
lable at ScienceDirect

Gynecology and Minimally Invasive Therapy 6 (2017) 108e112
Contents lists avai
Gynecology and Minimally Invasive Therapy

journal homepage: www.e-gmit .com
Original article
Effective thermal destruction of residual tubal epithelium using an
advanced sealing device in opportunistic salpingectomy: A
randomized trial

Hyun-Jin Choi a, e, Hyun-Soo Kim b, e, Tae-Joong Kim a, *, Sang Yong Song c, E Sun Paik a,
Eun Jin Heo a, Jin-Young Park d, Yoo-Young Lee a, Chel Hun Choi a, Jeong-Won Lee a,
Byoung-Gie Kim a, Duk-Soo Bae a

a Department of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea
b Department of Pathology, Severance Hospital, Yonsei University College of Medicine, Seoul, Republic of Korea
c Department of Pathology and Translational Genomics, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea
d Department of Obstetrics and Gynecology, Institute of Wonkwang Medical Science, College of Medicine, Wonkwang University, Iksan, Republic of Korea
a r t i c l e i n f o

Article history:
Received 16 October 2016
Received in revised form
1 November 2016
Accepted 28 December 2016
Available online 8 February 2017

Keywords:
bipolar sealing device
cancer prevention
fallopian tube
opportunistic salpingectomy
ovarian cancer
Conflicts of interest: This research did not receive an
agencies in the public, commercial, or not-for-profit s
* Corresponding author. Department of Obstetric

Medical Center, Sungkyunkwan University School
Gangnam-gu, Seoul 06351, Republic of Korea.

E-mail address: tj28.kim@gmail.com (T.-J. Kim).
e These authors contributed equally to this work.

http://dx.doi.org/10.1016/j.gmit.2016.12.005
2213-3070/Copyright © 2017, The Asia-Pacific Associat
article under the CC BY-NC-ND license (http://creativec
a b s t r a c t

Objective: To examine the effectiveness of proximal tube destruction at the uterine cornu by additional
application of a sealing device.
Methods: A single-center randomized trial was conducted on 40 patients receiving a laparo-endoscopic
single-site hysterectomy with opportunistic salpingectomy. We randomized patients into two groups at
the time of admission to determine the laterality of additional thermal cauterization. Additional thermal
cauterization for 10 seconds was applied on the right cornu in one group and on the left cornu in the
other group. Three pieces of cornual tissue from each cornu were biopsied. One gynecological pathologist
examined the cornual tissue to determine the residual tubal epithelium (TE) and thermal destruction of
the specimens.
Results: Of the 40 patients enrolled in this study between September 2012 and July 2014, samples of 26
patients were subjected to tissue analysis. Residual TE was found in the cornu in 73.1% (19/26) and 65.4 %
(17/26) of tissues from the side of no additional cauterization (NO) and the side of additional cauter-
ization (AD), respectively (p< 0.001). Residual TE was detected in 5.3% (1/19) and 94.1% (16/17) of the
specimens from the NO and AD groups, respectively.
Conclusion: We observed that a high incidence of residual TE and efficacious cauterization-induced
thermal destruction was achieved following 10 seconds of additional cauterization. These results sug-
gest that additional cauterization of the uterine cornu using the sealing device effectively destroys re-
sidual TE after salpingectomy.

Copyright © 2017, The Asia-Pacific Association for Gynecologic Endoscopy and Minimally Invasive
Therapy. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Ovarian cancer is themost lethal gynecologic cancer. Since there
are no reliable screening methods to detect ovarian neoplasms,
most patients are diagnosed in advanced stages of the disease, with
no curative therapeutic options available.
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Salpingectomy has been suggested as a good strategy to reduce
ovarian cancer risk in premenopausal women at either low or high
risk for ovarian cancer. The fimbriae of the fallopian tubes have
been proposed as one of the potential locations of tumor initiation
in ovarian cancer.1e4 Although fimbriae are postulated to be the
main initiation site of ovarian cancer, the proximal tube and
ampulla can also be sites of initiation in high-grade serous ovarian
cancer.4 Recently, opportunistic salpingectomy has become a
reasonable option instead of tubal ligation in low-risk patients.5

Salpingectomy involves removing the whole fallopian tube,
which arises within the uterine cornu and comprises layers of
uterine muscle. The proximal portion of the fallopian tube is buried
Minimally Invasive Therapy. Published by Elsevier Taiwan LLC. This is an open access
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about 1 cm in themuscular layer of the uterine cornu, which makes
it difficult to determine whether the entire fallopian tube is
removed during salpingectomy.

