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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 efficacious 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-in-part of, and 
claims priority under 35 U.S.C. S 120 to, U.S. patent 
application Ser. No. 10/682,379, filed Oct. 9, 2003, which is 
incorporated in its entirety by reference herein and which is 
a continuation-in-part of, and claims priority under 35 
U.S.C. S 120 to, U.S. patent application Ser. No. 10/287,432, 
filed Nov. 1, 2002, which is incorporated in its entirety by 
reference herein. The present application also claims benefit 
under 35 U.S.C. S 119(e) to U.S. Provisional Application 
No. 60/502,147, filed Sep. 11, 2003 and U.S. Provisional 
Application No. 60/585,055, filed Jul. 2, 2004, both of 
which are incorporated in their entireties by reference 
herein. U.S. patent application Ser. No. 10/682,379 also 
claims benefit under 35 U.S.C. S 119(e) to U.S. Provisional 
Application No. 60/442,693, filed Jan. 24, 2003, U.S. Pro 
visional Application No. 60/487,979, filed Jul. 17, 2003, and 
U.S. Provisional Application No. 60/502,147, filed Sep. 11, 
2003, each of which is incorporated in its entirety by 
reference herein. U.S. patent application Ser. No. 10/287, 
432 also claims benefit under 35 U.S.C. S 119(e) to U.S. 
Provisional Application No. 60/336,436, filed Nov. 1, 2001 
and U.S. Provisional Application No. 60/369,260, filed Apr. 
2, 2002, both of which are incorporated 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 flow 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 flow after an ischemic stroke. Thrombolytic drugs 
include tissue plasminogen activator (TPA) and genetically 
engineered versions thereof, and Streptokinase. However, 
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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 first 
confirm 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. 
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 finding 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 embodiment of the present invention provides 
a therapy apparatus for treating a patient's brain. The 
therapy apparatus comprises a light Source having an output 
emission area positioned to irradiate a portion of the brain 
with an efficacious power density and wavelength of light. 
The therapy apparatus further comprises an element inter 
posed 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 embodiment of the present invention pro 
vides a therapy apparatus for treating brain tissue. The 
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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 efficacious amount of light to brain 
tissue. The therapy apparatus further comprises a material 
which inhibits temperature increases of the head. 

0013 Another embodiment of the present invention pro 
vides a therapy apparatus for treating a patient's brain. The 
therapy apparatus comprises a light Source adapted to irra 
diate at least a portion of the brain with an efficacious power 
density 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. 

0.014) Another embodiment of the present invention pro 
vides a therapy apparatus for treating a patient's brain. The 
therapy apparatus comprises a light Source adapted to irra 
diate at least a portion of the brain with an efficacious 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. 

0.015. Another embodiment of the present invention pro 
vides a method comprising interposing a head element 
between a light Source and the patient's Scalp. The element 
is comprised of a material which, for an efficacious power 
density at the brain, inhibits temperature increases at the 
Scalp. 

0016. Another embodiment of the present invention pro 
vides a therapy apparatus for treating a patient's brain. The 
therapy apparatus comprises a light Source adapted to irra 
diate at least a portion of the brain with an efficacious power 
density and wavelength of light. The therapy apparatus 
further comprises a biomedical Sensor configured to provide 
real-time feedback information. The therapy apparatus fur 
ther comprises a controller coupled to the light Source and 
the biomedical Sensor. The controller is configured to adjust 
Said light Source in response to the real-time feedback 
information. 

0.017. Another embodiment of the present invention pro 
vides a method of treating brain tissue. The method com 
prises introducing light of an efficacious power density onto 
brain tissue by directing light through the Scalp of a patient. 
Directing the light comprises providing a Sufficiently large 
Spot size on Said Scalp to reduce the power density at the 
Scalp below the damage threshold of Scalp tissue, while 
producing Sufficient optical power at Said Scalp to achieve 
Said efficacious power density at Said brain tissue. 

0.018. Another embodiment of the present invention pro 
vides a method of treating a patient's brain. The method 
comprises covering at least a significant portion of the 
patient's Scalp with a light-emitting blanket. 

0.019 Another embodiment of the present invention pro 
vides 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. 
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0020. Another embodiment of the present invention pro 
vides 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 efficacious power density is at least 0.01 mW/cm at 
the target area. 
0021 Another embodiment of the present invention pro 
vides 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 field to the brain. The light has an effica 
cious power density at the target area and the electromag 
netic field has an efficacious field Strength. 
0022. Another embodiment of the present invention pro 
vides a method for treating a patient's brain. The method 
comprises directing an efficacious power density of light 
through the Scalp of the patient to a target area of the brain 
concurrently with applying an efficacious amount of ultra 
Sonic energy to the brain. 
0023. Another embodiment of the present invention pro 
vides 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 comprises commencing administration of a neuro 
protective effective amount of light energy to the brain no 
less than about two hours following the time of the ischemic 
eVent. 

0024. Another embodiment of the present invention pro 
vides a therapy apparatus for treating a patient's brain. The 
therapy apparatus comprises a plurality of light Sources. 
Each light Source has an output emission area positioned to 
irradiate a corresponding portion of the brain with an 
efficacious power density and wavelength of light. The 
therapy apparatus further comprises an element interposed 
between the light Sources and the patient's Scalp. The 
element inhibits temperature increases at the Scalp caused by 
the light. 
0025. Another embodiment of the present invention pro 
vides a therapy apparatus for treating brain tissue. The 
therapy apparatus comprises a plurality of light Sources. 
Each light Source is positioned to irradiate at least a corre 
sponding portion of a patient's head with light having a 
wavelength and power density which penetrates the cranium 
to deliver an efficacious amount of light to brain tissue. The 
therapy apparatus further comprises a material which inhib 
its temperature increases of the head. 
0026. Another embodiment of the present invention pro 
vides a therapy apparatus for treating a patient's brain. The 
therapy apparatus comprises a plurality of light Sources. 
Each light Source irradiates at least a corresponding portion 
of the brain with an efficacious power density and wave 
length of light. The therapy apparatus further comprises a 
controller for energizing Said light Sources So as to Selec 
tively produce a predetermined irradiation pattern on the 
patient's Scalp. 

0027. 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 
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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 

0028 FIG. 1 schematically illustrates a therapy appara 
tus comprising a cap which fits Securely over the patient's 
head. 

0029 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. 

0030 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 flowing 
material through the element. 
0.031 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. 
0032 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. 
0033 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. 
0034 FIGS. 6A-6C schematically illustrate an embodi 
ment in which the light Sources are Spaced away from the 
Scalp. 
0035 FIGS. 7A and 7B schematically illustrate the 
diffusive effect on the light by the element. 
0036 FIGS. 8A and 8B schematically illustrate two light 
beams having different cross-sections impinging a patient's 
Scalp and propagating through the patient's head to irradiate 
a portion of the patient's brain tissue. 
0037 FIG. 9A schematically illustrates a therapy appa 
ratus comprising a cap and a light Source comprising a light 
blanket. 

0038 FIGS. 9B and 9C schematically illustrate two 
embodiments of the light blanket. 
0.039 FIG. 10 schematically illustrates a therapy appa 
ratus comprising a flexible Strap and a housing. 
0040 FIG. 11 schematically illustrates a therapy appa 
ratus comprising a handheld probe. 
0041 FIG. 12 is a block diagram of a control circuit 
comprising a programmable controller. 
0.042 FIG. 13 schematically illustrates a therapy appa 
ratus comprising a light Source and a controller. 
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0043 FIG. 14 schematically illustrates a light source 
comprising a laser diode and a galvometer with a mirror and 
a plurality of motors. 
0044 FIGS. 15A and 15B schematically illustrate two 
irradiation patterns that are spatially shifted relative to each 
other. 

004.5 FIG. 16 schematically illustrates an exemplary 
therapy apparatus in accordance with embodiments 
described herein. 

0046 FIG. 17A is a graph of the effects of laser treatment 
of 7.5mW/cm for a treatment duration of 2 minutes on a 
population of rabbits having Small clot embolic Stroke. 
0047 FIG. 17B is a graph of the effects of laser treatment 
of 25 mW/cm' for a treatment duration of 10 minutes on a 
population of rabbits having Small clot embolic Stroke. 
0048 FIG. 18 is a graph showing the therapeutic window 
for laser-induced behavioral improvements after Small-clot 
embolic strokes in rabbits. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0049 Low level light therapy (“LLLT") or phototherapy 
involves therapeutic administration of light energy to a 
patient at lower power outputs than those used for cutting, 
cauterizing, or ablating biological tissue, resulting in desir 
able biostimulatory effects while leaving tissue undamaged. 
In non-invasive phototherapy, it is desirable to apply an 
efficacious amount of light energy to the internal tissue to be 
treated using light Sources positioned outside the body. (See, 
e.g., U.S. Pat. No. 6,537,304 to Oron and U.S. patent 
application Ser. No. 10/353,130, both of which are incor 
porated in their entireties by reference herein.) 
0050 Laser therapy has been shown to be effective in a 
variety of Settings, including treating lymphoedema and 
muscular trauma, and carpal tunnel Syndrome. Recent Stud 
ies have shown that laser-generated infrared radiation is able 
to penetrate various tissues, including the brain, and modify 
function. In addition, laser-generated infrared radiation can 
induce angiogenesis, modify growth factor (transforming 
growth factor-B) signaling pathways, and enhance protein 
Synthesis. 
0051. However, absorption of the light energy by inter 
vening tissue can limit the amount of light energy delivered 
to the target tissue site, while heating the intervening tissue. 
In addition, Scattering of the light energy by intervening 
tissue can limit the power density or energy density deliv 
ered to the target tissue Site. Brute force attempts to circum 
vent these effects by increasing the power and/or power 
density applied to the outside Surface of the body can result 
in damage (e.g., burning) of the intervening tissue. 
0052. Non-invasive phototherapy methods are circum 
Scribed by Setting Selected treatment parameters within 
Specified limits So as to preferably avoid damaging the 
intervening tissue. A review of the existing Scientific litera 
ture in this field would cast doubt on whether a set of 
undamaging, yet efficacious, parameters could be found. 
However, certain embodiments, as described herein, provide 
devices and methods which can achieve this goal. 
0053 Such embodiments may include selecting a wave 
length of light at which the absorption by intervening tissue 
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is below a damaging level. Such embodiments may also 
include Setting the power output of the light Source at very 
low, yet efficacious, power densities (e.g., between approxi 
mately 100 uW/cm° to approximately 10 W/cm) at the 
target tissue site, and time periods of application of the light 
energy at a few Seconds to minutes to achieve an efficacious 
energy density at the target tissue site being treated. Other 
parameters can also be varied in the use of phototherapy. 
These other parameters contribute to the light energy that is 
actually delivered to the treated tissue and may play key 
roles in the efficacy of phototherapy. In certain embodi 
ments, the irradiated portion of the brain can comprise the 
entire brain. 

