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Laser Acupuncture to Treat
Paralysis in Stroke



Case CP, 54 Yr .M, Knee Flexion , Pre/Post Sham, Real & Laser Aoptr.

OSham, Needle ANo Tx. OReal, Needle
V No Tx B Real, Laser
L1 P A BRI RSt e i
£ 100. |
:
80.
¢
£ .
5 o |
. L
g 2 A "
B 0+—0—0
.m | v ] v | v | L

0 2 4 & . B oone el g e
Months Post Stroke Onset Yhen Sham Needle, Real Needle and Laser Actpr. Used

Naeser, Alexander, Stiassny-Eder Galler, Hobbs, Bachman, Lannin. 1995. Laser Acupuncture in the Treatment of Paralysis in
Stroke Patients: A CT Scan Lesion Site Study. Am J Acupuncture, 23(1):13-28



Shoulder Abduction

Naeser, Alexander, Stiassny-Eder Galler, Hobbs, Bachman, Lannin. 1995. Laser Acupuncture in the Treatment of Paralysis in
Stroke Patients: A CT Scan Lesion Site Study. Am J Acupuncture,23(1):13-28



Naeser, Alexander, Stiassny-Eder Galler, Hobbs, Bachman, Lannin. 1995. Laser Acupuncture in the Treatment of Paralysis in
Stroke Patients: A CT Scan Lesion Site Study. Am J Acupuncture,23(1):13-28



BEFORE TREATMENT: Right Hand spasticity still present, 1.5 Yr. Poststroke
Microamps TENS device (MicroStim 100) will be used for 20 Minutes,
on two Acupuncture Points: HRT 8 and TW §
High Frequency, 292 Hz., 2 min. (subthreshold)
Low Frequency, 0.3 Hz., 18 min. (subthreshold)

PLUS, Red-Beam Laser Acupuncture on the finger tips, 4 J/cm? per point
Naeser, Personal Observation in: Hashmi, Huang, Osmani, Sharma, Naeser, Hamblin. 2010 Role of low-level
laser therapy in neurorehabilitation. Arch Physical Medicine & Rehabilitation, Suppl. 2, S292-S305.



Step 3) Place the tip of the laser directly on each acupuncture
point. With red-beam laser treat each point at 4 Joules/cm? -
Lull,LI1,PC9,TW 1,Hrt9,SI 1.

Step 4) Place the tip of the laser directly on each acupuncture point.
With red-beam laser treat each point at 4 Joules/cm? -
Hrt 8, PC8, Lu 9, Hrt 7. See special instructions below for *PC7.

Naeser, Personal Observation in: Hashmi, Huang, Osmani, Sharma, Naeser, Hamblin. 2010 Role of low-level laser therapy in
neurorehabilitation. Arch Physical Medicine & Rehabilitation, Suppl. 2, S292-S305.



BEFORE TREATMENT:

Hand spasticity still present

1.5 Yr. Poststroke <

1st Treatment
Naeser Laser Hand Treatment

Microamps TENS (Hrt 8, TW 5)
and
Red-beam Laser (Jing-Well Pts.)

AFTER TREATMENT: \
Post- 15, 20-Minute Treatment

Hand opens
Fingers have more extension
and less spasticity

Requires more treatments,
to retain more lasting effect. Naeser, Personal Observation in: Hashmi, Huang, Osmani, Sharma,
Naeser, Hamblin. 2010
Role of low-level laser therapy in neurorehabilitation.
Arch Physical Medicine & Rehabilitation, Suppl. 2, S292-S305.

Patient can treat him/herself.



Naeser, Hahn, Lieberman, Branco. 2002
Carpal Tunnel Syndrome Pain Treated with Low-Level Laser and Microamps TENS,

A Controlled Study. Arch Physical Medicine & Rehabilitation, Vol. 83:978-988.
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Traumatic Brain Injury (TBI)

- Each year, 1.7 million patients evaluated for traumatic brain injury (TBI),
including 3 TBIs every minute in U.S.

