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Abstract

The Effect of Early Rehabilitation and Multimodal Stimulation on Recovery in Patients with

Disorders of Consciousness and Cognitive Motor Dissociation

Lorenzo Oscar Casertano

Purpose/Statement of Problem: Disorders of Consciousness (DoC) are a group of
disorders encompassing Coma, Unresponsive Wakefulness Syndrome (UWS), and Minimally
Conscious State. These disorders are characterized by altered or absent alertness and
consciousness and inability to follow commands or participate in daily activities or function.
DoC can be caused by a multitude of etiologies including trauma, stroke, tumors, metabolic
disarray, and many others. Individuals with severe DoC are profoundly functionally and
cognitively impaired, and frequently require extensive rehabilitation in order to return to their
prior level of function. Additionally, a category has recently been discovered within the umbrella
of DoC called Cognitive Motor Dissociation (CMD), in which individuals may show no outward
signs of the ability to follow commands but can be seen to respond appropriately to commands
when monitored by Electroencephalography (EEG). The current standard of rehabilitative care
for individuals with severe DoC is minimal. There are no clear guidelines for rehabilitation of
these individuals, particularly in the acute stage. Rehabilitation is often initiated once individuals
are awake and able to follow commands, despite evidence that earlier intervention (particularly
in the form of stimulation) may accelerate recovery. In this retrospective study, we had three
primary aims and one case study. The first aim was to characterize the time frame in which a

cohort of individuals with severe DoC received therapy and whether the timeframe in which they



received therapy was appropriate. The second aim was to retrospectively determine which
therapy and demographics factors could predict better short- and long-term outcomes. The third
aim was to determine whether the presence of CMD had a mediating effect on therapy. Finally,
the case study was intended to determine safety of a prospective study recruiting individuals

extremely early after admission for a standardized stimulation intervention.

Procedures and Methods: This study was a retrospective analysis of data from a cohort
of individuals who were recruited to participate in multiple studies of consciousness in the
neurological intensive care unit (NICU) in an academic medical center in New York City
between 2014 and 2021, heretofore referred to as the parent study. All individuals had a severe
DoC, were connected to EEG, had no previous history of brain injury, and were tested for
presence of CMD. Charts were examined to determine whether individuals could have received
therapy earlier. Regression modeling was used to determine the effect of various therapy factors
(such as timing, volume, frequency, and therapy content) as well as demographics data on a
variety of short term and long-term outcome measures. These outcome measures included scores
on the Coma Recovery Scale-Revised, scores on the AM-PAC “6 Clicks” Basic Mobility and
Daily Activity short forms, recovery of active participation in therapy, discharge destination, and
Glasgow Outcomes Scale-Extended scores. Analyses were also performed on the individual
effect of each therapy variable on the effect of CMD status, and on the overall effect of CMD

status on outcomes.

Results: Thirty-eight of the fifty eight (65.52%) individuals in this cohort who received
therapy after the median day received for the cohort could have safely received therapy earlier in
the form of a standardized stimulation protocol. Multiple therapy variables were implicated in

both short- and long-term outcomes. More specifically, therapy frequency, therapy volume,



CMD status, sitting at edge of bed, and age were all implicated in both short- and long-term
outcomes. Therapy timing was not an independent predictor for any outcomes but was
significantly associated with therapy frequency. Therapy frequency was an independent predictor
of multiple outcomes including discharge destination, Basic Mobility scores, and GOS-E scores.
Sitting at the edge of the bed was an independent predictor of Daily Activity Score, and all
therapy variables except timing were independent predictors of change in Basic Mobility Score.
CMD status had a modulatory effect on multiple therapy variables (variable based on outcome)

and was an independent predictor of long-term outcomes.

Conclusions: Individuals with severe DoC were an underserved population from a
therapy perspective. With the current standard of care, individuals with severe DoC frequently
overlooked in favor of those who are more able to participate in active therapy. Analyses
performed in this study indicated that individuals with severe DoC could a.) safely receive
therapy sooner, b.) benefit from increased therapy frequency and specific modes of therapy, c.)
could make excellent functional progress and d.) might have performed better with therapy if
they had CMD. These results indicate that individuals with severe DoC might benefit earlier and

more consistent therapy to maximize their chances of functional recovery.
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Chapter 1: Background and Significance

1.1: Description of DoC
1.1.1: Types of DoC

Disorders of Consciousness (DoC) are a group of conditions that describe states of
impaired arousal and consciousness (Giacino et al., 2018). These levels of DoC are used to
describe a state of impaired arousal and responsiveness in individuals after brain injury, whether
traumatic or non-traumatic. Levels of severe DoC include Comatose State, Unresponsive
Wakefulness Syndrome (UWS, formerly known as Vegetative State), Minimally Conscious State
(MCS), and emerged from MCS (eMCS) (Giacino, Fins, Laureys, & Schiff, 2014). Individuals in
a comatose state are characterized by a complete lack of interaction with the environment. These
individuals maintain their eyes closed, have no evidence of sleep-wakefulness cycles, and have
no response to external stimuli. This is distinguishable from Brain Death, as a comatose patient
may have intact brainstem reflexes (Greer et al., 2020). UWS describes a state in which
individuals may open their eyes and show evidence of sleep-wakefulness cycles but have no
consistent or reproducible response to commands. They may demonstrate some behaviors such
as eye opening and reflexive movements (to pain or other stimuli), but responses are inconsistent
not reproducible. Individuals may even smile or have oromotor movements, but these are not tied
to any specific or consistent stimuli. MCS refers to a state in which a patient is inconsistent in
their response to commands or to the environment but has a clear reproducible ability to interact.
This includes inconsistent command following, reaching for, fixating on, or tracking an object,
etc. MCS- refers to this same state but without language function, which may be confounded by

language impairments such as aphasia. MCS+ refers to a patient in MCS who is able to

1



communicate (whether receptively or expressively) using language. The term eMCS describes a
state in which a patient may be confused or disoriented but is consistently interacting with the

environment. Individuals with DoC have severe impairments in arousal, cognition, and function.
They require complex medical intervention and extensive rehabilitation in order to have the best

chance to return to as close to their baseline level of functioning as possible.

1.1.2: Causes of DoC

DoC can be caused by a variety of injuries to the brain or body. Most severe DoC are
caused by injury to bilateral cerebral hemispheres, thalami (particularly the central thalamus), or
to the brainstem (Nicholas D Schiff, 2008). Examples of injurious disease processes include
stroke, trauma to the head, brain tumors, seizures, etc. Pathways implicated in severe DoC have
not yet been fully elucidated despite ongoing research. Disruption of the Reticular Activating
System (RAS) is frequently implicated in DoC. The RAS is a grouping of brainstem nuclei with
widespread projections to the cortex and other brain areas. This series of nuclei is instrumental in
maintaining arousal and alertness. In addition, there are connections between the locus coeruleus
(LC), RAS, and the cerebral cortices (De Cicco et al., 2018). When these pathways are
disrupted, the patient’s arousal level will be severely diminished, possibly leading to coma or

UWS.

In addition, a pathway called the Anterior Forebrain Mesocircuit (AFM) has been
implicated in severe DoC (Curley, Forgacs, Voss, Conte, & Schiff, 2018; Giacino et al., 2014).
The AFM connects the central thalamus, both cerebral cortices, the striatum, pedunculopontine
formation, and the globus pallidus internus (GPi). In patients with DoC, there is frequently acute

widespread deafferentation. This leads to a significantly decreased level of afferent input to the



thalamus and striatum. According to the theory of DoC based on the AFM, this lack of afferent
input to the central thalamus leads to decreased input to the striatum from the thalamus. The
striatum is inhibited and unable to depolarize as the resting membrane potentials remain
hyperpolarized. This, in turn, leads to an overactive GPi, which leads to further inhibition of the

thalamus and pons causing a negative feedback loop for arousal.

Another pathway called the Default Mode Network (DMN), a network active in a resting
state, may also be implicated in arousal and consciousness. There is currently limited evidence
investigating this network (Edlow, Claassen, Schiff, & Greer, 2021), but it involves the
temporoparietal junction, precuneus, parahippocampal gyrus, and medial prefrontal cortex. In a
study of brain structure via MRI combined with use of clinical outcome measures, it was shown
that the regions most implicated for poorer outcomes were the left midbrain, left frontal lobe,
right thalamus, and right parietal lobe (Pozeg et al., 2021). It has also been shown that
individuals in UWS have less intact fiber tracts than those in MCS, and that integrity of both
cortico-cortical and subcortico-cortical connections is compromised (Lant, Gonzalez-Lara,
Owen, & Fernandez-Espejo, 2016). These impaired pathways correlate with neuropsychological
outcome measures for evaluation of DoC, and injured individuals also show damage to the

pathway between the posterior cingulate cortex and thalamus (Fernandez-Espejo et al., 2012).
1.1.3: Cognitive Motor Dissociation

Accurate assessment and diagnosis of individuals with severe DoC has historically
proven difficult. Even when clinicians use recommended neurobehavioral assessments, up to
40% of individuals with DoC may be diagnosed with the incorrect level of DoC (Schnakers et

al., 2009). In addition, recent literature has brought to light the existence of individuals with DoC



who have covert consciousness, termed Cognitive Motor Dissociation (CMD) (N. D. Schiff,
2015). This is a state characterized by a complete lack of behavioral evidence of command
following or consciousness, but with a clear ability to modulate brain activity in response to

commands on neuroimaging.

Imaging can comprise various methods, but the most commonly used methods are
functional magnetic resonance imaging (fMRI) or electroencephalography (EEG). Individuals
with CMD comprise approximately 14-15% of patients with DoC, and identification of these
individuals is still difficult. The existence of covert consciousness raises serious ethical questions
regarding prognostication and withdrawal of life-sustaining measures (Mackenzie Graham, 2019;
M. Graham, 2021). There is evidence that individuals with CMD feel pain and may be able to
communicate consistently. In addition, there is evidence in the literature that what an individual

considers an adequate quality of life may change once the injury has occurred.

Given these profound implications, it is imperative to investigate how to communicate
more effectively with individuals with CMD, as well as how to improve their arousal and motor
output to match their preserved cognition. There is ongoing research to improve both
identification of these individuals and to use Brain Computer Interfacing (BCI) (Pan et al., 2020)
in real time for individuals to be able to communicate. Functional MRI1 (fMRI) has been used
once in the past to communicate simply with a patient with severe DoC (Monti et al., 2010).
Further investigation into this area is ongoing and needed to improve quality of care for these

individuals.



1.1.4: Course and Prognosis

Overall prognosis for individuals with severe DoC varies widely and is difficult to
accurately predict. Recovery can take months to years, and changes in function may be slow and
difficult to detect (Giacino, 2004; Giacino et al., 2018). Potential for recovery from severe DoC
may be better than was once believed. In an analysis of over 17,000 patients (Kowalski et al.,
2021) over 2000 individuals admitted to a rehabilitation unit still had a severe DoC. Of these
individuals 82% recovered consciousness while in rehabilitation. Up to 40% of these individuals

returned to partial or full independence after rehabilitation.

Some blood and Cerebrospinal Fluids (CSF) biomarkers have been implicated in better
recovery (Muballe, Sewani-Rusike, Longo-Mbenza, & Iputo, 2018). Serum and CSF Total
Antioxidant Capacity (TAC) > 450 pumol/L are associated with better functional outcomes, as are
CSF Superoxide Dismutase (SOD) > 0.3 IU/ml serum 11-1p > 35 pg/ml is associated with poorer
outcomes. Other factors positively influencing prognosis include younger age, male sex, and less
subcortical damage (Kowalski et al., 2021). Traumatic brain injury (TBI) or subdural hematoma
(SDH) are also good predictors of recovery (Egbebike et al., 2022), though SDH is frequently
caused by a traumatic event and is frequently a subset of TBI. Individuals who suffer a TBI are
more likely to recover than individuals who suffer an Anoxic Brain Injury (ABI) (Giacino, 2004;
Giacino et al., 2018). For individuals who suffer a TBI, up to 35% may still have a good
recovery even if still in UWS at three months post injury. Conversely, an individual who suffers
an ABI and still has UWS at three months has only a 10% chance of recovery. Recent guidelines
(Giacino et al., 2018; Hammond et al., 2021) highlight the importance of avoiding definitive
recommendations regarding prognosis for many months post injury. For individuals with a TBI,

it is recommended to wait at least 12 months before making a definitive prediction about chance
5



of recovery (as opposed to three months for ABI). It is also a positive prognostic indicator if an
individual with a TBI reaches MCS within 5 months. It has been shown that between 31-41% of
individuals were able to respond to commands after 8 weeks in rehabilitation, but none of those
individuals had an ABI (Lucca et al., 2019). All guidelines highlight the lack of clarity regarding
prognosis and the importance of comprehensive and extensive rehabilitation to maximize the

potential for good outcomes in all individuals with DoC.

Individuals with CMD have been shown to have a much better chance of a positive
functional outcome. In multiple studies (Claassen et al., 2019; Egbebike et al., 2022), CMD has
been shown to be an independent predictor of functional recovery to at least partial
independence. An individual with CMD has between 4.5 and 5.5 better odds of reaching some
level of functional independence compared with an individual without CMD. In another study
using BCI to assess CMD status, 75% of individuals who recovered from UWS to MCS had

CMD, and 78% of individuals in MCS who improved had CMD (Pan et al., 2020).

1.2: Measurement and Outcomes in DoC

1.2.1: Long-Term Outcome Measures

The most commonly used outcome to determine effectiveness of a rehabilitative or
stimulation protocol in individuals with DoC protocol is the Glasgow Coma Scale (GCS). The
GCS was developed in 1974 by Dr. Teasdale (Teasdale & Jennett, 1974) and colleagues and was
intended as a very brief and easy to administer assessment for diagnosis of a patient’s level of
consciousness acutely after brain injury. It encompasses three subscales: eyes, motor, and verbal.
Each subscale has an associated ordinal scale, with 1 being the lowest. Thus, scores range from

3-15. A range of 3-8 is considered to be a comatose state, 9-12 a moderate brain injury, and 13-

6



15 mild or no brain injury. While this scale is used as an outcome measure quite frequently, it is
intended for use in an acute setting. It is used in a large number of studies in the literature as both
a short-term and mid-range outcome. While no studies examine the GCS as a true long-term
functional outcome, many use it as an outcome measure over the scale of weeks to months. This

is counter to the intended use of the GCS as a screening tool in the acute stage of injury.

The most commonly used long-term outcome in individuals with severe DoC is the
Glasgow Outcomes Scale-Extended (J. L. Wilson, Pettigrew, & Teasdale, 1998) (GOS-E). This
scale is based on the original Glasgow Outcomes Scale (GOS) but was an expansion of the scale
to 8 levels in order to allow for higher sensitivity at the lower levels of the scale. It is similar to
the commonly used Disability Rating Scale (DRS), in that it grossly describes different levels of
functioning. It has, however, been used extensively in describing the natural course of recovery
in brain injury (BI). Thus, it cannot be excluded from a discussion of outcomes, as it has
potential for use in intervention studies in the future. At its lower end, the GOS-E describes a
patient who is dead, in vegetative state, severely disabled, or moderately disabled (0-4). At its
higher end, it describes individuals who are less disabled to not disabled at all. It has been used
repeatedly in the literature regarding both prognosis in brain injury overall and more specifically
in CMD. The cutoff used for a positive outcome has been primarily 4, which indicates moderate
disability (Claassen et al. 2019; Egbebike et al., 2022) but incorporates ability to communicate
and follow commands. Given the GOS-E’s use in the literature regarding prognostication and
natural recovery of Bl, it would be natural to use this outcome measure in future intervention

studies.



1.2.2: Short-Term Outcome Measures

The Coma Recovery Scale-Revised (CRS-R) (Giacino, Kalmar, & CRS-R, 2004) is a
short-term outcome measure recommended by three major sources. These include a large
literature review conducted by Seel and colleagues in 2010 (Seel et al., 2010), a review of the
current state of the literature in recovery from B1/DoC (Giacino et al., 2014) and the Academy of
Neurologic Physical Therapy (ANPT). The CRS-R is a measure encompassing 6 subscales
(auditory, visual, motor, oromotor, verbal, and arousal) that is designed to capture subtle changes
and signs of awareness or improvement in severe BI. It was developed by Dr. Giacino and
colleagues in Boston and has been used heavily in the BI literature since. It is extensively
validated and has excellent interrater and intra-rater reliability. It has been rated as having
excellent content validity and is generally considered the gold standard for assessment of the
patient with severe DoC. It has clear definitions for each of the states of severe DoC (coma,
UWS, and MCS). In UWS, the patient must score a 2 or below (or 1 or below in the case of
vision) on all subscales to qualify. In MCS, a patient may score better than those scores on any
of the subscales, and for eMCS they automatically qualify if they score a 6 in motor ora 2 in
communication. This scale is sensitive to small changes in a patient’s status and is thoroughly
standardized in administration. It accounts for a need to prepare the patient for assessment (thus
acknowledging that patients may need repeated stimulation to remain alert for the examination)
and has a training module and course associated with its administration. While it has not been
shown to have predictive ability in the literature, Lucca and colleagues (Lucca et al., 2019) did
show in a population of patients with severe Bl in Italy that it was the most predictive factor
(above age, etiology of injury, etc.) for recovery. It was shown that 100% of patients with a

CRS-R score of 12 recovered consciousness, ~50% with 8-11 did so, and even with a score of 4-
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7 10-20% recovered (depending on age). One disadvantage (Johr, Aureli, Meyer, Cossu, &
Diserens, 2022; Pincherle et al., 2021) is that it is vulnerable to pitfalls such as akinetic mutism,
aphasia, etc. that may limit an individual’s ability to respond. Thus, it is more likely to fail to

detect a higher level of consciousness.

