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Neurocritical Care is a relatively young discipline. While pa-
tients with traumatic brain injury, stroke, and seizures have
needed care since time immemorial, organized neurointensive
care units, formal provider training, and a coordinated body of
neurocritical care science have only been around for about
30 years. Several advances occurring in the 1990s, specifically
intravenous recombinant tissue plasminogen activator use af-
ter acute ischemic stroke [1] and advancement of neurological
monitoring, compelled the creation of guidelines and proce-
dures for the care of patients with acute neurological injury [2,
3], development of highly specialized units, and training of
qualified professionals [4, 5]. Early development of
neurocritical care focused on aspects related to clinical patient
care: increasing numbers of practitioners with formal fellow-
ship training and organizing neurocritical care programs with-
in hospitals to cohort and standardize care. Clinical trials for
many aspects of neurocritical care were few and far between,
but observational patient-oriented research developed quickly.
This notion of the “bedside” informing relevant questions that
could and should be investigated at the “bench” became part
of the ethos of the ongoing development of neurocritical care,
even as there remained a relative paucity of translatable find-
ings. Fundamental concepts, such as the relative roles of pri-
mary and secondary brain injury in stroke, trauma, seizures,
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and brain infections, became pillars upon which future work
would be anchored.

Concurrent with and even preceding this era, there was
substantial and robust laboratory-based discovery science
using a variety of preclinical models of cellular mechanisms
of injury in focal ischemia, traumatic brain injury, and intra-
cranial hemorrhage. Great enthusiasm for this bench-to-
bedside model yielding treatments resulted in elucidation of
injury cascades. These discoveries led to numerous clinical
trials of pharmacological agents targeting specific pathways
such as excitotoxicity, cellular calcium influx, and free radical
membrane injury. As we all recognize now, none were suc-
cessful in human clinical trials, and dissecting the “failure of
neuroprotection” has been a repeated pastime [6, 7]. Perhaps
the greatest lesson from these early failures was recognition
that brain mechanisms are complicated, therapeutic develop-
ment will not be easy, and more fluid integration of “bedside
and bench” techniques, methodologies, and discussions are
necessary [8].

While relevant science was being published and presented
in venues related to overall critical care medicine, neurosur-
gery, and neurology, the formation of the Neurocritical Care
Society (NCS) in 2003 was a foundational step towards coa-
lescing the science into a more cohesive and thematically fo-
cused body. NCS is the first and largest international society
with the mission of advancing patient care, research, and ed-
ucation for neurocritical care. The annual meeting became a
place for clinicians and scientists to interact, present relevant
science, define the most compelling questions, and develop
collaborations. Over the next decade, the science developed
from principally clinically focused to (re)embracing the need
for translational scientists who understood the bedside and
could investigate at the bench. Probably most of all, there
came the recognition that neurocritical care is inherently mul-
tidisciplinary and that investigators and clinicians are more
defined by the conditions they study and treat rather than their
training lineage. Specifically encouraging and developing
young investigators in translational neurocritical care research
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has been increasingly prioritized, as can happen when a clin-
ical field matures in its organization.

This brings us to today and our Neurocritical Care-focused
issue of Neurotherapeutics. When approached with the idea of
putting together an issue that addresses translational
neurocritical care science, we were excited by the opportunity
to highlight a range of questions that have become increasing-
ly relevant to clinical care and development of therapeutics for
the field. Perhaps even more importantly, we were excited
about the opportunity to learn from many of the emerging
leaders in neurocritical care translational science regarding
where we are and want to go. Notably all corresponding au-
thors for these manuscripts are junior or mid-career investiga-
tors who have emerged from the evolution of neurocritical
care to advance its translational science.

