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Advances in neurocritical care over the last decade have
resulted in significant improvement in patient outcomes.
With rapid advances in the technology, there has been
an improvement in neurologic monitoring, resulting in
improved outcomes in patients with severe traumatic brain
injury, intracerebral hemorrhage, stroke, and aneurysmal
subarachnoid hemorrhage. Precision medicine with the
availability of accurate electronic medical data coupled with
precise laboratory tests, easy availability and access of imag-
ing modalities may help in unravelling the complex patho-
physiological processes in neurosurgical patients facilitating
the achievement of “Personalized, Preventive, Predictive, and
Participatory” components (four Ps) of precision medicine.

The initial precision medicine evolved from medical
oncology, where the use of genetic biomarkers transformed
the therapeutic interventions.! The growth in molecular
oncology created a better understanding of malignancies and
identified exploitable targets which influenced the disease
outcomes. However, the application of precision medicine
in neurointensive care, fraught with complex multitude
of medical issues, has been very slow. The complex nature
of illness influenced by multiple host factors, with a lack of
appropriate clinical trials with a class I or class II evidence,
may be responsible for impediment to the application of
precision medicine in a neurocritical care setting.

A closed-head injury patient may be associated with frac-
ture of along bone or a hemoperitoneum where precise treat-
ment of one pathology may have no effect or may adversely
affect the other medical issue. Should we give a massive fluid
transfusion to treat hypotension in a closed head injury with
hemoperitoneum or will it adversely affect the intracranial
hemodynamics? Precision medicine may help in answer-
ing such questions in the coming years. A neurosurgical ICU
which houses patients with the greatest severity of illness
may offer a great opportunity, for improving patient sur-
vival and quality of life due to application of the precision
medicine.
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The major impediment to precision medicine includes a
lack of the clarity and marked variability in working defini-
tions. Unfortunately we do not even have a definition of the
‘critically ill’ patient in a neurosurgical unit or defining critical
events in neurointensive care unit as a Cardiac arrest in inten-
sive care unit!?® This marked variability makes it difficult to
study a disease or to target treatment in a critically ill patient.
Adding to the pandemonium, there is a dilemma among the
clinicians working in a neurocritical care unit for various
point-of-care monitoring systems. There is a lack of clarity
on point of care testing for glycemic control on blood glucose
monitoring devices approved for use in critically ill patients,
with significant differences in different laboratory platforms
using paired specimens.* Lack of standardization with signif-
icant discordance of values and biological variability of the
biomarkers exists in laboratory testing methodology to assess
the perfusion, coagulation, renal function, hepatic function
and cardiac injury. Lactate as a marker of perfusion in critical
care, is not standardized, with different laboratory platforms
with a marked discordance as values increase to 4 mmol/L
and beyond.’ There are significant differences between point
of care testing and laboratory platforms in assessing the coag-
ulation profile, with multiple assays using rabbit thrombo-
plastin and recombinant human thromboplastin.® Despite
standardization of measurement techniques for creatinine by
standardized reference method using isotope dilution mass
spectrometry, there is still a significant biological variability of
the biomarker causing a substantial discordance between val-
ues of paired samples using different platforms.” Biologically
released troponin can be monomeric, dimeric, or trimeric
with differing epitopes detected by each immunoassay. Hence
a lot of variability can be observed between troponin I assays
and T assays using different laboratory platforms.®® Hence a
profound knowledge of how samples are analyzed and what
they mean is essential if precision medicine is to be ‘precise’.

Due to the multifaceted nature of injury involving
multiple organ systems in neurosurgical patients, both
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prognostic precision and predictive precision may improve
outcome in neurocritical care. Prognostic patient selection
involves the selection of patients with a greater chance of
a disease-related event, such as mortality due to sepsis,”
whereas predictive selection involves selection of patients
more likely to respond to an intervention based on biolog-
ical mechanisms associated with a disease, as the utility of
pharmacogenomics, in targeted use of antibiotics in sepsis.!!
Similarly the use of biomarkers may predict the responsive-
ness and outcome in ARDS to the application of PEEP'? and
fluid management.”

The wide use of antiepileptics in neurocritical care may
influence the cytochrome P 450 metabolism of narcotics and
antimicrobials affecting the plasma concentration of these
drugs. Pharmacogenomics, evaluating the influence of the
patient genomic makeup on pharmacokinetics and phar-
macodynamics, will play a role in the future ICU precision
medicine practice, to optimize the doses of antimicrobials
and narcotics.

Current electronic health record systems are full of incon-
sistent and inaccurate data due to human limitations. Consis-
tency in data acquisition, storage and reporting will require
an unparalleled collaboration that has never been possible in
the field of medicine till date. New data management and ana-
lytic techniques using machine learning and artificial intelli-
gence will help to integrate the data from patients to aid in
the development of algorithms in future, based on precision
based medicine. This data obtained from subsets of neuro-
surgical populations may help to develop valid and clinically
meaningful data for treatment of patients with head injury,
intracranial tumors, spinal cord injury, subarachnoid hemor-
rhage, and other subsets of population in intensive care unit.
This may lead to development of registry-based randomized
controlled trial (that will use data collected from registry
data; to identify appropriate targets for trial enrolment)™
and the platform trial." (which uses response-adaptive ran-
domization to test multiple treatments in a pre-specified
patients using Bayesian analysis.)

Precision medicine development in neurocritical care is
in infancy. It is in need of cohort identification in subsets of
patient population admitted to the neurointensive care unit.
Informed groups consisting of neuroanesthesiologists, neuro-
intensivists, neurosurgeons, neuropathologists, neurologists,
biostatisticians, neuro epidemiologists, neuroendocrinologists
and neuro pharmacologists need to sit together to understand,
gather and analyze data on various neurological disorders. This
will help in an accurate identification of the key steps needed
to identify subpopulations for prognostic markers.

Though, the vision for precision medicine in the neuro crit-
ical care is now visible on the horizon, however, the road is
not smooth with a path full of barricades and a disorganised
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construction team. Success will depend on optimal strategic
resource utilization, collaboration between various subspe-
cialties, use of newer technologies and introduction of newer
clinical trial designs.
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