Another commonly used short-term outcome measure in severe DoC is the GCS. Itis
frequently used both as an inclusion criterion and as an outcome measure to determine
effectiveness on an intervention in individuals with DoC. Many use it as an outcome measure
over the scale of days to weeks. Despite its widespread use in the literature as an outcome
measure (Abbasi et al., 2009; Lijuan Cheng et al., 2013; Gorji et al., 2014; Mitchell et al., 1990;
Oh & Seo, 2003) it is not intended as a sensitive scale to detect smaller changes. In this
population and in response to stimulation interventions, it is crucial to be able to detect small
changes in behavior and response. The GCS is unable to distinguish between levels of DoC. It
has poor predictive ability as proven by poor correlation with the original Glasgow Outcomes
Scale, and in multiple studies has shown no change when other measures have shown clear
improvement. In addition, a change of 1 or two points on the GCS, while it may be statistically

significant, frequently does not make a clinical difference.

1.23: Measurement of level of DoC

1.2.3.1: Behavioral Measurement

Individuals with DoC are difficult to correctly diagnose because of the inherent
inconsistency in their responses to clinical examination, and fluctuations in alertness throughout
the day. As noted above, rates of misdiagnosis of level of DoC can be as high as 40% in this

population (Schnakers, 2020; Schnakers et al., 2009). Individuals with DoC may also be limited
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by impairments such as aphasia, akinetic mutism, or other impairments that mask their ability to
provide motor output. Individuals with Locked-in Syndrome (LIS), a syndrome in which there is
no motor output but full cognitive awareness, may also be misdiagnosed. Thus, a careful and
specific neurobehavioral exam is necessary to minimize the chance of misdiagnosing patients
with severe DoC. Repeated clinical and behavioral exams are currently recommended and are the
gold standard for diagnosis of DoC Current guidelines recommend a measure such as the CRS-R
to be used repeatedly in order to determine the best possible score of which an individual is
capable. Scores on the CRS-R have been associated with prognosis (Lucca et al., 2019) and a
score of 10 on the CRS-R has a perfect specificity for detecting patients in MCS (Bodien,
Carlowicz, Chatelle, & Giacino, 2016). Even using the CRS-R, a score of 10 as a cutoff has a

false negative diagnostic error rate of 22%.

1.2.3.2: Neurophysiological Measurement

Neurophysiological examination and imaging may be helpful adjuncts in determining
active and intact networks in individuals with severe DoC. However, imaging is not regularly
used to help determine prognosis or level of arousal, as there is no clear consensus on diagnosis.
Research is ongoing in this area: Functional MRI (fMRI), Electroencephalography (EEG), Near
Infrared Spectroscopy (NIRS) and Positron Emission Tomography (PET) are all types of
imaging that have been used to help diagnose CMD (Giacino et al., 2014). PET and fMRI scans
can give valuable information but are difficult to obtain and impractical to perform clinically on
a majority of patients (Monti et al., 2010; Adrian M Owen, 2014; A. M. Owen et al., 2006).
NIRS is more portable, but current evidence is limited in its accuracy and utility (Kempny et al.,
2016; Rupawala, Dehghani, Lucas, Tino, & Cruse, 2018). EEG is currently the most portable,

accurate, and widely used technology used to assess CMD status in the acute phase of brain
10



injury (Claassen et al., 2019; Curley et al., 2018; Goldfine, Victor, Conte, Bardin, & Schiff,

2011).

1.3: Rehabilitation in DoC

1.3.1: Limitations in Rehabilitation in DoC

Individuals with DoC are limited in their ability to participate in rehabilitation, especially
early in the course of their injury. Early rehabilitation is accepted as important, useful, and safe
in many patient populations including the critically ill. It has been shown to improve functional
outcomes, improve length of stay, and to be safe with minimal adverse events (Adler & Malone,
2012; Monsees et al., 2023; Olkowski & Shah, 2017; Schweickert, Patel, & Kress, 2022;
Watanabe et al., 2023). The efficacy of early rehabilitation in patients with DoC has not been
clearly demonstrated or extensively researched. This is complicated further by the difficulties in
accurate diagnosis and prognostication for individuals with severe DoC. In addition, while there
have been some studies investigating the efficacy of early stimulation in individuals with DoC,
interventions have not been standardized. The efficacy and importance of early stimulation in

individuals with DoC remains relatively untested.

1.32: Effects of Early rehabilitation in DoC

1.3.2.1: Early Mobilization

It has been shown that individuals with severe DoC may benefit from early and intensive
rehabilitation and mobilization. There are a variety of studies examining the safety and effects of
early mobilization on patients in the neurological ICU (Table 1). These studies cover a variety of

etiologies of neurological insult and include individuals with severe DoC. There is a program
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that provides acute medical care in addition to 90 minutes of rehabilitation daily for individuals
as early as 3-8 days after brain injury (Seel et al., 2013). This was a comprehensive program, in
which individuals begin intervention once admitted either directly or from another institution. Up
to 53% of individuals who received this intensive program emerged from MCS, and 54% were
able to transition to more mainstream rehabilitation after this program. Importantly, this program
did not report adverse events related to therapy (Seel et al., 2013). In addition, early mobilization
and rehabilitation (as early as one day post injury) has been shown to improve level of
consciousness in individuals after severe stroke (Tsuboi et al., 2022). In another study, up to 66%
of individuals with severe DoC were able to safely received rehabilitation intervention on or
before the 71 day after admission (Watanabe et al., 2021). Multiple studies have indicated that it
is safe to mobilize critically ill patients with minimal to no adverse events in the first week after

neurological injury (Bahouth et al., 2018; Kumble et al., 2017; Yen et al., 2020).
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It has also been shown that early mobilization in the Neurological Intensive Care Unit
(NICU) can decrease Intensive Care Unit (ICU) and overall hospital length of stay (LOS) as well
as ventilator days per patient (K. E. Klein, Bena, & Albert, 2015). Early mobilization has been
shown to be safe and effective for individuals in the NICU with external ventricular drains, and
can even decrease chance of vasospasm after subarachnoid hemorrhage (Karic et al., 2017;

Moyer et al., 2021).

Multiple studies showed a positive effect of early mobilization and rehabilitation, with
mean time to initiation of therapy as low as 0.2 days (4-5 hours) (Schaller et al., 2019). This
study specifically showed an improvement in consciousness level for individuals with worse
levels of consciousness to begin with. One study showed feasibility and safety of initiating body
weight supported ambulation as early as 3 days after weaning from the ventilator, with minimal
to no adverse events (Jourdan et al., 2023). A study focused on individuals undergoing surgery
for subdural hematomas found that, contrary to the common practice of bedrest after surgery,
individuals who started mobilizing as early as 12 hours after surgery had significantly better long
term outcomes (Pinto et al., 2023). On the whole, the studies cited in Table 1 indicate that there
is good evidence for early mobilization even in the neurological population. These studies
indicate that very early initiation of aggressive therapy in a NICU population results in minimal

to no adverse events and improved functional outcomes.

Despite some clear benefits, there are many barriers to early therapy, including level of
consciousness and availability of staff (Watanabe et al., 2021). There are few studies that clearly
and directly show evidence of benefit of early mobilization in individuals with DoC, no

guidelines regarding effective dosage, and only some guidelines as to safe and effective methods
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of early mobilization in the NICU (Kumar, Romero, & Dharaneeswaran, 2020; Olkowski &

Shah, 2017).

1.3.2.2: Stimulation

There are a variety of studies examining the effects of multiple different types of
stimulation protocols in individuals with severe DoC (Table 2). It is important to note that fewer
than one third of the studies presented in this table address the hyper-acute phase (<72 hours). In
addition, many studies utilize the GCS in a way that is not intended (and thus likely fail to
capture clinically meaningful changes). Overall, many studies show positive effects even when
using the GCS as an outcome measure. No studies use a fully standardized approach, and some
were focused on the specific effect of family vs. other healthcare personnel. Many studies that
showed a positive effect of stimulation showed this effect cumulatively, after up to 5-6 days of
treatment. More frequent, and shorter bursts of stimulation are likely more effective than longer

bouts of treatment.
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1.3.3: Effects of Rehabilitation in CMD

Despite evidence that CMD leads to better functional outcomes (Claassen et al., 2019),
there are no guidelines specifically regarding the efficacy of rehabilitation in these patients. It is
thus unclear whether individuals with CMD may respond differently to rehabilitation
intervention. To our knowledge, this study is the first to examine the effects of rehabilitation
specifically on individuals with CMD. Individuals with CMD show capacity for awareness and
command following. It follows that if individuals are more aware, they may benefit more from
an enriched and stimulating environment. Given that individuals with CMD have been shown to
have better long-term prognosis, it is important to determine whether these individuals also

benefit more from earlier and more intensive rehabilitation.

1.3.4: Types of Stimulation Interventions

1.3.4.1: Mechanical

There is limited evidence for the use of transcranial ultrasound to improve recovery from
DoC (Hammond et al., 2021). Most of this research has been in animal models and has shown
some promise. However, there is a large difference physiologically between animal models and
humans, particularly when it comes to brain connectivity and consciousness. Since Transcranial
ultrasound has the potential to be painful and has not been demonstrated to be effective, it is not
recommended for use in stimulation interventions. There is no indication as to the frequency
recommended, intensity, patient chronicity, duration, etc. for transcranial ultrasound. It is
possible that future research may show a use for this modality in this population. If
recommended, it would always have to be applied by an experienced physician given the delicate

nature of the intervention. There is limited evidence for trigeminal nerve stimulation via chewing
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(De Cicco et al., 2018), as asymmetrical chewing was shown to change pupil size

asymmetrically.

1.3.4.2: Pharmacologic

There is clear but limited evidence for the use of pharmacological agents to enhance
recovery in patients with DoC (Edlow, Sanz, et al., 2021; Meyer et al., 2010)., The first agent
that has been shown to be effective is Zolpidem (Noormandi, Shahrokhi, & Khalili, 2017),
though primarily in injuries that do not affect the brainstem. This is a paradoxical effect, as
Zolpidem is usually an inhibitory agent. However, it has been shown that 5% of patients may be
responders and may have improvement in arousal (Whyte et al., 2014). It is possible that this
agent is working to inhibit some of the inhibitory mechanisms (such as the GPi), and thus

disinhibiting the system overall. However, the evidence for this is extremely limited.

Amantadine is clearly recommended for use in all patients with DoC. Multiple studies
and reviews have shown a clear benefit to the use of Amantadine (Edlow, Sanz, et al., 2021;
Meyer et al., 2010). Amantadine is a dopamine agonist, and thus acts to assist in activation of the
striatum. As noted earlier in the AFM, this would assist in widespread activation of the system
and help the activity of the striatum in inhibiting the GPi and enabling movement and arousal.
Multiple studies recommend the use of amantadine, with the initiation recommended one month
after brain injury at 100-200 mg twice a day. It is unclear for how long the agent must or should
be given for maximal effect, though there are some patients that may require it for a prolonged
period depending on severity of injury. Amantadine does cause some increase in risk of seizures,

which is important given that many patients with severe Bl have or are at significant risk for
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seizures. No other pharmacologic agents are currently recommended for use in terms of

stimulation for patients with DoC.

1.3.4.3: Electromagnetic

There is some evidence for different types of electrical and magnetic stimulation in
patients with DoC. Direct current stimulation (DCS) and Transcranial Magnetic Stimulation
(TMS) have both been used, though the literature primarily supports the use of these modalities
in stroke for motor recovery. DCS may have potential if integrated with rehabilitation (Aloi,
Della Rocchetta, Ditchfield, Coulborn, & Ferndndez-Espejo, 2021), but has not shown large
effects on outcomes (Estraneo et al., 2017). TMS has shown some positive effects, but only in
some individuals (Fan, Zhong, Wang, Aierken, & He, 2022). Both modalities are still largely
untested and it is unclear when and with which individuals these modes of stimulation might
work best. There is a theoretical framework to support the use of deep brain stimulation (DBS)
for patients with DoC, especially given the role of the thalamus in arousal. However, as of yet
there is limited support for this modality, with a case report being the primary source of evidence
(Nicholas D Schiff et al., 2007). It is unclear at what frequency, intensity, etc. this modality
should be applied. It should be noted that unlike TMS and DCS, DBS requires surgical
intervention, which may be impractical in the acute phase (especially with patients who are
inherently unstable), thus this intervention is more likely to be used in the subacute phase after
injury. There is some evidence for the use of median nerve stimulation in patients with DoC (De
Cicco et al., 2018; Lei et al., 2015). In a larger study with nearly 400 patients, median nerve
stimulation was applied to patients for 8 hours/day for two weeks (Lei et al., 2015). These
patients were not acutely injured, and in the subacute phase of recovery. There were some

improvements in function, as the intervention group did have a statistically higher rate of return
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to consciousness (though there were baseline group differences). Results were overall
inconclusive though promising. There is limited evidence for vagus nerve stimulation, primarily
in one case report (Corazzol et al., 2017). This again would in theory affect the brainstem
directly given the input of the vagus nerve and assist with general arousal through input to the
RAS. This intervention has not been extensively tested or demonstrated to be effective and there

are no specific guidelines for its use in DoC.

1.3.4.4: Vestibular

There is some evidence for the use of vestibular stimulation in recovery from DoC. The
use of a tilt table (with or without integrated stepping) has been shown to improve CRS-R scores
significantly in patients with DoC (Krewer, Luther, Koenig, & Miiller, 2015). In this study,
individuals with severe DoC received ten one-hour sessions of tilt table therapy over three
weeks, starting between 1-6 months after injury. Improvements of up to 7 points. In addition,
Vanzan and colleagues (Vanzan et al., 2017) used caloric stimulation with some positive results.
Caloric stimulation to the vestibular system refers to induction of warm or cold air or water
unilaterally. This inhibits (in the case of cold) or excites (in the case of heat) the peripheral
nervous system unilaterally. In this way, it can cause vertigo and dizziness, and has a clear effect
on the 8th cranial nerve. This type of stimulation is typically used in vestibular and audiological
assessments to determine the health of the vestibular system. In this study, however, it was used
in patients in the subacute phase of recovery as a form of stimulation. It was used for multiple
weeks, first for 10 minutes once/day, then 20 minutes once/day, then 20 minutes twice/day for
multiple weeks. While it improved the arousal of patients, this did not have clear effects on
outcomes. This stimulation was applied by the researchers but could theoretically be applied by

other health care professionals as well. Noda and colleagues used a combination of music
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therapy and trampoline bouncing termed musicokinetic therapy (Noda et al., 2004). These
patients varied widely in chronicity, from 1-57 months from injury. The outcome used was a
scale used only in Japan that has not been validated widely. This scale was intended to measure
specific observed behaviors. Patients were subjected to regular therapy at baseline, and in
addition one group received this intervention 30 minutes/day. They received 5 minutes of warm
up, 5 minutes of bouncing, and 5 minutes of massage, with this cycle repeated twice. This
required the assistance of multiple therapists to safely support the patient in sitting and a music
therapist playing live music. The paper reported significant differences in results on the scale
used for the intervention group. Of note, many patients who received the intervention had very
chronic injuries. Overall outcomes were unclear, and the intervention itself seems impractical
and unsafe at a more acute level. For more chronic patients with the available resources, this

intervention could have some benefit.

1.3.4.5: Sensory (Unimodal)

Multiple studies have examined the effects of unimodal stimulation in patients with DoC.
In all studies that used unimodal stimulation, auditory stimulation was chosen. Though this is the
easiest type of stimulation to apply, there are individuals with auditory impairments that will
have limited ability to detect the stimulus. Gorji and colleagues (Gorji et al., 2014) found that the
application of an auditory stimulation consisting of an mp3 played over headphones of a familiar
voice, 15 minutes twice/day, was effective in improving GCS. This study had two groups and
showed significant improvements in the intervention group. It is questionable whether these
results were accurate, because all patients reached a GCS score of 15, and the outcome used was
time to reach GCS. It would be unlikely that all patients in a study reach a GCS of 15, but it is

notable that there was an effect for auditory stimulation only. Tavangar and colleagues
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(Tavangar et al., 2015) performed a similar auditory intervention with a family member’s voice,
again for 15 minutes twice/day. They obtained similar results with improvement in GCS scores
in the intervention group. Abbasi and colleagues (Abbasi et al., 2009) studied acutely injured
patients in the ICU. Over the course of 7 days, GCS scores were recorded for two groups 4 times
daily (intervention group and control group). The intervention group received family visitation,
with the family member speaking to them for 15 minutes in a semi structured way, once a day.
By day 7, patients in the intervention group had GCS scores almost 2 points better than the
control group (though still only around 9). Of note, much of the auditory stimulation used was of
or by a family member, so results may have been confounded and it is unclear whether the effect
was because of the familiar voice or the stimulation itself. Pape and colleagues (Pape et al.,
2015) performed a study with patients with chronic DoC admitted to research beds specifically
for the study. In the study, they used the Disorders of Consciousness Scale (DOCS) as an
outcome measure and applied what they termed FAST (Familiar Auditory Sensory Training)
through headphones. This consisted of a family member’s voice recorded and speaking for 10
minutes, and this was applied 4 times/day for a few weeks. There were improvements noted, but
results were modest. There is some indication that frequent shorter bouts of auditory stimulation
might be helpful. Again, it is unclear whether it was the auditory stimulus or the familiar voice

that had an effect.

