient care.

¢ Foster a learning environment that encourages auton-
omy at levels appropriate to the learner’s training and
competency.

¢ Highlight and model clinical pearls from patient his-
tories and exams at the bedside.

¢ Identify teaching opportunities throughout the work day.

Provide real time and summative feedback to learners.

Attitudes

Neurohospitalists should be able to:

¢ C(Create an inclusive learning environment for all stu-
dents and trainees.

¢ Engage learners in medical decision making, interdis-
ciplinary conversations, and systems-based learning.

¢ Foster engagement and support for struggling learners
in partnership with education leaders (i.e., clerkship or
program directors).
Model humanistic and collaborative care.
Be available and approachable for questions and feedback.

System Organization and Improvement
Neurohospitalists should be able to:

® Review or create educational objectives for inpatient
rotations with residency and medical school leadership.
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Employ standardized 360 degree feedback for edu-
cation on inpatient rotations.

Implement time management skills and focused high-
impact education to increase the efficiency of bedside
teaching.
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8.0 Hospitalist Skills for the Neurohospitalist

8.1 Transitions of Care

Care transitions are defined as “a set of actions designed to
ensure the coordination and continuity of healthcare as pa-
tients transfer between different locations or different levels
of care within the same location.”' Neurohospitalists, more
than other specialty areas of neurology, must have a working
understanding of the acute care system and how to most
effectively coordinate specialized care across multiple care
settings. This section addresses the core elements of effective
inter- and intra-institutional care transitions applicable to a
range of care settings.

Knowledge

Neurohospitalists should be able to:

Skills

Be familiar with prehospital care systems including
emergency medical services (EMS) triage of acute
ischemic stroke.

Recognize medical indications for inter-
institutional transfer among individuals with neu-
rologic illness.

Understand Emergency Medical Treatment and Labor
Act (EMTALA) and the impact on transfers of indi-
viduals with acute neurologic illness.

Understand patient and system factors that may con-
tribute to discharge delays.

Understand patient and system factors that may con-
tribute to increased rates of readmission.

Be familiar with evidence-based interventions to
reduce 30-day readmission rates and medication
errors.

Appreciate the economic impact of preventable hos-
pital readmissions and ineffective care transitions on
the healthcare system.

Understand the structure of a neurohospitalist dis-
charge clinic and benefits for follow-up care.”

Adopt best practices for effective handoff between
team members and hospital services.?

Understand the patient safety risks and costs associated
with ineffective intra-institutional care transitions.

Neurohospitalists should be able to:

Effectively coordinate interfacility transfers to/from
their institution.

Establish the appropriate timeliness of transfer de-
pending on the acuity of the neurological process.
Complete effective discharge documentation and
communication to optimize post-hospital care
transitions.

Use validated tools to identify individuals at high risk
for hospital readmission.

Consistently communicate with primary care, con-
sultants, and post-acute care providers to ensure ef-
fective care coordination and follow-up at the time of
care transitions out of the hospital.

Utilize electronic resources to provide patient educa-
tion and consistent reinforcement of best practices at
the time of hospital discharge.

Collaborate with emergency department (ED) pro-
viders to provide effective care transitions for indi-
viduals discharged from the ED.

Effectively facilitate care transitions among various
levels of care within the hospital system.
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Attitudes

Neurohospitalists should be able to:

* Engage in regular communication with referring and/or
receiving facilities to ensure effective care transitions.

® Educate and collaborate with hospital case managers to
provide safe and effective care transitions and dis-
charge care coordination.

® Advocate for timely acute inter-institutional transfer
when indicated to optimize the care of individuals with
complex neurologic care needs.

® Collaborate with ED providers and medicine hospitalists
to promote effective intra-institutional care transitions.

System Organization and Improvement

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

® Devise interventions to identify high-risk individuals
and minimize preventable hospital readmissions.

® Interface with ambulatory care neurologists to optimize
access to post-hospital neurologic care and address any
barriers to timely specialty consultation.