0.054 Element to Inhibit Temperature Increases at the 
Scalp 

0055 FIGS. 1 and 2 schematically illustrate an embodi 
ment of a therapy apparatus 10 for treating a patient's brain 
20. The therapy apparatus 10 comprises a light source 40 
having an output emission area 41 positioned to irradiate a 
portion of the brain 20 with an efficacious power density and 
wavelength of light. The therapy apparatus 10 further com 
prises an element 50 interposed between the light source 40 
and the patient's scalp 30. The element 50 is adapted to 
inhibit temperature increases at the scalp 30 caused by the 
light. 

0056. As used herein, the term “element” is used in its 
broadest Sense, including, but not limited to, as a reference 
to a constituent or distinct part of a composite device. In 
certain embodiments, the element 50 is adapted to contact at 
least a portion of the patient's Scalp 30, as Schematically 
illustrated in FIGS. 1-4. In certain Such embodiments, the 
element 50 is in thermal communication with and covers at 
least a portion of the scalp 30. In other embodiments, the 
element 50 is spaced away from the scalp 30 and does not 
contact the scalp 30. 
0057. In certain embodiments, the light passes through 
the element 50 prior to reaching the scalp 30 such that the 
element 50 is in the optical path of light propagating from 
the light source 40, through the scalp 30, through the bones, 
tissues, and fluids of the head (Schematically illustrated in 
FIG. 1 by the region 22), to the brain 20. In certain 
embodiments, the light passes through a transmissive 
medium of the element 50, while in other embodiments, the 
light passes through an aperture of the element 50. AS 
described more fully below, the element 50 may be utilized 
with various embodiments of the therapy apparatus 10. 
0.058. In certain embodiments, the light source 40 is 
disposed on the interior surface of a cap 60 which fits 
securely over the patient's head. The cap 60 provides 
Structural integrity for the therapy apparatus 10 and holds 
the light source 40 and element 50 in place. Exemplary 
materials for the cap 60 include, but are not limited to, metal, 
plastic, or other materials with appropriate Structural integ 
rity. The cap 60 may include an inner lining 62 comprising 
a stretchable fabric or mesh material, Such as Lycra or nylon. 
In certain embodiments, the light source 40 is adapted to be 
removably attached to the cap 60 in a plurality of positions 
so that the output emission area 41 of the light source 40 can 
be advantageously placed in a Selected position for treatment 
of a stroke or CVA in any portion of the brain 20. In other 
embodiments, the light Source 40 can be an integral portion 
of the cap 60. 
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0059) The light source 40 illustrated by FIGS. 1 and 2 
comprises at least one power conduit 64 coupled to a power 
Source (not shown). In Some embodiments, the power con 
duit 64 comprises an electrical conduit which is adapted to 
transmit electrical Signals and power to an emitter (e.g., laser 
diode or light-emitting diode). In certain embodiments, the 
power conduit 64 comprises an optical conduit (e.g., optical 
waveguide) which transmits optical signals and power to the 
output emission area 41 of the light source 40. In certain 
Such embodiments, the light Source 40 comprises optical 
elements (e.g., lenses, diffusers, and/or waveguides) which 
transmit at least a portion of the optical power received via 
the optical conduit 64. In still other embodiments, the 
therapy apparatus 10 contains a power Source (e.g., a bat 
tery) and the power conduit 64 is substantially internal to the 
therapy apparatuS 10. 
0060. In certain embodiments, the patient's scalp 30 
comprises hair and skin which cover the patient's skull. In 
other embodiments, at least a portion of the hair is removed 
prior to the phototherapy treatment, So that the therapy 
apparatus 10 substantially contacts the skin of the scalp 30. 
0061. In certain embodiments, the element 50 is adapted 
to contact the patient's Scalp 30, thereby providing an 
interface between the therapy apparatus 10 and the patient's 
scalp 30. In certain such embodiments, the element 50 is 
coupled to the light source 40 and in other such embodi 
ments, the element is also adapted to conform to the Scalp 
30, as schematically illustrated in FIG. 1. In this way, the 
element 50 positions the output emission area 41 of the light 
Source 40 relative to the scalp 30. In certain such embodi 
ments, the element 50 is mechanically adjustable so as to 
adjust the position of the light source 40 relative to the scalp 
30. By fitting to the scalp 30 and holding the light source 40 
in place, the element 50 inhibits temperature increases at the 
scalp 30 that would otherwise result from misplacement of 
the light source 40 relative to the scalp 30. In addition, in 
certain embodiments, the element 50 is mechanically adjust 
able So as to fit the therapy apparatuS 10 to the patient's Scalp 
30. 

0062. In certain embodiments, the element 50 provides a 
reusable interface between the therapy apparatus 10 and the 
patient’s scalp 30. In such embodiments, the element 50 can 
be cleaned or Sterilized between uses of the therapy appa 
ratus, particularly between uses by different patients. In 
other embodiments, the element 50 provides a disposable 
and replaceable interface between the therapy apparatus 10 
and the patient's Scalp 30. By using pre-sterilized and 
pre-packaged replaceable interfaces, certain embodiments 
can advantageously provide Sterilized interfaces without 
undergoing cleaning or Sterilization processing immediately 
before use. 

0063. In certain embodiments, the element 50 comprises 
a container (e.g., a cavity or bag) containing a material (e.g., 
gel or liquid). The container can be flexible and adapted to 
conform to the contours of the scalp 30. Other exemplary 
materials contained in the container of the element 50 
include, but are not limited to, thermal eXchange materials 
such as glycerol and water. The element 50 of certain 
embodiments substantially covers the entire scalp 30 of the 
patient, as schematically illustrated in FIG. 2. In other 
embodiments, the element 50 only covers a localized portion 
of the scalp 30 in proximity to the irradiated portion of the 
scalp 30. 
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0064. In certain embodiments, at least a portion of the 
element 50 is within an optical path of the light from the 
light source 40 to the scalp 30. In such embodiments, the 
element 50 is substantially optically transmissive at a wave 
length of the light emitted by the output emission area 41 of 
the light Source 40 and is adapted to reduce back reflections 
of the light. By reducing back reflections, the element 50 
increases the amount of light transmitted to the brain 20 and 
reduces the need to use a higher power light Source 40 which 
may otherwise create temperature increases at the Scalp 30. 
In certain such embodiments, the element 50 comprises one 
or more optical coatings, films, layers, membranes, etc. in 
the optical path of the transmitted light which are adapted to 
reduce back reflections. 

0065. In certain such embodiments, the element 50 
reduces back reflections by fitting to the scalp 30 so as to 
Substantially reduce air gaps between the Scalp 30 and the 
element 50 in the optical path of the light. The refractive 
indeX mismatches between Such an air gap and the element 
50 and/or the scalp 30 would otherwise result in at least a 
portion of the light propagating from the light Source 40 to 
the brain 20 to be reflected back towards the light source 40. 
0.066. In addition, certain embodiments of the element 50 
comprise a material having, at a wavelength of light emitted 
by the light source 40, a refractive index which substantially 
matches the refractive index of the scalp 30 (e.g., about 1.3), 
thereby reducing any index-mismatch-generated back 
reflections between the element 50 and the scalp 30. 
Examples of materials with refractive indices compatible 
with embodiments described herein include, but are not 
limited to, glycerol, water, and Silica gels. Exemplary index 
matching gels include, but are not limited to, those available 
from Nye Lubricants, Inc. of Fairhaven, Mass. 
0067. In certain embodiments, the element 50 is adapted 
to cool the scalp 30 by removing heat from the scalp 30 so 
as to inhibit temperature increases at the Scalp 30. In certain 
such embodiments, the element 50 comprises a reservoir 
(e.g., a chamber or a conduit) adapted to contain a coolant. 
The coolant flows through the reservoir near the scalp 30. 
The scalp 30 heats the coolant, which flows away from the 
scalp 30, thereby removing heat from the scalp 30 by active 
cooling. The coolant in certain embodiments circulates 
between the element 50 and a heat transfer device, Such as 
a chiller, whereby the coolant is heated by the scalp 30 and 
is cooled by the heat transfer device. Exemplary materials 
for the coolant include, but are not limited to, water or air. 

0068. In certain embodiments, the element 50 comprises 
a container 51 (e.g., a flexible bag) coupled to an inlet 
conduit 52 and an outlet conduit 53, as schematically 
illustrated in FIG. 3. A flowing material (e.g., water, air, or 
glycerol) can flow into the container 51 from the inlet 
conduit 52, absorb heat from the scalp 30, and flow out of 
the container 51 through the outlet conduit 53. Certain such 
embodiments can provide a mechanical fit of the container 
51 to the scalp 30 and sufficient thermal coupling to prevent 
excessive heating of the scalp 30 by the light. In certain 
embodiments, the container 51 can be disposable and 
replacement containerS 51 can be used for Subsequent 
patients. 

