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(57) ABSTRACT 
Atherapy apparatus for treating a patient’s brain is provided. 
The therapy apparatus includes a light source having an 
output emission area positioned to irradiate a portion of the 
brain With an ef?cacious poWer density and Wavelength of 
light. The therapy apparatus further includes an element 
interposed between the light source and the patient’s scalp. 
The element is adapted to inhibit temperature increases at 
the scalp caused by the light. 
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DEVICE AND METHOD FOR PROVIDING 
PHOTOTHERAPY TO THE BRAIN 

CLAIM OF PRIORITY 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/682,379, ?led Oct. 9, 2003, and 
Which claims bene?t to US. Provisional Application No. 
60/442,693, ?led Jan. 24, 2003 and US. Provisional Appli 
cation No. 60/487,979, ?led Jul. 17, 2003, and Which is a 
continuation-in-part of US. patent application Ser. No. 
10/287,432, ?led Nov. 1, 2002, Which claims bene?t to US. 
Provisional Application No. 60/336,436, ?led Nov. 1, 2001 
and US. Provisional Application No. 60/369,260, ?led Apr. 
2, 2002. US. patent application Ser. No. 10/682,379 and 
10/287,432 and US. Provisional Application Nos. 60/442, 
693, 60/487,979, 60/336,436, and 60/369,260 are incorpo 
rated in their entireties by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates in general to photo 
therapy, and more particularly, to novel apparatuses and 
methods for phototherapy of brain tissue affected by stroke. 

[0004] 2. Description of the Related Art 

[0005] Stroke, also called cerebrovascular accident 
(CVA), is a sudden disruption of blood How to a discrete area 
of the brain that is brought on by a clot lodging in an artery 
supplying that area of that brain, or by a cerebral hemor 
rhage due to a ruptured aneurysm or a burst artery. The 
consequence of stroke is a loss of function in the affected 
brain region and concomitant loss of bodily function in areas 
of the body controlled by the affected brain region. Depend 
ing upon the extent and location of the primary insult in the 
brain, loss of function varies greatly from mild or severe, 
and may be temporary or permanent. Lifestyle factors such 
as smoking, diet, level of physical activity and high choles 
terol increase the risk of stroke, and thus stroke is a major 
cause of human suffering in developed nations. Stroke is the 
third leading cause of death in most developed nations, 
including the United States. 

[0006] Until recently, stroke treatment Was restricted to 
providing basic life support at the time of the stroke, 
folloWed by rehabilitation. Recently, neW drug therapies 
have taken the approach of breaking up blood clots or 
protecting surviving at-risk neurons from further damage. 

[0007] Thrombolytic therapy includes aspirin or intrave 
nous heparin to prevent further clot formation and to main 
tain blood ?oW after an ischemic stroke. Thrombolytic drugs 
include tissue plasminogen activator (TPA) and genetically 
engineered versions thereof, and streptokinase. HoWever, 
streptokinase does not appear to improve the patient’s 
outlook unless administered early (Within three hours of 
stroke). TPA When administered early appears to substan 
tially improve prognosis, but slightly increases the risk of 
death from hemorrhage. In addition, over half of stroke 
patients arrive at the hospital more than three hours after a 
stroke, and even if they arrive quickly, a CT scan must ?rst 
con?rm that the stroke is not hemorrhagic, Which delays 
administration of the drug. Also, patients taking aspirin or 
other blood thinners and patients With clotting abnormalities 
should not be given TPA. 

Nov. 9, 2006 

[0008] Neuroprotective drugs target surviving but endan 
gered neurons in a Zone of risk surrounding the area of 
primary infarct. Such drugs are aimed at sloWing doWn or 
preventing the death of such neurons, to reduce the extent of 
brain damage. Certain neuroprotective drugs are anti-exci 
totoxic, i.e., Work to block the excitotoxic effects of exci 
tatory amino acids such as glutamate that cause cell mem 
brane damage under certain conditions. Other drugs such as 
citicoline Work by repairing damaged cell membranes. LaZ 
aroids such as TirilaZed (Freedox) counteract oxidative 
stress produced by oxygen-free radicals produced during 
stroke. Other drugs for stroke treatment include agents that 
block the enZyme knoWn as PARP, and calcium-channel 
blockers such as nimodipine (Nimotop) that relax the blood 
vessels to prevent vascular spasms that further limit blood 
supply. HoWever, the effect of nimodipine is reduced if 
administered beyond six hours after a stroke and it is not 
useful for ischemic stroke. In addition, drug therapy includes 
the risk of adverse side effects and immune responses. 

