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فلتخميفنوحارجلاناكاذإامديدحتىلإةساردلاهذهتفده:ثحبلافادهأ
ةحارجلللوبقملاونملآامادختسلاابةياردىلعتاصصختلاوتايوتسملا
ةحارجلليساسأمهفريفوتىلإةساردلافدهت،كلذىلإةفاضلإاب.ةيئابرهكلا
.يرارحلاذافنلإابةحارجلاوةيئابرهكلا

لكشبتاصصختلافلتخمنمابيبط83هعومجمامرايتخامت:ثحبلاةقيرط
باجأ.ةيدوعسلاةيبرعلاةكلمملاءاحنأعيمجيفتايفشتسمةدعنميئاوشع
قلعتتةلئسأ10لوانتتلااؤس16ىلعيوتحينايبتساىلعنوكراشملا
.ةيئابرهكلاةحارجللنملآامادختسلااب

ىلعاونوكيملوأةفرعملاىلإنورقتفيامإنيحشرملانأانتساردتفشك:جئاتنلا
نمنيبطقلاةحارجوبطقلاةيداحأةيئابرهكلاةحارجلاةملاسومادختسابةيارد
ىلإيدؤيدقامم،مهنيبزييمتلانمنيحشرملاضعبنكمتيمل.قيبطتلاثيح
.مهفارشإتحتضيرملاةباصإ

بيردتلاجماربيفايمسرةيئابرهكلاةحارجلانيمضتبجي:تاجاتنتسلاا
بجيوةيئابرهكلاةحارجلاةربخةدايزلةيدوعسلاتايفشتسملايفةيصصختلا
عفدلانهةحضوملاجئاتنلامادختسانكمي.يرودلكشبنيحارجلارابتخاةداعإ
ىلعمدقتلاللاخنمةيئابرهكلاةحارجلايفمهتاراهمنوحارجلانسحيدق.ملعتلا
Corresponding address: Department of Obstetrics and Gyne-

ogy, Urogynecology Division, Ministry of the National Guard -

alth Affairs, P.O Box: 22490, Riyadh 11426, KSA.

E-mails: alsarysa@ngha.med.sa, alsarysaeed@gmail.com (S.

Alsary)

r review under responsibility of Taibah University.

Production and hosting by Elsevier

8-3612 � 2022 The Authors. Published by Elsevier B.V. This is an o

tp://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1
مادختسانيحارجللنكمي،اريخأ.مهتورذىلإلوصوللملعتلاىنحنملوط
ةيئابرهكلاةحارجلاتاراهمةسراممليضارتفلااعقاوللةيحارجلاتايكاحملا
.ةروطتملاوةيساسلأا

؛بطقلايداحأ؛ليتف؛ةيئابرهكقورح؛بطقلاةيئانثةقاط:ةيحاتفملاتاملكلا
يرارحلاررضلا؛تايلمعلاحرسم

Abstract

Objectives: To determine whether surgeons at different

levels and in different specialties are aware of the safe and

acceptable use of electrosurgery. In addition, we aimed to

provide a fundamental understanding of electrosurgery

and surgical diathermy.

Materials and Methods: A total of 83 doctors from

different specialties were randomly selected from several

hospitals across KSA. The participants answered a

questionnaire featuring 16 questions that addressed 10

domain questions regarding the safe use of

electrosurgery.

Results: Analysis revealed that the respondents either

lacked knowledge or were unfamiliar with the use and

safety of monopolar and bipolar electrosurgery in terms

of application. Some respondents were unable to distin-

guish between the two protocols; this may have resulted

in injuries being incurred by patients under their

supervision.
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Conclusions: Electrosurgery should be formally included

in specialty surgical Saudi hospital training programs to

increase electrosurgery expertise and surgeons should be

re-tested periodically. Our findings may be used to drive

future learning. Surgeons may improve their electrosur-

gery skills by progressing along their learning curve to

reach their peak. In addition, surgeons can use virtual

reality surgical simulators to practice fundamental and

sophisticated electrosurgery skills.

Keywords: Bipolar energy; Electrical burns; FUSE; Monop-

olar; Operative theatre; Thermal damage

� 2022 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Electrosurgical machines have become a requirement in

operating rooms. However, patient safety may be jeopar-
dized by stray currents caused by capacitive coupling, direct
coupling, insulation failure and other electrosurgical equip-
ment malfunctions.1 Electrosurgical complications are

common, especially in minimal access surgeries in which
electrosurgical instruments are not entirely visible by the
surgeon during use. Non-targeted tissue injuries are not re-

ported because they occur along with the device and go un-
noticed. Patients with peritonitis, hemorrhage, organ or
vascular injury, or infection, are frequently diagnosed after

surgery.2

The use of appropriate technology, such as tissue response
generators or other advanced bipolar instruments, active

electrode monitoring units, and return electrode monitoring
systems, can help reduce electrosurgical occurrences caused
by stray currents. These precautions should prevent or
reduce electrosurgical burns. However, poor technique and a

lack of understanding of electrosurgical concepts are key
factors in electrosurgical mishaps. As a result, surgeons
require appropriate forms of electrosurgery training.3

Surgeons are legally responsible for determining the age
and type of the electrosurgical machine used, the safety sys-
tems involved, the environment of the operation, and the type

of tissue cauterized. To avoid flash fires, oxygen-enriched
environments in otolaryngology, for example, require low-
power settings with sparing-use-of-supplemental-oxygen.