- Annual cost between $60-$76.5 billion

- Closed-head, mild TBI, most common (75%)

- 20-30% of these, have persistent cognitive dysfunction CDC 2013

With closed-head TBI, diffuse axonal injury (DAI)
results, when shearing, stretching, and/or angular forces pull on axons

and small vessels.
Normal structural CT or MRI scan.
Taber, Warden, Hurley, 2006; Medana, Esiri, 2003
- Closed-head TBI from blast injury is the major injury of Veterans returning

from Iraq and Afghanistan. Hoge, McGurk, Thomas et al., 2008



Niogi & Mukherjee, 2010, J Head Trauma Rehabil.



Traumatic Brain Injury (TBI)
often results in Cognitive Dysfunction

- Chronic, mild TBI is associated with persistent
post-concussive symptoms, and problems with:

- attention

- cognitive manipulation of temporal information

- processing speed

- working memory, i.e., the ability to hold information in

mind, and to manipulate it in light of incoming material.

- These “executive functions” are sensitive to damage
In frontal lobes - orbital, medial (ant. cingulate gyrus),
and dorsolateral, prefrontal cortex.







LED Device
FDA-Cleared, Non-significant risk, since 2003

Circular-shaped. Cluster-head diameter: 53.45 mm (2.1 inches)
Treatment Area: 22.48 cm?

Single cluster head contained 671 diodes:
9 red 633 nm diodes
52 near-infrared 870 nm diodes
Each diode was 12-15 mW
Total optical output power: 500 mW (+20%) CW
Power density: 22.2 mW/cm? (+20%)
1 Jlcm? =45 sec

10 min per area; 13.3 J/lcm? per area (0.4 J/cm? to brain cortex).

Estimate: 2-3% of NIR photons from extra-cranial placement will reach
1cm deep, to reach surface brain cortex. wan, Parrish, Anderson, Madden, 1981

Naeser, Saltmarche, Krengel, Hamblin, Knight. 2011



Bilateral LED Placement Loci: 11 LED head placement loci. Left Side, Right Side, and Midline placements.
Each treated for 10 min, each. 13.3 J/cm? at skin surface,
Estimated 0.4 J/cm? at 1cm deep, surface brain cortex.
Each 2-inch diameter, LED cluster head, 500 mW (+ 20%).

Estimated 2-3% of near-infrared, energy penetration from skin/scalp
surface will reach 1 cm deep, to brain cortex. \Wan, Parrish, Anderson, Madden,

1981

Location of Gyral Areas of Brain Cortex,
in Relationship to Bone Suture Lines of Skull.
(Gray1197.png)

Red areas show low cortical activation on functional
MRI in chronic, traumatic brain injury cases
(post- motor vehicle accidents) with “cognitive

dysfunction.”
Sanchez-Carrion et al., J. Neurotrauma, 2008

Naeser, Saltmarche, Krengel, Hamblin, Knight. 2011



In TBI, the ventral, mesial surface of the frontal lobes (Anterior Cinqulate G., and
mesial, inferior, prefrontal cortex) are areas with low glucose metabolism in chronic, TBI.
This is a target area, with the LED cluster head that is placed at the midline, center front
hairline.
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Red areas show cortical areas
of low glucose metabolism on
PET scans in chronic, TBI

Location of Gyral Areas of Brain Cortex, cases (post- MVA) with cognitive

in Relationship to Bone Suture Lines of Skull. dysfunction. Kato et al., 2007
(Gray1197.png)

Naeser, Saltmarche, Krengel, Hamblin, Knight. 2011



Here, two LED cluster heads are held in
place on the head, with a loose-fitting
elastic cap.

The LED cluster head placed on the sole
of the foot (acupuncture point, Kidney 1),
is held in place with a soft, flexible, elastic
band, secured with a velcro strap.

Home Treatments:
The MedX Console Unit has
3 LED Cluster Heads.
Three LED cluster heads may
be used in three different areas,

at the same time.

