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Topless PDT



Coming soon to a place near you …

• 1726nm selective 
photothermolysis for acne

• Nanoparticle technologies plus 
800nm diode laser

• Hair/ Sebaceous glands

• NanoPulse energy NPS
• Benign / malignant tumors

• Rapid acoustic pulse RAP
• Tattoos / Cellulite / Rejuvenation

• Imaging technologies in dermatology
• Hyperthermic treatment of BCCs
• SofWave ultrasound skin tightening
• Understanding electromagnetic 

muscle stimulation (EMMS) and 
impact on fat



What is Nano-Pulse 
Stimulation (NPS)?

• Ultra-short (billionths of a second) electrical energy pulses cause  
internal organelle disruption leading to Regulated Cell Death (RCD)

• The cell-specific effect is non-thermal, as a typical nano-pulse  
delivers ~0.1 Joules of energy distributed in a volume of tissue

• Early human studies established safe “doses” and validation of  
mechanism hypothesis for benign lesion efficacy1

• Potential Future: Published pre-clinical studies of NPS-treated  
tumors demonstrate primary tumor efficacy and immunity to re-
challenge tumors,2-4 with evidence of CD8-dependent mechanism

NPS nano-second  pulses 
induce apoptotic cell death in 

cells located  between
microneedles

1. Kaufman, D., Martinez, M., B., Jauregui, L., Ebbers, E., Nuccitelli, R., Knape, W.A., Uecker, D., Mehregan, D. “A Dose- Response study of a novel method of
selective tissue modification of cellular structures in the skin with nanosecond pulsed electric fields,” Lasers in Surgery and Medicine, 2019; 52: 315-322

2. Nuccitelli R, et al. First-in-human trial of nanoelectroablation therapy for basal cell carcinoma: proof of method. Exp Dermatol. 2014; 23(2):135-137
3. Nuccitelli, et al. (2017) Journal for ImmunoTherapy of Cancer 2017 5:32
4. Nuccitelli, et al. (2012) Pigment Cell Melanoma Res 2012, 25:618-629 8



IN HUMAN SKIN

Within days: Evidence of regulated cell death, no thermal effects
NPS stimulates Regulated Cell Death (RCD), characterized by “ghost cells” (absence of  
nuclei with intact cell membrane) indicating non-viable epidermal cells, minimal fibroplasia  
and sparing of non-cellular dermis1

Untreated Control
• Epidermal cells with  

dark nuclei

1 Day Post-Treatment
• “Ghost cells”
• Non-viable epidermis

7 Days Post-Treatment
• Original necrotic epidermis peeling
• New epidermis layer, healthy nuclei
• Minimal dermal inflammation

}
}

Non-viable  
crust

New  
Epidermis

1. Kaufman, D., Martinez, M., B., Jauregui, L., Ebbers, E., Nuccitelli, R., Knape, W.A., Uecker, D., Mehregan, D.  
“A Dose-Response study of a novel method of selective tissue modification of cellular structures in the skin  with 
nanosecond pulsed electric fields,” Lasers in Surgery and Medicine, 2019; 52: 315-322.

Caution: Pulse Biosciences’ CellFX System and Nano-Pulse Stimulation technology are for investigational use only.
©2020 Pulse Biosciences, Inc. All rights reserved. Pulse Biosciences, CellFX, Nano-Pulse Stimulation, NPS and the stylized logos are among the trademarks and/or registered trademarks of Pulse Biosciences, Inc. in the United States and other countries.. 1
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Baseline 106 Days

SK-TR-004 – Lesion 1 (back), Female, 71, Caucasian, Fitzpatrick II
Photos courtesy of Thomas Rohrer, MD, Chestnut Hill, MA

1
5

NPS clears seborrheic keratoses
SINGLE NPS TREATMENT

1. Hruza G, et al. Safety and Efficacy of Nanosecond Pulsed Electric Field Treatment of Seborrheic Keratoses. (n=58 subjects, 
174 treated SK lesions) Dermatologic Surgery 2019;00:1–8

Efficacy
• 82% efficacy (% of SK

lesions rated clear or
mostly clear 106-days
post-treatment)

• All results reflect single
treatment session



Recent Example of Cleared SK Lesion with Single NPS Session
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Baseline 47 Days

Photos courtesy of Dr. Anna Pare, Atlanta GA

Specific indications have not been 
cleared by the U.S. FDA



Example of cleared recalcitrant plantar wart
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Multiple adjacent placements of 5x5 Tip
150 mJ/mm3 per placement

