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Comparative Studies of Energy Sources in Gynecologic Laparoscopy
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ABSTRACT Energy sources incorporating ‘‘vessel sealing’’ capabilities are being increasingly used in gynecologic laparoscopic surgery
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although conventional monopolar and bipolar electrosurgery remain popular. The preference for one device over another is
based on a combination of factors, including the surgeon’s subjective experience, availability, and cost. Although comparative
clinical studies and meta-analyses of laparoscopic energy sources have reported small but statistically significant differences
in volumes of blood loss, the clinical significance of such small volumes is questionable. The overall usefulness of the various
energy sources available will depend on a number of factors including vessel burst pressure and seal time, lateral thermal
spread, and smoke production. Animal studies and laboratory-based trials are useful in providing a controlled environment
to investigate such parameters. At present, there is insufficient evidence to support the use of one energy source over another.
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The use of new-generation energy sources in gynecologic
laparoscopy is steadily increasing. In addition to conven-
tional monopolar and bipolar electrosurgery, many surgeons
use advanced bipolar ‘‘vessel sealers’’ that incorporate tissue
feedback monitoring or devices that use ultrasonic technol-
ogy to both seal vessels and transect tissue. The tissue effects
of these instruments are summarized in Table 1. The choice
of instrumentation may vary according to the nature of the
surgical task being performed and additionally may be influ-
enced by various factors including previous training or expe-
rience, the availability and cost of instrumentation, relative
tissue transection/hemostatic properties of the instrument,
the degree of anticipated pathology in the tissues, and indus-
try marketing. Ideally, the decision to use a particular energy
source should be based on the results of well-designed ran-
domized controlled clinical trials. However, there are only
a limited number of such clinical studies in general surgery,
and even fewer such studies for gynecologic laparoscopic
surgery. Comparative laboratory-based and animal studies
are also useful in providing a controlled environment to in-
vestigate various properties of energy sources available for
laparoscopic surgery. This article reviews the comparative
literature on laparoscopic energy sources with an emphasis
on their usefulness in gynecologic surgery.
Methods

Although there are many comparative clinical studies and
3 meta-analyses of the performance of laparoscopic energy
sources in colectomy [1], cholecystectomy [2], and general
surgery [3] published in the medical literature, we are un-
aware of similar systematic reviews in gynecologic laparos-
copy. We searched the National Library of Medicine’s
Medline and the Cochrane Library databases (1946 to
October 1, 2012) for comparative clinical trials of energy
sources in gynecologic patients. We used the following
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Table 1

The main classes of laparoscopic energy sources and their tissue

effects [37]

Energy Source Tissue Effects

Monopolar electrosurgery Vaporization (tissue transection),

fulguration, desiccation, coaptation*

Conventional bipolar

electrosurgery

Desiccation, coaptation

Advanced bipolar

technologyy
Desiccation, coaptation, tissue

transectionz

Ultrasonic technology Desiccation, coaptation, mechanical

tissue transection

* Vessel sealing achieved with coagulation and compression.
y Activation time limited by tissue-response feedback.
z Transection with incorporated blade or bipolar energy.
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search strategy: randomized controlled trial/ or ‘‘random-
ized’’ or ‘‘randomized’’ or prospective studies/ or ‘‘prospec-
tive’’ AND ‘‘monopolar’’ or ‘‘bipolar electrosealing device’’
or ‘‘bipolar electrosurgery’’ or ‘‘bipolar vessel sealing sys-
tem’’ or ‘‘tripolar’’ or ‘‘EBVS’’ or ‘‘electrothermal bipolar
coagulation’’ or ‘‘electrothermal bipolar vessel sealer’’ or
‘‘electrothermal bipolar vessel sealing system’’ or ‘‘electro-
thermal vessel sealing’’ or ‘‘energized vessel sealing’’ or
‘‘energy-based vessel ligation’’ or ‘‘vessel sealer’’ or ‘‘vessel
sealing’’ or ‘‘LSVS’’ or ‘‘LigaSure’’ or ‘‘EnSeal’’ or ‘‘(Gyrus
and bipolar)’’ or ‘‘Harmonic Scalpel’’ or ‘‘Harmonic shears’’
or ‘‘Harmonic ACE’’ or ‘‘SonoSurg’’ or ‘‘ultrasonic vessel
sealer’’ or ‘‘ultrasonic sealer’’ or ‘‘ultrasonic coagulating
shears’’ or ‘‘Thunderbeat’’ or ‘‘AutoSonix’’ AND gynecol-
ogy/ or ‘‘gynecology’’ or ‘‘gynaecology’’ or ‘‘hysterectomy’’
or ‘‘myomectomy’’ or ‘‘endometriosis’’ or ‘‘ovarian cystec-
tomy’’ or ‘‘oophorectomy’’ AND laparoscopy/.

This search identified 22 abstracts, which were screened
independently by the 2 authors. Animals studies (n 5 3),
hysteroscopic studies (n 5 2), and studies that did not com-
pare 2 or more energy sources (n5 9) were excluded. Eight
comparative clinical trials in energy sources relating to lap-
aroscopic gynecologic surgery were identified. Table 2 sum-
marizes the relevant key findings of these studies. These data
were analyzed and compared with data from meta-analyses
on laparoscopic colectomy [1], cholecystectomy [2], and
general surgery [3].

