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Introduction
Minimally invasive surgery has undergone signifi-

cant advances and has changed the way operations 
are performed in the field of gynecology and its 
sub specialties. The advances of minimally inva-
sive surgery are well documented: faster recovery, 
shorter hospital stay, rapid return to normal activities, 
fewer postoperative infections, less pain and better 
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cosmetic results1. Hemostasis is essential during 
laparoscopic operations to ensure a clear view of 
the operating field and reduce the possibility of 
converting to an open procedure. Various methods 
like clips, sutures and stapling devices are available 
for achieving hemostasis but their use has gradually 
been abandoned due to difficulty with repeated 

Abstract
A number of energy sources are used in gynecologic laparoscopy. Monopolar electrosurgery, bipolar 

electrosurgery, advanced bipolar devices, ultrasonic energy and various types of lasers are some of the 
technologies used nowadays to facilitate surgeons tasks during laparoscopic operations. A lack of basic 
knowledge or ignorance of principles of electrosurgery and equipment among obstetricians and gynecolo-
gists is reported. As a result thermal injuries during laparoscopic electrosurgery occur, which frequently 
lead to significant morbidity and mortality and medicolegal actions. It is important though that surgeons 
have an understanding of the biophysics of these technologies in order to understand their limitations 
and potential dangers and to utilize the most appropriate energy source in the appropriate clinical setting 
to minimize the risk of a potential complication. This review provides an overview of the basic principles 
of these energy sources, the tissue effects and the complications that may arise. It aims to highlight any 
potential advantages or disadvantages of various energy sources and help surgeons to achieve better 
knowledge of their instrumentation.

Key words: Energy sources, electrosurgery, gynecologic laparoscopy, thermal injuries



118

Kathopoulis et al

volume 18, issue 4, OCTOBER - DECEMBER 2019

applications, cost and problems of displacement. 
On the other hand monopolar or bipolar energy 
are widely used in daily clinical practice due to 
low cost, reusability and availability. Moreover the 
use of new generation energy sources is steadily 
increasing. Advanced bipolar devices with tissue 
feedback monitoring and devices that use ultrasonic 
technology may be used for dissecting tissue planes, 
ligate and seal vessels or safely transect tissue. These 
versatile devices can reduce the number of instru-
ments and instrument changes during surgery, are 
very ergonomic and shorten the duration of surgery.

Althoughelectrical energy is the most commonly 
used energy in operating rooms it is surprising the 
lack of basic knowledge and ignorance of the prin-
ciples of electrosurgery among surgeons that use 
these devices2. In a very interesting study 20 special-
ists in obstetrics and gynecology were selected and 
their practical and theoretical skills were evaluated in 
present time and 1 year after the initial assessment. 
No candidate successfully completed the written 
test and the pass rate was 18% in the second test3. 
And this is not a only a problem of young minimally 
invasive surgeons as even very experienced surgeons 
have knowledge gaps in the safe use of widely used 
energy based devices. In a pioneer study 48 SAGE 
(Society of American Gastrointestinal and Endoscopic 
Surgeons) leaders were asked to participate on a 11 
item multiple choice examination concerning safe en-
ergy use the median percent of correct answers was 
59%4. It is clear that in order to use energy devices 
to their fullest potential and prevent complications 
surgeons need to understand the mode of actions of 
each device and its potential pitfalls. Education on 
the principles of electrosurgery is important before 
entering the operating room in order to minimize the 
relatively common electrosurgical complications5. 

In this review we present the basic biophysics and 
principles of the various energy sources so far used 
in gynecologic laparoscopic operations. 

History of electrosurgery
The idea of hemostasis with heat has an origin 

from prehistoric years when heated stones were for 
cauterization and from ancient Egypt that heated oil 
was used for the same purpose. Electrosurgery on the 
other hand is the application of alternating current 
to biological tissue to achieve effects like cutting and 
coagulation and was first reported by Becquerel in the 
early 19th century. He used non-alternating current 
to heat a wire needle and achieve hemostasis when 
applying to tissue. In 1891, the French biophysicist 
D’Arsonoval showed that it was possible to pass high 
frequency alternating current (>20 kHz) through 
the body without causing an electric shock6. It was 
in 1926 that at Peter Bent Bringham Hospital that 
we have the first application of electrosurgery with 
the electrosurgical generator designed by William 
Bovie. The neurosurgeon Harvey Cushing removed a 
tumor from a patient’s head minimizing the bleeding 
with the aid of electrosurgery7.  

