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Abstract

Following acute brain injury, frequent neurological examinations (“neurochecks™) are commonly
prescribed and form the cornerstone of many care protocols and guidelines (e.g., for intracranial
hemorrhage). While these assessments are intended to identify and mitigate secondary injury,
they may unintentionally contribute to additional injury related to neurocheck-associated sleep
disruption. Data are lacking to define patterns of neurological decline following acute brain
injury, as are data to define the short- and long-term consequences (e.g., neuropsychological
sequelae) of frequent and prolonged neurochecks. A critical need exists for rigorous evaluations
of neurocheck practices, perceptions, benefits and risks, along with interventions to optimize
neurocheck frequency and duration.
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Protocolized neurology is increasingly used to optimize care delivery and outcomes for
patients with acute brain injury (ABI). For patients with ABI,1 a common provision is for
“frequent” or “repeated” neurological assessments (neurochecks).2 Excluding guidelines
following alteplase administration for ischemic stroke,3 however, there is minimal guidance
on how frequently (e.g., every hour) neurochecks should be conducted, or for how long they
should continue. Consequently, patients with ABI often receive hourly or every-other-hour
examinations, sometimes for extended periods of time (days or even weeks).>

Only a handful of studies have examined neurocheck practices. Studies involving
patients with intracerebral hemorrhage (ICH) suggest value in short stretches of
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neuromonitoring that include frequent (e.g., every hour) neurochecks and surveillance
imaging.8 Approximately one-quarter of neurosurgical interventions after intracranial
hemorrhage were prompted by monitoring for clinical and/or radiographic instability.
Notably, 50% and 75% of these interventions occurred within 15 and 27 hours of ABI,8
respectively, suggesting that neurochecks may be most important during the initial 24 hour
post-ABI period. Following ICH, predictable causes of neurodeterioration—each with their
own timeframe—exist.” In patients with traumatic brain injury (TBI), individuals examined
hourly required very few interventions after 48 hours had elapsed, yet those monitored
hourly for more than four days experienced longer lengths of stay.®

Predictability of neurodeterioration is predicated on causes of ABI and patient risk factors.
Following isolated traumatic subarachnoid hemorrhage (SAH), studies suggest that a higher
Glasgow Coma Score (GCS) on admission is associated with significantly lower incidence
of surgical intervention when compared with lower GCS.? Alternatively, spontaneous

SAH has a more unpredictable pattern and timeframe of neurodeterioration. For example,
vasospasm can develop around post-bleed day 3, tends to peak on days 8-11 and resolve

by day 21.10 Hence, in spontaneous SAH, the unpredictable secondary injury timeframe
may complicate efforts to minimize neurochecks. When complex diagnoses lack predictable
patterns of neurodeterioration, or when clear data supporting frequent neurochecks are
lacking, supplementary monitoring strategies (e.g., angiography, transcranial Doppler
[TCD]) may play an important role in fine-tuning frequent assessment paradigms.
Additionally, patients requiring mechanical ventilation with or without sedative medications
may require supplementary non-invasive modalities such as electroencephalography or
TCD, and/or invasive modalities such as intracranial pressure monitoring.

While neurochecks are intended to capture evolving injury and trigger necessary brain-
saving interventions, their associated arousals may paradoxically play a role in exacerbating
neurological injury. Sleep is a time for necessary homeostatic and biological processes

such as plasticity, glymphatic drainage, and memory consolidation.1-13 In the intensive
care unit (ICU) setting, fragmented and low quality sleep is common and likely disrupted
further by the performance of frequent neurochecks.141® There is an association between
care interventions, sleep disruption and delirium, and delirium is known to contribute
independently to long-term cognitive and neuropsychological impairment following critical
iliness.1416 In fact, one study revealed that 67% of neurodeterioration events in the first