Of the 8 studies, 2 were randomized controlled trials,
2 were nonrandomized trials, and 4 were retrospective
comparative studies (Table 2). Seven studies related to
benign gynecologic conditions [4–10], and 1 study was
undertaken in women with cervical cancer [11]. With the ex-
ception of 1 study comparing 2 vessel sealing devices
(Harmonic Scalpel [Ethicon Endo-Surgery, Cincinnati,
OH] vs LigaSure [Covidien, Mainsfield, MA]) [6], the re-
maining 7 studies compared vessel sealing devices with con-
ventional electrosurgery [4,5,7–11].
Downloaded from ClinicalKey.com at Cleveland 
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Results and Discussion

Clinical Comparative Studies

This is the first review in the literature looking at compar-
ative clinical trials of energy sources in laparoscopic gyne-
cologic surgery. A Cochrane review has been published on
energy source instruments for laparoscopic colectomy [1],
and meta-analyses on the performance of laparoscopic
energy sources in cholecystectomy [2] and general surgery
[3] have also been published. However, given the lack of ran-
domized studies in gynecologic surgery, a meta-analysis of
the few studies relating to gynecologic procedures would
not yield useful information. Moreover, although such
meta-analyses can offer a comparison of different broad
categories of vessel sealers, they cannot be used to show sig-
nificant differences between specific instruments. Six ran-
domized controlled trials (N 5 446) were included in the
Cochrane review on various energy sources for laparoscopic
colectomy, but a major limitation of this meta-analysis is the
heterogeneity of the studies [1]. Furthermore, the authors
considered LigaSure, Gyrus PlasmaKinetic (PK; Gyrus
ACMI, Maple Grove, MN), and EnSeal (Ethicon Endo-
Surgery, Cincinnati, OH) collectively as ‘‘electrothermal bi-
polar vessel sealers’’ although laboratory-based trials (see
later) and clinical experience indicate that each of these de-
vices has a different profile of efficacy for the range of eval-
uated parameters.

A systematic review has previously reported on LigaSure
versus other energy sources and included gynecologic and
nongynecologic studies [3]. Results from nongynecologic
studies may not always be generalizable to gynecologic pro-
cedures. For example, fewer vessels need to be sealed during
a hysterectomy compared with a left colectomy. Accord-
ingly, the total time saved by using vessel sealing devices in
laparoscopic gynecologic surgery may not be as significant
as in colorectal surgery. A review of the clinical data on blood
loss, operating time, postoperative pain, and complications
from comparative clinical studies of laparoscopic energy
sources follows.

Blood Loss
One of the purported advantages of the modern vessel

sealers is the reduction of intraoperative blood loss. Seven
of the 8 comparative studies in gynecologic laparoscopy
reported data on blood loss [4–9,11]. Because of the
heterogeneity of the surgical procedure among the studies,
and the differing energy sources used in the studies, it is
not possible to pool data from these studies (Table 2). Of
the 2 randomized controlled trials in gynecologic surgery,
one showed no significant difference in intraoperative blood
loss (234.1 vs 273.1 mL, p 5 .46) [4], whereas the other
showed a statistically significant difference of 47.6 mL
(135.26 89.1 vs 182.86 116.8 mL, p5 .004) [5]. The study
that showed no significant difference in blood loss was for
total laparoscopic hysterectomy (TLH) using LigaSure ver-
sus conventional bipolar forceps [4]. The study showing
Clinic Foundation - Weston May 13, 2016.
Copyright ©2016. Elsevier Inc. All rights reserved.



Table 2

Comparative trials on energy sources in gynecologic laparoscopy

Authors Study design Sample size Procedure Study groups Relevant key findings

Janssen et al., 2011 [4] Randomized

controlled trial

140 Laparoscopic hysterectomy LS vs CB Operating time from skin incision to detachment of uterus: 97.6 vs 91.8

minutes (p 5 .39)

Total operating time: 148.1 vs 142.1 minutes (p 5 .46)

Intraoperative blood loss: 234.1 vs 273.1 mL (p 5 .46)

Litta et al., 2010 [5] Randomized

controlled trial

160 Laparoscopic myomectomy HS vs EV Post-operative pain: at 24 hours (VAS 0 to 10): 4.4 6 1.1 vs 5.6 6 0.8

(p , .001) (at 48 hours: no significant difference)

Operation time: 71.8 6 26.7 vs 88.8 6 35.5 minutes (p , .0001)

Intraoperative blood loss: 135.2 6 89.1 vs 182.8 6 116.8 mL (p 5 .004)

Blood transfusion rate: no transfusions in either group

Myoma recurrence rate: no recurrence in any patient (6-month follow-up)

Demirturk et al., 2007 [6] Retrospective

comparative study

40 TLH 1 BSO LS vs HS Operation time: 59.57 6 3.71 vs 90.95 6 5.73 minutes (p , .001)

Blood loss: 87.76 6 25.48 vs 152.63 6 60.90 mL (p , .001)

Lee et al., 2007 [11] Retrospective

case-control study

76 Laparoscopic radical

hysterectomy with pelvic

lymphadenectomy

PK vs CB Blood loss: 397 vs 564 mL

Blood transfusion rate: no significant difference

Operation time: 172 vs 229 minutes (p , .001)

Postoperative complications: less for PK

Wang et al., 2005 [7] Prospective,

nonrandomized trial

62 LAVH PK vs CB Operation time, blood loss, transfusion rate, length of hospital stay:

no significant difference

Ou et al., 2004 [8] Retrospective

comparative study

50 PM

73 CB

TLH PM vs CB Blood loss: less for PM cost per case: $70 more per case for PM

Ou et al., 2002 [9] Retrospective

cohort study

168 Laparoscopic myomectomy Uterine incision

using HS vs CM

Blood loss: 243 vs 378 mL (p , .01)

Holub et al., 2002 [10] Nonrandomized

controlled trial

60 TLH C-reactive protein, interleukin-6, creatine kinase, white blood cell

count: no significant difference

CB 5 conventional bipolar; CM 5 conventional monopolar; EV 5 electrosurgery with vasoconstrictive solution (epinephrine); HS 5 Harmonic Scalpel; LAVH 5 laparoscopically assisted vaginal hysterectomy; LS 5 LigaSure;

PK 5 PlasmaKinetic pulsed bipolar system; PM 5 PlasmaKinetic multifunction cutting forceps and monopolar spatula electrode; TLH 5 total laparoscopic hysterectomy.
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a difference in blood loss was in laparoscopic myomectomy
using the Harmonic Scalpel compared with conventional
electrosurgery [5].