Basic principles of electrosurgery
Electricity is the flow of electrons through a con-

ductor. Current (I) is defined as the flow of electric 
charge and is measured in Amperes. Voltage (V) is the 
electromotive force that forces the “current” through 
the conductor and is measured in Volts. Resistance 
(R) is the impedance of the conductor to the flow of 
the electric current and is measured in Ohms.

Electrosurgery is governed by the Ohm’s law:
Current (I)(amps) = Voltage (V)(Volts)/Resistance 

(R) (Ohms)
Resistance depends upon the type of target tis-

sue and is inversely proportional to the salt (water) 
content of the tissue. Blood has least resistance and 
bone the most. The higher the force (voltage) that 
pushes the electrons, the faster they will flow and 
the higher the current will be. The voltage is supplied 
by an electrical generator. The electrons that flow in 
an electrical circuit are not consumed, they follow 
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the path of least resistance and will return to the 
positive pole of the voltage source or to the ground8.

   The total amount of energy delivered to the 
tissue is the product of voltage and current. It is 
measured in watts

Energy (W)= Voltage (V) x Current (I)
   The electrosurgical effects are brought in the 

target tissue through the conversion of electrical 
energy into heat. The Joule’s law of thermodynamics 
governs this where amount of heat is the product 
of the square of current , the voltage and the time 
of application (t)

Heat (H)= Current2 (I2) x Voltage (V) x Time (t)
The basic principle of electrosurgery is that the 

circuit must be completed. The current generated 
from the electrosurgical generator will reach the 
target tissue through the active electrode and will 
return to the generator. The 3 basic components of 
electrosurgery are therefore electrosurgical genera-
tor, active and passive electrode. 

Electrosurgical generator
The electrosurgical generator converts the electric 

current from the low frequency electrical power 
outlets (60Hz) to a high frequency electric current 
(>100 kHz), so it can not cause nerve and muscle 
stimulation. All generators are programmed to de-
liver power in watts, however the effect of the active 
electrode on tissue is also dependent on the time it 
is applied on the tissue. This way there is a circuit 
involving the generator, active electrode, patient and 
return electrode. The older electrosurgical genera-
tors used to be ground referenced systems, but this 
way the current could return to the ground by any 
metallic object touching the patient causing alternate 
site burns like ECG electrodes, IV fluid stand, IV line 
poles etc. Modern generators are isolated systems in 
which the therapeutic current is isolated from the 
power current by a transformer. The therapeutic 
current must return to the electrosurgical unit itself 

to complete the circuit. The result is virtually elimina-
tion of current diversion and alternate site burns9. 

Tissue effects of electrosurgery
The electrical current is generated by the elec-

trosurgical unit and it travels through the target 
tissue via the active electrode to produce heat. The 
heat produces the desired effects at the tissue. As 
the tissue temperature rise to between 34 an 44 °C 
there is edema and tissue inflammation. From 44 
to 50 °C there is enzyme denaturation and between 
50 -80 °C coagulative necrosis. Between 80-100 
°C tissue dessication and >100 °C the water inside 
the cells evaporates and cell walls explode. Higher 
temperatures result to vaporization due to hydro-
carbon combust.
Effects of electrosurgery:
	1.	Cutting: It is the effect provided from the “pure 

cut” mode of the electrosurgical unit. It is a con-
tinuously delivered 100% of the time, low voltage 
and high current waveform which results in a rapid 
temperature elevation more than 100 °C. Explosive 
vaporization of intracellular fluid and ionization 
of the gas released produces a clear cutting action 
dividing the tissue with minimal lateral spread10.

	2.	Superficial Coagulation or fulguration: It is the 
effect from the “pure coag” mode of the unit. It is 
an interrupted delivered 6% of the time high volt-
age low current waveform that produces sparks 
results in slow temperature increase. This results 
in protein denaturation and formation of coagulum 
but greater lateral thermal spread. Fulguration is 
possible in monopolar electrosurgery and when the 
electrode is not in contact with the tissue and results 
in superficial necrosis and eschar formation11. 

