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Introduction: An electrocautery unit is an invaluable piece of
equipment in most operating rooms. It not only shortens operating
time, but also reduces blood loss, avoiding unnecessary blood
transfusion. However, the availabilityof these units remains to be
a problem in smaller hospitals especially outside the metropolis
duc to its cost. Objectives;' This study compared an alternative
cautery apparatus with a commercially ,available cautery unit in
terms of hemostatic ability and extent. of iissuedamage. Methods:
The study was a controlled trial usinghealthy rabbit subjects of
comparable age (7-8 weeks old) and. body mass (450-550 grams).
Stratified random sampling was carried out on the subjects.
Hemostatic ability of each test apparatus was evaluated by
measuring the amount of time to coagulate transected mesenteric
arteries of rabbit subjects. Coagulative necrosis was quantified by
measuring the depth and diameter of tissue injury to the peritoneum
of rabbit subjects after application of each test apparatus.
Observations undcrwent statistical analysis using repeated
measures ANOV A with level of significance set at p<0.05. Results:
The alternative cautery apparatus had a mean of 14.533 seconds
versus 11.300 seconds for the commercial apparatus to achieve
hemostasis. The study showed that there was no statistically
significant difference between the alternative cautery apparatus
and the commercial cautery unit in time to achieve hemostasis with
a p value of 0.345. As for the depth of tissue damage, the alternative
apparatus had a mean of 0.314 micrometers vcrs us that of 0.377
micrometers for the commercial unit. There was no statistically
significant difference with a p value of 0.431. As for diameter of
tissac injury, thc alternative apparatus had a mean of 4.420
micrometers versus 2.347 micrometers for the commercial unit. A
significant difference was noted in the diameter of tissue injury at
a p value of 0.002. Conclusions: Results showed that the alternative
cautery apparatus was as effective as the commercial equivalent
and could be a meaningful instrument in thc clinical setting.

Key words: electrocautery, electrocoagulation, hemostasis

Reprint requests: Edgardo R. Cortez, M.D., F.P.C.S., Department of Surgery,
St. Luke's Medical Center 279 E. Rodriguez Sr. Blvd., 1057 Quezon City,
Philippines.
Accepted for publication, November, 2002

Heat or fire has been used as a crude method of hemostasis
for over 5,000 years. One of the first applications of cautery
involved heating a rod of iron with fire and then touching that
hot iron to a wound to stop bleeding.

In electrocautery, heat is transferred to tissues from a
preheated object. The current heats only the electrode and
does not pass through the patient's body.

True electro-surgery involves the cutting or coagulation
of tissues by passing a high- frequency current through the
target tissue rather than direct heat. This process is also
termed as electro-coagulation.'

In today's practice of surgery, these instruments have
become fundamental and indispensable in the operating
room. Not only do they expedite procedures, but they also
add a greater degree of safety by aiding in hemostasis
possibly lessening the need for blood transfusion.

Unfortunately, the cost of the technology to produce
these instruments is still prohibitive. Not all countries possess
the industrial capacity to produce these cautery machines.
The lack of technology then translates to the high cost of
these instruments. Identifying materials and construction
techniques to produce cautery instruments will definitely
advance the efficacy and safety of the local practice of
surgery.

This study compared an alternative electrocautery
apparatus (made mostly of recycled hospital materials) with
a commercial portable electrocautery unit in tenns of
hemostatic capabi1 ity and the extent of coagulative necrosis.
Ifproven to be comparable, the alternative cautery apparatus
would improve the level oflocal surgical care without the
prohibitive cost. This could directly benefit our countrymen
both in the small primary hospital setting and the rural
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primary health care programs ofthe government. This study
aims to validate this apparatus as a realistic and reproducible
alternative in situations wherein the cost and availability of
electrosurgical devices prove to be a limiting factor to the
quality and safe practice of surgery.

Methods

The commercial cautery unit utilized in this study as shown
in figure 1 was the Aaron portable cautery unit Ref no.
AA05 (BovieCompany, 7100 Florida, USA).