1.3.4.6: Sensory (Multimodal)

Many studies that studied sensory interventions chose to apply a multimodal program.
Urbenjaphol and colleagues (Urbenjaphol et al., 2009), in Thailand, intervened with patients very
early (within a week) after injury. In this study, they followed the Sensory Modality Assessment

and Rehabilitation Technique (SMART) protocol loosely, and stimulated each sense for 30
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minutes per day, with each stimulation separated by two hours. They showed significant
improvement on the SMART scale, but it is unclear whether there were good long-term
outcomes, and the exact details of the protocol were unclear. Oh and colleagues (Oh & Seo,
2003) studied patients between 3 and 6 months from injury, and applied an (unspecified structure
or length of time) protocol daily for two four week blocks at a time. They showed improvements
in GCS that waned after two weeks with no activity but were regained in the second phase of the
study and retained for longer. Each phase of the study was 4 weeks long. Cheng and colleagues
(L. Cheng et al., 2018) applied multisensory (again, unspecified) stimulation to all senses to
multiple patients, but with injuries of extreme chronicity. Of note, the stimulation was only 2
minutes in the intervention group, and all patients were receiving multiple hours of regular
therapy daily (making it difficult to determine the effects of the stimulation). Moattari and
colleagues and Salmani and colleagues both studied the effects of no therapy vs. therapy done by
a nurse vs done by family (Moattari et al., 2016; Salmani et al., 2017). In both cases patients
were in the subacute to acute phase of recovery (as little as 1-2 weeks). The study by Salmani
and colleagues used the CRS-R as an outcome and is one of only two studies reviewed to have
done so. Improvements were shown in the intervention group beyond the “placebo” group (with
nurses doing the stimulation), though both groups were better than the control. The stimulation
was about 60 minutes and semi standardized for both intervention groups, but much more clearly
delineated with use of familiar music, voices, smells, pictures of family, etc. for predetermined
lengths of time. The nursing intervention group was less structured. Megha and colleagues also
used three groups: one control group with no stimulation, one group with two sessions of 50
minutes of stimulation, and one group with 5 sessions of 20 minutes of stimulation (two by a

therapist and three by family). Both intervention groups improved on the GCS compared with
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control, and the higher frequency group improved more on the Western Neuro Sensory
Stimulation Profile (WNSSP) than the lower frequency group (Megha et al., 2013). Finally,
Liang and colleagues (Liang, Zhao, Xu, Li, & Ren, 2022) used two groups, with both receiving
standard of care in a rehabilitation unit but the intervention group receiving 30 minutes of virtual
reality simulation /day. This was split into 15 minutes of panorama, and 15 minutes of familiar
family videos. Long-term outcomes were not different, though there were some significant

differences on short-term CRS-R scores.

1.3.5: Gaps in the Literature

The primary gaps identified are the timing of initiation of therapy, volume of therapy, the
presence of CMD, and the lack of standardization of protocols (Edlow, Sanz, et al., 2021,
Hammond et al., 2021). There is minimal information available on the effects of early traditional
rehabilitation in individuals with severe DoC, or on the effects of early stimulation. There is a
need to determine ideal dosage, timing, intensity, and type (stimulation or
traditional/mobilization) of therapy to maximize functional outcomes in individuals with severe
DoC. Past stimulation protocols have used multiple interventions a day, for brief periods (10-15
minutes), with multimodal stimulation. Given minimal to no standardization in the type of
stimulation applied, as well as confounding variables such as familiarity of stimulus, it is unclear
whether standardized multimodal stimulation could be directly responsible for improved
outcomes. Given the increasing recognition for the importance of early rehabilitative intervention
in other patient populations, it is imperative to thoroughly and systematically study the potential

efficacy of early intervention in individuals with severe DoC.
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Chapter 2: Overview and Relevance

2.1: Impairments in DoC

Individuals with DoC have impaired arousal, cognition, strength, and other symptoms
associated with the location and severity of their injury. Given these severe impairments,
individuals with DoC frequently require extensive rehabilitation, and have difficulty
participating in traditional rehabilitation programs. In addition, most rehabilitation programs
(even those involving stimulation) are initiated later in the course of injury and may even be
delayed until individuals are able to follow commands. This delayed initiation of rehabilitation
may result in an increased number of comorbidities, longer rehabilitative course, and a worsened

chance for recovery.
2.2: Rehabilitative Intervention in DoC

The evidence presented above indicates that there is some positive effect of stimulation
on individuals with severe DoC. However, it is unclear whether earlier intervention (whether
traditional rehabilitation or stimulation) is specifically more effective than delayed initiation of
rehabilitative intervention. Early rehabilitative intervention has been shown to be highly effective
and to improve outcomes in a variety of populations. Given the high level of medical complexity
and the inability to purposefully interact with therapy, the DoC population has not been studied
extensively in this setting. It is unclear what timing, frequency, intensity, volume, and type of

rehabilitation is most effective in individuals with severe DoC.
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2.3: Relevance

Understanding the efficacy of early rehabilitative intervention in individuals with DoC is
important because 1.) early intervention has been shown to be safe and effective in many other
patient populations; 2.) there are minimal guidelines for early rehabilitation or intervention for
individuals with DoC; 3.) early rehabilitation may assist in developing a framework for
management and treatment of individuals with DoC early after brain injury (and more
specifically individuals with CMD) and 4.) early rehabilitation may promote earlier and
improved recovery in this otherwise vulnerable population. In this study, four specific
hypotheses were tested. Firstly, we tested the hypothesis that rehabilitative intervention has
historically been delayed, and that individuals who had delayed rehabilitative intervention would
have been medically appropriate to receive stimulation earlier in their medical course. Secondly,
we tested the hypothesis that individuals who receive an earlier and increased volume of therapy
despite severe DoC have a better chance of having positive functional outcomes. Thirdly, we
tested whether individuals with confirmed CMD have a better response to earlier therapy than
individuals without confirmed CMD. Finally, we tested the hypothesis that a standardized
stimulation protocol provided in the hyper-acute phase after brain injury would be safe in an

intensive care setting,
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Chapter 3: Specific Aims and Hypotheses

3.1: Specific Aim #1 (Retrospective, preliminary)

Aim 1: To determine the median time to therapy historically in individuals with severe
DoC in our institution, and to determine whether there were patients eligible for a stimulation
program that could have safely been initiated earlier based on retrospective comparison of

medical status with a proposed safety protocol.

Hypothesis 1: Individuals will have time to therapy >1 week on average, and many
individuals will have been medically stable to receive stimulation sooner than when therapy was
initiated. There will be evidence of missed opportunity for earlier stimulation for many

individuals.
3.2: Specific Aim # 2a (Retrospective, short term outcomes)

Aim 2a: To determine whether time to therapy, total therapy volume, therapy frequency,
and content of therapy sessions are associated with improved or worsened short-term cognitive
outcomes (defined as CRS-R score) and/or functional outcomes (defined as AM-PAC “6 clicks”

scores) in individuals with severe DoC.

Hypothesis #2a: In a retrospective analysis of individuals with severe DoC, individuals
who received earlier and/or increased volume or frequency of therapy may demonstrate

improved scores on short-term cognitive and functional outcome measures.
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3.3: Specific Aim #2b (Retrospective, long term outcomes)

Aim 2b: To Determine whether time to therapy, total therapy volume, therapy frequency,
and content of therapy sessions are associated with improved or worsened long-term outcomes

(defined by GOS-E score) in individuals with severe DoC.

Hypothesis 2b: In a retrospective analysis of individuals with severe DoC, individuals
who received earlier, increased volume, increased frequency, or more active content of therapy

may demonstrate improved long-term functional outcomes.

3.4: Specific Aim #3 (Retrospective, CMD, exploratory)

Aim 3: To determine whether confirmed CMD status in individuals with severe DoC is
associated with improved or worsened response to earlier time to therapy, increased total therapy

volume, increased therapy frequency, or content of therapy sessions.

Hypothesis 3: In a retrospective analysis of individuals with severe DoC, individuals
with confirmed CMD may have an increased effect from earlier and/or increased therapy volume
and frequency as well as more active therapy content compared with individuals without

confirmed CMD.

3.5: Case Study

Aim #4: To present a case study of implementation of the stimulation and safety

protocols developed.

Hypothesis #4: Use of a standardized protocol in Individuals with severe DoC will be

completed and will be safe.
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Chapter 4: Participants and Methods

4.1: Description of cohort

We analyzed data retrospectively collected on 199 individuals with severe DoC admitted
to the NICU between 2014 and 2021. These individuals had been recruited for a study of CMD
and consciousness in the NICU at New York-Presbyterian Hospital. There were two cohorts of
individuals recruited for two separate IRB approved studies. One study focused on individuals
with an etiology of intracranial hemorrhage, while the other focused on other etiologies. Both
studies were approved by the Columbia University Institutional Review Board (IRB #
AAAR3191). The data from both cohorts was provided to us by the study team, and all
individuals with access to these data were also a part of the approved IRB approvals. To be
included in either study individuals had to have a severe DoC (defined as coma, UWS, or MCS).
In addition, enrolled individuals had to be >18 years of age, have no prior history of brain injury,
and be connected to EEG as part of their clinical care. Informed consent was provided for all
individuals by their health care proxies or next of kin. Both cohorts were combined into one
larger data set for the purposes of this study. This larger data set will heretofore be referred to as
the parent study. A final cohort of 119 individuals was used for the entire analysis for all aims,
and details of the process of exclusion for this study are described in section 4.2 below.

Demographics and clinical characteristics for this cohort are presented in Table 3 below.
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4.2: Methods
4.2.1: Specific Aim 1 (Descriptive)

Medical records for the selected individuals were reviewed, and data were collected
regarding time to initiation of therapy. Baseline demographic characteristics were also collected.
More specifically, date of admission was collected and used as the starting point for each
individual studied. As part of chart review, date of initiation of therapy was collected and
recorded. For consistency, the earliest therapy session was recorded as time to initiation of

therapy. This could consist of physical, occupational, or speech therapy.

Of the 199 individuals from the parent study, individuals were initially screened and
excluded for 1) not receiving therapy at any time during their hospital course (since the focus of
this study was specifically on the effects of therapy) or 2) unavailable therapy data. From the
original 199 individuals, 61 were excluded due to having received no therapy. These 61
individuals passed away or were discharged before receiving any therapy. The remaining 138
individuals received physical and/or occupational therapy during their admission. Of these 138,
11 more were excluded due to lack of access to charts. This dataset of 127 individuals included

any individuals who had received some kind of therapy intervention while admitted.

Data were visually inspected for outliers and baseline descriptive statistics were
calculated. Once standard deviation was calculated, outliers were defined as any individual with
a start of therapy >2 standard deviations above or below mean time to initiation of therapy. Six
individuals were identified as having received therapy >2 standard deviation above the mean
time for initiation of therapy. Each chart was visually inspected to determine the reason for the

atypical delay in initiation of therapy, usually remaining medically unstable for a prolonged
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period of time with minimal change. Those six individuals remained excluded from the analysis
due to atypical course, to avoid systematically skewing the data towards a longer time to
initiation of therapy. A more detailed description of reasons for exclusion for each of the six
individuals is included in Appendix C. This left 121 individuals to be analyzed. We then further
excluded individuals who received primarily chest PT. For the purposes of this study, we defined
the cutoff for “primarily” as over 40% of total therapy instances. We used 40% to account for a
majority of therapy considering the fact that individuals received Occupational Therapy, and the
chest PT is not included in any OT interventions. Thus, if 40% or more of total therapy content
received (combined between occupational and physical therapy) consisted of chest PT, this likely
accounted for >50% of physical therapy, and the individual was excluded. We included
occupational therapy in this calculation to avoid excluding individuals who received a large
amount of functional OT but not PT. After exclusion of two individuals based on these criteria,
119 individuals remained to include in the analysis. Demographics data for this final cohort are

presented in Table 3 below.
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Table 3

Demographic and Clinical Characteristics

n=119 Mean (SD) or Median [IQR]
Age 60.29 (17.26)
Admission Glasgow Coma Scale 6 [4-8]
Sex n (%)
Male 66 (55.50)
Female 53 (44.50)
Race
Black 38 (31.90)
White or Hispanic 58 (48.70)
Asian 8 (6.70)
More than one 7 (5.90)
Unknown 8 (6.70)
Etiology
Ischemic Stroke 9 (7.60)
Intracranial Hemorrhage 23 (19.30)
Subdural Hematoma 2(1.70)
Subarachnoid Hemorrhage 20 (16.80)
Traumatic Brain Injury 17 (14.30)
Cardiac Arrest 14 (11.80)
Status Epilepticus 4 (3.40)
Amyloid Angiopathy 6 (5.00)
Hypertension 9 (7.60)
Encephalitis 5 (4.20)
Other 10 (8.40)
Cognitive Motor Dissociation (+) 16 (13.40)




Both mean and median times to first therapy intervention were calculated, but the median
was used for further analysis given that the frequency distribution did not follow a normal
distribution. Normality was evaluated using Shapiro-Wilk’s test, with a test statistic of 0.952 and
p=<0.001. Once the median day to therapy was obtained, each chart was visually inspected. All
charts were inspected at and around the median day of therapy initiation to determine whether
individuals would have been stable enough to initiate therapy sooner in the form of stimulation.
The safety flowchart developed for the prospective phase of this study (Figure 1, below) was
used to determine whether individuals were medically stable and thus appropriate for initiation
of stimulation. This is based on guidelines from the literature regarding safe mobilization in the
NICU (Moyer et al., 2021; Olkowski & Shah, 2017) as well as a review of the literature for early
mobilization in individuals with hemorrhagic stroke (Kumble et al., 2017; Liu et al., 2014; Yen

et al., 2020).

Notes written by the attending physician were inspected and data regarding vital signs
and medical status were collected. Individuals with mild sedation were considered eligible for
therapy, but all individuals on a continuous drip of sedative medication were considered
ineligible fopr therapy unless the purpose was clearly stated in the chart as pain control.
Individuals receiving amantadine for stimulation of arousal were considered eligible for therapy
unless medically unstable. We calculated the proportion of individuals who received therapy
after the median who could have received stimulation earlier than their actual date of therapy
initiation. This was to capture missed opportunities for earlier initiation of therapy that could
have been safe (in lieu of traditional mobilization). Additionally, once our final cohort was

obtained, overall number of therapy encounters was calculated.
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Figure 1

Proposed Flowchart for Daily Eligibility for Therapy for Individuals with Severe DoC

Medically Appropriate per MD

Pre-Requisites:

ICP: in desired range, <20

SP02: >90%

RR: <30 breaths/min
No autonomic storming
Minimal to no chemical sedation
No active status epilepticus

If “No” to
any item

Hold Therapy

.

‘ Head of Bed Elevation (HOB) Restriction? |

If unon

Proceed to Stimulation Protocol
PLUS perform protocol with HOB
elevation:

HOB @ 30*
HOB @45*
HOB @60*
HOB @ 75*
HOB @90

4.2.2: Specific Aim 2a

4.2.2.1: Independent Variables

If I(yesn

"

Proceed to Stimulation Protocol

Remain at baseline HOB elevation

Independent variables included time to therapy, therapy frequency, overall therapy

volume, and content of therapy sessions. Therapy timing was defined as time from admission to

first contact with any therapy professional. Therapy frequency was defined as number of non-

chest PT therapy sessions divided by the individual’s length of stay in the hospital. Therapy

volume was defined as overall number of minutes of therapy received over the course of an

individual’s admission. Chest PT was not included in any analyses given the lack of focus of

chest PT on mobility or alertness. We were unable to adjust each individual volume for exact

34



contribution of time from chest PT, so we applied an adjustment as such: adjusted volume=total
volume — (30*chest PT frequency). This accounts for 30 minutes per session of chest PT for each

individual.