	3.	Deep coagulation or desiccation: It results when 
active electrode and tissue are in contact. Tissue 
is heated and the water in the cell boils to steam, 
resulting in a drying out of the cell. Desiccation 
can be achieved with either the cut or coag mode 
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by contact of the electrosurgical device with the 
tissue and no spark formation12.
Except from “pure cut” and “pure coag” mode 

many generators provide a blended current that does 
not result from combined cutting and coagulating 
waveforms as is commonly thought. The blended 
waveform is pulsatile release of current between 
6% and 100% of the time at variable intervals. By 
convention in blend 1,2 and 3 found in most elec-
trosurgical generators current is delivered in 50%, 
40% and 25% of the time respectively. This way the 
proportion of time the current flow is interrupted can 
be adjusted using various “blend” settings. (Figure 1)

Other factors that may influence the tissue effect 
of electrosurgery are size and shape of electrode, 
time of electric application, tissue resistance and 
whether the electrode touches or not the tissue. 

Monopolar electrosurgery
Monopolar systems are widely used in daily clini-

cal practice in gynecologic laparoscopy. Current flow 
proceeds from the active electrode to the tissue, 
spreads throughout the rest of the body and exits 
through the passive or return electrode returning to 

the electrosurgical generator. The return electrode is 
located on the patient at a site away from the surgical 
site. As the electrical energy spreads out, the current 
density is diffuse and the tissue is not heated. The 
active electrode may be shaped as needle, hook or 
ball and the effect produced depends on the area 
of contact with the tissue, current density, type of 
waveform, water content of the tissue applied and 
time of application. The return electrode must be 
applied to a wide area of good conducting tissue 
like muscle avoiding bony prominences. The current 
density on the return pad is inversely proportional 
to the area in contact with the tissue so it must be 
as large as possible and in good contact. In cases 
of incompletely applied ground pad there is large 
concentration of electron flow that may result in 
tissue damage from heat. (Figure 2)

Bipolar electrosurgery
Bipolar electrosurgery is only involving a small 

amount of tissue in the circuit. There is no return 
plate, the return electrode is adjacent to the active 
electrode, and current flows only between them. 
Therefore the patient is not a part of the circuit, the 

Figure 1. Waveforms of a typical Electrosurgical Unit.
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current passes between the tips of the instrument 
and only affects tissue grasped between electrodes. 
Bipolar devices are relatively safe compared to mo-
nopolar as it causes minimum collateral spread, 
reduces risk of interference with other devices and 
better coagulation13. Moreover desired tissue effect 
may be achieved with lower voltage due to the low 
tissue impedance resulting from the close proximity 
of the electrodes.

Desiccation is the thermal effects produced by the 
bipolar devices and it seemd superior their monopo-
lar counterparts. In addition the close proximity of 2 
electrodes in bipolar instruments virtually eliminates 
the threats of alternate site burns as well as direct 
and capacitive coupling that we will discuss later. 
However prolonged activation of the electrode may 
generate significant heat and cause injury to other 
tissues upon contact14.

Major disadvantage of bipolar is that it cannot cut 
tissue although a “cut” waveform is applied. Vapor-
ization and fulguration are inefficient and in order 
to transect the desiccated tissue we need to change 
instruments inducing this way the operating time. In 

addition sometimes tissues become adherent to the 
electrodes and disengagement may cause tearing of 
blood vessels. This occurs when there is excessive 
dehydration of tissues and charring. Release tissue 
before bipolar energy application is terminated is 
the solution to this practical issue15 (Figure 3).

Advanced bipolar devices
The last years, new generation bipolar devices 

have been developed to seal vessels up to 7 mm di-
ameter16.  These are basically bipolar forceps based 
on three factors: compression, time and temperature. 
The electrosurgical generator of the vessel sealer, 
that is unique for every instrument, generates the 
current between the jaws of the instrument result-
ing in increased temperature up to 60-100 °C. The 
generator uses controlled tissue feedback response 
systems that senses tissue impedance in order to 
continuously adjust the voltage and current gener-
ated by the unit. The increased temperature causes 
denaturation of hydrogen bonds in tissue proteins. 

Figure 2. Monopolar circuit9.

Figure 3. Bipolar circuit9.
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The pulsatile energy delivered from the feedback 
mechanism of the device permits the tissue to cool 
and during this phase hydrogen bonds reform with 
a different configuration result in formation of a 
tissue glue which seals the walls of the vessel17. The 
systems also inform the surgeon with an audio signal 
that vessel sealing has been achieved minimizing 
this way lateral thermal spread associated with 
prolonged device activation.

