ELMER
PRESS

’ '.) Check for updates‘

Orriginal Article

J Clin Gynecol Obstet. 2025;14(4):130-148

Advanced Electrosurgical Bipolar Vessel Sealing to Control
Intraoperative Bleeding in Hysterectomy: A Rapid
Review and Meta-Analysis

Greg M. Hammond® ¢, Rebecca Boyce?, Nathan Bromham?, Ryan Miller?,
Elise Hasler?, Miroslava Slavska®

Abstract

Background: Controlling intraoperative bleeding during hysterec-
tomy is crucial and various methods exist to do this. Advanced elec-
trosurgical bipolar vessel sealing (ABVS) may lead to improved out-
comes compared to other hemostatic techniques. This rapid review
aims to address the question “what is the clinical and cost effective-
ness of ABVS compared with standard care for controlling intraop-
erative bleeding in hysterectomy?”

Methods: Medline, Embase, CINAHL, KSR Evidence, Cochrane
Library, and the International Network of Agencies for Health
Technology Assessment (INAHTA) HTA database were searched
up to February 2025. Forward citation searching of included stud-
ies was conducted in Scopus. Systematic reviews and randomized
controlled trials (RCTs) comparing ABVS to standard care for con-
trolling intraoperative bleeding during abdominal, laparoscopic, or
vaginal hysterectomies were included. Outcomes extracted included
blood loss, operative time, complications, length of hospital stay,
patient-reported pain, blood transfusions, health-related quality of
life, resource use, and economic outcomes. Meta-analyses were
conducted for each type of hysterectomy and pooled effect sizes
were analyzed. Studies were synthesized narratively if not included
in meta-analyses.

Results: One systematic review, one HTA, and 15 RCTs met the
eligibility criteria. Meta-analyses found statistically significant
differences in favor of ABVS over suturing for vaginal hysterec-
tomy operative time and patient-reported pain the evening after
surgery, abdominal hysterectomy blood loss and risk of requiring
blood transfusion, and in favor of ABVS over conventional elec-
trosurgical bipolar vessel sealing for total laparoscopic hysterec-
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tomy operative time. Two studies showed significantly lower blood
loss with ABVS during subtotal laparoscopic hysterectomy. There
were no statistically significant differences in other outcomes. A
cost-consequence analysis from the UK perspective demonstrated
high upfront costs associated with ABVS; however, potential cost
savings were associated with reduced suture usage and lengths of
hospital stay.

Conclusions: Use of ABVS during hysterectomy may lead to some
improved outcomes compared to suturing or other energy devices;
however, many outcomes are similar between methods. A lack of eco-
nomic evidence means economic consequences are uncertain. Use of
ABVS should be based on the type of hysterectomy performed, com-
plexity of individual patients, and surgeons’ familiarity with devices.

Keywords: Hysterectomy; Bleeding; Electrosurgery; Vessel sealing;
Rapid review

Introduction

Approximately 40,000 hysterectomies are carried out by the
National Health Service (NHS) in England and Wales every
year [1, 2]. There are three main routes for performing a hys-
terectomy: abdominal, laparoscopic, and vaginal. It is impor-
tant to control intraoperative bleeding during hysterectomy
and the current standard of care for this during abdominal or
vaginal hysterectomy is suturing, monopolar electrosurgery, or
conventional electrosurgical bipolar vessel sealing (cEBVS).
For laparoscopic hysterectomy, advanced EBVS (ABVS) is
the current standard of care.

ABVS devices have been developed to improve on cE-
BVS by measuring tissue impedance and using higher cur-
rent and lower voltage, which allow for tissue cooling [3]. By
measuring tissue impedance, devices can automatically adjust
voltage and current to ensure adequate hemostatic vessel seal-
ing whilst limiting the amount of lateral thermal spread [3, 4].
Devices can also use impedance measurement to automatically
switch off the current when hemostasis is achieved. ABVS de-
vices can be used on vessels and tissue bundles up to 7 mm
thick, compared to just 2 mm for cEBVS. Some devices have
an incorporated knife in the sealing jaws, which allows seal-
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Table 1. Inclusion and Exclusion Criteria for Evidence Included in the Review

Inclusion criteria

Exclusion criteria

People undergoing other
gynecological surgery
without concurrent
hysterectomy

Population People undergoing abdominal, laparoscopic, or vaginal hysterectomy for any indication
Intervention Advanced electrosurgical bipolar vessel sealing

Comparison/ Conventional sutures; monopolar electrosurgery; conventional

comparators EBVS; other advanced energy systems.

Outcome Blood loss; operative time; complications; length of hospital stay; patient reported pain;
measures required blood transfusion; health-related QoL; resource use; economic outcomes.
Study design We will prioritize the following study types, in the order listed:

1) Systematic reviews of randomized controlled trials.

2) Randomized controlled trials. 3) Non-randomized comparative trials. 4)

Single-arm (no control group) trials that report any relevant outcome.

We will only include evidence from “lower priority” sources where this is not reported
by a “higher priority” source. This could be because higher priority evidence: 1) Does
not cover all relevant populations; 2) Does not compare the technology of interest to all
relevant comparators; 3) Does not cover all outcomes of interest; 4) Reports over short-term
follow up periods, and longer follow up data is required to facilitate decision making.
Where relevant and well-conducted systematic reviews exist, we will use these

by: 1) Reporting or adapting their reported outcome measures where these are

fully relevant to the scope of our review, and appropriate synthesis methods

have been used; 2) Using these reviews as a source of potentially relevant

studies where the review cannot be used as a source of outcome data.