Therapy content was operationalized as described in Figure 2 below. Therapy codes 1-5 were
used as independent variables. Operational definitions of each type of therapy can be found in
Appendix B. Therapy content was coded from the more passive (passive range of motion) to the
more active (walking) therapy content. Levels 1-4 were able to be performed in individuals who
are completely passive and are not awake. Level 5 was able to be performed with individuals
who were awake but could also have been also be performed (with adequate physical support) on
individuals who were not awake in an effort to stimulate the RAS and improve alertness. It was
not possible to determine reliably from the chart how awake the individual was in each instance
of level 5 therapy. Level 6 required that the individual be at least partially awake, as it
encompasses active rather than passive therapy. Levels 7 and 8 represented an individual
practicing ether standing or walking within a session, which by definition required some level of

alertness or active participation.
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Figure 2
Coding Chart for Type of Therapy Received

Stimulation Active Standing | Walking
Bed or

Exercise | Transfers
or ADL

Passive — Active

4.2.2.2: Dependent Variables

The dependent variables included CRS-R scores, short-term functional measures, and
discharge disposition. CRS-R scores were collected throughout each individual’s hospital stay,
and the maximal score was used as a measure of the individual’s capacity. Short-term functional
measures include the Activity Measures for Post-Acute Care (AM-PAC) “6 clicks” Basic
Mobility and Daily Activity scores, collected on each individual for each therapy session. These
have been validated both in a mixed population and in stroke (Jette et al., 2015; Diane U Jette et
al., 2014), and a brief description of these scores can be found in Supplementary Figure 1. The
Basic Mobility score is collected by physical therapy, while the Daily Activity score is collected
by occupational therapy. The maximal scores during admission as well as change scores were
used as dependent variables. Change scores were calculated for the overall hospital stay for each
individual and were calculated by subtracting the AM-PAC score in the individual’s first therapy

session from the score in their last therapy session for each discipline respectively. In relation to

36



therapy content coded as indicated in Figure 2, any therapy coded as levels 6, 7, or 8 indicated a
likely return of consciousness or command following. While level 5 (sitting) could conceivably
be performed on an individual that was not alert (and therefore had not recovered from their
DoC), levels 6, 7, and 8 could only be performed with an individual that was able to actively
participate in therapy. Thus, if an individual reached level 6, 7, or 8 in any therapy session
throughout their hospital course they were defined as a “good” functional outcome, or to have
Reached Active Therapy. If they did not reach levels 6-8, the outcome was defined as poor, and

they were considered to not have Reached Active Therapy.

As a secondary variable of interest, discharge destination was used as a dependent
variable in order to help determine whether there were therapeutic factors that might contribute
to where individuals were transferred for continued care. The discharge categories were defined
as an ordinal scale and are depicted in Table 4 below. We also dichotomized the variable in order
to analyze whether there were any predictors that significantly influenced whether an individual

reached acute rehabilitation or home versus any of the other destinations.
Table 4

Ordinal Scale for Discharge Destination

Death or Hospice 0
Long Term Acute Care Facility 1
Skilled Nursing or Subacute 2
Rehabilitation

Acute Rehabilitation 3
Home 4
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4.2.2.3: Descriptive Statistics

The data for this cohort were graphed and statistically analyzed to determine whether the
data were normally distributed or not. Descriptive statistics were calculated using the medians

and the interquartile ranges for all data as they were not normally distributed (Table 5).
Table 5

Descriptive Statistics

Variable Median (IQR)
Change in AM-PAC Basic Mobility Scaled Score 0 (0-0)
Change in AM-PAC Daily Activity Scaled Score 0 (0-0)
Length of Stay (Days) 31 (24-43)
Max AM-PAC Basic Mobility Scaled Score 22.61 (16.59-26.42)
Max AM-PAC Daily Activity Scaled Score 17.07 (17.07-27.31)
Best CRS-R Score 5 (3-10)
12 Month GOS-E Score 3(1-3)
Admission GCS 6 (4-8)
Active Therapy (# times received) 0 (0-2)
Discharge Destination (Coded) 2 (1-3)
Passive Range of Motion (# of times received) 6 (3-10)
Bed Mobility (# of times received) 4 (1-8)
Stimulation (# of time received) 1(0-3)
Sitting (# of times received) 1 (0-7)
Time To Therapy (days) 11 (6-18)
Adjusted Volume (Minutes of Therapy) 170 (84-362)
Frequency (sessions/week) 2 (1.17-3.50)

AM-PAC=Activity Measures for Post Acute Care; CRS-R=Coma Recovery Scale-Revised; GOS-E=Glasgow Outcomes Score-Extended,;
GCS=Glasgow Coma Scale. Shapiro-Wilks statistics were calculated for all variables, with all p values <0.001.
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4.2.2.4: Analysis

Spearman’s correlation coefficients were calculated between all independent variables as
well as with Glasgow Coma Scale score on admission. Age was also included. This was to
examine whether there could be any significant interactions between illness severity,
demographics, and independent variables. Despite interactions between independent variables,
variables related to individual therapy were kept in order to assess whether certain types of

therapy contributed more to recovery.

To maximize statistical power, and given the extensive number of etiologies, preliminary
regression modeling was done with each dependent variable with various combinations of
etiologies included to determine which categories could be collapsed. This was to limit the
number of independent variables to strengthen the modeling in this aim as well as Aims 2b and

3. The same process was repeated for the factor ‘race’.

After further analysis, the 11 etiologies were dichotomized into two categories: traumatic
brain injury (TBI) vs. atraumatic bran injury. TBI was found to be consistently the only etiology
contributing to modeling power. Thus, dichotomizing the variable accounted for etiology in
modeling and maximized statistical power. This was consistent with clinical practice, as
traumatic and atraumatic injuries have been found to have substantially different courses of

recovery in the DoC literature.

Race was dichotomized to white/non-white. No racial category was shown to
significantly contribute to any modeling. Race (dichotomized) was subsequently excluded from

regression modeling if it was found to be non-contributory to the model.
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Multiple Linear Regression modeling was performed for each dependent variable with all
of the independent variables added. Age, sex, etiology (dichotomized as above), race, and
admission GCS were added subsequently to determine whether any of the variability in the short-
term outcome measures were due to baseline injury severity or demographics. Logistic

Regression was used for outcomes based on therapy content, dichotomized as noted above.

Discharge destination was included as the dependent variable in a linear regression model
with the same independent variables as above. Discharge destination was coded on an ordinal
scale as follows (Table 4): Hospice or death was coded as 0, long term acute care as 1, skilled
nursing facility or subacute rehabilitation as 2, acute rehabilitation as 3, and home discharge as 4.
Age, sex, etiology, and admission GCS were added subsequently to determine whether any of

the variability in discharge destination was due to baseline injury severity or demographics.

4.23: Specific Aim 2b

4.2.3.1: Independent Variables

The independent variables used were similar to those used in Aim 2a. Discharge
destination was included as an independent variable coded per the ordinal scale described in

Table 4 to determine whether this variable had any impact on long term outcomes.

4.2.3.2: Dependent Variables

Given the focus of this aim was on long term outcome measures, GOS-E scores were
used as the primary dependent variable. GOS-E scores were collected at discharge and at 3, 6,
and 12 month follow up as part of the parent study. A brief description of the GOS-E can be

found in Supplementary Figure 2. A “good” outcome was defined as a score >4 on the GOS-E,
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as has been defined previously in the literature. We analyzed the effect of the independent
variables on both 12-month GOS-E score as well as best GOS-E score. The latter was used to
account for individuals who were no longer alive at 12 month follow up, as well as to account for
individuals who initially improved but worsened later in follow up. We were unable to review
the charts and determine whether in these cases the worsening was a part of the natural disease

course or whether another medical event had occurred.

4.2.3.3: Analysis

Multiple Logistic Regression modeling was performed to determine the effect of the
independent variables on a “good” or “poor” outcome on the GOS-E at 12 months. Age, sex,
etiology, and admission GCS were added subsequently to determine whether any of the

variability in GOS-E was due to baseline injury severity or demographics.

4.2.4: Specific Aim 3 (Exploratory)

4.2.4.1: Independent Variables

The independent variables used were the same as in Specific Aim 2a with one exception.
CMD status was included as an independent variable. This was determined by complex EEG
analysis by the medical team in the parent study and was provided to us along with the rest of the
medical data for the cohort. All therapists were blinded to CMD status throughout the duration of

time examined for this cohort.

4.2.4.2: Dependent Variables

The dependent variables used were the same as in Specific Aims 2a and 2b.
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4.2.4.3: Analysis

Means or proportions were calculated and compared between CMD and non-CMD
groups for all independent variables as well as age and etiology to ensure there were no baseline

group differences based on CMD status.

New variables were calculated for each independent variable to represent the interaction

between CMD and the given variable. This was obtained by multiplying the two variables.

Separate models were tested for each dependent variable using each independent variable
individually to test for any modulating effect of CMD status on the variable included in the
model. This was done as follows: For a given dependent variable, a model was created using age,
sex, etiology, and admission GCS. Subsequently, the independent variable in question was
added, as well as CMD status, and the variable consisting of the interaction effect between CMD
and the intended independent variable. If the interaction variable was found to be significant in

the model, this indicated the CMD had a modulating effect on the given variable.

We tested separate regression models for each of the short-term outcomes in Aim 2a with
CMD included as an independent variable. This was to determine whether including CMD status

as a predictor could improve the previous models for short term outcomes.

We tested a regression model for the long-term outcome in Aim 2b with CMD included
as an independent variable. This was to determine whether including CMD status as a predictor

could improve the previous model for long term outcomes.
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4.2.5: Case Study
4.2.5.1: Summary

The goal of this phase was to recruit and randomize individuals into one of two groups: a
standard of care group and a standard of care + stimulation group. A safety protocol (Figure 1
above) and stimulation protocol (Figure 3 below) were designed in preparation for this phase and
to inform the this phase of the study. The stimulation program was structured around a
previously published protocol (Mitchell et al., 1990) as well as the CRS-R. It was additionally
designed around protocols reported in the literature described in Table 1, particularly the higher
frequency and shorter duration of stimulation. Due to limitations in recruitment, only one
individual was able to be enrolled in this phase. This individual was randomly assigned to the
intervention group. Stimulation was performed twice daily in addition to standard of care for this
individual. The CRS-R was assessed daily whenever able by a separate researcher, blinded to

group assignment.
4.2.5.2: Planned Independent and Dependent Variables

Primary outcome measures were Coma Recovery Scale-revised (CRS-R) score (using a
cutoff score of 10), and time to emergence from coma or UWS. If the individual did not reach a
10 on the CRS-R, the study follow up was to end at patient discharge. The intervention was to
last a maximum of 10 total days of treatment. Time to recovery of command following and
discharge destination were also planned as secondary outcomes with shorter time to recovery of
command following or higher level of rehabilitation being a more positive outcome. CRS-R

scores were planned to be collected daily. Independent variables were to include group
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assignment and CMD status. Demographics data and data regarding etiology of injury were to be

collected and analyzed to check for between-group differences prior to analysis of the data.
4.2.5.3: Original Sample Size Estimate

The estimated sample size for the full scale of this phase was based on prior published
work (Salmani et al., 2017) with a sample of 37 participants in each group. The mean (SD)
change in CRS-R score was 3.80 (1.40) in the multimodal stimulation group, whereas the mean
change in the control group was 1.30 (1.30). The effect size of this intervention was very large
(Cohen’s d=2). In order to power a study to detect smaller differences, we planned 10-12
participants per group to reject the null hypothesis of no mean differences, at an alpha level of

0.05 and power of 0.80.
4.2.5.4: Enrollment

We offered enrollment to any patients who a) had a severe disorder of consciousness, b)
were medically stable as determined by the responsible physician in the neuro ICU, c) were age
18 or above, d) had been weaned to minimal sedation and €) had EEG monitoring at time of
enrollment. Exclusion criteria included any other pre-existing neurological conditions, prior
brain injury, or patients deemed not stable enough for intervention by the responsible physician.
Enrollment was offered to and declined by multiple family members, primarily due to concerns
regarding the individual’s fragility and lack of ability to tolerate stimulation. As noted above, one

individual was eventually officially enrolled in the study.
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Chapter 5: Results

5.1: Specific Aim 1

With regards to time to therapy, the median time to initiation of therapy (Table 5) was 11
days. To account for the possibility of individuals being admitted on the weekend (and thus
possibly having delayed time to therapy), the day received was adjusted by -1 if admitted on a
Sunday, -2 if admitted on Saturday, and -3 if admitted on Friday. With these adjustments, the
median became 10. Using the adjusted times, some individuals had a negative time to initiation
of therapy. This was because there were some individuals who received therapy in the first few
days after admission and were admitted on a Friday, Saturday, or Sunday. Given the minimal
difference between the adjusted and unadjusted median times, and to avoid confusion, the

unadjusted numbers were used for the subsequent analysis.

As noted above, these data were not normally distributed (p=<0.001). Both the adjusted
and unadjusted numbers were much higher than the 7 days hypothesized. They were also higher
than what was indicated to be safe based on the review of the literature presented in Table 1. In
addition, the interquartile range of 6-18 indicated that there was a lack of consistency and
uniformity to the timing of initiation of therapy. Additionally, a large number of individuals

received therapy after the 75% quartile of 18 days (Figure 4).
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Table 6
Relationship of Actual Timing of Therapy to Eligibility and Median Initiation of Therapy

Inappropriate before Appropriate before Error
MEDIAN day 11 day 11 Total Percentage
Therapy after 0
day 11 58 65.52%
Therapy 0
before day 11 61 0%
Total 20 99 119

Green boxes indicate that timing of therapy and appropriateness of therapy matched. Red boxes indicate that timing of therapy and
appropriateness of therapy did not match. There were no individuals who were treated earlier than was medically appropriate. There were 38
individuals who received treatment later than would have been medically appropriate.

Of the 119 individuals included in this analysis, 65.52% of those for whom therapy was
initiated later than the median day (11) were eligible to receive at least stimulation earlier in their
hospital course (Table 6). Of note, no individuals received therapy earlier than what was deemed

medically appropriate.

In total, we collected and analyzed data from 1083 separate therapy encounters. Of these,
709 encounters were with individuals who did eventually recover the ability to follow commands
per the data collected in the parent study (70/119 participants). Of these 709 therapy encounters,
86.04% were recorded as occurring after or on the same day as an individual recovered the
ability to follow commands. The remaining 374 encounters were with participants (49/119) who
were not recorded as following commands, but it is unclear whether this was due to lack of
follow up or due to lack of recovery of the ability. Given these results, it was determined to be
impossible to use command following or time to command following as a variable to be

analyzed in subsequent aims.
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5.2: Specific Aim 2a

5.2.1: Correlations

The analysis revealed significant correlations between multiple independent variables
(Table 7 below). It should be noted that admission GCS score, which was the measure of
injury/illness severity, was not significantly correlated with any of the independent variables.
This was surprising, as we had hypothesized that individuals with a worse score on their
admission GCS might receive less therapy by virtue of being more medically unstable. Time to
therapy was significantly correlated (r=-0.375, p<0.001) with frequency of therapy in
sessions/week. This negative correlation indicated that the less time which elapsed between
admission and time to first contact with therapy, the higher the frequency of therapy throughout

an individual’s length of stay.
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Table 7

Correlations Between Independent Variables

r statistic Time to Passive Frequency
(0 value) Thera Age Volume | Range of Bed Mobility Stimulation | Sitting (sessions/
p Py Motion week)
0.061 0.035 -0.042 0.092 0.065 0.117
GCs (0.509) | (0.706) | (0.654) 0.008(0.927) | ¢ 31g) (0.479)
Time to 0.117 -0.077
Therapy 0.018 (0.849) 0.204
-0.126
Age 0.173
Volume . -0.
(min) (0.706) (0.511)
Ezfé‘fof -0.042 0.114
Motion (0.654) (0.219)
Bed 0.008 0.018 0.117
Mobility (0.927) (0.849) (0.205)

. . 0.092 0.117 0.146 0.109
Stimulation (0.318) (0.204) 0.117 (0.205) (0.113) (0.239)
Sittin 0.065 -0.077 0.146

Y (0.479) 0.113
st | 27, e
eek) ) )

Admission GCS score and time to therapy were significantly associated (r=-0.193,
p=0.036), which indicated that the less severe an individual’s injury was the sooner they were
seen by therapy. Age was significantly correlated with all therapy variables except time to
therapy and stimulation. Age was not significantly correlated with admission GCS score
(r=0.061, p=0.509). All therapy variables, including overall volume, frequency, and content
variables (passive range of motion, bed mobility, stimulation, and sitting) were significantly
correlated with each other (<0.001 < p < 0.005) except bed mobility and stimulation (r=0.117,
p=0.205). This was not surprising, given that frequency and volume must be associated, and that
individual therapy types were calculated as frequencies as well. However, we found it important
to include all these variables in order to see whether individual subsets/types of therapy were
more or less predictive than overall volume and frequency. Time to therapy was only
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significantly associated with frequency as noted above. Number of stimulation sessions was not
significantly associated with weekly therapy session frequency (r=0.109, p=0.239). This is likely
due to the fact that stimulation was one of the least frequently performed types of therapy and

was done much less consistently overall.