For laparoscopic colectomy, a Cochrane review has re-
ported that advanced bipolar technologies and ultrasonic
shears are associated with better hemostatic control. How-
ever, even though the blood loss with the ultrasonic energy
source was less than the blood loss with monopolar scissors,
the difference was only 42 mL [1]. An industry-sponsored
meta-analysis of 29 prospective randomized trials in general
surgery comparing LigaSure (n 5 1107) with either clamp-
ing with suture ligation/monopolar electrosurgery (n 5
1079), or ultrasonic energy also reported that LigaSure
was associated with 43 mL less blood loss (95% confidence
interval [CI], 14–73 mL; p 5 .0021) [3].

Such small volumes, even though statistically significant,
are unlikely to make clinically significant differences to pa-
tient outcomes. A statistically significant difference in trans-
fusion rates would be more clinically relevant. Three
gynecologic comparative studies reported on transfusion
rates, and none showed any significant difference in transfu-
sion rates [5,7,11].

In contrast, a retrospective comparative study of open
radical hysterectomy and pelvic lymphadenectomy reported
a significantly lower transfusion rate of 5.6% (1/18) in the
LigaSure group compared with 40.3% (27/67) in the tradi-
tional clamping and suture ligation group [12]. The fact
that this was a study of open surgery, and the retrospective
nature of this study, limit the relevance of this finding to gy-
necologic laparoscopy.

Operating Time
The other purported advantage of modern laparoscopic

energy sources is a decreased operating time. This may be
attributable to the reduction in instrument traffic (for instru-
ments with an integrated cutting function) as well as a shorter
vessel seal time. However, the reliability of the vessel sealing
ismore important as a time saver because it usually takes sub-
stantially longer to identify and control hemostasis after
a blood vessel has started to bleed (with or without vessel
retraction into the tissues). In the Cochrane review of laparo-
scopic colectomy, the operating time was 40 minutes shorter
with advanced bipolar technologies than with monopolar
scissors [1]. Similarly, themeta-analysis of laparoscopic cho-
lecystectomy (N5 695) showed that, comparedwithmonop-
olar electrosurgery, the operating timewith ultrasonic energy
sources is significantly shorter in elective surgical cases
(weighted mean difference [WMD] 5 28.19; 95% CI,
210.36 to 26.02; p , .0001), acute cholecystitis cases
(WMD 5 217; 95% CI, 228.68 to 25.32; p 5 .004), and
complicated cases (WMD 5 215, 95% CI, 228.15 to
21.85; p5 .03) and if surgery was performed by trainee sur-
geons who had performed,10 procedures (p5 .043) [2]. In
the general surgical meta-analysis, LigaSure was associated
with a shorter operating time (normalized mean reduction
in operative time of 28%, p , .0001) compared with suture
Downloaded from ClinicalKey.com at Cleveland 
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ligation/monopolar electrosurgery [3]. Such time savings
are not only statistically significant but may also result in
real cost savings in operating room time. Much larger studies
would be required to evaluatewhether shorter operating times
would result in improved clinical outcomes.

Despite these findings from general surgical studies, sim-
ilar time savings have not been consistently reported in gy-
necologic studies. For laparoscopic radical hysterectomy
with pelvic lymphadenectomy, Gyrus PK was reported to
be associated with a time saving of 57 minutes compared
with conventional bipolar electrosurgery (229 vs 172
minutes, p, .001) [11]. However, another study of laparos-
copically assisted vaginal hysterectomy using the same
instruments did not show any significant difference in
operation time [7]. The randomized controlled trial for
TLH also reported that there was no significant difference
in the total operating time between LigaSure (148.1 minutes)
and conventional bipolar electrosurgery (142.1 minutes, p5
.46) [4]. One plausible explanation for this discrepancy is
that the time-sparing effect of using vessel sealing devices
is proportional to the complexity of the surgery. In an un-
complicated TLH, there are only 2 major vessels to be sealed
(uterine arteries), whereas more vessels or vascular pedicles
need to be sealed when performing a colectomy or a radical
hysterectomy.

Postoperative Pain
For general surgery, the meta-analysis showed that post-

operative pain was 2.8 units less on a 0 to 10 visual analog
scale (95% CI, 1.5–4.1; p , .0001) for LigaSure compared
with suture ligation/monopolar electrosurgery [3]. In chole-
cystectomy, postoperative abdominal pain scores at 1, 4, and
24 hours were also significantly lower with ultrasonic dis-
section compared with monopolar electrosurgery [2].

There are limited data on postoperative pain from ran-
domized gynecologic laparoscopy trials, but a similar reduc-
tion in postoperative pain was reported for laparoscopic
myomectomy. Visual analog scale pain scores for postoper-
ative pain after myomectomy were significantly less at 24
hours with the Harmonic Scalpel compared with conven-
tional electrosurgery (5.6 6 0.8 vs 4.4 6 1.1, p 5 .0001),
but there was no significant difference at 48 hours (2.5 6
0.8 vs 2.4 6 1.1, p 5 .2) [5].

