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Abstract

Background: Today, electrosurgical units are an indispensable part of surgeries. Yet, inappropriate application of this equipment
can result in dire consequences for both the patient and the surgical team.

Objectives: The present study aimed at developing the psychometric properties of a checklist to evaluate the application of elec-
trosurgery units by operating room personnel.

Methods: The present methodological study was performed in two stages: first, the items of the checklist were developed based on
a literature review and search in relevant websites; and second, the psychometric properties of the checklist were measured using
the methods to evaluate face, content, and construct validities. The reliability was measured through an assessment of the internal
consistency of the checklist, based on the degree of inter-rater agreement. To assess construct validity, the researchers compared
known groups; 40 surgeries were observed in two university hospitals in the intervention and control groups.

Results: The content validity index (CVI) of all the items was over 0.79. The average CVI (S-CVI/Ave) of the checklist with 32 items was
0.97. The results of the Wilcoxon test showed that the posttest performance scores of the personnel in the intervention group were
significantly higher than their pretest scores (P value = 0.005). The internal consistency (the Kuder-Richardson coefficient) of the
checklist was 0.66.

Conclusions: Due to the great importance of appropriate application of electrosurgery units, a reliable instrument is needed to
assess personnel’s performance in this area. The results of the current study showed that the present instrument is sufficiently

valid and reliable to evaluate the application of electrosurgical units by the operating room personnel.
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1. Background

Electrosurgical units (ESUs) are among the most
frequently-used devices in surgeries since they conduct
electricity through a surgical tool to the patient’s body (1-
4). By creating hemostasis during surgery, ESUs enable the
surgical team to make a surgical incision without causing
bleeding and, thus, have a better view of the area under
operation (1). On the other hand, incorrect use of ESUs can
have many serious consequences for both the patient and
surgical team, among them burning the patient’s skin,
starting a fire in the operating room, inhaling the smokes
from ESU, and disrupting cardiac pacemakers. Inhalation
of the smokes made by ESUs can cause gene mutation in
the personnel in the long run (5).

The American College of Surgeons reported that 54% of
every 506 surgeons suffer from side effects of ESUs (6). Ac-

cording to the statistics released by the Association of peri-
operative registered nurses in 1999, every year 40,000 pa-
tients suffer from skin burns due to inappropriate use of
ESUs. Moreover, the treatment of such burns costs nearly
US$600 million, which imposes a huge financial burden
on hospitals (7). In 2009, the American Emergency Care
Research Institute reported 550 to 650 cases of fire in op-
erating rooms, 68% of which were caused by ESUs (8). In re-
cent years, patient safety in the operating room is a cause
for concern (9). The Association of perioperative registered
nurses suggests that instruments designed to evaluate the
performance of surgical teams can result in their better ad-
herence to instructions to apply ESUs (10).

In Iran, electrosurgical unit is called cautery or electro-
cautery. There is not a specialized checklist for the use of
ESUs to assess the performance of the personnel with re-
gard to their application of such units. The medical equip-
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ment workshops for operating room personnel include a
yearly workshop on ESUs. However, the workshops do not
address all the specific details about electrosurgery and
only contain summary presentations about the settings of
ESUs. The personnel are not educated about such issues
as the side effects of ESUs and their occupational health;
e.g., the hazards of inhaling electrosurgical smoke. On
many occasions in the present study, the research team wit-
nessed incorrect practices in the personnel’s use of ESUs;
e.g., failure to shave the area where the plate was to be at-
tached, using a scalpel to clean the tip of the electrosurgi-
cal pencil, and failure to check the settings of the unit be-
fore application.

