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ABSTRACT

Objectives. To compare alternative thermocautery
shears (ATS), bipolar electrosurgical unit (ESU) and harmonic
scalpel (HS) on a porcine vessel model.

Methods. The efficacy of an alternative thermocautery
shears (ATS) constructed by the investigators was assessed in a
porcine model against an electrosurgical unit (ESU) and harmonic
scalpel (HS). 45 mesenteric arteries were divided using the
respective apparatus. Time from application to transection and
hemostasis was recorded. 30 one centimeter segments of femoral
artery were sealed by the test apparatus and bursting pressures
obtained. The welded mesenteric vessels were evaluated for the
zone of thermal injury.

Results. No statistical difference between the HS and
the ATS for time of vessel transection and hemostasis was noted.
The bipolar ESU took the most time (p<0.001). Bursting pressures
were comparable between the HS and the ATS (p=0.01), the
bipolar ESU had the lowest bursting pressures (p=0.01 and
p=0.016). The zone of vessel wall injury was different among all
modalities (p<0.001). The ATS had the least damage followed by
the HS, then by the bipolar ESU.

Conclusion. This study showed that the ATS may be a
viable alternative to accepted modes of hemostasis.
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Hemostasis is an integral part of any surgical
procedure. Today, various cautery devices are
employed to achieve hemostasis. These units
not only aid in making surgical procedures

expedient, but also ensure hemostasis is maintained
adding safety as well as avoiding excessive blood loss
and the risks of blood transfusion. The most significant
drawback of these cautery units is the prohibitive cost of
manufacturing and maintenance. It is in this respect that
this study attains significance. If proven to be comparable,
the alternative cautery apparatus and the techniques
employed by the investigators in its construction will
be a cost effective and realistic option for attaining surgi-
cal hemostasis.

In the study by Reyes et sl., the (monopolar)
alternative cautery apparatus was noted to be comparable
to a commercially available cautery unit. No statistical
difference was demonstrated in coagulation times of
transected mesenteric arteries in rabbit subjects as well as
the depth of tissue injury. A statistically significant
difference was noted with a greater diameter of tissue
injury with the alternative cautery apparatus. This was
noted to be related to a wider tip design used in the
alternative cautery apparatus. This difference led to the
redesign of the alternative cautery apparatus tip.'

The study of Bieber et el. in 1994 established
that methods of coagulation could be evaluated by means
of histologic parameters." In addition to this, Lantis
et sl. in 1998 evaluated the efficacy of coagulation
modalities by isolating mesenteric arteries in rabbits and
measuring time for coagulation as well as zone of tissue
damage.' By applying similar protocols, the earlier study
on the alternative cautery apparatus achieved statistically
comparable results.

Likewise several studies have already been done
using bursting pressure as a parameter to compare the
efficacy of several types of hemostatic devices
(electrosurgical units, lasers and harmonic scalpels). Such
a study was done by Landman et.el., wherein varied
modalities for vascular control during laparoscopic
surgery were compared."
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In another study done by Michaletz in 1989,
microwave energy was compared with heater probe and
BICAP. The strength of coaptive bonding measured as
bursting pressure was one of the parameters considered.'

Coagulation of blood vessels involves the
application of energy to denature tissue proteins to form
a coagulum. It is advantageous to simultaneously apply
pressure and energy to facilitate the sticking together of
these denatured tissue proteins. This process has been
referred to as "tissue welding." These energy sources can
be laser light, radiofrequency electricity as is found in
electro surgical units or ultrasonic waves in the case of
harmonic scalpels. These energy sources could be used
as intermediaries since thermal energy is the final common
pathway."

In this follow up study we compared an
alternative thermocautery shears CATS), a bipolar
electrosurgery unit CESU) and a harmonic scalpel (HS).
Each of these modalities were evaluated in terms of time
to achieve hemostasis and transection of vessels, bursting
pressures of arteries coagulated as well as the zone of
vessel wall damage. It is hoped that this paper will serve as
a means to validate the clinical applicability of the
materials and construction techniques employed by the
investigators in the construction of the alternative cautery
apparatus and thermocautery shears. By doing so, the
investigators wish to provide a reproducible and realistic
alternative apparatus which can be constructed in the local
setting with readily available materials, tools and
expertise.