Complications
In the general surgery meta-analysis, LigaSure was asso-

ciated with fewer complications compared with suture liga-
tion/monopolar electrosurgery, ranging in severity from
minor (e.g., pruritus) to severe (e.g., pelvic abscess) [3]. In
gynecologic surgery, 7 of the 8 comparative studies reported
on complications (Table 2) [4–9,11]. A retrospective case-
control study (N5 76) of radical hysterectomy and bilateral
pelvic lymphadenectomy reported 1 intraoperative compli-
cation (rectal perforation during the right uterosacral liga-
ment dissection) and postoperative complications in 4
women (2 cases of intestinal obstruction, 2 cases of acute
Clinic Foundation - Weston May 13, 2016.
Copyright ©2016. Elsevier Inc. All rights reserved.



Table 3

Comparative laboratory-based and animal studies comparing 2 or more vessel sealing devices

Authors Study design Devices compared* Vessel type Significant findings

Milsom et al., 2012 [17] Ex vivo study Thunderbeat, Harmonic

ACE, LigaSure V, EnSeal

Small (2–3 mm),

medium (4–5 mm),

large (6–7 mm)

porcine vessels

Burst pressure: no significant difference between devices

Lateral thermal spread: similar for Thunderbeat and Harmonic ACE

(p 5 .4167), EnSeal (p 5 .6817), and LigaSure (p 5 .8254)

Noble et al., 2011 [18] Ex vivo study LOTUS, Harmonic ACE,

LigaSure

Human mesenteric vessels

(n 5 93)

Burst pressure: no difference between instruments (p 5 .058)

Lateral thermal spread: greater with LigaSure (3.37 mm) than Lotus

(2.18 mm, p , .001), Harmonic ACE (1.95 mm, p , .001)

Katsuno et al., 2010 [38] Ex vivo study LSAt, LSAFt, Endoclip II Inferior mesenteric,

splenic, hepatic, renal,

iliac, femoral arteries

Sealing time: shorter with LSAFt (3.5 seconds) than LSAt (7.6 seconds)

Burst pressure: higher with LSAFt (1375 mm Hg) than LSAt

(961 mm Hg); no

Significant difference between LSAt and Endoclip

Lateral thermal spread: less with LSAFt (1.0 mm) than LSAt (2.1 mm)

Newcomb et al., 2009 [13] Ex vivo study GC, GP, Harmonic Scalpel,

EnSeal, LS, LSFt, LC

2- to 3-mm, 4- to 5-mm,

6- to 7-mm vessels

Burst pressure: 2–3 mm or 6–7 mm vessels: no significant difference

4–5 mm vessels: LS had the highest mean burst pressure (1261 mmHg),

statistically higher than other devices except EnSeal (928 mm Hg)

Person et al., 2008 [20] In vivo study: vessels are

sealed, then harvested

for testing (burst

pressure, histology)

Harmonic ACE, 5-mm

LigaSure V, 10-mm

LigaSure Atlas, EnSeal

3.3- to 4.1-mm bovine

vessels

Burst pressure: higher with EnSeal (678 mm Hg) than LigaSure V (380

mm Hg), Harmonic ACE (435 mm Hg), and LigaSure Atlas

(489 mm Hg)

Sealing time: shorter with Harmonic ACE (3.3 seconds) than EnSeal

(4.1 seconds), LigaSure Atlas (7.9 seconds), LigaSure V

(5.2 seconds)

Phillips et al., 2008 [21] Ex vivo study Harmonic ACE, LigaSure V ,5-mm porcine arteries

and veins

Burst pressure:%3mm vessels: elevated with supraphysiologic for both

Harmonic ACE and LigaSure V 3.1–5 mm arteries: no significant

difference

Lamberton et al., 2008

[14]

Ex vivo study: harvested

vessels were sealed in a

simulated laparoscopic

environment created

using a neonatal

incubator

LigaSure V, Gyrus PK,

Harmonic ACE, EnSeal

5-mm arteries Sealing time: shorter for LigaSure (10.0 seconds) and Gyrus

(11.1 seconds) than EnSeal (19.2 seconds) and Harmonic ACE

(14.3 seconds)

Lateral thermal spread: less with Harmonic ACE (49.9�C) with Gyrus

(64.5�C) but similar to LigaSure (55.5�C) and EnSeal (58.9�C)
Smoke production: less with Harmonic ACE (mean 2.88 ppm) than

Gyrus PK (74.1 ppm, p, .0001) and EnSeal (21.6 ppm, p, .0001),

no difference with LigaSure (12.5 ppm, p 5 .11) 12.5; blinded)

Blinded reviewers rated the Harmonic ACE the best visibility score
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Hruby et al., 2007 [19] In vivo study LigaSure V, Harmonic

ACE, Harmonic

LCS-C5, Trissector

Porcine arteries and veins Burst pressure: arteries: LigaSure V 536 mm Hg, Harmonic ACE

436 mm Hg, LCS-C5 363 mm Hg, Trissector 328 mm Hg

Veins: LigaSure V 386 mm Hg, Harmonic ACE 160 mm Hg, LCS-C5

215 mm Hg, Trissector 237 mm Hg

Lateral thermal spread (for sealing arteries): LigaSure V 4.5 mm,

Harmonic ACE 0.6 mm, LCS-C5 0.3 mm, Trissector 8.0 mm

(p , .0001)

