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Abstract
Background

Neuroprognostication for disorders of consciousness (DoC) after severe acute brain injury is a
major challenge, and the conventional clinical approach struggles to keep pace with a rapidly
evolving literature. Lacking specialization, and fragmented between providers, conventional
neuroprognostication is variable, frequently incongruent with guidelines, and prone to error,
contributing to avoidable mortality and morbidity.

Recent Findings

We review the limitations of the conventional approach to neuroprognostication and DoC care,
and propose a paradigm entitled the Recovery of Consciousness Via Evidence-Based Medicine
and Research (RECOVER) program to address them. The aim of the RECOVER program is to
provide specialized, comprehensive, and longitudinal care that synthesizes interdisciplinary
perspectives, provides continuity to patients and families, and improves the future of DoC care
through research and education.

Implications for Practice
This model, if broadly adopted, may help establish neuroprognostication as a new subspecialty
that improves the care of this vulnerable patient population.

Introduction

Disorders of consciousness (DoC) after severe acute brain injury (such as anoxia, trauma, in-
tracranial hemorrhage, and ischemic stroke)) present major clinical challenges. Neuroprognostication
for DoC—which entails the evaluation of a patient’s current level of consciousness and chances for a
meaningful neurologic recovery—often dictates whether life-sustaining treatment (LST) is con-
tinued or withdrawn." Error in neuroprognostication may thus lead to avoidable mortality, mor-
bidity, and health care costs.” A rapidly evolving literature has explored ways of improving
neuroprognostication, through scrutiny of conventional approaches, development of new
technologies,* and introduction of models and aids for decision making."® The Neurocritical Care
Society’s Curing Coma Campaign has highlighted and promoted progress in this field. However,
these advances have not effectively translated into clinical practice. Clinical DoC guidelines” are
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inconsistently followed,® and emerging techniques are rarely
implemented, resulting in variable, outdated, and suboptimal
DoC management that is prone to error.”” In this article,
we describe the development and implementation of an in-
novative paradigm—entitled the Recovery of Consciousness Via
Evidence-Based Medicine and Research (RECOVER) program
(Figure 1)—which provides specialized, comprehensive, and
longitudinal care to ensure that clinical DoC care keeps pace with
developing guidelines and discoveries while improving the future
of DoC care through research and education. We aim to outline
aframework that, if adopted broadly, may advance the practice of
neuroprognostication.

The Conventional
Neuroprognostication Model and
Its Limitations

The conventional approach to neuroprognostication typi-
cally operates as follows (Figure 1): If a patient suffers a DoC
resulting from severe acute brain injury, neurologists may be
consulted for neuroprognostication. Neurology consultants,

often general neurologists, will typically collect a history and
perform a neurologic examination. When needed, electro-
encephalography (EEG) and neuroimaging data are typically
interpreted by neurophysiologists/epileptologists and neu-
roradiologists, respectively. The neurology consult team
synthesizes these data and delivers their impressions to the
clinical teams and patient surrogates. Patients who survive
beyond discharge may not be followed by an outpatient
neurologist familiar with them or may not be followed by an
outpatient neurologist at all. This conventional system is
similar for patients in neurocritical care units, although im-
pressions may be formulated by neurointensivists instead of
general neurologists. Although there are undoubtedly neu-
rologists and neurointensivists who have accrued experience
and expertise in prognostication through this conventional
model, the model itself remains inherently limited in at least
3 domains: clinical care, education, and research.

Clinical Limitations

One challenge of the conventional model is that there exists no
formalized subspecialization in neuroprognostication within
neurology. Those tasked with these evaluations are typically