[0009] Surgical treatment for stroke includes carotid 
endarterectomy, Which appears to be especially effective for 
reducing the risk of stroke recurrence for patients exhibiting 
arterial narroWing of more than 70%. HoWever, endarterec 
tomy is highly invasive, and risk of stroke recurrence 
increases temporarily after surgery. Experimental stroke 
therapies include an angiography-type or angioplasty-type 
procedure using a thin catheter to remove or reduce the 
blockage from a clot. HoWever, such procedures have 
extremely limited availability and increase the risk of embo 
lic stroke. Other surgical interventions, such as those to 
repair an aneurysm before rupture remain controversial 
because of disagreement over the relative risks of surgery 
versus leaving the aneurysm untreated. 

[0010] Against this background, a high level of interest 
remains in ?nding neW and improved therapeutic appara 
tuses and methods for the treatment of stroke. In particular, 
a need remains for relatively inexpensive and non-invasive 
approaches to treating stroke that also avoid the limitations 
of drug therapy. 

SUMMARY OF THE INVENTION 

[0011] One aspect of the present invention provides a 
therapy apparatus for treating a patient’s brain. The therapy 
apparatus comprises a light source having an output emis 
sion area positioned to irradiate a portion of the brain With 
an e?icacious poWer density and Wavelength of light. The 
therapy apparatus further comprises an element interposed 
betWeen the light source and the patient’ s scalp. The element 
is adapted to inhibit temperature increases at the scalp 
caused by the light. 

[0012] Another aspect of the present invention provides a 
therapy apparatus for treating brain tissue. The therapy 
apparatus comprises a light source positioned to irradiate at 
least a portion of a patient’s head With light. The light has a 
Wavelength and poWer density Which penetrates the cranium 
to deliver an ef?cacious amount of light to brain tissue. The 
therapy apparatus further comprises a material Which inhib 
its temperature increases of the head. 

[0013] Another aspect of the present invention provides a 
therapy apparatus for treating a patient’s brain. The therapy 
apparatus comprises a light source adapted to irradiate at 
least a portion of the brain With an ef?cacious poWer density 
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and Wavelength of light. The therapy apparatus further 
comprises an element adapted to inhibit temperature 
increases at the scalp. At least a portion of the element is in 
an optical path of the light from the light source to the scalp. 

[0014] Another aspect of the present invention provides a 
therapy apparatus for treating a patient’s brain. The therapy 
apparatus comprises a light source adapted to irradiate at 
least a portion of the brain With an ef?cacious poWer density 
and Wavelength of light. The therapy apparatus further 
comprises a controller for energiZing said light source so as 
to selectively produce a plurality of different irradiation 
patterns on the patient’s scalp. Each of said irradiation 
patterns is comprised of at least one illumination area that is 
small compared to the patient’s scalp, and at least one 
non-illuminated area. 

[0015] Another aspect of the present invention provides a 
method comprising interposing a head element betWeen a 
light source and the patient’s scalp. The element is com 
prised of a material Which, for an ef?cacious poWer density 
at the brain, inhibits temperature increases at the scalp. 

[0016] Another aspect of the present invention provides a 
therapy apparatus for treating a patient’s brain. The therapy 
apparatus comprises a light source adapted to irradiate at 
least a portion of the brain With an ef?cacious poWer density 
and Wavelength of light. The therapy apparatus further 
comprises a biomedical sensor con?gured to provide real 
time feedback information. The therapy apparatus further 
comprises a controller coupled to the light source and the 
biomedical sensor. The controller is con?gured to adjust said 
light source in response to the real-time feedback informa 
tion. 

