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Abstract

Objective. We analyzed the underlying principles of an unmodulated very-low-voltage (VLV) mode, designated
as “soft coagulation” in hemostasis, and demonstrate its clinical applications. Summary Background Data. While
the advantage of the VLV mode has been reported across surgical specialties, the basic principle has not been
well described and remains ambiguous. Methods. Characteristics of major electrosurgical modes were measured
in different settings. For the VLV mode, the tissue effect and electrical parameters were assessed in simulated
environments. Results. The VLV mode achieved tissue coagulation with the lowest voltage compared with the
other modes in any settings. With increasing impedance, the voltage of the VLV mode stayed very low at under
200 V compared with other modes. The VLV mode constantly produced effective tissue coagulation without
carbonization. We have demonstrated the clinical applications of the method. Conclusions. The voltage of the VLV
mode consistently stays under 200 V, resulting in tissue coagulation with minimal vaporization or carbonization.
Therefore, the VLV mode produces more predictable tissue coagulation and minimizes undesirable collateral
thermal tissue effects, enabling nerve- and function-preserving surgery. The use of VLV mode through better
understanding of minimally invasive way of using electrosurgery may lead to better surgical outcomes.
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Introduction The key to successful surgery is accomplishing opti-
mal hemostasis, which requires effective tissue desicca-
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reaches between approximately 60°C and 95°C, instan-
taneous desiccation and coagulation occur. However,
in reality, vaporization, desiccation, and coagulation,
and even carbonization can occur simultaneously when
applying radiofrequency energy. In fact, any wave-
forms such as unmodulated and modulated outputs
could be used for tissue desiccation and coagulation.
An unmodulated low-voltage output labeled “cut”
could theoretically result in suitable and predictable
homogeneous tissue coagulation of higher quality than
that achieved with the modulated output labeled
“coagulation.”

Modern electrosurgical units (ESUs) are equipped
with a variety of output modes based on proprietary
algorithms beyond the simple “cut” (unmodulated out-
put) and “coagulation” (modulated output) modes. With
the technical advancements, some modern ESUs can
provide constant voltage and variable wattage depend-
ing on tissue resistance, whereas conventional devices
produce variable voltage and constant wattage (watt-
age-based ESUs). ESUs with this voltage control tech-
nology are known as “voltage-controlled ESUs” and
can impose less tissue damage. In addition, modern
ESUs control voltage and current by instantaneously
monitoring tissue resistance in order to achieve antici-
pated tissue effects.

Furthermore, major modern ESUs currently have an
unmodulated very-low-voltage (VLV) mode designated
as “soft coagulation,” which is an extension of the volt-
age control technology to achieve better hemostasis.
Numerous reports have described the benefit of using
the VLV mode in hepatopancreatobiliary surgery®?® and
thoracic surgery,’!! as well as in the field of therapeutic
endoscopic procedures.'>!* The use of the VLV mode
has also increased in the field of minimally invasive
surgery'®!® and robotic surgery.'” Although the advan-
tage of the VLV mode in hemostasis has been reported,
there is a lack of information on the fundamental prin-
ciples of the VLV mode. We describe the underlying
principles and basic features of the VLV mode, and
sought to demonstrate technical descriptions of apply-
ing this mode in clinically relevant environments.

Methods

A simple hand-activated 5-mm-ball electrode was used
with the latest computer-controlled ES generator
(Valleylab FT10, Medtronic, Dublin, Ireland). For mea-
suring the electrical characteristics of each mode
including the unmodulated mode labeled “cut,” various
modulated modes labeled “blend,” “coagulation,” and
the VLV mode, root mean square currents (Irms), and
peak voltages (Vp) were analyzed under simulated
impedances using a digital voltmeter (R&SURE3 RMS

Voltmeter, Rohde & Schwarz, Munich, Germany; see
Figure, Supplemental Digital Content la, which dem-
onstrates the experimental setup; available online). A
digital oscilloscope (Fluke 196C Scope Meters, Fulke,
Everett, WA) was used to display the waveform of any
given mode. For the VLV mode, the tissue effect and
electrical performance were assessed using a piece of
flank steak with a simulated electrical resistance in the
range of human tissue (see Figure, Supplemental
Digital Content 1b, which demonstrates the experimen-
tal setup; available online). To achieve this, 200 Q were
added using metal resistors (Power Type Metal Clad
Wire-Wound Resistors, PCN Corporation, Sado, Japan)
as a default load resistance based on pilot data. When
activating the electrosurgical ball tip pencil (Medtronic,
Dublin, Ireland) with the VLV mode, Irms, Vp, and tis-
sue impedance (Q) were analyzed. For the VLV mode,
Vp was measured 10 times under each simulated imped-
ance (25 to 1000 Q) to calculate the intraclass correla-
tion coefficients as a measurement of accuracy. Data
analysis was performed using JMP version 11 (SAS
Institute Inc, Cary, NC). This study did not involve
human subjects and was exempt from ethical approval
requirements.

