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Why Know this type of material? 
If it can harm the patient or 

kill you as an employee, 
then it might be of benefit 
to learn about the physics 
behind the devices and gain 
a conceptual grasp of how 
things work and why. 
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Electricity   

almost always searches for a 
conductor to reach the ground 

Alternating current 

60 HZ House hold 
current 

Faradic effect resulting 
in cardiac arrest 

Below 100 
KHz 

Neuromuscular  

stimulation 

Above  

350 KHz 

Radio 
frequency and 
used in ESU 

thermal effect 
Convert standard electrical frequencies from the wall 
outlet, which are 50 to 60 Hz, to much higher 
frequencies, 500,000 to 3,000,000 Hz  

Electrosurgical unit 

Electrosurgery Monopolar   

dispersive pad 

Bipolar Electrosurgery   

http://www.mlama.com/up/uploads/c9b7ff4fe5.jpg
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current R 
heat 

Increased resistance 

TISSUE IMPEDANCE 

Eschar buildup 

Any current with this 
frequency meet resistance 
produce heat   

current 

Patient Return Electrodes 

current 

Patient Return Electrodes 

It should be applied to a wide 
area of electrically more 
conductive tissues like muscles.  

Don't use metal plates  

Use Large Silicon rubber plates 

  

The large surface area of the 
dispersive pad results in low 
current density at the attachment 
site  

If the dispersive pad becomes loose 
with only partial skin attachment, or 
of surface area the current density 
increases at the attachment site   

 The patient plate should be 
placed such that the longer edge 
points to the active electrode. 

   

Patient Return Electrodes 

http://www.indmedica.com/journals/images/jasi/050_002_surgical_fig2.jpg
http://images.google.com/imgres?imgurl=http://www.mercymedicaleq.com/resource/products/Images/12733-1.jpg&imgrefurl=http://www.mercymedicaleq.com/resource/products/productlist.asp?Cat=111&h=200&w=198&sz=6&hl=ar&start=24&sig2=MNgjaAFTyzvMlbVU5Ae1Og&um=1&tbnid=Oq8QSaDCnRkWPM:&tbnh=104&tbnw=103&ei=nrgPSLWyLoqOwQH0lPyYCQ&prev=/images?q=Patient+Return+Electrodes&start=20&ndsp=20&um=1&hl=ar&rls=com.microsoft:ar-eg:IE-SearchBox&rlz=1I7GGLJ&sa=N
http://www.indmedica.com/journals/images/jasi/050_002_surgical_fig2.jpg
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Constant waveform, is able to 
vaporize or cut tissue. 

Interrupted waveform will produce 
less heat. and coagulation. 

Blend 1 cut > coagul. 

Blend 3 coagul. > cut 

Three  factors lead to stray energy burns 
 

• direct coupling 

• capacitive coupling  

• insulation failure 

direct coupling 

The higher the peak voltage, the greater the chance for capacitive discharge 

A capacitor creates an electrostatic field between the two conductors 

capacitive coupling 

The low voltage “cut” mode exhibits less 
capacitive coupling than coagulation does.  

Surgeons must recognize that open circuit 
activation (electrode not touching tissue) 
dramatically increases voltage and the 
possibility of capacitive coupling . 

 It is desirable to use as low voltage as 
possible and to limit noncontact activation of 
the generator.  
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insulation failure 

Insulation defects can range from normal wear and tear, to stress placed on the electrode 
from high voltages. 

The smaller the defect, the higher the current density transferred   

When possible, place the long edge of the 
electrode closest to the surgical site and on the 
same side of the body as the incision in a sided 
procedure .  

Choose a well vascularized muscle mass .  

Avoid areas of vascular insufficiency, irregular 
body contours, bony prominences. 

Remove excessive hair. 

Check equipment before each use  

Patient skin is not in contact with metal or, if 
so, these areas are Insulated . 

Solutions are not stored on top of power unit .  

Power cord, dispersive pad cord, and cautery 
pencil cord are carefully placed to avoid 
possibility of being tripped .  

 It is recommended that Cords not be wrapped 
around metal instruments Cords not be bundled 
together 

Foot pedal is dry .  

 Flammable substances are used with care when 
power unit is in operation.  

 Power unit is operated at lowest possible setting. 

 Inspect insulation carefully.  

Use a low voltage waveform (cut). 

Use brief intermittent activation vs. prolonged 
activation . 

Do not activate in open circuit . 

Do not activate in close proximity or direct contact 
with another instrument . 

Use bipolar electrosurgery when appropriate. 

Activate the electrode when touching tissue.  

