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Abstract
Background

Ischemic stroke impacts roughly 700,000 patients per year in the United States, yet there are limited
options to improve recovery for individuals with a completed stroke and associated neurological deficit.
We describe a preliminary clinical trial of a novel non-invasive device that provides peripheral
somatosensory stimulation using intermittent jets of air to the affected hand in patients with ischemic
stroke.

Methods

The safety and short-term impact of the use of a non-invasive device providing peripheral somatosensory
stimulation were investigated in four patients after mild to moderate stroke. Perfusion MR imaging was
performed with the device off and then on in each patient. Serial evaluations of the NIH stroke scale
score, Glasgow Outcome Score, and Barthel Index were performed in each case.

Results

All patients tolerated treatment with the device. No complications related to the use of the device were
encountered. A non-blinded neuroradiologist interpreted the MR imaging as demonstrating improved
perfusion in three of four cases. All patients demonstrated neurological improvement over the course of
treatment.

Conclusions

It has been suggested that peripheral somatosensory stimulation may improve recovery from stroke. We
investigated the use of a novel non-invasive device that delivers intermittent jets of air to the affected
forearm and hand. In this small, preliminary series, treatment was well-tolerated in all cases. A larger trial
properly empowered to demonstrate clinical benefit may be warranted.

Introduction

It has been shown in rodent models of stroke that early peripheral sensory stimulation significantly and
reproducibly improves neurological outcomes following ischemic injury and may prevent injury entirely if
applied early enough (1-3). Potential suggested mechanisms for this protection and benefit include
encouragement of collateral blood supply to the affected sensorimotor cortex improving regional cerebral
perfusion and/or neuronal reorganization allowing for heightened functional recovery (4-5). Clinical
experience in humans has suggested that such peripheral sensory stimulation can improve recovery after
stroke and may also be beneficial following traumatic brain injury and in degenerative conditions such as
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Parkinson’s disease and multiple sclerosis (6—16). We report a preliminary clinical study in stroke patients
evaluating the safety, efficacy, and impact on CBF of a novel device which can be applied to the hand of a
stroke victim during the acute, subacute, or chronic phases of stroke to provide sensory stimulation in the
form of pneumatic puffs of air.

Methods - Study Design

The PSSST (Peripheral Somato-Sensory Stimulation Trial) aimed to recruit four patients between the
ages of 25 and 85 years presenting with a mild to moderate stroke with symptoms that did not
completely resolve following acute intervention. IRB approval was obtained from our institution with the
trial planned as a safety and preliminary effectiveness study. Exclusion criteria included coma, inability to
cooperate with the study based on impaired level of consciousness or confusion, complete middle
cerebral artery infarction based on imaging, NIH stroke scale score (NIHSSS) of 0 or greater than 20, and
the presence of neurological impairment at baseline prior to developing this stroke.

Patients were admitted to the hospital and stabilized using the standard protocols established for acute
stroke care by our stroke service. Treatments (medical, endovascular, and/or surgical) were offered and
performed as per standard protocols, thus inclusion in the trial carried no impact on the management that
the patients would have otherwise received. Informed consent was obtained in all cases, and strict patient
privacy was maintained throughout the study.

Forty-eight hours after admission to the Neuro-ICU, once deemed stable by the neurology stroke service,
eligible patients were offered inclusion in this study with the understanding that their care would in no
way be impacted by their decision.

The device, NeuroGlove, is a plastic chamber with multiple apertures along its length to allow for puffs of
air to be directed to the volar surface of the distal forearm, the palm, and the fingers (Fig. 1). A pneumatic
pump delivers intermittent puffs of air cycling between 1 second on and two seconds off. The affected
hand is placed within the device chamber on a gel pad to provide a comfortable resting surface for the
duration of the treatment.