Results

The output of the VLV mode is in the form of a con-
tinuous unmodulated sine wave similar to “cut” mode
(Figure 1). Intraclass correlation coefficients of the
measured Vp were 0.99 (95% confidence interval =
0.99-1.00). The measured Vp and Irms of each mode
under 200 Q are shown in Table 1. The VLV mode
demonstrated the lowest voltage compared with other
modes at any given power settings. The difference
between the VLV mode and “cut” mode under a given
simulated resistance at 60 W is described in Figure 2.
As the impedance increased, the Vp of the cut mode
increased as well in order to maintain tissue effect,
but in the VLV mode, the voltage stayed consistently
below 200 V.

The electrical characteristics of the VLV mode are
shown in Figure 3, which suggest that a higher power
output setting causes rapid tissue effect. The tissue
effect of the VLV mode using a ball electrode is shown
in Figure 4, demonstrating tissue desiccation and coag-
ulation with minimum carbonization. Using the lower
power setting, a deeper tissue effect occurred with lon-
ger activation times. The clinical situations in which
the VLV mode was used with different active electrodes
are demonstrated in the video (see Video, Supplemental
Digital Content 2, which includes idiopathic hemotho-
rax, laparoscopic distal gastrectomy, laparoscopic cho-
lecystectomy, laparoscopic partial liver resection,
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Mode CcuT BLENDI1 BLEND2 COAG SPRAY SOFT COAG
Labeled Cut Cut Cut Coag Coag Coag
Waveform Continuous Interrupted Interrupted Interrupted Interrupted Continuous

Duty cycle (%)

Tissue effect

100

The CUT, BLENDI, BLEND2, COAG modes are labeled as PURE, BLEND, Valleylab™, FULGURATE on Valleylab™ FT10
(Medtronic, Dublin, Ireland)

Figure 1. The characteristics of electrosurgical unit modes: waveform, duty cycle, and tissue effect.

Table |. The Measured Voltage and Current of Electrosurgical Modes Under Simulated Human Resistance (200 Q).

20W 30W 40 W 50 wW 60 W 70W 80 W
Mode? Duty Cycle® (%) Vp Irms Vp Irms Vp Irms Vp Irms Vp Irms Vp Irms Vp Irms
CUT 100 92 307 112 377 128 433 144 484 59 533 172 577 184 616
BLENDI 50 126 150 150 376 176 433 198 485 229 534 249 577 268 617
BLEND2 25 182 209 209 375 245 432 280 484 327 528 334 572 359 612
COAG 6.3 271 310 310 375 364 433 412 484 451 530 490 572 526 612
SPRAY* 4.8 311 360 360 375 420 433 401 483 520 530 567 573 605 612
VLV 100 80 271 100 337 115 388 127 431 139 470 I51 507 161 542

Abbreviations: Vp, peak voltage (V); Irms, root mean square current (mA); VLV, very-low-voltage.

*The CUT, BLENDI, BLEND2, COAG, and VLV modes are labeled as PURE, BLEND, Valleylab, FULGURATE, SOFT COAG modes on Valleylab

FT10 (Medtronic, Medtronic, Dublin, Ireland).

®Duty cycle: the proportion of time that the electrosurgical unit produces current.

laparoscopic high anterior resection, and an open pro-
cedure; available online).

Discussion

This study describes the basic principles of modern ESUs,
especially regarding the VLV mode, in order to achieve
adequate tissue effect. At the same wattage setting, the
VLV mode demonstrated the same unmodulated wave-
form (100% duty cycle) as the so-called “cut” mode and
the lowest voltage compared with other modes staying

below 200 V on all power settings at any given simulated
impedance. The VLV mode generates only Joule heat
without electric arc discharge,? resulting in no or mini-
mal tissue cutting. Thus, effective coagulation can occur
only when the active electrode is in contact with the tar-
get tissue. Theoretically, ideal tissue coagulation can be
achieved with voltages ranging between 20 V and a maxi-
mum of 190 V.2° Consequently, tissue coagulation can be
best achieved using the VLV mode, which is similar to
that obtained with computer-controlled bipolar vessel
sealing devices. This mode can be used not only for
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Figure 2. The features of “Cut” and “Very-low-voltage (VLV)” modes under given simulated resistances (output level: 60 W):
voltage (V), current (mA), and heating value (J). The CUT and VLV modes are labeled as PURE and SOFT COAG on Valleylab

FT 10, Medtronic.
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Figure 3. The performance changes of the very-low-voltage mode using a simulated tissue (Supplemental Digital Content |b)

with a simulated human resistance (200 Q).

endoscopic and robotic surgery but also in open surgery
across all specialties.