Lateral thermal spread (for sealing veins): LigaSure V 6.3 mm,

Harmonic ACE 1.5 mm, LCS-C5 1.3 mm, Trissector 8.5 mm

(p 5 .003)

Richter et al., 2006 [39] Ex vivo study LigaSure, BiClamp Splenic, renal,

salpingo-ovarian,

mesenteric

Initial seal failure: no significant difference (Biclamp: 2.78%;

LigaSure 8.57%)

Carbonell et al., 2003 [40] Ex vivo study, with

histologic examination

for lateral thermal

damage

Gyrus PK, LigaSure 2- to 3-mm,

4- to 5-mm,

6- to 7-mm bovine vessels

Burst pressure:

Burst pressure (4–5 mm vessels):

2–3 mm vessels: no significant difference

4–5 mm vessels: lower with Gyrus

PK (389 mm Hg) than LigaSure (573 mm Hg)

6–7 mm vessels: lower with Gyrus PK (317 mm Hg) than LigaSure

(585 mm Hg)

Lateral thermal spread (2–3 mm, 4–5 mm and 6–7 mm vessels): no

difference between LigaSure (1.2, 2.4, 2.5 mm) and Gyrus PK

(1.5, 2.4, 3.2 mm)

Landman et al., 2003 [15] In vivo study: vessels

harvested for histologic

examination

LigaSure, LC, Endo-GIA,

Klepinger and Trimax

bipolar forceps,

Harmonic Scalpel

Porcine arteries up to

6 mm, veins up

to 12 mm

Lateral thermal spread: LigaSure 1–3 mm, conventional bipolar 1–6

mm, Harmonic Scalpel 0–1 mm

Harold et al., 2003 [16] Ex vivo study LCS, EBVS, LC, PC 2- to 3-mm, 4- to 5-mm,

6- to 7-mm porcine

arteries

Mean burst pressure:

2–3 mm arteries: EBVS vs LCS no significant difference

4–5 mm arteries: EBVS (601 mmHg) vs LCS (205 mmHg) (p, .0001)

6–7 mm arteries: EBVS (442 mmHg) vs LCS (175 mmHg) (p, .0001)

Lateral thermal spread: EBVS vs LCS no significant difference (EBVS

mean 5 2.57 mm vs LCS mean 5 2.18 mm)

Goldstein et al., 2002 [41] Ex vivo study LCS, LigaSure Bovine ureters Lateral thermal spread: no significant difference (LigaSure: 2.11 mm,

LCS: 1.92 mm)

Matthews et al., 2001 [42] After cholecystectomy,

cystic ducts were

resealed ex vivo

In vivo common bile duct

in 6 pigs

LCS, LigaSure, LigaClip Human cystic duct Burst pressure: more for LigaClip and LigaSure than LCS

Lateral thermal spread: less for LCS (3.5 mm) than LigaSure

(13.4 mm)

EBVS 5 electrothermal bipolar vessel sealer; GC 5 Gyrus PK cutting forceps; GP 5 Gyrus Plasma Trissector; LC 5 titanium laparoscopic clips; LCS 5 LaparoSonic coagulating shears; LOTUS 5 Laparoscopic Operation by

Torsional Ultrasound; LS5 LigaSure V with LigaSure vessel sealing generator; LSAt5 10-mm LigaSure Atlas with LigaSure vessel sealing generator; LSAFt5 10-mm LigaSure Atlas with ForceTriad Generator; LSFt5 LigaSure

V with ForceTriad Generator; PC 5 plastic laparoscopic clips.

* Five-millimeter laparoscopic instruments unless otherwise specified.
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314 Journal of Minimally Invasive Gynecology, Vol 20, No 3, May/June 2013
renal failure, and 1 case of vesicovaginal fistula) in the con-
ventional bipolar group, whereas there were no complica-
tions reported for the Gyrus PK group (p 5 .02) [11]. In
the other comparative trials of energy sources in laparo-
scopic gynecology, no significant difference in complication
rates was reported [4–9]. All of these other trials related
to laparoscopy for benign gynecologic conditions, and
because complication rates are generally low for these
procedures, studies with much larger sample sizes would
be required to detect any statistically significant difference
in complication rates.
Laboratory and Animal Studies

Laboratory-based studies and (to a lesser extent) animal
studies offer a controlled environment in which various
properties of laparoscopic energy sources can be tested
and compared. In such studies, confounding factors inherent
in the clinical situation can be controlled for; nonetheless,
Table 4

Summary of comparative studies of energy sources for gynecologic laparoscop

Energy source

Monopolar

electrosurgery

Conventional

bipolar electr

Configuration(s) Scissors

Hook

Forceps

Forceps

Forceps 1 bla

Overall dissection rating

(1 [worse]–4 [best])

4 1

Tissue effect

Transection Vaporization

Fulguration

Sharp*

Sharp (blade,

Hemostasis Fulgaration

Desiccation

Coaptation

Desiccation

Coaptation

Vessel seal diameter ,2 mm 7 mm

Burst pressure NA NA

Seal time NA NA

Intraoperative blood loss More than advanced

bipolar or ultrasonics

More than ad

bipolar or u

Blood transfusion rate NSD NSD

Operation time Longer than advanced

bipolar or ultrasonics

Longer than a

bipolar or u

Complications NSD NSD

Lateral thermal spread Significant Significant

Instrument tip temperature Above ‘‘cell kill’’ range Above ‘‘cell k

Smoke/vapor rating (1–4, worst-best) 4 3

Availability High High

Cost Low Low

NA 5 not applicable; NSD 5 no significant difference.