METHODOLOGY

Operational Definitions
Cautery is a process by which hemostasis is achieved

by application of heat. Heat generated from an electrical source
to achieve hemostasis is electrocautery.' Electrosurgery, also
known as diathermy, is the application of electricity at radio
frequencies to achieve hemostasis. Unlike the application of
direct heat, electrosurgery or diathermy involves passage of
radio frequency electric current through the body to concentrate
its flow through the small area provided by the active
handheld tip." Harmonic scalpels utilize ultrasonic vibration of
about 55,500 Hertz to effect tissue denaturation and co-
agulation." All forms of cautery applied to tissue use varied
forms of intermediate energy sources such as light, ultrasonic
waves, radio-frequency current and microwave energy. Though
these intermediate forms may differ, the common pathway is

still heat.'
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Contruction of test instruments
The current generator for the alternative apparatus

was made up of a three ampere alternating current to direct
current converter with variable voltage output (Figure I). The
alternative thermocautery shears was constructed from an Adson
forceps modified and fitted with a length of G26 nichrome wire
(Figure 2). The active arm of the shears had the nichrome wire
attached and insulated from the forceps by an epoxy resin lining.
The passive arm was insulated by a similar epoxy resin coat.
Conductive wires were then connected to the nichrome wire
filament by swedging into a length of G 23 hypodermic needle.
Application of this apparatus applies both direct heat and
pressure to facilitate tissue welding and transection.

The instruments compared in the study were a
harmonic scalpel (Ultracision Harmonic Scalpel G220, 25 Phurbur
Boulevard, Smithfield, RI, USA- Figure 3) with a 5mm
scissor handle curved shears (Ultracision Scissor Handle
Curved Shears CS 14C, Ethicon-Endosurgery, Cincinnati, Ohio,
USA), a commercial electrosurgery unit (Valley lab Force
EZ 300, Boulder, Colorado, USA - Figure 4) using a bipolar
attachment (Yasergil Type Bipolar Forceps, GK670, Aesculap,
AG and CO.KG, 78532 Tuttlingen, Germany), and the
alternative thermocautery apparatus with a thermal shears
attachment (Figure 5).

The harmonic scalpel was set at power level 5 and
activated on full power upon each application (settings generally
used for both tissue cutting and coagulation). The bipolar
electrosurgical unit was set at level 20 (setting used in general
procedures) as the alternative thermocautery shears and its
current generator was set at 12Volts.

Surgical model·testing
A porcine vessel model was utilized. The experimental

work was done via a midline laparotomy on an anesthesized
15 kg pig, using Ketamine HCI ala dose of 4mg/kg body weight
given intramuscularly. The mesenteric arcades were laid out and
mesenteric arteries each measuring 1 mm in diameter (measured
by a Vernier caliper) were isolated (Figure 6). These arteries were
then randomized to each of the treatment modalities by a table of
random numbers to remove bias as their distances from the main
arterial arcades differed.

A total of 45 porcine mesenteric arteries measuring
Imm in diameter and 30 one centimeter segments of the femoral
artery measuring 2mm in diameter were used in the experiment.
In the first part of the experiment, individual mesenteric arteries
were divided ill vivo using the respective test apparatus (Figure 7).
The time from the first application to transection and hemostasis
of each artery was then determined and recorded. The femoral
arteries of the subject were then harvested. The branches of the
harvested arteries were then ligated with silk 4-0 sutures.
One centimeter segments of the harvested arteries were then
cannulated with a gauge 24 venocatheter (Figure 8) and
connected to a mercurial column and an insuflator bulb with a
water seal reservoir (Figure 9). After cannulation, the distal
ends of the arterial segments were sealed by the respective
test apparatus. Bursting pressures of the artery segments
were determined by pumping sterile Normal Saline Solution (NSS)
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FIGURE 1. A 3-ampere AC to DC converter with variable output
provides current to the thermocautery shears.