LigaSure was the first system commercially avail-
able. The concomitant use of recently released Force-
Triad generator permits to monitor impedance 
change of the tissue 4000 times per second and the 
energy is delivered in pulses allowing the tissue to 
cool18. The handpiece of the system has a ratchet that 
allows calibrated force to be applied to the tissue. 
The strong seal formatted can withstand pressures 
up to 550mmHg. The LigaSure can seal vessels up to 
7mm with low lateral thermal spread19 (Figure 4).

EnSeal is a bipolar device that shares the same 
electrical generator of Harmonic scalpel. The hand-
piece uses a proprietary electrode that contains 
millions of conductive nanoparticles, embedded in 
a temperature-sensitive matrix. The temperature 
is maintained at around 100 °C as the micropar-
ticles are separating apart when the temperature 
exceeds this limit and they are rendering thereafter 
non-conductive. The instrument also has a cutting 
mechanism incorporated into the device. The latest 

advance is the EnSeal G2 articulating hand piece. 
When the vessels are clamped perpendicularly the 
blood flow is completely interrupted and theis pre-
serves the current density and obviates the cooling 
effect from heat conduction through blood flow. If a 
7mm vessel is clamped obliquely at an angle more 
than 90°, the effective diameter of the vessel becomes 
more than 7mm, which is beyond the range of most 
vessel sealers. In the EnSeal articulated handpiece, 
the tip can be rotated to facilitate perpendicular 
tissue clamping20 (Figure 5).

The PlasmaKinetic system delivers pulsed energy 
with continuous feedback control. The pulsatile deliv-
ery of energy allows tissues to cool between energy 
bursts, reducing tissue drying at the contact point 
and therefore resulting in less electrode sticking. It 
also incorporates a retractable blade into the jaws in 
order to cut the tissue after vessel sealing. This may 
reduce “instrument traffic” during laparoscopy and 
reduce operative times and hospital costs21.

All these devices share a common disadvantage 
the bulky instrument tip compromising their dis-
secting capabilities. Manufacturers have tried to 
modify the tips to more curved and pointed instru-
ments but there are concerns that a smaller surface 
could affect the quality of vessel sealing. For these 
reasons many surgeons continue to use traditional 
monopolar scissors or conventional bipolar graspers 
for their superior dissecting capabilities.

Figure 4. Ligasure. Figure 5. Enseal bipolar device.
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Ultrasonic devices
Ultrasonic laparoscopic energy sources are able to 

seal vessels and transect tissues. Most of the tissue 
effects are the same as those for bipolar devices but 
they are produced without the passage of electrical 
current through the patient or the tissue. The prin-
ciple of ultrasonic energy is conversion of electrical 
energy into mechanical and thermal energy via 
ultrasonic vibrations to achieve tissue transection 
and vessel sealing22. The electrical current is deliv-
ered to the handpiece that has a piezoelectrode that 
convert electric energy to vibrating ultrasonic energy 
at frequencies from 23 to 55 kHz. The shaft of the 
instrument, the active component of the device is in 
contact with the cylinders and oscillates linearly at 
the same frequency. The active blade vibrates over 
50-100 μm at frequency of 55.5 kHz23. Ultrasonic 
tissue transection occurs as a result of mechanical 
friction between the oscillating device shaft and the 
tissue. In addition to mechanical friction, “cavitation 
effect” may facilitate transection. Cavitation is the 
phenomenon that occurs during tissue vaporiza-
tion and the steam released from vaporized cells 
expands existing tissue planes, assisting dissection24.  
Vessel sealing tissue effects are the same with those 
obtained by advanced bipolar electrosurgery: des-
iccation, coagulation and coaptation. However the 
mechanism by which they are obtained is different. 
With electrosurgery electrical energy is converted to 
mechanical energy to thermal energy via intracellular 
frictional effects. With ultrasonic energy, electrical 
energy is converted to mechanical to thermal energy 
as the frictional force exerted on the tissues by the 
oscillating shaft tip results in sequential extracellular 
heating followed by intracellular heating25 (Figure 6).

There are so far a few ultrasonic devices. The 
Ultracision Harmonic Scalpel was developed to seal 
vessels up to 3mm in diameter26. The Harmonic ACE 
was subsequently developed and approved to seal 
vessels up to 5mm27. Harmonic ACE+ is the latest 

developed instrument that uses “adaptive tissue 
technology” to regulate energy delivery according 
to tissue conditions, may seal vessels up to 7mm and 
provides an audio signal to the surgeon to minimize 
thermal spread28. AutoSonix, Sonocision and Sono-
surg are other examples of currently available lapa-
roscopic devices that operate at similar frequencies 
to the Harmonic ACE and seal vessels up to 5mm. 
Sonicision has the advantage of cordless handpiece 
and is claimed to generate less tissue plume.