Figure 1 The Conventional Neuroprognostication Model and the RECOVER Program Model
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The conventional model of neuro-
prognostication care is characterized by
multiple dimensions of fragmentation
between providers, between disci-
plines, between clinical care and re-
search, and across time. Neurologists
frequently use variable approaches to
neuroprognostication; specialists who
interpret prognostic studies frequently
do not communicate directly with those
prognosticating; research (represented
in green) is typically not coordinated
with clinical care (represented in blue)
and advanced techniques developed by
research are inefficiently translated into
clinical practice; and clinicians re-
sponsible for prognostication often do
not provide longitudinal support be-
yond hospital discharge. By contrast,
the RECOVER program model provides
a dedicated specialized consultation
service, which collects prognostic bio-
markers in a systematic and evidence-
based fashion, which are discussed
during interdisciplinary conferences.
Patients who survive beyond hospital
discharge are supported longitudinally
by the same team of providers. Apart
from ensuring consistent evidence-
based clinical care, this clinical in-
frastructure is leveraged to produce
high-quality research data and to facili-
tate the translation of research discov-
eries into clinical practice, hence
integrating clinical care (blue) and re-
search (green) throughout. Although
not represented in this figure, educa-
tion is another central component of
the RECOVER program, with neurology
residents and trainees incorporated
throughout inpatient and outpatient
settings.

Neurology: Clinical Practice | Volume 14, Number 6 |

December 2024

Neurology.org/CP

€200351(2)


http://neurology.org/cp

either general neurologist consultants or neurointensivists, who
are simultaneously responsible for numerous other (often more
urgent) aspects of neurologic care. Limited bandwidth for neu-
roprognostication may contribute to the slow clinical translation
of innovations produced by a rapidly evolving literature.”'® For
example, the conventional neurologic examination has been
found to be insensitive for detecting consciousness (associated
with a 40% misdiagnosis rate® ), prompting guidelines to endorse
more detailed behavioral assessments such as the Coma Re-
covery Scale-Revised (CRS-R).'" Neuroprognostication has
been found to be prone to error immediately after brain injury,
prompting guidelines to recommend deferring definitive prog-
nostication for at least 3 days, but as many as 28 days, after brain
injury.”'* Advanced technologies such as functional magnetic
resonance imaging (fMRI) may provide additional information
about a patient’s current level of consciousness and capacity for
future neurologic recovery,4’5 prompting guidelines to endorse
the clinical collection of these data.”'® However, given com-
peting responsibilities, some neurologists may be unfamiliar with
the evolving literature and/or may not have the requisite expe-
rience or resources to implement recommended techniques,
which may contribute to inconsistent guideline adherence.”®
Moreover, limited bandwidth may preclude the serial examina-
tions often necessary to detect consciousness,13
meetings often necessary to support and guide surrogates and
families.'* Given the increasing complexity and demands of
neuroprognostication, “expert consultation” has been recom-
mended for these evaluations,' suggesting a role for sub-

specialization in this field.

or the serial

There are several other limitations of the conventional model
that stem from its fragmentation across time, between pro-
viders, between disciplines, and between clinical care and
research. The fragmentation across time—that is, disconti-
nuity of care and inconsistent communication between the
neurologists performing acute neuroprognostication and the
providers caring for survivors after hospital discharge (e.g.,
physiatrists)—means that many neurologists may not wit-
ness the recoveries they try to predict and thus may have
limited exposure to the range of possible outcomes, may not
receive feedback on the accuracy of their predictions, and
may not be able to counsel families based on firsthand ex-
perience with recovery. Apart from the detriments to prog-
nostic accuracy, this lack of continuity also means that
surviving patients and their families may not receive longi-
tudinal support. Patients with robust neurologic recoveries
after DoC still suffer high rates of emotional and cognitive
sequelae but frequently cannot access necessary services.'>
For patients who do not recover to acceptable levels of
function, frequently there are no designated providers to
readdress goals of care and considerations of hospice. Al-
though different institutions, to different extents, may pro-
vide longitudinal support or interdisciplinary collaboration,
such care is not widely standardized or formalized through a
structured program. There is a growing demand to better
integrate critical care into the broader continuum of care, and
yet few models for doing so.
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The conventional model is fragmented between prognosticat-
ing providers (e.g., neurologists), in that prognostic assessments
of a given patient often vary widely.”” The cause of such vari-
ability is likely multifactorial but may reflect a lack of familiarity
with guidelines, scant and variable prognostic testing, cognitive
bias, and the inconsistent exposure to long-term outcomes
described above.*”'® Such variability not only increases the
0dds of error but may also lead to disparities in care'” and
distress patient surrogates and clinical teams who receive in-

consistent messages and recommendations.