® Neurohospitalists who work in hospitals that transfer
patients to thrombectomy-capable centers should
participate in quality improvement processes that focus
on reducing door-in-door-out times for potential en-
dovascular candidates.

® Participate in transfer center logistics and influence the
prioritization of individuals with acute neurologic care
needs.

® Ensure that the neurology service provides inclusive
and equitable access to advanced acute care services.

® Develop ED pathways to facilitate comprehensive care
and effective care transitions to ambulatory neurology
or primary care where appropriate.

® Identify and follow quality and safety measures for
intrahospital care transitions.

® Define appropriate criteria for direct hospital admission
from specialty care clinics, and utilize clinics and
ambulatory services to deliver care outside the hospital
setting when medically appropriate.
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8.2 Patient Safety

Hospitalized patients are at risk for a variety of complications
and patients with neurologic disease are particularly vul-
nerable to many of these.' Patient safety encompasses the
prevention, reduction, reporting, and analysis of errors and
harm that can occur during the course of care of hospitalized
patients. Like medicine® and pediatric hospitalists,” the
practicing neurohospitalist must be able to demonstrate
competency in patient safety,® including anticipating com-
plications, leading subspecialty-specific efforts to promote
harm reduction, and promoting safety culture.’

Knowledge

Neurohospitalists should be able to:

¢ List common complications in the hospitalized patient
with neurologic disease and their causes.

¢ Define and differentiate near misses, adverse events,
and sentinel events.

¢ Describe the multifactorial role that human factors and
system factors play in medical errors.

e Discuss factors unique to patients with neurologic
disease that lead to increased risk for medication errors.

¢ Describe the role of patient and family engagement in
patient safety.

® Review common patient safety interventions to reduce
errors, including electronic order sets, clinical decision
support best practice alerts, double checks, and practice
guidelines.

e Describe common cognitive biases and review how
these biases might contribute to diagnostic error.

e Review the components of “just culture,”® and describe
how organizations can achieve them.

e Define common features of “high reliability organiza-
tions,”” and explain how high reliability principles apply
to clinical care and work on patient safety initiatives.

e Review the role of neurohospitalists in maintaining
national safety goals required by or suggested by ac-
crediting and benchmarking organizations.

Skills

Neurohospitalists should be able to:

® Role model how to perform infection-control standard
precautions, including but not limited to hand hygiene,
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use of personal protective equipment, and use and
proper disposal of sharps.

¢ Identify and order the level of nursing care and neu-
rologic monitoring needed for safe patient care.

® Use tools for patient safety including “time outs,”
checklists, medication decision support, and medica-
tion reconciliation.

® Prevent iatrogenic complications and proactively re-
duce risks of hospitalization including falls, delirium,
venous thromboembolism, hospital-acquired infec-
tions, decubitus ulcers, malnutrition, and medication-
related adverse events.

® Monitor and review performance on key patient safety
indicators as part of a multidisciplinary team.

e Use evidence-based evaluation methods and tools
when defining problems and designing interventions to
lead efforts to reduce recurrent error.

® Participate in a specialty-specific analysis of patient
harm data to target improvement efforts.

® Demonstrate proficiency in reporting errors using

safety reporting systems.
Disclose patient safety events to patients and families.
Participate in continuous readiness for accreditation
agencies by consistently adhering to patient safety
practices.

Attitudes

Neurohospitalists should be able to:

e Follow patient safety protocols and participate in
processes for their continuous improvement.

® Role model behaviors that exemplify a “just culture,”
accountability, and learning from failure.

® Advocate for and foster a nonpunitive error-reporting
environment.

e Support colleagues, trainees, and other providers who
are involved in a patient safety issue (“second victim”).

® Practice self-compassion when directly involved in a
patient safety issue.

® Promote behaviors and systems interventions that
minimize workforce fatigue, occupational illness and
injury, and burnout.

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 and implement patient safety
interventions involving inpatient neurology.

