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Abstract: The metrological reliability of high frequency
surgical equipment in use at three (3) hospitalRio de
Janeiro, Brazil was evaluated. The units tested ruidl
satisfy safety and performance requirements, itidigahat
(post-sale) periodic verifications are essentiatl that crest
factor analysis should be included in technicahd#ads.
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1. INTRODUCTION

Despite the fact that (pre-sale) type approval @ousbt-
sale) periodic verifications are routinely used legal

2. PRINCIPLES OF ELECTROSURGERY AND
TISSUE EFFECT

In electrosurgery, the voltage applied creates gh hi
frequency (radiofrequency) current used to heattitmie.
The complete circuit consists of the voltage souaceactive
electrode, the patient, and the neutral electradso (know
as plate, plate electrode, passive, return or oispe
electrode).

The active electrode, which applies current totissue,
is located at the surgical site. In the monopolathod, the
neutral electrode is in contact somewhere else with
patient's body, and the current passes throughr dibsues
to reach it. In the bipolar method, the neutracetae is
located at the surgical site, and the current passgy

metrology for the metrological control of measuringthrough the tissue grasped between both electide®s7].

instruments, medical electrical equipment are Uguzily
required to go through type approval. Type apprdaal
medical electrical equipment usually involves coamde
with the IEC 60601 series and/or national deviatidinat
apply [1-3].

Particularly, for high frequency surgical equipmealso
known as electrosurgical unit (ESU), type appromablves
compliance with safety standards:|IEC 60601-1 {edical
Electrical Equipment — Part 1. General Requiremefus
Safety, b. the particular standard IEC 60601-2¥edical
electrical equipment — Part 2: Particular requirents for
the safety of high frequency surgical equipmeand/or
c. national standards [4-5]. However, after the ESlus
sold, there are no compulsory initial or periodieifications
to access neither safety nor performance [6]

In order to access the need for periodic verifaai the
metrological reliability of ESUs in use at hospstatlinics
and other healthcare establishments should be atealu
With this purpose, fourteen (14) ESUs used at th@e
hospitals in Rio de Janeiro, Brazil, one (1) pevand two
(2) public, were tested for some of the relevari¢tyaand
performance parameters. The results, reported isndssed
in this paper, indicate a need for standards raguir
mandatory periodic verifications. In addition, thesults

Varying the electrical waveform will result in diffent
tissue effects: cutting, coagulation, fulguratiorgr
desiccation [7].

The waveform for cutting is constant (non-modulated
Tissue division is obtained by holding the activectode
slightly away from the tissue, which will result @éectrical
sparks. This will produce intense heat, which, imnt
vaporizes or cuts the tissue [7].

Coagulation, which reduces or terminates undesired
bleeding, is obtained by producing less heat bynsi@d an
intermittent (modulated) waveform with short dutycke
(‘fon time” of approximately 6% and “off time” of
approximately 94%) [4-5, 7].

Fulguration, also known as spray or non-contact
coagulation, is a form of coagulation using longcgiical
sparks (0.5 mm or more) in order to avoid contattvieen
the active electrode and the tissue [4-5, 7].

Desiccation can be obtained with any waveform by
holding the active electrode in direct contact vifth tissue.
Best results are obtained with the constant (noduiated)
cutting waveform. Contact between the tissue angl th
electrode will produce less heat, and the cell$ aviy out
and form a coagulum, instead of vaporizing and @iplg

[7].

indicate that measurements of a new parametert(cres In addition to the cutting and coagulation opemgtin

factor), not included in the current particularezgfstandard,
should be included.

modes, some electrosurgical units (ESUs) have omeooe
blend modes that can be used to obtain cutting with
coagulation. Blend modes, considered cutting moekss

* Present address: Gavea Sensors - Sistemas deddedi use intermittent (modulated) waveforms, but witmder
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duty cycles. For example, the waveform for blen@uiting



with minimum coagulation) could have “on time” of typical acceptable ranges for each operating madetibn

approximately 50% and “off time” of approximatel%,

can be found in the manufacture’s operation manimal.

the waveform for blend 2 could have “on time” of order to investigate if the crest factor of the ESWas

approximately 40% and “off time” of approximatel{%,

and the waveform for blend 3 (cutting with maximumdifferent

coagulation) could have “on time” of approximat&l$%
and “off time” of approximately 75% [4-5, 7].

