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Electrosurgery

Introduction, application & Hazards

By: Eng. Ehsan Abbasi




What is electricity

» Atoms

» Electrons

» Protons

» Neutrons

» Equal Number in Electrons and
Protons = neutral Atom
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WHAT IS ELECTRICITY

» Electricity can be created by forcing electrons to flow from atom to
atom.
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DC
(Direct Current)

Medtronic



DC
(Direct Current)
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AC

(Alternative Current)
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AC

(Alternative Current)
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Electrical current

Direct and Alternating Current

Direct Current - Electrocautery

Medtronic



Measuring Electricity

Voltage : Volts - V

Force pushing current through the resistance,
measured in Volts

Current : Amperes - |

Flow of electrons during a period of time,
measured in amperes

Resistance : Ohm - Q

Obstacle to the flow of current, measured in ohms
(impedance = resistance)

Power : Watts - P P=IxV

Fl @ 8 F B8 [ @ 8 [

@ Frequency : Hertz - HZ

Medtronic



Electrical Circuit

Four Parts of the Circuit
Load
( : ) Emergy Source
Provides the "MS'I" that Converts electrical energy
a circuit case, light and heat).

Ok

Complete Circuit

Connect the energy
source and load.

&N
@ Current

@ Switch —"
Opens and closes the circuit.

Medtronic
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Resistance in different Tissues
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Resistance in different Tissues

Resistance in Ohms (QQ)
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Resistance in different Tissues

Medtronic
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Resistance in different Tissues

Medtronic
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Resistance in different Tissues

~—

FiBrous :

Medtronic
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Primary Rules : Electricity Always

» Flows to ground
» Follow path of least resistance .

Medtronic



Electrosurgery
To control Blood loss
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Direct and Alternating Current

Direct Cur

GEIGER—=NY
MODEL-100
SER-8T0
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» Developed in 1926 by
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Source: Neuro: © 2005 A jcan Association of Neurological Surgeon s

Dr. William Bovie, a Harvard physicist Dr. Harvey Cushing (a neurosurgeon)
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Electrical current effect

» — Electrolyte

» — Faradic

» — Thermal

Medtronic



Electrical current effect

- DC current -
lonizing

- — AC current -
Vibration
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Electrical current effect

» — Faradic

1 1
1 100 10000 1000000 f(Hz)
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60 Hz 100 KHz I SR <1000 S4-880

kHz Mhz
l . % 1 —
Household Musde and Nerve AM Radio Television
Appliances Stimulation
Ceases

Electrosurgery
200 kHz - 3.3 Mhz

Medtronic
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Types of Electrosurgical Generators:

- Grounded Systems

- Isolated Systems

Medtronic



Grounded System
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Why Alternate Site Injuries Occur
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ternate Site Injuries

Medtronic
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|Isolated System
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|Isolated System
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Maximum Leakage current allowed

» High Voltage - High Leakage

» Return current may exit in ways other than
the patient - may cause a burn .

» Safety Standard is :
» 100 KHZ - 150000 Microamperes

In Isolated ESU , the leakage is the RF current
that regains its ground reference

Medtronic



Electrosurgical Tissue Effect

» Electrosurgery : 2 Types : Bipolar and
Monopolar

» Monopolar -Cut & Coagulate
» Bipolar - Coagulate

Medtronic



Monopolar
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Monopolar Electrosurgery

@ \\“
\\ 4

Active electrode at
surgical site Gurent

Voliage /”h— t:i/f' Impedance/Resistance
Return electrode at LI 7L R | / o
another site

Eazl &
‘ o " ,..-

o

Current flows through &

the body between the
electrodes

Voltage ranges:

* Cut: 1350 - 4,000V

* Blend: 2975 - 4500 V
000 - 9,000 V

Medtronic
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Monopolar Electrosurgical Pencils

| P

Footswitching
Pencil

Rocker Switch
Pencil

Two-Button
Pencil

Three-Button
Pencil

Medtronic



Bipolar
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Bipolar Electrosurgery

. " A
Active and return electrodes within the

instrument:

no patient return electrode (pad) required

Current flow is confined to tissue between @
electrodes

Relatively low voltage (300V — 1200V)

Used for delicate tissue and confined surgical
sites:

Laparoscopy
Spinal
Neurosurgery
Ophthalmology

Current between
the tines

Medtronic
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Typical Bipolar Instruments
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Why The Plate side does not burn?

o~
Increases

(density)

Medtronic



= Pad Site burns are caused by adverse conditions
at the pad- patient interface which result in

increased current density .

m Current density increases when
— Current removal area is too smal
- Heat is applied for too long
- Power setting is too high