The conventional model is fragmented between disciplines.
The neurology consult team often relies on other subspe-
cialists (e.g., neurophysiologists/epileptologists and neuro-
radiologists) to acquire and interpret data. However, the
nuance and complexity of their prognostic implications may
be inconsistently communicated. There are also other disci-
plines critical to anticipating recovery and the psychosocial
implications of LST decisions, such as physiatry, social work,
physical therapy, occupational therapy, ethics, and palliative
care. However, communication between the consulting
neurologist and these disciplines is often limited, resulting in
less comprehensive guidance and inconsistent messaging to
surrogates.

Educational Limitations

Like the neurology consultants, neurology trainees may not
witness the recoveries they try to predict, may inconsistently
observe evidence-based and guideline-based practices, may
not learn about emerging prognostic techniques, may not
have the opportunity to learn from the various disciplines
critical to wholistic neuroprognostication, and may not re-
ceive formalized training in discussing prognosis and LST
decisions with surrogates. Trainees, therefore, may continue
to adopt variable neuroprognostication practices and per-
petuate the conventional model.

Research Limitations

The conventional model impedes the research necessary to
advance neuroprognostication. First, if overwhelmed surro-
gates are approached by researchers in a manner that is in-
sensitive or uncoordinated with clinical care, they may
decline enrollment. Second, variable and suboptimal neuro-
prognostication practices result in heterogeneous and
ungeneralizable cohorts.” Third, several patients lack a for-
malized follow-up plan, and those who do follow-up may find
returning for multiple clinical and research visits burden-
some, impeding study retention. Fourth, the conventional
clinical infrastructure is not conducive to rigorous thera-
peutic trials.'® Finally, when research does produce new
prognostic techniques, such as advanced neu1‘oimaging,4’5
clinical translation is often slow, as discussed above.

Overall, the conventional approach to neuroprognostication
lacks the specialization necessary to keep pace with a rapidly
evolving literature and is characterized by multiple dimen-
sions of fragmentation that not only hamper care but also
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impede the education and research necessary for improving
future care. There is a critical need for a novel approach to
neuroprognostication that synthesizes and implements the
multidisciplinary advances of this evolving field.

The RECOVER Program

The objective of the RECOVER program is to provide spe-
cialized, comprehensive, and longitudinal care for patients
with DoC resulting from acute brain injury, using up-to-date
techniques to detect, predict, and promote the recovery of
consciousness while improving the future of care through
education and research. To accomplish these goals, the RE-
COVER program seeks to provide integration across the
historically fragmented dimensions of DoC care (Figure 1).

Such integration has previously been attempted in various
forms. In one case, a nursing-led team provided detailed
neurologic assessments, systematic prognostic biomarker col-
lection, conferences to discuss neuroprognostication, and
follow-up care."” In response to prognostic uncertainty about
DoC associated with coronavirus disease 2019 (COVID-19),
some developed “coma boards,” or interdisciplinary confer-
ences comprising neurologists, radiologists, and physiatrists, to
provide input on prognosis.20 Among neurointensivists, there is
a growing interest in outpatient clinics to provide longitudinal
follow-up care for patients with severe brain injury.”' The
RECOVER program builds on and integrates these efforts to
further advance neuroprognostication and DoC care.

In this article, we outline how this paradigm has been de-
veloped and implemented at the Hospital of the University of
Pennsylvania, an academic tertiary care hospital that cares for
a range of acute brain injuries. We intend to provide a
framework that may be used to overcome the limitations of
conventional care.

Inpatient Care

Hospitalized patients are evaluated by the RECOVER pro-
gram if and when primary clinical teams request a neuro-
prognostication consultation for DoC resulting from acute
brain injury. (Clinical teams were notified of the program
through departmental communications and request consul-
tation either by contacting the service directly, or by con-
tacting the general neurology consultants, who then redirect
the request to the RECOVER service.) RECOVER consul-
tations are typically requested after brain injuries have sta-
bilized so that prognosis for an established injury burden can
be evaluated; however, there are no timing restrictions, and
requests can occur as early or as late as primary teams deem
appropriate.