Previously treated 
with cryo, topicals

Photos courtesy of Dr. Matt Mahlberg, Centennial CO

Specific indications have not been 
cleared by the U.S. FDA

Baseline 60 Days



Lip Wart Example

• Lower lip had cleared
• UPPER lip treated on this date

Baseline 90 Days from Baseline

This patient tried imiquimod, tretinoin cream, candida 
injections, and liquid nitrogen therapy without response

• Treated lower lip only

56 Days

• Lip warts mostly clear
• Patient did not want further 

treatment
Photos Courtesy of Dr. Anna Bar, Oregon Health Services

1. ASLMS 2022 Abstract Submission
2. Pediatric Dermatology Manuscript Submitted

Specific indications have not been 
cleared by the U.S. FDA
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Mouse melanoma model after controlled NPS treatment

• NPS 600 / 300 pulses 
day 0 and 18 
• (45 kV/cm, 300 nsec

long) 

• Tumor eradication 



Selective destruction of 
sebaceous glands – 1726 nm



Jefferson free electron laser lab

Selective destruction of 
sebaceous glands – 1726 nm



Selective destruction of 
sebaceous glands – 1726 nm



1726nm treatment of acne / sebaceous glands



1726nm treatment of acne / sebaceous glands



J Invest Dermatol. 2015 Jul; 135(7): 1727–1734 Fernanda Sakamoto MD PhD

Nanoparticles in sebaceous gland modulation

800 nm 
diode laser
10-50 J/cm2

30 msec



24 weeks after treatment

Nanoparticles in sebaceous gland modulation



Controlled Hyperthermic and Modulated 
Protocol for Skin Cancers

Christopher B. Zachary FRCP 
Joseph N. Mehrabi, Jon Holmes, Kristen Kelly MD

Department of Dermatology
University of California, Irvine

CHAMP



Background

• The 1064 nm Nd:YAG laser has been used 
to successfully treat basal cell carcinoma 
(BCC)

• Parameters have involved the use of fluence 
above 80 J/cm2

• Ulceration and scarring are possible adverse 
events

• Hyperthermia can induce cell apoptosis 
and necrosis in cancer

• The response is time and temperature 
dependent

Hyperthermia

Alters membrane permeability, protein 
structure, DNA repair enzymes

Cytochrome c

Caspase 7

Caspase 3

DNA fragmentation
Apoptosis

ROS

Lipid peroxidation

ER stress

↑ [Ca2+]

Activation of 
Ca2+ enzymes

Ortiz AE, Anderson RR, Avram MM. 1064 nm long-pulsed Nd:YAG laser treatment of basal cell carcinoma. Lasers in Surgery and Medicine. 2015;47(2):106-110.
Ahmed K, Zaidi SF. Treating cancer with heat: hyperthermia as promising strategy to enhance apoptosis. Journal of Pakistan Medical Association. 2013;63(4):504. 



HISTORY OF HYPERTHERMIC 
TREATMENTS

• Not a new treatment for 
cancer

• 1600 BC Hippocrates claimed 
ability to treat cancers with 
heat



Coming soon to a place near 
you …

• Imaging 
technologies in 
dermatology

• Controlled heating 
technologies

• Hyperthermic 
treatment of BCCs



It’s All About Time and Temperature



It’s All About Time and Temperature



Lucy Reading-Ikkanda / Quanta Magazine



Hyperthermic
treatment of BCCs, 

It’s not new



Hyperthermic
treatment of BCCs, 

It’s not new
• Malignant tumor cells more sensitive to 

heat
• Hyperthermia above 410 selectively lethal 

to cancer cells 
• 37 patients treated, 

• 10 Watts, 8mm spot, up to 1 minute
• 97.3% cured after 3-5 yrs

Continuous Wave ND:YAG hyperthermia; a successful modality in the 
treatment of BCCs.  Mohammed Hany El-Tonsy et al.  Dermatology Online 
Journal 2004, Oct 15;10(2)3. PMID 15530293



Controlled hyperthermic and monitored protocol
CHAMP

• Understand impact of 
hyperthermic skin treatments 
in normal skin

• Translate to non-melanoma 
skin cancer in patients



• Understand impact of 
hyperthermic skin 
treatments in normal skin

• Translate to non-melanoma 
skin cancer in patients

Controlled hyperthermic and monitored protocol
CHAMP



CHAMP; Methods
• Series of protocols tested on shaved ventral forearm / upper back on 

two subjects
• Targeted areas were marked and anesthetized with lidocaine and 

epinephrine
• Target skin temperatures ranged from 50-60˚C

• FLIR camera used to record skin temperature
• Post-treatment appearance documented daily 

for four weeks
• Optical coherence tomography used to assess 

skin and vascular damage



CHAMP - Methods



• Temperature associated with
• Fluence, pulse width, pulse rate, scan 

size, overlap
• Pulse stacking/number of passes

120 Or 30 30+ 30+ 30+ 30+

• To reach skin temperatures between 50-60˚C

• Temperature was maintained with subsequent 
low energy passes between 25-50 J/cm2