Search limits No date limits. English language only.

ing and dissecting of tissue with one instrument. The proposed
benefits of using ABVS during hysterectomy include reduced
blood loss, shorter operative times, quicker recovery for pa-
tients, and less time spent in hospital.

The aim of this rapid review was to examine the available
evidence to answer the review question “what is the clinical
and cost effectiveness of ABVS compared with standard care
for controlling intraoperative bleeding in hysterectomy to in-
form guidance on the use of ABVS for hysterectomy in NHS
Wales?”

Materials and Methods

Literature search

The systematic search followed Health Technology Wales’
(HTW) standard rapid review methodology [5]. Searches were
undertaken by an information specialist (EH) of Medline, Em-
base, CINAHL, KSR Evidence, Cochrane Library, and the
International Network of Agencies for Health Technology As-
sessment (INAHTA) HTA database. The searches were carried
out during September 12 - 17, 2024, with an update search of
all databases on February 3, 2025, with no date limits. At the
same time as the update search, forward citation searching of
the studies included in this review was conducted in Scopus.
All search strategies are available in Supplementary Material 1
(jcgo.elmerpub.com).

Study eligibility

Eligibility criteria used to select evidence are outlined in Ta-
ble 1. As this was a rapid review, article titles and abstracts
were screened for eligibility by one author (GMH). Full texts
of potentially relevant studies were screened by GMH against
the eligibility criteria. Where there was uncertainty about an
article’s inclusion, it was discussed with another author (NB).
Economic studies were screened by a single reviewer (RB)
and where there was uncertainty about inclusion, this was
discussed with another author (RM). Evidence from HTAs,
systematic reviews (SRs), and randomized controlled trials
(RCTs) was prioritized, in line with rapid review methodol-
ogy. Additionally, evidence was reviewed separately by type of
hysterectomy. Published studies in the English language were
eligible, with conference proceedings excluded. Formal risk of
bias assessment was not performed, according to HTW’s rapid
review methodology; however, comments on the reliability of
studies are included in data tables and highlighted as areas of
uncertainty.

Data extraction

Clinical and economic outcome data were extracted by GMH
and RB, respectively, and extraction was checked by NB and
RM. Data that were extracted included author, year, study
design, study period, setting, sample size, participant charac-

Articles © The authors | Journal compilation © ] Clin Gynecol Obstet and Elmer Press Inc™ | https:/jcgo.elmerpub.com 131


https://jcgo.elmerpub.com

ABVS in Hysterectomy: A Rapid Review

J Clin Gynecol Obstet. 2025;14(4):130-148

teristics, eligibility criteria, intervention, comparison, and out-
comes.

Outcomes reported in this review include blood loss, oper-
ative time, length of hospital stay (LOS), patient-reported pain,
complications, blood transfusions, and quality of life (QoL).

Data synthesis and meta-analysis

In this review, the meta-analysis of vaginal hysterectomy re-
ported by Balgobin et al [6] was updated and new pair-wise
meta-analyses were conducted for laparoscopic and abdominal
hysterectomy. Meta-analyses were performed using the meta
package in R version 4.4.1 with RStudio (PositSoftware, PBC).
Results were expressed as mean difference (MD) or standard-
ized mean difference (SMD) for continuous outcomes and as
risk ratios for requirement for blood transfusion. The 95% con-
fidence intervals (Cls) were reported, and results interpreted by
examining the effect size. Outcomes and studies that could not
be included in meta-analyses were synthesized narratively.

The MD and 95% Cl reported in the SR [6] were used for the
updated meta-analysis. For meta-analyses for laparoscopic and
abdominal hysterectomy, means and standard deviations (SDs)
were used to calculate MD and standard errors, which were then
used in the analyses. Where median and range were reported,
these were converted to mean and SD using methods developed
by Hozo et al [7]. For meta-analyses of operative time, total op-
erative times were used. For one study [8], missing data for total
operative time led to primary operative time being used.

Due to the identified between-study heterogeneity, ran-
dom effects models were used to pool effect sizes. For con-
tinuous outcomes, the restricted maximum likelihood estima-
tor method was used to calculate the heterogeneity variance
tau2. For dichotomous data, the inverse variance method was
used to calculate weightings, and the Paule-Mandel method
was used to calculate tau®. Hartung-Knapp adjustments were
used to calculate the CI around pooled effects.

Statistical heterogeneity was quantified using the I? sta-
tistic. Where high levels of heterogeneity were identified (I >
50%), we ran subgroup analyses if possible. Where not possible,
this has been noted as a source of uncertainty in the evidence.

Results

Literature search

A total of 2,622 titles and abstracts were screened (Supple-
mentary Material 2, jcgo.elmerpub.com). Eighty-four full texts
were screened and 17 (one HTA, one SR, and 15 RCTs) met
the eligibility criteria for this review.