® Participate in hospital-wide safety committees and seek
to become leaders in patient safety culture.

¢ Collaborate with hospital administration to foster a
“just culture” across disciplines, including medicine,
nursing, and pharmacy.
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8.3 Quality Improvement

In their seminal paper from 2000, “To Err Is Human,” Kohn
et al. reflect on the reports that 98,000 people die each year in
the US alone as result of medical errors." This started a
conversation around the need to provide an honest, non-
punitive reporting structure to ensure errors are investigated
for underlying system issues that might have allowed the
error to occur. The Centers for Medicare and Medicaid
Services (CMS) developed Core Measures of Quality (such
as certain hospital-acquired infections) in 2003, which have
been incorporated into their payment model, thus tying
quality to reimbursement (Goodrich 2012).

Quality, according to the Institute of Medicine, is, “the
degree to which health care services for individuals and
populations increase the likelihood of desired health out-
comes and are consistent with current professional knowl-
edge.”! Quality improvement (QI) aims to improve the
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processes that result in desired outcomes. Performance im-
provement is a specific strategy and method for QI.

Knowledge
Neurohospitalists should be able to:

® Be familiar with common elements of QI, such as Plan-
Do-Study-Act (PDSA) cycles, SMART goals
(SMART: specific, measurable, actionable, relevant,
timebound) and Key Drivers.

® Maintain awareness of the organizational structure
pertaining to QI in their healthcare system.

® Be familiar with processes to report QI issues and
concerns.

® Describe the quality metrics measured for their patient
population, such as hospital length of stay and mor-
tality rate.

® Maintain awareness of recent and historical perfor-
mance on relevant quality metrics and areas that need
most improvement.

Skills

Neurohospitalists should be able to:

® Create an environment of psychological safety that
encourages thoughtful discussion of performance.

® Objectively assess poor quality outcomes and inves-
tigate using standardized tools.

e (ollaborate with multidisciplinary teams to evaluate
performance and improve outcomes using standardized
and/or evidence-based tools and approaches.

Attitudes

Neurohospitalists should be able to:

® Role model curiosity about changes in performance on
quality metrics.

® Maintain a culture of inclusion for suggestions brought
by team members on how to improve quality.

® Demonstrate an open and welcoming, non-judgmental
way of interacting, encouraging team members to come
forward with concerns.

® Be sensitive to the needs of other team members and
aware of how QI initiative might impact their workflow
or workload.

System Organization and Improvement

A robust QI program can improve patient outcomes, decrease
adverse events, improve workflows, and improve staff and
provider satisfaction.®

To improve efficiency and quality within their organiza-
tions, neurohospitalists should:

¢ Collaborate with the healthcare organization to develop
meaningful outcome measures.

e Actively participate in the oversight of quality
metrics and evaluate whether those are routinely
met.

¢ Lead, coordinate, and/or participate in multidisciplin-
ary teams that address optimization of access to care.

e Jead, coordinate, and/or participate in multidisciplin-
ary teams that address access to care issues at the spoke
hospitals.

e Regularly report out quality measures to physicians in
their own department and other disciplines, as well as
leadership of the healthcare organization.
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8.4 Process Optimization

A process is defined as a series of actions or steps that lead to a
specific outcome. Process optimization is defined as, “the
discipline of adjusting a process to optimize a specified set of
parameters without violating some constraint.”' In business
settings, common goals are maximizing efficiency while
minimizing cost.
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In the healthcare setting, Wolfenden et al. define process
optimization as “a deliberate, iterative and data-driven pro-
cess to improve a health intervention and/or its im-
plementation to meet stakeholder-defined public health
impacts within resource constraints.”* Process optimization
in the clinical setting could reasonably be defined as an effort
to maximize efficiency and efficacy of care, while minimizing
redundancy and waste.

Process optimization requires a detailed understanding of
current workflows, institutional constraints (financial, environ-
mental, among others), and departmental and institutional goals.

Knowledge
Neurohospitalists should be able to:

® Describe how process optimization relates to patient
outcomes and possible reimbursement.