Non-hazardous operating settings are critical for open sur-
gery. The heat generated by electrosurgical equipment has
been reported to ignite a skin cleansing solution, thus setting a
patient who was being treated for appendicitis on fire. The

vast majority of surgical procedures involve the use of energy
to generate heat effects on the tissue for cutting, coagulation,
desiccation or fulguration. Various energy sources are avail-

able, including electricity, ultrasound, laser, argon gas, mi-
crowaves or radiofrequency (RF) waves.

It is evident that most electrosurgical complications are

preventable. However, it is also evident that many surgeons
have knowledge gaps regarding the safe use of the energy-
based devices that are commonly used in surgery.4

Materials and Methods

This study was conducted at the Ministry of National
Guard Hospital in Riyadh, King Faisal Specialist Hospital
and Research Centre in Riyadh and Damam, Makkah Ma-
ternity and Children’s Hospital, Al-Ahsa Ministry of Na-

tional Guard Hospital, and Abha Maternity and Children’s
Hospital. A total of 83 doctors were recruited from different
specialties, including general gynecology or obstetric gyne-

cology (OB-GYN), general surgery, colorectal surgery,
urogynecology, pediatric urology, and maternalefetal med-
icine (MFM). The doctors featured middle-grade students

and consultants (Figure 1).
Study questions were sent to the administration offices of

the above-mentioned hospitals with a Google survey link,

where they were distributed to many targeted surgical de-
partments via email. The survey reached hundreds of surgeons
with different specialties and levels of experience. We did not
control for who was going to respond to the survey. The

questionnaire included several areas of basic technical and
safety knowledge regarding electrosurgery. Data were gath-
ered and collected on various topics related to electrosurgery,

including basic knowledge of high-frequency electrosurgery
and its possible risks. The type of electrosurgery used (bipolar
or monopolar) and the rationale for its use were discussed.

Personal encounterswithany electrosurgical use complications
were also sought. Participants in this study were also ques-
tioned if they thought that further electrosurgery education
was needed. The resulting responses were analyzed in detail.

The candidates had more than four years of practice in the
use of electrosurgery units. The frequency of electrosurgery
performed at the time of testing was between one and three

times per week. The candidates were aged between 30 and 60
years. This study addressed ten domain questions. These
questions were validated by three senior consultants from

three surgical specialties.

Results and discussion

Electrosurgery units were first designed in 1928 to facilitate
hemostasis and tumor removal. The types and functions of
these machines have become highly complex. In this study, we

aimed to evaluate the knowledge and understanding of local
doctors with respect to the safe use of electrosurgery by asking
several questions pertaining electrosurgery.5 A total of 83

candidates responded and completed the questionnaire. One
participant responded but did not agree to participate in the
study. The median time required to complete the survey was
approximately 480 s.

Our assessment model participants were classified into
three major categories: 64% were OBGYN doctors, 16%
were surgeons and 20% were urologists. Moreover, we

examined the level of training practice received and found
that 34% were board-certified (including registrars, assistant
consultants, associate consultants and fellows), 24% were

http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 1: Study design process.
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consultants, 28% were senior residents, 13% were junior
residents, and 1% were staff physicians.

In the (Yes, No) questions, we found that 57% of the

participants received formal training on the safe use of elec-
trosurgery. Similarly, we found that 65% never encountered
complications caused by electrosurgery. To further evaluate

their understanding, we moved to a section featuring ten
domain questions regarding general knowledge on the safe use
of electrosurgery. We asked the participants: “Which of the

following statements is correct regarding the placement of the
dispersive electrode.” Approximately 52% answered “should
always be placed on the patient’s legs for proper monitoring,”
30% answered “should be as close as possible to the surgical

site,” (correct answer) and 17% did not know the correct
answer.

Given that bipolar electrosurgery employs a low voltage,

it requires minimal energy. However, as this technique uses
low power to coagulate and cut bleeding areas, it is best
utilized for procedures in which the forceps electrode can

readily grip tissues on both sides. The electrosurgical current
experienced by the patient is limited to the tissue between the
arms of the forceps electrodes. This provides more control
over the targeted area and protects other sensitive tissues.