0069. In still other embodiments, the element 50 com 
prises a container (e.g., a flexible bag) containing a material 
which does not flow out of the container but is thermally 
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coupled to the scalp 30 so as to remove heat from the scalp 
30 by passive cooling. Exemplary materials include, but are 
not limited to, water, glycerol, and gel. In certain Such 
embodiments, the non-flowing material can be pre-cooled 
(e.g., by placement in a refrigerator) prior to the photo 
therapy treatment to facilitate cooling of the Scalp 30. 

0070. In certain embodiments, the element 50 is adapted 
to apply pressure to at least a portion of the Scalp 30. By 
applying Sufficient pressure, the element 50 can blanch the 
portion of the scalp 30 by forcing at least some blood out the 
optical path of the light energy. The blood removal resulting 
from the pressure applied by the element 50 to the scalp 30 
decreases the corresponding absorption of the light energy 
by blood in the Scalp 30. AS a result, temperature increases 
due to absorption of the light energy by blood at the scalp 30 
are reduced. As a further result, the fraction of the light 
energy transmitted to the Subdermal target tissue of the brain 
20 is increased. 

0071 FIGS. 4A and 4B schematically illustrate embodi 
ments of the element 50 adapted to facilitate the blanching 
of the scalp 30. In the cross-sectional view of a portion of the 
therapy apparatus 10 schematically illustrated in FIG. 4A, 
certain element portions 72 contact the patient's scalp 30 
and other element portions 74 are Spaced away from the 
scalp 30. The element portions 72 contacting the scalp 30 
provide an optical path for light to propagate from the light 
Source 40 to the scalp 30. The element portions 72 contact 
ing the Scalp 30 also apply pressure to the Scalp 30, thereby 
forcing blood out from beneath the element portion 72. FIG. 
4B schematically illustrates a similar view of an embodi 
ment in which the light source 40 comprises a plurality of 
light sources 40a, 40b, 40c. 

0072 FIG. 5A schematically illustrates one embodiment 
of the cross-section along the line 4-4 of FIG. 4B. The 
element portions 72 contacting the Scalp 30 comprise ridges 
extending along one direction, and the element portions 74 
Spaced away from the Scalp 30 comprise troughs extending 
along the same direction. In certain embodiments, the ridges 
are Substantially parallel to one another and the troughs are 
substantially parallel to one another. FIG. 5B Schematically 
illustrates another embodiment of the cross-section along the 
line 4-4 of FIG. 4B. The element portions 72 contacting the 
Scalp 30 comprise a plurality of projections in the form of a 
grid or array. More Specifically, the portions 72 are rectan 
gular and are separated by element portions 74 Spaced away 
from the scalp 30, which form troughs extending in two 
substantially perpendicular directions. The portions 72 of 
the element 50 contacting the scalp 30 can be a substantial 
fraction of the total area of the element 50 or of the scalp 30. 
0073 FIGS. 6A-6C schematically illustrate an embodi 
ment in which the light Sources 40 are Spaced away from the 
scalp 30. In certain such embodiments, the light emitted by 
the light Sources 40 propagates from the light Sources 40 
through the scalp 30 to the brain 20 and disperses in a 
direction generally parallel to the scalp 30, as shown in FIG. 
6A. The light sources 40 are preferably spaced sufficiently 
far apart from one another Such that the light emitted from 
each light source 40 overlaps with the light emitted from the 
neighboring light sources 40 at the brain 20. FIG. 6B 
Schematically illustrates this overlap as the overlap of cir 
cular spots 42 at a reference depth at or below the Surface of 
the brain 20. FIG. 6C schematically illustrates this overlap 
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as a graph of the power density at the reference depth of the 
brain 20 along the line L-L of FIGS. 6A and 6B. Summing 
the power densities from the neighboring light Sources 40 
(shown as a dashed line in FIG. 6C) serves to provide a 
more uniform light distribution at the tissue to be treated. In 
Such embodiments, the Summed power density is preferably 
less than a damage threshold of the brain 20 and above an 
efficacy threshold. 
0.074. In certain embodiments, the element 50 is adapted 
to diffuse the light prior to reaching the scalp 30. FIGS. 7A 
and 7B schematically illustrate the diffusive effect on the 
light by the element 50. An exemplary energy density profile 
of the light emitted by a light source 40, as illustrated by 
FIG. 7A, is peaked at a particular emission angle. After 
being diffused by the element 50, as illustrated by FIG. 7B, 
the energy density profile of the light does not have a 
Substantial peak at any particular emission angle, but is 
Substantially evenly distributed among a range of emission 
angles. By diffusing the light emitted by the light source 40, 
the element 50 distributes the light energy substantially 
evenly over the area to be illuminated, thereby inhibiting 
“hot spots” which would otherwise create temperature 
increases at the scalp 30. In addition, by diffusing the light 
prior to its reaching the scalp 30, the element 50 can 
effectively increase the Spot size of the light impinging the 
Scalp 30, thereby advantageously lowering the power den 
sity at the scalp 30, as described more fully below. In 
addition, in embodiments with multiple light sources 40, the 
element 50 can diffuse the light to alter the total light output 
distribution to reduce inhomogeneities. 
0075). In certain embodiments, the element 50 provides 
sufficient diffusion of the light such that the power density 
of the light is less than a maximum tolerable level of the 
scalp 30 and brain 20. In certain other embodiments, the 
element 50 provides sufficient diffusion of the light such that 
the power density of the light equals a therapeutic value at 
the target tissue. The element 50 can comprise exemplary 
diffusers including, but are not limited to, holographic 
diffusers such as those available from Physical Optics Corp. 
of Torrance, Calif. and Display Optics P/N SN1333 from 
Reflexite Corp. of Avon, Conn. 
0076) Power Density 
0.077 Phototherapy for the treatment of stroke is based in 
part on the discovery that power density (i.e., power per unit 
area or number of photons per unit area per unit time) and 
energy density (i.e., energy per unit area or number of 
photons per unit area) of the light energy applied to tissue 
appear to be significant factors in determining the relative 
efficacy of low level phototherapy. This discovery is par 
ticularly applicable with respect to treating and Saving 
Surviving but endangered neurons in a Zone of danger 
Surrounding the primary infarct after a stroke or cerebrovas 
cular accident (CVA). Preferred methods described herein 
are based at least in part on the finding that, given a Selected 
wavelength of light energy, it is the power density and/or the 
energy density of the light delivered to tissue (as opposed to 
the total power or total energy delivered to the tissue) that 
appears to be important factors in determining the relative 
efficacy of phototherapy. 

0078. Without being bound by theory, it is believed that 
light energy delivered within a certain range of power 
densities and energy densities provides the desired bioStimu 
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lative effect on the intracellular environment, Such that 
proper function is returned to previously nonfunctioning or 
poorly functioning mitochondria in at-risk neurons. The 
biostimulative effect may include interactions with chro 
mophores within the target tissue, which facilitate produc 
tion of ATP thereby feeding energy to injured cells which 
have experienced decreased blood flow due to the Stroke. 
Because Strokes correspond to blockages or other interrup 
tions of blood flow to portions of the brain, it is thought that 
any effects of increasing blood flow by phototherapy are of 
leSS importance in the efficacy of phototherapy for Stroke 
Victims. Further information regarding the role of power 
density and exposure time is described by Hans H. F. I. van 
Breugel and P. R. Dop Bär in “Power Density and Exposure 
Time of He-Ne Laser Irradiation Are More Important Than 
Total Energy Dose in Photo-Biomodulation of Human 
Fibroblasts In Vitro,” Lasers in Surgery and Medicine, 
Volume 12, pp. 528-537 (1992), which is incorporated in its 
entirety by reference herein. 
0079 The significance of the power density used in 
phototherapy has ramifications with regard to the devices 
and methods used in phototherapy of brain tissue, as Sche 
matically illustrated by FIGS. 8A and 8B, which show the 
effects of Scattering by intervening tissue. Further informa 
tion regarding the Scattering of light by tissue is provided by 
V. Tuchin in “Tissue Optics: Light Scattering Methods and 
Instruments for Medical Diagnosis,” SPIE Press (2000), 
Bellingham, Wash., pp. 3-11, which is incorporated in its 
entirety by reference herein. 
0080 FIG. 8A schematically illustrates a light beam 80 
impinging a portion 90 of a patient's Scalp 30 and propa 
gating through the patient's head to irradiate a portion 100 
of the patient's brain tissue 20. In the exemplary embodi 
ment of FIG. 8A, the light beam 80 impinging the scalp 30 
is collimated and has a circular cross-section with a radius 
of 2 cm and a croSS-Sectional area of approximately 12.5 
cm. For comparison purposes, FIG. 8B schematically 
illustrates a light beam 82 having a Significantly Smaller 
croSS-Section impinging a Smaller portion 92 of the Scalp 30 
to irradiate a portion 102 of the brain tissue 20. The light 
beam 82 impinging the scalp 30 in FIG. 8B is collimated 
and has a circular cross-section with a radius of 1 cm and a 
cross-sectional area of approximately 3.1 cm. The collima 
tions, cross-sections, and radii of the light beams 80, 82 
illustrated in FIGS. 8A and 8B are exemplary; other light 
beams with other parameters are also compatible with 
embodiments described herein. In particular, Similar consid 
erations apply to focussed beams or diverging beams, as 
they are similarly Scattered by the intervening tissue. 