® Recognize common workflows, such as admission,
discharge processes or care protocols for the acute
stroke patient.

® Identify the process design, implementation, and
measures of their department.

® Describe common concepts used in process optimization.

Skills

Neurohospitalists should be able to:

® Communicate effectively in a multidisciplinary team
by listening carefully and integrating team reports on
what is happening with outcomes data.

® Build trust among their teams, ensuring that process
optimization projects aim to improve outcomes and
reduce work burden.

® Communicate their vision for the processes and out-
comes to be improved.

® Create an environment of constructive communication.

® Engage stakeholders across disciplines in order to learn
current processes and discover ways to improve
workflows.

Attitudes

Neurohospitalists should be able to:

® View themselves as team leaders when it comes to
process optimization of acute neurological emergen-
cies (stroke, status epilepticus).

e Have a curious mindset towards learning about
methodologies for process optimization, such as Lean
and Six Sigma.

® Be open and non-judgmental in their communication,
encouraging other team members to contribute opin-
ions to process optimization, and consider feedback.

® Be resilient to failures in their process optimization
approach, and persistent in trying again.

¢ Be careful in considerations of balancing measures, i.e.
how a change in workflow affects other team members.

System Organization and Improvement

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

¢ Actively participate in the analysis and monitoring of
quality outcomes that impact the care of their patients.

e Actively engage in conversations with different
stakeholders to investigate whether poorly designed
processes hinder achievement of good outcomes of
their patients.

¢ Lead, coordinate, and/or participate in multidisciplin-
ary teams that address process optimization around
inpatient care of neurologic patients.

® Proactively learn from others at their institution how
they have approached process optimization or ad-
dressed similar problems.
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8.5 Co-Management in the Hospital Setting

Neurohospitalists are a rapidly growing subspecialty within
neurology.'? Many academic medical centers are now em-
ploying a neurohospitalist driven model for coverage, in order
to ensure better coverage and continuation of care. Benefits of
a neurohospitalist coverage model include improved patient
flow with reduced emergency department (ED) waiting times
and decreased length of stay (LOS), greater patient satis-
faction, and increased availability of the neurologist, im-
proving staff and learner satisfaction.*®

The way in which neurohospitalists provide care can differ
between institutions,” with the main two models being: a) the
neurohospitalist serving as the primary attending for the patient
or b) the neurohospitalist serving as the consultant to patients
that are primarily cared for on other services. A neuro-
hospitalist’s specific job description may also include a
combination of these models. Neurohospitalists frequently also
collaborate and supervise advanced practice providers (APPs).
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In either model, the neurohospitalist will most often not be the
only attending provider involved in the care of a patient, co-
managing the patient with providers from other specialties.

Knowledge

Neurohospitalists should be able to:

® Define the co-management or service line agreements
that exist in their specific organization, and review
them regularly.

® Recognize the scope of practice pertaining to their role,
as well as the scope of practice of other service lines.

* Know staffing models and ensure that provider/patient
ratio is adequate on their service.

® Describe departmental quality outcome measures, and
be mindful of how co-management structures might
affect them.

¢ Know how to monitor patient volume for their service line.

® Describe best practices of communication between
service lines.

Skills

Neurohospitalists should be able to:

® Assess satisfaction among providers and ancillary
service staff.

® Recognize burnout within their own service line as well
as other service lines.

® Engage in conflict resolution, practicing an open and
non-judgemental communication style.

® Monitor existing co-management agreements.

¢ Define consistent expectations for their role as well as
the role of co-managing teams and communicate these
clearly to stakeholders.

® Engage in constructive collaboration with APPs, in-
cluding supervision and teaching.

® Provide a comprehensive care plan for the patient and
avoid redundancy in care.

Attitudes

Neurohospitalists should be able to:

* Remain flexible and adaptive to changes in the co-
management structures as needed to optimize patient
outcomes and staff satisfaction.

