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ABSTRACT

Background: Hysterectomy is one of the most common
surgical procedures performed in the United States and
most are now being performed in a minimally invasive
approach. Electrosurgery and vessel sealing devices are
needed in order to provide hemostasis and vascular
coaptation; however, there is no guiding evidence and
limited recommendations for the use of the currently
available devices for laparoscopic hysterectomy. The pur-
pose of this study is to provide a systematic review of
electrosurgical devices used in benign hysterectomy and
perform a meta-analysis to find the overall effect of vari-
ous outcomes.

Database: A systematic review was performed by search-
ing the literature using MEDLINE, Embase, Cochrane
Central Register of Controlled Trials, and the Cochrane
Database of Systematic Review, Science Citation Index
Expanded, Emerging Sources Citation Index, Scopus,
Epistemonikos, and SciELO databases from each data-
base’s inception date until May 2023.

Conclusion: Advanced bipolar vessel sealing devices
demonstrate reduced blood loss and operative times
when compared to conventional electrosurgery, how-
ever more high-quality evidence and cost analysis is

needed to strengthen the clinical significance of these
findings.

Key Words: Advanced bipolar vessel sealing device,
Electrosurgery, Gynecology, Laparoscopy, Minimally inva-
sive gynecologic surgery, Ultrasonic device.

INTRODUCTION

Rationale

Hysterectomy is one of the most common surgical pro-
cedures performed in the United States every year.1,2

Although women undergo hysterectomy due to gyneco-
logic cancer, approximately 90% of hysterectomies are
performed for benign indications including abnormal
uterine bleeding, uterine leiomyomas, endometriosis,
and uterine prolapse.1 Ligation and transection of pelvic
vasculature are important steps in this procedure. In a
transabdominal hysterectomy, the surgeon may ensure
hemostasis with cross-clamping and suture ligating the
uterine and uteroovarian vessels; however, most hyster-
ectomies are currently performed using a minimally
invasive approach which requires the use of electrosur-
gery and vessel sealing devices to achieve vascular
coaptation. Conventional electrosurgery involves appli-
cation of current to achieve various tissue effects and
can be delivered via monopolar or bipolar instruments.
Monopolar and bipolar instruments differ based on
where the two electrodes are located. Bipolar vessel
electrosurgical devices were developed about 50 years
ago in Germany and North America in response to the
high risk of thermal injury and complications with the
use of monopolar energy.3 As a result, there has been
an increase in the number and type of electrosurgical
devices for vessel sealing on the market. Previous stud-
ies have investigated the vessel sealing capabilities of
conventional and advanced bipolar vessel sealing devi-
ces compared to ultrasonic devices4; however, there is
no comprehensive systematic review comparing the cur-
rently available advanced bipolar vessel sealing devices
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and ultrasonic devices for hysterectomies performed for
benign indications.

Objectives

The use of advanced bipolar devices for minimally inva-
sive hysterectomy has many reported benefits over use
of conventional monopolar and bipolar electrosurgery.
Some of these benefits include better vessel compres-
sion and sealing capability, the ability to transect tissue
without changing instruments, and decreased risk of
thermal injury.4,5 However, limited recommendations
are available in the field of gynecology regarding vessel
sealing technology and their complications. The objec-
tive of this systematic review and meta-analysis is to
identify and analyze studies that include important per-
ioperative variables, such as operative time, uterine
weight, and complications, following the use of conven-
tional bipolar, advanced bipolar, and/or ultrasonic devices
for benign laparoscopic hysterectomy. Furthermore, this
review aims to elucidate the benefits and disadvantages of
these technologies for use in benign gynecologic hysterec-
tomy.

METHODS

This study was deemed exempt from institutional review
board approval. Prior to literature database search, the
study protocol was developed and registered with the
International Prospective Register of Systematic Reviews
(PROSPERO: CRD42023392076). This review and meta-
analysis were written following the updated Preferred
Reporting Items for Systematic reviews and Meta-Analysis
(PRISMA)6 guidelines.

