THE JOURNAL OF
OBSTETRICS
AND

GYNECOLOGY
OF INDIA

CrossMark

The Journal of Obstetrics and Gynecology of India (September—October 2015) 65(5):293-300

DOI 10.1007/s13224-015-0774-x

INVITED REVIEW ARTICLE

Surgical Efficacy Among Laparoscopic Ultrasonic Dissectors:
Are We Advancing Safely? A Review of Literature

Rajesh Devassy' - Sreelatha Gopalakrishnan' - Rudy Leon De Wilde>

Received: 27 July 2015/ Accepted: 17 August 2015/Published online: 14 September 2015

© Federation of Obstetric & Gynecological Societies of India 2015

About the Author

Oldenburg, Germany.

Abstract The specialty of laparoscopy has evolved with
the advent of new technologies over the last few years.
Energy-based devices and Ultrasonic dissectors are used
with a lot of factors in play-including ergonomics and
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economics during surgery. Here an attempt is based to
review the surgical efficacy and safety of these dissectors
with importance to plume production and lateral thermal
damage. The factors contributing to adversities to the dis-
sectors are also to be noted. The strategy adopted was
aimed at finding relevant studies from PubMed from 1995
to 2014. The basic principle of plume production and
thermal damage are studied in this review. Factors con-
tributing to the same that can lead to adversities during
laparoscopic surgeries are identified. Summarizing key
points that increase lateral thermal damage and plume
production amongst different ultrasonic shears and sug-
gesting a technique to identify the right balance between
the existing dissectors was possible. The RF Device and
USS are both useful and widely used and are more safer
than monopolar devices. RF Device is considerably slower
than USS, as it cannot achieve coagulation and cutting at
the same time. Although USS definitely improvises dis-
section and has less thermal injury than RF Device, the
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clinical implications in balancing dissection efficacy with
hemostasis need to be investigated further. The ideal
haemostatic energy-based shear device would be one with
excellent hemostatic results and visual acuity while
allowing none or minimal thermal energy escape at the
point of application. In our current setting, a combined use
of both RF and USS device usage as applied in the par-
ticular situations has potential.

Keywords Laparoscopic - Ultrasonic dissectors -
Thermal damage - Aerosol/plume - Energy devices

Introduction

Advances in energy devices have played a major role in the
rapid expansion of surgery.

The specialty of laparoscopy has acquired a host of new
technologies over the last few years. The techniques for
hemostasis include physical modalities (compression,
sutures, and endovascular staples), thermal modalities
(bipolar coagulation, laser or ultrasonic dissectors), and
topical sealants (e.g., fibrin glue or gelatin matrix) [1]. The
advances in the evolution of energy-based haemostatic
devices alone over the last few decades for tissue dissection
and retraction have been with the primary aim of cutting
down technical demands during minimal invasive surgery.
A blend with high definition digital imaging has definitely
even cut down on the surgical time. These devices allow
rapid and easy dissection of tissue with ample freedom in
terms of mobility and most importantly safety in
haemostasis but are also prone to cause complications [2,
3]. Various factors like vessel burst pressure and seal time,
lateral thermal spread, and smoke production influence
their efficacy and complications [4].

Objective of this Review

The objective of this review is to compare the surgical
efficacy and safety of Ultrasonic Shears with similar
devices such as Radio frequency devices, to understand
their potential intra-operative adversities, and to appraise a
technique to increase the safety and efficacy of minimal
access gynecological surgeries.

Method

This systemic review of literature was performed following
the PRISMA (Preferred Reporting Items for Systemic
Reviews and Meta-Analysis) [5]. Strategy adopted was
aimed at finding relevant studies from PubMed from 1995
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to 2014. There appears to be paucity of literature for
comparative studies with respect to the two aspects
reviewed here—namely: aerosol production and lateral
thermal damage. We reviewed the available reports in the
literature that focused on the quantification of surgical
plumes and comparative studies conducted on the thermal
damage on tissues with different energy-based devices with
respective to time, depth of tissue damage, and power
output.

The search on PubMed showed a number of studies for
laparoscopic dissectors but quantification of surgical plume
had seven relevant studies; lateral thermal damage in
ultrasonic dissectors had four studies.

Discussion

Analysis of Obstruction Generated by Laparoscopic
Dissectors with Respect to Surgical Plume

A better understanding of plume is pivotal to use an
instrument that will dissect and coagulate tissue with
minimal thermal damage while allowing optimal visual-
ization. Only recently, this area has been addressed. Digital
imaging and software development permitted detection and
calculation of surgical plume from a sequence of video
frames.