0081. As shown in FIGS. 8A and 8B, the cross-sections 
of the light beams 80, 82 become larger while propagating 
through the head due to Scattering from interactions with 
tissue of the head. ASSuming that the angle of dispersion is 
15 degrees and the irradiated brain tissue 20 is 2.5 cm below 
the scalp 30, the resulting area of the portion 100 of brain 
tissue 20 irradiated by the light beam 80 in FIG. 8A is 
approximately 22.4 cm. Similarly, the resulting area of the 
portion 102 of brain tissue 20 irradiated by the light beam 82 
in FIG. 8B is approximately 8.8 cm'. 
0082 Irradiating the portion 100 of the brain tissue 20 
with a power density of 10 mW/cm corresponds to a total 
power within the portion 100 of approximately 224 mW 
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(10mW/cm x22.4 cm). Assuming only approximately 5% 
of the light beam 80 is transmitted between the scalp 30 and 
the brain tissue 20, the incident light beam 80 at the scalp 30 
will have a total power of approximately 4480 mW (224 
mW/0.05) and a power density of approximately 358 
mW/cm (4480 mW/12.5 cm). Similarly, irradiating the 
portion 102 of the brain tissue 20 with a power density of 10 
mW/cm corresponds to a total power within the portion 102 
of approximately 88 mW (10 mW/cmx8.8 cm ), and with 
the same 5% transmittance, the incident light beam 82 at the 
scalp 30 will have a total power of approximately 1760 mW 
(88 mW/0.05) and a power density of approximately 568 
mW/cm (1760 mW/3.1 cm ). These calculations are sum 
marized in Table 1. 

TABLE 1. 

2 cm Spot Size 1 cm Spot Size 
(FIG. 8A) (FIG. 8B) 

Scalp: 

Area 12.5 cm2 3.1 cm 
Total power 4480 mW 1760 mW 
Power density 358 mW/cm 568 mW/cm 
Brain: 

Area 22.4 cm 8.8 cm 
Total power 224 nW 88 nW 
Power density 10 mW/cm 10 mW/cm 

0.083. These exemplary calculations illustrate that to 
obtain a desired power density at the brain 20, higher total 
power at the Scalp 30 can be used in conjunction with a 
larger spot Size at the Scalp 30. Thus, by increasing the Spot 
size at the scalp 30, a desired power density at the brain 20 
can be achieved with lower power densities at the scalp 30 
which can reduce the possibility of overheating the scalp 30. 
In certain embodiments, the light can be directed through an 
aperture to define the illumination of the scalp 30 to a 
Selected Smaller area. 

0084) Light Source 
0085. In certain embodiments, a single light source 40 is 
used as a light generator to generate light, while in other 
embodiments, a plurality of light Sources 40 are used as a 
light generator to generate light. The light Source 40 pref 
erably generates light in the visible to near-infrared wave 
length range. In certain embodiments, the light Source 40 
comprises one or more laser diodes, which each provide 
coherent light. In embodiments in which the light from the 
light Source 40 is coherent, the emitted light may produce 
“speckling' due to coherent interference of the light. This 
Speckling comprises intensity Spikes which are created by 
constructive interference and can occur in proximity to the 
target tissue being treated. For example, while the average 
power density may be approximately 10 mW/cm, the 
power density of one Such intensity Spike in proximity to the 
brain tissue to be treated may be approximately 300 
mW/cm. In certain embodiments, this increased power 
density due to Speckling can improve the efficacy of treat 
ments using coherent light over those using incoherent light 
for illumination of deeper tissues. 
0.086. In other embodiments, the light source 40 provides 
incoherent light. Exemplary light Sources 40 of incoherent 
light include, but are not limited to, incandescent lamps or 
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light-emitting diodes. A heat Sink can be used with the light 
source 40 (for either coherent or incoherent sources) to 
remove heat from the light source 40 and to inhibit tem 
perature increases at the Scalp 30. 

0087. In certain embodiments, the light source 40 gen 
erates light which is Substantially monochromatic (i.e., light 
having one wavelength, or light having a narrow band of 
wavelengths). So that the amount of light transmitted to the 
brain is maximized, the wavelength of the light is Selected 
in certain embodiments to be at or near a transmission peak 
(or at or near an absorption minimum) for the intervening 
tissue. In certain Such embodiments, the wavelength corre 
sponds to a peak in the transmission spectrum of tissue at 
about 820 nanometers. In other embodiments, the wave 
length of the light is preferably between about 630 nanom 
eters and about 1064 nanometers, more preferably between 
about 780 nanometers and about 840 nanometers, and most 
preferably includes wavelengths of about 785, 790, 795, 
800, 805, 810, 815, 820, 825, or 830 nanometers. An 
intermediate wavelength in a range between approximately 
730 nanometers and approximately 750 nanometers (e.g., 
about 739 nanometers) appears to be Suitable for penetrating 
the skull, although other wavelengths are also Suitable and 
may be used. 

0088. In other embodiments, the light source 40 gener 
ates light having a plurality of wavelengths. In certain Such 
embodiments, each wavelength is Selected So as to work 
with one or more chromophores within the target tissue. 
Without being bound by theory, it is believed that irradiation 
of chromophores increases the production of ATP in the 
target tissue, thereby producing beneficial effects. In certain 
embodiments, the light Source 40 is adapted to generate light 
having a first wavelength concurrently with light having a 
Second wavelength. In certain other embodiments, the light 
Source 40 is adapted to generate light having a first wave 
length Sequentially with light having a Second wavelength. 

0089. In certain embodiments, the light source 40 
includes at least one continuously emitting GaAlAS laser 
diode having a wavelength of about 830 nanometers. In 
another embodiment, the light Source 40 comprises a laser 
Source having a wavelength of about 808 nanometers. In Still 
other embodiments, the light Source 40 includes at least one 
vertical cavity surface-emitting laser (VCSEL) diode. Other 
light sources 40 compatible with embodiments described 
herein include, but are not limited to, light-emitting diodes 
(LEDs) and filtered lamps. 
0090 The light source 40 is capable of emitting light 
energy at a power Sufficient to achieve a predetermined 
power density at the Subdermal target tissue (e.g., at a depth 
of approximately 2 centimeters from the dura). It is presently 
believed that phototherapy of tissue is most effective when 
irradiating the target tissue with power densities of light of 
at least about 0.01 mW/cm and up to about 1 W/cm at the 
level of the tissue. In various embodiments, the Subsurface 
power density is at least about 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 
15, 20, 30, 40, 50, 60, 70, 80, or 90 mW/cm, respectively, 
depending on the desired clinical performance. In certain 
embodiments, the SubSurface power density at the target 
tissue is preferably about 0.01 mW/cm to about 100 
mW/cm', more preferably about 0.01 mW/cm to about 50 
mW/cm', and most preferably about 2 mV/cm to about 20 
mW/cm. It is believed that these subsurface power densities 
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are especially effective at producing the desired bioStimu 
lative effects on the tissue being treated. 

0.091 Taking into account the attenuation of energy as it 
propagates from the skin Surface, through body tissue, bone, 
and fluids, to the Subdermal target tissue, Surface power 
densities preferably between about 10 mW/cm° to about 10 
W/cm°, or more preferably between about 100 mW/cm° to 
about 500 mW/cm, will typically be used to attain the 
Selected power densities at the Subdermal target tissue. To 
achieve Such Surface power densities, the light Source 40 is 
preferably capable of emitting light energy having a total 
power output of at least about 25 mW to about 100 W. In 
various embodiments, the total power output is limited to be 
no more than about 30, 50, 75, 100, 150, 200,250, 300, 400, 
or 500 mW, respectively. In certain embodiments, the light 
Source 40 comprises a plurality of Sources used in combi 
nation to provide the total power output. The actual power 
output of the light source 40 is preferably controllably 
variable. In this way, the power of the light energy emitted 
can be adjusted in accordance with a Selected power density 
at the Subdermal tissue being treated. 

0092. Certain embodiments utilize a light source 40 that 
includes only a single laser diode that is capable of providing 
about 25 mW to about 100 W of total power output at the 
skin Surface. In certain Such embodiments, the laser diode 
can be optically coupled to the scalp 30 via an optical fiber 
or can be configured to provide a Sufficiently large spot size 
to avoid power densities which would burn or otherwise 
damage the Scalp 30. In other embodiments, the light Source 
40 utilizes a plurality of Sources (e.g., laser diodes) arranged 
in a grid or array that together are capable of providing at 
least about 25 mW to about 100 W of total power output at 
the skin surface. The light source 40 of other embodiments 
may also comprise Sources having power capacities outside 
of these limits. 

0093 FIG. 9A schematically illustrates another embodi 
ment of the therapy apparatus 10 which comprises the cap 60 
and a light Source comprising a light-emitting blanket 110. 
FIG. 9B schematically illustrates an embodiment of the 
blanket 110 comprising a flexible substrate 111 (e.g., flexible 
circuit board), a power conduit interface 112, and a sheet 
formed by optical fibers 114 positioned in a fan-like con 
figuration. FIG.9C schematically illustrates an embodiment 
of the blanket 110 comprising a flexible substrate 111, a 
power conduit interface 112, and a sheet formed by optical 
fibers 114 woven into a mesh. The blanket 110 is preferably 
positioned within the cap 60 So as to cover an area of the 
scalp 30 corresponding to a portion of the brain 20 to be 
treated. 

0094. In certain such embodiments, the power conduit 
interface 112 is adapted to be coupled to an optical fiber 
conduit 64 which provides optical power to the blanket 110. 
The optical power interface 112 of certain embodiments 
comprises a beam Splitter or other optical device which 
distributes the incoming optical power among the various 
optical fibers 114. In other embodiments, the power conduit 
interface 112 is adapted to be coupled to an electrical conduit 
which provides electrical power to the blanket 110. In 
certain Such embodiments, the power conduit interface 112 
comprises one or more laser diodes, the output of which is 
distributed among the various optical fibers 114 of the 
blanket 110. In certain other embodiments, the blanket 110 
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comprises an electroluminescent sheet which responds to 
electrical Signals from the power conduit interface 112 by 
emitting light. In Such embodiments, the power conduit 
interface 112 comprises circuitry adapted to distribute the 
electrical Signals to appropriate portions of the electrolumi 
neScent sheet. 

0.095 The side of the blanket 110 nearer the scalp 30 is 
preferably provided with a light Scattering Surface, Such as 
a roughened Surface to increase the amount of light Scattered 
out of the blanket 110 towards the scalp 30. The side of the 
blanket 110 further from the scalp 30 is preferably covered 
by a reflective coating So that light emitted away from the 
scalp 30 is reflected back towards the scalp 30. This con 
figuration is similar to configurations used for the “back 
illumination” of liquid-crystal displays (LCDs). Other con 
figurations of the blanket 110 are compatible with embodi 
ments described herein. 