Eligibility Criteria

Randomized controlled trials and observational studies
(both prospective and retrospective) that assessed and
compared use of either conventional monopolar/bipolar
electrosurgery, advanced bipolar vessel sealing devices,
or ultrasonic devices in laparoscopic hysterectomies for
benign indications were included. Unpublished manu-
scripts, conference abstracts, and non-English studies
were excluded from review. Studies that performed total
laparoscopic hysterectomy (TLH), laparoscopic-assisted
vaginal hysterectomy (LAVH), and laparoscopic supracer-
vical hysterectomy (LASH) were included. Total vaginal
hysterectomy and total abdominal hysterectomy were
excluded. Outcomes of interest included operative time,

estimated blood loss, perioperative complications (eg,
blood transfusion, infection, organ injury, reoperation/
return to operating room), conversion to laparotomy or to
another device, and thermal spread and tissue injury.
Study eligibility required reporting of at least one outcome
of interest.

Information Sources and Search Strategy

A comprehensive literature database search was con-
ducted to find all relevant literature on electrosurgical
devices used for hysterectomy. The database search strat-
egy was developed by a health science librarian (T.J.B.)
in consultation with Z.E.O-D. and O.O.C-T. The Ovid
Medline search strategy was peer-reviewed by another
medical librarian using the Peer Review for Electronic
Search Strategies tool.7

Studies were identified by T.J.B. by developing and run-
ning searches in MEDLINE (1946 to present), Embase
(1974 to present), Cochrane Central Register of Controlled
Trials (1991 to present), and the Cochrane Database of
Systematic Review (2005 to present) [all via the Wolters
Kluwer Ovid interface]; Science Citation Index Expanded
(1975 to present) and Emerging Sources Citation Index
(2018 to present) [both via the Clarivate Analytics Web of
Science interface]; Scopus [via the Elsevier website];
Epistemonikos; and SciELO databases. Clinical trial regis-
ters were also searched.

The search strategy was written for Ovid Medline and
translated using each database’s syntax, controlled vocab-
ulary, and search fields. MeSH terms, EMTREE terms, and
text words were used for the search concepts of electro-
surgery, electrosurgical devices, bipolar energy devices,
ultrasonic devices, vessel sealing, hysterectomy, and
their synonyms. Search strategies were translated in
part with the assistance of the Institute for Evidence-
Based Healthcare Polyglot Search Translator.8 Filters to
remove animal studies were used in the database
searches. Otherwise, no language, date, or publication
type limits were applied during the search phase.
Citation searching was performed. All databases and
registers were searched on May 26, 2023. The full search
strategies are available here: https://osf.io/sqm5v.

All database records were downloaded to EndNote 20
(Clarivate, Philadelphia, PA),9 then uploaded to Covidence10

web-based software for deduplication, screening, and data
extraction.
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Study Selection

All title, abstract, and study screening was performed
within Covidence.10 Titles and abstracts were individually
screened by two independent authors (T.S.H., Y.H.,
P.E.C., Z.E.O-D., and O.O.C-T.), and any conflicts were
resolved by a third reviewer. Full text review was con-
ducted by T.S.H. and O.O.C-T. with conflicts being
resolved by either P.E.C. or Y.H.

Data Extraction

Data were extracted within Covidence,10 using a standard
data extraction template for outcomes of interest. Data
from individual studies were extracted by two independ-
ent authors (T.S.H., Y.H., P.E.C., and O.O.C-T.). Any con-
flicts of data extraction were resolved by a third reviewer.

The primary outcomes of our study are: operative time
(both total operative time from incision to close and hys-
terectomy operative time [defined as start of ligation of
utero-ovarian vasculature to colpotomy]), estimated
blood loss, perioperative complications including uri-
nary (injury to bladder/ureter(s), fistula formation),
bowel (minor, major requiring colostomy), cuff (dehis-
cence/evisceration, hematoma, cellulitis), conversion
to laparotomy or a secondary electrosurgical device,
and reoperation. The secondary outcomes of our study
are physician-reported satisfaction/ease of use of de-
vice. These outcomes will be analyzed for each device
(conventional monopolar/bipolar devices, advanced
bipolar vessel sealing devices, and ultrasonic devices)
to identify significant differences. Baseline characteris-
tics were collected including age, indication for sur-
gery, and uterine dimensions, when available.