Advantages of ultrasonic vessel sealers included 
less tissue necrosis and charring, reduced lateral 
thermal spread and less smoke generation compared 
with electrosurgery29. Tissue temperature is less than 
100 °C and therefore tissue charring is much less than 
monopolar electrosurgery but similar to advanced 
and conventional bipolar electrosurgery 30. The smoke 
plume generated by ultrasonic vessel sealers is less 
than other laparoscopic energy sources but smoke 
from these devices may significantly obscure the 
surgeon’s view31. General disadvantages of ultrasonic 
devices include slower coagulation compared with 
electrosurgery, excessive applied pressure and alter-
ing of the frequency or the impedance of the instru-
ment due to blade fatigue leading to temperature 
elevation32. The tip of the active blade needs to be 

Figure 6. Harmonic ACE+.
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always under vision and never touch visceral organs 
immediately after activation as there is danger of 
serious thermal damage due to high temperatures.

Finally the Thunderbeat is the first device to 
integrate both ultrasonically generated frictional 
heat energy and advanced bipolar energy in one 
instrument. It can rapidly cut and precisely dissect 
tissue while advanced bipolar technology provides 
vessel sealing up to 7 mm diameter with minimal 
thermal spread.

Laser (Light Amplification by Stimulated 
Emission of Radiation)
Laser is an energy source that does not include 

electrical current. By amplifying light of specific 
wavelength, the device emits a beam of photons with 
a high degree of spatial and temporal coherence, 
which is dependent on the physical properties of 
the different components within the laser device. 
The tissue effects obtained depend on exposure time 
and power density adjustment. The power settings 
and the spot size of the laser beam may influence 
power density. There are a number of different 
types of lasers: CO2, argon, Nd: YAG, KTP-532 with 
different properties. The advantages of laser are 
the accuracy of targeting tissues and lack of lateral 
thermal spread. In gynecology they are mainly used 
for endometriosis ablation as they are not absorbed 
by unpigmented tissues and thus abnormal tissues 
are preferably coagulated34. 

Plasma Surgery
The device has a 5 mm handpiece that can deliver 

argon neutral plasma energy. The system is electri-
cally neutral and no ground pad is necessary. Plasma 
is th fourth state of matter after solid, liquid and 
gas. When energy is provided to a solid, it melts to 
form liquid and then evaporates to form gas. If extra 
energy is provided then gas is ionized and becomes 
plasma which is unstable and gives up to energy in 

3 forms: light that illuminates target area, heat that 
coagulates tissue and seal small vessels and kinetic 
energy that vaporizes tissues of various densities 
including the fibrosis od deep endometriosis. The 
origin of plasma energy idea comes back on 1970s 
but it was not until late 1990s that a multielectrode 
system that generated plasma with a higher power 
density using a low level of current was invented. 
That design resulted to PlasmaJet system that is 
commercially available nowadays. It is mainly used 
for the treatment of endometriosis because of bet-
ter preservation of ovarian follicles36-37 (Figure 7).

Laparoscopic Energy source related injuries
Monopolar electrosurgery injuries
Alternate site burns: Accidental burns may occur 

from accidental activation of the active electrode 
when it was not in use and not placed in an insulated 
holster. This way the electrode could burn through 
the sterile drapes and result in a severe burn of 
the patient. Moreover in case of flammable sterile 
drapes or fluids, a fire in an operating room is not 
impossible to happen38. 

The older grounded electrosurgical generators has 

Figure 7. PlasmaJet handpiece.



a design flaw that was predisposing to alternate site 
burns. The electrical current could flow through the 
patient and not return to ground via the operating 
table but was directed through other sites such as 
Electrocartiogram leads or pads. The invention of 
isolated electrosurgical generators eliminated this 
problem as the electrical current was conducting back 
to the generator via the return pad39. On the other 
hand this solution created a new problem of burns 
on the return pad in case of defective attachment 
to the body or manufacture defect. In these circum-
stances higher current density could concentrate in 
the small area of detached electrode pad and result 
in serious burn to the patient. The introduction of 
“ Contact Quality Monitoring” technology could 
prevent this type of injuries. It consists of a dual 
section dispersive electrode which is continuously 
monitoring the total impedance of the electrode. In 
case of impedance increase during the procedure 
the CQM circuit detects it and automatically inhibits 
electrosurgical units output40. 