The ultrasonic energy devices produce coagulation and
transection of vessels by converting electric energy into
ultrasonic vibration through a piezoelectric or magnetic
transducer, which induces heat at the jaws of the instru-
ment through friction but one of the undesirable products
when energy is applied to tissue is the surgical plume or
smoke [6, 7]. Although it is perceived that ultrasonic dis-
sectors seem to generate less surgical plume than other
technologies do, they still release particles from the friction
of the blades and tissue adhering to the scope, producing a
surgical plume [8]. The generation of a surgical plume is
harmful when it persists as it decreases visualization, often
requiring the surgeon to remove the scope from the surgical
field and remove the obstructing aerosol particles. Com-
promised visualization in endoscopic surgery could be
dangerous and fatal [9, 10]. There are a lot of studies on the
effects on the composition of surgical smoke and its effects
on the operating theater personnel [10]. The most important
factor for this is better understanding of the characteristics
of the surgical plume and electrophysics of thermal gen-
eration. Therefore, we initially reviewed the available
reports in the literature focused on the quantification of
surgical plumes.

The first reviewed study in 1995 identified the extent of
surgical smoke from visual inspection and microscopic
examination of residual particles, stains, or liquid on
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processed instruments. Sites that contained residual debris
included junctions between insulating sheaths and activat-
ing mechanisms of laparoscopic instruments, and articu-
lations and grooves of forceps were studied [11, 12]. This
study led DesCoteaux et al. [8] in 1996 to describe the
particles contained in cautery smoke produced during five
laparoscopic procedures. Electron microscopic analysis
and energy dispersive X-ray evaluation were used to
determine particle morphology and elemental composition.
The particles, distributed according to size on the seven
rotating trays of the impactor, had diameters ranging from
0.05 to >25 micro m, with most being 0.1-1 pm. They
concluded that surgical smoke (plume) created by elec-
trocautery during open surgery was composed of breath-
able aerosol (<4.5 um) and possibly cellular material
(=7 pm) [8].

The surgical plume quantification from an ultrasonic
scalpel was compared with that from electrocautery by Ott
et al. [13] which described large quantities of cellular
debris (>1 x 107 particles/mL) in the plume generated by
the ultrasonic scalpel but had approximately one-fourth the
amount of particle concentration which was further sub-
stantiated in the review exclusively on surgical smoke
wherein the instrument and its effect on different types of
tissue was described. Plume aerosol generated by ultra-
sonic dissectors can be identified up to 40 cm from the
point of production and usually is composed of tissue,
blood, and blood products. The surgical plume production
from an ultrasonic scalpel was compared with that from
electrocautery by Ott et al. [13], which described large
quantities of cellular debris (>1 x 107 particles/mL) in the
plume generated by the ultrasonic scalpel but had
approximately one-fourth the amount of particle concen-
tration which was further substantiated in the review
exclusively on surgical smoke wherein the instrument and
its effect on different types of tissue was also described [9,
13]. Fatty tissue was found to generate 17-23 times more
particles than lean tissue did [13]. In an effort to quantify
surgical smoke and laparoscopic visibility, Weld et al. [14]
measured plume concentration from the peritoneal cavity
in the light scattering equation to determine the level of
reduction in visibility at surgery. Different types of dis-
sectors and hemostatic instruments using different tech-
nologies, including electrical and ultrasonic, were
reviewed. They found that the most significant influence on
laparoscopic visibility was due to higher small particle
concentration which remained in suspension longer, while
small particle size was of secondary importance. Surgical
plume generated by monopolar devices was 721 times
more concentrated than were the plumes from bipolar and
ultrasonic instruments [14]. Schneider et al. [15] developed
another experiment to assess plume production. They
develop a sealed box equipped with a light-emitting diode
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and a phototransistor. Infrared light transmission was
assessed during the procedure, and mist formation was
evaluated as the percentage of reduction in infrared trans-
mission (Fig. 1).