0096. In certain embodiments, the light source 40 gen 
erates light which cause eye damage if viewed by an 
individual. In such embodiments, the apparatus 50 can be 
configured to provide eye protection So as to avoid viewing 
of the light by individuals. For example, opaque materials 
can be appropriately placed to block the light from being 
Viewed directly. In addition, interlockS can be provided So 
that the light Source 40 is not activated unless the apparatus 
50 is in place, or other appropriate Safety measures are taken. 
0097 Light Delivery Apparatuses 
0098. The phototherapy methods for the treatment of 
Stroke described herein may be practiced and described 
using, for example, a low level laser therapy apparatuS Such 
as that shown and described in U.S. Pat. No. 6,214,035, U.S. 
Pat. No. 6,267,780, U.S. Pat. No. 6,273,905 and U.S. Pat. 
No. 6,290,714, which are all incorporated in their entirety by 
reference herein, as are the references incorporated by 
reference therein. 

0099 Another suitable phototherapy apparatus in accor 
dance with embodiments described here is illustrated in 
FIG. 10. The illustrated therapy apparatus 10 includes a 
light source 40, an element 50, and a flexible strap 120 
adapted for Securing the therapy apparatus 10 over an area 
of the patient's head. The light source 40 can be disposed on 
the Strap 120 itself, or in a housing 122 coupled to the Strap 
120. The light source 40 preferably comprises a plurality of 
diodes 40a, 40b, etc. capable of emitting light energy having 
a wavelength in the Visible to near-infrared wavelength 
range. The element 50 is adapted to be positioned between 
the light source 40 and the patient’s scalp 30. 
0100. The therapy apparatus 10 further includes a power 
Supply (not shown) operatively coupled to the light Source 
40, and a programmable controller 126 operatively coupled 
to the light source 40 and to the power Supply. The pro 
grammable controller 126 is configured to control the light 
Source 40 So as to deliver a predetermined power density to 
the brain tissue 20. In certain embodiments, as Schematically 
illustrated in FIG. 10, the light source 40 comprises the 
programmable controller 126. In other embodiments the 
programmable controller 126 is a Separate component of the 
therapy apparatuS 10. 

0101. In certain embodiments, the strap 120 comprises a 
loop of elastomeric material sized appropriately to fit Snugly 
onto the patient's scalp 30. In other embodiments, the strap 
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120 comprises an elastomeric material to which is Secured 
any Suitable Securing means 130, Such as mating Velcro 
Strips, buckles, Snaps, hooks, buttons, ties, or the like. The 
precise configuration of the Strap 120 is Subject only to the 
limitation that the Strap 120 is capable of maintaining the 
light Source 40 in a Selected position So that light energy 
emitted by the light source 40 is directed towards the 
targeted brain tissue 20. 
0102) In the exemplary embodiment illustrated in FIG. 
10, the housing 122 comprises a layer of flexible plastic or 
fabric that is secured to the strap 120. In other embodiments, 
the housing 122 comprises a plate or an enlarged portion of 
the Strap 120. Various Strap configurations and Spatial dis 
tributions of the light sources 40 are compatible with 
embodiments described herein So that the therapy apparatus 
10 can treat selected portions of brain tissue. 
0103) In still other embodiments, the therapy apparatus 
10 for delivering the light energy includes a handheld probe 
140, as schematically illustrated in FIG. 11. The probe 140 
includes a light source 40 and an element 50 as described 
herein. 

0104 FIG. 12 is a block diagram of a control circuit 200 
comprising a programmable controller 126 according to 
embodiments described herein. The control circuit 200 is 
configured to adjust the power of the light energy emitted by 
the light Source 40 to generate a predetermined Surface 
power density at the Scalp 30 corresponding to a predeter 
mined energy delivery profile, Such as a predetermined 
Subsurface power density, to the target area of the brain 20. 
0105. In certain embodiments, the programmable con 
troller 126 comprises a logic circuit 210, a clock 212 
coupled to the logic circuit 210, and an interface 214 
coupled to the logic circuit 210. The clock 212 of certain 
embodiments provides a timing Signal to the logic circuit 
210 so that the logic circuit 210 can monitor and control 
timing intervals of the applied light. Examples of timing 
intervals include, but are not limited to, total treatment 
times, pulsewidth times for pulses of applied light, and time 
intervals between pulses of applied light. In certain embodi 
ments, the light Sources 40 can be Selectively turned on and 
off to reduce the thermal load on the scalp 30 and to deliver 
a Selected power density to particular areas of the brain 20. 

0106 The interface 214 of certain embodiments provides 
signals to the logic circuit 210 which the logic circuit 210 
uses to control the applied light. The interface 214 can 
comprise a user interface or an interface to a Sensor moni 
toring at least one parameter of the treatment. In certain Such 
embodiments, the programmable controller 126 is respon 
Sive to Signals from the Sensor to preferably adjust the 
treatment parameters to optimize the measured response. 
The programmable controller 126 can thus provide closed 
loop monitoring and adjustment of various treatment param 
eters to optimize the phototherapy. The Signals provided by 
the interface 214 from a user are indicative of parameters 
that may include, but are not limited to, patient character 
istics (e.g., skin type, fat percentage), Selected applied power 
densities, target time intervals, and power density/timing 
profiles for the applied light. 

0107. In certain embodiments, the logic circuit 210 is 
coupled to a light source driver 220. The light source driver 
220 is coupled to a power supply 230, which in certain 
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embodiments comprises a battery and in other embodiments 
comprises an alternating current Source. The light Source 
driver 220 is also coupled to the light source 40. The logic 
circuit 210 is responsive to the signal from the clock 212 and 
to user input from the user interface 214 to transmit a control 
Signal to the light Source driver 220. In response to the 
control signal from the logic circuit 210, the light Source 
driver 220 adjust and controls the power applied to the light 
Sources 40. Other control circuits besides the control circuit 
200 of FIG. 12 are compatible with embodiments described 
herein. 

0108. In certain embodiments, the logic circuit 110 is 
responsive to Signals from a Sensor monitoring at least one 
parameter of the treatment to control the applied light. For 
example, certain embodiments comprise a temperature Sen 
sor thermally coupled to the scalp 30 to provide information 
regarding the temperature of the Scalp 30 to the logic circuit 
210. In such embodiments, the logic circuit 210 is respon 
Sive to the information from the temperature Sensor to 
transmit a control Signal to the light Source driver 220 So as 
to adjust the parameters of the applied light to maintain the 
Scalp temperature below a predetermined level. Other 
embodiments include exemplary biomedical Sensors includ 
ing, but not limited to, a blood flow Sensor, a blood gas (e.g., 
oxygenation) sensor, an ATP production Sensor, or a cellular 
activity Sensor. Such biomedical Sensors can provide real 
time feedback information to the logic circuit 210. In certain 
Such embodiments, the logic circuit 110 is responsive to 
signals from the sensors to preferably adjust the parameters 
of the applied light to optimize the measured response. The 
logic circuit 110 can thus provide closed-loop monitoring 
and adjustment of various parameters of the applied light to 
optimize the phototherapy. 

0109. In certain embodiments, as schematically illus 
trated in FIG. 13, the therapy apparatus 310 comprises a 
light source 340 adapted to irradiate a portion of the patient's 
brain 20 with an efficacious power density and wavelength 
of light. The therapy apparatus 310 further comprises a 
controller 360 for energizing said light source 340, so as to 
Selectively produce a plurality of different irradiation pat 
terns on the patient's scalp 30. Each of the irradiation 
patterns is comprised of a least one illuminated area that is 
Small compared to the patient's Scalp 30, and at least one 
non-illuminated area. 

0110. In certain embodiments, the light source 340 
includes an apparatus for adjusting the emitted light to 
irradiate different portions of the scalp 30. In certain such 
embodiments, the apparatus physically moves the light 
Source 40 relative to the scalp 30. In other embodiments, the 
apparatus does not move the light Source 40, but redirects 
the emitted light to different portions of the scalp 30. In an 
exemplary embodiment, as schematically, illustrated in FIG. 
14, the light source 340 comprises a laser diode 342 and a 
galvometer 344, both of which are electrically coupled to the 
controller 360. The galvometer 344 comprises a mirror 346 
mounted onto an assembly 348 which is adjustable by a 
plurality of motors 350. Light emitted by the laser diode 342 
is directed toward the mirror 346 and is reflected to selected 
portions of the patient's scalp 30 by selectively moving the 
mirror 346 and selectively activating the laser diode 342. In 
certain embodiments, the therapy apparatuS 310 comprises 
an element 50 adapted to inhibit temperature increases at the 
scalp 30 as described herein. 
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0111 FIG. 15A schematically illustrates an irradiation 
pattern 370 in accordance with embodiments described 
herein. The irradiation pattern 370 comprises at least one 
illuminated area 372 and at least one non-illuminated area 
374. In certain embodiments, the irradiation pattern 370 is 
generated by Scanning the mirror 346 So that the light 
impinges the patient's scalp 30 in the illuminated area 372 
but not in the non-illuminated area 374. Certain embodi 
ments modify the illuminated area 372 and the non-illumi 
nated area 374 as a function of time. 

0112 This selective irradiation can be used to reduce the 
thermal load on particular locations of the scalp 30 by 
moving the light from one illuminated area 372 to another. 
For example, by irradiating the scalp 30 with the irradiation 
pattern 370 schematically illustrated in FIG. 15A, the illu 
minated areas 372 of the scalp 30 are heated by interaction 
with the light, and the non-illuminated areas 374 are not 
heated. By Subsequently irradiating the scalp 30 with the 
complementary irradiation pattern 370' schematically illus 
trated in FIG. 15B, the previously non-illuminated areas 374 
are now illuminated areas 372", and the previously illumi 
nated areas 372 are now non-illuminated areas 374. A 
comparison of the illuminated areas 372 of the irradiation 
pattern 370 of FIG. 15A with the illuminated area 372 of 
the irradiation pattern 370' of FIG. 15B shows that the 
illuminated areas 372, 372 do not significantly overlap one 
another. In this way, the thermal load at the scalp 30 due to 
the absorption of the light can be distributed acroSS the Scalp 
30, thereby avoiding unduly heating one or more portions of 
the scalp 30. 