For vaginal hysterectomy, one SR and meta-analysis was
identified comparing “pedicle sealing technologies” to suturing
[6]. Two RCTs were also identified [9, 10]. We re-ran the meta-
analysis from the SR to exclude non-randomized trials and stud-
ies of ultrasonic devices, and added one of the later RCTs [9]. Ten
RCTs [9, 11-19] were included in updated meta-analyses. Seven
studies investigated LigaSure (Medtronic Ltd, Minneapolis)

and three investigated BiClamp (Erbe Elektromedizin GmbH,
Tiibingen). One study [20] in Balgobin’s review was incorrectly
classified as an RCT; this study has been excluded. The study
by Ray et al [10] could not be included in the meta-analysis be-
cause results were reported as medians with interquartile range
(IQR). An HTA was identified [21]; however, clinical effective-
ness outcomes were not extracted due to overlap with the SR.
Results of the cost analysis in this HTA are discussed.

For laparoscopic hysterectomy, seven RCTs were identi-
fied. Studies compared LigaSure to cEBVS [8, 22, 23], Ul-
traCision harmonic shears [24] (Miconvey, Chongqing), and
unspecified harmonic scalpel and bipolar shears [25]. One
study compared EnSeal (Ethicon, New Jersey) to cEBVS [26],
and another compared BiCision (Erbe Elektromedizin GmbH,
Tiibingen) to UltraCision [27]. Due to the variety of devices,
meta-analysis was only possible for the four studies compar-
ing ABVS to cEBVS. Meta-analyses results and evidence from
remaining studies have been narratively synthesized.

For abdominal hysterectomy, six RCTs were identified
[28-33], all comparing LigaSure to suturing. New meta-analy-
ses were conducted for outcomes where data allowed.

Supplementary Materials 3 and 4 (jcgo.elmerpub.com)
give full details of included studies and outcomes are shown in
Table 2 [8-10, 22-33].

Vaginal hysterectomy

Operative time was statistically significantly shorter with ABVS
than suturing in meta-analyses (Fig. 1b). The pooled MD (n =
747) was -17.01 (95% CI: -27.50 to -6.52) min. The heterogene-
ity was very high (I = 96%), but all individual studies showed
significant benefit with ABVS. Subgroup analysis based on de-
vice type was performed. For BiClamp, operative time was not
statistically significantly different (MD -11.31 (95% CI: -33.99
to 11.37) min); however, it was statistically significantly short-
er with LigaSure compared to suturing (MD -20.06 (95% CI:
-36.24 to -3.88) min). Heterogeneity was still very high in both
subgroup analyses at [> = 97% and 94%, respectively.

There was no significant difference between ABVS and
sutures in the meta-analyses for blood loss or LOS. The
pooled MD in blood loss (n = 637) was -39.47 (95% CI:
-79.06 to 0.11) mL, with substantial heterogeneity (Fig. 1a).
The MD in LOS (n = 596) was -0.26 (95% CI: -0.58 to 0.05)
days (Fig. 1c). Heterogeneity was high in this analysis (I* =
88%); therefore, subgroup analysis was performed by ABVS
device. There was no statistically significant difference with
either device compared to suturing. Heterogeneity was very
high in the BiClamp subgroup (1> = 93%), and notably lower
in the LigaSure subgroup (I = 50%), suggesting most of the
heterogeneity in the main analysis came from studies exam-
ining BiClamp.

Six RCTs (n = 509) assessed postoperative patient-report-
ed pain. This was reported at several timepoints, and pooled
analyses were only possible at three of these. No details of
the used visual analogue scales (VAS) were reported. The
meta-analysis showed a significant difference in postoperative
pain at the “evening after surgery” timepoint, favoring ABVS
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a Author Mean Difference MD 95%-Cl Weight
Ahmed (2023) -277.50 [-432.02; -122.98] 2.5%
Elhao (2009) ; -130.00 [-427.09; 167.09] 0.7%
Cronje (2005) 8 -60.00 [-111.29; -8.71] 14.4%
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b Author Mean Difference MD 95%-Cl Weight
Leo (2012) -21.00 [-24.19;-17.81] 11.5%
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Clave (2003) -3.00 [-5.39; -0.61] 11.6%
Silva-Filho (2009) = -46.00 [-54.51;-37.49] 10.6%
Elhao (2009) - -32.50 [-39.69; -25.31] 10.9%
Levy (2003) —w-— -14.50 [-22.91; -6.09] 10.6%
Lakeman (2012) S -11.60 [-19.30; -3.90] 10.8%
Ahmed (2023) | -8.95 [-13.36; -4.54] 11.4%
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C
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Levy (2003) | -0.20 [-0.36;-0.04] 17.8%
Cronje (2005) 0.00 [-0.10; 0.10] 18.5%
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Leo (2012) - -0.90 [-1.15;-0.65] 16.3%
Clave (2003) i -0.30 [-0.50;-0.10] 17.3%
Zubke (2009) . 0.10 [-0.19; 0.39] 15.6%
Random effects model (HK) < -0.26 [-0.58; 0.05] 100.0%

1

Heterogeneity: 2= 88%, p < 0.01 ' ' ! '
83 2 1 0 1 2 3 Favors neither

Figure 1. Vaginal hysterectomy comparison of ABVS to conventional sutures: (a) blood loss (ml), (b) operative time (min), (c)
length of hospital stay (days). ABVS: advanced electrosurgical bipolar vessel sealing; Cl: confidence interval; HK: Hartung-
Knapp adjustment; MD: mean difference.
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timepoint =12

Clave (2003) 12 hours
Silva-Filho (2009) 12 hours
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Zubke (2009)

1 day
Clave (2003) 1 day
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Cronje (2005) 1 day
Ahmed (2023) 1 day
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+| -0.50 [-1.11; 0.11]

& -0.20 [-0.91; 0.51]

-2.00 [-2.29;-1.71]
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< -0.88 [-1.88; 0.11]

-1.80 [-2.17;-1.43]

0.11 [-0.00; 0.22]
I T 1 T ]
-10 -5 0 5 10

Figure 2. Vaginal hysterectomy comparison of ABVS to conventional sutures: patient-reported pain. Cl: confidence interval; HK:

Hartung-Knapp adjustment; MD: mean difference.