Patients included in the study had the device applied to their affected hand (contralateral to the side of
the stroke) for 30 minutes, twice per day for 5 days. At some time during the treatment period, patients
were brought to the MRI suite and underwent perfusion MRI with their hand in the device, first with the
device turned off and then again with it activated. The MR imaging was evaluated by a board certified
neuroradiologist who was not blinded. They were asked to provide a qualitative evaluation of the pre- and
post-treatment studies to include a limited quantitative comparison of perfusion before and after device
activation.

Patients underwent neurological examination including NIHSSS, GOS scoring, and Barthel Index
evaluation upon entry into the study, at one week, and then at one month after enroliment. Any
complications potentially related to the use of the device were recorded. Patients who underwent

Page 3/13



n u

treatment were asked to describe the device as “uncomfortable”, “acceptable, or “comfortable/pleasant”.
Nurses were asked to rate the difficulty associated with use of the device on a scale of 1-5 with 1 being
“simple/straightforward” and 5 being “complicated or difficult to apply”.

Results

Five patients were screened for the study; four agreed to participate. Patient ages ranged from 59 to 73
years. There were three men and one woman. One patient had diabetes mellitus. Three patients had a
prior diagnosis of hypertension. Two patients had a history of coronary artery disease, and three were
receiving statin therapy for known hyperlipidemia. All patients demonstrated elevated cholesterol levels
with abnormal lipid profiles at the time of admission. All patients were normal neurologically at baseline
(before this event), and none had suffered a prior stroke or transient ischemic attack. One patient had a
history of chronic obstructive pulmonary disease, and three had a history of smoking. One patient had a
history of atrial fibrillation.

No patient in this group underwent endovascular intervention either before or after entry into the trial.
Following admission, three patients were started on anticoagulation, and one was treated with
antiplatelet therapy alone, with anticoagulant or antiplatelet therapy initiated before entry into the trial. All
four patients completed the trial. No patient suffered an adverse reaction attributable to use of the device
or inclusion in the study. All patients considered the treatment “comfortable/pleasant”. No patient was
unable to tolerate the treatment, and all nurses who administered/oversaw the therapy considered the
treatment easy to deliver (rated as 1 on 1-5 scale).

All patients underwent successful perfusion MR imaging with the device off and then activated as
planned. MR imaging was interpreted by a board-certified neuroradiologist. In three cases, the
neuroradiologist felt that the application of the device resulted in improved local cerebral blood flow
based on the perfusion imaging (Fig. 2). Based on quantitative evaluation using multiple regions of
interest selected from axial slices at three levels of the brain, the average change in perfusion was - 2%,
11%, 17%, and 21% in the four patients. The available software did not allow for a formal statistical
comparison.

One week after enrollment in the trial, all patients had completed therapy and were re-examined at that
point by a stroke neurologist and neuro-intensivist. Patients were evaluated once again at 30 days after
enrollment by a stroke neurologist or nurse practitioner. Demographic information, baseline neurological
status, and status at 7 and 30 days are summarized in Table I.

On admission, all four patients demonstrated unilateral hemiparesis ranging from just a pronator drift to
having just antigravity strength in the affected arm and leg. Three had cortical sensory findings on
careful neurological examination, and one patient had mild associated dysphasia. All had shown some
early improvement by one week, and by one month, three of the four were making good improvement with
only mild symptoms, while one of the four still had moderate disability from their stroke (Table I).
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Discussion

Over the past thirty years, the management of acute ischemic stroke has been revolutionized by the
introduction and use of intravenous and intra-arterial thrombolytic therapy (17-20). Subsequently,
mechanical thrombectomy has become a mainstay of therapy for patients with large vessel occlusion,
dramatically improving clinical outcomes in this setting. (21-26). At the same time, efforts aimed at
stroke prevention based on dietary, lifestyle, and lipid profile modification have decreased the risk of
stroke in the aging population (27-29).

Nevertheless, once a patient suffers an acute ischemic stroke and is left with some deficit, therapeutic
options remain limited, largely focusing on combinations of inpatient and outpatient rehabilitation,
speech therapy, and occupational therapy. This has created an unmet clinical need for novel therapeutic
options to encourage healing and recovery following stroke after the options to limit the degree and
extent of the acute ischemic injury have been implemented.