Assessment of Risk of Bias

Once reviewers completed full-text screening and data
extraction, quality assessment was performed within
Covidence10 using the Cochrane Risk of Bias (RoB 2)
tool11 for randomized controlled trials and the Risk of Bias
In Nonrandomized Studies – of Interventions (ROBINS-I)
assessment tool12 for observational studies. Characteristics
such as how cohorts were recruited, whether outcomes/
exposures were accurately measured to reduce bias, and
whether authors accounted for confounding factors in the
design/analysis were used for the quality and risk of bias
assessments. Quality assessment for each study was com-
pleted independently by two authors (T.S.H., Y.H., P.E.C.,
and O.O.C-T.) and any disagreements were resolved by a
third author.

Data Synthesis

For binary outcomes, relative risk (RR) and corresponding
95% confidence intervals (CI) were calculated. For contin-
uous outcomes, the mean difference (MD) between
groups was extracted or calculated. The RR or MD was
pooled across the studies using the DerSimonian and
Laird random effects method with Hartung-Knapp-Sidik-
Jonkman (HKSJ) variance correction when the number of
studies within a meta-analysis was larger than three.
When the number of studies was three or less than three,
the fixed-effect model was used based on the Mantel and
Haenszel method because of concern about instability of
study variance. Heterogeneity between studies was eval-
uated using the I2 indicator. Statistical methods to assess
publication bias were not able to be utilized because the
number of studies included in the analysis was small
(n< 10). Two-tailed P-values less than 0.05 were consid-
ered statistically significant. All statistical analyses were
conducted using Stata version 17.0 (Stata LLC, College
Station, TX).

RESULTS

Study Selection

The literature search identified 5,765 references. Duplicates
were excluded and 3,943 references underwent title and
abstract screening. After title and abstract screening, 89 stud-
ies underwent full text review, and 22 studies were identi-
fied and included in the final analysis. The flowchart for
study selection is shown in Figure 1. Of the 22 studies
included in the final analysis, there were 13 randomized
controlled trials,13–25 4 prospective cohort studies,26–29 3 ret-
rospective cohort studies,30–32 and 2 case-control studies.33,34

Study Characteristics and Results of Individual
Studies

Sample sizes from the included studies ranged from 18
to 429 participants. Studies investigated conventional
monopolar and bipolar electrosurgery, advanced bipolar
vessel sealing devices (LigaSure [Covidien, Mansfield,
MD], EnSeal [Ethicon Endo-surgery, US, LLC], the Plasma
Kinetic system [Gyrus ACMI, Southborough, MA], Halo
PKS Cutting Forceps [Olympus, Canada], and BiCision
[ERBE, Marietta, GA]), and ultrasonic devices (Harmonic
ACE [Ethicon Endo-Surgery, Cincinnati, OH, formerly
UltraCision]).

JSLS: Over 1.5 Million Annual Downloads Since 2019

July–September 2024 Volume 28 Issue 3 e2024.00022 3 JSLS www.SLS.org



Meta-analysis was able to be performed for the following
outcomes of interest: estimated blood loss, operative
time, and uterine weight. There was insufficient data to
include perioperative complications. Similarly, there was
insufficient data to report on the secondary outcome of in-
terest (physician-reported satisfaction).

Results of Syntheses and Risk of Bias in Studies

Estimated Blood Loss
The weighted mean difference (wmd) was used to calcu-
late the difference in estimated blood loss between devi-
ces. There were three device comparisons that had
enough studies to undergo meta-analysis. When LigaSure
was compared to Enseal, there was an observed –2.2mL
difference in blood loss, but this was not statistically sig-
nificant (95% CI, –24.2–19.8; P 5 .844) (Figure 2A). For

this comparison, three studies were used, representing
302 patients, and substantial heterogeneity was observed
(I2 5 70.7%).13,18,21 Conventional electrosurgery had
5.2mL more blood loss compared to LigaSure, but this
also was not statistically significant (95% CI, –3.2–13.5;
P 5 .225). For this comparison, three studies were
included with 352 patients and minimal heterogeneity
(I2 5 0%)19,24,30 (Figure 2B). Three studies had sufficient
details to estimate the blood loss between conventional
electrosurgery and the Plasma Kinetic system, represent-
ing 185 patients.27,29,31 Conventional electrosurgery had
significantly more blood loss at 49.2mL compared to the
Plasma Kinetic system (95% CI, 34.0–64.3; P � .001)
(Figure 2C). The heterogeneity score between studies
was not important (I2 5 0%). The risk of bias of the
included studies for comparing estimated blood loss is
reported in Figure 3.