CHAMP - Results



BCCs treated with feedback control … 
• Prospective case series - 11 low-risk, non-melanoma skin cancers in 9 patients
• Mapped tumor with Optical Coherence Tomography, anesthetized with lidocaine 

and 1% epi
• Treated with the scanner-equipped LP Nd:YAG laser 
• Early patients were treated with higher fluences and overlap with graying and 

contraction as the end point

Photos reproduced with patient consent



Original parameters

• Early treatments replicated prior studies 
using

• High fluences (100-140 J/cm2), multiple 
passes

• With the addition of 10 to 15% overlap

• In some, this led to 
• Ulceration, 
• prolonged healing of >1 month
• and scarring



Immediately post-laser 16 days post-laser 5 weeks post-laser

Epidermal blistering

Absence of pain

Absent perfusion

Prolonged healing

* *

* **

*

Results
Uncontrolled heating 

above 60˚C






• FLIR thermal readings confirmed coalesced heat signatures 
forming larger spots of hyperthermic distribution

• Immediately post-laser administration
• Erythema, purpura, and edema were noted
• OCT of erythema revealed increased vascularity with intact, dilated 

blood vessels

Results
Controlled heating 

below 60˚C



Revised treatment-dependent parameters

• Temperature-dependent, low-
fluence, multi-pass, “low and slow” 
protocol

• Five passes of 30 J/cm2 boosts 
temperature into 55-59˚C range.

• Then additional 30 J/cm2 passes 
maintain the temperature between 
51-59˚C for a total of 1 minute.

• No overlap. 



Conclusions

• FLIR thermal regulation of LP 1064 nm laser administration can help 
prevent ulceration, prolonged healing, scarring 

• Scanned laser delivery ensures defined heating of  treatment area 
• Optimal combination of safety / efficacy achieved with consistent 

skin surface temperatures between 51 ̊to 58C̊ for about 60 seconds 
• Skin temperatures above 60C̊ can result in undesired adverse effects
• Future studies to explore these hyperthermic parameters for non-

melanoma skin cancer in IRB approved clinical trial, clearance to be 
confirmed with clearance via OCT and biopsy



Advanced Technologies for Clinical Skin Imaging

MPTflex, Jenlab, GmbH, Germany VivaScope, Caliber I.D. Inc., USA VivoSight, Michelson Diagnostics, UK



Karsten König, PhD Bruce Tromberg, PhD Griffin Lentsch

Christopher Zachary, MDKristen Kelly, MD

JenLab, GermanyBeckman Laser Institute/University of California, Irvine

Department of Dermatology, University of California, Irvine
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Current clinical skin imaging technologies and limitations

Dermatoscope

Standard of care

cannot ‘see’ beneath skin

Optical Coherence 
Tomography 

(OCT)

Deep imaging but low 
resolution (no cellular 

structure)

Reflectance 
Confocal Microscopy 

(RCM)

Large scanning area, 
sub-cellular resolution) 
but no contrast/color

Multiphoton
Microscopy 

(MPM)

Sub-micron resolution 
+ molecular contrast! 

but currently 
expensive



40 μm

40 μm

40 μm

40 μm

TPEF from keratin in the SC 

TPEF from melanin in basal cells 
+ SHG from collagen in dermal papilla

TPEF from elastin fibers
+ SHG from collagen fibers

TPEF from NADH in epidermal  cells  

TPEF-Two-Photon Excited Fluorescence
SHG- Second Harmonic Generation

Multiphoton Microscopy



In vivo MPM imaging of normal skin

z=0μm

z=25μm

z=50μm

z=75μm

z=120μm



Fractionated picosecond treatment laser

Laser type Nd:YAG Frequency Doubled Nd:YAG

Wavelengths 1064 nm 532 nm

Micro-beam
energy

Up to 3.0 mJ Up to 0.30 mJ

Pulse Duration 450 ps 375 ps

Spot Size 6mm x 6mm 6mm x 6mm

Matrix 10 x 10 Microbeam
array

10 x 10 Microbeam
array

PicoWay Resolve (Syneron Candela)

2D array generated by holographic 
diffractive beam-splitter



Clinical Images
Fractional laser treatment

532 nm treatment

1064 nm treatment 

3h 24h 1 week

24h3h 1 week



Previous work on laser treatment using LIOB 

L. Habbema et al., J. Biophotonics 5 (2), 194 (2012)

1064 nm sub-ns laser treatment
2D array generated by scanning of the 
focused laser beam