0113 FIG. 16 schematically illustrates another therapy 
apparatus 400 in accordance with embodiments described 
herein. The therapy apparatus 400 comprises a plurality of 
light sources 410 in a housing 420. Each light source 410 has 
an output emission area positioned to irradiate a correspond 
ing portion of the brain 20 with an efficacious power density 
and wavelength of light. In certain embodiments, these 
portions overlap such that the portion of the brain 20 
irradiated by two or more light sources 410 overlap one 
another at least in part. AS described herein, the light Sources 
410 can be activated by a controller (not shown) in concert 
or separately to produce a predetermined irradiation pattern. 

0114. The therapy apparatus 400 of FIG. 16 further 
comprises a cap 430 interposed between the light Sources 
410 and the patient's scalp 30, such that light passes through 
the cap 430 prior to reaching the scalp 30. In certain 
embodiments, the cap 430 is substantially optically trans 
missive at the wavelength and reduces back reflections of 
the light. The cap 430 of certain embodiments fits to the 
Scalp 30 So as to Substantially reduce air gaps between the 
scalp 30 and the cap 430. In certain embodiments, the cap 
430 comprises a material having a refractive index which 
substantially matches a refractive index of the scalp 30. In 
certain embodiments, the cap 430 comprises a material 
having a refractive indeX which Substantially matches a 
refractive index of the skin and/or hair of the scalp 30. 
0115) In the embodiment schematically illustrated by 
FIG. 16, the cap 430 is wearable over the patient's scalp 30. 
In certain such embodiments, the patient wears the cap 430 
and is in a reclining position So as to place his head in 
proximity to the light sources 410. The cap 430 is adapted 
to inhibit temperature increases at the scalp 30 caused by the 
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light from the light Sources 410, as described herein (e.g., by 
cooling the scalp 30, by blanching a portion of the scalp 30, 
by diffusing the light prior to reaching the scalp 30). 
0116 Methods of Light Delivery 
0117 Preferred methods of phototherapy are based at 
least in part on the finding described above that, for a 
Selected wavelength, the power density (light intensity or 
power per unit area, in W/cm) or the energy density (energy 
per unit area, in J/cm, or power density multiplied by the 
exposure time) of the light energy delivered to tissue is an 
important factor in determining the relative efficacy of the 
phototherapy, and efficacy is not as directly related to the 
total power or the total energy delivered to the tissue. In the 
methods described herein, power density or energy density 
as delivered to a portion of the patient's brain 20, which can 
include the area of infarct after a Stroke, appears to be 
important factors in using phototherapy to treat and Save 
Surviving but endangered neurons in a Zone of danger 
Surrounding the infarcted area. Certain embodiments apply 
optimal power densities or energy densities to the intended 
target tissue, within acceptable margins of error. 
0118. In certain embodiments, the apparatus and methods 
of phototherapy described herein increase the cerebral blood 
flow of the patient. In certain Such embodiments, the cere 
bral blood flow is increased by 10%, 15%, 20%, or 25% 
immediately post-irradiation, as compared to immediately 
prior to irradiation. 
0119. In certain embodiments, the apparatus and methods 
of phototherapy described herein are used to treat Strokes or 
other Sources of neurodegeneration. AS used herein, the term 
“neurodegeneration” refers to the process of cell destruction 
resulting from primary destructive events Such as Stroke or 
CVA, as well as from Secondary, delayed and progressive 
destructive mechanisms that are invoked by cells due to the 
occurrence of the primary destructive event. Primary 
destructive events include disease processes or physical 
injury or insult, including Stroke, but also include other 
diseases and conditions Such as multiple Sclerosis, any 
lotrophic lateral Sclerosis, heat Stroke, epilepsy, Alzheimer's 
disease, dementia resulting from other causes Such as AIDS, 
cerebral ischemia including focal cerebral ischemia, and 
physical trauma Such as crush or compression injury in the 
CNS, including a crush or compression injury of the brain, 
Spinal cord, nerves or retina, or any acute injury or insult 
producing neurodegeneration. Secondary destructive 
mechanisms include any mechanism that leads to the gen 
eration and release of neurotoxic molecules, including apo 
ptosis, depletion of cellular energy Stores because of changes 
in mitochondrial membrane permeability, release or failure 
in the reuptake of excessive glutamate, reperfusion injury, 
and activity of cytokines and inflammation. Both primary 
and Secondary mechanisms contribute to forming a "Zone of 
danger' for neurons, wherein the neurons in the Zone have 
at least temporarily Survived the primary destructive event, 
but are at risk of dying due to processes having delayed 
effect. 

0120 AS used herein, the term “neuroprotection” refers 
to a therapeutic Strategy for Slowing or preventing the 
otherwise irreversible loss of neurons due to neurodegen 
eration after a primary destructive event, whether the neu 
rodegeneration loSS is due to disease mechanisms associated 
with the primary destructive event or Secondary destructive 
mechanisms. 
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0121 The term “cognitive function” as used herein refers 
to cognition and cognitive or mental processes or functions, 
including those relating to knowing, thinking, learning, 
perception, memory (including immediate, recent, or remote 
memory), and judging. Symptoms of loss of cognitive 
function can also include changes in personality, mood, and 
behavior of the patient. Diseases or conditions affecting 
cognitive function include Alzheimer's disease, dementia, 
AIDS or HIV infection, Cruetzfeldt-Jakob disease, head 
trauma (including Single-event trauma and long-term trauma 
Such as multiple concussions or other traumas which may 
result from athletic injury), Lewy body disease, Pick's 
disease, Parkinson's disease, Huntington's disease, drug or 
alcohol abuse, brain tumors, hydrocephalus, kidney or liver 
disease, Stroke, depression, and other mental diseases which 
cause disruption in cognitive function, and neurodegenera 
tion. 

0122) The term “motor function” as used herein refers to 
those bodily functions relating to muscular movements, 
primarily conscious muscular movements, including motor 
coordination, performance of Simple and complex motor 
acts, and the like. 
0123 The term “neurologic function” as used herein 
includes both cognitive function and motor function. 
0.124. The terms “cognitive enhancement” and “motor 
enhancement” as used herein refer to the improving or 
heightening of congnitive function and motor function, 
respectively. 
0.125 The term “neurologic enhancement” as used herein 
includes both cognitive enhancement and motor enhance 
ment. 

0.126 AS used herein, the term “neuroprotective-effec 
tive' as used herein refers to a characteristic of an amount 
of light energy, wherein the amount is a power density of the 
light energy measured in mW/cm. A neuroprotective-effec 
tive amount of light energy achieves the goal of preventing, 
avoiding, reducing, or eliminating neurodegeneration, 
which should result in cognitive enhancement and/or motor 
enhancement. 

0127. The term “neurologic function enhancement effec 
tive' as used herein refers to a characteristic of an amount 
of light energy, wherein the amount is a power density of the 
light energy measured in mW/cm. The amount of light 
energy achieves the goal of neuroprotection, motor enhance 
ment, and/or cognitive enhancement. 
0128. Thus, a method for the treatment of stroke or for 
the enhancement of neurologic function in a patient in need 
of Such treatment involves delivering a neurologic function 
enhancement effective amount or a neuroprotective-effec 
tive amount of light energy having a wavelength in the 
Visible to near-infrared wavelength range to a target area of 
the patient's brain 20. In certain embodiments, the target 
area of the patient's brain 20 includes the area of infarct, i.e. 
to neurons within the “Zone of danger.” In other embodi 
ments, the target area includes portions of the brain 20 not 
within the Zone of danger. Without being bound by theory, 
it is believed that irradiation of healthy tissue in proximity 
to the Zone of danger increases the production of ATP and 
copper ions in the healthy tissue and which then migrate to 
the injured cells within the region Surrounding the infarct, 
thereby producing beneficial effects. Additional information 
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regarding the biomedical mechanisms or reactions involved 
in phototherapy is provided by Tiina I. Karu in “Mechanisms 
of Low-Power Laser Light Action on Cellular Level”, Pro 
ceedings of SPIE Vol. 4159 (2000), Effects of Low-Power 
Light on Biological Systems V, Ed. Rachel Lubart, pp. 1-17, 
which is incorporated in its entirety by reference herein. 

0129. In certain embodiments, delivering the neuropro 
tective amount of light energy includes Selecting a Surface 
power density of the light energy at the Scalp 30 correspond 
ing to the predetermined power density at the target area of 
the brain 20. AS described above, light propagating through 
tissue is Scattered and absorbed by the tissue. Calculations of 
the power density to be applied to the scalp 30 so as to 
deliver a predetermined power density to the Selected target 
area of the brain 20 preferably take into account the attenu 
ation of the light energy as it propagates through the skin and 
other tissues, Such as bone and brain tissue. Factors known 
to affect the attenuation of light propagating to the brain 20 
from the scalp 30 include, but are not limited to, skin 
pigmentation, the presence and color of hair over the area to 
be treated, amount of fat tissue, the presence of bruised 
tissue, Skull thickness, and the location of the target area of 
the brain 20, particularly the depth of the area relative to the 
surface of the scalp 30. For example, to obtain a desired 
power density of 50 mW/cm’ in the brain 20 at a depth of 
3 cm below the surface of the scalp 30, phototherapy may 
utilize an applied power density of 500 mW/cm. The higher 
the level of skin pigmentation, the higher the power density 
applied to the scalp 30 to deliver a predetermined power 
density of light energy to a subsurface site of the brain 20. 