® Be actively engaged in the development of collabo-
rative agreements.

® Be constructive in communication about input by other
services regarding a patient’s care.

® Be sensitive to cultural and role-related differences
between members of the care team that may influence
communication.

System Organization and Improvement

To improve co-management within their organizations,
neurohospitalists should be able to:

e Actively participate in the analysis and monitoring of
quality outcomes for their department.

¢ Lead, coordinate, and/or participate in multidisciplin-
ary teams that address process optimization.
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8.6 Resource Stewardship

Resource stewardship aims to maximize the quality of patient care
while responsibly utilizing and prioritizing resources including
laboratory and imaging tests, medication and treatment selection,
and engagement of consulting services and hospital personnel.’
Core principles underpinning resource stewardship include the
minimization of waste, the sustainable allocation of resources, and
the implementation of high-value care through careful diagnostic
reasoning.' High-value care refers to the maximization of pos-
itive patient outcomes and experiences in tandem with the min-
imization of costs." While available resources are largely defined
by practice setting, culture and individual health systems,*® the
neurohospitalist plays a crucial role in the thoughtful application of
such resources. The neurohospitalist can additionally be a pro-
ponent of systems-level change to support high-value care.

Knowledge
Neurohospitalists should be able to:
e Understand, incorporate, and convey the risks versus

benefits and relative costs of common tests, proce-
dures, and treatments.
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Skills

Define the concept of pre-test probability and its ap-
plication to diagnostic workup and interventions.
Understand and define test performance characteristics
including sensitivity and specificity, as well as negative
predictive value and positive predictive value.
Describe how to interpret test results in the context of
disease prevalence, pretest probability of a disease, and
test performance characteristics.

Identify and utilize validated decision support tools.

Neurohospitalists should be able to:

Effectively integrate the patient history and neurologic
exam to prioritize appropriately indicated, high-yield
diagnostic tests and targeted treatment.

Reflect on the potential impact of diagnostic testing on
management decisions.

Incorporate evidence-based medicine, guidelines, ap-
propriateness criteria, and best medical practices into
diagnostic workup and management.

Consider and modify care plans to be patient-centered
and targeted to the individual circumstances and pri-
orities of the patient and caregivers, incorporating
shared decision making, and respect for cultural,
spiritual, and social needs and beliefs.

Identify and reduce or eliminate tests and interventions
without clinical benefit and/or possible harm.

Attitudes

Neurohospitalists should be able to:

Role model the incorporation of high-value care
principles (cost-awareness, pretest probability of dis-
ease, and test performance characteristics) into clinical
decision making.

Promote the allocation of resources in an equitable
manner upholding justice and equality.

Practice accountability for their individual resource
stewardship with a dedication to improvement.

Strive for continuous quality improvement in hospital
processes to attain high quality, safe, and high-value
patient care.

Role model transparent communication with patients
and caregivers on diagnostic uncertainty as well as test
and treatment decision-making processes.

System Organization and Improvement

To improve resource stewardship within their organizations,
neurohospitalists should:

Lead, support and/or engage in quality improvement
efforts to refine and improve high-value care clinical

pathways (from diagnostic testing to treatment algo-
rithms), applying the latest scientific evidence for
patients with neurologic disease.

® Participate in the development and implementation of
best practice statements and guidelines for neurologic
care.

e Leverage the electronic medical record and telehealth
resources as applicable to reduce waste and
redundancy.

e Lead, encourage, and/or engage in health economic
analyses using tools and methods such as cost of ill-
ness, cost-minimization, cost-effectiveness, cost-
benefit, and cost-utility analyses to support system-
wide improvements.