48 hours were attributed to delirium rather than ABI itself.1” The relationship between
delirium and long-term neuropsychological sequelae suggests that the impact of developing
this acute encephalopathy in the hospital does not end with ‘resolution’ of the delirium

and instead can continue to impact recovery and health-related quality of life over the long
term.18 Furthermore, providers believe that neurochecks may be detrimental to patients,
and are more likely to discontinue or downgrade their frequency when a patient develops
delirium.18 There are, of course, multifaceted risk factors for delirium. Rising attention
toward delirium as a sign of organ dysfunction following ABI has heightened awareness
regarding modifiable risk factors such as sedative medications and immobility.1920 Sleep
disruption may represent another modifiable risk factor in patients with ABI who are already
facing a difficult recovery.
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At institutions that commonly prescribe neurochecks for patients with ABI, practices

must be analyzed with a focus on neurocheck frequency and indications for initiation,
continuation, and discontinuation. An analysis of nearly 9,000 ABI patients revealed that
prolonged hourly neurochecks are common, with 20% of patients receiving greater than

3 days of consecutive hourly neurochecks and 3% greater than 14 days, with an average
duration of 20.1 days (482 consecutive hourly neurochecks).> Notably, nearly 25% of hourly
orders transitioned directly to no neurochecks, suggesting that they were not necessary

for the full time they were ordered.> In support of this surmise, a recent study of TBI
patients estimated that 6,012 hourly examinations in 287 patients could have been avoided
by following an algorithm designed to identify patients at risk for deterioration.?! Regarding
neurocheck utility, in a study of greater than 200 patients with acute ischemic stroke, 45%
of neurodeterioration episodes were observed via neurochecks, and an additional 26% were
observed via alternative modalities.?? In addition, regardless of the intended neurocheck
frequency, studies of patients with acute neurological injury reveal inconsistencies in
documentation of neurochecks and inexplicable gaps in performance of ordered neurological
assessments.23:24

Despite lingering uncertainties, some things are clear. There are known disease and severity-
specific risks of neurodeterioration. There is a clear link between neurodeterioration and
poor outcomes. There is a well-accepted relationship between delirium and poor outcomes.
There is a potential link between sleep disruption, delirium, and poor outcomes for patients
with ABI. Therefore, as providers, we must ensure that our patients do not receive frequent
assessments for longer than necessary. It is likely that some timeframe (e.g., 24-48 hours
for many neurological diseases) is sufficient to capture neurodeterioration while minimizing
the risk of incident delirium, while longer periods of time (e.g., >72 hours) render patients
vulnerable to harm with lower yield in identifying neurodeterioration.

What remains unclear is whether frequent monitoring is necessary or if less frequent (every-
other-hour, or even every four hours) monitoring can promptly capture neurodeterioration,
trigger appropriate interventions, and mitigate adverse neurological outcomes. Also
unknown is how long patients can withstand frequent awakenings without developing
cognitive sequelae such as delirium. Further, it is unknown how and whether the dose
(duration and frequency) of neurochecks contributes to short-term sequelae, particularly in
the context of risk factors (e.g., pre-existing sleep disorders). Finally, in the setting of ABI, it
is important to identify delirium risk factors and associated consequences, and thereby tailor
individualized neurological assessment plans accordingly.

In summary, there is no question that efforts to improve neurocheck practices will

involve careful considerations of risks and benefits, weighing above all the catastrophic
consequences of missed neurodeterioration events. Developing standardized algorithms will
involve application of advanced models to delineate common early from uncommon late
neurodeterioration events, with consideration of key variables such as type and degree of
ABI and pre-existing conditions. These efforts must be counterbalanced by evaluations of
prolonged neurochecks, including associated risk factors for and assessment of outcomes
such as short- and long-term cognitive and neuropsychological sequelae. In the meantime,
ABI care can focus on awareness; for instance, at our institution, electronic alerts now signal
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to providers when patients have reached a pre-defined duration of hourly neurochecks. In
this way, the decision to continue neurochecks can become a deliberate and measured one.

The first step in reassessing frequent neurochecks must be active.
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