0.130. In certain embodiments, treating a patient suffering 
from the effects of Stroke comprises placing the therapy 
apparatus 10 in contact with the scalp 30 and adjacent the 
target area of the patient's brain 20. The target area of the 
patient’s brain 20 can be previously identified such as by 
using Standard medical imaging techniques. In certain 
embodiments, treatment further includes calculating a Sur 
face power density at the Scalp 30 which corresponds to a 
preSelected power density at the target area of the patient's 
brain 20. The calculation of certain embodiments includes 
factors that affect the penetration of the light energy and thus 
the power density at the target area. These factors include, 
but are not limited to, the thickness of the patient's Skull, 
type of hair and hair coloration, Skin coloration and pig 
mentation, patient's age, patient's gender, and the distance 
to the target area within the brain 20. The power density and 
other parameters of the applied light are then adjusted 
according to the results of the calculation. 
0131 The power density selected to be applied to the 
target area of the patient's brain 20 depends on a number of 
factors, including, but not limited to, the wavelength of the 
applied light, the type of CVA (ischemic or hemorrhagic), 
and the patient's clinical condition, including the extent of 
the affected brain area. The power density of light energy to 
be delivered to the target area of the patient's brain 20 may 
also be adjusted to be combined with any other therapeutic 
agent or agents, especially pharmaceutical neuroprotective 
agents, to achieve the desired biological effect. In Such 
embodiments, the Selected power density can also depend on 
the additional therapeutic agent or agents chosen. 

0.132. In preferred embodiments, the treatment proceeds 
continuously for a period of about 10 seconds to about 2 
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hours, more preferably for a period of about 1 to about 10 
minutes, and most preferably for a period of about 1 to 5 
minutes. In other embodiments, the light energy is prefer 
ably delivered for at least one treatment period of at least 
about five minutes, and more preferably for at least one 
treatment period of at least ten minutes. The light energy can 
be pulsed during the treatment period or the light energy can 
be continuously applied during the treatment period. 
0133. In certain embodiments, the treatment may be 
terminated after one treatment period, while in other 
embodiments, the treatment may be repeated for at least two 
treatment periods. The time between Subsequent treatment 
periods is preferably at least about five minutes, more 
preferably at least about 1 to 2 days, and most preferably at 
least about one week. In certain embodiments in which 
treatment is performed over the course of multiple days, the 
apparatus 10 is wearable over multiple concurrent days (e.g., 
embodiments of FIGS. 1, 3,9A, 10, and 13). The length of 
treatment time and frequency of treatment periods can 
depend on Several factors, including the functional recovery 
of the patient and the results of imaging analysis of the 
infarct. In certain embodiments, one or more treatment 
parameters can be adjusted in response to a feedback signal 
from a device (e.g., magnetic resonance imaging) monitor 
ing the patient. 
0134. During the treatment, the light energy may be 
continuously provided, or it may be pulsed. If the light is 
pulsed, the pulses are preferably at least about 10 nanoSec 
ond long and occur at a frequency of up to about 100 kHz. 
Continuous wave light may also be used. 
0135 The thrombolytic therapies currently in use for 
treatment of Stroke are typically begun within a few hours of 
the Stroke. However, many hours often pass before a perSon 
who has Suffered a Stroke receives medical treatment, So the 
Short time limit for initiating thrombolytic therapy excludes 
many patients from treatment. In contrast, phototherapy 
treatment of Stroke appears to be more effective if treatment 
begins no earlier than Several hours after the ischemic event 
has occurred. Consequently, the present methods of photo 
therapy may be used to treat a greater percentage of Stroke 
patients. 

0136. In certain embodiments, a method provides a neu 
roprotective 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 comprises commencing administration 
of a neuroprotective effective amount of light energy to the 
brain. The administration of the light energy is commenced 
no less than about two hours following the time of the 
ischemic event. In certain embodiments, phototherapy treat 
ment can be efficaciously performed preferably within 24 
hours after the ischemic event occurs, and more preferably 
no earlier than two hours following the ischemic event, Still 
more preferably no earlier than three hours following the 
ischemic event, and most preferably no earlier than five 
hours following the ischemic event. In certain embodiments, 
one or more of the treatment parameters can be varied 
depending on the amount of time that has elapsed Since the 
ischemic event. 

0137 Without being bound by theory, it is believed that 
the benefit in delaying treatment occurs because of the time 
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needed for induction of ATP production, and/or the possible 
induction of angiogenesis in the region Surrounding the 
infarct. Thus, in accordance with one preferred embodiment, 
the phototherapy for the treatment of Stroke occurs prefer 
ably about 6 to 24 hours after the onset of stroke symptoms, 
more preferably about 12 to 24 hours after the onset of 
Symptoms. It is believed, however, that if treatment begins 
after about 2 days, its effectiveness will be greatly reduced. 
0.138. In certain embodiments, the phototherapy is com 
bined with other types of treatments for an improved thera 
peutic effect. Treatment can comprise directing light through 
the Scalp of the patient to a target area of the brain concur 
rently with applying an electromagnetic field to the brain. In 
Such embodiments, the light has an efficacious power den 
sity at the target area and the electromagnetic field has an 
efficacious field Strength. For example, the apparatuS 50 can 
also include Systems for electromagnetic treatment, e.g., as 
described in U.S. Pat. No. 6,042,531 issued to Holcomb, 
which is incorporated in its entirety by reference herein. In 
certain embodiments, the electromagnetic field comprises a 
magnetic field, while in other embodiments, the electromag 
netic field comprises a radio-frequency (RF) field. AS 
another example, treatment can comprise directing an effi 
cacious power density of light through the Scalp of the 
patient to a target area of the brain concurrently with 
applying an efficacious amount of ultraSonic energy to the 
brain. Such a System can include Systems for ultrasonic 
treatment, e.g., as described in U.S. Pat. No. 5,054,470 
issued to Fry et al., which is incorporated in its entirety by 
reference herein. 

PHOTOTHERAPY EXAMPLES 

Example 1 

0.139. An in vitro experiment was done to demonstrate 
one effect of phototherapy on neurons, namely the effect on 
ATP production. Normal Human Neural Progenitor (NHNP) 
cells were obtained cryopreserved through Clonetics of 
Baltimore, Md., catalog #CC-2599. The NHNP cells were 
thawed and cultured on polyethyleneimine (PEI) with 
reagents provided with the cells, following the manufactur 
ers instructions. The cells were plated into 96 well plates 
(black plastic with clear bottoms, Becton Dickinson of 
Franklin Lakes, N.J.) as spheroids and allowed to differen 
tiate into mature neurons over a period of two weeks. 
0140 A Photo Dosing Assembly (PDA) was used to 
provide precisely metered doses of laser light to the NHNP 
cells in the 96 well plates. The PDA included a Nikon 
Diaphot inverted microscope (Nikon of Melville, N.Y.) with 
a LUDL motorized x,y,z stage (Ludl Electronic Products of 
Hawthorne, N.Y.). An 808 nanometer laser was routed into 
the rear epi-fluorescent port on the microscope using a 
custom designed adapter and a fiber optic cable. Diffusing 
lenses were mounted in the path of the beam to create a 
“speckled” pattern, which was intended to mimic in vivo 
conditions after a laser beam passed through human skin. 
The beam diverged to a 25 millimeter diameter circle when 
it reached the bottom of the 96 well plates. This dimension 
was chosen So that a cluster of four adjacent wells could be 
lased at the same time. Cells were plated in a pattern Such 
that a total of 12 clusters could be lased per 96 well plate. 
Stage positioning was controlled by a Silicon Graphics 
WorkStation and laser timing was performed by hand using 
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a digital timer. The measured power density passing through 
the plate for the NHNP cells was 50 mW/cm. 
0.141. Two independent assays were used to measure the 
effects of 808 nanometer laser light on the NHNP cells. The 
first was the CellTiter-Glo Luminescent Cell Viability Assay 
(Promega of Madison, Wis.). This assay generates a "glow 
type” luminescent Signal produced by a luciferase reaction 
with cellular ATP. The CelTiter-Glo reagent is added in an 
amount equal to the Volume of media in the well and results 
in cell lysis followed by a Sustained luminescent reaction 
that was measured using a Reporter luminometer (Turner 
Biosystems of Sunnyvale, Calif.). Amounts of ATP present 
in the NHNP cells were quantified in Relative Luminescent 
Units (RLUs) by the luminometer. 
0142. The second assay used was the alamarBlue assay 
(BioSource of Camarillo, Calif.). The internal environment 
of a proliferating cell is more reduced than that of a 
non-proliferating cell. Specifically, the ratios of NADPH/ 
NADP, FADH/FAD, FMNH/FMN and NADH/NAD, 
increase during proliferation. Laser irradiation is also 
thought to have an effect on these ratioS. Compounds Such 
as alamarBlue are reduced by these metabolic intermediates 
and can be used to monitor cellular States. The oxidization 
of alamarBlue is accompanied by a measurable shift in color. 
In its unoxidized State, alamarElue appears blue, when 
oxidized, the color changes to red. To quantify this shift, a 
340PC microplate reading spectrophotometer (Molecular 
Devices of Sunnyvale, Calif.) was used to measure the 
absorbance of a well containing NHNP cells, media and 
alamarEBlue diluted 10% V/v. The absorbance of each well 
was measured at 570 nanometers and 600 nanometers and 
the percent reduction of alamarBlue was calculated using an 
equation provided by the manufacturer. 

0143. The two metrics described above, (RLUs and % 
Reduction) were then used to compare NHNP culture wells 
that had been lased with 50 mW/cm at a wavelength of 808 
nanometers. For the CelTiter-Glo assay, 20 wells were lased 
for 1 Second and compared to an unlased control group of 20 
wells. The CellTiter-Glo reagent was added 10 minutes after 
lasing completed and the plate was read after the cells had 
lysed and the luciferase reaction had Stabilized. The average 
RLUS measured for the control wells was 3808-3394 while 
the laser group showed a two-fold increase in ATP content 
to 7513+6109. The standard deviations were somewhat high 
due to the relatively small number of NHNP cells in the 
wells (approximately 100 per well from visual observation), 
but a student's unpaired t-test was performed on the data 
with a resulting p-value of 0.02 indicating that the two-fold 
change is Statistically significant. 