The RECOVER consult service is operated by dedicated neu-
rology residents, who participate as part of a mandatory clini-
cal rotation. Residents are supervised by a RECOVER
neurologist (e.g., neurointensivist) with interest and expertise in
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neuroprognostication, who is committed to providing longi-
tudinal care across inpatient and outpatient settings for patients
with DoC from acute brain injury. The RECOVER consult
service evaluates the patient, recommends prognostic data
collection based on systematic, evidence-based, and guideline-
based protocols, and helps identify and mitigate factors
that impair the patient’s mental status and recovery. The
RECOVER consult service’s focus on these patients permits
the serial assessments necessary for rigorous consciousness
evaluation."> The RECOVER consultation further triggers in-
volvement of a physiatrist and palliative care specialist who
provide parallel evaluation, physical and occupational therapists
who acquire serial CRS-R assessments, and a social worker who
provides additional guidance and support to patients and
families (Figure 2). An early priority of the consultation is to
engage with each patient’s surrogate and/or family, to describe
the purpose of the consultation, to establish general expecta-
tions for the process and timeline, to begin assessing the pa-
tient’s values and goals, and to begin developing a trusting
relationship.

When appropriate, the RECOVER program will recommend
and facilitate the acquisition of advanced diagnostic and
prognostic techniques. Although techniques such as fMRI are
endorsed by clinical guidelines,7’10 implementing these
technologies in the acute setting is often challenging.* The
RECOVER consult service helps determine when such
techniques are justified and coordinates them with clinical
care. Emerging prognostic techniques may include technol-
ogies such as resting state, stimulus-based, and task-based
fMRI and EEG. "

At regular intervals, the RECOVER program holds in-
terdisciplinary conferences to discuss patients evaluated by
the consult service, with representation from several relevant
disciplines (Figure 2). At our institution, these conferences
are held weekly, but frequency elsewhere may vary based on
clinical volume. During the conference, for each patient
evaluated, each representative discusses their perspective.
The consulting neurologist presents the history, examina-
tion, and other relevant clinical data. A neuroradiologist in-
terprets neuroimaging data, evaluating the extent of diffuse
injuries such as anoxia (trialing quantitative techniques when
available),'® identifying injury to arousal-related structures,**
and providing clarity about injury etiology. If advanced
techniques such as fMRI have been acquired, the neurora-
diologist comments on the presence of cognitive-motor
dissociation®® (the willful modulation of brain activity in
response to commands) or other prognostically relevant
findings. Neurophysiologists/epileptologists interpret elec-
trophysiologic data and provide systematic, evidence-based
evaluation of their prognostic implications; in anoxic brain
injury, for example, a consensus-based framework is used for
categorizing EEG features as “reassuring” (associated with
favorable outcomes), “indeterminate” (not reliably associ-
ated with outcomes), “concerning” (predictive of unfavor-
able outcomes in some studies), or “indicative of a poor
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Figure 2 Interdisciplinary Inpatient Consultation
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The inpatient RECOVER consultation requires coordination between disciplines. A
neuroprognostication consult not only involves a neurologist but also triggers the
parallel involvement of physiatry, palliative care, physical and occupational therapy
(PT/OT), and social work. Depending on the consensus reached during in-
terdisciplinary conferences about a patient’s prognosis and discussion with the
patient’s surrogates, life-sustaining treatment (LST) is either continued for the pur-
pose of pursuing restorative goals or withdrawn for the purpose of pursuing pal-
liative goals, which prompts the involvement of different team members. Discharge
planning for patients who survive beyond hospital discharge is facilitated by a social
worker familiar with facilities and resources available to patients with brain injury.
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outcome” (consistently predictive of unfavorable outcomes
across studies). Physical and occupational therapists provide
the results of their CRS-R evaluations, observations of re-
covery trends, and strategies for increasing patient arousal. A
physiatrist provides a perspective informed by experience
with long-term recovery and recommends interventions to
optimize recovery. A social worker comments on the re-
sources and facilities available to the patient and their family,
outlines the psychosocial and socioeconomic implications of
treatment paths, and provides strategies for supporting pa-
tients and families. Palliative care providers offer input on
end-of-life decision making and care. An ethicist helps nav-
igate complex dynamics with surrogates and ethical and legal
challenges as they arise.