The manual for the application of ESUs was published
by the American Association of Surgical Technologists and
the Association of perioperative registered nurses in 2012.
Since there is a large number of instructions in the man-
ual, many of them are likely to be forgotten in practice.
Also, the administrative instructions are presented as rou-
tinerecommendations and there is no guarantee that they
are observed by the operating room personnel. Evaluation
of the performance of the personnel and stressing the im-
portance of correct application of ESUs can play a major
role in efficient use and extending the life of these devices,
reducing occupational hazards for the surgical team, and
enhancing the safety of the patient. Employment of psy-
chometric instruments to evaluate the personnel’s prac-
tice can facilitate and promote adherence to the instruc-
tions.

2. Objectives

The present study aimed at developing and measuring
the psychometric properties of an instrument to evaluate
the application of ESUs by operating room personnel.

3. Methods

3.1. Design and Sample

The current methodological study was conducted in
two stages: first, the various aspects of the principles of
ESUs application were established based on the results of
areview of literature (articles, theses, and books) and data
available on the websites of related institutes including
the Association of Surgical Technologists, Association of
Perioperative Registered Nurses, and American National
Standard Institute. Also, a thorough search was conducted
in the databases of PubMed, Science Direct, Google Scholar,
Scopus, Medline, Elsevier, CINAHL, ProQuest, and Thomson
Reuters with the keywords related to the subject in ques-
tion. Subsequently, to develop the items of the checklist,

the researchers held several meetings with nursing, oper-
ating room, instrument development, and medical equip-
ment experts.

In the second stage, the validity and reliability of the
instrument were measured. Validity was measured accord-
ing to the face validity, content validity, and construct va-
lidity of the checklist; the reliability of the checklist was
measured according to its internal consistency (the Kuder-
Richardson coefficient) and inter-rater or observer reliabil-
ity. The face validity of the checklist was evaluated both
qualitatively and quantitatively: for the qualitative evalua-
tion of face validity, 20 operating room nurses and medical
equipment experts were interviewed face-to-face and the
relevance of the items to the subject in question and ambi-
guities in the meaning of the terms or statements were ex-
amined. The quantitative method of item impact score was
used to eliminate inappropriate items: accordingly, 20 ex-
perts were asked to score each item on the checklist based
on a five-point Likert scale. The preliminary version of the
checklist came to consist of 32 items answered on a yes-no
basis: 18 items addressed the preoperative, 11 items the op-
erative, and three items the postoperative performance of
the personnel.

The content validity of the checklist was also evaluated
both qualitatively and quantitatively. In the qualitative
stage, 20 experts were interviewed and asked to assess the
items in terms of composition and significance. The two
measures of content validity ratio (CVR) and content valid-
ity index (CVI) were used to evaluate content validity, quan-
titatively. Subsequently, the average CVI (S-CVI/Ave) of the
checklist was calculated.

The construct validity of the checklist was determined
using the known group comparison technique. In this
approach, to measure the capacity of an instrument to
discriminate between groups, the researcher uses groups,
which are expected to be different in a certain characteris-
tic (11). To apply the known group comparison technique,
the researchers observed the performance of 20 members
of surgical teams in 20 surgeries. Initially, 20 members
of the surgical teams of the largest hospitals affiliated to
a university of medical sciences in the South of Iran were
randomlydivided into a control and an intervention group
(10 individuals in each group) based on the simple sam-
pling method (selected from a random number table). The
manner of application of ESUs by both groups in 20 ortho-
pedic and cerebral surgeries was observed and recorded in
the checklist by one of the researchers. In the next stage,
the 10 individuals in the intervention group were given
face-to-face education about the principles of correct appli-
cation of ESUs. The control group did not receive any edu-
cation; 14 days after the intervention, the performance of
the personnel in both groups in 20 similar surgeries was
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observed and recorded in the checklist again. To avoid bias,
the same researcher educated all the personnel in the in-
tervention group. Also, to prevent the exchange of infor-
mation between the intervention and control groups, the
subjects were selected from two different hospitals. Both
the pretest and posttest observations were executed by the
same researcher. In the statistical analysis step of the cur-
rent study, items 5, 6, 9, 10, 12, 16, and 25 were recoded.
Finally, scores of the two groups for their performance in
the application of ESUs were compared using the statisti-
cal tests of the Mann-Whitney and the Wilcoxon.