A BURN UNDER THE PATIENT PLAT
ALWAYS
NEGLIGENCE

Medtronic
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Single Plate
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Single Plate

Medtronic



Split Plate

COURANT HF

Medtronic



Split Plate

E7509 HRAS

Medtronic



Contact Quality Monitoring System

Active Jack

4—-
Circuit
—>

Medtronic



Contact Quality Monitoring
System in State of Alarm

Generator Deactivated

- a caaceaaa®"
Interrogation
Current



REM

Measures the change in impedance at the skin level of the
patient .. When the change is risky — Alarm

/

—BEI-\/I

\("Return Electrode
Monitoring)

insuffisant contact

=

Medtronic
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Return Electrode Monitoring

» No Plate Burns
» Generator More Efficient
» 100,000,000 cases without any incidence

Medtronic



Adaptive REM™ Technology

L I ]
| | |
70 Q

N v _—
Decreased resistance 60 O QQ
changes the baseline, so the _
40% upper limit changes as , “ :,ff:
well.
0o0oRDDOOD
A
50 Q
unmmzwvmma@
Baselin Q_E

-

Resistan-~

Medtronic
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RE Site Burning:

1. Single Plate
2. Quality of Pad

3. NO REM

Medtronic
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Alternate Site Burning:

1. Small Area
2. Sharp Surrounding
3. Very Deep (third degree)

4. Happens Immediately

Confidential> "Forinternal use only. Notfor distributio
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Other Sores :

1. Bed Sore

2. Chemical Sore

3. Pressure Sore

4. Humidity Sore

Medtronic



Wave Forms

i JH

100 % ON 60 % ON — 40 % OFF

Very High Voltage to
Less Volts Higher Voltage push thru Air

Medtronic
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Electrosurgery

.y /\

COAGULATION

N O\

pure Blend fulguration dessiceation

[ T
»

49 AL - IK # ;/W
2k 2K
.}_’.. }}
f/
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Pure Cut

Cells Explosion

JEEN
l..l’ ’ -~ | Bl
'..‘ N l-..
PEEL- RN
ENRNEENANN
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Cut

Energy

Cells Expand thru
Increase in Pressure

Exploded Cells

Electrodes preferred for Cutting : Needle / Fine Needle/ Loop

Medtronic
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Cut

Energy

Cells Expand thru
Increase in Pressure

Exploded Cells

Electrodes preferred for Cutting : Needle / Fine Needle/ Loop

Medtronic

ential. For internal use only. Notfo



Coagulation

Lower current density
causes dehydration and
shriveling of the cells.
Intracellular fluid evaporates

Energy

BLADE/ BALL/
FORCEPS

Dehydration thru
heating Coagulated Cells

Medtronic
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Crest Factor

Crest Factor Example

=~ 3 @ 5 5 E 0}

0 a0 180 270 360
Angle

V poak

Medtronic
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Coagulation

Ball Electrode Cells dehydrate

through slower
eating effet

Medtronic
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With blend, we are raising the __Voltage

Wave fo r m S but we are decreasing the _dbity _cyele

What is the difference between the Pure Cut and Pure Coag

P UrE ang
=1feJelr: Blenad Blend B1eno Pure Coag
0% off 60%, off 73%, off - 94% off I

——
Blend is derived from the Cut waveform.

Medtronic

Coniidential:"For internal use only. Net-for distributio



Medtronic



Spray Mode

Fulguration (lightning) is used
to control bleeding. Low (6%)
duty cycle, but high voltage.
The tip of the electrode should
be held slightly over the tissue.
ForceTriad™ energy

platform

Coag Duty Cycles:

Fulgurate — 6.5% \\
Spray — 4.6% N

Medtronic
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Force Argon™ || System

Force FX™-C
electrosurgical generator

Force Argon™
electrosurgical unit

Argon gas
tanks

Medtronic




Benefits of Argon-Enhanced
Electrosurgery

> Creates uniform conductive plasma bridge between
electrode and tissue

- Less smoke, odor
- Non contact in coagulation
- Decreases blood loss, re-bleeding

* Less tissue damage

Conventional electrosurgery Argon-enhanced electrosurgery

Medtronic

or internal use only. Not-for distributio



ArgonPlus™ Handset

e

Gas Coag & Extend/Retract
on/off Cut Shroud

Medtronic



High
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Ablation

Heat is generated locally by a high frequency current that flows from the
electrodes.

A probe is inserted into the center of the tumor for about 10-15 minutes.
The local heat melts (coagulates) the tissue that is adjacent to the probe.

The whole procedure is monitored visually by ultrasound scanning.