While any waveforms such as continuous low-voltage
outputs and interrupted high-voltage outputs could be
used to achieve tissue desiccation and coagulation, the
quality of tissue coagulation is improved when using a
continuous low-voltage output.?! Using a standard con-
tinuous low-voltage “cut” mode, there is still a possibility
that tissue vaporization and carbonization can occur with
high current density or high power setting. In comparison,

the VLV mode achieves better tissue desiccation and pro-
tein coagulation while maintaining tissue temperature
between 65°C and 90°C. If tissue temperature exceeds
200°C, carbonization and adherence of the coagulated tis-
sue to the electrode occur. A higher voltage also has a
greater potential to generate deeply penetrative effects,
causing unintended tissue damage and more collateral
coagulation. Presumably, surgeons apply relatively high-
power or high-voltage outputs for confirming tissue effect
audibly and visibly; however, such outputs may cause
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Figure 4. The tissue effect of the very-low-voltage mode using a ball electrode in each power setting. Tissue desiccation
and coagulation with minimum carbonization. The higher the power setting, the more the superficial tissue desiccation and

coagulation with some degree of carbonization.

lateral thermal tissue damage potentially increasing the
risk of complications such as visceral organ injury, delayed
leakage, or delayed bleeding.?!

With regard to the VLV mode, the higher power set-
ting achieves faster tissue effect. In the lower power out-
put setting using the VLV mode, a deeper tissue effect
occurs but this is relatively time-consuming; therefore,
the lower power setting with the VLV mode is impractical
in real environments. The VLV mode should be used on
the high power setting (wattages) in most situations. As
impedance increases, the voltage of the cut mode is
boosted and the heating value is maintained to create tis-
sue effect, but the VLV mode provided low-voltage out-
puts consistently and the heating value decreased. Hence,
the VLV mode can minimize the risk of tissue carboniza-
tion and undesired lateral thermal damage.

Modern ESUs control voltage and current by monitor-
ing tissue resistance to achieve desired tissue effects.
Although currently available ESUs have different fea-
tures and modes to create suitable tissue effects, they are
classified broadly into voltage-controlled and wattage-
based units. The VLV mode is an extended feature of
voltage control technology, and is currently a feature of
both voltage-controlled and wattage-based ESUs. This
mode was originally equipped on the VIO300D/200D
(Erbe Elektromedizin GmbH, Tuebingen, Germany) and
since then has been introduced into most modern ESUs
including the Valleylab FT10 (Medtronic); VIO3 (Erbe
Elektromedizin GmbH); ESG-300/ESG-400 (Olympus,
Tokyo, Japan); ARC400 (BOWA-Electronic GmbH & Co
KG, Gomaringen, Germany); and maXium (KLS Martin
Group, Tuttlingen, Germany). The VLV mode, a VLV
unmodulated output (100% duty cycle) designated as
“soft coagulation,” is labeled as the so-called “coag”
mode in all ESUs that include this feature. Surgeons need
to know the features of modern ESUs to achieve better
surgical outcomes.

When applying the VLV mode, the ball electrode is
recommended as the surface area of the active electrode
can be varied easily by adjusting the pressure on the tar-
get tissue. However, any shaped electrode such as a hook
or standard blade electrode can be used. In principle, the
tissue effect can be optimized by controlling the level of
the electric voltage, current density, and the shape of the
electrode. Maintaining the level of voltage <200 V plays
amajor role to achieve better tissue coagulation and mini-
mum vaporization and prevent the unintended thermal
effects. Removing conductive fluid such as blood using a
suction coagulator helps surgeons achieve constant tissue
effect.!® The data collected in this analysis provides sur-
geons with practical insights for the use of the VLV mode
in real environments.

The study has several limitations. The data were col-
lected under controlled settings. In clinical practice, many
factors including current density, activation time, tissue
impedance, and the shape and movement of active elec-
trodes influence tissue effects.?! These factors dramati-
cally change from moment to moment during the
application of radiofrequency energy to the tissue, and it
is difficult to simulate this in an experiment. Surgeons
should also understand the tissue impedance according to
macroscopic tissue changes for achieving desired tissue
effects without unintended thermal injuries. Although
these data illustrate the general features of the VLV mode,
the performance of the VLV mode varies slightly depend-
ing on the ESU used.

In conclusion, understanding the basic features of the
VLV mode enhances tissue coagulation and minimizes
redundant collateral thermal effects. The VLV mode
maintains a voltage of <200 V under all conditions, pro-
viding adequate and homogeneous tissue coagulation
without unintended tissue vaporization and carboniza-
tion. When applying the VLV mode, the tissue effect can
be precisely controlled by contacting the electrode with
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the target tissue. Although predicting the degree of lateral
thermal effect is challenging, the minimally invasive way
of using electrosurgical devices should be further consid-
ered for nerve- or function-preserving surgery, especially
in the era of minimally invasive surgery. While any
modes will achieve tissue coagulation, the VLV mode
helps preserve organ function and decrease the risk of
ES-related adverse events. Surgeons should consider
such minimally invasive ways of using ES energy to
improve outcomes.
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