Insulation failure: Insulation failure is a common 
electrosurgical injury and has a high probability of 
causing full thickness intestinal thermal injury. Dam-
age to the insulation of the active electrode provides 
an alternate pathway for the current to enter the 
patient unknown to the surgeon. The power density 
on insulation failure sites is very high and so the tem-
perature increase (700 °C-1000°C). Physical insult, 
mechanical degradation, cleaning, repeated steriliza-
tion, high-voltage use and manufacture defects are 
some of the reasons of insulation failure41. Concern-
ing the prevalence of insulation failure Montero et 
al. reported 33/226 (15%) of instruments checked 
in their study had insulation failure42. Moreover in 
a similar study in Australia Yazdani et al identified 
29% of monopolar and 15% of bipolar instruments 
to be defective with insulation failure43. A number of 
measurements have been applied in order to mini-
mize this hazard such as routine inspection of the 
instruments, testing or use of disposable material. 
They have been proven ineffective as the sensitivity 
of detecting an instrument with insulation failure is 
only 10%. Even disposable instruments may have 

up to 3% insulation failure.
Active Electrode Monitoring (AEM) is the tech-

nology that offers combination of extra electrical 
insulation, conducting shield and an electronic cur-
rent monitoring system. The system can detect stray 
energy from insulation failure, capacitive coupling 
and direct coupling at the same time with its feedback 
mechanism, alert the surgeon and interrupt further 
supply of energy eliminating the risk of stray energy 
complications44. 

Capacitive coupling: Capacitive coupling is the 
transfer of energy to a conductive material through 
intact insulation of the laparoscopic instrument. The 
capacitor is created when 2 conductors are sepa-
rated by an insulator. Capacitive coupling injuries 
were common with the use of “hybrid trocars” that 
consisted of a metal cannula with a surrounding 
plastic anchor, and the trapped capacitive current 
to the trocar could arc to surrounding tissues or 
instruments 45. The use of noncontact surgical  tech-
nique, higher electrosurgical settings and single port 
laparoscopy predispose capacitive coupling injuries. 
The use of AEM technology offers an excellent solu-
tion to this problem46.

Direct coupling: Direct coupling occurs when 
the active electrode comes in contact with another 
metal instrument or object that is in contact with 
tissues away from the active electrode and results 
in thermal injury. The laparoscope and the suction/
irrigation tube are the most common instruments for 
the occurrence of direct coupling. Direct coupling to 
an adjacent instrument is caused by technique and 
not instruments design or defect so surgeon must 
be very careful in monopolar use. The entire portion 
of the electrode tip should be in visual contact when 
applying energy in order to minimize this kind of 
complication.

Laser complications and other sources 
common complications
With the use of lasers there is always a concern 

about the possibility of ignition of flammable materi-
als and accidental eye injuries. Laser beams may also 
reflected by surgical instruments in the operating 
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field and provoke injuries of nontargeted tissues. 
Even though bipolar, lasers and ultrasonic energy 

avoid the passage of electrical stray currents trough 
the patient, all these devices exert their action to 
the tissues through thermal energy. Lateral thermal 
spread is always a concern of all these devices even 
the manufacturers often claim 

Comparison of different energy sources
There are many reasons for a surgeon to prefer 

a particular laparoscopic energy source. The most 
common is surgeon’s own experience that may have 
been preordained by his mentor during surgical 
training. Moreover surgeons are generally not re-
ceptive to unfamiliar technologies, especially when 
they have to deal with energy sources and their 
possible complications. On the other hand device 
manufactures usually sponsor many of the studies 
on energy sources published in the literature and it 
is difficult for surgeons to make an objective deci-
sion of the relative merits of different laparoscopic 
energy sources.

Blood loss: Concerning blood loss there are 2 
RCTs in gynecologic laparoscopy comparing en-
ergy sources. Jansen et al. found no difference in 
estimated blood loss when comparing Ligasure and 
conventional bipolar forceps for total laparoscopic 
hysterectomy (243.1 vs 273.1 mL, p=0.46)47. In an-
other study Litta et al, compared Harmonic Scalpel 
with conventional electrosurgery in laparoscopic 
myomectomy and they found a significant less blood 
loss with the ultrasonic device (135.2 vs 182.8, 
p=0.004). The clinical significance though of this 
result is debatable given the fact that there was no 
difference in transfusion rates between both groups48.