Cordless USS Improvises Agility and Handling

As an extension of this study, detection and quantification
of surgical plume with ultrasonic dissectors using real-time
digital quantitative technology Image] was pioneered by
Kim et al. [16]. The investigators reported that plume
generation was increased in coagulation rather than in cut
mode. Moreover, they concluded that different instruments
generate different amounts of obstruction of plume despite
the use of the same ultrasonic technology. The ACE
(Ethicon Endo-Surgery Inc, Cincinnati, Ohio) produced 5
times more plume than did Sonicision (Covidien, Mans-
field, Massachusetts), while SonoSurg (Olympus USA,
Center Valley, Pennsylvania) produced the least amount of
plume [16]. SonoSurg generated negligible plume
obstruction (0.21 % of operating field), while Sonicision
obstructed 4.8 % of operating field and ACE 26.63 % [16].
Kim et al. [17] went on to identify two types of plume
generations based on the blade geometry as well. Laminar
flow causes minimal visual obstruction by directing the
aerosol downwards and dissipates immediately, while tur-
bulent plume is directed erratically across the cavity. It
causes maximum obstruction 0.3 s after activation and
clears after 2 s. Ultrasonic dissectors with straight blades
have more consistent oscillations and generate more lam-
inar flow compared with curved blades [17] (Fig. 2).

In the comparative study [16] among different ultrasonic
dissectors, the SonoSurg produced minimal obstruction
during activation. The ACE generated the most plume,

Fig. 1 Surgical plume in different ultrasonic devices
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Fig. 2 Cordless USS
improvises agility and handling

Sonosurg(SS)

Sonoicsion(SNC)

Harmonic(ACE)

Surgical plume in different ultrasonic devices-Kim FJ 35 et al

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%
B Maximum plume in coagulation setting B Maximum plume in maximum setting
Table 1 Table for coagulation obstruction by surgical plume between different hemostatic technologies [16]
Average coagulation obstruction Monopolar Ace Sonicision SonoSurg p value
Maximum obstruction (%) 721 x 26.63 26.63 £ 3.70 4.80 £+ 0.86 0.21 £ 0.07 <0.001
Range (%) 8.12-73.50 0.24-19.83 0.06-1.05
Average cutting obstruction
Maximum obstruction (%) 12.65 + 0.97 8.76 £ 1.49 9.46 £+ 1.36 0.026
Range (%) 9.07-18.15 4.32-17.41 5.68-22.12

with approximately five times more plume than the Soni-
cision. The differences between all the instruments in the
coagulation setting were significant (p\0.001). The average
plume with respect to time was calculated with 95 %
confidence intervals. Likewise, the ACE generated the
most plume obstruction of the three devices, whereas the
SonoSurg had the least plume during coagulation activa-
tion. There was less difference between the devices in the
cutting mode. The Sonicision and SonoSurg produced the
least amount of obstruction. Deviation of the ACE from the
Sonicision and SonoSurg was significant (p\0.05). There
was a statistically significant difference in mean dissection
speed and production of plume where Sonicision was
resultantly shown to be faster in the tested tissue [16]
(Table 1).

The clinical significance of these findings is that
obstruction of the surgical field by plume production may
increase operating time to clean the scope, potential
increase risk (e.g., bleeding) for patients if decrease in
visibility occurs during crucial phase of the operation, and
subjective increase in the level of surgical team’s frustra-
tion [11, 16].

To summarize, factors that increase plume production
are to be borne in mind preoperatively to ensure safety and
efficacy:
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e Nature of tissue-thick flaps and fat increases plume
production,

e Coagulative process than cutting increases plume.

e Curved blades that cause turbulent plume flow increase
plume.

e Choice of instrument—monoplar devices, more plume.

It may be concluded that ultrasonic devices could pro-
duce smaller amounts of plume and, subsequently, less
visual obstruction than do monopolar energy devices [16].

Thermal Damage in Laparoscopy—An In-depth
Review

Electrosurgery has facilitated the development of advanced
laparoscopic surgery by allowing rapid division of struc-
tures which are vascular, while maintaining the goal of
hemostasis [18, 19]. Various devices have been introduced
in clinical practice to achieve safe and faster hemostatic
operative field. However, there is evidence that these
advanced and electronically controlled devices may lead to
inadvertent damage to nearby structures through the lateral
spread of thermal energy, and this could result in delayed
injuries to surrounding structures [19-22]. The earlier
instruments used which are primarily Electrosurgical in
nature were found to be relatively unsafe in abdominal
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surgery since their comparative lateral thermal spread
possibly caused damage to vital structures [7, 20, 23].
Monopolar electrosurgery is associated with well-known
risks that can cause substantial thermal injury to sur-
rounding tissues. Minimizing thermal damage to sur-
rounding tissues without compromising safety and tissue
integrity is of importance in surgery. Ultrasonic instru-
ments are tried to be safer than traditional diathermy [7, 20,
24-26]. The Ultrasonic shears incorporate piezoelectric
transducers that induce a vibration frequency at the func-
tional tip and transduces a lower amount of energy to the
tissue than high-frequency current or laser techniques,
resulting in reduced lateral thermal damage and penetration
depth owing to lower temperatures [7, 20, 27]. Ultrasonic
energy controls bleeding through the process of coaptive
coagulation [4]. The present review of literature attempts to
investigate the degree of lateral thermal injury on the
surrounding tissues and their efficacy of ultrasonic shears
with different energy devices (Fig. 3).