* Blade or bipolar energy.
y Scissors.
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care must be taken when drawing conclusions based on lab-
oratory studies that may not be reproducible in the clinical
setting. Moreover, results from different studies cannot be
readily compared because the observed result in each study
can depend greatly on the study design (e.g., the duration of
device activation, environmental control including tempera-
ture and humidity, and method of histologic staining of tis-
sue samples). For these reasons, when comparing one
laparoscopic energy source with another using data derived
from laboratory-based research, studies that investigate 2 or
more instruments in the same controlled environment are the
most valuable (Table 3). There is no study that compares all
properties of the various energy sources available to gyneco-
logic surgeons. Despite this, the available studies are
somewhat useful for clinicians to compare the properties
of different energy sources (Table 4). Four important param-
eters of laparoscopic energy sources have been assessed in
laboratory-based and animal studies: mean burst pressure,
vessel seal time, lateral thermal spread, and smoke/plume.
y

osurgery

Advanced bipolar

electrosurgery Ultrasonic

de

Forceps with tissue

response feedback 6

cutting mechanismy

Shears hook

2 3

e.g., ‘‘Tripolar’’) Sharp (blade, e.g.,

LigaSure, EnSeal)

Bipolar ‘‘cut’’ mode

(e.g., Gyrus PK)

Thermal (cavitation)

and mechanical tissue

disruption

Desiccation

Coaptation

Desiccation

Coaptation

7 mm 5 mm

Largest Smallest

Faster Slower

vanced

ltrasonics

Less than conventional

electrosurgery

Less than conventional

electrosurgery

NSD NSD

dvanced

ltrasonics

Shorter than conventional

electrosurgery

Shorter than conventional

electrosurgery

NSD NSD

Significant Significant

ill’’ range Above ‘‘cell kill’’ range Above ‘‘cell kill’’ range

3–4 4

Intermediate/High Intermediate/High

Intermediate/High Intermediate/High
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Vessel Burst Pressure
United States Food and Drug Administration approval

has been granted for ultrasonic devices to seal vessels up
to 5 mm in diameter and for advanced bipolar devices
(i.e., LigaSure, EnSeal, and Gyrus PK) to seal vessels up
to 7 mm in diameter [13]. These ‘‘sealed’’ vessels can theo-
retically withstand up to 3 times the normal systolic blood
pressure [14]. The fact that these burst pressures are lower
than that achieved with traditional laparoscopic stapling de-
vices and clips [15,16] may not be clinically relevant; as long
as the burst pressure is in the supraphysiologic range (with
a reasonable buffer), the vessel seal should remain stable
despite usual fluctuations in postoperative blood pressure.

However, seal failures still occur despite supraphysio-
logic burst pressures. For example, in 1 study, the Plasma
Trissector (Gyrus ACMI, Maple Grove, MN) had a mean
burst pressure of 322.7 mm Hg for sealing 6- to 7-mm ves-
sels, but the failure rate (defined in this study as the number
of seal failures divided by the total number of attempted
seals required to obtain 13 seals for burst pressure testing)
was 92% [13]. Such a high failure rate is unacceptable in
clinical practice, and surgeons should be aware of this
when using such devices for sealing 6- to 7-mm vessels.

A number of studies have reported no significant differ-
ence in burst pressures between advanced bipolar and ultra-
sonic devices, with both groups of devices achieving results
in the supraphysiologic range [17–19]. In contrast,
a statistically significant difference in burst pressure was
reported for LigaSure (385 6 76 mm Hg) versus the
Harmonic ACE (Ethicon Endo-Surgery, Cincinnati, OH)
(204 6 59 mm Hg) in a simulated laparoscopic
environment using harvested 5-mm bovine vessels [14]. De-
spite LigaSure having a higher mean burst pressure than the
Harmonic ACE, Gyrus PK (2906 110 mm Hg), and EnSeal
(255 6 80 mm Hg), the burst pressures for all these devices
were in the supraphysiologic range [14]. In a study per-
formed in live pigs sponsored by the manufacturers of En-
Seal, this device was found to yield significantly higher
burst pressures than other vessel sealing devices [20]. This
difference in findings may be explained partly by the differ-
ence in study methodology, namely ex vivo and in vivo. One
of the disadvantages of ex vivo studies is that the absence of
blood and clotting factors may spuriously affect the sealing
abilities of a device. In support of this notion, another
laboratory-based study has shown that increasing hematocrit
in harvested blood vessels is associated with increasing burst
pressures [21].

Vessel Seal Time
Seal time is defined as the duration of time between de-

vice activation and when the device emits a signal that the
vessel is sealed or when there is gross visual evidence of
seal division. In the previously mentioned study [14], which
also included cutting of the vessel in the seal time, the time to
seal for the Harmonic Scalpel, LigaSure, Gyrus PK, and En-
Seal were 14.3, 10.0, 11.1, and 19.2 seconds, respectively.
Downloaded from ClinicalKey.com at Cleveland 
For personal use only. No other uses without permission. 
The LigaSure and Gyrus PK had the shortest vessel sealing
times compared with the group (p, .0001). However, upon
transection, the ‘‘sealed vessel’’ was found to be completely
open in 30% of the vessels sealed with the Gyrus PK. Hence,
although this device had a statistically shorter seal time, the
overall operating time may be extended when using this de-
vice if extra time is needed to identify and control bleeding
vessels in the event of initial seal failure.