Figure 1. PRISMA flow diagram of study selection. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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Operative Time
Several device comparisons had sufficient studies to
undergo meta-analysis when considering difference in
operative time. Three studies compared LigaSure to
Enseal, representing 302 patients.13,18,21 Operative time
was 6.2 minutes faster when using LigaSure compared to
Enseal, but this was not statistically significant (95% CI,
�13.3–0.9; P 5 .091) (Figure 4A). Heterogeneity score
of the three studies was not important (I2 5 0%).
However, Aykan Yuksel et al18 specifically reported on
the operative time for the hysterectomy portion of the
procedure (defined as time from start of transection of
the round ligament to completion of colpotomy), and in
that case, LigaSure was significantly faster than Enseal
(25.76 15.2minutes vs 38.26 22.0minutes, P 5 .001).18

Two studies compared conventional electrosurgery to
Enseal, representing 260 patients.14,33 Operative time was
1.2 minutes longer in the conventional electrosurgery
group compared to Enseal, but this was not statistically
significant (95% CI, �3.4–5.8; P 5 .607) (Figure 4B).
Heterogeneity score for the two studies was moderate
(I25 48.8%). Rothmund et al14 also reported on the opera-
tive time for the hysterectomy portion of the procedure
(defined as time from transection of cornual structures to
complete ligation of uterine vessels, immediately before
cervical detachment). In this subgroup, conventional
electrosurgery was 11.3minutes faster, which was statisti-
cally significant (95% CI, �17.8 to �4.83; P � .001).14

There were four studies that compared operative time
between conventional electrosurgery and LigaSure,

Figure 2. Forest plots for estimated blood loss. (A) Forest plot for estimated blood loss when LigaSure is compared to Enseal. N, num-
ber of patients; SD, standard deviation; CI, confidence interval. (B) Forest plot for estimated blood loss when conventional electrosur-
gery is compared to LigaSure. N, number of patients; SD, standard deviation; CI, confidence interval. (C) Forest plot for estimated
blood loss when conventional electrosurgery is compared to plasma kinetic system. N, number of patients; SD, standard deviation; CI,
confidence interval.
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which represented 714 patients.19,24,30,34 The heterogeneity
between these studies was substantial (I2 5 92.5%).
Conventional electrosurgery was 11.4minutes slower com-
pared to LigaSure, but this was not significant (95% CI,
�8.4–31.2; P5 .2) (Figure 4C). There were three studies
that compared conventional electrosurgery to the Plasma
Kinetic system, with a total of 185 patients,27,29,31 and
moderate heterogeneity (I2 5 33.6%). Conventional elec-
trosurgery was 7.7minutes slower than Plasma Kinetic
system, and this was statistically significant (95% CI, 0.6–
14.8; P 5 .034) (Figure 4D). The risk of bias of the
included studies that compared operative time is depicted
in Figure 5.

Uterine Weight
The difference in uterine weight between devices was
compared between devices in many studies and allowed
for meta-analysis. There were two studies that compared
LigaSure to Enseal, totaling 272 patients13,18. The wmd
between LigaSure and Enseal was –19.9 grams, which was
not statistically significant (95% CI, �64.9–25.2; P 5 .387)
(Figure 6A). Heterogeneity between studies was not im-
portant (I2 5 0%). There were two studies comparing con-
ventional electrosurgery to Enseal, representing 260
patients. Uterine weight was �32.6 grams in the conven-
tional electrosurgery group compared to Enseal, which

was not statistically different (95% CI, �73.4–8.1; P 5
.117) (Figure 6B).14,33 Heterogeneity between studies was
substantial (I2 5 62.3%). Three studies compared conven-
tional electrosurgery to LigaSure with a total of 594
patients19,30,34 and a heterogeneity score that was not im-
portant (I2 5 29.9%) (Figure 6C). The wmd between con-
ventional electrosurgery and LigaSure was significant at
29.7 grams (95% CI, 16.8–42.5; P � .001). Conventional
electrosurgery was compared to Plasma Kinetic system in
three studies, representing 185 patients.27,29,31 Studies had
substantial heterogeneity (I2 5 75.1%). The wmd between
conventional electrosurgery and Plasma Kinetic system
was �76.9 grams (95% CI, �91.4 to –62.6; P � .001). The
risk of bias in the included studies that compared uterine
weight is depicted in Figure 7.