Micro-injuries located in the dermis

E.A.Tanghetti, Lasers in Surgery 48 (7), 646 (2016)

755 nm ps laser treatment
2D array generated by diffractive 
microlens array

Micro-injuries located in the epidermis



In vivo MPM imaging of LIOB

z=35μm z=50μm

z=60μm z=70μm

3h after 532 nm treatment



In vivo MPM imaging of LIOB

24h after 532 nm treatment

z=105μm

z=25μm z=35μm

z=50μm



In vivo MPM imaging of LIOB

24h after 1064 nm treatment

z=30μm z=40μm

z=65μm z=80μm



• Ultrashort acoustic pulses
• High energy, nanosecond pulses
• Produce sheering forces of rigid structures
• Clinical uses 

• Tattoos
• Cellulite
• Rejuvenation

• Very different from other shockwave devices

Rapid Acoustic Pulse - Soliton



Rapid Acoustic Pulse - Soliton

Produce sheering forces of rigid structures



Rapid Acoustic Pulse - Soliton



Simultaneous, Seven, Synchronized, Parallel Energy 
Delivery
• All seven beams operate at once
• Thermal dose is delivered to the mid dermis at 1.5mm
• Tissue temperature is 60-70 ̊C inducing collagen 

remodeling

3-D Cylindrical Volumetric Tissue Impact
• High volume coagulation coverage resulting in high % of 

collagen contraction with subsequent neocollagenesis
and neoelastogenesis

Cooling incorporated
• Confinement of the thermal zones to the targeted areas
• Full protection of the epidermal layer
• Patient comfort and safety and no recovery

IUB beam

Side Profile

Cross Section 

Sofwave Synchronous Ultrasound Parallel beam technology



Single Treatment 3 Months Follow Up

3 months FUBaseline

Courtesy of Arielle Kauvar, M
D

Proprietary and Confidential 



Baseline

Courtesy of Gilly Munavalli, MD

3 months

Texture, Jawline and Submental Laxity 



Upper Lids and Eyebrows

Proprietary and Confidential 



Clinical Study Demonstrates
Electromagnetic Muscle Stimulation 

Does Not Produce Injury to Fat Cells
Christopher B. Zachary, MBBS FRCP 

A. Jay Burns, MD, FACS
Linda D. Pham, PhD

Joel Jimenez Lozano, PhD

University of California, Irvine, School of Medicine, Department of Dermatology, Irvine, California
Private Practice Surgical and Non-Surgical Cosmetic Plastic Surgery, Dallas, Texas 

ZELTIQ Aesthetics, an affiliate of Allergan, plc., Pleasanton, California



ElectroMAGNETIC Muscle 
Stimulation (MMS) 
selectively delivers strong 
pulses to muscle tissue.

• Increases muscle contractile force

• Noninvasive muscle conditioning

• Capability to excite a specific target in a 
noninvasive manner 1

* Animal Model

Stölting MN, Arnold AS, Haralampieva D, Handschin C, Sulser T, Eberli D. Magnetic stimulation
supports muscle and nerve regeneration after trauma in mice. Muscle & nerve. 2016;53(4), 
598–607. doi:10.1002/mus.24780



130

Selectively targets muscles

• The field generates a current when in range 
with a conductive material at a given intensity 
and frequency1:

• Skin and fat are poor conductors

• Muscle is a good conductor

• As the current penetrates the muscle tissue, 
the motor units are stimulated

HOW IT WORKS

For illustration purposes only.

* Animal Model

1. Stölting MN, Arnold AS, Haralampieva D, Handschin C, Sulser T, Eberli D. Magnetic 
stimulation supports muscle and nerve regeneration after trauma in mice. Muscle & nerve. 
2016;53(4), 598–607. doi:10.1002/mus.24780



Patient results and experience may vary.

Abdomen

A F T E R :  I m m e d i a t e l y  P o s t  4 t h

C o o l T o n e ™ T r e a t m e n t
B E F O R E

Photo courtesy of Dr. Robert Heck



10 days post EMMS



17 days post EMMS



3 days post EMMS Perilipin



10 days post EMMS Perilipin



17 days post EMMS Perilipin



Cryolipolysis vs. EMMS ~10 days



Cryolipolysis vs. EMMS ~17 days



Cryolipolysis vs. EMMS ~10 days
Perilipin



Cryolipolysis vs. EMMS ~17 days
Perilipin



Microcoring basics



Microcoring concept











Thank you
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