¢ Collaborate with multidisciplinary teams representing
different phases of care to identify systems- level
opportunities to optimize care coordination, outcomes,
minimize harm, and reduce wasteful clinical practices.
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8.7 Professionalism and Medical Ethics

Ethical considerations are a common aspect of hospitalist work,
including patient consent to treatments, resource allocation,
and end-of-life care." These considerations may be magnified
in patients with neurologic disease who at times are unable to
communicate their own wishes.> Neurohospitalists must un-
derstand medical ethics, professional standards, and legal
obligations to patients and their families while demonstrating
commitment to providing respectful, unbiased care.
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Knowledge

Neurohospitalists should be able to:

® Define the four basic ethical principles of autonomy,
beneficence, nonmaleficence, and justice.’

® Describe the legal obligations, and consequences of
violating them, associated with caring for patients.

¢ Define informed consent for care including presumed
consent in emergency situations.*

® Describe methods for obtaining informed consent for
neurological research.

® Describe potential conflicts of interest and the need to
disclose these to patients.

¢ Identify the role for consultation with specialists in
palliative care and medical ethics.

e [dentify impairments in self-judgment and make steps
towards improvement.

® Understand local laws and regulations surrounding
common ethical and legal issues such as brain death
and withdrawal of care.

® Describe laws that require mandatory reporting by
physicians such as eligibility for driving.

Skills

Neurohospitalists should be able to:

® Communicate effectively with patients, family mem-
bers, and surrogate decision-makers.

® Exhibit respect and honesty towards patients.

e Establish patient capacity to make decisions.

® Appropriately explain benefits and risks and disclose
conflicts of interest related to care and research.

® Promote each patient’s best interest and health.

® Maintain doctor-patient confidentiality.

® Provide care that respects patients regardless of sex,
gender, race, religion, sexual orientation, income,
country of origin, age, etc.

Attitudes

Neurohospitalists should be able to:

Prioritize the best interest of patients.
Respect patient autonomy and confidentiality.
Exhibit cultural sensitivity and awareness.
Commit to life-long learning.

System Organization and Improvement

To improve professionalism and medical ethics within their
organizations, neurohospitalists should:

® Lead, coordinate, and/or participate in multidisciplin-
ary efforts to identify healthcare differences and create
strategies to improve outcomes across all groups.’

e Participate in hospital-wide committees seeking to
promote professionalism and cultural competence.
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8.8 Care of the Caregiver

As of 2020, there were an estimated 47.9 million US adults
who served as an informal (unpaid) caregiver to an adult family
member or friend. Caregivers play a pivotal role in the health of
their care recipient, with the majority providing assistance with
activities of daily living, instrumental activities of daily living,
and medical/nursing tasks.! Given the significant cognitive and
physical impact that neurologic disorders can have, patients
across the spectrum of neurologic illnesses can require care-
givers. This role can take a significant toll on the cognitive,
emotional, physical, and financial well being of caregivers.'*
In addition, high rates of caregiver burden and poor mental
health are linked to worse patient outcomes in such diseases as
stroke® and neurodegenerative disease.* Caregiver stress can be
exacerbated during periods of hospitalization of the care re-
cipient.” Therefore, recognizing and addressing caregiver
burden is a key skill for the neurohospitalist and can have a
profound impact on the overall health of our patients.

Knowledge
Neurohospitalists should be able to:
¢ Define the role and epidemiology of informal caregivers.

® Describe the impact caregiving has on the care re-
cipient and on the caregiver.



Wold et al.

69

® Identify factors that contribute to caregiver burden.

¢ Identify signs of caregiver burnout.

® Be familiar with assessment tools for caregiver burden,
such as the Zarit Burden Interview.

Skills

Neurohospitalists should be able to:

e Assess for caregiver burden at the bedside.

¢ Communicate information regarding diagnostic and
treatment plans to patients and caregivers clearly and
free of medical jargon.

® Counsel caregivers on potential strategies to address
burnout.

Attitudes

Neurohospitalists should be able to:

® Respect the opinions of patients and caregivers, in-
cluding an openness to cultural values and beliefs that
may be different from their own.

® Practice patient-centered care.

Systems Organizations and Improvement

To improve care for the caregiver within their organizations,
neurohospitalists should:

® Work collaboratively with a multidisciplinary team to
identify and respond to caregiver distress, as well as
connect caregivers with local and national resources
available to them.