(Fig. 2). One study found statistically significantly lower
pain scores with ABVS compared with suturing at 1, 2, and
8 h postoperatively [17] and another favored ABVS at 2 days
postoperatively [9]. There was no significant difference in pain
scores at 12 h, 1 day or 6 weeks postoperatively. Heterogeneity
was high in the 12-h and 1-day meta-analyses (1> = 85% and
93%, respectively), whilst there was no heterogeneity in the
“evening after surgery” analysis.

Balgobin et al reported that the individual studies included
in their SR were insufficiently powered to detect differences in
complications [6]. Ahmed et al and Ray et al reported no statis-
tically significant difference in complication rates between Li-
gaSure and suturing [9, 10] (Supplementary Material 5, jcgo.
elmerpub.com).

The SR did not report blood transfusions. Ahmed et al re-
ported no blood transfusions in the LigaSure group and one in
the suturing group (P = 0.487) [9]. Neither the SR, nor the two

Articles © The authors | Journal compilation © ] Clin Gynecol Obstet and Elmer Press Inc™ | https:/jcgo.elmerpub.com

RCTs, reported QoL. In the study by Ray et al [10], there was
no significant difference in any outcomes (Table 2).

Laparoscopic hysterectomy

Results were analyzed separately for total (TLH) and subtotal
(SLH) laparoscopic hysterectomies. The meta-analysis found
no statistically significant difference in blood loss during TLH
between ABVS and cEBVS (Fig. 3a, n =275, MD -6.76 (95%
CI: -45.23 to 31.70) mL). There was no heterogeneity. When
results for all types of laparoscopic hysterectomy (TLH, SLH,
and laparoscopically-assisted vaginal hysterectomy (LAVH))
were pooled (n = 319), there was no significant difference in
blood loss and no heterogeneity. Three studies reported intra-
operative blood loss during SLH (Table 2). One found patients
experienced significantly less blood loss with EnSeal than cE-
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Author Surgery type Mean Difference MD 95%-Cl Weight
Batra et al. (2022) TLH —°|— -3.33 [-36.83; 30.17] 58.1%
Taskin et al. (2018) TLH —a -6.20 [-50.02; 37.62] 34.0%
Janssen et al. (2011) TLH ﬁ -73.30 [-214.17; 67.57] 3.3%
Janssen et al. (2011) SLH 53.30 [-146.96; 253.56] 1.6%
Janssen et al. (2011) LAVH -7.80 [-155.91;140.31] 3.0%

Random effects model
Heterogeneity: = 0%, p =0.87

-5.82 [-25.95; 14.32] 100.0%
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I 1 l T 1
-200 -100 0 100 200 Favors neither

Author Surgery type Mean Difference MD 95%-Cl Weight

Batra et al. (2022) TLH -22.64 [-27.17;-18.11] 19.3%

Tagkin et al. (2018) TLH ] -29.30 [-42.95;-15.65] 18.0%

Janssen et al. (2011) TLH -6.90 [-25.52; 11.72] 16.9%
O

Rothmund et al. (2013a) SLH -8.13 [-18.87; 2.61] 18.6%

Janssen et al. (2011) SLH <J+> 49.80 [ 20.20; 79.40] 14.1%

Janssen et al. (2011) LAVH - 10.90 [-22.67; 44.47] 13.0%

Random effects model
Heterogeneity: I? = 85%, p <0.01

-3.90 [-32.62; 24.81] 100.0%

N B S N |
-300  -100 0 100200300 Favors neither

Author Surgery type Mean Difference MD 95%-Cl Weight
Taskin et al. (2018) TLH 4+ -0.20 [-0.68; 0.28] 6.0%
Batra et al. (2022) TLH -0.22 [-0.51; 0.07] 16.4%
Janssen et al. (2011) TLH 0.10 [-0.32; 0.52] 7.7%

Rothmund et al. (2013a) SLH -0.16 [-0.30; -0.02] 68.2%

Janssen et al. (2011) SLH é>‘ -1.50 [-2.66;-0.34] 1.0%

Janssen et al. (2011) LAVH —

1.00 [-0.38; 2.38] 0.7%
Random effects model -0.16 [-0.37; 0.05] 100.0%
Heterogeneity: 12 = 47%, p =0.09
-5 0 5 Favors neither
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Figure 3. Laparoscopic hysterectomy comparison of ABVS to conventional EBVS: (a) blood loss (mL), (b) operative time (min),
(c) length of hospital stay (days). Cl: confidence interval; LAVH: laparoscopically-assisted vaginal hysterectomy; MD: mean dif-
ference; SLH: subtotal laparoscopic hysterectomy; TLH: total laparoscopic hysterectomy.
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BVS [26]. When comparing BiCision to UltraCision harmonic
scalpel, another study found the overall intraoperative blood
loss score was significantly lower with BiCision (1.07 £+ 0.25
vs. 1.63 + 0.49, P < 0.0001), indicating less blood loss [27]. In
contrast, the third study found higher blood loss with LigaSure
than cEBVS during SLH, but statistical significance was not re-
ported [22]. Janssen et al reported intraoperative blood loss dur-
ing LAVH was 7.8 mL lower with LigaSure than cEBVS [22].