Several themes develop throughout this issue of
Neurotherapeutics: therapeutic development from enhanced
understanding of inflammation and immune modulation, cell
injury/death, and harnessing endogenous responses; advent of
enhanced monitoring and therapeutic device development;
and use of advancing technologies related to genetics, geno-
mics, and informatics. The spectrum of neurocritical care con-
ditions is not limited to stroke and neurotrauma. For example,
Mazeraud et al. [9] discuss sepsis-associated encephalopathy
as a particularly common occurrence in general critical care
contributing to increased morbidity. Relatedly, systemic in-
flammation may impact blood-brain barrier (BBB) integrity
with the limbic system being specifically vulnerable. Kolls
et al.’s [10] examination of NMDA receptor—related autoim-
mune encephalitis highlights translation of a previously mys-
terious condition now made clear with subsequent direction
for treatment. Following on the themes of immune modula-
tion, discussion of the local and peripheral immune response
in the context of stroke by Zera and Buckwalter demonstrates
the “two-way” communication in which patients may have
increased vulnerability to systemic infection such as pneumo-
nia in the setting of a primary neurological condition such as
acute stroke [11]. Similarly, Coulibaly and Provencio review
how immune responses mediate vascular and neural changes
after subarachnoid hemorrhage with the ultimate effector cells
being parenchymal brain and peripheral immune cells [12].
These acute central responses to injury may have long-term
neurological effects, as summarized by Akamatsu and Hanafy
in the setting of neurocognitive decline after traumatic brain
injury [13]. “Resilience” to such injuries, as a new and poten-
tially clinically applicable type of neuroprotection distinct
from prior concepts, is modeled in studies of hibernation in
animals such as arctic ground squirrels as detailed by Singhal
et al. [14]. In fact, endogenous responses to injury may play a
role in neurorestorative mechanisms. James et al. provide a
potential framework for harnessing the brain’s inherent re-
sponses using apolipoprotein E as a candidate therapeutic
[15]. Likewise, Lattanzi et al. examine matrix
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metalloproteinases’ role in membrane integrity after intracere-
bral hemorrhage, explaining some unique aspects of second-
ary brain injury for this condition, and suggest potential ther-
apeutics [16]. Finally, Sugimoto and Chung consider the value
of cortical spreading depression as an emerging therapeutic
target and biomarker after subarachnoid hemorrhage,
assessing the generalizability of existing therapeutic trials
and ways to define its relationship with functional outcome
[17].

In addition to therapeutics, neurocritical care has witnessed
a font of monitoring and device development through transla-
tional work. Saadoun and Papadopolous review the monitor-
ing of spinal cord blood flow after acute injury, revealing
distinct blood flow patterns (e.g., local steal and diastolic is-
chemia) that may enable optimized and individualized spinal
cord perfusion therapy [18]. Also, Alambyan et al. discuss
noninvasive metabolic imaging as a tool for molecular level
energy exchange to guide targeted management in a diverse
array of neuropathology [19]. Additionally, Hosseini et al. as-
sess potential combination therapies (e.g., pharmacotherapy,
perfusion/oxygenation targets, and pre/post-conditioning)
with targeted temperature management after hypoxic-
ischemic brain injury [20].

Finally in this issue, we are given insight into how ad-
vances in genetics, genomics, and computing capabilities are
providing new opportunities to better study how our patients
respond to disease and how we can integrate the data we have
available (and new data to come). Interestingly, as described
by Myserlis et al., translational genomics can be utilized for
both forward and reverse translation regarding many of the
issues of inflammation, the BBB, and cellular vulnerability
across conditions [21]. Acosta et al. elucidate how large col-
laborations, public access to data, reproducible science, and
innovative analytical methods have exponentially increased
the pace of discoveries related to neurocritical care and how
new treatments may be developed through supportive genetic
evidence [22]. Finally, how to bring data together, whether
from electronic health records or bedside “signals” in use to-
day such as intracranial pressure waveforms, and apply
machine-learning techniques to provide insights not immedi-
ately apparent to bedside clinicians is described by Foreman
[23].

One obvious overall conclusion from this issue of
Neurotherapeutics is that neurocritical care translational sci-
ence has evolved greatly since the origins of organized
neurocritical care. The bedside-to-bench-to-bedside model
that is evidenced by the authors of these manuscripts resonates
as a pathway for developing new pharmacological treatments,
clinical prediction and decision support, and guidelines. We
hope you enjoy and learn from the manuscripts in this issue as
we work together to expand collaborations and prioritize de-
veloping young investigators with the goal of improving treat-
ments for our patients.
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