Complications
Intraoperative and postoperative complications were
reported in most studies, however, there was significant
heterogeneity in reporting, severity classification, and fol-
low-up periods. Due to this, statistical analysis was unreli-
able, and we will instead report the data descriptively.
There were no reported complications for the Halo PKS,
BiCision, or Marseal devices. Out of 280 cases performed
with the Enseal device, there was 1 reoperation, 1 infec-
tion, 1 vascular injury, 1 bowel injury, and 2 genitourinary

Figure 3. Risk of bias for estimated blood loss. (A) Risk of bias for estimated blood loss in randomized controlled trials (risk of bias
tool for randomized trials). (B) Risk of bias for estimated blood loss in nonrandomized studies (risk of bias in nonrandomized stud-
ies – of interventions).
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injuries. The LigaSure device was used in 729 cases, and 1
reoperation, 4 infections, 1 bowel injury, and 2 genitouri-
nary injuries were reported. The Harmonic had 1

genitourinary injury out of 404 total cases. The plasma kinetic
system had 1 genitourinary injury of 148 cases. Conventional
electrosurgery represented 785 total cases and reported 3

Figure 4. Forest plots for operative time. (A) Forest plot for operative timewhen LigaSure is compared to Enseal. N, number of patients; SD,
standard deviation; CI, confidence interval. (B) Forest plot for operative time when conventional electrosurgery is compared to Enseal. N,
number of patients; SD, standard deviation; CI, confidence interval. (C) Forest plot for operative time when conventional electrosurgery is
compared to LigaSure. N, number of patients; SD, standard deviation; CI, confidence interval. (D) Forest plot for operative time when con-
ventional electrosurgery is compared to plasmakinetic system.N, number of patients; SD, standard deviation; CI, confidence interval.
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reoperations, 1 vaginal cuff dehiscence, 8 infections, 1 bowel
injury, and 2 genitourinary injuries.

DISCUSSION

Principle Findings

In the pooled analysis comparing clinical outcomes
among different vessel sealing devices in benign laparo-
scopic hysterectomy, conventional electrosurgery had
more blood loss and longer operative times compared to
the Plasma Kinetic system.27,29,31 Pooled analysis demon-
strated that conventional electrosurgery had significantly
smaller uteri compared to the Plasma Kinetic system,
which adds significance to these findings since uterine
weight is positively correlated with increased blood loss
and operative time.35 Hysterectomies using Enseal had
longer operative times compared to LigaSure use, but
shorter operative times compared to conventional electro-
surgery.14,21 No statistically significant differences in blood
loss or operative time were found when comparing con-
ventional electrosurgery to LigaSure19,24,30,34 and no differ-
ence in blood loss when LigaSure was compared to
Enseal.13,18,21 Although statistically significant differences

in blood loss were observed, the differences are likely not
clinically significant in general practice.

There were several comparisons that were represented by
single studies and not amenable to meta-analysis. One
study compared LigaSure to the Harmonic device and
demonstrated that LigaSure had statistically significant less
blood loss (�64.9mL; 95% CI, �93.3 to �36.4; P � .001)
and operative times (�31.4minutes; 95% CI, �34.3 to
�28.4; P � .001) compared to Harmonic.32 Halo PKS had
significantly less blood loss compared to Enseal.21 Other
studies did not reach statistical significance for comparing
estimated blood loss and operative time.15,16,21,22,33

In this meta-analysis, there were no statistically signifi-
cant differences in other clinical outcomes such as
intraoperative or postoperative complications, length
of hospital stay, or conversion to another device.