RFA

probe

Cancerous

tumor Heated and
destroyed

Radiofrequency tumor cells

heat

Medtronic
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RF Ablation System

Touch
Screen Easier to set-up
] Simplified user-interface Integrated design vs 2 boxes
Modern Design Intuitive controls One-Push
; Control
LED_”ght Ablation on/off
verifies
power lllumination verifies
ablation “on”
Power knob
Easy Load LED lights & clicks verify
changes
Single action
Simple/Pfc;wer Remote Temp Probe
on/o NEW DISPOSABLE
K3 covipien

Medtronic
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MW Ablation System

S

Emprint™ ablation system with -
Thermosphere™ technology:

Powerful Predictability —
PREDICTABLE RESULTS &-j

Allow more control to plan and execute procedures with S sras
predictable results regardless of target location or tissue type.! T . "‘
INCREASE CONFIDENCE £ "

Increase confidence for achieving planned results with precision

and consistency. -,,j == '
REDUCE TIME AND COSTS ’, —

Predictable spherical ablation zones enable physicians to have - S e = |
more choice of approach, further simplifying needle placement | -
and saving time in both planning and procedure. ]

positive results for life

Coniidential:"For internal use only. Net-for distributio



Electrosurgery Hazards
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Hazards In Laparotomy surgeries:

1) The Leakage Current

2) The place of plate

3) Open circuit activation

4) Using Spray Mode in pick ups
5) Electrosurgical Smoke

Hazards in Laparoscopic Surgeries:

1) Direct Coupling

2) Insulation Failure

3) Capacitive Coupling

4) Residual Heat

5) Electromagnetic Interface
6) Electrosurgical Smoke

ential. For internal use only. Notfo
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1) The Leakage Current

Medtronic

Confidential> "Forinternal use only. Notfor distributio



2) The Place of Plate

s*Muscular

+*No Hair

*No Scar

s Optimum 50 cm

s*Direction

Medtronic
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3) Open Circuit Activation

Medtronic
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4) Using Spray Mode in pick ups

Tissue

7

Medtronic
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5) Electrosurgical Smoke

Medtronic
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RapldVac“” Smoke Evacuation

»Designed to:

- Capture particulates and absorb
smoke and odors

« Improve visibility
« Reduces potential health hazards

»Used in both open and laparoscopic
procedures

pConfidential- Forinternal use only. Not-for distributio
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Pencil With AccuVac™ Attachment

Medtronic



copic surgery: anesthetic implications

894 Intra-abdominal laparos

£
£
&7

N\

2
""'-.tll‘

'l.'-—'m"’"

Medtronic
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Laparoscopic Appendectomy
(Appendix Removal)

Laparoscope

Appendix

Surgical Tools

Medtronic
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FPewy, LY Cow
Medtronic (Covidien)
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Unintended

Unintended

Unintended

Intended

Medtronic

Confidential. For internal use only.



AEM Monitor

Medtronic
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1) Direct Coupling

Medtronic
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2) Insulation Failure

Medtronic
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3) Capacitive Coupling

Medtronic
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4) Residual Heat

Medtronic



T




5) Electromagnetic Interference

« iy v —\‘"NO’*.\

, ..}\

\y\ .aw.’ X

ﬁ

Y

Medtronic
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6) Electrosurgical Smoke

Medtronic
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6) Electrosurgical Smoke

§
7/

<ULTRAVISION

7N

Medtronic
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6) Electrosurgical Smoke
ULTRAVISION VENTING

Medtronic
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6) Electrosurgical Smoke

»

g
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ZEROPAUSES
IN'77% OF PROCEDURES

IN
850, nocamers
orproceoures CLEANING NEEDED

SURGICAL SMOKE RELEASED
INTO OPERATING ROOM

o)
gnén{cﬁ IN CO,CONSUMPTION

SAVE 17%
ON PROCEDURE TIME

Medtronic



New Technologies
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Valleylab History of Innovation

1995 - Instant Response™ Technology
1994 — Clinical Hotline

1991 - Four Function Lap Handpiece

1981 — REM™ technology

1976 — Handswitching Pencil

1973 — Disposable Pencil

1970 — Isolated Generators
1968 — Portable Solid State Generator

1967 — Valleylab Founded

Medtronic
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Force 2 1n 1986

B O S w9 & e B

oo =

EldC Ireoosgical CIariorator

POOTEWITCH > sELECTOR

Valleylab -

Medtronic

Coniidential:"For internal use only. Net-for distributio



Old Technologies

No Instant Response

Medtronic



Old Technologies

No Instant Response

Medtronic
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Old Technologies

No Instant Response

Medtronic
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Old Technologies

No Instant Response

Firous ~

Medtronic



45

Cut set at 40 Watts
40 |

Tissue Response Technology PER =98

Conventional Technology PER =61

0 500 1000 1500 2000 2500 3000 3500 4000
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Instant Response™ Technology
(Tissue Response)