® Optimize transitions of care as patients and their
caregivers change care settings.
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8.9 Practice Management

Effective practice management for a neurohospitalist requires
a combination of clinical expertise and organizational skills.'
Practice management encompasses providing high-quality
patient care in addition to efficiently managing various op-
erational, financial, and administrative tasks.”? Practice
management also involves enhancing patient satisfaction,
clear communication with multidisciplinary teams, and
demonstration of value to key stakeholders such as hospital
administrators. These areas of emphasis are essential in both
academic and non-academic neurohospitalist careers.’

Knowledge

Neurohospitalists should be able to:

® Review the applicable healthcare laws, regulations, and
accreditation standards (examples: Health Insurance
Portability and Accountability Act (HIPAA), Occu-
pational Safety and Health Administration (OSHA)).

® Describe hospital policies and procedures for admis-
sion and discharge to ensure optimal workflow.

® Describe tools to monitor and analyze practice per-
formance and added value to the healthcare system.

® Review accurate documentation and coding of neu-
rological services for proper reimbursement.

e List long-term strategies for practice growth and sus-
tainability, including recruitment of support staff and
additional neurologists.

Skills

Neurohospitalists should be able to:

® Manage patient admissions, discharges, and transfers
effectively to optimize hospital bed utilization.

¢ Ensure smooth transitions of care between the hospital
and the outpatient setting.

¢ Coordinate care with other healthcare professionals,
including neurologists, primary care physicians,
emergency room physicians, critical care physicians,
internal medicine hospitalists, other hospital-based
physicians, and allied health providers.

¢ Collect and address patient feedback to improve care
and neurological outcomes.
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® Facilitate multidisciplinary team meetings to discuss
complex cases and coordinate care plans.

e Utilize electronic health records (EHR) and other
healthcare technologies to optimize patient care.

® Manage work schedules, performance evaluations, and
continuing education for allied health providers and
learners.

® Assess the strengths and competencies of team
members to delegate tasks appropriately.

Attitudes

Neurohospitalists should be able to:

® Demonstrate understanding and compassion towards
patients, families, and staff.

® Maintain flexibility and openness to change in a dy-
namic healthcare environment with evolving technol-
ogies and therapies.

® Value teamwork and promote
collaboration.

® Promote awareness of cultural differences in healthcare
practices and communication.

® Encourage and role model behaviors and policies that
minimize fatigue and burnout.

interdisciplinary

Systems Organization and Improvement

To improve practice management within their organizations,
neurohospitalists should:

® Collaborate with hospital administration to optimize
workflow on the neurology services and transfer be-
tween institution and geographies.

® [ead new initiatives within the neurology department,
such as technology implementations, and quality im-
provement strategies.

® Advocate for better resource allocation including
laboratory tests, imaging, and facilities.

® Support inclusive practices for hiring, training, and
supervising clinical and administrative staff.
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8.10 Information Management

Information management encompasses the acquisition, in-
terpretation, and utilization of patient data in hospital ac-
tivities, including but not limited to patient care. The
neurohospitalist should be aware of their local practice’s
clinical information systems to provide efficient documen-
tation, accurate order entry, and optimal patient care. Neu-
rohospitalists can also coordinate efforts to develop order
sets, documentation-based metrics, and decision support
systems to improve patient outcomes, reduce costs, and
streamline patient care for providers.

Knowledge

Neurohospitalists should be able to:

¢ Describe how hospital information systems are used by
administrative departments to manage patient regis-
tration, coding, financial data, diagnostic results, and
appointments for outpatient clinic and testing.

¢ Identify how to access clinical references to assist
patient care, including but not limited to practice and/or
society guidelines, clinical score calculators (e.g.,
MDCalc), literature search engines, journal databases,
instructional videos for procedures or medical device
management, podcasts, and online textbooks.

® Recognize and explain how information systems can
assist with evidence-based decision making.