To determine the reliability of the checklist, the re-
searchers employed methods to measure internal con-
sistency and inter-rater reliability. The internal consis-
tency of the instrument was calculated using the Kuder-
Richardson coefficient. Accordingly, the performance of
40 members of surgical teams with regard to their appli-
cation of ESUs in 40 surgeries (20 cerebral and 20 orthope-
dic surgeries) was observed and recorded in the designed
checklist by one of the researchers. In this method, the test
or instrument is said to be reliable only when its Kuder-
Richardson reliability coefficient is at least 0.64 (12). To
evaluate inter-rater reliability, the checklist was completed
by one of the researchers and a trained co-researcher in
their simultaneous observations of 10 real surgeries. Sub-
sequently, the data recorded in the checklists were com-
pared in terms of kappa inter-rater agreement. The mini-
mum acceptable value for kappa coefficient is 0.6, and val-
ues above 0.8 indicate satisfactory inter-observer or inter-
rater agreement (12). In the present study, P< 0.05 was con-
sidered the level of significance.

3.2. Statistical Analysis

The Mann-Whitney nonparametric test was employed
to compare the intervention and control groups. Also, the
Wilcoxon nonparametric test was employed to compare
the mean of two dependent groups in the pre- and post-
intervention stages. The collected data were analyzed us-
ing SPSS version 20.

4. Results

In the initial stage of the study, data collected from a
review of literature (books, theses, and articles) and search
inrelated websites and databases (10, 13-18) were employed
to develop items to evaluate the application of ESUs by op-
erating room personnel.

The preliminary version of the checklist consisted of
85 items. In the qualitative evaluation of the face validity
of the checklist, the research team revised 20 items and
added five more items to the checklist. In this stage, the
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number of items was reduced to 37. In the quantitative
evaluation of face validity, scores obtained for all the items
were above 1.5. In the qualitative evaluation of the con-
tent validity of the checklist, based on the views of the con-
sulted experts and the research team, items 9 and 28,15 and
18, 21 and 22, and 35 and 37 were merged due to overlap;
items 7 and 32 were eliminated; items 27, 30, and 31 were
revised; and item 19 was rewritten as two separate items.
Eventually, the checklist consisted of 32 items. The results
of the quantitative evaluation of content validity showed
that the CVR of all the 32 items were above 0.42. As pre-
scribed by Lawshe table, items with CVRs of 0.42 or above
areretained (19). The S-CVI/Ave of the checklist was 0.97. Ta-
ble 1 shows the results of the evaluation of the checklist in
terms of CVI.

The pretest and posttest scores of the control and in-
tervention groups as obtained by the checklist to evalu-
ate the performance of the subjects were compared using
the statistical tests of Mann-Whitney and Wilcoxon. The re-
sults of the evaluation of construct validity based on the
Mann-Whitney test showed that the mean score of the sub-
jects in the intervention group was significantly higher
than that of the ones in the control group (P value=0.001).
Moreover, the results of the Wilcoxon test showed that the
posttest performance scores of the subjects in the inter-
vention group were significantly higher than their pretest
scores (P value = 0.005). The difference between the re-
sults of the control and intervention groups proves the
construct validity of the checklist (Table 2).

The internal consistency (the Kuder-Richardson coeffi-
cient) of the checklist was 0.66. The inter-rater reliability of
the checklist was calculated using the kappa percent agree-
ment. The minimum percentage of agreement among the
experts was 0.6, which was the minimum acceptable value,
and the percentage of agreement of 22 of the 32 items was
above 0.8, indicating satisfactory reliability. Table 3 shows
the kappa coefficient values for agreement between the
two raters.