These interdisciplinary conferences serve several purposes.
First, the group aims to formulate a wholistic, consensus-based
prognosis, drawing on prognostic biomarkers and contextual
factors to predict neurologic function, quality of life, and so-
cioeconomic ramifications for patients and families. These
discussions allow the nuance and complexities of these con-
siderations to be communicated and permit the reconciliation
of opposing data or perspectives, as interdisciplinary discourse
may produce more accurate prognostic assessments.”* Such
discussions also ensure that providers across disciplines offer
consistent messaging to surrogates and clinical teams, avoiding
the miscommunications and contradictions that may otherwise
disrupt care. Second, the group aims to formulate a treatment
plan that may include therapeutic interventions, strategies for
optimizing neurologic recovery, and methods for supporting
surrogates. Finally, leveraging the longitudinal follow-up de-
scribed hereafter, conferences offer an opportunity to com-
municate the outcomes of previously discussed patients, so that
the group can collectively learn and incorporate feedback. Even
as clinicians rotate through the RECOVER consult service,
these interdisciplinary conferences, along with prognostication
protocols, mitigate variability across providers.

Based on the conference’s conclusions, the RECOVER consult
service assists clinical teams in discussions with surrogates and
families, communicating prognosis and treatment options using
a systematic framework." The way in which data are synthesized
to formulate a prognosis and guide decisions is generally in-
formed by several fundamental principles (expounded else-
where'): Whenever feasible, multimodal prognostic biomarkers
are collected to account for the imperfect predictive value of
any single test; when prognostic biomarkers are discrepant,
biomarkers are weighted by the quality of the data and the
literature or guidelines that support them; when appropriate, time-
limited trials are offered to gauge recovery trajectories (uniquely
enabled by this program’s infrastructure) *%; and most importantly,
guidance is tailored to each patient’s values and wishes."

When the outcome of these discussions favors ongoing LST
and recovery optimization, the RECOVER neurologist col-
laborates with physiatry, physical therapy, and occupational
therapy to develop treatment strategies, establish mobility
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goals, and provide rehabilitative interventions (Figure 2). In
such cases, the RECOVER clinicians also assure patients and
families that they will maintain a longitudinal relationship to
support the patients’ recovery. When the outcome favors the
withdrawal of LST, the RECOVER neurologist collaborates
with palliative care to ensure appropriate end-of-life support
(Figure 2). For patients who survive to hospital discharge, a
social worker familiar with facilities and resources available
to patients with brain injury assists with discharge planning
(Figure 2).

Postacute Care

Patients for whom LST is continued, and who survive to
hospital discharge, are typically transferred to a postacute
facility, such as a long-term acute care hospital (LTACH),
inpatient rehabilitation facilitation (IRF), or skilled nursing
facility (SNF). Neurologically, this is a critical period for 3
reasons. First, the neurologic prognosis, if still uncertain,
often becomes clearer during this time—it is often while in a
postacute facility that patients reach the 28 days after injury
that some guidelines advise waiting to evaluate a recovery
trajectory.” Second, consciousness recovery during this time
can be subtle, with some patients regaining only minute or
inconsistent purposeful movements that can be easily
overlooked.® And third, neurologic complications, such as
seizures and myoclonus, may arise or persist during this
period. However, many postacute facilities do not have the
necessary neurology resources to detect and optimize DoC
recovery.

By partnering with a local LTACH and IRF, the RECOVER
program provides continuity of care during this critical
postacute period through a RECOVER transition program’
(Figure 1). Patients evaluated by the RECOVER service are
regularly reviewed for LTACH or IRF transfer eligibility by
the RECOVER social worker. When appropriate, transfer
eligibility is also discussed during interdisciplinary confer-
ences. For patients transferred to the RECOVER transition
program at a partnered LTACH or IRF, the RECOVER
neurologist and physiatrist, who are credentialed across in-
patient and postacute facilities, continue to collaborate with
therapists to monitor recovery with serial CRS-R assess-
ments and guide treatments. Leveraging continuity from the
acute hospitalization, RECOVER clinicians provide more
informed management of neurologic complications and
maintain their relationships with patients and their families,
which helps ensure that care is consistent with the patient’s
physiology and goals and engenders trust.