® Recognize the advantages and disadvantages of the use
of electronic health records (EHRs) and computer
physician order entry.

® Recognize practical use of artificial intelligence (Al) in
delivery of patient information, including but not
limited to automated coding, early detection and re-
porting of critical results, and diagnosis specification.

e Keep up to date with newer applications of computer
systems and Al in neurology, including but not limited
to automated analysis of neurophysiologic testing and
algorithmic processing of neuroimaging.

* Be aware of and keep up to date with local practice
usage of EHR algorithms, templates, order sets, de-
cision support systems, and informatics-based metrics.

¢ Understand methods for data export and interpretation
in an individual system.

® Recognize the limitations of EHRs and decision sup-
port systems, and know when and how to “bypass”
these in the appropriate clinical context.

® Recognize and be mindful of Health Insurance Por-
tability and Accountability Act (HIPAA) regulations
when managing patient data.

® Describe how to transfer patient data efficiently and
safely, while maintaining privacy and confidentiality
per HIPAA.
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® Recognize the different input systems and methods for

interrogating and interpreting data from medical de-
vices, including but not limited to Vagal Nerve
Stimulators (VNS), Deep Brain Stimulators (DBS),
and Intrathecal Baclofen Pumps (ITB), and know when
to call the manufacturer representative for assistance.

Neurohospitalists should be able to:

Efficiently retrieve patient data, including documen-
tation, diagnostic results, imaging, and neurophysio-
logic tests, from the available information system.
Document consultations, including history and phys-
ical examinations and interpretations of diagnostics,
efficiently and in keeping with institutional informatics
guidelines.

Place computer physician orders accurately and efficiently.
Access data from digital and/or automated devices, in-
cluding but not limited to Telemetry monitoring, elec-
troencephalogram (EEG) recordings, electromyography
(EMG) / nerve conduction study (NCS) displays.
Access and interpret information from web-based
clinical sources, including but not limited to diag-
nostic algorithms, clinical databases, risk assessment
calculators, and literature review.

Use web-based or EHR-based communication with
patients and/or other healthcare providers safely and in
compliance with HIPAA regulations.

Enter accurate billing codes for consultations, proce-
dures, and other clinical duties.

Respond promptly to queries regarding documentation,
coding, order entry, prescriptions, or other issues from
patients and/or healthcare providers.

Interact local information technology teams to standardize
processes for data input, export, and interpretation.

Attitudes

Neurohospitalists should be able to:

® Recognize the limitations of the technology used in

their practice when interpreting clinical data, and
use clinical judgment to adjust interpretation
accordingly.

Adhere to the principles of keeping patient data safe,
secure, and confidential.

Recognize that information systems are being up-
graded and/or changed frequently, and to remain
cognizant of these changes.

Keep up to date with the latest technological advances
in neurologic diagnostics and treatment, including but
not limited to new diagnostic devices, new treatment

delivery technology, or new Al-based algorithms for
interpreting patient data.

Foster collaboration with information technology (IT)
teams to create efficient, data driven EHR tools.
Recognize commercial biases when reviewing new Al-
based diagnostics, medical devices, or information
systems.

Systems Organization and Improvement

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

Lead, co-ordinate and/or participate in departmental
order set creation to facilitate expedited patient care in
neurologic emergencies, including but not limited to
acute stroke care, status epilepticus, and neurotrauma.
Lead, co-ordinate and/or participate in multidisci-
plinary efforts to create and maintain efficient infor-
mation systems which promote optimal patient care.
Lead, co-ordinate and/or participate in efforts to con-
tinuously audit and improve hospital information
systems based on physician feedback and metrics-
based patient outcomes.

Advocate for decision support systems and automated
diagnostics interpretation systems which facilitate
evidence-based decision making and optimal patient
care.

Participate in efforts to standardize clinical care based
upon best practices.

Advocate for improved access to devices and tech-
nology tools which may lead to more efficient patient
care, including but not limited to earlier diagnosis or
earlier treatment.
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