5. Discussion

ESUs are among the most frequently-used and helpful
pieces of equipment in surgeries. These units can play a
key role in a successful surgery (20); however, incorrect
application of ESUs can have many serious consequences
for both the patient and the surgical team (5). It is es-
sential that operating room personnel provide care and
employ medical equipment based on established codes
(21). Thus, employment of instruments to evaluate the per-
formance of personnel with regard to their application
of ESUs can encourage their adherence to instructions in
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Table 1. Content Validity Index and Content Validity Ratio of the Instrument®

Item I-CVI CVR  Result
Before operation
The cable of the ESU is twisted around the electric generator. 0.85 0.5 Pass
The ESU is directly plugged into a power outlet or a power distributor with earth connection. 1 0.9 Pass
It was assured that the ESU was in good working order before the operation. 1 0.8 Pass
The periodic calibration of the unit has been done as prescribed by the manufacturer. 0.65 1 Pass
The cable of the ESU is overstretched. 1 0.6 Pass
The cable of the ESU disrupts the movements of the surgical team. 0.85 0.6 Pass
The manual of the ESU is in full view of all the members of the surgical team. 1 0.8 Pass
The generator of the ESU is not used as a table for other surgical tools. 1 0.9 Pass
The cable of the electrosurgical pencil is kinked. 1 1 Pass
The cable of electrosurgical pencil was attached to the sterile drape with a metal clamp. 1 0.9 Pass
To prevent fires and burning the patient’s skin, inflammable prep solutions were dried before draping and application of the ESU. 1 1 Pass
Active monopolar electrodes were used for patients with cardiac pacemakers. 1 0.9 Pass
The electrosurgical plate has been placed on a muscular area free of moisture, hair, scars, or tattoos. 1 1 Pass
The electrosurgical plate was in full contact with the patient’s body during the entire course of the surgery. 1 1 Pass
The patient’s metallic belongings (jewelry, hairclips, etc.) were removed before they were admitted into the operating room. 1 0.9 Pass
There is contact between the patient’s body and the operating table and its metallic accessories. 1 0.7 Pass
The patient’s skin condition was examined and recorded before applying the ESU. 1 0.9 Pass
The size of the electrosurgical plate has been selected according to the patient’s size and age. 1 0.5 Pass

In the course of operation

The tip of the electrosurgical pencil is cleaned with a special pad or moist gauze (scalpels or other metallic tools are not used). 0.80 0.8 Pass
The sound of the active mode of the electrosurgical pencil is audible to the entire members of the surgical team. 1 0.8 Pass
The tip of the electrosurgical pencil is never dipped into a liquid environment. 1 0.7 Pass
When not in use, the electrosurgical pencil is placed in a safe and insulated case. 0.85 0.8 Pass
A suction system equipped with smoke absorber filters is used to extract the smokes from the ESU. 1 0.9 Pass
Those members of the surgical team who are exposed to the smokes from the ESU are wearing masks with high filtration capacity 1 0.6 Pass
(N95).

In the application of buzzing forceps, an active current of over 3 seconds is employed. 1 0.9 Pass
In the application of buzzing forceps, the tip of the active electrode is in contact with the lower part of the clamp. 1 0.7 Pass
In the application of buzzing forceps, the tip of the active electrode is activated after it contacts the body of the clamp. 1 0.6 Pass
The ESU is set according to the conditions (age, tissue, etc.) of the patient. 0.80 0.9 Pass
Liquids are not poured over any of the sections of the ESU. 1 0.9 Pass

After operation

Blood or any other fluids splashed over the ESU are cleaned after each surgery according to the instructions of the manufacturer. 1 0.8 Pass
The tip of the electrosurgical pencil is considered as part of the tools that are counted. 1 0.8 Pass
The patient’s skin condition is examined and recorded after vapplying the ESU. 1 0.8 Pass

Abbreviation: ESU, electrosurgical unit.
S-CVI/Ave = 0.97; S-CVIJUA = 0.82; according to Lawshe table, given that 20 experts are consulted, the minimum acceptable value for CVR is 0.42.
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Table 2. A Comparison Between the Pretest and Posttest Mean Scores of the Performance of Operating Room Personnel in the Groups (N=10)*

Time
Group Wilcoxon Statistic (z) PValue
Pretest Posttest
Intervention 17.2 £ 2.57 28.9 152 -2.807 0.005
Control 181+ 2.23 181+ 223 -0.179 0.855
The Mann-Whitney statistic (z) -0.651 3.8
Pvalue 0.515 0.001

Values are expressed as mean =+ SD.