3. PARAMETERS FOR MEASUREMENT

There are several parameters that impact
performance of ESUs. The desired effects will b&aioled
only if the patient is part of the electrosurgicatuit, and if
the current flows through the target tissue. Addilly, the
result will depend on: waveform; output power sefti
electrode size and geometry; activation time; dagon of
the electrode; and tissue impedance [7].

Ideally, all relevant safety and performance patanse
should have been evaluated in all ESUs tested; venve
since there was a high demand for the ESUs atdbpitals,
the time available with each unit was limited, #fere
limiting the number of tests performed.

According to the particular safety standard for hhig
frequency surgical equipment (IEC 60601-2-2),
frequency of the output current should be betwe8nHz
and 5 MHz. Lower frequencies cause undesired nande
muscular stimulation,
leakage currents that may cause burning [4-5n7¢rdler to
investigate if the ESUs complied with
requirement, frequency measurements were perforimed
ten (10) of the ESUs tested.

Additionally, according to the particular safetarstdard
60601-2-2, each operating mode (monopolar:
coagulation and blend; and bipolar) has an appatpri
output power range that should be specified intéicénical
manual and should be within acceptable limits [445]
order to test if the output power of the ESUs wlaseto its

nominal value within acceptable limits, output powe
were

measurements for different operating modes
performed. Since these tests were time consumidghare
was a high demand for the ESUs at the hospitaigadt not
possible to test all output power values for alkem@ing
modes in all ESUs.

Two (2) other important tests, for which there a
requirements in the particular safety standard,ewalso
performed: visual inspection of
guantitative analysis of its crest factor. The imance of
these parameters is discussed below.

As mentioned earlier,

Waveforms with shorter duty cycles (“on time”) havigher

coagulating capacity. A qualitative evaluation dfist
waveform can be performed by visual inspection.usis
inspections of the waveforms were performed in(te) of

the ESUs tested.

The crest factor - maximum output voltage dividegd b

the root mean square (r.m.s.) voltage - is a qtaivie
evaluation of the waveform that can be used to oreais
coagulating quality. Waveforms with higher cresttdas
have higher coagulating capacity, whereas
waveforms have crest factors close to one (1). Wjsua

the
while higher frequencies eaus

this safety

cut,

the waveform and

t

each operating mode (cu .
P 9 ( érequenmes. Output powers and crest factors werasored

coagulation and blend) has a typical waveform shap

cuttin

within acceptable limits, crest factor measuremefus

modes were performed, according to the
availability of the ESUs.

Several of the safety qualitative tests recommended
the general standard for medical electrical equigtnGEEC

60601-1) were performed in all electrosurgical sifiESUS).

the

4. MATERIALS AND METHODS

As mentioned earlier, since all ESUs analyzed wesesl
regularly at the hospitals, the tests were subjecthe
availability of the units. For this reason, it wast possible
to test all ESUs belonging to each hospital. As lcarseen
in Table 1, a total of fourteen (14) units, thr& different
brands and five (5) different models, were tested.

Table 1. Electrosurgical units classified by hospé, brand and model.

Hospital EIectrLcJ)rs]il:rgical Brand Model
Hospital 1 (private) B1 Brand I Model 1|.1
Hospital 1 (private) B2 Brand L Model 1{.1
Hospital 2 (public) B3 Brand 2 Model 2{1
Hospital 2 (public) B4 Brand 2 Model 2{1
Hospital 2 (public) B5 Brand 2 Model 2{2
Hospital 3 (public) B6 Brand 2 Model 2{2
Hospital 3 (public) B7 Brand 2 Model 2{3
Hospital 3 (public) B8 Brand 2 Model 2{3
Hospital 3 (public) B9 Brand Model 3|1
Hospital 3 (public) B10 Brand 3 Model 3,1
Hospital 3 (public) B11 Brand 3 Model 3,1
Hospital 3 (public) B12 Brand 3 Model 3,1
Hospital 3 (public) B13 Brand 3 Model 3,1
Hospital 3 (public) B14 Brand 3 Model 3,1

The history of each unit was not informed by the
hospitals; however, they reported that none of tinés
analyzed had been acquired recently.

The setups used for the measurements in the maaropol
and bipolar modes were the ones suggested in tiieytar
safety standard IEC 60601-2-2 [4-5].