The cutting mechanisms of the ultrasonic shear devices
are different from that observed with electro surgery or
laser surgery. The first mechanism is cavitational cutting
and fragmentation. As the blade tip vibrates, it produces
large transient pressure changes, which causes cellular
water to vaporize at low temperature, rupturing cells,
leading to very precise cutting and dissection. The second
mechanism for cutting by Ultrasonic shears is the actual
power cutting offered by a relatively large blade vibrating

Fig. 3 The physics of thermal
damage with laparoscopic
dissectors

Electrical energy from the generator is converted to
mechanical energy at the hand piece

55,500 times per second. The blade edge cuts tissue by
stretching it beyond its elastic limit and on a more
microscopic level, by breaking molecular bands. The heat
generated from friction of tissue is typically <80 °C. This
minimizes tissue charring, desiccation, and the zone of
thermal injury [1, 4, 6, 8]. Disadvantages of this technology
are the formation of aerosolized fatty droplets from the
tissue being treated, which can significantly interfere with
visualization through a laparoscope [9, 16, 20].

Ultrasonic shears and Radiofrequency devices have been
used in laparoscopic and open surgery for several years and
have changed the way we operate. Both technologically
advanced, they have been suggested to have excellent results
and minimal lateral thermal injury. [6, 7, 18, 20, 24, 26].
Laparoscopic ultrasonic instruments obtain the same cutting
and coagulation objectives but in different manners. Ultra-
sonic shears control bleeding by tamponating the vessel and
sealing it with a protein coagulum at temperatures ranging
from 50 to 100 °C. They work at lower temperatures than
electrosurgical devices, since it denatures proteins by
mechanically breaking the hydrogen bounds in protein
molecules when the blade vibrates at 55.5 kHz, thus gen-
erating much less heat from tissue friction [7, 20, 22]. The
review below compared all the energy-based laparoscopic
devices and the degree of thermal damage with respect to
time, power output, and tissue depth (Fig. 4).

Perko et al. [20] studied the effects of the Harmonic
Scalpel from varying durations of it’s application on

Harmonic Scalpel Electrosurgery/Laser surgery

50°C 100C 150°C 400°C+
Protein Vaporization Eschar forms
disorganizes of water when tissues
toforma dessicates burn
coagulum tissues

Piezo-electric

Caramics

Fig. 4 Far less mist production with thin flaps vs thick flaps
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Table 2 Comparison of thermal damage at different power settings among different laparoscopic shears

Group comparison Mean value A (um) Mean value B (um) p value
Monopolar diathermy vs. Harmonic scalpel (output power 3) 215.79 90.42 <0.001
Monopolar diathermy vs. Harmonic scalpel (output power 5) 215.79 127.48 <0.001
Monopolar diathermy v. LigaSure 215.79 144.18 <0.001
Harmonic scalpel (output power 3) vs. Harmonic scalpel (output power 5) 90.42 127.48 0.001
Harmonic scalpel (output power 3) vs. LigaSure 90.42 144.18 <0.001
Harmonic scalpel (output power 5) vs. LigaSure 127.48 144.18 0.39

Harmonic scalpel (output power 5)vs. Sonosurg 90.49 117.6 <0.001

tissues: a single 5-s application, a single 10-s application,
and a regimen of two sequential 5-s applications. Using
light microscopy and morphometric imaging analysis, the
width of tissue lateral thermal damage was measured from
the point of Harmonic Scalpel incision. The team showed
lateral thermal damage over a mean width of 0.0522 +
0.0097 mm after a 5-s Harmonic Scalpel application, a
damage width of 0.1544 £ 0.0419 mm after a 10-s appli-
cation, and a damage width of 0.1020 £ 0.0430 mm after a
5-s application followed by 5 s of inactivity and another
5 s of activity. The findings lead to the conclusion that
tissue lateral thermal damage after Harmonic Scalpel
application at standard output power is greater when a
longer sustained period of application is used. Lateral
thermal damage also is greater if the Harmonic Scalpel
application time is continuous rather than of the same total
duration with a brief midpoint interruption [20].