FIGURE 2. A modified fine Adson forceps fitted with a length of
nichrome wire used as the alternative thermocautery shears.

FIGURE 3. The Ultracision Harmonic Scalpel G 220, 25 Phurbur
Boulevard, Smithfield, RI,USA utilized in the study.

FIGURE 4. The Valleylab Force EZ 300, Boulder, Colorado, USA
electrosurgical unit utilized in the study. FIGURE 5. The altemative cautery apparatus, "Thermocautery"

utilized with the alternative thermocautery shears.
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FIGURE 6. Mesenteric arteries 1mm in diameter for isola-
tion.

FIGURE 7. Division of the isolated mesenteric
arcades by the respective test apparatus

FIGURE 8. Femoral arteries canulated
with a venocatheter for measurement
of bursting pressures.

FIGURE 9. Mercurial column and water
seal reservior set-up utilized to measure
vessel bursting pressures.

FIGURE 10. Photomicrograph of a cauterized
porcine mesenteric artery showing tissue weld
and the extent of collateral vessel wall injury.
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until fluid leaks were noted. The pressures at which these leaks
were noted were then recorded as bursting pressures.

In the second part of the study, histologic
measurement of the zone of vessel wall injury associated with
the tissue welds was done. After the application of the test
apparatus, transected vessels were then harvested and fixed in a
buffered solution of 10% formaldehyde and submitted for
histologic evaluation. The specimens were stained with
haematoxylin and eosin. Histologic sectioning of the vessels
was done longitudinally after being set in paraffin blocks. The
zone of thermal damage along the long axis of the vessels
(area of disrupted cellular morphology and coagulation) from the
tip of the weld was measured and recorded using a micrometer
eyepiece (Figure lO).

Statistical analyses of the observed data were
evaluated by analysis of variance (ANOVA) and the multiple
comparisons' test using the SPSS statistical package.

RESULTS

A total of 75 arterial specimens were considered
for the study. The test apparatus were used to transect 15
mesenteric arteries each. The time from first application
of the respecti ve test apparatus to transection and
hemostasis of the mesenteric vessels were recorded. The
mesenteric arteries were then harvested and fixed in a
buffered solution of 10% formaldehyde for evaluation of
the zone of vessel wall damage. One centimeter segments
of the femoral arteries were then prepared, cannulated
with a French 24 venous catheter and connected to a mer-
curial column and bursting pressures were determined.

The time to transect the mesenteric vessels and
achieve tissue welding for the harmonic scalpel had a
mean of 1.50 seconds and a standard deviation of 0.60.
The bipolar electrosurgical unit obtained a mean of 4.30
seconds and a standard deviation of 2.78. The alternative
cautery apparatus with its thermocautery shears had a
mean of 0.60 seconds for tissue weld and vessel
transection with a standard deviation of 0.34 (Table I).
The harmonic scalpel was found to achieve hemostasis
and transection of mesenteric arteries faster than the
bipolar electrosurgical unit (p<O.OOl). The alternative
thermocautery shears was likewise faster than the bipolar
electrosurgical unit (p<O.OOI). Comparing the times
recorded for the harmonic scalpel and the alternative
thermocautery shears, there was no appreciable difference
between the two modalities (p=.301).

Bursting pressures obtained from the harmonic
scalpel had a mean of 242 mmHg and a standard deviation
of 63.56. The arteries sealed with the bipolar
electro surgical unit had mean bursting pressures of
152 mmHg and a standard deviation of 23. The alternative

TABLE 1. Comparison of time to vessel transection
and hemostasis of the test apparatus in seconds,