The advanced bipolar vessel sealing system has become widely
used due to its versatility, as laparo-endoscopic single-site surgery
(LESS) is now increasingly used in gynecologic practices. In this
system, thermal energy is generated and pressure is applied
simultaneously via the surgical device’s jaw in order to denature
collagen and elastin in the tissue and blood vessels, allowing
sealing and cutting of the tissue at the same time without the need
to change devices. This system was developed to decrease the
thermal spread by a feedback-programmed amount of bipolar
diathermy,6 which minimizes lateral thermal spread and efficiently
delivers thermal energy into the tissues between the jaws.

We hypothesized that additional cauterization using this device
at the cornual portion of the uterus would induce complete
destruction of the fallopian tubal tissue within the uterine muscle.
To test this hypothesis, we histologically evaluated the incidence of
residual fallopian tube epithelium (TE) cornua following additional
cauterization using a sealing device.

Methods

Study design and patient population

A randomized study was conducted after gaining approval from
the Institutional Review Board of Samsung Medical Center Seoul,
Republic of Korea (Approval number: 2012-08-063, Clinical-
Trials.gov identifier: NCT 01894971).We received informed consent
from each patient for undergoing opportunistic salpingectomy in
addition to planned hysterectomy. The patients were classified
randomly into two groups, right cauterization (RC) and left
cauterization (LC), by the surgeon using a table of random sampling
numbers prior to the day of surgery (Figure 1). Additional cauter-
izationwas applied to the right cornu in the RC group and to the left
cornu in the LC group. Inclusion criteria were age between 30 years
and 60 years, presence of symptomatic uterine myomas and/or
adenomyosis, such as dysmenorrhea, pelvic pain or discomfort,
urinary symptoms, presence of a palpable mass, and increasing size
of myomas or menorrhagia over the course of at least 2 months in
patients for whom a hysterectomy was indicated for a benign dis-
ease or precancerous lesion, such as uterine prolapse, intra-
epithelial disease, or atypical endometrial hyperplasia. Exclusion
criteria included menopause, tubal pathology, uterine malignancy,
previous tubal surgery, and previous history of pelvic radiation
therapy.

Surgical procedures

Patients underwent LESS salpingectomy and hysterectomy us-
ing a single umbilical incision, as described previously.7 Briefly, the
procedure was conducted as follows. A patient was placed in the
lithotomy position. A single-port platformwas positioned, followed
by inflation with CO2. Salpingectomy was performed at the most
proximal part of the fallopian tube (Figure 2A). Additional thermal
cauterization (AD) of one of the uterine cornu was performed using
a vessel sealing device for 10 seconds after the removal of the fal-
lopian tube, and no additional cauterization (NO) was applied to
the other side. We grasped the cutting edge of the cornu with the
jaw of a LigaSure (Covidien, Boulder, CO, US) (Figure 2B). Hyster-
ectomy was performed, and the uterus was subsequently removed
through the vagina, followed by closure of the vaginal stump and
the abdominal skin incision. Three tissue samples were collected
from each cornu. Tissue samples were numbered 1e6 (Figure 2C);
lateral sections of the tissues were designated 1and 6, intermediate
sections of the tissues were designated 2 and 5, andmedial sections
of the tissues were designated 3 and 4.

A LigaSure 5-mm blunt tip laparoscopic instrument (LigaSure;
LF1537, Covidien, Mansfield, MA, USA) was used for salpingectomy
and additional cauterization.

Histologic evaluation

A single gynecological pathologist blinded to information about
the laterality of additional cauterization examined all the samples.
The right- and left-sided cornua from the same uterus were
examined to evaluate the existence of TE and the extent of thermal
destruction of the tissue (Figure 3). When TE was found in at least
one of the six samples from the same uterus, the uterus was
regarded as positive for residual TE in the analysis. A set of tissue
refers to three tissue samples from the same sided cornu, therefore,
one patient provided two sets of cornual samples. If thermal effects
were present in all three tissues from the same set, it was regarded
as a completely destructed set.

Statistical analyses

The sample size was calculated by assuming that the proportion
of residual TE would be 60%. Additional cauterization was hy-
pothesized to induce thermal destruction of over 90% of the re-
sidual TE. To prove this hypothesis with a 5% significance level and
90% power, 23 tube tissues were needed for both NO and AD. Since
we collected both NO and AD tubes from single patients, we needed
23 patients. Based on the assumption of a 35% failure rate of tissue
sampling and a 15% rate of withdrawal of consent, we planned to
enroll 40 patients. The efficacy of thermal destruction for residual
TE between tissues from NO and AD was compared using the Chi-
square test.