Figure l,The commercial portable cautery device Ref: AA05 employed in
the study

The alternative apparatus was composed of two used
monopolar e1ectrosurgical pencils modified into a single
bipolar pencil using 2 ern lengths of discarded epidural
needles with nichrome wire swedged at the tips (Figure 2).
The current is supplied by two 3 ampere AC/DC converters
with variable voltage output (Figures 3 and 4). The current
generator was housed in an empty plastic gallon container
discarded by the operating room staff.

The study was a controlled trial conducted at the St.
Luke's Medical Center, E. Rodriguez Avenue, Quezon City
last February to March 2002. Included were apparently
healthy rabbit subjects 7-8 weeks old with a body mass of
450-550 grams. Each of the test animals that satisfied the
inclusion criteria was subjected to both the alternative
apparatus and the commercial unittominimize inter-subject
variability.
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Figure 2. The alternative cautery apparatus tip and control pencil employed
in the study.
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Figure 3. Schematic diagram 01" the alternative cautery apparatus

Figure 4. The completed alternative cautery apparatus employed in the
study.



Alternative Electrocautery Apparatus

Both of the test apparatus applied direct heat to tissues
and are thus considered forms ofthermocoagulation.

A total of 44 rabbits were anesthetized using Ketamine
HCl at a dose of 4mg/kg given as intramuscular injections.
These rabbits subsequently underwent midline laparotomy.

Significant sample size was computed to be 10
observations per trial. In 240fthe44 rabbits, the mesenteric
arcades were laid out and two mesenteric arteries each
measuring 1-1.5 mm (as measured by a Yernier caliper)
were isolated. Each artery underwent stratified random
sampling to choose which type of cautery to use using a
table of random numbers and was completely transected 1
centimeter from the mesenteric side of the bowel loops.
Hemostasis was achieved by applying the respective test
units similar to the 1998 study by Lantis et al.? Immediate
coagulative ability of each test apparatus was measured by
the amount of time measured in seconds from the first
application of the respective cautery apparatus to complete
hemostasis. The bowels were then arranged and placed
back into the peritoneal cavity.

In theremaining20rabbits, fine point (1 application per
apparatus) application of both apparatus was made to the
anterior peritoneal cavity wall with minimal application of
pressure (only contact between the surface ofthe tissue and
the probe was maintained) for a standardized I-second
period. Full thickness biopsies were taken en bloc as
described in the 1994 study of Bieber et al' wherein the
effect of monopolar electrocautery was evaluated by both
gross and histologic methods in rabbit subjects.
All laparotomies were closed in single layer using interrupted
silk sutures. The tissue samples harvested were placed in 10
per cent formalin solution and sent for histological
examination. Afterroutine staining with haematoxylin and
eosin, the depth and diameter of coagulative necrosis
observed was measured with a micrometer eyepiece and
compared between the two apparatus as was performed by
Lee et al" in evaluating a new electrocoagulator in 1999. All
observations were recorded and subjected to statistical
analysis using repeated measures ANOYA at p<0.05 for
significance.

Results

In terms of immediate coagulative ability, the alternative
apparatus had a mean of 14.533 seconds with a standard
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deviation of! 5.639 in 24 test subjects. The commercial unit
had a mean of 11.300 seconds with a standard deviation of
8.413 in 24 test subjects. There was no significant difference
between the two cautery apparatus in terms of hemostatic
ability (p=0.345, ANOYA).

Comparing the amount of tissue damaged, the alternati ve
apparatus had a mean of 0.317 micrometers depth of
penetration into the peritoneum witha standard deviation of
24.990 in 20 test subjects. The commercial unit had a mean
of 0.377 micrometers depth of penetration with a standard
deviation of 36.330 in 20 test subjects. There was no
significant difference between the two apparatus in terms
of depth of tissue penetration (p=0.431, ANOYA).