The likelihood of patient burns is considerably reduced by
bipolar electrosurgery.6
Figure 2: Distribution of answers pro
Surgeons use forceps attached to an electrosurgical
generator; the current passes through the tissue held in

place using forceps. This can be used in patients with
implanted devices to prevent electrical current from trav-
eling through the device. Creating a misfire or short-circuit

is why the path of the electrical current is constrained to the
tissue between the two electrodes. To avoid these diffi-
culties, the user handbook should be consulted for the

implanted equipment before performing any electrosur-
gical procedure. The aim of these questions was to deter-
mine how much our candidates knew about bipolar
electrosurgery. When asked about the requirements of

laparoscopic bipolar electrosurgery, 59% answered “two
active electrodes in close proximity to allow electricity to
flow between them,” (correct answer), 23% answered “a

grounding pad to collect extra electrons that flow into the
patient” and 18% did not know the correct answer. When
asked about the following effects that can be achieved by

conventional bipolar electrosurgery, 29% answered they
did not know the correct answer, 29% said fulguration,
22% said tissue transection, and only 20% answered
desiccation (correct answer).

Electrosurgical units are the most abundant type of elec-
trical equipment used in operating theaters. To use an elec-
trosurgical unit correctly, a basic understanding of the

electrical fundamentals is crucial; one key concept is monop-
olar function. The monopolar approach is the most prevalent
electrosurgical modality because of its clinical effectiveness

and adaptability. The active electrode in monopolar electro-
surgery is located on the surgical site. The patient’s return
electrode is located elsewhere on their body. As the current

completes the circuit from the active electrode to the patient’s
return electrode, it flows through the patient.7

Mechanical trauma and electrothermal injury are
possible complications associated with electrosurgery during

laparoscopy. Unrecognized-energy-transfer-in-the-operative
field or, less commonly, unnoticed stray current outside of
the laparoscopic field of view, can cause the latter.8

When asking about the risks carried by the use of
monopolar electrosurgery during laparoscopic surgery, 39%
of candidates answered “the risk of insulation failure” (correct

answer), 34% answered “do not know the correct answer,”
19% answered “tissue damage from having to use undersized
surgical equipment,” and 8% answered “longer instruments
vided by the study participants.
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have greater resistance, which can cause burning of the sur-
geon’s hand.”

We also asked which of the following statements was
correct for the modern electrosurgical generator unit. About
63% did not know the correct answer, 20% said “produces

alternating currents in the frequency range of 0.3e5 MHz”
(correct answer), 11% said “produces an alternating current
of 50e60 Hz (household current) to be used in electrosur-

gery” and 6% chose “converts the household electricity into
direct current.”

When asked to identify the reason underlying the effects
of the monopolar cutting mode, 34% did not know the

correct answer, 33% replied “rapid increase in tissue tem-
perature above 100c leading to rupture of cell wall” (correct
answer), 22% answered “using intermittent alternating cur-

rent with low voltage” and 12% answered “cutting cannot be
achieved with tissues of high-water content.”

The answers provided by the respondents in this section

indicated that they were unable to distinguish, may have a
different opinion, or were unsure about the monopolar risk or
the amount of tissue damage that could occur. It was also
unclear which procedure was quicker, easier or safer. More-

over, the respondents did not know the correct relationship
between the cutting mode and tissue temperature, or between
low voltage and tissues with high water content. Some can-

didates were also unaware of frequency range differences.9

A basic understanding of electricity is required for the
appropriate use of electrosurgical equipment for patient care.

Electrosurgery is one of the most commonly employed energy
systems in laparoscopic surgery. To avoid these difficulties,
the surgical team should thoroughly understand the principles

of electrosurgery and tissue effects. A surgeon’s lack of
fundamental knowledge of instruments, surgical techniques,
pertinent anatomy, biophysics, and safe technical equipment
is associated with the likelihood of problems. When used

correctly, electrosurgery is both safe and effective. However,
direct application, direct coupling, insulation breakdown and
capacitive coupling can cause electrothermal damage. Thus,

we asked our candidates two related questions.10

First, we asked the respondents to choose from a series of
statements regarding the use of bipolar electrosurgery; 45%

said “tissue desiccation and then coagulation occurs by
progressive tissue heating” (correct answer), 27% said they
did not know the correct answer, 27% said “dispersive

electrode is used to complete the electrical cycle” and 2%
said “thermal damage can never occur with the use of bipolar
electrosurgery.”