5.2.2: Best CRS-R

A linear regression model was tested to determine whether any of the independent
variables above could be used to predict best CRS-R score. As noted in the methods section,
etiology was dichotomized as traumatic vs. atraumatic, and race was excluded as a variable

because it was non-contributory to the model. Table 8 below describes the results of this model.
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Table 8

Regression Model and Coefficients for CRS-R as Dependent Variable

Dependent Best CRS-R P Value
Variable
Adjusted R 0.098 0.022
squared
Coefficients Unstandardized
Beta
Time to Therapy 0.001 0.991
Sessions/week 0.801 0.108
Volume -0.008 0.085
Passive R_ange of 0.078 0.444
Motion
Bed Mobility -0.077 0.703
Stimulation 0.204 0.306
Sitting at Edge of 0.442 0.073
Bed
Sex -0.163 0.878
Etiology -1.208 0.440
Admission GCS -0.013 0.936
Age -0.012 0.715

While statistically significant (p=0.022), this model could explain only 9.80% of the
variability in best CRS-R score. There were no variables tested in this model that could predict
an individual’s best CRS-R score during the course of their hospitalization. There was a trend
(p<0.10) towards significance for overall therapy volume and sitting at the edge of the bed. In the

latter case, the unstandardized beta coefficient was relatively high at 0.442. This indicated that
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while it did not reach statistical significance, there may have been some influence of sitting at the

edge of the bed on best CRS-R score.
5.2.3: Best AM-PAC Basic Mobility Score

A linear regression model was tested to predict best AM-PAC Basic Mobility Score. Results are

shown in Table 9 below:
Table 9

Regression Model and Coefficients for Maximal AM-PAC Basic Mobility Score

Dependent AM-PAC Basic P value
Variable Mobility Max
Adjusted R 0.380 <0.001
squared
Coefficients CsEneE lee P value
Beta
Time to Therapy -0.055 0.500
Volume -0.007 0.124
Passive Range of -0.120 0.231
Motion
Stimulation -0.021 0.919
Sitting at Edge of 0.021 0.932
Bed
Sex 0.275 0.806
Etiology 3.171 0.069
Admission GCS 0.263 0.141
Age -0.053 0.139
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This model was statistically significant (p<0.001) and was able to explain 38.00% of the
variability in best AM-PAC Basic Mobility score. Of note, while Etiology did not reach
statistical significance (p=0.069), an individual was likely to have a best AM-PAC Basic
Mobility 3.171 points higher if their injury was of traumatic etiology. Two other variables
reached statistical significance in this model: bed mobility and weekly frequency. The effect of
bed mobility was significant but small, with an unstandardized beta of only 0.404. This indicated
that every extra session of bed mobility was likely to raise an individual’s AM-PAC Basic
Mobility score by only 0.404 points. However, the effect of weekly frequency was much higher:
for every increase of one weekly session, and individual’s best AM-PAC Basic Mobility score
was likely to be 1.334 points higher. Beta coefficients for other therapy variables were both
small and not statistically significant. Sex, admission GCS, and age did not contribute to the
strength of the model. This indicated that an individual’s best AM-PAC Basic Mobility score in

this cohort could be predicted independently of the initial severity of their injury.

5.2.4: Best AM-PAC Daily Activity

A linear regression model was tested to determine whether any of the independent
variables above could be used to predict best AM-PAC Daily Activity Score. Results are shown

in Table 10 below:
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Table 10

Regression Model and Coefficients for Maximal AM-PAC Daily Activity Score

Dependent AM-PAC Daily P value
Variable Activity Max
Adjusted R 0.247 <0.001
squared
Coefficients Unstandardized
Beta
Time to Therapy 0.032 0.746
Sessions/week 1.147 0.067
Volume -0.009 0.127
Passive Range of 0.120 0.341
Motion
Bed Mobility -0.168 0.504
Stimulation -0.067 0.788
Sex 0.646 0.642
Etiology 1.486 0.461
Admission GCS 0.290 0.196
Age -0.088 0.058

This model was statistically significant overall (p<0.001) and explained 24.70% of the
variability in best AM-PAC Daily Activity score. The only statistically significant predictor in
this model was sitting at the edge of the bed in therapy (p=0.042). For every extra instance of
sitting an individual performed, their best AM-PAC Daily Activity score was likely to be higher

by 0.635 points. Weekly frequency was not a statistically significant predictors in the model but
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showed trends towards significance. However, for every extra session/week an individual
received their Daily Activity score was likely to increase by 1.147 points. No other variables,

whether therapy or demographics related, had a trend towards significance

5.2.5: AM-PAC Basic Mobility Change

A linear regression model was tested to predict change in AM-PAC Basic Mobility

Score. Results are shown in Table 11.

Table 11
Regression Model and Coefficients for Change in AM-PAC Basic Mobility Score

Dependent AM-PAC Basic P value
Variable Mobility Change
Adjusted R 0.241 <0.001
squared
Coefficients Unstandardized
Beta
Time to Therapy 0.067 0.263
Volume -0.007 0.036
Passive Range of -0.014 0.849
Motion
Bed Mobility -0.114 0.439

Sex -0.515 0.531
Etiology 1.899 0.138
Admission GCS -0.059 0.651
Age -0.023 0.384
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This model was statistically significant overall (p<0.001) and explained 24.10% of the
variability in change in AM-PAC Basic Mobility score. No demographics characteristics were
statistically significant predictors in the model. While overall volume was statistically
significant, the size of the effect was so small (B=-0.007) that the effect is likely infinitesimal.
Weekly frequency was again shown to be a statistically significant predictor (p=0.05). For every
extra weekly session of therapy, an individual’s change in Basic Mobility score increased by
0.739 points, indicating that higher frequency led to larger change in Basic Mobility score.
Stimulation was also shown to be a significant predictor of change in Basic Mobility score
(p=0.025). For every increased session of stimulation, change in Basic Mobility score increased
by 0.342 points. Finally, sitting at the edge of the bed was also a significant (p=0.014) predictor
of change in Basic Mobility score, with an increase in the change of 0.456 points per extra

session of sitting.

Age, sex, etiology, and admission GCS were not significant predictors in this model.

Other therapy variables were not significant predictors in this model.

5.2.6: AM-PAC Daily Activity Change

A linear regression model was tested to determine whether any of the independent
variables above could be used to predict change in AM-PAC Daily Activity Score. Results are

shown in Table 12 below:
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Table 12
Regression Model and Coefficients for Change in AM-PAC Daily Activity

Dependent AM-PAC Daily P value
Variable Activity Change
Adjusted R 0.115 0.020
squared
Coefficients Unstandardized
Beta
Time to Therapy 0.065 0.533
Sessions/week 0.716 0.274
Volume -0.006 0.295
Passive F\’_ange of 0.045 0.735
Motion
Bed Mobility -0.389 0.142
Stimulation 0.256 0.333
Sex -2.002 0.173
Admission GCS -0.248 0.292
Age -0.009 0.848

The overall model was statistically significant (p=0.020) but explained only 11.50% of
the variability in change in Daily Activity score. Only two variables were shown to be significant
predictors of change in Daily Activity score, with no other variables having a trend towards
significant. Sitting at the edge of the bed was again a significant predictor (p=0.022), with an
increase of 0.758 points in change in score for every extra session of sitting. Etiology (p=0.038)

was shown to have a large effect, with an increase in chance of 4.451 points if an individual’s
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etiology was traumatic vs. atraumatic. Age, sex, and admission GCS were not significant

predictors in this model. Other therapy variables were not significant predictors in this model.

5.2.7: Reached Active Therapy

A logistic regression model was tested to determine whether any of the independent
variables above could be used to predict whether an individual reached the ability to participate
actively in therapy. As indicated in the methods, this was defined as an individual performing

either active bed exercise, standing, or walking. Results are shown in Table 13 below:
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Table 13

Regression Table and Coefficients for Reaching Active Therapy

Dependent Reached Active
Variable Therapy P Vel
Cox & Snell R 0.514 <0.001
Squared
. Exponentiated
Coefficients Beta
Time to Therapy 0.923 0.095
Sessions/week 0.511 0.170
Passive Range of 1047 0.528
Motion
Bed Mobility 0.885 0.467
Stimulation -0.340 0.712
Sitting at Edge of 1481 0.092
Bed
Sex 0.831 0.761
Etiology 2.039 0.436
Admission GCS 0.918 0.390
Age 1.019 0.366

This model was overall statistically significant (p<0.001) and explained 51.40% of the
variability in whether an individual reached levels 6, 7, or 8 of therapy at some point during their
hospital course. The only significant predictor for whether an individual reached this level was
overall total volume of therapy (p=0.002). For every extra minute of therapy, an individual was

2.60% more likely to reach this level. Age, sex, etiology, and admission GCS did not contribute
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significantly to the model. For time to therapy, while this was only a trend and not statistically
significant, the model indicates that for every day longer an individual waited to received
therapy, their odds of reaching the level decreased (OR=0.923). For sitting at the edge of the bed,
every extra session of sitting increased the odds of reaching active therapy by 1.481 (though

again, this was a trend and not statistically significant).
5.2.8: Discharge Destination

A linear regression model was tested to determine whether any of the independent
variables above could be used to predict discharge destination. The model was tested using the
ordinal scale described in Table 4 to order discharge destination as the dependent variable. The

results can be seen in Table 14 below:
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Table 14

Regression Model and Coefficients for Discharge Destination

Discharge
Depe_ndent Destination P value
Variable .
(ordinal)
Adjusted R 0.257 <0.001
squared
Coefficients Unstandardized
Beta
Time to Therapy 0.022 0.102
Volume 0.000 0.841
Passive Range of 0.024 0.259
Motion
Bed Mobility -0.049 0.180
Stimulation -0.037 0.322
Sitting at Edge of 0.066 0.135
Bed
Sex -0.179 0.358
Etiology -0.031 0.911
Admission GCS -0.026 0.393
Age -0.006 0.286

The overall model had statistical significance and explained 25.70% of the variability in
discharge destination. Only one predictor was found to be statistically significant. Weekly
frequency of therapy (p=0.008) was the only variable that was able to independently predict
discharge destination. For every extra session/week, an individual’s discharge destination

changed by 0.239 points. Given that the ordinal scale used to order discharge destination were
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whole integers, it follows that an individual might need approximately 4 extra sessions/week in
order to move from one level of discharge to another. Age, sex, admission GCS, and Etiology

were not significant predictors for discharge destination, nor were any other therapy variables.
5.3: Specific Aim 2b
5.3.1: 12 Month GOS-E

A logistic regression model was tested to determine whether any of the independent
variables above could be used to predict whether an individual reached a GOS-E score of 4 or
greater. As indicated in the methods, a GOS-E score >4 was considered a “good” outcome based
on its use in the broader DoC literature, and the definitions used in previous research done with

this same cohort. The results can be seen in Table 15 below:
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Table 15

Regression Model and Coefficients for GOS-E >4

Dependent | 15 \1onth GOS-E | P value
Variable
Cox & Snell R 0.276 <0.001
squared ' '
Coefficients Expogg?atlated
Time to Therapy 1.025 0.689

Volume 0.998 0.459
Passive Range of | g7 0258
Bed Mobility 1.090 0.484
Stimulation 0.875 0.276
Sitting at Edge of 0.923 0.579
Bed
Sex 0.435 0.248
Etiology 4.990 0.144
Admission GCS 1.132 0.286

This model was overall statistically significant (p<0.001) and explained 27.60% of the
variability in whether an individual reached a GOS-E score pf 4 or greater. Multiple factors were
found to be significant predictors. Of note, individual therapy content and time to therapy were

not found to be significant predictors. Age (p=0.004) was found to be an independent predictor
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of long-term outcome, with worse outcome associated with greater age. Discharge destination
(p=0.05) was also found to be an independent predictor of outcome, with an almost twofold
higher chance of achieving a “good” long term outcome for every one-point increase on the
ordinal scale defined in Table 4. Sex, etiology, and admission GCS were not found to be
predictors of long-term outcome. In terms of therapy variables, only weekly frequency was
found to be an independent predictor of long-term outcome (p=0.046), with an almost twofold

greater odds of a good outcome for every extra session received per week.

5.4: Specific Aim 3

5.4.1: Group Comparison

Data were separated into CMD vs. non-CMD groups, and the groups were compared
statistically across all independent variables to test for any between-group differences. The

results can be seen in Table 16 below:
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Table 16

Comparison of CMD vs. Non-CMD Groups

CMD (+) CMD (-)
Independent Variable n ) or n () or p value

Mean (SD) or Mean (SD) or

Median [IQR] | Median [IQR]
TBI Etiology 4 (25%) 13 (12.6%) 0.188
Age 61.25 (14.41) 60.14 (17.71) 0.811
Admission Glasgow Coma Scale 6.00 [3.00] 6.00 [5.00] 0.681
Time to Therapy 9.00 [12.25] 11.00 [12.00] 0.873
Therapy Frequency 2.00 [2.27] 2.00 [2.37] 0.816
Volume 198.50 [210.75] | 158.00 [285.00] 0.400
Passive Range of Motion 7.00 [6.50] 5.00 [7.00] 0.601
Bed Mobility 4.00 [8.00] 4.00 [7.00] 0.921
Stimulation 0.00 [3.00] 1.00 [3.00] 0.735
Sitting 1.50 [4.75] 1.00 [7.00] 0.816

Appropriate tests of significance were used based on the type of variable, whether mean
comparison or comparison of proportions. No significant differences were detected across any

therapy factors or demographics characteristics between CMD and non-CMD groups.

5.4.2: Best CRS-R

As noted in the methods section, an individual regression model was tested for each

individual independent variable along with CMD status and a variable representing the
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interaction between CMD and the independent variable being tested. Results are shown in Table

17 below:
Table 17

Interactions of CMD With Best CRS-R as Dependent Variable

Unstandardized
Independent Beta (CMD P value
Variable (CMD effect)
effect)

Time to Therapy -0.053 0.791

Sessions/week 0.545 0.560

Volume 0.013 0.075

Passive Range of -0.160 0.554

Motion
Bed Mobility 0.394 0.107
Stimulation 0.247 0.709

Sitting at the edge of the bed had a statistically significant (p=0.011) interaction with
CMD when included in a model with age, sex, admission GCS, and etiology. This indicated that
there may be a modulating effect of CMD on number of times an individual sat at the edge of the
bed. A regression model with CMD status added explained 10.60% of the variability in best
CRS-R score, and sitting at the edge of the bed became a significant predictor of best CRS-R

score with CMD included as a variable. This can be seen in Table 18 below
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Table 18

Regression Model and Coefficients for Best CRS-R Score with CMD Status Included

D\igﬁgﬁgt CRS-R Best P value
Ag(; ‘dztff n 0.106 0.018
Coefficients Unstandardized
Beta
CMD Status 2.103 0.157
Time to Therapy 0.000 0.997
Sessions/week 0.777 0.117
Volume -0.008 0.073
Passive Range of | 79 0440
Bed Mobility -0.108 0.591
Stimulation 0.214 0.280
Etiology -1.464 0.350
Admission GCS 0.009 0.955
Age -0.013 0.685

While CMD status itself was not a statistically significant predictor, individuals with
CMD were likely to have a best CRS-R score 2 points higher. This is a substantial difference on
a scale as sensitive as the CRS-R. Statistical significance may have been limited by power, as the

CMD group had only 16 individuals. Overall, addition of CMD status to the model improved
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prediction and increased the predictive ability of how often individuals sat at the edge of the bed

for best CRS-R score.
5.4.3: Best AM-PAC Basic Mobility

As noted in the methods section, an individual regression model was tested for each
individual independent variable along with CMD status and a variable representing the
interaction between CMD and the independent variable being tested. Results are shown in Table

19 below:
Table 19

Interactions of CMD With Best AM-PAC Basic Mobility as Dependent Variable

Unstandardized

Independent P value
Variable BRI (EhalD (CMD effect)
effect)
Time to Therapy -0.266 0.246
Sessions/week
Volume 0.016 0.069
Passive Range of
Motion
Bed Mobility 0.361 0.175
Stimulation 1.136 0.127
Sitting at Edge of 0.366 0.212
Bed

Significant interactions were found between CMD status and weekly frequency
(p=0.021) as well as passive range of motion (p=0.001) for best Basic Mobility score. Overall

volume had a trend towards significance (p=0.069) but the beta value was extremely small.
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These results indicated that there may have a modulating effect of CMD status on frequency and
passive range of motion for prediction of best Basic Mobility score. However, addition of CMD

status into the regression model did not improve the model, as can be seen in Table 20:

Table 20

Regression Model and Coefficients for Best AM-PAC Basic Mobility Score with CMD Status
Included

Dependent AM-PAC Basic P value
Variable Mobility Best
Adjusted R 0.373 <0.001
squared
Coefficients Unstandardized
Beta
CMD 0.096 0.951
Time to Therapy -0.055 0.501
Volume -0.007 0.126
Passive Range of -0.120 0.234
Motion
Stimulation -0.020 0.923
Sitting at Edge of 0.024 0.924
Bed
Sex 0.277 0.805
Etiology 3.160 0.073
Admission GCS 0.264 0.144
Age -0.053 0.142
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Overall explanatory power of this model was slightly worse than the model without CMD, and

the effect of CMD was negligible overall.