Multiple studies in rodent models of stroke have demonstrated the benefit of peripheral sensory
stimulation of the rat whisker in limiting or preventing injury to the brain (1-5). Since the rat whisker is
significantly over-represented in the rat sensory homunculus, it has been hypothesized that sensory
stimulation of the human hand which has similar over-representation in man could provide protection in
the setting of stroke and other brain insults. Based on this, several studies have examined the possible
usefulness of vibratory or electrical stimulation in treating patients with stroke and other neurological
disorders demonstrating apparent benefit based on improved neurological functioning (6—16, 30—39).
Our work suggests that intermittent peripheral sensory stimulation using puffs of air may provide similar
benefit in the setting of acute stroke.

The mechanism by which peripheral sensory stimulation may improve outcome after stroke is uncertain,
although the importance of somatosensory input in modulating corticomotor excitability has been
described (40). It has been suggested that such somatosensory therapy may enhance neuronal
reorganization after stroke or traumatic brain injury, possibly taking advantage of intact neural circuits
either in the ipsilateral or contralateral hemispheres (41-46). Alternatively, peripheral stimulation may
improve regional cerebral perfusion in the sensorimotor cortex, encouraging recruitment of pial collateral
channels and recovery of idling or under-perfused neurons. Our very limited work suggests that peripheral
stimulation may improve cerebral perfusion in the affected hemisphere raising the possibility that
increased blood flow may play a role in this process.

Of note, similar peripheral somatosensory stimulation may also be of benefit to patients with Parkinson’s
disease in whom motor deficits have been linked to abnormally synchronized neuronal activity in
dopaminergic circuits (15, 47). In these patients, coordinated reset based on tactile feedback has been
suggested as a mechanism to overcome excessive neuronal synchronization resulting in sustained
“unlearning” of pathological synaptic connectivity and synchrony (15). The potential overlap of similar
mechanisms of “unlearning” in the stroke patient is unclear but may warrant further investigation.
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Limitations

This very small clinical trial shows that peripheral sensory stimulation of the hand contralateral to the
ischemic hemisphere using intermittent puffs of air can be applied safely to patients following acute
stroke. The observed clinical benefit may be associated with some positive impact of the device, but
could also represent natural recovery from stroke in this very small group of patients. The limited
qualitative improvement in perfusion on MR imaging is interesting and suggests that improved local
perfusion may be achieved through peripheral sensory stimulation, but the data analysis was limited by
the available software, the number of patients is small, and the clinical impact of any such improvement
is uncertain.

Conclusions

In this limited trial, NeuroGlove was found to be safe, easy to apply, and comfortable with all patients
successfully completing the trial. All patients showed neurological improvement during the course of the
trial. Perfusion MR imaging showed improvement in local cerebral blood flow in 3 of the 4 patients tested,
suggesting a potential mechanism by which peripheral sensory stimulation may improve outcomes
following ischemic injury to the brain. We suggest a larger clinical trial properly powered to test the
clinical benefit of the device is warranted.
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Patient Age, Sex

65, M
73, F
61, M
599, M

NIHSSS (0-7-30d)  Barthel (0-7-30d)

15-8-5
12-6-3
11-4-3
12-10-9

7-14-17
8-16-18
10-15-16
8-12-12

GOS (0-7-30d)
4-4-5
4-4-5
4-5-5
4-4-4

Figures
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Figure 1

NeuroGlove device prototype used in this study consisting of a lucite chamber with multiple apertures
connected via plastic hoses to an air pump to allow for air delivery to the volar surface of the forearm,
palm, and fingers.
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Fig. 2A Fig. 2B

Figure 2

Axial perfusion MR images obtained before (a) and after (b) activation of the device in Patient 3
demonstrating qualitative improvement in CBF as shown by greater areas of yellow/red (after) as
opposed to blue/green (before). This corresponded to an average increase in perfusion of 17%.
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