The usual treatment time
is 10 minutes, per area.
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et al., 2002 Fig. 1. Sequence design in the fMRI experiment.

Fig.2. Ipsilateral, occipital cerebral activation pattern induced by laser acupuncture to Bl 67. Siedentopf et al., 2002, Neuroscience Lett



P1: Transcranial LED to Improve Cognition in chronic, TBI
Woman, age 59, closed-head injury, motor vehicle accident (MVA), 1997

Highly educated, teaching web-design at a major university

5 months post- MVA:

Resigned from all professional work, “post-concussive syndrome”
2 years post- MVA (age 61):

Unable to perform any work, depression, and suicidal gesture

/ years, post- MVA (age 66):
Received first transcranial LED treatments

Pre- LED - Able to work on computer for only 20 min. at a time.

Post- 2 Mo. of LED Treatments —
Able to work on computer 3 hours

Performs nightly, home treatments - now, for 6 years (age 73) maintains
improved cognition.
No depression; no more suicidal gestures.
Naeser, Saltmarche, Krengel, Hamblin, Knight. 2011




P2: Transcranial LED to Improve Cognition in chronic, TBI

Woman, age 52. High-ranking officer, retired from military, 20 years of service.

After military retirement, working as Executive Consultant, International,
Technology Consulting firm.

4 Yr. after retirement, closed-head injury, fell from swing onto concrete.

Already had history multiple concussions: civilian and military deployment.
6 Mo. post- TBIl: Onto Medical Disability, due to “cognitive dysfunction”
11 Mo. post- TBI: Started nightly, home treatments with transcranial LEDs

15 Mo. post- TBI:
4 Mo. Post- Home, LED treatments). Working full-time,
Executive Consultant, International Technology
Cancelled Medical Disability (had been on this 5 months)
Reported reduced PTSD symptoms.

3 Yr. post- TBI: Continues home treatments; continues to be employed.

Naeser, Saltmarche, Krengel, Hamblin, Knight. 2011, Photomedicine and Laser Surgery






Participa NtS: Spaulding Rehabilitation Hospital Study, Harvard Medical School
Dr. Ross Zafonte, Principal Investigator

€4 11 chronic, mild TBI cases (26-62 Yr, 6M) persistent cognitive dysfunction, >6 Months

€ LED Treatment started at 10 months to 8 years post-mTBlI
6 / 11 were >2 years post- TBI

(MVA, Sports-related, IED blast TBI)

€ Participants had one or more non-penetraing TBI with LOC ranging 0-30 min.
4 [ 11, multiple TBIs

€ At Entry: Must have scored at least 2 SD below average on one,
or 1 SD below average on at least two,
neuropsychological tests (NP) administered at Screening:

€ Screening NP Tests:

1) Trail Making Test (Reynolds, 2002). Trails A and Trails B.

2) Controlled Oral Word Association Test/FAS Test (Spreen & Benton, 1977; Benton &
Hamsher, 1989). Total Words generated, for the letters, F, Aand S.

3) California Verbal Learning Test, Second Edition. (Delis, Kramer, Kaplan, Ober, 2000).
4) Stroop Test for Executive Function (Delis, Kaplan, Kramer, 2001). Trials 1 — 4.

Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J..of Neurotrauma



€ Method: LED cluster heads were applied to 11 scalp areas:

Along the midline/mid-sagittal line, from the front hairline to the back hairline;

and bilateral dorso-lateral prefrontal, temporal, parietal, and occipital areas.

€ Atotal of 5-6 LED cluster heads were applied to the scalp simultaneously.

2 sets of LED cluster head placement loci, 10 min. per set.
13 Joules/cm? applied at each scalp/skin LED placement area

Estimated 0.4 J/cm? at 1 cm, close to surface brain cortex, but unknown).

€ Total LED treatment time per visit was 20 minutes.

LED Treatment Schedule:

€ 18 LED Tx.’s (M,W,F,; 6 Wks) as outpatients, Spaulding Rehabilitation Hospital, Boston.