Operating time: Possible operating time reduction 
could be a major advantage for the use of one energy 
source over the other. More data are available from 
general surgery studies. In a Cochrane review of 
laparoscopic colectomies, the operating time was 40 

minutes shorter with advanced bipolar technologies 
than with monopolar scissors49. Similar results come 
from another meta-analysis in the general surgery, 
where Ligasure was associated with a shorter operat-
ing time compared with monopolar electrocautery 
or suture (28% reduction, p<0.0001)50. On the other 
hand findings from studies in gynecology have been 
inconsistent. Lee et al, reported that Gyrus PK was 
associated with a time saving of 57 minutes compared 
with conventional bipolar when used for laparoscopic 
radical hysterectomy (229 vs 172 min, p<0.001)51. 
Moreover the use of Harmonic Scalpel managed to 
reduce operating time on laparoscopic myomecto-
mies comparing with conventional bipolar electro-
surgery  (71.8 vs 88.8, p<0.001)48. However other 
studies on vaginal assisted and total laparoscopic 
hysterectomy, revealed no difference in operating 
time when Ligasure and simple bipolar where com-
pared. (47,52) It seems that the use of vessel sealing 
devices may show a time-sparing effect when they 
are used on more complexed operations with a sig-
nificant amount of large vessels to seal (colectomy, 
radical hysterectomy). For simple uncomplicated 
TLH conventional bipolar is more than enough with 
the advantage of low cost.

Complications: There is only one study in gyneco-
logic laparoscopy a reduction in complication rate 
was reported with the use of Gyrus PK comparing 
to conventional bipolar. There was 1 intraopera-
tive complication in the bipolar group with a rectal 
perforation occurring during right ureterosacral 
ligament dissection in a patient submitted to radical 
laparoscopic hysterectomy. Moreover 4 postoperative 
complications where reported in the same group, 
including 2 cases of intestinal obstruction, 2 renal 
failure and 1 vesicovaginal fistula51. 

Lateral thermal spread: Lateral thermal spread 
has been studied in laboratory and animal studies. 
It is reported that temperatures above 42 °C may 
cause tissue damage. The degree of lateral thermal 



spread from Ligasure, Harmonic scalpel, conventional 
bipolar and monopolar hook at similar settings was 
compared in an ex vivo study using porcine muscle. 
The temperature at the tip of monopolar was 100.1C, 
Harmonic ACE 71.3°C, bipolar and Ligasure 50°C. 
Moreover it is required 55seconds for the tip of the 
monopolar hook to cool to 42°C, longer than any other 
device30. It is therefore imperative for the surgeons 
to allow adequate time for cooling of the instrument 
tips before touching delicate organs. Injury can also 
be caused if the instrument tip is used for tissue 
handling when it is still hot after activation. For 
example, the device head of Ligasure was found to 
be hot enough to cause injury (45°C) for 14 seconds 
after activation ceased and even at 20 seconds after 
activation the Harmonic can increase tissue tem-
perature by 24°C53,54. Injuries have been reported 
from the overheated active blade of the Harmonic 
inadvertently touching bowel after activation of the 
energy ceased, causing an ischemic lesion that was 
undetected during the time of the operation55.

Surgeons may reduce lateral thermal spread by 
avoiding prolonged device activation, using the 
lowest energy settings or apply irrigation fluid after 
device activation. Zorn et al applied irrigation fluid 
to Enseal after the device activation in 20 robotic 
radical prostatectomies and reported that application 
of cold ( <4°C) saline reduced that lateral thermal 
spread from 0.98 to 0.31 mm (p<0.0002)56. 

Conclusions
A number of different energy sources and devices 

are available to facilitate laparoscopic operations 
performance. No particular technology is suited 
for all tasks and surgeons need to be aware of the 
limitations of the energy source they choose to use. 
Availability, training, cost and surgeon’s preference 
are some of the factors that contribute to surgeons 
choice for a specific energy device over another. Hav-
ing though a fundamental knowledge of biophysics 
and the limitations of each device is important in 
order to choose the most appropriate instrument and 
minimize the occurrence of electrosurgical injuries. 
Finally it is clear that adequately powered clinical 

trials with direct comparison of various energy 
sources are required in order to guide surgeons in 
choosing the correct energy for each laparoscopic 
operation.
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