Second, when asked to choose from statements regarding

advanced bipolar devices, 54% said they did not know the
correct answer, 18% replied “ligature works by converting
electrical energy into vibrations at more than 20,000 cycles

per second,” 16% chose “Enseal device has a temperature-
sensitive material, which maintains the sealing temperature
at around 100 �C” (correct answer), and 12% said “ultra-

sonic device works by measurements of tissue impedance.”
Pediatric surgeons require accurate and modern energy

sources to perform surgeries in neonates. Technology has
progressed and the industry is always upgrading to provide

solutions that execute precise and effective actions while
remaining safe and trustworthy for both patients and
workers. Electrosurgery and its variations, lasers, ultrasonic

dissectors and cryotherapy are the most commonly used
energy sources in neonatal surgery. Ultrasonic energy and
electrosurgery are the two most commonly used methods.

For optimal and safe use, neonatal surgeons must have a
fundamental understanding of the instruments. This ques-
tion helped us understand and measure how much our par-

ticipants knew about the safety for both newborns and
surgeons. When asked a general question that requires no
specialty knowledge about electrosurgical energy use in pe-

diatric and neonate patients; 59% said “do not know the
correct answer,” 30% said “in a neonate, the best site to place
a dispersive electrode is on the back between the scapula and
the sacrum” (correct answer), 7% said “dispersive electrode

should be trimmed to fit when used in children,” and 4% said
“dispersive electrodes are only available in adult size.”

The electrosurgical unit is obsolete in most modern sur-

geries with regards to the facilitation of hemostasis. When
this modality is used in patients with implanted electronic
cardiac devices (IECDs), such as defibrillators and pace-

makers, caution is advised because electromagnetic inter-
ference from the tool may cause these devices to malfunction.
Determining the type of implanted device and the patient’s
level of reliance is critical before using electrosurgery in pa-

tients with IECDs. The position of the lesion to be treated
relative to the device should also be considered. Interference
resistance is high in bipolar pacemakers. Therefore, the use

of bipolar forceps and appropriate monitoring is recom-
mended. We asked our respondents what they recommended
when using electrosurgical energy in patients with implant-

able cardiac devices (ICDs). Approximately 42% said “do
not know the correct answer,” 28% said “the device should
always be checked after the operation” (correct answer),

16% said “there is no effect on ICD when using modern
electrosurgical generators” and 14% said “bipolar electro-
cautery system and ultrasonic (harmonic) devices should be
avoided.”

Our study showed that the respondents either lacked
knowledge or were unfamiliar with the use and safety of
monopolar and bipolar electrosurgeries. The candidates

could not distinguish the difference between these techniques,
which may have resulted in injuries to being incurred by pa-
tients under their supervision. A summary of responses to the

ten domain objectives of the study is shown in Figure 2.
This study revealed considerable ignorance regarding a

potentially dangerous yet commonly used piece of operating

equipment, regardless of seniority or specialty. In these days
of clinical governance, clinical effectiveness and increased
medicolegal awareness, the authors believe that surgical
diathermy refresher courses should be offered regularly as

part of continuing medical education and should be aimed at
all levels of health care providers.

As these questions measure knowledge in written form,

practical skills must be evaluated to ensure that no gap exists
between these two scenarios. Doctors employed in a certain
hospital should be regularly evaluated and continually trained

for continuous improvement in the hospital environment.
The strengths of our study include practical and theoret-

ical knowledge to ensure that the test was comprehensive and
consistent. A practical diathermy station should disclose

aspects of the electrosurgical technique that cannot be tested
in a textual manner. These include selecting adequate power
settings, determining the optimum tissue volume and

applying brief intermittent stimulation. Repeating the same
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questions in the future through repeated studies can provide
a useful evaluation for research progress.

Electrosurgical tests can be improved by adding case
studies (e.g., ectopic pregnancies, appendicitis and ovarian
cysts) and simulation. Given that electrosurgical injuries are

difficult to diagnose or are diagnosed postoperatively, our
research revealed that the root of the problem was a lack of
basic electrosurgery expertise among surgeons as well as an

effective program to improve this clinical ability. The Society
of American Gastrointestinal and Endoscopic Surgeons
launched the Fundamental Use of Surgical Energy program
which developed a curriculum designed to cover both

educational and hands-on approaches to the use of energy in
interventional procedures in the operating room and endo-
scopic procedure areas. The objectives are to avoid unfa-

vorable outcomes such as operating room fires, patient
injuries, and surgeon/staff injuries and to promote optimal
utilization.11

Electrosurgery should be formally included in specialty
surgical Saudi hospital training programs to increase elec-
trosurgery expertise and surgeons should be retested
periodically.

Conclusions

The results outlined here may be used to drive learning.
Surgeons may improve their electrosurgery skills by pro-
gressing along their learning curve to reach their peak.

Finally, surgeons can use virtual reality surgical simulators
to practice fundamental and sophisticated electrosurgery
skills.
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