Neuropsych. Testing, Pre- and Post LED:

Pre- LED at Entry

1 WK. post- the 18th LED Tx.
1 Mo. post- the 18th LED Tx.
2 Mo. post- the 18th LED Tx.

L B X & 2

Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J..of Neurotrauma



a) Sample LED cluster head, showing the side
that was applied to the skin. a)

The “X” shows location of the 9 red diodes b)
embedded within the LED cluster head.

The 52 near-infrared (NIR) diodes
surrounding the “X” are not visible to the eye.

Each red/NIR LED cluster head had a 2.1-
inch diameter, and the total power output was
500mW.

b) View of subject being treated, and example
of three LED placement areas on the head from
Set A (1%, 2" and 3" LED placements described
in Table 2).

During each treatment, 6 LED cluster heads
were used simultaneously (13 Joules/cm?,

10 minutes per LED placement).

Immediately after treatment using the Set A
LED placements, the LED cluster heads were
moved to other placements on the scalp (Set B)
for 10 minutes.

The LED cluster heads were held in place
with a soft, nylon cap. Total treatment time per

visit was 20 minutes; it was painless,
noninanive and n(mthermal Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J..of Neurotrauma




Results A B

Stroop Test for Executive Function: Stroop Test for Executive Function:
Trial 3, Inhibition Trial 4, Inhibition Switching
=.004
P p=.003
C D
California Verbal Learning Test-II: California Verbal Learning Test-II:
Total Trials 1-5 Long Delay Free Recall
p=.003
p=.006

0.0

Number of SD Units
Number of SD Units

" -15 "
Pre-Tx 1W. 1Mo. 2Mo. Pre-Tx W, 1Mo, 2Mo.
8T 8T o Post- 18 Tx Post- 18 Tx Post-18T)

Graphs showing a significant linear trend over time for the effect of LED treatments on specific
neuropsychological tests: A) Stroop Test for Executive Function, Trial 3 inhibition (p=.004); B) Stroop, Trial 4
inhibition switching (p=.003); C) California Verbal Learning Test (CVLT)-II, Total Trials 1-5 (p=.003); and D) CVLT-II,

Long Delay Free Recall (p=.006).

Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J..of Neurotrauma



Executive Function
Stroop Trial 4: Inhibition Switching
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Executive Function, Stroop Trial 4 inhibition switching: Graph showing pre- and
post- LED test scores for each participant (SD adjusted for age and education).

P8 was active duty Military with IED blast, TBI (and other mTBIs) 3 years before
entry. He was treated with transcranial LED and then returned for further evaluation by his Unit.

Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J. Neurotrauma



Beck Depression Inventory-ll

20.0 0 =039

Number of SD Units

Pre-Tx 1Wk. 1Mo. 2Mo.
Post- 18 Tx Post- 18 Tx Post- 18 Tx

Depression significantly decreased from Baseline to Post- 1Wk. (p<0.045).

Then, it rose slightly and reached asymptote (but less than at Baseline),
similar to Schiffer et al. (2009).

Subjects may need additional LED Tx.

Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J. Neurotrauma




Increase in regional cerebral
blood flow (rCBF) at left and
right frontal poles, Post-
Transcranial NIR LED to treat
major depression (n=10).

LED cluster head is shown at
F3 (corner of left forehead).The
rCBF was measured with NIR
spectroscopy (INVOS system,
shown with electrodes placed on

the L and R forehead areas).
Schiffer, et al., 2009

Significantly (p=.001) reduced
Depression scores (Hamilton D
Rating Scale) at +2 weeks after
one transcranial, NIR LED
treatment to F3, F4 frontal areas
(10-20 EEG system) for 4
minutes to each area, in 10
severe, chronic depression
cases. A high score suggests
more depression. Fifteen or
above is suggestive of a clinical
depression, and below 8 is
suggestive of a remission. The
legend numbers correspond to
patient numbers.