Founded in 1995

Medtronic



Instant Response™ Technology

Presets

VARIATIONS

REGULATIONS

MEASUREMENT

Medtronic



Instant Response™ Technology

Medtronic



Instant Response™ Technology

Medtronic
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Instant Response™ Technology

Medtronic
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Instant Response™ Technology

Firous ~

Medtronic



Instant Response™ Technology

I—

CONSTANT
POWER

Power

IMPEDANCE

Medtronic



45

Cut set at 40 Watts
40 |

Tissue Response Technology PER =98

Conventional Technology PER =61

0 500 1000 1500 2000 2500 3000 3500 4000
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Instant Response™ Technology

Valleylab FX8
434000/s

Force FX-8C
200/s

Medtronic



LigaSure Vessel Sealing System

Medtronic
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LigaSure Vessel Sealing System

LigaSure™ is a unique combination of
pressure and energy used to seal vessels,
tissue bundles, and lymphatics up to and
iIncluding 7 mm in diameter to create a
permanent, flexible seal that can withstand

at least 3 times systolic pressure.

Medtronic



LigaSure :System Operation

Medtronic
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LigaSure Vessel Sealing System

LigaSure™ is a unique combination of
pressure and energy used to seal vessels,
tissue bundles, and lymphatics up to and
iIncluding 7 mm in diameter to create a
permanent, flexible seal that can withstand

at least 3 times systolic pressure.

Medtronic



Bipolar Coagulated Vessel Characteristics

Open Loop System - No feedback
Relies on tissue shrinking and proximal Thrombus for Ligation
Lumen Still Apparent

Tissue Damage determined by Power Setting , activation time and
shape of Power Curve

v v Vv Vv

Traditional Bipolar
Vessel shrinkage
lumen partially open
and a thrombus is
needed for vessel
occlusion

Vessel Sealing
Intimal walls of
vessel fused,
complete lumen
occlusion

Confidential. For internal use only. Notfo



Feedback Speed:
TissueFect™ Tissue Sensing Technology

» Instant Response Technology » TissueFect Technology

Medtronic
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New LigaSure
LS10

Medtronic
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FT10

TissueFect™ Reads tissue: 434,000 times
per second!
Ethernet connection (has WiFi

Software Upgradeable

. AT bR
2O e - terrotirarrd=wridts

o« FAaSter Ssealing times (1=4

{'/(_'-\\\ //(_‘D |/_;',|'f| (q\" [
ceTriad™): Q) Y) @8

\_/

require minimal setup anc
mimize need for futher

. Simple, intuitive controls
internal use only. Net. ¢/ CistrtiCnYdag tion display55



» Valleylab Mode Key Message

- The Valleylab Mode provides an optimal
combination of monopolar hemostasis
and division while using a lower power
setting resulting in less char, less thermal
spread, less arcing and smoother passage
through tissue than a traditional
coagulation mode.

Medtronic
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Valleylab Mode by Force Trivers

» 3 Button

» Power Control from Sterile Field
» Teflon Coated Blade

Medtronic



Concepts: You control It!

l Std Mono | |§alleylab| | Acc, Port l
=0__] »
&
30
Coag [:
35| () (e

DFORCE 11\ /=rse

»  Power Control at your Finger tips

Medtronic



Sonicision”
Cordless Ultrasonic Dissection - C0V|D|EN _
System positive reslt for I




Ultrasonic Dissection System




Indicator

Reusable Generator LED Torque Wrench
* Low temperature hydrogen peroxide
gas
plasma sterilization (i.e. STERRAD ™?*)
Audio
Indicator

+ EJ covioien \

-

] o
Nt

Dual-Mode Energy Button___

@ Ultrasonic Dissector
* Single patient use
reddot design award

product design 2014

MEDICAL
— DESIGN
“ 7 EXCELLENCE
AWARDS® Reusable Battery
EXEIE] GOLD WINNER  Low temperature hydrogen peroxide
gas
plasma sterilization (i.e. STERRAD ™%*)

Medtronic
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Step 1 - Attach and Torque Generator

1. Slide the generator into
the opening of the S Rotation
ultrasonic dissector and - r
hand tighten clockwise
while holding the shaft
rotation wheael.

Generat

(Refer to User Guide for complete

instructions) Med.'trOni.C
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Step 2 - Attach Battery

1. Orient battery pack
as shown.

2. Swing the battery forward
and snap into place.

When properly assembled,
a series of tones sound and
the LED on the generator
illuminates green.

(Refer to User Guide for complete
instructions)

Medtronic
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Thanks
For Your Atftention

N
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