Table 3. Kappa Coefficient Values for Agreement Between Two Raters

Number Item Kappa
1 The cable of the ESU is twisted around the electric generator. 1
2 The ESU is directly plugged into a power outlet or a power distributor with earth connection. 0.61
3 It is assured that the ESU is in good working order before the operation. 0.61
4 The periodic calibration of the unit is done as prescribed by the manufacturer. 1

5 The cable of the ESU is overstretched. 1
6 The cable of the ESU disrupts the movements of the surgical team. 0.9
7 The manual of the ESU is in full view of all the members of the surgical team. 0.61
8 The generator of the ESU is not used as a table for other surgical tools. 0.6
9 The cable of the electrosurgical pencil is kinked. 1
10 The cable of electrosurgical pencil is attached to the sterile drape with a metal clamp. 1
1 To prevent fires and burning the patient’s skin, inflammable prep solutions are dried before draping and application of the ESU. 1
12 Active monopolar electrodes are used for patients with cardiac pacemakers. 1
13 The electrosurgical plate is placed on a muscular area free of moisture, hair, scars, or tattoos. 0.9
14 The electrosurgical plate is in full contact with the patient’s body during the entire course of the surgery. 0.73
15 The patient’s metallic belongings (jewelry, hairclips, etc.) are removed before they are admitted into the operating room. 0.61
16 There is contact between the patient’s body and the operating table and its metallic accessories. 0.73
17 The patient’s skin condition are examined and recorded before applying the ESU. 0.73
18 The size of the electrosurgical plate is selected according to the patient’s size and age. 1
19 The tip of the electrosurgical pencil is cleaned with a special pad or moist gauze (scalpels or other metallic tools are not used). 1
20 The sound of the active mode of the electrosurgical pencil is audible to the entire members of the surgical team. 1
21 The tip of the electrosurgical pencil is never dipped into a liquid environment. 1
22 When not in use, the electrosurgical pencil is placed in a safe and insulated case. 1
23 Asuction system equipped with smoke absorber filters is used to extract the smokes from the ESU. 1
24 Those members of the surgical team exposed to the smokes from the ESU are wearing masks with high filtration capacity (N95). 1
25 In the application of buzzing forceps, an active current of over 3 seconds is employed. 1
26 In the application of buzzing forceps, the tip of the active electrode is in contact with the lower part of the clamp. 1
27 In the application of buzzing forceps, the tip of the active electrode is activated after it contacts the body of the clamp. 1
28 The ESU is set according to the conditions (age, tissue, etc.) of the patient. 0.61
29 Liquids are not poured over any of the sections of the ESU. 1
30 Blood or any other fluids splashed over the ESU are cleaned after each surgery according to the instructions of the manufacturer. 1
31 The tip of the electrosurgical pencil is considered as part of the tools that are counted. 1
32 The patient’s skin condition is examined and recorded after applying the ESU. 0.73
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manuals, which in turn reduces the side effects and occu-
pational hazards associated with incorrect use of ESUs, and
guarantees the safety of the surgical team and the patient
(10).