Meta-analysis of studies comparing ABVS to cEBVS dur-
ing TLH showed operative time was significantly shorter with
ABVS (Fig. 3b,n=275, MD -22.47 (95% CI: -34.90 to -10.05)
min), with moderate heterogeneity (1> = 45%). Operative time
was shorter with LigaSure when comparing to harmonic scal-
pel and bipolar shears during TLH; however, no statistical
analyses were reported [25]. Two studies, comparing ABVS to
cEBVS during SLH (n = 183), were included in meta-analyses
(Fig. 3b). Operative time was not statistically significantly dif-
ferent (MD 19.13 (95% CI: -348.27 to 386.52) min). Hetero-
geneity was very high (I> = 92%) and these studies used differ-
ent ABVS devices. In a self-controlled study, Rothmund et al
found no significant difference between BiCision and UltraCi-
sion in surgical time from first coagulation and cutting of cor-
nual structures until complete preparation of each parametrial
side during SLH (Table 2) [27]. However, Ashraf et al found
SLH took less than half the time with LigaSure compared to
UltraCision (64.15 + 12.02 vs. 138.25 + 23.41 min, P < 0.005)
[24]. Rothmund et al also reported differences in a breakdown
of SLH surgical time [26]. Two of these timeframes were not
significantly different, but the time from first coagulation and
cutting of cornual structures to complete preparation of each
parametrial side directly before cervical detachment was sig-
nificantly shorter with EnSeal than cEBVS (MD -11.33 (95%
CI: -17.84 to -4.83) min, P <0.001). Janssen et al reported both
total operative time and operative time to detachment of the
uterus were longer with LigaSure than cEBVS during LAVH
[22]. Meta-analysis of TLH, SLH, and LAVH combined (Fig.
3b, n = 479) found no statistically significant difference in op-
erative time between ABVS and cEBVS (MD -3.90 (95% CI:
-32.62 to 24.81) min, I> = 85%)).

There was no significant difference in LOS in the meta-
analyses of all types of laparoscopic hysterectomy combined
(n=479), TLH alone (n = 275), or SLH alone (n = 183) with
ABVS or cEBVS (Fig. 3¢). One study found no significant dif-
ference between LigaSure and UltraCision during SLH (1.65
+ 0.58 vs. 2.00 £ 1.52 days, P = 0.354) [24]. LOS in a study
comparing LigaSure with harmonic scalpel and bipolar shears
were similar; however, no statistical analyses were reported
[25]. For LAVH, LOS was 1 day shorter after LigaSure com-
pared with cEBVS [22].

Two studies reported postoperative pain. No statistically
significant differences in patient-reported pain were found af-
ter TLH with either LigaSure or cEBVS at 8 or 24 h [23] (Ta-
ble 2). There were no significant differences between EnSeal
and cEBVS at 1, 2, and 3 days after SLH [26] (Table 2). Pain
scores were mild for both groups in each study.

Low numbers of complications were reported in all studies
and numbers were generally similar between groups (Supple-
mentary Material 5, jcgo.elmerpub.com), with no statistically
significant differences reported [8, 22, 24]. In the self-con-

trolled study comparing SLH with BiCision or UltraCision,
two patients reported bleeding during follow-up [27]. How-
ever, as patients acted as their own controls, it is not possible
to attribute complications to either intervention.

One study found two patients required blood transfusion
during TLH with LigaSure compared to four with cEBVS (P
= 0.669) [23]. No transfusions were required in either group
in the study comparing SLH with EnSeal or cEBVS [26]. No
patients in the self-controlled study comparing BiCision and
UltraCision required blood transfusion [27].

No evidence on QoL was identified.

Abdominal hysterectomy

Meta-analyses found statistically significant differences in fa-
vor of LigaSure over suturing for intraoperative blood loss and
the risk of requiring a blood transfusion. The pooled MD in
blood loss (n =307) was -162.10 (95% CI: -243.92 to -80.28)
mL (Fig. 4a) with high heterogeneity (1> = 85%). The pooled
risk ratio for requiring blood transfusion (n = 295) was 0.34
(95% CI: 0.24 to 0.49), indicating a lower risk when LigaSure
is used compared to suturing (Fig. 4d). There was no hetero-
geneity in this analysis; however, there was no significant dif-
ference in the number of blood transfusions that occurred in
either group in all four studies.

Meta-analyses estimated no significant difference between
LigaSure and suturing for operative time (Fig. 4b, n =395, MD
-9.14 (95% CI: -25.26 to 6.99) min), LOS (Fig. 4c, n =395, MD
-0.67 (95% CI: -1.64 to 0.30) days), or patient-reported pain at
“evening after surgery”, 1-day, 2-day, and 6-week timepoints
(Fig. 5). Heterogeneity was substantial or high for all analyses,
except patient-reported pain at 6 weeks for which there was no
heterogeneity. Differing VAS were used to assess postoperative
pain, therefore SMD was used in the meta-analysis. Single stud-
ies showed no significant difference in pain scores immediately
postoperatively [28], at 4 h [33], and days 3 to 7 and 14 [31].
However, one study found scores were significantly lower in the
LigaSure group at 6, 8, and 12 h postoperatively (P =0.0001 for
all) [33]. One study reported modal patient pain scores at days 1,
2, and 3 postoperatively and scores were higher in the suturing
group at all timepoints [29] (Table 2).