SLMC 2003

Harmonic
Scalpel Bipolar

Generator- Valley Thermocautery
Ultracision Lab Inc

G220

0.1 3.7 0.2

1.2 6.7 0.2

2.2 2.0 0.3

1.4 5.2 0.8

0.9 2.8 0.6

1.6 6.1 0.2

1.3 6.8 0.2

1.3 7.8 1.0

1.4 10.5 0.6

1.5 2.4 1.1

1.5 3.7 1.2

1.9 2.2 0.6

1.8 1.8 0.5

1.4 1.4 0.8

2.8 1.0 0.4

Mean 1.5 4.3 0.58
Standard
Deviation 0.60 2.78 0.34

cautery apparatus with its thermocautery shears had a
mean bursting pressure of 236 mmHg and the standard
deviation observed was 86.18 (Table 2). The harmonic
scalpel was able to attain significantly higher bursting
pressures when compared to the bipolar electrosurgical
unit (p=O.OI). In the same manner, comparison between
the alternative thermocautery shears and the bipolar
electrosurgical unit showed significantly higher bursting
pressures attained by the alternative thermocautery shears
(p=0.016). No statistical difference was noted between
the alternative thermocautery shears and the harmonic
scalpel (p=0.976).

Histologic evaluation of the zone of vessel wall
damage revealed that the mean damage caused by the
harmonic scalpel was 2.04 micrometers with a standard
deviation of 0.27. The bipolar electro surgical unit was
noted to have damage measuring 3.08 micrometers and a
standard deviation of 0.75. The alternative
thermocautery shears had the least zone of vessel wall
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TABLE 2. Comparison of vessel bursting pressure of
the test apparatus in mmHg, SLMC 2003

Harmonic
Bipolar

Scalpel
Generator-

Valley Thermocautery

UItracision Lab Inc

G220

300 140 200

300 110 100

300 150 130

300 130 300

180 150 300

300 150 300

220 180 130

200 180 300

160 150 300

160 180 300
Mean

242 152 236

Standard
86.18Deviation 63.56 23

damage with a mean of 0.77 micrometers and a standard
deviation of 0.34 (Table 3). Analysis of variance revealed
a significant difference in the zone of vessel wall damage
among all the three test units (p<O.OOl). The bipolar
electrosurgical unit caused the greatest zone of vessel wall
damage while the alternative thermocautery shears caused
the least.

DISCUSSION

Surgeons have always felt the need for
technology that would allow them to easily and rapidly
seal significant blood vessels. Electrosurgery and the new
harmonic scalpel were recognized as answers to this need.

In this paper we have taken much consideration
of the fact that in order to seal blood vessels well, it is
advantageous to simultaneously apply pressure to facilitate
adhesion of denatured proteins of the vessel wall. 5

Several studies have been made regarding
different modes of attaining hemostasis. Papers have
recently emerged about the utility and advantages of a
harmonic scalpel over electrosurgery. Among the
advantages cited were significantly reduced blood loss
and shorter duration of drainage from the involved tissue'?
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as well as diminished postoperative pain which is likely
to be a consequence of decreased lateral thermal injury. I I

Although considered as an efficient means of
hemostasis, monopolar electrosurgery sends electrical
current into the tissue so that the energy can flow back to
a distant ground plate thus forming a complete circuit.
Current passing through the body seeks other routes of
electrical flow. It is through these unexpected routes of
flow in the form of breaks in insulation, unintended
contact with metal instruments and arcing that
unintended injury is caused." Bipolar electrosurgical
units use one jaw as the active electrode and the other
jaw as the ground plate. The current is more confined to
the involved tissue between the forceps compared to a
monopolar instrument.

The harmonic scalpel cuts and coagulates by
using lower temperatures (50°C to lOO°C) than those used
by electrosurgery (l50°C to 400°C). Coagulation occurs
by means of protein denaturation when the blade,
vibrating at 55,500 Hertz, comes in contact with tissue.