Evaluatingthe diameterofthearea injured, the alternative
apparatus had a mean of 4.420 micrometers with a standard
deviation of 189.730 in 20 test subjects. The commercial
apparatus had a mean of2.347 micrometers and a standard
deviation of! 04.400 in 20 test subjects. There was significant
difference between the diameter of the tissue injury of the
alternative apparatus and the commercial unit (p=0.002,
ANOYA).

Total cost of the construction as shown in table 1
amounted to Php 740. Comparable commercial units cost
from Php 20,000 to as much as Php 80,000.

Discussion

It was in 1854 when surgeon Albrecht Theodor Middeldorpf
first published the application of electrical current in surgical
operations. Electrical current was passed through thin
platinum wire loops making them red hot. These loops were
then applied to tissues to achieve hemostasis. This was
known as galvanocautery or electrocautery.' In 1920,
William T. Bovie developed an electrosurgical unit which
passed high frequency electrical current through the body.
It was this current that was responsible for the cutting and
coagulation of tissues. This means of cautery was termed
diathermy or more popularly as electrosurgery.

Surgical diathermy was later popularized by
neurosurgeon Harvey Cushing." Diathermy employs high
frequency currents which do not cause muscular convulsions
or arrhythmias, The downside to this method is that the
generators for these high frequency currents are expensive
and utilize cumbersome circuit boards.'
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In the modern practice of surgery, cautery has been
utilized for hemostasis, avoiding unnecessary blood
transfusions and shortening surgical procedures.
Unfortunately, access to this technology is rather limited by
cost in the local setting. It is for this reason that a great
number of surgical procedures are performed without the
benefit of cautery.

Currently, the Department of Health has 70 hospitals
and several hundred barangay health units (BHU) serving
a total proj ected populationof79,503,675 for the year Znuz."
Providing primary health care is the main task of these
barangay health units. Very few of these units have cautery
units.

The results of the study showed that an alternative
cautery apparatus made from recycled hospital materials
was comparable to a commercial portable electrocautery
unit in coagulation yet cheap to produce.

Although the diameter of tissue injury was greater, this
may relate to the configuration ofthe tips used, the alternative
apparatus having a wider tip than that of the commercial
unit.

Common materials and simple construction techniques
make this instrument accessible to a greater number of
surgeons. The portability and simplicity of its application
make it suitable for both urban and rural practice down to the
primary health care units.

The alternative cautery apparatus can be applied to a
wide variety of minor surgical conditions commonly treated
in the primary health care setting. Among these would be
warts, subungal hematomas and nasal polyps. Common
procedures such as circumcision, cyst excision and even
hemorrhoidectomy may be complemented by the alternative
apparatus. It is simpler and much less expensive compared
to commercially available units. In addition, the availability
of the materials utilized and the simple construction teclmiques
and everyday tools employed make the alternative cautery
apparatus a reproducible instrument that can be constructed
and utilized by less endowed institutions and practitioners of
surgery in the country.

The study of Bieber et a1. in 1994 established that
methods of coagulation could be evaluated by means of
histologic parameters.' In addition to this, Lantis et a1. in
1998 evaluated the efficacy of coagulation modalities by
isolating mesenteric arteries in rabbits and measuring time
to coagulation as well as lateral tissue damage.' By applying
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similar protocols, our study achieved statistically comparable
results.

There are other parameters by which coagulation
modalities could be evaluated. Riedel et a1.in 1987 evaluated
wound healing and tissue regeneration in cauterized uterine
horns in rabbits", whereas Schemmel in 1997 evaluated
various modalities by the severity of peritoneal adhesions
formed.'? Postoperative pain associated with different
modalities was evaluated by Armstrong et a1. in 2001.11

Despite comparable results, varied aspects of the
alternative cautery apparatus may warrant further evaluation.
A clinical study that would evaluate relevant parameters
such as intraoperative blood loss, postoperative pain and
wound complications will be most meaningful for the
Philippine setting. Moreover, a clinical trial will help establish
the role of the alternative cautery apparatus in current
Philippine surgical practice, wherein the cost and
unavailability of electrosurgical machines remain prohibitive.
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