[0017] Another aspect of the present invention provides a 
method of treating brain tissue. The method comprises 
introducing light of an e?icacious poWer density onto brain 
tissue by directing light through the scalp of a patient. 
Directing the light comprises providing a suf?ciently large 
spot siZe on said scalp to reduce the poWer density at the 
scalp beloW the damage threshold of scalp tissue, While 
producing su?icient optical poWer at said scalp to achieve 
said e?icacious poWer density at said brain tissue. 

[0018] Another aspect of the present invention provides a 
method of treating a patient’s brain. The method comprises 
covering at least a signi?cant portion of the patient’s scalp 
With a light-emitting blanket. 

[0019] Another aspect of the present invention provides a 
method of treating a patient’s brain folloWing a stroke. The 
method comprises applying loW-level light therapy to the 
brain no earlier than several hours folloWing said stroke. 

[0020] Another aspect of the present invention provides a 
method for treating a patient’s brain. The method comprises 
introducing light of an efficacious poWer density onto a 
target area of the brain by directing light through the scalp 
of the patient. The light has a plurality of Wavelengths and 
the ef?cacious poWer density is at least 0.01 mW/cm2 at the 
target area. 

[0021] Another aspect of the present invention provides a 
method for treating a patient’s brain. The method comprises 
directing light through the scalp of the patient to a target area 
of the brain concurrently With applying an electromagnetic 
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?eld to the brain. The light has an ef?cacious poWer density 
at the target area and the electromagnetic ?eld has an 
ef?cacious ?eld strength. 

[0022] Another aspect of the present invention provides a 
method for treating a patient’s brain. The method comprises 
directing an ef?cacious poWer density of light through the 
scalp of the patient to a target area of the brain concurrently 
With applying an ef?cacious amount of ultrasonic energy to 
the brain. 

[0023] Anther aspect of the present invention provides a 
method of providing a neuroprotective effect in a patient that 
had an ischemic event in the brain. The method comprises 
identifying a patient Who has experienced an ischemic event 
in the brain. The method further comprises estimating the 
time of the ischemic event. The method further comprising 
commencing administration of a neuroprotective effective 
amount of light energy to the brain no less than about tWo 
hours folloWing the time of the ischemic event. 

[0024] For purposes of summarizing the present invention, 
certain aspects, advantages, and novel features of the present 
invention have been described herein above. It is to be 
understood, hoWever, that not necessarily all such advan 
tages may be achieved in accordance With any particular 
embodiment of the present invention. Thus, the present 
invention may be embodied or carried out in a manner that 
achieves or optimiZes one advantage or group of advantages 
as taught herein Without necessarily achieving other advan 
tages as may be taught or suggested herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 schematically illustrates a therapy appara 
tus comprising a cap Which ?ts securely over the patient’s 
head. 

[0026] FIG. 2 schematically illustrates a fragmentary 
cross-sectional vieW taken along the lines 2-2 of FIG. 1, 
shoWing one embodiment of a portion of a therapy apparatus 
comprising an element and its relationship to the scalp and 
brain. 

[0027] FIG. 3 schematically illustrates an embodiment 
With an element comprising a container coupled to an inlet 
conduit and an outlet conduit for the transport of a ?oWing 
material through the element. 

[0028] FIG. 4A schematically illustrates a fragmentary 
cross-sectional vieW taken along the lines 2-2 of FIG. 1, 
shoWing another embodiment of a portion of a therapy 
apparatus comprising an element With a portion contacting 
the scalp and a portion spaced aWay from the scalp. 

[0029] FIG. 4B schematically illustrates a fragmentary 
cross-sectional vieW taken along the lines 2-2 of FIG. 1, 
shoWing an embodiment of a portion of a therapy apparatus 
comprising a plurality of light sources and an element With 
portions contacting the scalp and portions spaced aWay from 
the scalp. 

[0030] FIGS. 5A and 5B schematically illustrate cross 
sectional vieWs of tWo embodiments of the element in 
accordance With FIG. 4B taken along the line 4-4. 

[0031] FIGS. 6A-6C schematically illustrate an embodi 
ment in Which the light sources are spaced aWay from the 
scalp. 






