In the checklist developed in the present study, items
23 and 24 stressed the significance of the use of high fil-
tration masks and extractors to remove electrosurgical
smoke. According to many studies, the smokes created by
vaporization of tissue contain toxic chemicals, which are
extremely harmful to both the patient and the surgeon.
Smokes caused by vaporization of tissue of patients with a
chronic viral disease, such as hepatitis and AIDS, even con-
tain traces of the virus (22, 23). The carcinogenic proper-
ties of these smokes, which mostly contain benzene are
proven. Since the smokes caused by vaporization of tissue
are both infectious and carcinogenic, they need to be ef-
fectively extracted from the environment of surgery before
they are inhaled (24). Therefore, the utilization of smoke
extraction facilities and high filtration masks in the oper-
ating room are highly recommended (25, 26).

Items11,13,14,15,16,17,18,19, 28, and 32 are related to ap-
plication instructions meant to minimize the risk of burn-
ing the patient’s skin; the most serious side effect of ESUs.
In a case study in Pakistan, Saaiq et al. (5), reported three
burn cases caused by incorrect application of ESUs; they
emphasized that the surgical team should make sure that
the patient is not wearing any jewelry or other metallic ob-
jectsand check the contact of the return electrode with the
patient’s skin before surgery and examine the condition of
the patient’s skin both before and after operation.

Item 12 is about avoiding the employment of monopo-
lar electrodes for patients with pacemakers. The interfer-
ence of monopolar ESUs with the functioning of cardiac
pacemakersleads to cardiacarrhythmia (27). Such an event
can change a sinus ventricular rhythm to ventricular fibril-
lation or ventricular tachycardia (28).

Items 1, 2, 3, 4, 5, 6, 7, and 8 are related to application
instructions intended to extend the life of ESUs and reduce
the risk of electric shock, which in turn reduce the finan-
cial burden of fixing or replacing ESUs on hospitals. The
content of the checklist developed in the present study
falls into four categories: operating room safety and en-
vironmental factors, application and maintenance of the
electrosurgical unit, safety of the patient and personnel,
and troubleshooting in the course of application; eight
items were related to the safety of the personnel and their
occupational health; 13 items were related to patient safety;
four items were about extending the life of the unit, and
seven items addressed the safety of the patientand the per-
sonnel together. The items on the checklist are to be an-
swered in three stages: 18 items before operation, 11 items
in the course of operation, and three items after operation.

Answers to the items are on a yes-no basis. In terms of
scoring, each item is worth 1 point. The total score ranges
0 (minimum) to 32 (maximum); higher scores indicate
the better performance of personnel in the application of
ESUs. A score of 1 means that the practice of personnel
with regard to the aspect in the item is correct; otherwise,
a score of 0 is assigned. The sum of the scores shows the
overall performance of the operating room personnel in
the use of ESUs. Scores 0 - 10 indicate poor performance,
11- 22 average performance, and 23 - 32 satisfactory perfor-
mance.

The present study was an innovation in Iran and world-
wide in the development and evaluation of psychomet-
ric properties of an instrument to assess the application
of ESUs by operating room personnel. The CVI of all the
items was above 0.79, which confirmed the simplicity, clar-
ity, and relevance of the items. The S-CVI/Ave of the check-
list with 32 items was 0.97; according to experts, the min-
imum acceptable score is 0.8. A significant difference be-
tween the results for the two groups (control and interven-
tion) proved that the checklist possessed acceptable con-
struct validity. The Kuder-Richardson reliability coefficient
of the checklist was above the minimum acceptable value
of 0.64, which demonstrated the satisfactory internal con-
sistency of the instrument. The results of kappa coefficient
calculation proved the satisfactory reliability of the check-
list and agreement between the observers. The present in-
strument can help ensure safe application of ESUs.

5.1. Conclusions

The results of the present study demonstrated that the
developed instrument was sufficiently valid and reliable to
evaluate the application of ESUs by operating room person-
nel. Also, the present checklist can be easily employed by
both external evaluators, on a self-administered basis. The
checklist addresses the various aspects of the application
of ESUs and can be helpful in identifying errors by operat-
ing room personnel. Identification of problems can guide
policy-makers and administrators to plan more fruitful
workshops. The present instrument can also be employed
by researchers in future studies in this area.
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