 

Select an all metal cannula system as 
the safest choice. Do not use hybrid 
cannula systems that mix metal with 
plastic .  

Clean the active tip routinely during 
surgery to prevent eschar buildup, 
which can cause tissue to stick and set 
up resistance to current flow. 

Visually inspect instruments 
throughout each procedure.  

http://images.google.com/imgres?imgurl=http://www.mercymedicaleq.com/resource/products/Images/12733-1.jpg&imgrefurl=http://www.mercymedicaleq.com/resource/products/productlist.asp?Cat=111&h=200&w=198&sz=6&hl=ar&start=24&sig2=MNgjaAFTyzvMlbVU5Ae1Og&um=1&tbnid=Oq8QSaDCnRkWPM:&tbnh=104&tbnw=103&ei=nrgPSLWyLoqOwQH0lPyYCQ&prev=/images?q=Patient+Return+Electrodes&start=20&ndsp=20&um=1&hl=ar&rls=com.microsoft:ar-eg:IE-SearchBox&rlz=1I7GGLJ&sa=N
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Utilize available technology, such as a 
tissue response generator to reduce 
capacitive coupling or an active 
electrode monitoring system. • 

Bipolar surgery  

Terminate current at the end of vapor phase  

Apply current in pulsatile fashion  

Alternate between desiccation and incision  

Perioperative Management of Patients 
with Cardiac Rhythm Management Devices   

 Assure that the electrosurgical receiving plate is 
positioned so that the current pathway does not pass 
through or near the cardiac rhythm management devices  
(CRMD system) 

 avoid proximity of the cautery's electrical field to the pulse 
generator or leads . 

 use short, intermittent, and irregular bursts at the lowest 
feasible energy levels . 

 reconsider the use of a bipolar electrocautery system or 
ultrasonic (harmonic) scalpel in place of a monopolar 
electrocautery system, if possible. 

 

 The Piezoelectric harmonic scalpel is a tool that 
simultaneously excises and coagulates tissue with 
high-frequency ultrasound. A frequency of 25 kHz 
results in dissection and cavitations; at >55 kHz 
thermal effects and coagulation take place. The 
harmonic scalpel is known to cause less collateral 
damage, avoids carbonization of the tissue and 
reduces local thermal damage. It has been used 
widely in laparoscopy for tissue dissection and 
control of local blood vessels. The harmonic scalpel 
is very helpful in achieving adequate haemostasis 
for retroperitoneal dissection. However, its use is 
limited to vessels up to 5 mm. 

Haemostasis of larger vessels was not obtained, even 
when the harmonic scalpel was used at maximal 
coagulation power. They concluded that complete 
haemostasis of larger vessels (>5mm) cannot be 
achieved securely . The same problem may occur at 
the Santorini plexus or vascular pedicles. A promising 
development is the introduction of a new harmonic 
generator (Harmonic ACETM, Ethicon, USA). Owing 
to a higher velocity of transaction, the device is more 
rapid in tissue dissection, and vessels up to 5 mm can 
be sealed with decreased smoke formation or less 
lateral thermal damage to surrounding tissue, hence 
authors tried to perform some laparoscopic 
approaches with such device alone. 
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The Ethicon cutting edge harmonic scalpel 

The harmonic scalpel functions with a hand piece that 
oscillates at 55,000 Hz. When the vibrating blade couples 
with the protein in vessel walls, the protein is denatured 
forming a coagulum that seals vessels up to 5mm in 
diameter. The amount of heat generated in this process is 
less than produced by an electrocautery unit or even a CO2 
laser with minimal lateral thermal damage, and therefore 
minimal charring and tissue desiccation. This coagulation 
will allow for ligature or staple free surgeries such as a 
splenectomy. The accuracy in tissue dissection and excellent 
hemostasis should aid greatly with difficult soft tissue cases 
such as vascular adrenal or thyroid tumors as well as 
laparoscopic procedures. The addition of this new technology 
helps the operator continue providing the best care for 
patients. 
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Single instrument ,double trocars, 
cholecystectomy using harmonic scalpel 

 
By 

Dr: Alaa Ahmed Redwan M.D 
Prof. of surgery and laparoendoscopy 

Assiut university hospitals 
Assiut, Egypt 
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Laparoscopic cholecystectomy is a 
commonly performed operation for patients 
diagnosed with gall stones. Usually the 
procedure involves electro surgery and 
sealing of the gall bladder duct and arteries 
with titanium clips. Dissection with 
concomitant hemostasis can be performed 
with the use of ultrasonic instruments as 
harmonic scalpel that can radically simplify 
the whole operation and offer good 
hemostasis. 