Lateral Thermal Spread
Tissue damage may be caused at temperatures above

42�C [22,23], especially with prolonged exposure, and this
has been shown histologically in a rat model [24]. Such tis-
sue damage can occur some distance from the point of appli-
cation of the laparoscopic energy source in a phenomenon
referred to as ‘‘lateral thermal spread.’’ Lateral thermal
spread occurs with all laparoscopic energy sources, to
a lesser or greater extent, whether the delivered tissue effect
is electrosurgical vaporization, fulguration, desiccation, or
coaptation, or ultrasonic tissue transection or vessel sealing.
Apart from histologic assessment, lateral thermal spread
may also be quantified using real-time thermal imaging or
temperature probes.

Tissue healing could be impaired by lateral thermal
spread, but evidence for this is limited; it would require large
studies with long follow-up to show any significant differ-
ence in outcomes for different energy sources. In a study
comparing the use of the Harmonic Scalpel (at a power set-
ting of 3), CO2 laser, monopolar scissors, and bipolar forceps
at oral surgery in guinea pigs, use of the Harmonic Scalpel
was associated with the fastest tissue re-epithelialization
and greater tensile strength, similar to the steel scalpel [25].

Many variables may affect the degree of lateral thermal
spread apart from the individual laparoscopic energy source
in use. Such variables include the power settings, the current
waveform (continuous or interrupted for monopolar electro-
surgery), contact or noncontact application (for monopolar
electrosurgery), the duration of device activation, and the tis-
sues to which the device is applied. Just as it is important to
control for these variables, study methodology is also very
important. For example, in a porcine study (N 5 8) using
the 5-mm LigaSure, lateral thermal spread was reported to
be 4.4 mm by real-time thermal imaging, but when exam-
ined histologically, the lateral thermal spread was ,1 mm
[26]. For these reasons, it is also difficult to compare results
from one study to another.

Laboratory-based studies that control for these variables
and compare several devices in the same study are the
most useful. An ex vivo study using the Harmonic Scalpel,
LigaSure, conventional bipolar forceps, and monopolar
hook on porcine muscle reported that tissues at or beyond
1 cm from the instruments are generally safe from lateral
thermal spread [23]. Even so, surgeons must be alert of
the fact that important structures (e.g., ureters) may be
within 1 cm of a vessel being sealed (e.g., uterine arteries).
Moreover, exceptions to the 1-cm ‘‘safety margin’’ for
Clinic Foundation - Weston May 13, 2016.
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lateral thermal spread have been identified with the mo-
nopolar hook, which when activated for greater than 15
seconds with a power setting of 30 W, or for greater
than 10 seconds with a power setting of 40 W, a tempera-
ture rise to over 42�C may be measured at tissue 1 cm
away from the instrument tip [23]. Caution is necessary
in extrapolating these data to the clinical situation because
extended activation of any energy source to a fixed tissue
site is not recommended.

Another histologic study has shown that monopolar elec-
trosurgery is associated with greater lateral thermal spread
compared with bipolar electrosurgery, the Harmonic Scal-
pel, and a CO2 laser [27]. The Harmonic ACE has also
been reported to cause less lateral thermal spread compared
with LigaSure (for sealing arteries: 0.6 vs 4.5 mm, p ,
.0001; for sealing veins 1.5 vs 6.3 mm, p 5 .003) [19].
This is in contrast to a comparative study that reported that
the laparoscopic coagulating (ultrasonic) shears were associ-
ated with more than double the lateral thermal spread com-
pared with monopolar electrosurgery during transection of
the uteri and bowel of sheep [28].

Lateral thermal spread sustained at the time of colpotomy
during conventional or robotic total laparoscopic hysterec-
tomy has been implicated in vaginal cuff dehiscence [29].
A study using a porcine model for performing colpotomy us-
ing the bipolar PKS Plasma J-Hook (Gyrus ACMI, South-
borough, MA), bipolar PKS Lyons forceps (Gyrus ACMI,
Southborough, MA), monopolar scissors (continuous wave-
form at 50-W power), or the Harmonic Scalpel (at a power
setting of 5) showed histologically that the lateral thermal
spread at the vaginal cuff was 3.7, 2.5, 2.0, and 0.78 mm, re-
spectively [29]. There are no data available to causally link
the extent of vaginal cuff lateral thermal spread with an in-
creased rate of vault dehiscence.

In clinical practice, surgeons may reduce lateral thermal
spread by avoiding prolonged device activation using the
lowest energy settings to achieve the desired tissue effects
as well as applying irrigation fluid after device activation.
In a urologic study of 20 robotic radical prostatectomies us-
ing EnSeal, it was reported that the application of cold
(,4�C) saline to the device after activation reduced the lat-
eral thermal spread from 0.98 to 0.31 mm (p , .0002) [30].

One of the purported advantages of ultrasonic technology
is that of lower operating temperatures and, therefore, less
lateral thermal spread [31]. This notion is supported by
a study using a needle thermistor to record temperature at
2 mm from the cut edge of vessels, which reported that the
Harmonic Scalpel had a significantly lower mean maximum
temperature compared with the Gyrus PK (49.9 6 1.8�C vs
64.5 6 2.7�C, p , .001) [14]. Analogous results might
not be replicated in studies of vessel sealing because the
tissue effects with ultrasonic and advanced bipolar devices
is the same in this instance (desiccation, coagulation, and
coaptation).

If the instrument tip is used for tissue handling when it is
still hot after activation, thermal conductivity may cause in-
Downloaded from ClinicalKey.com at Cleveland C
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jury to tissues [22]. The temperature at the tip of amonopolar
hook reaches 100.1�C after 15 seconds of activation of the
continuous waveform at a power setting of 40W, and it takes
another 55 seconds for it to cool to 42�C [23]. Similarly, the
device head of the 5-mm LigaSure was reported to have
a temperature of 97�C during activation, and, even after ac-
tivation ceased, it remained hot enough to cause injury
(.45�C) for 14 seconds [26].