In 2009, the European Surgical Research also confirmed
the previous studies by Pogorelic [7] and team that coag-
ulation necrosis is bigger if the usage is continuous rather
than if it is disconnected/reconnected. The findings mostly
on porcine and rat abdominal walls have led to the con-
clusion that tissue lateral thermal damage after Ultrasonic
shears application at standard output power is greater when
a longer sustained period of application is used. Lateral
thermal damage also is greater if the Ultrasonic shears’
application time is continuous rather than of the same total
duration with a brief midpoint interruption [7].

The LigaSure vessel sealing system is a bipolar feed-
back-controlled sealing system that effectively seals ves-
sels up to 7 mm in diameter with a minimal thermal spread.
The device applies a precise amount of mechanical pres-
sure and radiofrequency energy to tissue, causing fusion of
the opposing layers by creating a seal of denatured colla-
gen, which can then be transected [28, 29]. The superiority
of LigaSure over bipolar electrocautery is that the tissue
fusion is created by the denaturation of proteins, thus
forming a true seal rather than creating a proximal
thrombus. Its lateral thermal spread is reported to be less
than 1 mm [18]. After recruiting 100 patients for a com-
parative study of Monopolar diathermy, Harmonic scalpel
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and LigaSure at the department of surgery in Croatia,
Druzijani¢ [30] and team with the help of light microscopy
and morphometric imaging analysis measured the width of
tissue lateral thermal damage from the point of the peri-
toneal incision. After a peritoneal incision, the mean lateral
thermal damages of monopolar diathermy, Harmonic
scalpel (output power 3), Harmonic scalpel (output power
5), and LigaSure were 215.79, 90.42, 127.48, and
144.18 pum, respectively as shown in Table 2. The con-
clusion of this study showed that the degree of lateral
thermal spread varied by instrument type, power setting,
and application time. LigaSure and Harmonic scalpel were
the safest and most efficient methods of tissue coagulation.
Monopolar diathermy resulted in the greatest degree of
thermal damage in tissues [30].

A more extensive and prospective study to understand
lateral thermal damage caused by different dissectors was
undertaken by Lamberton et al. [31] in 2008, where a
comparison of four laparoscopic vessel ligation devices
(two bipolar sealing devices [LigaSure V (LS) and Gyrus
PK (GP)], an ultrasonic device [Harmonic Scalpel ACE
(HS)] and a novel device using nanotechnology [EnSeal
PTC (ES)]) with the study endpoints including lateral
thermal spread, time to seal, burst pressure, smoke pro-
duction and subjective (blinded review of video clips) and
objective (measured using an aerosol monitor) effect upon
visibility. The HS demonstrated the least thermal spread.
The LS (10.0 s) and GP (11.1 s) had the fastest sealing
times (p < 0.001 for both) when compared to ES (19.2 s)
and HS (14.3 s) (p < 0.01 for all).The LS has the highest
burst pressure and fastest sealing time and was the highest
rated overall. The HS produced the lowest thermal spread
and smoke but had the lowest mean burst pressure. The GP
had the highest smoke production and variable burst
pressures. Despite employing nanotechnology, the ES
device was the slowest [31].

In a study by Kim [32] and team who have done extensive
work on ultrasonic laparoscopic dissectors, the Harmonic
ACE (ACE), Covidien Sonicision (SNC), and Olympus
SonoSurg (SS) and thermal damage were studied. Temper-
ature was measured with an infrared thermal imager, and the
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histological examination after temperatures reaching 60 C
was analyzed. The results were as follows: The ACE,
Sonicision, and SonoSurg had emissivity measurements of
0.49 £ 0.01, 0.40 £ 0.00, and 0.39 % 0.01, respectively.
Maximum cutting temperatures were: ACE = 191.1°,
SNC = 227.1°, and SNS 184.8° * (*p < 0.001). Maximum
coagulation temperatures did not differ significantly among
devices (p = 0.490). The cooling times to reach 60 °C after
activation were 35.7 s (ACE), 38.7 s (SNC), and 27.4 s*
(SS) (*p < 0.001). The cooling times of passive jaws to
reach 60 °C after activation were 25.4 s* (ACE), 5.7 s
(SNC), and 15.4 s (SS) (*p < 0.001).This study showed that
Sonicision improves cutting by getting the blade hotter,
while the SonoSurg has more precise coagulation effects by
heating slower. Emissivity values varied among instru-
ments, providing equally varied results. Although a different
blade geometry is apparent between instruments, the jaws
are also designed differently between the generations of
instruments [16, 32, 33] (Table 3).