5.4.4: Best AM-PAC Daily Activity

As noted in the methods section, an individual regression model was tested for each
individual independent variable along with CMD status and a variable representing the
interaction between CMD and the independent variable being tested. Results are shown in Table

21 below:

Table 21

Interactions of CMD With Best AM-PAC Daily Activity Score as Dependent Variable

Unstandardized
Independent Beta (CMD P value

Variable effect) (CMD effect)

Time to Therapy 0.091 0.798

Sessions/week 0.676 0.555

Volume 0.017 0.077

Passive Range of 0.103 0.763

Motion

Bed Mobility 0.268 0.377

Stimulation 1.326 0.115

Sitting at Edge of 0.606 0.070

Bed

No statistically significant interactions were found between CMD status and any of the
independent variables above for prediction of best Daily Activity score. The regression model

including CMD status was also not substantially better. This model can be seen in Table 22:
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Table 22

Regression Model and Coefficients for AM-PAC Best Activity Score with CMD Status

Included
Dependent AM-PAC Daily P value
Variable Activity Best
Adjusted R 0.255 <0.001
squared
Coefficients Unstandardized
Beta
CMD 2.584 0.162
Time to Therapy 0.033 0.736
Sessions/week 1.133 0.069
Volume -0.009 0.104
Passive Range of 0.121 0.333
Motion
Bed Mobility -0.212 0.400
Stimulation -0.043 0.863
Sex 0.597 0.666
Etiology 1.107 0.584
Admission GCS 0.327 0.147
Age -0.088 0.057
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5.4.5: AM-PAC Basic Mobility Change

As noted in the methods section, an individual regression model was tested for each
individual independent variable along with CMD status and a variable representing the
interaction between CMD and the independent variable being tested. Results are shown in Table

23 below:
Table 23

Interactions of CMD With Change in AM-PAC Basic Mobility Score as Dependent Variable

Unstandardized
Independent Beta (CMD P value
Variable effect) (CMD effect)
Time to Therapy -0.293 0.078
Volume 0.014 0.022
Bed Mobility 0.309 0.115
Stimulation 0.790 0.124
Sitting at Edge of 0.377 0.072
Bed

Multiple significant interactions were found between CMD status and the independent
variables above when predicting change in AM-PAC Basic Mobility score. There was a trend
towards an interaction effect for sitting at the edge of the bed and time to therapy. There was a
statistically significant interaction between CMD status and weekly frequency (p=0.022), volume

of therapy (p=0.022), and passive range of motion (p<0.001), indicating that CMD status may
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have a modulating effect on those therapy variables. For volume, the beta is very small
indicating that the effect was quite small. Overall, including CMD status in the model did not

change the model substantially (Table 24):

Table 24

Regression Model and Coefficients for Change in AM-PAC Basic Mobility Score with CMD
Status Included

Dependent AM-PAC Basic P value
Variable Mobility Change
Adjusted R 0.240 <0.001
squared
Coefficients Unstandardized
Beta
CMD 1.037 0.371
Time to Therapy 0.063 0.298
Sessions/week 0.701 0.065
Volume -0.007 0.031
Passive Range of -0.015 0.843
Motion
Bed Mobility -0.134 0.369

Sex -0.492 0.551
Etiology 1.779 0.167
Admission GCS -0.045 0.734
Age -0.022 0.398

The explanatory power of the model was nearly identical, but frequency and volume of

therapy were no longer significant predictors of change in Basic Mobility score.
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5.4.6: AM-PAC Daily Activity Change

As noted in the methods section, an individual regression model was tested for each
individual independent variable along with CMD status and a variable representing the
interaction between CMD and the independent variable being tested. Results are shown in Table

25 below:
Table 25

Interactions of CMD With Change in AM-PAC Daily Activity Score as Dependent Variable

Unstandardized
Independent Beta (CMD P value
Variable (CMD effect)
effect)

Time to Therapy 0.008 0.974

Sessions/week 0.872 0.464

Volume 0.018 0.051

Passive F\’_ange of 0.215 0.531

Motion
Bed Mobility 0.393 0.203
Stimulation 0.679 0.415

A statistically significant interaction was found between CMD status and sitting at the
edge of the bed (p=0.042). Thus, it is possible that CMD status has a modulatory effect on the
effect of sitting at the edge of the bed when predicting change in Daily Activity score. Inclusion
of CMD status as a variable in a regression model to predict change in Daily Activity score also

made a substantial difference (Table 26):
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Table 26

Regression Model and Coefficients for Change in AM-PAC Daily Activity Score with CMD
Status Included

Dependent AM-PAC Daily P value
Variable Activity Change
Adjusted R 0.176 0.002
squared
Coefficients Unstandardized
Beta
Time to Therapy 0.067 0.504
Sessions/week 0.687 0.277
Volume -0.008 0.203
Passive R_ange of 0.047 0.711
Motion
Bed Mobility -0.478 0.065
Stimulation 0.305 0.234
Sex -2.101 0.139
Etiology 3.687 0.076
Admission GCS -0.174 0.446
Age -0.009 0.843

This model explains 17.60% rather than 11.50% of the variability in change in Daily
Activity score. Additionally, CMD status is an independent predictor of change in Daily Activity
score. Sitting at the edge of the bed also remains a powerful independent predictor. Thus,
including CMD status as a variable significantly strengthens the ability of the model to predict

change in Daily Activity score.
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5.4.7: Reached Active Therapy

As noted in the methods section, an individual regression model was tested for each
individual independent variable along with CMD status and a variable representing the

interaction between CMD and the variable being tested. Results are shown in Table 27 below:

Table 27

Interactions of CMD With Reaching Active Therapy as Dependent Variable

Exponentiated

Independent P value
Variable BRI (EhalD (CMD effect)
effect)

Time to Therapy 1.067 0.388

Sessions/week 3.156 0.397

Volume 1.052 0.236

Passive R_ange of 1155 0.390

Motion

Bed Mobility 0.899 0.592

Stimulation 1.226 0.477

Sitting at Edge of 3.400 0.259

Bed

There were no significant interactions between CMD status and any of the therapy
variables when attempting to predict whether an individual reached active therapy. Inclusion of
CMD into the model to predict active therapy slightly improved the model’s explanatory power

(Table 28):
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Table 28

Regression Model and Coefficients for Change in Daily Activity Score with CMD Status
Included

Dependent Reached Active P value
Variable Therapy
Cox & Snell R 0.525 <0.001
squared
Coefficients SXpoaiEEe
Beta
CMD 3.802 0.114
Time to Therapy 0.924 0.107
Sessions/week 0.469 0.137
Passive Range of 1.046 0.529
Motion
Bed Mobility 0.870 0.405
Sitting at Edge of 1561 0.066
Bed
Sex 0.943 0.925
Etiology 1.416 0.720
Admission GCS 0.946 0.591
Age 1.021 0.315

This model was able to explain 52.50% rather than 51.40% of the variability in whether
an individual reached active therapy with CMD status included. While CMD status itself was not
an independent predictor, the Beta value of 3.802 indicates that the lack of statistical significance

was likely limited by power.
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5.4.8: Discharge Destination

As noted in the methods section, an individual regression model was tested for each
individual independent variable along with CMD status and a variable representing the
interaction between CMD and the independent variable being tested. Results are shown in Table

29 below:

Table 29

Interactions of CMD With Discharge Destination as Dependent Variable

Unstandardized
Independent Beta (CMD P value
Variable (CMD effect)
effect)

Time to Therapy 0.017 0.670

Sessions/week -0.012 0.944

Volume 0.002 0.185

Passive F\’_ange of -0.023 0.659

Motion

Bed Mobility -0.016 0.733

Stimulation 0.089 0.496

Sitting at Edge of 0.047 0.357

Bed

There were no significant interactions between CMD status and any of the therapy
variables when attempting to predict discharge destination. Inclusion of CMD into the model to
predict Reaching Active Therapy slightly did not improve the model’s predictive ability, with the
model explaining 25.70% of the variability in reaching active therapy whether CMD was

included or not (Table 30):
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Table 30

Regression Model and Coefficients for Discharge Destination with CMD Status Included

Discharge
D\igﬁsﬁgt Destination P value
(Ordinal)
Adjusted R 0.957 o oot
squared - _
Coefficients Unstagg?;duzed
CMD 0.270 0.312
Time to Therapy 0.022 0104

Volume 0.000 0.871
PaSSiI‘\’/fo';gﬂge of 0.024 0.261
Bed Mobility -0.053 0.150
Stimulation -0.036 0.335
Sitting at Edge of 0.072 0.107
Bed
Sex -0.187 0.336
Etiology -0.062 0.825
Admission GCS -0.023 0.451
Age -0.006 0.272

There is minimal difference between the two models with CMD status included vs. not.

Given that therapists make clinical decisions about discharge recommendations and that
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therapists were blinded to CMD status, it makes sense that CMD status has minimal effect on

prediction of discharge destination, at least directly.
5.4.9: 12 Month GOS-E

As noted in the methods section, an individual regression model was tested for each
individual independent variable along with CMD status and a variable representing the
interaction between CMD and the independent variable being tested. Results are shown in Table

31 below:
Table 31

Interactions of CMD With 12 Month GOS-E Score >4 as Dependent Variable

Unstandardized
Independent Beta (CMD P value

Variable effect) (CMD effect)

Time to Therapy 0.982 0.869

Sessions/week 1.170 0.729

Volume 1.003 0.373

Passive Range of 0.826 0.245

Motion

Bed Mobility 0.937 0.587

Stimulation 1.462 0.184

Sitting at Edge of 1,090 0.458

Bed

No significant interactions were noted between CMD status and the independent

variables above when attempting to predict whether an individual would reach >4 on the GOS-E
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at 12 months. The logistic regression model with CMD included as a variable has better

explanatory power than without (Table 32):

Table 32

Regression Model and Coefficients for 12 Month GOS-E >4 with CMD Status Included

Dependent | 1, \ronthGOS-E| P value
Variable
Cox & Snell R 0.298 <0.001
squared ' '
Coefficients Unstagg?ardlzed
CMD 4.789 0.063
Time to Therapy 1.031 0.636
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Volume 0.998 0.518
PaSSiI‘\’/fO';sgge of 1.079 0.218
Bed Mobility 1.038 0.762
Stimulation 0.851 0.208
Sitting at Edge of 0.968 0.827
Bed
Sex 0.407 0.225
Etiology 4.138 0.211
Admission GCS 1.205 0.151




This model explains 29.80 vs. 27.60% of the variability in reaching a good functional
outcome with CMD included. Similar factors remain significant predictors, with CMD having a
trend towards significance (p=0.063) and a very large Beta coefficient (B=4.789) despite the
aforementioned low statistical power and small/unequal group sizes. In an effort to find the best
predictive model for 12-month functional outcome, we eliminated some of the variables that

were noncontributory (Table 33): time to therapy, passive range of motion, and sitting:

Table 33

Regression Model and Coefficients for 12 Month GOS-E >4 with CMD Status Included and
Optimized Predictors

Dependent | 1, p1onthGOS-E| P value
Variable
Cox & Snell R 0.298 <0.001
squared
Coefficients Unstandardized
Beta

Volume 0.999 0.255
PaSSiI‘\’/foﬁggge of 1.079 0.197
Stimulation 0.851 0.211
Sex 0.412 0.224
Etiology 4572 0.178
Admission GCS 1.196 0.159
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This model has the same explanatory power, but CMD status is a significant predictor.
Therapy frequency, age, and discharge destination remain important predictors of functional

outcome.

5.5: Case Study

One individual was recruited for the prospective phase of this study. Identification of
appropriate individuals who fit inclusion criteria was accomplished through consistent
communication with physicians and research coordinators responsible for the neuro ICU. The
families of multiple individuals were approached but only one consented to their family

member’s participation.

Safety/appropriateness for the intervention was checked on a daily basis with the
physician responsible for the recruited individual. This was done both at morning rounds and
through separate direct communication throughout the day. If the participant was inappropriate
for intervention on a given day, the physician responsible for the decision and the reason for the
decision were recorded. If the participant was appropriate for intervention, the physician
responsible for the decision was recorded. If the intervention had to be stopped due to changes in

the participants’ vital signs or medical status per the safety protocol, this was recorded.

Both the intervention (twice daily) and daily assessments were performed without
difficulty. Blinding of CMD status was maintained throughout for both the therapist responsible
for assessments and the therapist providing the intervention. Blinding to group assignment was
maintained for the therapist responsible for the assessments. The intervention was carried out
efficiently as planned twice daily if medically appropriate, and CRS-R was recorded

consistently. Some daily assessments were missed if the therapist responsible OR the participant
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was unavailable. Exact start and end times of the intervention were recorded, as well as levels of
intervention for each session. The data recorded for the single recruited participant recruited are

summarized in Table 34 below.

Table 34

Implementation of Stimulation Protocol for a Single Participant

Day # | Other Start Time End Time Olfactory Auditory | Visual Gross Fine CRS-R
Motor Motor | Score

1 1 10:17AM 10:28AM 2 1 1 1 1 2

1 2 | Sedated

2 1 10:05AM 10:15AM 2 1 1 1 1 2

2 2 2:36PM 2:47PM 1 1 1 1 1

3 1 10:18AM 10:29AM 1 1 1 1 1 2

3 2 | Unavailable

4 1 10:41AM 10:55AM 1 1 1 2 1 2

4 2 1:50PM 1:58PM 1 1 1 2 1

5 1 10:39AM 10:46AM 1 1 1 1 1 2

5 2 2:05PM 2:15PM 1 1 1 1 1

6 1 10:26AM 10:32AM 1 1 1 1 1

6 2 2:54PM 3:03PM 1 1 1 1 1

7 1 10:33AM 10:45AM 1 1 1 2 1 4

7 2 2:11PM 2:22PM 1 1 1 2 1

8 1 10:02AM 10:12AM 1 1 1 1 1

8 2 2:28PM 3:06PM 1 1 1 1 1

9 1 | 1ICP, stopped 9:05AM 9:10AM 1 1

9 2 | 1ICP, held

10 1 10:24AM 10:35AM 1 2 1 2 1 3

10 2 | Unavailable

11 1 10:19AM 10:29AM 1 1 1 1 1 2

11 2 | Unavailable

The 1% session on day 1 was in error secondary to miscommunication regarding amount of sedation, so an extra day was added to compensate.
Total number of sessions =17. Unavailable meant the participant was unable to receive the intervention due to being off the floor or occupied
with nursing care.

This individual did not reach a CRS-R score of 10 or greater, and the intervention
continued for two weeks and then was stopped after day 10 as per protocol. Some limitations for
intervention included increased intracranial pressure and increased respiratory rate. No adverse
events occurred during therapy intervention or assessment. This intervention study was shown to

be safe and should be replicated with a larger sample in the future. This individual received
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seventeen of 20 potential stimulation sessions. 5 potential sessions were either not performed or
were halted due to increased sedation or to changes in vitals beyond the established safety
parameters. All instances of vitals changes stabilized with no further medical intervention needed
within 10-15 minutes of halting stimulation. Sessions ranged from 5 to 15 minutes. The maximal
Olfactory, Auditory, and Gross Motor stimulation levels reached per the protocol in Figure 3
were level 2. This participant did not progress beyond level 1 in Visual Response or Fine Motor
Response. The maximal CRS-R score reached was 4, and maximal elevation of head of bed was

70*.
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Chapter 6: Discussion

6.1: Specific Aim 1

Our goal for this aim was to determine the median time to therapy historically in
individuals with severe DoC in our institution, and to determine whether there were patients for
whom a stimulation program could have safely been initiated earlier. We found that our
hypothesis was supported, as median time to therapy was 11 days, higher than 1 week. The high
median time to therapy indicated that there was a substantial lag time to initiation of therapy. In
addition, the large interquartile range indicated that there was a lack of consistency in deciding
when individuals could receive therapy (though some of this inconsistency was inherent within
the unstable medical condition of this population). Further analysis using the safety criteria in
Figure 1 revealed that a substantial proportion of individuals (65.52%) could have received
therapy in the form of stimulation earlier in their hospital stay. Stimulation has been shown in the
literature (Table 1) to be effective in improving both functional and cognitive outcomes.
Furthermore, our proposed intervention protocol recommends intervening as early as day 3 if
medically safe and appropriate. Only 11% of individuals received therapy within the first 3 days
after admission, and only 33% within the first week. It is important to note that despite concerns
cited in the literature and reticence to initiate early therapy for these individuals, there were no
individuals for whom therapy was initiated earlier than was deemed appropriate and safe. Many
individuals with severe DoC are kept sedated and/or paralyzed for a variety of reasons. However,
literature on early mobilization in medical ICUs with individuals with similar acute illness
indicates that earlier intervention is safe and appropriate, and that sedation should be weaned as

quickly as possible. If the literature indicates the importance of early mobilization for individuals
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without severe cognitive deficits or deficits in arousal, it stands to reason that it might be even
more important to implement early mobilization guidelines for individuals with DoC as long as

appropriate safety protocols are put into place and followed.

6.2: Specific Aims 2a and 2b

Our goals for aims 2a and 2b were to determine whether time to therapy, total therapy
volume, therapy frequency, and content of therapy sessions were associated with a change in
short- or long-term outcomes in individuals with severe DoC. We found that our hypotheses
were partially supported. While time to therapy was not a predictor of any outcomes, other
therapy factors such as frequency, volume, and content were independent predictors of multiple

short- and long-term outcomes.