Schiffer, Johnston, ...Hamblin,
2009




Spaulding Rehabilitation Hospital, Transcranial LED Tx mTBI Study:
Pre- and Post- LED Tx. Data

PTSD Checklist, PCL-Civilian Only 4 / 11 mTBI cases also had PTSD
Highest
possible score —> 85
77 -&-p3
—-pP4
© 67 s
8 —>c
n of P10
3 47
14 -\-
37 =
27
Lowest
possible score —> 17 1
Pre-Tx 1 WK. 1 Mo. 2 Mo.

Post- 18 Tx. Post- 18 Tx. Post- 18 Tx.

Score >36 suggestive of PTSD based on case referral from specialized clinic
(TBI or Pain) or VA Primary Care

Reliable decrease = 5-10 points
Clinically meaningful decrease = 10-20 points Monson et al., 2008

Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J. Neurotrauma



€ Patients and family reported clear improvement in capacities to
perform social, interpersonal and occupational functions.

Some comments Post- LED:
¢ PO001 - Able to sort bills, write checks, read essays, tasks previously unable to
do for 5 years, since the TBI.

¢ PO004 - Headache pain was reduced from VAS of 5, down to 2; and he no longer
requires Extra Strength Tylenol or Tylenol, for HA pain. He continues to work as PhD
Clinical Psychologist, resumed full-time work, instead of only part-time.

¢ PO0O05 - Was depressed, and non-talkative at entry, but became quite verbal and
talkative after a few weeks of LED treatments.

¢ PO006 - PTSD Checklist-Civilian was Severe (score of 47) at entry, and improved
to Mild (score of 30) at 1 Week post- the 18th LED treatment.

¢ PO019 - Had been having recurrent nightmares for 20 mo. (TBl caused when he was
sucked into a blast furnace). Post- 3 weeks of transcranial LED treatments, the
nightmares stopped.

Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J. Neurotrauma



Possible Mechanisms of Action for LED Treatments

Specific mechanisms, unknown - some possible mechanisms include:

1. Stimulation of mitochondria with increase in ATP production.
Cytochrome c oxidase, in last complex of the electron transport chain in mitochondria,
maximally absorbs light in wavelengths of red and near infra-red (NIR).
Increases ATP production (improving cellular respiration and oxygenation). Karu, 1995, 1999

Red Near-Infrared (NIR)
Wavelengths Wavelengths

Wong-Riley et al., J. Biological Chemistry, 2005



Possible Mechanisms
for Transcranial LED Effects, cont’d

2. Nitric Oxide released (from hypoxic cells) to outside the cell
wall, promoting vasodilation.

A) CT scan for persistent vegetative state, case at 7 Mo. post-severe TBI.
B) SPECT scan also at 7 Mo.; pre- transcranial LED therapy.
C) SPECT scan at 30 min after last LED treatment, after 3 Mo. of LED

therapy, showing focal increase of 20% (vs. pre-LED) for rCBF in the left
anterior frontal cortex (black arrow). Nawashiro et al., 2011



Possible Mechanisms
for Transcranial LED Effects, cont’d

3. Increase in Melatonin, and Improved Sleep.
Zhao et al., 2012



Possible Mechanisms
for Transcranial LED Effects, cont’d

Importance of ...Improved Sleep. Xie, et al...Nedergaard, 2013, Science



Possible Mechanisms for Transcranial LED Effects, cont’d
4. Improved ‘functional connectivity’ in the brain, in Default Mode Network (DMN).

Transcranial LED placement at center front hairline (right column, a., b.), could promote improved function in the
ventral mesial pre-frontal cortex (mPFC) node of the DMN. This anterior, midline LED placement, plus the
posterior, midline LED placement, Precuneus/PCC node, could improve functional connectivity of the
Default Mode Network (DMN). DMN shown as see horizontal red lines, below. Bonnelle et al, 2012 Fig. 2, A(2)

Bonnelle et al. 2012, PNAS. “Salience network integrity predicts default mode network function after TBI.”

Naeser, Zafonte, Krengel, Martin, Frazier, Hamblin, Knight, Meehan, Baker. 2014, J. Neurotrauma