Comparison with Existing Literature

Previous studies have compared advanced bipolar devices
to conventional electrosurgical and ultrasonic instruments
by measuring technical parameters like vessel sealing time,
maximum vessel diameter, and thermal spread.3–5 In

Figure 5. Risk of bias for operative time. (A) Risk of bias for operative time in randomized controlled trials (risk of bias tool for random-
ized trials). (B) Risk of bias for operative time in nonrandomized studies (risk of bias in nonrandomized studies – of interventions).
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summary, advanced bipolar devices have demonstrated
superior sealing capabilities relative to conventional electro-
surgical devices, while there is less evidence to suggest the
same advantage over ultrasonic devices.4

This systematic review compares multiple advanced bipo-
lar devices both to each other and to other device types
and reports differences in clinical outcomes such as esti-
mated blood loss and operative time. One other systematic

Figure 6. Forest plots for uterine weight. (A) Forest plot for uterine weight when LigaSure is compared to Enseal. N, number of
patients; SD, standard deviation; CI, confidence interval. (B) Forest plot for uterine weight when conventional electrosurgery is com-
pared to Enseal. N, number of patients; SD, standard deviation; CI, confidence interval. (C) Forest plot for uterine weight when con-
ventional electrosurgery is compared to LigaSure. N, number of patients; SD, standard deviation; CI, confidence interval. (D) Forest
plot for uterine weight when conventional electrosurgery is compared to plasma kinetic system. N, number of patients; SD, standard
deviation; CI, confidence interval.
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review compared similar outcomes of interest between
advanced bipolar devices and conventional bipolar elec-
trosurgery but chose to combine devices into common
groups rather than comparing them individually.36 In this
meta-analysis, advanced bipolar devices consistently had
less blood loss and shorter operative times compared to
conventional electrosurgery (Figures 2C, 4A, 4D), which
aligns with Zorzato et al’s findings.36

Strengths and Limitations

The decision to separate advanced bipolar devices and
compare them to each other is both a strength and limita-
tion of this study. If pooled together, it would increase the
statistical power of advanced bipolar devices. However,
the authors felt it was important to compare these devices
individually to provide guiding evidence to surgeons in
the selection of electrosurgical devices for hysterectomy
for benign indications. This limited the ability to perform
pooled analyses for clinical outcomes of interest. When
reviewing the data, it is also important to consider there
are many other devices on the market that have not been

utilized in prior studies and were therefore not repre-
sented in the findings.

We chose to include studies that performed total laparo-
scopic hysterectomy, laparoscopic supracervical hysterec-
tomy, and laparoscopic-assisted vaginal hysterectomy. We
recognize that there are variations in each of these proce-
dures and may have differences in operative time and
blood loss. Prior studies have suggested that LAVH has
reduced operative time compared to TLH and LASH has
decreased EBL compared to LAVH.37,38Weopted to include
studies that performed LASH and LAVH to increase our sta-
tistical power, as this accounted for five studies and over
1,000 patients. In addition to hysterectomy type, we
acknowledge that differences in operative time and EBL
exist depending on surgeon experience and level of train-
ing and whether the case was performed at a training insti-
tution with resident or fellow involvement. These data
were unavailable for all studies and therefore not included
in the final analysis.

Although this systematic review and meta-analysis report
many statistically significant findings, the clinical relevance
is likely not significant. When considering difference in

Figure 7. Risk of bias for uterine weight. (A) Risk of bias for uterine weight in randomized controlled trials (risk of bias tool for random-
ized trials). (B) Risk of bias for uterine weight in nonrandomized studies (risk of bias in nonrandomized studies – of interventions).
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estimated blood loss, the statistically significant findings
ranged between 49.2 and 100mL difference (Table 1),
whichwould not result in a change in clinical management.
Differences in operative times ranged from 7.7 to
31.4minutes. There is evidence to suggest increased opera-
tive times in gynecologic surgery leads to increased 30-day
postoperative complications, increasing linearly in 60-mi-
nute intervals.39–41 This could also have significant financial
impact when considering that the mean cost per minute in
the operating room is around $36–$37 USD.42 A cost analy-
sis of each device is beyond the scope of this review but
could be an area for future research.

CONCLUSIONS AND IMPLICATIONS

In summary, the findings of this study demonstrate
reduced blood loss and operative times for advanced bipo-
lar devices compared to conventional electrosurgery, with
the strongest available evidence in support of the Plasma
Kinetic system. The clinical relevance of these findings is
limited, and more prospective, comparative research stud-
ies are needed. One device does not appear superior to
another, and we recommend that electrosurgical device
selection be done per surgeon preference. Surgeons may
want to consider the reduced operative times of advanced
bipolar devices, as this may reduce overall complications
and operating room costs. For future studies, a detailed
cost analysis may improve the clinical relevance of com-
paring different vessel sealing devices.
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