It is crucial to note that it would have been ideal to be able to analyze the effects of
therapy prior to recovery of command following, to determine whether therapy directly
influenced the timing of that recovery. We were unable to do so as over 90% of the 1083 therapy
encounters collected and analyzed in this cohort occurred after individuals were scored as
following commands. This implies that the standard of care in this cohort was to request therapy
intervention only after an individual recovered the ability to follow commands. However, we
argue based on the literature and on our results that there could be substantial short- and long-
term benefits to intervening sooner and more frequently in individuals with severe DoC. Given

the findings of Aim 1, there is substantial opportunity to intervene earlier in the hospital stay

We did examine CRS-R scores as a dependent variable. However, CRS-R scores were
not collected at a standardized frequency for all individuals. It should also be noted that the

median best CRS-R score was 5, with an interquartile range of 3-10. This indicates that few
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individuals reached minimally conscious state, but it is clear that many individuals had a positive
functional outcome at discharge from the hospital which implies a CRS-R score far exceeding
10. Since CRS-R scores were collected as part of the parent study for a different purpose than
this analysis, they were not collected throughout each individual’s entire length of stay in the
hospital. Thus, it may be that CRS-R scores did not accurately reflect each individual’s ultimate
recovery during their hospital stay and may have been underestimated. This is a potential reason
for the relatively low explanatory power of the regression models tested with maximal CRS-R

scores as the dependent variable.

The ability to predict best AM-PAC Basic Mobility and Daily Activity Scores is quite
different. Additionally, it seems that AM-PAC scores may be sensitive to change even in this
cohort of individuals with impaired consciousness, and that change in AM-PAC score may be a
valuable outcome measure to explore. Best Basic Mobility score was most predicted by weekly
therapy frequency and bed mobility. It is unclear why bed mobility was an independent
predictor, though it is possible that this is the first step in moving beyond passive range of
motion for low functioning individuals and is an indication of a therapist’s intention to progress
the patient. On the other hand, best Daily Activity score was predicted by sitting at the edge of
the bed. Given that Daily Activity scores are collected by Occupational Therapy, and that
Occupational Therapists tend to focus more on ADL function (which requires alertness but not
necessarily standing or ambulation), the Daily Activity score may be more sensitive to whether
an individual is able to be upright to perform ADL. While the Basic Mobility score will change
the most once an individual is getting out of bed, large changes can be made in the Daily
Activity score without necessarily moving out of bed. Similarly, a change in Daily Activity score

may be measuring change in cognition more sensitively than anything else in these low
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functioning individuals. This might explain why traumatic vs. atraumatic etiology was a
significant predictor of change in Daily Activity score, as individuals with a traumatic injury
have been shown in the literature to make more rapid gains (cognitively and functionally). When
compared with changes in Daily Activity scores, changes in Basic Mobility score are more
dependent in large changes in mobility (from mostly bed level to edge of bed and beyond). This
may partially explain why sitting at the edge of the bed was an important predictor of change in
Basic Mobility score. Interestingly, stimulation frequency was also an important predictor for
Basic Mobility score change. This is an important finding, as it corroborates the importance of
stimulation and the utility of further testing of stimulation as proposed in our case study. Thus,
higher frequency of therapy, frequency of stimulation, and frequency of edge of bed activity vs.

bed level activity predicts total improvement in functional level for individuals with severe DoC.

While the use of an ordinal scale to code therapy from passive to active and use of this
scale to determine whether an individual reached active therapy is a new outcome, it does appear
that this outcome was useful. The model predicting this outcome had the best predictive power of
all the models tested and showed that overall volume of therapy was important to predict
whether an individual was able to reach active therapy or not. It is an imperfect outcome
measure, as some individuals who sat at the edge of the bed were of course also active. However,

differentiating passive vs. active sitting was frequently impossible based on the chart notes alone.

Discharge destination and 12-month GOS-E outcomes were primarily predicted by
therapy frequency. GOS-E outcome was additionally predicted by age and discharge destination,
while discharge destination was predicted by age when dichotomized to Inpatient Rehabilitation
Facility (IRF) and home vs. not. This indicates that while therapy factors may have affected short

term outcomes, discharge destination and long-term outcomes were primarily predicted by
90



frequency of therapy, and not necessarily by specific therapy content. This provides evidence in
support of consistent and frequent physical and occupational therapy, to ensure the best
discharge destination and long-term outcomes possible. Discharge destination is an important
factor, as it can be predicted early in the hospital stay (Casertano et al., 2022; D. U. Jette et al.,
2014) and has been shown in the literature to be crucial in helping individuals achieve good
functional outcomes (Magdon-Ismail et al., 2018; Winstein et al., 2016). This is especially
difficult for individuals with severe DoC, particularly as length of stay in IRFs continues to
reduce. The results from our prediction models show that therapy can play a crucial role in long

term outcomes even in the acute care setting, especially with clear and consistent intervention.

It is important to note that initial injury severity did not have a significant effect on any of
the outcomes studied. It is possible that there was a floor effect due to the overall level of these
individuals being so low. However, it is reassuring to know that therapy frequency and other
factors may be able to predict long and short-term outcomes as well as or independently of

severity of injury.

While we noted that individuals had a substantial delay in therapy in Aim 1, time to
therapy was not shown to be an important predictive factor in short- or long-term functional
outcomes. However, there was a significant correlation between time to therapy and therapy
frequency. The lack of significant effect of time to therapy may have been due to the interaction
between therapy frequency and time to therapy. Regardless, if therapy frequency is an important
factor, it is important that individuals receive therapy as early as possible as this will directly
increase therapy frequency over their length of stay. Additionally, number of stimulation
sessions was shown to be an important factor in predicting change in Basic Mobility score. Since

we demonstrated in the Aim 1 results that there were missed opportunities for individuals to
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receive earlier therapy in the form of stimulation, it is likely that reaching more of these

individuals earlier will lead to greater changes in their functional mobility.

Overall, it is important to note that despite the long-term very low functional level of the
cohort, 16.24% (19/117) of individuals achieved a score 4 or greater on the GOS-E at 12 months.
Additionally, while GOS-E was done by interview and was subject to an individual’s
interpretation of their function, we were able to determine how many individuals returned to
standing or walking. In this cohort, 25.21% (30/119) of individuals stood or walked at some
point during their hospitalization. It is true that the cohort we analyzed specifically consisted of
those individuals who received therapy and excluded those who were unable to do so, thus
possibly skewing these numbers. However, it is notable that even in a cohort of individuals with

severe DoC, 25% of those who received therapy were able to stand or walk.

6.3: Specific Aim 3

Our goal for Aim 3 was to determine whether confirmed CMD status in individuals with
severe DoC was associated with improved or worsened response to earlier time to therapy,
increased total therapy volume, increased therapy frequency, or content of therapy sessions. Our
hypothesis for improved response was partially supported. CMD had a mediating effect on some
therapy factors, though this effect differed based on the outcome being examined. CMD was also
independently predictive of long-term outcomes, which is in agreement with earlier work

(Claassen et al., 2019; Egbebike et al., 2022) .

CMD status has, to our knowledge, never been examined in relation to therapy factors.
While it has been shown to be independently predictive of good functional outcomes using the

GOS-E, the effect of CMD on the effect of therapy has not been studied. It is possible that
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individuals with CMD may have a better response to therapy, and this is indeed what we
hypothesized. The results indicate that for short term outcomes including CRS-R score, AM-
PAC scores, and change in AM-PAC scores, CMD status may have a modulating effect on
therapy variables. Particularly for change in AM-PAC Basic Mobility score, CMD status had a
significant interaction with passive range of motion, frequency, and volume of therapy. It had a
near significant interaction with time to therapy and frequency of sitting. It had similar results for
AM-PAC Daily Activity score. This indicates that even the basic therapeutic intervention of
passive range of motion may have a greater effect in individuals with CMD. Thus, CMD may
heighten the effectiveness of therapy intervention. It was not an independent predictor for many
outcomes, but it may be a crucial factor to consider when designing therapeutic interventions and
regimens, as well as protocols for individuals with severe DoC. It will be important to test the
effects of CMD status on therapy in more specific, prospective designs, but the results seen
retrospectively further highlight the importance of considering this factor for individuals with a
low level of cognitive functioning. It may also be a crucial factor to consider in terms of
increasing therapy frequency, particularly given that therapy frequency can predict discharge
destination, and that discharge destination can predict long term outcomes (along with CMD
status). This may be an important factor for rehabilitation facilities to consider when determining
whether to accept an individual at a lower functional level, since their prognosis and

responsiveness to therapy may be substantially heightened.

6.4: Case Study

The goal for the case study was to demonstrate safety of a prospective interventional study
testing early stimulation in individuals with and without CMD. As can be seen in Table 34, we

were able to deliver the protocol in its entirety for the single individual recruited and were able to
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record any instances of changes in medical status per our safety protocol. There were no lasting
adverse effects, and we were able to show that our design was safe and supported

communication between therapists and physicians.

Previous stimulation studies have been limited by poor design, poor reproducibility, poor
standardization, and frequently by lack of sensitivity of outcome measures. Our design was able
to integrate close communication with the medical team, standardized frequency of detailed
assessments, and clear provision of standardized interventions in a safe manner that could be
easily integrated into standard rehabilitative practice. It is imperative to continue this type of
research to clarify the effectiveness of skilled therapy in this underserved population, as well as

to help delineate the most effective intervention strategies and prognostic factors possible.

6.5 Summary

6.5.1 Potential for Recovery

It is clear from the results of this study that many individuals with severe DoC have
potential for recovery. Positive results across multiple measures were found for a multitude of
individuals, irrespective of the severity of their initial injury. While it is clear that age does have
an effect on the recovery potential for some individuals, there are a variety of factors at play that
are not well understood. It is imperative to have an individualized approach to care, and to
acknowledge he importance of considering each individual’s recovery rather than just larger
population statistics. Many individuals returned to walking, talking, and living with their families
despite a poor prognosis. The study of CMD has highlighted the importance of acknowledging
how little is really known about any given individual’s recovery trajectory, and how important it

is to consider the possibility of improvement in even the most severe cases of brain injury. All of
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the evidence presented in this study highlights the importance of an approach to care and to
therapy based on precision medicine. If we acknowledge that many individuals even in this
population can recover, and that the role of the therapist is to guide recovery of function for any
individual, the role of therapy in individuals with severe DoC becomes much clearer. The results
presented here should encourage and empower therapists to know that skilled intervention in

these individuals can be worthwhile and has the potential to change outcomes.

6.5.2 Positive Effects of Therapy

The results of this study support the hypothesis that more frequent and consistent therapy
can lead to better short- and long-term outcomes. While there were many individuals for whom a
positive outcome was not achieved, those for whom it was had many commonalities including
more active therapy, more frequency therapy, more therapy volume, etc. Our results did not
support the hypothesis that earlier therapy leads to better outcomes. However, time to therapy
and therapy frequency were significantly correlated, and our results do support the idea that there
is potential to intervene sooner. Given the clear benefits of earlier rehabilitation in other critically
ill populations and the documented benefits of even more passive therapies such as stimulation,
further and more detailed study of the effects of earlier rehabilitation are warranted. Our results
also indicate that there may be a difference in how individuals with CMD respond to more
frequent and consistent therapy. There is no information currently available on ideal timing,
dosage, and type of therapy in individuals with severe DoC (particularly in the acute phase of
injury). Thus, any information regarding ideal dosage or the potential for hyper-responders is
crucial to inform current and future clinical practice. It is imperative that therapists consider the
potentially powerful effect they may have on an individual’s recovery, especially when this

effect may be heightened by factors such as CMD or other factors yet to be discovered.
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6.5.3: Safety

There were no adverse events recorded throughout the hundreds of therapy sessions
retrospectively reviewed. There were similarly no adverse effects noted in the prospective phase
of this study. It is clear that therapy is safe in this severely injured population, and that earlier
intervention is likely to be safe as well. Physical and occupational therapists demonstrated safe
clinical reasoning and good ability to communicate with physicians and other disciplines
involved in patient care. This is likely a crucial reason for the safety noted in our study. Caring
for critically ill individuals requires an interdisciplinary and collaborative approach, and a crucial
part of this approach is trust. Given the results of these analyses, therapists can and should be

trusted to safely and consistently intervene earlier in this population’s hospital course.

6.5.4: Importance of Interdisciplinary Communication and Intervention

Communication and collaboration are necessary to have any chance of a positive
outcome in this vulnerable population. Individuals with severe DoC are in an extremely fragile
state, both medically and cognitively. There are a multitude of disciplines crucial to providing
care for these individuals, including physicians, nurses, physician assistants, nursing aides,
occupational therapists, physical therapists, speech language pathologists, pharmacists,
respiratory therapists, social workers, and many others. It is only through communication and
collaboration that the best care can be delivered for each individual case. This highlights, again,
the importance of an approach based on precision medicine. While an individual may have a
poor prognosis, appropriate medical management is crucial in ameliorating any medical risk
factors for poor outcome. For that same individual, nursing care is crucial to keep them safe,

ensure they receive the care and medications they need on time, and to communicate changes in
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condition promptly and accurately. A respiratory therapist is essential in their care to provide the
respiratory support needed and also to ensure that they are weaned off support if able. Social
workers can ensure that support for the individual and their family is provided, and that the best
plans for discharge are possible. Therapists are responsible for providing that individual with the
most enriched environment and the best possible interventions to realize their maximal potential.
Without any one of these disciplines and without communication between them, the chances for
the best possible recovery for any individual may decrease dramatically. Any effective plan of
care for an individual with severe DoC requires consistent and clear communication between all

healthcare disciplines and a team-based approach.

6.5.5: Clinical Implications

We propose that early and consistent rehabilitation, appropriately tailored and
individualized for each person’s unique risk factors and medical status, can make a profound
impact in recovery. A change in standard of care to earlier and more consistent rehabilitation for
individuals with severe DoC could therefore make a profound impact in individual recovery for
those individuals, and at a population level as well. Earlier and more consistent therapy can
enable us to make more informed prognoses, guide families and patients in their recoveries, and
ensure that everyone reaches their own maximal functional potential. We cannot ensure that
everyone will have a good outcome, but we can and should ensure that lack of therapy or
intervention are not the limiting factor in anyone’s recovery. Early and consistent therapy for
individuals with severe DoC will improve care, improve communication, foster a team-based
approach and environment, and enhance outcomes and satisfaction for patients and their families.
More time, effort and staffing will be required to change the standard of care for these

individuals, since by the very nature of their conditions they require more specialized care from
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multiple team members. This increased effort and staffing has proven to be effective in
improving outcomes as well as decreasing length of stay in other critically ill populations. There

is no reason to believe the same could not be true for this one.

6.6 Limitations

6.6.1 Sample size

While the cohort size was originally 199 individuals, we were limited by the scope of this
project. Due to the specific nature of the questions posed, we were interested in the effect of
therapy on functional outcomes. Thus, the analyzed cohort ended up being notably smaller. In
addition, we excluded a large number of individuals based on the goal of the therapy they
received. This further limited the number of individuals we were able to analyze. Severe DoC is
an already relatively rare phenomenon, and this cohort was collected over the span of seven
years. Additionally, CMD is present in 13-15% of individuals with severe DoC. All of these
issues limited the sample of individuals we could analyze and reduced the statistical power of the
modeling used. There could very well be effects that we were unable to capture due to lack of
power, especially with a large number of independent variables. While we did attempt to control
for this by limiting the final number of variables used, this is still an important limitation to note
for our study. Future analyses will benefit from larger, more robust cohorts in order to generate

more definitive results.

6.6.2: Data Collection

Our prospective data collection was severely limited by a variety of factors. Primarily,
the rarity/scarcity of DoC (and specifically CMD) were a large limiting factor. Additionally,

some family members were uncomfortable enrolling their loved ones in our study, leading to
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some missed opportunities for data collection. Logistical factors associated with collecting data

in a large hospital setting also limited this aspect of the study.

Retrospective data collection was limited by the availability and quality of data. We had
access only to data from the parent study that had already been collected and from our own
retrospective chart review. We were limited to the outcome measures that had already been
selected or present in the electronic medical record (EMR). For this reason, outcome measures
used were opportunistic and may not have been ideally suited for the functional outcomes we
were examining. For instance, it would have been ideal to collect daily CRS-R scores in order to
have a more robust sense of each individual’s time course for improvement. Additionally, it was

not possible to account for missing data.

Any data extracted from clinical charts was also limited by the quality of the notes
themselves. Different clinicians documented their interventions and assessments differently. For
instance, it was not always possible to determine whether an individual was awake and
participatory based purely on their therapy note. It was also frequently unclear whether a
particular therapy (such as sitting at the edge of the bed) was being done because an individual
was awake and capable of doing it, or in order to make an individual more awake and capable.
These are important limitations of the data that must be acknowledged and may have masked
some of our results. In future research, it should be made clear in any therapy session how much

(if any) of the therapy performed in any given session was passive versus active.

6.6.3: Access to data

Our access to data was limited to what was available in our EMR. Some individuals

identified in this cohort had charts that were inaccessible for review. Additionally, some charts
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lacked details that would otherwise have been included in analysis. The EMR system used for
our data collection changed in the years covered by this cohort, thus making data from earlier
years less accessible. It is possible that some of these missing data may have affected our results,

though there were few.
6.6.4: Outcome Measures

AM-PAC Basic Mobility and Daily Activity scores were collected for many individuals.
However, the implementation of this scoring for every therapy session was not consistent
throughout the period of time included in the cohort. Additionally, the scoring of these two
outcome measures changed slightly during the included time period. However, the majority of
charts reviewed had consistent scores available and both outcome measures have been shown to

be valid and reliable in other populations.