A Tektronix oscilloscope (TDS 210) was used to
visually inspect the waveforms and measure their

with a WEM electrosurgical analyzer (model 454 A).
Output power verifications were made for the opegat
modes tested by performing a number of measurenfients
different output power settings. The cut and blemates in
units B1 and B2 were tested by performing five (5)
measurements at each of five (5) different outpodver
settings. The cut, blend, coagulation and bipolades in
units B3 through B8 were tested by performing té&)(
measurements at each of five (5) different outpodver
ettings (the bipolar mode was not tested in uBitsand
8). The cut, coagulation and bipolar modes in @O



Table 2. Power (P), crest factor (C) and frequencgnalysis for the 14 ESUs evaluated.

Bl B2 B3 B4 B5 B6 B7 B8 B9| Bl B1l BI12 813 Bl4Power (P) Error:
SINEY o 7 e m 7 PR e e R R v less than 10%
Cut C| = *k \/ \/ N * \/ N *k *k % % *10% - 15%
P \/ ok * Kk ok * N N ** 16% - 40%
Blend 1 c oy = < < \/ \/ 7 7 NA NA NA NA *xx 4104 - 70%
5 = — — - 7 7 ESU **** above 30%
Blend2 (— NP | NP NA | NA | NA | NA ;
C < NN NN malfunction | crest Factor (C) Error:
b T | = | = ] = | v | v during |y within specified range
Blend3 |—| NP | NP NA | NA | NA | NA | @nalysis | oo than 10%
N * N N N N 0
c ** 10% - 30%
Coagmation % NP NP \/ \/ \/ \/ *:/* *kk Fkk Fkk *kk *kk " above 30%
Bipolar P| NP | NP R * N * NP | NP | #0% | %% | NP | #rxx NA - Not Applicable
500 478 | 478 500 NP - Not Performed
F“?ﬂﬂg)”cy NP | NP | NP | NP | to |481| to | to | 490|490 | 391 | 400 | to | 481
510 481 | 481 510
through B12 were tested by performing ten (10) Finally, the qualitative tests, recommended ingbeeral

measurements at each of five (5) different outpodver
settings (the bipolar mode was not tested in uriitl)B

safety standard for medical electrical equipmerEC(l
60601-1), also exposed irregularities in all ESuUsleated.

Output power measurements could not be completed fo

units B13 and B14 due to their malfunction soorerathe
frequency and waveform analysis.

Type A evaluation of uncertainty in measurement was

performed for all output power measurements.

5. RESULTS AND DISCUSSION

6. CONCLUSION

The present study evaluated ESUs in use in heatthca
establishments, showing that the units tested dtdsatisfy
safety and performance requirements. These rasditate
that safety and performance (post-sale) periodifications
are essential. In addition, crest factor measurésnerot

Frequency analysis performed for units B5 to Bldincluded in the current particular safety standastipwed

yielded results between 391 kHz and 510 kHz (Tgble2that

within the recommended values according to theiquaatr
safety standard 60601-2-2.

For the power analysi®(in Table 2), only two units (B1
and B7) delivered acceptable output values; howeesults
for one of them (B1) were not considered conclussiece,
due to availability for testing, only two (2) okiseven (7)
modes were analyzed. The uncertainties in the oykmwer
measurements were low.

most units had the crest factor outside the
manufacturer’s specified range for at least one thod
operating modes.

These results indicate a need for new regulations
requiring mandatory safety and performance (pdsfsa
periodic verifications. In addition, a new measueet(crest
factor) should be included in the current (pre-sphaticular
standard (IEC 60601-2-2) used for type testingyeals as in

the new regulation requiring periodic verifications

Visual inspection of the waveforms showed that they

seemed to have the shape expected; however, qiietit
analysis of the waveforms (crest factor) showed thés
was not true. Crest factor analysi€ {n Table 2) was
performed for twelve (12) ESUs (B1 to B12). Excémt
unit B5, crest factors were outside the manufactire
specified range for at least one of the operatiogles. It is
important to note that even unit B7, the only uhé#t passed
completely the output power test, did not pass ¢hest
factor test. In fact, all ESUs in which the quaattite
analysis for output power and crest factor was quaréd
failed in at least one parameter studied, i. eEStJs was
approved in all tests.

These results also showed that visual inspectiothef
waveform is not sufficient to evaluate its qualignd that
crest factor analysis should be performed.

Despite being an important parameter to assure the

electrosurgical effect desired, crest factor anglys not
included in the requirements of the particular saftandard

IEC 60601-2-2. Therefore, unit B7 would have been

considered in compliance with the standard, evengh the
crest factor results show it is not reliable.
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