Results

In total, 40 patients were enrolled in this study from September
2012 to July 2014. LESS total hysterectomy was successfully per-
formed in all 40 patients. However, 14 patients were excluded from
the data analysis; in 10 patients who received transvaginal mor-
cellation, the cornual tissue could not be identified, and in the
remaining 4 patients, histopathologic evaluation could not be
performed due to insufficient tissue sampling. No patients with-
drew consent. Thus, 26 patients were included in the data analysis.
Additional thermal cauterization was applied to nine right-sided
uterine cornua and 17 left-sided uterine cornua. Baseline charac-
teristics are presented in Table 1. During surgery and in the 6-week
follow-up period, no complications were recorded.

Histologic evaluations were available for 52 fallopian tubes (156
cornual tissue samples) from the 26 patients. The AD group
comprised nine sets from the right cornu of the RC group and 17
sets from the left cornu of the LC group. The NO group comprised
nine sets from the left cornu of the RC group and 17 sets from the
right cornu of the LC group (Figure 1).

To evaluate the efficacy of thermal spread at the cornu, we
compared thermal destruction between NO and AD tissues. The
rates of thermal destruction of cornual tissues in the NO and AD
groups were 3.8% (1/26) and 100% (26/26), respectively (p< 0.001).
In the AD group, 80.8% (21/26) cornual tissues showed complete
thermal destruction (Table 2, Supplement 1).

Next, we determined the positive rate of residual TE and the
efficacy of thermal destruction of residual TE. Residual TE was
found in 69.2% (36/52) of the uterine cornua. In NO and AD groups,
73.1% (19/26) and 65.4% (17/26) of cornua were positive for TE,
respectively (p¼ 0.764). The rates of thermal destruction of



Figure 1. A total of 40 patients were enrolled in this study. The uterine cornu on one side was treated with additional cauterization. The laterality of additional cauterization was
decided randomly. Fourteen patients were excluded from histopathologic examination. We collected a total of 52 cornual interstitial tubal tissues from 26 patients for histo-
pathologic examination. AD¼ tissue group with additional cauterization performed with a sealing device at the uterine cornu; N¼ number of patients; NO¼ tissue group without
additional cauterization performed with a sealing device at the uterine cornu; TN¼ number of interstitial cornual tubes.

Figure 2. (A) First, the salpinx was resected using a sealing device. (B) After resection of the salpinx, additional cauterization was applied to the uterine cornu for 10 seconds. (C)
After the uterus was extracted through the vagina, cornual tissues were obtained. Tissues were numbered from 1 to 6 sequentially from right lateral to left lateral.
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residual TEwere 5.3% (1/19) and 94.1% (16/17) in NO and AD groups,
respectively (p< 0.001).

The number of patients with residual TE was determined. In
total, 84.6% (22/26) patients displayed residual tube tissue in at
least one of the tube samples in the microscopic examination.
Furthermore, 95.5% (21/22) patient samples who received addi-
tional cauterization showed complete destruction of residual TE.
Discussion

To our knowledge, this is the first randomized clinical trial to
evaluate the efficacy of thermal destruction of TE using a vessel
sealing device at the uterine cornua to achieve complete removal of
TE. Specifically, we describe the effect of 10 seconds of additional
cauterization at the uterine cornu. The additional cauterization by
the vessel sealing device induced thermal destruction of buried
tubal tissue at the uterine cornu. The significance of our study is
that we report the incidence of residual TE at the uterine cornu
after salpingectomy and suggest a method to destroy residual TE at
this location.

In an attempt to avoid complications of early menopause by
reducing risk via bilateral salpingo-oophorectomy in patients
with BRCA mutations,8 several studies are ongoing regarding
salpingectomy or salpingectomy and delayed oophorectomy
(NCT01907789, NCT01929148, NCT01907789, NCT02321228, and
NCT01608074). In our institute, we perform opportunistic sal-
pingectomies in addition to other gynecologic surgeries, such as
hysterectomies and oophorectomies, in low-risk patients if
requested by the patient. However, it was unclear whether we are
able to completely remove the TE with conventional procedures.

The advanced vessel sealing system relies on the application of a
precise amount of bipolar electrocoagulation and pressure to the
tissue. Hemostasis induced by this system results from the dena-
turation of collagen and elastin in vessel walls.9 Compared with
conventional bipolar instruments, this vessel sealing system has a
reduced thermal spread profile as it employs programmed feed-
back control.10 We had to reactivate cauterization to complete 10
seconds of activation time because of this feedback program. This
repeated reactivation caused thermal spread to adjacent cornual
segments.

We hypothesized that additional application of this device could
completely destroy residual TE inside the uterine cornu. Thermal
destruction of residual TE was effective, but complete destruction
was not achieved (94.1% in AD tissues, 5.3% in NO tissues). This
result indicates that additional cauterization facilitates destruction
of residual TE.