At the conclusion of the postacute facility stays, RECOVER
clinicians evaluate the neurologic trajectories to revisit
prognostic discussions with patients and surrogates. As
needed, cases are rediscussed during interdisciplinary con-
terences. RECOVER clinicians help ensure that the discharge
destinations are consistent with each patient’s goals and
prognosis, advocating for more intensive rehabilitation or
hospice care as appropriate.
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Outpatient Care

Patients who survive beyond the postacute phase are fol-
lowed longitudinally in an outpatient RECOVER clinic op-
erated by the same neurology residents and supervised by the
same RECOVER neurologist who provided inpatient con-
sultation, to ensure continuity (Figure 1). Appointments are
preferentially held in-person but can also be attended vir-
tually for patients for whom transport is logistically, medi-
cally, or financially prohibitive.

RECOVER clinics serve 2 primary purposes. First, RE-
COVER clinics address the chronic neurologic sequelae of
acute brain injury. For patients with chronic DoC, RE-
COVER clinicians, often in collaboration with physiatry,
manage symptoms such as spasticity and myoclonus and may
trial stimulants as appropriate. For patients who recover
more robustly, RECOVER clinicians screen for and manage
the emotional and cognitive sequelae that often persist."”
Second, for patients who do not recover to acceptable levels
of function, RECOVER clinics offer an opportunity to revisit
discussions of prognosis and goals of care. When appropri-
ate, RECOVER clinicians, in collaboration with palliative
care, refer such patients to hospice. The interdisciplinary
conferences remain a useful resource for discussing outpa-
tients with ongoing treatment and prognostication needs
and offer a venue for sharing the long-term outcomes of
previously discussed patients.

Education and Research

The RECOVER program is intended not only to improve
neuroprognostication care in the present but also to ensure that
it continues to improve through education and research. The
RECOVER program promotes education by incorporating
trainees such as neurology residents, neurocritical care fellows,
epilepsy fellows, neuroradiology fellows, physiatry residents,
and brain injury rehabilitation fellows. Neurology residents on
the consult service receive formalized education about current
neuroprognostication literature and guidelines, the imple-
mentation and interpretation of emerging prognostic tech-
niques, interdisciplinary perspectives through conference
participation, and how to lead discussions of prognosis and
decisions about LST with surrogates and families. Because the
program helps to ensure that neurology residents maintain
continuity with surviving patients in the outpatient clinic,
trainees observe the continuum of recovery, manage common
sequelae of DoC, and learn how to revisit discussions of prog-
nosis and LST in the outpatient setting. By promoting educa-
tion, the RECOVER program helps trainees to provide sound
neuroprognostication and perhaps establish similar paradigms,
wherever they ultimately practice.

The RECOVER program also offers a unique opportunity to
advance and translate research. The RECOVER program helps
identify inpatients with DoC and an uncertain prognosis through
consultation requests; patient data are compiled in a registry,
which further facilitates study screening. The RECOVER pro-
gram helps ensure that research consent and data collection are
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appropriately coordinated with clinical care. The consistent and
evidence-based care delivered by the RECOVER program helps
mitigate the variability of previous studies. The RECOVER
program’s structured follow-up facilitates study retention, and
clinic visits are coordinated with data collection on patient out-
comes. And finally, the close integration of clinical care and
research helps facilitate and accelerate the translation of dis-
coveries into clinical practice. The RECOVER program is not
bound to any particular prognostic techniques; as prognostic
techniques continue to evolve, the specialized and in-
terdisciplinary members of the RECOVER program will help
ensure that practice evolves along with them while providing the
ethics support necessary to ensure responsible implementation.

Feasibility and Implementation

We launched the RECOVER program at the Hospital of the
University of Pennsylvania on August 15, 2022, and in this
article, we report implementation data collected over the
following 15 months, until November 15, 2023 (Figure 3).
We evaluated 129 patients (mean age 56, SD = 16.5) with
DoC caused by acute brain injury (averaging 9 per month):
98 (76%) with anoxic injury after cardiac arrest; 12 (9%)
with ischemic stroke; 9 (7%) with intracranial hemorrhage;
and 10 (8%) with other etiologies such as traumatic brain
injury, meningoencephalitis, and carbon monoxide poison-
ing. Patients were evaluated at a median of 4.15 days
(interquartile range 1.49—9.80) from hospital admission.