An ex vivo thermographic study has shown that the mo-
nopolar hook, LigaSure, and Harmonic ACE can cause
a temperature rise of over 20�C by thermal conductivity at
2.5 seconds after activation [22]. Even at 20 seconds after
activation at a power setting of 5, the Harmonic ACE can
increase tissue temperature by 24�C [22]. An ischemic
bowel lesion (undetected at the time of surgery) has been re-
ported after contact of the bowel with the active blade of the
Harmonic ACE after instrument activation ceased [32].
Therefore, surgeons must remember to allow adequate
time for the instrument tips to cool and to avoid tissue han-
dling with the instruments before this time.

Smoke Plume
The activation of all laparoscopic energy sources results

in the production of a smoke or vapor plume. This cloud
not only hinders surgical vision but also may be a hazard
to staff in the operating room, with potential cytotoxic, gen-
otoxic, and mutagenic properties [33,34].

An objective comparison of the degree of smoke produced
by various energy sources is difficult, and there are limited
comparative trials in this area. By applying light-scattering
theories to themeasured particle size of the smoke/plume/va-
por produced, a study has reported that in a controlled envi-
ronment (relative visibility 5 1.0) bipolar forceps (relative
visibility 5 0.887) offers similar visibility to the Harmonic
Scalpel (relative visibility 5 0.801), and both offer better
visibility comparedwith monopolar scissors (relative visibil-
ity 5 0.026) [35]. Another study using an aerosol density
meter reported that the Harmonic Scalpel (2.88 ppm) pro-
duced less smoke than the Gyrus PK (74.1 ppm, p , .0001)
and EnSeal (21.6 ppm, p, .0001), but there was no statisti-
cally significant difference with LigaSure (12.5 ppm, p 5
0.11) [14]. Reviewers whowere blinded to the energy source
also subjectively rated visibility with the Harmonic Scalpel
better than with LigaSure or EnSeal, with the worst subjec-
tive visibility reported for the Gyrus PK [14]. Of the ultra-
sonic devices, a study using digital image analysis software
has shown that Sonicision (Covidien, Mansfield, MA;
8.76% of image filled by plume; range, 4.32%–17.41%)
and SonoSurg (Olympus USA, Center Valley, PA; 9.46%;
range, 5.68%–22.12%) produce less smoke than the Har-
monic ACE (18.04%; range, 9.07%–55.12%; p5 .026) [36].
Conclusions

This review highlights the lack of adequately powered
comparative clinical trials of laparoscopic energy sources,
linic Foundation - Weston May 13, 2016.
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especially for gynecologic laparoscopy. Furthermore, al-
though comparative laboratory-based trials are useful in de-
fining functional properties of energy sources in a controlled
environment, it is clear that perceived benefits in the labora-
tory may not translate to clinically significant advantages. In
addition, clinical and laboratory-based trials often compare
only 2 categories of the available laparoscopic energy sour-
ces, and extrapolation between different studies to indirectly
compare and contrast the pros and cons of energy sources is
fraught with confounding factors.

A number of these studies are industry sponsored; this is
an important consideration given the fact that negative
findings from such trials are often not published. However,
from the data presented the following conclusions may be
drawn: (1) advanced bipolar devices may be associated
with less intraoperative blood loss than monopolar, con-
ventional bipolar, and ultrasonic devices, and the latter 2
are more effective in vessel sealing than monopolar de-
vices; (2) laboratory data consistently show advanced bipo-
lar devices can seal larger vessels than ultrasonic devices;
(3) seal burst pressures are also generally higher with ad-
vanced bipolar devices; (4) despite the previously men-
tioned conclusions, none of the available data translate to
a significant benefit in perioperative blood transfusion rates
for any device category; (5) an anticipated decreased oper-
ating time with ultrasonic and advanced bipolar devices
over conventional electrosurgical devices may only be
valid with more complicated laparoscopic procedures; (6)
postoperative pain is lower in the early postoperative pe-
riod with ultrasonic and advanced bipolar devices, but
there are limited data for gynecologic laparoscopy; (7)
the complication rate in gynecologic laparoscopic surgery
is small, and there is no significant difference in complica-
tion rates between the different energy sources; (8) lateral
thermal spread occurs with all laparoscopic energy sources,
to a lesser or greater extent, whether the delivered tissue
effect is vaporization, fulguration, desiccation, or coapta-
tion; (9) a temperature rise above the ‘‘cell kill’’ threshold
occurs in the tips of all laparoscopic energy sources and in-
advertent tissue contact may result in patient morbidity and
mortality; and (10) all laparoscopic energy sources give
rise to smoke or vapor plumes, with visibility most affected
with monopolar electrosurgery and least affected with
ultrasonic devices.

Many laparoscopic surgeons will use several energy sour-
ces for a particular procedure. For example, advanced bipo-
lar electrosurgery might be the most appropriate technology
for sealing larger vessels and vascular pedicles, and
ultrasonic technology may be used for the transection of
adhesions and pericolic adipose tissue, with monopolar elec-
trosurgery retaining its general utility in simple tasks such as
peritoneal transection and in more difficult cases requiring
maximal dissection capability in which tissue planes are dis-
torted by pathology. It is clear that adequately powered clin-
ical trials with direct head-to-head comparisons of the
various energy sources are required in order to guide sur-
Downloaded from ClinicalKey.com at Cleveland 
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geons in choosing the most appropriate energy source for
laparoscopic surgery.
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