(Nazih, 2008 &  Bessa, 2008)  

The ultrasonically activated scalpel has 
proven to be an effective, efficient, and safe 
instrument for dissection and hemostasis. It 
works on the tissue’s cutting and 
coagulating very effectively with the 
replacement the high frequency current. The 
primary use of the Harmonic scalpel in 
laparoscopic cholecystectomy has been for 
the division of the cystic artery and liver bed 
dissection then used to seal the cystic duct 
in clip-less cholecystectomy procedure.    

(Foschi et al, 2009)  

The resulting decrease in temperature, smoke, 
and lateral tissue damage placed the Harmonic 
scalpel in contrast to the effects seen with the 
more traditional electrocautery. In addition, the 
elimination of inadvertent, sometimes 
unrecognized, electrical arcing injuries with 
their potentially hazardous sequelae supported 
the role of the Harmonic scalpel as a potentially 
safer instrument for tissue dissection, 
moreover, it shortens the operative time and 
decreased the rate of accidental bile spillage.  

(Maciej et al , 2007) 

The bursting pressure of the cystic duct sealed 
by ultrasonic energy was 168±47 mm Hg, well 
above the maximal pressure of the common 
bile duct. At scanning electron microscopy, the 
end of the cystic duct was closed by an 
amorphous, bundled, dense substance. The 
section proximal to the end showed destruction 
of the epithelial layer with dense amorphous 
bridges connecting the opposite sites of the 
wall. When the lumen was observed, it was 
filled with bile micro aggregates.                                    
(Foschi et al, 2009) 

At transmission electron microscopy, 2 different 
findings were evident: (1) coagulative necrosis in 
the sectioned area and (2) a combination of 
coagulative necrosis and collagen denaturation 
in the more distal sections. The connective tissue 
was characterized by attenuation of collagen 
birefringence and swelling of fibers and bundles 
due to shrinkage of collagen. 
Conclusions: Ultrasonic energy can be applied to 
suitable tissues to obtain sealing of the walls with 
good biomechanical effects.         (Foschi et al, 2009) 
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WHY A SINGLE WORKING 
INSTRUMENT ?  Because a single 

working instrument means avoidance of 
repeated instrument changes during the 
operation, as selecting different 
instruments breaks the natural flow of the 
operation and may distract the surgeon, 
hence it can affects the surgical technique 
and operation time 

(Marshall Nicholas, 2007) 

Downsizing the ports & incisions 
after laparoscopic cholecystectomy improves 
postoperative pain control, with rapid return 
to activity and work, better patient 
satisfaction, and better cosmetic results. So 
new techniques for laparoscopic 
cholecystectomy were designed to reduce the 
number of trocars or the use of very thin 
instruments with the goal of further 
minimizing surgical invasiveness. 

(Miguel et al, 2007) 

some authors use one 1-
mm Kirschner wire, 
introduced at the sub 
costal line and bent with a 
special designed device to 
hook the gallbladder and 
pull it up. 

(Miguel et al, 2008) 

Others used 2-mm grasper forceps 
inserted directly without a trocar 
below the costal margin, then the 
fundus of the gallbladder is ligated 
and lifted up with a folded 0 silk string 
and a 16-gauge vessel cannula. 

(Mori et al, 2002)  
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These feasible, safe, minimal invasiveness 
techniques results in a much smaller wound 
with less pain than conventional 
laparoscopic cholecystectomy, and 
considered as an alternative way to deal with 
gallstone disease, especially for younger 
women, who tend to be more concerned 
about cosmetic outcome. 

(SEN-CHANG YU, 1999) Open surgery 

Laparoscopy NOTES 

This study was undertaken to demonstrate 
the efficiency, and safety of the Harmonic 
scalpel as the sole instrument in 
closure/division of the cystic duct and artery, 
and bladder dissection to achieve complete 
hemo-biliary stasis during the performance 
of laparoscopic cholecystectomy, with the 
use of two trocars technique, compared with 
the conventional clip/cautery, three trocars 
laparoscopic technique 
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Conclusion 
The Harmonic scalpel is a safe, efficient, and 
practical instrument to use during laparoscopic 
cholecystectomy especially if used as a sole 
working instrument, with complete hemo 
biliary stasis. Its application shortens the 
operative time and decreases accidental bile 
spillage; hence decreases postoperative 
complications, with shorter hospitalization 
period.  

Downsizing the number or size of 
laparoscopy trocars improved the results 
of minimal invasiveness with better 
recovery, less pain, improved cosmesis, 
and better satisfaction. 
 

Thank you 