Five studies reported complications during or after ab-
dominal hysterectomy and similar rates were reported in all
studies [28, 30-33] (Supplementary Material 5, jcgo.elmerpub.
com). These were generally events such as wound infection,
injury to adjacent structures, or bleeding. No statistically sig-
nificant differences in complication rates were reported.

One RCT assessed QoL after ABVS or sutures and scores
were similar across all RAND-36 domains for both groups at
6 months postoperatively [31]. However, full data were not
reported.

Economic literature review

Of 2,622 articles screened, four were deemed potentially rel-
evant from an economic perspective. Full texts of these stud-
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Author
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Shady et al. (2021)
Mohamed et al. (2020)
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Heterogeneity: 2= 85%, p <0.01 '

P S
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-162.10 [-243.92; -80.28] 100.0%
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Author
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Aydin et al. (2012)
Hagen et al. (2005)

Random effects model (HK)

Heterogeneity: e 64%, p = 0.02
-10

Author

Shady et al. (2021) ——

Mean Difference

Mean Difference

MD 95%-Cl Weight

-34.51 [-39.88; -29.14] 17.9%
-14.86 [-27.95; -1.77] 15.3%
-8.20 [-11.32; -5.08] 18.3%
-6.70 [-11.21; -2.19] 18.0%
6.00 [-6.19; 18.19] 15.7%
7.20 [-6.99; 21.39] 14.9%

-9.14 [-25.26; 6.99] 100.0%

Favors neither

MD 95%-Cl Weight

-1.86 [-2.91;-0.81] 18.8%
-1.00 [-3.87; 1.87] 4.9%
-1.00 [-1.62;-0.38] 26.0%
-0.20 [-0.65; 0.25] 28.8%
-0.03 [-0.97; 0.91] 20.4%

410 [-2.19;10.39] 1.2%

-0.67 [-1.64; 0.30] 100.0%

Aydin et al. (2012)

Lakeman et al. (2008)
Dubey et al. (2023)

Random effects model
Heterogeneity: I = 0%, p =0.99

|
10 Favors neither

RR 95%-Cl Weight

0.25 [0.03; 2.15] 26.1%
0.33 [0.01;7.96] 12.0%
0.35 [0.01; 8.12] 12.1%
0.40 [0.08; 1.90] 49.7%

0.34 [0.24; 0.49] 100.0%

Favors ABVS

Figure 4. Abdominal hysterectomy comparison of ABVS to conventional suturing: (a) blood loss (mL), (b) operative time (min), (c)
length of hospital stay (days), (d) blood transfusion required. For length of hospital stay reported by Dubey, only means for each
group and a P value of 0.000 were reported; the MD and standard error were estimated by taking a conservative exact P value
of 0.00049. ABVS: advanced electrosurgical bipolar vessel sealing; Cl: confidence interval; HK: Hartung-Knapp adjustment; MD:

mean difference; RR: risk ratio.
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Figure 5. Abdominal hysterectomy comparison of ABVS to conventional suturing: patient-reported pain. Cl: confidence interval;
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SMD

-0.21

-0.26

-1.83

-2.75

-3.89

-1.37
-0.72
-2.69
-4.62
-2.33

-0.60
-1.64
-1.12

-0.65

-0.23

-0.68

-0.14

-0.16

-0.11

0.06
-0.25
-0.11

-0.70
-3.13
-1.90

-15-10 5 0 5 10 15

95%-Cl

[-0.63; 0.21]

[-0.67; 0.16]

[-2.33; -1.34]

[-3.34; 2.17]

[ -4.60; -3.18]

[-1.84; -0.91]
[-1.26; -0.19]
[-3.34; -2.03]
[-5.42; -3.81]
[ -5.05; 0.39]

[-1.13;-0.07]
[-2.19; -1.10]
[-7.73; 5.50]

[-1.18:-0.11]

[-0.75; 0.29]

[-1.21;-0.14]

[-0.66; 0.38]

[-0.68; 0.36]

[-0.62; 0.41]

[-0.46; 0.58]
[-0.72; 0.22]
[ 2.10; 1.88]

[-1.23;-0.16]
[-3.84; -2.42]
[-17.39; 13.58]
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Table 3. Summary of the Included Economic Study

Study details Study pOPul.a- Data sources Results Quality assessment
tion and design
Author and year: ~ Population: Source of Base case cost results compared Applicability: directly applicable
Peirce 2007 [21] people undergoing  resource use to traditional suturing: Limitations
Country: UK removal of the and cost data: BOWA, Arc350L This study has potentially

Type of economic
analysis: cost-
consequence
analysis
Perspective: NHS
perspective
Currency: £ GBP
Price year: 2007
Time horizon:
immediate surgical
period only
Discounting: NA
Potential conflict
of interest:

none reported

uterus and ovaries
(hysterectomy)

for benign
conditions carried
out vaginally.
Intervention:
ABVS
Comparator:
traditional suturing
Study design: study
collects costs data
on ABVS systems
and compares this
to potential savings
in costs associated
with hospital stay
and sutures, based
on expert opinion.

costs of the
ABVS systems
based on costs
provided by five
manufacturers.
Costs per
hospital bed

per day sourced
from PSSRU.
Costs of sutures
sourced from
Cardiff and Vale
NHS Trust.
Costs of
decontamination
of ABVS
instruments
from NHS
PASA.