0144. The alamarBlue assay was performed with a higher 
cell density and a lasing time of 5 Seconds. The plating 
density (calculated to be between 7,500-26,000 cells per 
well based on the certificate of analysis provided by the 
manufacturer) was difficult to determine since Some of the 
cells had remained in the Spheroids and had not completely 
differentiated. Wells from the same plate can still be com 
pared though, Since plating conditions were identical. The 
alamarblue was added immediately after lasing and the 
absorbance was measured 9.5 hours later. The average 
measured values for percent reduction were 22% +7.3% for 
the 8 lased wells and 12.4%+5.9% for the 3 unlased control 
wells (p-value=0.076). These alamarBlue results support the 
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earlier findings in that they show a similar positive effect of 
the laser treatment on the cells. 

0145 Increases in cellular ATP concentration and a more 
reduced state within the cell are both related to cellular 
metabolism and are considered to be indications that the cell 
is viable and healthy. These results are novel and Significant 
in that they show the positive effects of laser irradiation on 
cellular metabolism in in-vitro neuronal cell cultures. 

Example 2 

0146 In a second example, transcranial laser therapy was 
investigated using a low-energy infrared laser to treat behav 
ioral deficits in a rabbit Small clot embolic stroke model 
(RSCEM). This example is described in more detail by P. A. 
Lapchak et al., “Transcranial Infrared Laser Therapy 
Improves Clinical Rating Scores. After Embolic Strokes in 
Rabbits,” Stroke, Vol. 35, pp. 1985-1988 (2004), which is 
incorporated in its entirety by reference herein. 
0147 RSCEM was produced by injection of blood clots 
into the cerebral vasculature of anethestized male New 
Zealand White rabbits, resulting in ischemia-induced behav 
ioral deficits that can be measured quantitatively with a 
dichotomous rating Scale. In the absence of treatment, Small 
numbers of microclots caused no grossly apparent neuro 
logic dysfunction while large numbers of microclots invari 
ably caused encephalopathy or death. Behaviorally normal 
rabbits did not have any Signs of impairment, whereas 
behaviorally abnormal rabbits had loss of balance, head 
leans, circling, Seizure-type activity, or limb paralysis. 

0.148. For laser treatment, a laser probe was placed in 
direct contact with the skin. The laser probe comprised a 
low-energy laser (wavelength of 808+5 nanometers) fitted 
with an OZ Optics Ltd. fiber-optic cable and a laser probe 
with a diameter of approximately 2 centimeters. Instrument 
design Studies showed that these specifications would allow 
for laser penetration of the rabbit skull and brain to a depth 
of 2.5 to 3 centimeters, and that the laser beam would 
encompass the majority of the brain if placed on the skin 
Surface posterior to bregma on the midline. Although the 
Surface Skin temperature below the probe was elevated by up 
to 3 C., the focal brain temperature directly under the laser 
probe was increased by 0.8 C. to 1.8 C. during the 
10-minute laser treatment using the 25 mW/cm energy 
Setting. Focal brain temperature returned to normal within 
60 minutes of laser treatment. 

014.9 The quantitative relationship between clot dose and 
behavioral or neurological deficits was evaluated using 
logistic (S-shaped) curves fitted by computer to the quantal 
dose-response data. These parameters are measures of the 
amount of microclots (in mg) that produced neurologic 
dysfunction in 50% of a group of animals (Pso). A separate 
curve was generated for each treatment condition, with a 
Statistically significant increase in the Pso value compared 
with control being indicative of a behavioral improvement. 
The data were analyzed using the t test, which included the 
Bonferroni correction when appropriate. 
0150. To determine if laser treatment altered physiologi 
cal variables, 14 rabbits were randomly divided into 2 
groups, a control group and a laser-treated group (25 
mW/cm for 10 minutes). Blood glucose levels were mea 
sured for all embolized rabbits using a Bayer Elite XL 
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3901B Glucometer, and body temperature was measured 
using a Braun Thermoscan Type 6013 digital thermometer. 
Within 60 minutes of embolization, there was an increase in 
blood glucose levels in both the control group and the 
laser-treated group that was maintained for the 2 hours 
post-embolization observation time. Blood glucose levels 
returned to control levels by 24 hours, regardless of the 
extent of Stroke-induced behavioral deficits. Laser treatment 
did not significantly affect glucose levels at any time. 
Neither embolization nor laser treatment significantly 
affected body temperature in either group of rabbits. 
0151 FIG. 17A is a graph for the percentage of the 
population which was either abnormal or dead as a function 
of the clot weight in milligrams for laser treatment of 7.5 
mW/cm for a treatment duration of 2 minutes. As shown by 
FIG. 17A, the control curve (dotted line) has a Po value of 
0.97+0.19 mg (n=23). Such laser treatment initiated 3 hours 
after the Stroke significantly improved behavioral perfor 
mance, with the Po value increased to 2.21+0.54 mg (n=28, 
*P=0/05) (solid line). The effect was durable and was 
measurable 3 weeks after embolization. However, the same 
Setting did not improve behavior if there was a long delay 
(24 hours) after embolization (dashed line) (Pso-1.23+0.15 
mg, n=32). 
0152 FIG. 17B is a graph for the percentage of the 
population which was either abnormal or dead as a function 
of the clot weight in milligrams for laser treatment of 25 
mW/cm2 for a treatment duration of 10 minutes. As shown 
by FIG. 17B, the control curve (dotted line) has a Pso value 
of 1.10+0.17 mg (n=27). Such laser treatment initiated 1 
(dashed line) or 6 (solid line) hours after embolization also 
Significantly increased behavioral performance, with the Pso 
value increased to 2.02+0.46 mg (n=18, *P-0.05) and 
2.98+0.65 mg (n=26, *P<0.05), respectively. 
0153 FIG. 18 is a graph showing the therapeutic window 
for laser-induced behavioral improvements after Small-clot 
embolic strokes in rabbits. Results are shown as clinical 
rating score Pso (mg clot) given as meantSEM for the 
number of rabbits per time point (number in brackets) for 
laser treatment initiated 1, 3, 6, or 24 hours after emboliza 
tion as shown on the X-axis. The horizontal line represents 
the mean of the control Pso values (P<0.05). 
0154) The results in the RSCEM showed that laser treat 
ment Significantly improved behavioral rating Scores after 
embolic strokes in rabbits without affecting body tempera 
ture and blood glucose levels. In addition, laser treatment 
was effective when initiated up to 6 hours after Strokes, 
which is later than any other previously effective Single 
therapy in the same preclinical Stroke model. Moreover, the 
effect was durable and was measurable up to 21 days after 
embolization. The magnitudes of laser-induced improve 
ment in rabbits are similar to previously tested thrombol 
lytics (alteplase, tenecteplase, and microplasmin) and neu 
roprotective compounds (NXY-059), which are undergoing 
clinical development. 
O155 The explanations and illustrations presented herein 
are intended to acquaint otherS Skilled in the art with the 
invention, its principles, and its practical application. Those 
skilled in the art may adapt and apply the invention in its 
numerous forms, as may be best Suited to the requirements 
of a particular use. Accordingly, the Specific embodiments of 
the present invention as Set forth are not intended as being 
exhaustive or limiting of the invention. 
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What is claimed is: 
1. A therapy apparatus for treating a patient's brain, the 

therapy apparatus comprising: 

a plurality of light Sources, each light Source having an 
output emission area positioned to irradiate a corre 
sponding portion of the brain with an efficacious power 
density and wavelength of light; and 

an element interposed between the light Sources and the 
patient's Scalp, the element inhibiting temperature 
increases at the Scalp caused by the light. 

2. The therapy apparatus of claim 1, wherein the portions 
of the brain corresponding to the light Sources overlap one 
another. 

3. The therapy apparatus of claim 1, wherein the patient 
is in a reclining position. 

4. The therapy apparatus of claim 1, wherein the light 
passes through the element prior to reaching the Scalp. 

5. The therapy apparatus of claim 1, wherein the element 
is wearable on the patient's Scalp. 

6. The therapy apparatus of claim 1, wherein the element 
comprises a cap. 

7. The therapy apparatus of claim 1, wherein the element 
is Substantially optically transmissive at the wavelength and 
reduces back reflections of the light. 

8. The therapy apparatus of claim 7, wherein the element 
fits to the Scalp So as to Substantially reduce air gaps between 
the Scalp and the element. 

9. The therapy apparatus of claim 7, wherein the element 
comprises a material having a refractive indeX which Sub 
Stantially matches a refractive index of the Scalp. 

10. The therapy apparatus of claim 1, wherein the element 
cools the Scalp. 

11. The therapy apparatus of claim 1, wherein the element 
blanches at least a portion of the Scalp and decreases 
absorption of the light by blood in the scalp. 

12. The therapy apparatus of claim 1, wherein the element 
diffuses the light prior to reaching the Scalp. 

13. A therapy apparatus for treating brain tissue, the 
therapy apparatus comprising: 

a plurality of light Sources, each light Source positioned to 
irradiate at least a corresponding portion of a patient's 
head with light having a wavelength and power density 
which penetrates the cranium to deliver an efficacious 
amount of light to brain tissue, and 

a material which inhibits temperature increases of the 
head. 

14. The therapy apparatus of claim 13, wherein the 
material is worn on the head. 

15. The therapy apparatus of claim 13, wherein each light 
Source irradiates a predetermined area of the head. 

16. A therapy apparatus for treating a patient's brain, the 
therapy apparatus comprising: 

a plurality of light Sources, each light Source irradiating at 
least a corresponding portion of the brain with an 
efficacious power density and wavelength of light; and 

a controller for energizing Said light Sources So as to 
Selectively produce a predetermined irradiation pattern 
on the patient's Scalp. 
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