Sutton [34] and team in a comparative study of
monopolar and bipolar diathermy, the Harmonic scalpel
and Ligasure recorded temperatures generated in the tis-
sues adjacent and 1 cm away. After a 5-s application at the
highest power setting, temperatures recorded at the tips of
monopolar and bipolar diathermy, Harmonic Scalpel, and
Ligasure instruments were 78.9(4.1), 41.9(2.2), 47.6(2.5),
and 44.2(2.6) °C respectively. Temperatures at the instru-
ment tips after use for 15 s remained above 42 °C for 55,
25, 15, and 15 s respectively. Applying monopolar dia-
thermy (10 s at 40 W) resulted in a temperature recording
of 59.2(2.2) °C in tissues 1 cm away from the tip of the
instrument. The degree of lateral thermal spread varied
with instrument type, power setting, and application time.
Monopolar diathermy resulted in the highest temperatures
and the greatest degree of thermal spread in tissues [34].

In our review of most studies, thermal injury of the
surrounding tissue was much more evident after
monopolar diathermy than after Radiofrequency devices
or even than ultrasonic shears [18, 24, 25, 34, 35].
Ultrasonic energy delivered through a harmonic scalpel
has been shown to be safe and to produce minimal

Table 3 Comparison of emissivity and maximum cutting tempera-
ture in different ultrasonic shears

Type of ultrasonic dissector Emissivity =~ Max. cutting temperature

Harmonic (ACE)
Sonicision (SNC)
Sonosurg (SS)

0.49 £ 0.01 191.10
0.40 £ 0.00 227.1
0.39 £ 0.01 184.8

Maximum coagulation temperatures did not differ significantly
among devices [32] (p = 0.490)

@ Springer

damage to the surrounding tissues but high-power and
prolonged ultrasonic dissection may result in considerable
heat production and collateral tissue damage, especially
when the activation time exceeds 10 s [4, 7, 20]. Har-
monic scalpel application times of more than 5 s pre-
sented a risk of lateral thermal damage, especially near
sensitive tissues or organs such as the common bile duct
or ureter. The findings of these studies should suggest that
after 5 s of application, a 5-s pause should be made,
followed by an additional 5 s if necessary thereby clears
the field of aerosol and minimizes thermal spread [7, 20].

Lateral thermal damage produced by the Harmonic
scalpel at an output power of 5 was greater than that at an
output power of 3 [7, 20, 36]. At the highest power setting,
we found slightly less thermal injury caused by the Har-
monic scalpel (127.48 pm) than LigaSure (144.18 pm), but
that difference was nonsignificant. Certain studies, e.g.,
Diamantis et al.; Sutton et al. [26, 28] in their studies,
found that LigaSure (197.79 um) might cause less thermal
injury than Harmonic scalpel (205.61 pum) but that differ-
ence was not significant. Sartori and colleagues [18] found
that the only real advantage between LigaSure and Har-
monic scalpel was a shorter duration of surgery with the
Harmonic scalpel, probably owing to its ability to coagu-
late and cut at the same time.

To summarize, Minimizing thermal damage to sur-
rounding tissues without compromising safety and tissue
integrity is of importance in surgery, and it is to be borne in
our minds that the degree of lateral thermal spread depends
on the following factors:

Appropriate method of usage

Type of instrument

The power settings—higher output-higher damage
Duration of application—a 5 s application followed by
a 5 s pause and then application minimizes thermal
damage

e Final outcome The ideal haemostatic energy-based
shear device would be one with excellent hemostatic
results and visual acuity while allowing none or
minimal thermal energy escape at the point of appli-
cation. Our findings suggest that RF Device and USS
are both useful and widely used hemostatic and
dissecting devices. They are much safer and more
effective than the monopolar diathermy. RF Device is
considerably slower than USS, as it cannot achieve
coagulation and cutting at the same time. Although
USS definitely improvises dissection and has less
thermal injury than RF Device, the clinical implications
in balancing dissection efficacy with hemostasis need to
be investigated further.
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Conclusion

The future might hold promise for the combination of

beneficial capabilities into one device. In our current set-
ting, a combined use of both RF and USS device usage as
applied in the particular situations has potential.
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