Advanced neuroimaging data were collected in patients with
DoC who had no contraindications to an MRI scan, were
sufficiently medically stable to tolerate transport and the
scan, had sedatives minimized, and had surrogates who
consented to the scan.* Advanced neuroimaging (e.g., fMRI)
data were collected on a preliminary basis over the first 7
months in a total of 5 patients, and more routinely over the
following 8 months in an additional 9 patients. Results were
interpreted and discussed during interdisciplinary confer-
ences and relayed to clinical teams and surrogates.

A total of 32 neurology residents rotated through the consult
service, in addition to other interested trainees including
non-neurology residents and fellows from neurocritical care,
stroke, and brain injury rehabilitation.

Weekly interdisciplinary conferences were held on 50 occasions
and cancelled on 16 occasions when there were no patients to
discuss. In total, 102 patients (79%) were discussed during at
least one conference; of patients who were not discussed, 13
(10%) died before conference, 7 (5%) rapidly recovered con-
sciousness before conference and did not have ongoing recovery
needs, and the remaining 7 (5%) were not discussed because of
logistics (e.g., time constraints). Conferences were held in a hy-
brid format with in-person and virtual attendance options; in-
person attendance was not systematically recorded but typically
ranged between 2 and 10 attendees, and virtual attendance av-
eraged 16 attendees per conference (SD = 4). Conferences
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routinely included input from neurocritical care, neuroradiology,
epilepsy, physiatry, palliative care, ethics, physical/occupational
therapy, and social work and was further attended by other
physicians and trainees depending on availability and interest.

Regarding patient outcomes, by the conclusion of the in-
patient RECOVER consultation, 72 patients (56%) had LST
continued, 35 patients (27%) had LST withdrawn primarily
because of a poor neurologic prognosis, 8 patients (6%) had
LST withdrawn primarily because of a poor medical prog-
nosis, 6 patients (5%) died by neurologic criteria, and 8 pa-
tients (6%) died by cardiopulmonary arrest (without
withdrawal of LST). Of the patients discharged to an IRF or
LTACH, 50% (10 of 20) and 63% (S of 8), respectively, were
transferred to a partnered facility, where RECOVER clini-
cians offered continuity.

Outpatient clinics were held weekly (either virtually or in-
person) and scheduled for surviving patients typically at 3
months after discharge. Of the 54 patients who completed
their inpatient evaluation more than 3 months before No-
vember 15,2023, and had LST continued, 15 (28%) followed
up in clinics, where they were seen by neurology residents
and the RECOVER neurologist. Of the remaining patients,
13 (24%) died before follow-up, 12 (22%) could not be
contacted for follow-up, 8 (15%) were scheduled but did not
attend, and the remaining 6 (11%) either remained admitted
to the hospital, moved away, or did not desire follow-up.

Conclusion and Future Directions

Neurology’s historical approach to neuroprognostication has
struggled to keep pace with a rapidly evolving literature and is
characterized by fragmentation that hampers clinical care,
trainee education, and research. The RECOVER program
seeks to provide integration across time, providers, and disci-
plines to improve neuroprognostication and DoC care more
generally. In addition, the RECOVER program offers a plat-
form for enhancing trainee education and research, which are
necessary to improve the future of neuroprognostication.

There remain opportunities for optimizing clinical care
within this program. For example, clinic retention may be
improved by more regular contact with patients or families
after discharge. Moreover, further research is necessary to
establish the RECOVER program’s value. Implementation
science evaluating how the RECOVER program influences
factors such as consistency and guideline adherence of
neuroprognostication, withdrawal of LST, trainee education,
length of stay, readmission rates, clinic retention, clinical
translation of novel technologies, patient outcomes, and
patient and family satisfaction is critical and underway. Re-
garding cost effectiveness, many institutions already have the
personnel necessary to implement such a program, there are
efforts to secure insurance coverage for advanced prognostic
assessments (e.g., fMRI), and the RECOVER program may
generate additional revenue (e.g., more frequent inpatient