Expert opinion
(three UK
experts) used for
estimated length
of hospital stay
per intervention.
Reduction in
sutures based
on outcomes
reported by
Cronjé [11].

Generator cost: £11,163
Forceps cost per case: £88
ERBE VIO

Generator cost: £14,635
Forceps cost per case: £14
Gyrus, PK

Generator cost: £9,307
Forceps cost per case: £241
Gyrus, PK SuperPulse
Generator cost: £15,884
Forceps cost per case: £241
Gyrus, PK (loan generator)
Generator cost: -

Forceps cost per case: £241
Valleylab, LigaSure
Generator cost: £16,679
Forceps cost per case: £159
Valleylab, LigaSure (loan)
Generator cost: -

Forceps cost per case: £159
Valleylab, Triad

Generator cost: £28,131
Forceps cost per case: £159
Matin, maXium

Generator cost: £14,727
Forceps cost per case: £23

Savings in suture costs per case: £10.58
Savings per case if patient stay reduced by:

1 day: £243
2 days: £486
3 days: £729

serious limitations:

1) Clinical evidence found large
variations in reduced hospital
stay with ABVS, ranging from

0 to 5 days; however, statistical
significance is not reported.
Expert opinion suggested a
difference of around 1 - 1.5 days.
The cost analysis only evaluated
savings associated with between
1 and 3 reduced hospital days.

2) Savings associated with
operating times was not included
within analysis due to theater
schedules being fixed in duration.
3) It is not reported whether

the reduced number of sutures

in the analysis is based off
statistically significant outcomes.
4) Cost per case has not been
calculated for the ABVS systems
and so it is difficult to quantify
if the intervention will be overall
cost saving or cost incurring
based on the assumptions.

5) No sensitivity or

scenario analyses have been
undertaken in the analysis.

ABVS: advanced electrosurgical bipolar vessel sealing; PSSRU: Personal Social Services Research Unit; PASA: Purchasing and Supply Agency.

ies were reviewed against eligibility criteria and one study, an
HTA by the Centre for Evidence-based Purchasing (Table 3),
was included [21].

Informed by a literature review and expert opinion, a cost-
consequence analysis was conducted from the UK perspective
to compare ABVS use to suturing during vaginal hysterectomy.

Within their literature review, three RCTs reported a reduced
LOS with ABVS compared to suturing. However, due to vari-
ations reported in expected reductions, this input was informed
by three UK experts. The economic analysis explored potential
cost savings associated with a reduced LOS of 1, 2 or 3 days.

The analysis considered using ABVS would reduce the
number of sutures required by six per case [11]. Although the
literature review noted significant reductions in procedure time
with ABVS, this was not assumed to translate to cost savings
due to the rationale that theater schedules are fixed in duration,
and so reduced operating time would not impact the number of
surgeries performed.

Costs for ABVS systems were provided by manufacturers
and include the system itself, reusable handpieces, and single
use forceps or electrodes. Decontamination of instruments was
assumed to cost £1.05 each. The daily cost of a hospital bed was
sourced from the Personal Social Services Research Unit, and
suture costs were sourced from Cardiff and Vale NHS Trust.

Results of the analysis demonstrate high upfront costs as-
sociated with the purchase of ABVS systems, ranging from
£9,307 to £28,131 for the generator, and between £14 and
£241 for forceps per case. However, cost savings associated
with sutures of £10.58 per case could be realized using ABVS.
A reduced LOS of 1, 2 or 3 days could reduce costs by £243,
£486 or £729, respectively.

Discussion

Overall, our pooled findings show the clinical effectiveness of
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ABVS appears to be non-inferior to sutures during vaginal or
abdominal hysterectomy and to cEBVS or other energy-based
vessel sealing devices during laparoscopic hysterectomy.
ABVS use may lead to lower blood loss during abdominal
hysterectomy and SLH, shorter operative time during vaginal
hysterectomy and TLH, and lower risk of requiring a blood
transfusion during abdominal hysterectomy. Patient-reported
pain seems to be lower in the first few hours after abdominal
or vaginal hysterectomy with ABVS compared to suturing;
however, this effect diminishes by 1 day postoperatively. LOS
and complication rates are similar between ABVS and com-
parators for all routes of hysterectomy. Patient-reported pain
is also similar between ABVS and other energy devices after
laparoscopic hysterectomy.

Comparison of our findings with those of other SRs shows
variability in the reported performance of ABVS devices for
hysterectomy, though performance generally seems to be simi-
lar to suturing or other energy devices. Balgobin et al [6] in-
cluded RCTs and observational studies in their meta-analysis
comparing ABVS and ultrasonic devices to suturing during
vaginal hysterectomy, and found that the devices led to sig-
nificant improvements in blood loss, operative time, LOS, and
patient-reported pain at several timepoints. This is different to
our findings that only operative time was significantly better
with ABVS, as well as patient-reported pain at some earlier
timepoints. Observational studies and studies on ultrasonic de-
vices accounted for between 43% and 50% of the weighting
in Balgobin et al’s meta-analyses and several of these reported
the largest effect sizes in favor of ABVS/ultrasonic devices,
thus this may account for the difference in findings. Another
recent SR of vaginal hysterectomy included a network meta-
analysis of RCTs and observational studies [34]. Pairwise
comparisons of BiClamp and LigaSure to clamping/suturing
of vessels found significant differences in favor of ABVS for
total operative time with LigaSure, blood loss for both devices,
and pain at 24 h postoperatively for LigaSure.