The Coma Recovery Scale-Revised was one of the outcome measures used, but CRS-R
data were not collected at regular intervals but rather in conjunction with CMD testing. Since
scores was used primarily to determine consciousness, it is possible that use of CRS-R was
discontinued once individuals started following commands. This would skew scores toward
underestimation and make capturing higher-level scores (once individuals have recovered) more

difficult.

Therapy content was coded individually for every therapy session and done manually.
Thus, accuracy of this information was limited both by possible human error on the part of the
individual collecting the data, as well as by therapists in the event they documented inaccurately.
While error in this data would be likely to be random rather than systematic, the possibility of

such error must be acknowledged.
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GOS-E data was collected at multiple timepoints. Score at 12 months was used for
analysis as this timepoint had been used in previously published literature using this cohort.
However, there were a number of individuals whose maximal GOS-E scores were higher prior to
12 months, indicating that they had improved after discharge but then declined. It is unclear
whether this decline was due to a natural course of their original injury or an unrelated new
event. In the latter case, using the lower 12-month GOS-E score may underestimated the number

of “good” outcomes in this cohort.

6.6.5: Methodology

It must be acknowledged that data were collapsed across individual patients’ entire
hospitalizations. For short term outcomes especially, it is possible that rather than predictors
predicting the outcome, that the outcome was the reason for changes in some of the predictors.
For instance, it is possible that higher frequency of therapy does not lead to greater change in
Basic Mobility score, but rather that those with higher Basic Mobility scores received more
frequent therapy precisely because they were already improving functionally. We did use
admission GCS as a covariate and demonstrated that initial severity was not a factor in type or
amount of therapy received. Given that this is a retrospective analysis of existing standard of care
in this population, it is beyond the scope of the study to determine whether frequency of therapy
was impacted by ongoing recovery. We cannot discount the fact that if the GCS had been done
on a different day or if another prognostic measure had been consistently taken, that this may
have an impact on frequency of therapy. As noted above, we had limited information on
command following and timing of cognitive recovery. Future studies and analyses should focus

on the cumulative effect of therapy over time and the timing of recovery.
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Given the unequal sample sizes and much lower number of individuals who were CMD
positive, the statistical power of any comparisons between CMD and non-CMD groups were
limited. Additionally, while a large effect was seen in prediction models including CMD, CMD
as a predictor variable infrequently reached statistical significance. A larger sample of patients
with confirmed CMD and a more equal n would contribute to more sound statistical

comparisons.

6.6.6: Confounding variables

Our prediction models varied in ability to explain variability in the dependent variables.
Explanatory power ranged from under 10.0% to over 50.0% depending on the model and the
predictor variables chosen. It is clear that there are more confounding variables that must be
identified, which would assist in making clearer and more definitive predictions about outcomes

and the effects of therapy variables.

6.6.7: Generalizability

Our study was conducted at an academic medical center, which specializes in DoC. As a
result, the majority of individuals seen in the NICU are severely medically compromised. While
our results showed clear results for potential predictors of recovery in this sample, this may not
be generalizable for other medical centers. The medical center also has a very large number of
therapists on staff, which made implementation of our stimulation protocol possible. This may

not be possible in other medical centers.
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Chapter 7: Conclusions and Future Directions

7.1 Overview

There were potential opportunities to intervene earlier in the majority of these individuals
with severe DoC. It is imperative to develop more objective standards for determining when an
individual is appropriate for therapy, and to designate how actively this therapy can be delivered.
This is especially true given the potential benefits of earlier intervention (both traditional and in
the form of stimulation). The findings from this exploratory analysis prompted us to develop
further and more detailed questions regarding the importance and effects of other therapy and
non-therapy related factors for both short- and long-term recovery of individuals with severe
DoC. Additionally, the above results confirm that stimulation protocols can likely be initiated
much sooner than traditional therapy for individuals with severe DoC. Further study is warranted
to determine whether earlier initiation of stimulation and a specific type of protocol can improve
outcomes in this specific population, especially in relation to other medical and therapy-related

factors (such as CMD status).

Additionally, multiple therapy factors have been shown to be crucial in predicting both
short- and long-term outcomes. Sitting up and more frequent therapy are important for improving
functional outcomes. CMD status may have a modulating effect on these therapies and should be
a factor in determining how we approach these patients. Frequency of therapy is the most
common factor shown to be predictive of outcomes, and this is a crucial factor to consider in
light of the fact that most individuals with severe DoC receive very infrequent therapy. Earlier
therapy and clearly delineated stimulation protocols as well as more active therapy are important

to improve both functional outcomes and improved navigation through the healthcare system.
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Physical and occupational therapists can be encouraged that their skills are needed and effective
even at this early stage of rehabilitation, and the standard of care should shift towards more

attention being paid to these individuals.

Most importantly, it should be noted that over the course of hundreds of therapy sessions
analyzed, not a single adverse event was recorded. There is a hesitance towards intervening
earlier in these very medically complex individuals. However, we have shown that many
individuals are safe to be seen much earlier, and that knowledgeable therapists are very capable
of clinical decision making to determine when it may or may not be appropriate to intervene, We
have shown that there is opportunity to intervene earlier than we have in the past, that there are
no adverse effects to intervention, and that when providing early intervention (as in the case
study) we keep in very close contact with the team and are able to stop therapy if there is an
indication to cease. Early mobilization has shown many benefits in even the sickest and most
medically complex of individuals in cardiac, cardiothoracic, and medical ICUs (Abrams et al.,
2022; Adler & Malone, 2012; Hashem, Nelliot, & Needham, 2016; Wahab et al., 2016; Zang et
al., 2020) There is reason now to think that individuals in the neurological ICU are no different.
Early and consistent mobilization is likely to be effective in this population, and skilled physical

and occupational therapists are ideally qualified to implement this intervention.

7.2 Call to Action for Earlier Intervention

While it is unclear from the results of this study whether earlier intervention will directly
contribute to better outcomes, it is clear that there is a correlation between earlier intervention
and higher frequency of therapy. The latter, in turn, was shown to be clearly responsible for

better short- and long-term functional outcomes. The literature clearly supports the positive
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effects of stimulation to improve recovery in individuals with severe DoC, particularly with a
standardized approach and higher frequency of intervention. We showed in this study that earlier
intervention in the form of stimulation would likely have been safe in 65-70% of individuals in
the cohort. Given that earlier intervention in the form of stimulation is safe, and that its positive
effects have been shown, there should be a clear increase in a standardized approach to starting

intervention as soon as possible for individuals with severe DoC.
7.3: Call to Action for Changing Standard of Care in DoC

Given the benefits already seen in other critically ill populations and the safety of
intervening early in this population, earlier therapy should become the standard of care in
individuals with severe DoC. The current standard of care is extremely variable based on
staffing, comfort/skill level of staff, comfort level of the physician, and a variety of other factors.
Individuals who are minimally or unresponsive are often not the targets of earlier or more
aggressive therapy. We argue that in fact, individuals who have a severe DoC should be targeted
just as, if not more frequently than other individuals. Those who are less responsive are likely to
receive less stimulation and a less enriched environment throughout the day and throughout their
hospital course. This leads to a negative loop in which is an individual does not recover naturally
earlier in their hospital course, they are likely to receive less therapy, become weaker, have a less
enriched environment, and so on. If we are able to intervene and provide a better environment for
recovery earlier, it will be easier to a.) identify those individuals who may have a poorer
recovery despite adequate therapy and b.) profoundly change the course for those individuals

who do respond and improve.
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This effect is highlighted even more when considering the existence of a condition such
as CMD. It has been clearly shown that the presence of CMD is an independent predictor for
long term recovery. We have additionally shown that CMD may have a modulatory effect on
therapy provided, and that there is a potential that those with CMD may be better responders to
therapy. This fact alone should change the approach to individuals with severe DoC and change
the standard of care, particularly if they have CMD. However, the lack of CMD in any given
individual should not lead us to intervene less. As healthcare professionals, it is just as important
to acknowledge what we do not know as it is to acknowledge what we do. If CMD is being more
heavily investigated now and is proving to be an important factor in recovery, who is to say there
are not more, similar conditions that modulate recovery of which we are not aware? Many
discoveries about the effectiveness of early therapy in other populations have come from
changing the standard of care and creating a standardized approach in which the default is earlier
and more aggressive therapy unless it is unsafe or shown to be ineffective. The current standard
of care for individuals with severe DoC leans heavily towards less therapy and longer waiting
periods unless there is an extenuating circumstance. The standard of care should shift to be better
aligned with what has been shown to help in many other populations, and therapists are ideally

posed to spearhead that change.

7.4: Future Research

Future research is necessary to further examine this population in the context of therapy
and functional recovery. There is a need for more prospective information, both in those
suffering from severe DoC as well as in those with CMD. The prospective aim proposed in this
manuscript warrants further exploration and will require more recruitment. Past research on

stimulation has been limited by heterogenous approaches and unclear methodology. There is a
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need for clearer documentation, more focused and standardized interventions, and sounder
methodological approaches. Additionally, there are many more factors that contribute to
functional recovery in this population. Future research is needed to further examine what other
factors can be identified and acted upon to ensure the best possible functional outcome for each
individual with severe DoC. We are confident that continued investigation will bring both
answers to the questions that are being asked as well as more critical questions to be asked and
answered in the future. Rehabilitation is an area of major recent and continued future
development, and it critical to remember that individuals with severe DoC can and will benefit

greatly from this development.
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Appendix A

Glossary of Terms
ABI- Anoxic Brain Injury- A brain injury caused by anoxia.

ANPT- Academy of Neurologic PT- Section of the American Physical Therapy Association

responsible for specialty within neurology.

BCI- Brain Computer Interface- enables a person to control an external device using brain

signals.
BI- Brain injury of either traumatic or atraumatic etiology

CMD- Cognitive Motor Dissociation- A state in which a person may be able to respond to
commands on imaging or EEG (see below) or on other neurophysiological testing but shows no

behavioral evidence of command following.
CRS-R- Coma Recovery Scale-Revised- Gold standard tool for evaluation of DoC.

DoC- Disorders of Consciousness- A term used to encompass states of altered consciousness or
alertness; this includes coma, unresponsive wakefulness syndrome (UWS, formerly known as

vegetative state (VS)), and MCS (Minimally Conscious State).

EEG- Electroencephalography- Type of brain monitoring (which can be done at bedside) that

monitors multiple different brainwave patterns through a series of electrodes.
eMCS- emerged from MCS

fMRI- functional Magnetic Resonance Imaging- type of MRI (a form of medical imaging that

measures the response of the atomic nuclei of body tissues to high-frequency radio waves when
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placed in a strong magnetic field, and that produces images of the internal organs) that is

performed in real time during a variety of testing to indicate brain areas with higher activation.

GCS- Glasgow Coma Scale- Tool used to objectively describe the extent of impaired
consciousness in all types of acute medical and trauma patients. The scale assesses patients

according to three aspects of responsiveness: eye-opening, motor, and verbal responses.

GOS-E- Glasgow Outcomes Scale-Extended- An outcome scale used to evaluate functional

status.

LIS- Locked In Syndrome- a condition in which patients have intact cognition but are unable to

move volitionally, normally with vertical eye movements spared.

Locus Coeruleus- Principal brain area responsible for production of norepinephrine.

MCS- Minimally Conscious State- state of disordered consciousness in which presentation is
inconsistent, but patient can occasionally but not consistently interact with environment (reach
for object, track, respond to family member)-scores a 1 on communication subscale of CRS-R

OR 3-4 Auditory OR 2-5 Visual OR 3-5 motor OR 3 oromotor.

NIRS- Near Infrared Spectroscopy- a noninvasive technology that continuously monitors

regional tissue oxygenation.

PET- Positron Emission Tomography- type of imaging test. It uses a radioactive substance

called a tracer to look for disease in the body.

RAS- Reticular Activating System- Grouping of brainstem Nuclei with projections to other brain

areas, responsible for arousal.
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serum IL-1b-interleukin-1b- proinflammatory cytokine that modulates neurotoxic
neurotransmission and prolongs kainite-induced seizures by enhancing glutamatergic

neurotransmission.

serum MDA- Malondialdehyde- is one of the final products of polyunsaturated fatty acids
peroxidation in the cells. An increase in free radicals causes overproduction of MDA.
Malondialdehyde level is commonly known as a marker of oxidative stress and the antioxidant

status in cancerous patients.

Serum/CSF SOD- Superoxide Dismutase-antioxidant enzyme that acts to degrade superoxide, a
major causative factor for oxidative stress associated with cancer, cardiovascular disease, and

various other ailments.

serum/CSF TAC- total antioxidant capacity-can indicate level of illness severity.

TBI-Traumatic Brain Injury- A head/brain injury caused by external trauma or forces.

UWS- Unresponsive Wakefulness Syndrome- newer term for VVS-scores 0 for communication, 1

for visual, AND 2 or less for all other subscales.

VS- Vegetative State- older term for state of disordered consciousness in which patient may have
some sleep/wake cycles, is incontinent, may have some reflexive movements and response to
stimuli (including facial expressions and eye opening), but cannot meaningfully follow

commands or interact with environment.
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Appendix B

Operational Definitions of Therapy Type

. Chest PT: individual received chest physical therapy

. PROM or dependent ADL.: Individual received passive range of motion or dependent
care activities in bed

Bed mobility: Individual performed rolling or supine to long sitting

. Stimulation: Specifically labeled activities for improvement of arousal or cognition

. Sitting: Individual sat at the edge of the bed, supported or unsupported

. Active Exercise: Individual performed active assisted or active range of motion exercises
in bed, or participated in ADL performance in bed

. Standing and transfers: Individual practiced standing or transfers out of bed

. Walking: Individual participated in any amount of stepping or walking
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Appendix C

Exclusion of outliers

Study | Reason for exclusion
ID

124 | Required cooling, no orders while in neurological ICU and then transferred to medical
ICU.

125 | Large SDH, Required OR, poor response, remained medically sedated.

126 | Medically unstable with frequent gastrointestinal bleeding

127 | Return of spontaneous circulation after 40 minutes. in ICU>1 month no change,
unreactive EEG, no therapy orders for 34 days

128 | Medically unstable for >30 days, fluctuating exam.

129 | Hunt Hess Score 5, family elected for tracheostomy, no movement or response to any
stimuli.

121




Supplementary Figure 1

Description of AM-PAC “6 Clicks” Short Forms (Diane U Jette et al., 2014)

“6.Clicks” Inpatient Basic Mobility Short Form®

Please check the box that reflects your (the patient's) best answer to each question. Unable A Lot A Little Hone
How much difficulty does the patient currently have . . . .
1. Turning over in bed (including adjusting bedclothes, sheets, and blankets)? Oh Oz O3 04
2. 5itting down on and standing up from a chair with arms (eq, wheelchair, bedside commeode)? Ch Oz Os O
3. Maving from hying on back to sitting on the side of the bed? O 0z O3 Oy
How much help from another person does the patient currently need . . .
4. Moving to and from a bed to a chair {including a wheelchain)? Oh 0Oz O3 4
5. To walk in hospital room? h Oz Os O
6. Chmbing 35 steps with a railing? h Oz O3 Oy
Climicians may find the following helpful in selecting responses:
1. Total/Unable = Total/Dependent Assist
2. A Lot=Maximum/Moderate Assist
3. A Little=Minimum/Contact Guard Assist/Supervision
4. None=Maodified Independence/Independent
“6-Clicks” Inpatient Daily Activity Short Form
FPlease check the box that reflects your (the patient’s) best answer to each question. Unable A Lot A Little None
How much help from another person does the patient currently need . . .
1. Putting on and taking off regular lower bady clothing? my 0Oz O3 Os
2. Bathing (including washing, rinsing, drying)? Oh 0Oz O3 O4
3. Toileting, which includes using toilet, bedpan, or urinal? my 0Oz O3 Os
4, Putting on and taking off regular upper body clothing? Oy Oz O3 4
5. Taking care of personal grooming such as brushing teeth? 0 0z Os O4
6. Eating meals? Ch 0Oz O3 O4

Clinicians may find the following helpful in selecting responses:
1. Unable=Total/Dependent Assist

2. A Lot=Maximum/Moderate Assist

3. A Little=Minimum/Contact Guard Assist/Supervision

4. None=Modified Independence/independent
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Supplementary Figure 2

GOS-E (L. Wilson et al., 2021)

Glasgow Outcome Scale
Extended (GOSE)

Dead
| 1. Dead |
Alive )
Unconsclous | 2. Vegetative State l
Conscious
Dependent — need frequent help .
| 3. Lower Severe Disability ’
Do not need

frequent help

Dependent — need some help

| 4. Upper Severe Disability ‘

Independent
Unable to participate in one or more life roles | 5. Lower Moderate Disa bility ‘

Able to
rticipate Limited in one or more life roles | 6. Upper Moderate Disability ‘

Returned to
normal life Returned to normal life with some symptoms | 7. Lower Good Recovery ‘

Fully returned to normal life

| 8. Upper Good Recovery I
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