| Volume 14, Number 6 | December 2024

€200351(7)


http://neurology.org/cp

Figure 3 Feasibility and Implementation

A. RECOVER consult volume
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Data collected during the first 15 months of the RECOVER program are presented. Consult volume averaged 9 patients per month (A), and virtual in-
terdisciplinary conference attendance averaged 16 per week in addition to in-person attendance (B), with both remaining stable over time. Outcomes from
the inpatient evaluation, regarding the continuation or withdrawal of life-sustaining treatment (LST) and mortality, are presented (C). Of the patients who had
LST continued and who were evaluated at least 3 months before the conclusion of the observation period, long-term outcomes regarding clinic retention are

presented (D).

consults, postacute consults, and outpatient clinics). Nev-
ertheless, a formal cost-effectiveness analysis of designating a
specialized prognostication team, providing the requisite
training, and procuring equipment for advanced techniques
is an important next step.

This paradigm is intended to serve as a framework that can be
adopted and adapted across institutions. For institutions capa-
ble of implementing similar paradigms, we hope to collaborate
in advancing neuroprognostication and DoC care. Patients,
resources, and personnel vary across institutions, and thus, the
infrastructure will need to be adjusted accordingly. For insti-
tutions unable to adopt a RECOVER program (e.g, in neuro-
logically underserved locations that may not have local expertise
or prognostic tools), we hope to develop a virtual RECOVER
service to provide remote evaluations and to establish a network
of institutions with RECOVER programs that could serve as
referral centers, which may help address neurologist shortages.
Harmonization across centers not only would advance care by
promoting quality, consistency, and accessibility but also could
serve as a platform for multicenter trials aiming to develop
prognostic biomarkers and therapeutic strategies.

Historically, the profound impact of neuroprognostication has
not been matched by a proportional degree of rigor. Correcting
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this imbalance requires fundamentally restructuring our ap-
proach to neuroprognostication, and the RECOVER program
aims to do so by providing specialization, interdisciplinary col-
laboration, longitudinal support, and translational research. We
note that expertise in neuroprognostication does not arise nat-
urally from existing training schemes within neurology—general
neurologists typically lack training in severe brain injury while
neurointensivists typically lack outpatient exposure. Given that
neuroprognostication increasingly demands a unique skillset,
knowledge of a rapidly growing literature, interdisciplinary col-
laboration, specialized techniques, and involvement across both
acute and chronic settings, we suggest that the RECOVER
program may eventually form the basis of a new subspecialty of
Consciousness Prognostication and Recovery.

The impact of the RECOVER program on neuro-
prognostication is currently uncertain. It is possible that,
with further validation and adoption, the program may
advance the future of neuroprognostication. It is probable
that this program will coordinate existing resources to
optimize the current practice of neuroprognostication.
However, even if these efforts fail, it is at least certain that
the RECOVER program will help ensure that patients and
their families are not left navigating the uncertainty of brain
injury alone.
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Appendix Authors

> Neuroprognostication for disorders of consciousness
(DoC) after acute brain injury—which entails pre-
dicting recovery of consciousness and function—
often dictates whether life-sustaining treatment is
continued or withdrawn but remains challenging.

> Limitations of the conventional clinical model of
neuroprognostication likely contribute to inaccu-
rate neuroprognostication and suboptimal DoC
care while impeding the education and research
necessary to advance the field.

> The Recovery of Consciousness via Evidence-Based
Medicine and Research (RECOVER) program is an
innovative model that aims to provide specialized,
comprehensive, and longitudinal care to patients
with DoC resulting from acute brain injury.

> The RECOVER program, which was launched in
August 2022 and has evaluated 129 patients over
the following 15 months, aims to optimize current
clinical care by coordinating multidisciplinary con-
sultation, facilitating clinical translation of emerging
techniques, and providing continuity across the
acute, postacute, and chronic settings while ad-
vancing the future of clinical care by promoting
neuroprognostication education and research.

> If adopted broadly, the RECOVER program model
may help establish Consciousness Prognostication
and Recovery as a new subspecialty within neurology
to help address the unique training, expertise, and
infrastructure required for neuroprognostication.
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