TABLE 3. Comparison of microscopic damage of the
test apparatus in micrometers, SLMC 2003

Harmonic
Scalpel Bipolar

Generator- Valley Thermocautery
Ultracision Lablnc

G220

2.4 2.8

2.1 3 0.7

2 1.7 0.7

1.7 1.6 0.8

2.4 2.6

1.6 2.9 0.6

2 4 1.2

2.6 3.3 1.4

2.2 3.7 0.6

2 2.9 0.4

2.1 4.4 0.4

1.9 3 0.5

2 3.4 0.5

1.8 3.4 0.4

Mean 1.8 3.5 1.3

2.04 3.08 0.77
Standard
Deviation 0.27 0.75 0.34
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The alternative cautery shears makes use of
direct heat provided by a length of nichrome wire to effect
tissue denaturation. The insulated arms of the shears
provide direct pressure to the vessels to bring about
tissue welding.

The results of the study suggest that there was
no statistically significant difference in the time required
by the alternative thermocautery shears to accomplish
tissue welding compared to the harmonic scalpel. On the
other hand, the bipolar electrosurgical unit significantly
took more time to transect porcine mesenteric arteries
and achieve hemostasis compared to the two test units
(p<O.OOI).

Both the harmonic scalpel and the alternative
thermocautery shears were able to attain supra physiologic
bursting pressures at 300mm Hg while maintaining
tissue-weld integrity. Comparison of the two modalities
did not demonstrate any statistically significant difference.
Although widely used, bipolar electrosurgery was noted
to have bursting pressures significantly lower than the
harmonic scalpel and the alternative thermocautery shears
(p=O.OI and p=O.OI6 respectively).

The zone of vessel wall damage noted was
significantly different among all the three test apparatus
(p<O.OOI). The bipolar electrosurgical unit caused the
greatest zone of vessel wall damage, followed by the
harmonic scalpel. The alternative thermocautery shears
caused the least zone of vessel wall damage among the
three test units.

The alternative cautery shears used in the study
offers fast hemostasis and transection of vessels as well
as the smallest zone of vessel wall damage. It is simpler
and much less expensive compared to a standard
electrosurgery unit using bipolar technology, and cheaper
than a harmonic scalpel (Table 4).

The cost ad vantage of the alternative
thermocautery shears may be of importance in providing
an accessible alternative device for surgeons and hospitals
in the country. Moreover, the availability of the materials
utilized, the simple construction techniques and every-
day tools employed makes the alternative cautery appara-
tus and thermocautery shears a reproducible instrument
to be utilized by less endowed institutions and practitio-
ners of surgery in the country.

CONCLUSION

The porcine vessel model is an accepted
method for evaluating modalities of hemostasis. After
statistical analysis, the observations noted revealed that the

Table 4. Materials and cost of the alternative
cautery device, SLMC 2003

NiChrome Wire 20.00 pesos

Adson Forceps 260.00 pesos

Epoxy Resin 120.00 pesos

3 ampere AC/DC converter 600.00 pesos

Aluminum Casing 250.00 pesos

Exhaust Fan 450.00 pesos

Foot Switch 150.00 pesos

Total cost 1850.00 pesos

harmonic scalpel and the alternative thermocautery shears
did not differ in the amount of time needed to transect
and control lmm porcine mesenteric arteries (p<O.OOl).
In as much as the bursting pressures are concerned, the
harmonic scalpel and the alternative thermocautery shears
were likewise statistically comparable. In the histologic
evaluation for the zone of vessel wall damage, all the test
apparatus differed significantly (p<O.OOI). The bipolar
electrosurgical unit caused the greatest zone of vessel wall
damage followed by the harmonic scalpel. The alternative
cautery apparatus with the thermocautery shears caused
the smallest zone of thermal injury.

Limitations and Recommendations of the Study

The study was an animal study done under
controlled conditions. A clinical trial on actual
patients undergoing elective procedures might more
accurately evaluate the utility of this apparatus. The
vessels involved in actual clinical practice are more varied
than the vessels considered in the animal model utilized.
Consideration of both veins and arteries of varied
diameters might lead to more meaningful insight into
the clinical applicability of the alternative cautery
apparatus and thermocautery shears. Consideration of
other parameters pertinent to clinical practice such as
post operative pain, seroma formation and incidence of
infection in another study could further strengthen the
utility of the alternative cautery apparatus.
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