No SRs looking solely at ABVS during abdominal hys-
terectomy were identified; however, there is a meta-analysis
including vaginal (10 studies), abdominal (two studies), and
laparoscopic (one study) hysterectomies [35]. This review ex-
amined RCTs of several methods to control bleeding and found
that LigaSure led to significantly reduced blood loss compared
to suturing for all types of hysterectomy combined. Howev-
er, this reduction was not statistically significant in subgroup
analyses of vaginal and abdominal hysterectomies. Addition-
ally, some included studies were misclassified as investigating
cEBVS though they used LigaSure, thus these studies’ results
are missing from the meta-analysis estimates. There were er-
rors in all of the SRs discussed above, including misclassifica-
tion of studies or interventions, inappropriate pooling of stud-
ies, and errors in reporting results.

For laparoscopic hysterectomy, there have been two recent
meta-analyses. Both included RCTs and observational studies
but included fewer RCTs comparing ABVS to other methods
than we identified. Zorzato et al pooled studies comparing
ABVS and cEBVS for TLH (two RCTs, two observational
studies) [36]. One RCT investigated ABVS during vaginal
natural orifice transluminal endoscopic surgery (VNOTES)
and was excluded from our analyses. The meta-analyses found

blood loss and operative time were significantly lower with
ABVS; however, the study on vNOTES contributed a large
proportion of the weighting. There was no significant differ-
ence in LOS. Horton et al included two RCTs and two ob-
servational studies comparing LigaSure to cEBVS, one RCT
and one observational study comparing EnSeal to cEBVS, and
three observational studies comparing PlasmaKinetic to cE-
BVS in their meta-analyses [37]. The authors did not pool the
different ABVS devices together and found that blood loss and
operative time were significantly lower with PlasmaKinetic
but not significantly different with LigaSure or EnSeal. Our
meta-analyses only found a significant difference in opera-
tive time for TLH, with ABVS being quicker. Some individual
studies also found significant differences in outcomes.

There are several areas of uncertainty from the evidence
identified. Studies measured outcomes in different ways, in-
cluding using different start and end points for operative time
or LOS calculations, using different methods to evaluate
blood loss, and using varying VAS for patient-reported pain.
Some results may not be comparable for some outcomes and
details of how outcomes were measured are missing from sev-
eral studies. Several studies are described as underpowered
to detect differences in outcomes and it is uncertain whether
some statistically significant differences would be considered
clinically significant and lead to modifications or improve-
ments in clinical practice. The majority of included studies
investigated LigaSure (19 of 24 RCTs); it is unclear whether
other devices’ performance would be similar to LigaSure. Ad-
ditionally, due to the age of some studies, these may have used
older generations of ABVS technology that may not have the
same performance standards as currently available devices.
For vaginal hysterectomy and abdominal hysterectomy, only
studies comparing ABVS to suturing were identified. It is
therefore unknown how ABVS compares to other methods of
vessel sealing; however, suturing is the most commonly used
method in these procedures. For laparoscopic hysterectomy,
ABVS is already commonly used and only studies compar-
ing ABVS to cEBVS or other energy devices were identified.
Most studies only included patients undergoing hysterectomy
for benign conditions; only two studies included patients with
malignant disease. Therefore, the generalizability of evidence
to patients undergoing hysterectomy for malignant disease is
uncertain.

The identified economic analysis does not provide a cost
per case of ABVS systems, and so it is not possible to estimate
whether they are likely to be overall cost saving or cost incur-
ring. It is uncertain whether outcomes used in the analysis are
based on statistically significant differences identified in the
clinical evidence review. Additionally, no sensitivity analyses
are presented, so uncertainty has not been captured.

Limitations

This rapid review is subject to inherent limitations of rapid re-
view methodology. Having a single reviewer sifting the litera-
ture and extracting data means a risk of some relevant studies
and outcomes being missed. Checking by a second reviewer
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and consulting subject experts on relevant additional studies
were in place to mitigate this. There were also several limits
to our eligibility criteria that may have led to potentially rel-
evant studies being excluded. Due to the large evidence base
available, we restricted to SRs and RCTs; however, there is a
large body of observational evidence as seen in other recent
SRs. This has led to some differences in the results of our
meta-analyses compared to others, though we have included
studies that should be at lower risk of confounding factors. We
have not performed formal risk of bias assessment, in line with
HTW?s rapid review methodology, thus this cannot be com-
mented on. There was substantial heterogeneity in the majority
of meta-analyses reported in this review and subgroup analysis
was only possible in certain cases to assess the impact of this.

Conclusions

The use of ABVS during hysterectomy may lead to some im-
proved outcomes compared to suturing or other energy devices;
however, many outcomes are similar between ABVS and other
methods. A lack of economic evidence means economic conse-
quences are uncertain. Use of ABVS devices should be based on
the type of hysterectomy performed, the potential complexity
of individual patients, and surgeons’ familiarity/skill/preference.
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