Figure 3. (A) Tubal epithelium presenting with thermal destruction. (B) Tubal epithelium without thermal destruction. (C) Tubal epithelium presenting without thermal
destruction. (D) Tubal epithelium without thermal destruction. (Original magnification, �200).

Table 1
Baseline characteristics and surgical procedures.

Enrolled
patients (n¼ 26)

Age (y), median (range) 43.5 (37e57)
Previous abdominal surgeries
1 1 (3.8)
2 5 (19.2)
� 3 1 (3.8)

Indication for surgery
Symptomatic uterine myoma and/or adenomyosis 22 (84.6)
Cervical dysplasia 1 (3.8)
Endometrial pathology 1 (3.8)
Uterine prolapse 2 (7.6)

Surgical procedure
TLHþ BS 21 (80.8)
TLHþ BSO or USOþUS 4 (15.4)
TLHþ BSOþ uterosacral ligament suspension 1 (3.8)

Data are presented as n (%).
BS¼ bilateral salpingectomy; BSO¼ bilateral salpingo-oophorectomy; TLH¼ total
laparoscopic hysterectomy; US¼ unilateral salpingectomy; USO¼ unilateral sal-
pingo-oophorectomy.

Table 2
Thermal destruction of tubal epithelium at the uterine cornu.

Residual TE TD Complete TD

NO (26) 19 (TD: 1) 1 1
AD (26) 17 (TD: 16) 26 21
p-value 0.764* (0.001**) < 0.001 < 0.001
Total (52) 36 27 22

NO¼ no additional cauterization, AD¼ additional cauterization, TE¼ tubal
epithelium, TD¼ thermal destruction. NO and AD were compared, and p-values
were calculated. * p-value comparing proportion of Residual TE between NO and
AD. ** p-value comparing of proportion of Thermal destruction between NO and
AD.
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Our study has several limitations. First, the sample size was too
small for the results to be generalizable to a larger population.
Second, we randomly selected one of the tubes based on the
assumption that both tubes were in the same condition in a single
patient’s uterus, but in fact asymmetry existed around the cornua
and tubes of the same uterus. Third, the rate of residual TE may be
underestimated due to sampling difficulties. A uterine cornu must
have TE, but we found only 69.2% TE. The location of sampling was a
portion of the tube that transitioned to the uterine body. In addi-
tion, the shape of the uterus was often more globular than normal,
or irregular, due to the presence of benign disease, such as ade-
nomyosis ormyoma. Therefore, it was nearly impossible tomake an
even perpendicular cut for tissue sampling. Characteristics of the
uteri in our study led to difficultly in grabbing and sampling the
uterine cornua. Underestimation of residual TE and incomplete
thermal destruction may be attributed to these difficulties. Fourth,
since this is the first study to remove residual cornual TE, we do not
know how much this method has an additional effect in ovarian
cancer prevention as compared to conventional salpingectomy
without removal of cornual TE. A long-term follow-up study in a
large population should be conducted to answer this question.

In conclusion, to achieve full prophylactic efficacy of sal-
pingectomy, complete removal of TE is imperative. This study
suggests a high incidence of residual TE after salpingectomy and
that additional cauterization at the uterine cornu is a feasible
method of destroying residual TE.

Acknowledgments

Covidien Private Limited provided the LigaSure 5-mm blunt tip
to Tae-Joong Kim that was used to perform this work.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.gmit.2016.12.005.

http://dx.doi.org/10.1016/j.gmit.2016.12.005
http://dx.doi.org/10.1016/j.gmit.2016.12.005


H.-J. Choi et al. / Gynecology and Minimally Invasive Therapy 6 (2017) 108e112112
References

1. Folkins AK, Jarboe EA, Saleemuddin A, et al. A candidate precursor to pelvic
serous cancer (p53 signature) and its prevalence in ovaries and fallopian tubes
from women with BRCA mutations. Gynecol Oncol. 2008;109:168e173.

2. Kindelberger DW, Lee Y, Miron A, et al. Intraepithelial carcinoma of the fimbria
and pelvic serous carcinoma: Evidence for a causal relationship. Am J Surg
Pathol. 2007;31:161e169.

3. Lee Y, Medeiros F, Kindelberger D, Callahan MJ, Muto MG, Crum CP. Advances in
the recognition of tubal intraepithelial carcinoma: applications to cancer
screening and the pathogenesis of ovarian cancer. Adv Anat Pathol. 2006;13:1e7.

4. Medeiros F, Muto MG, Lee Y, et al. The tubal fimbria is a preferred site for early
adenocarcinoma in women with familial ovarian cancer syndrome. Am J Surg
Pathol. 2006;30:230e236.

5. Kwon JS, McAlpine JN, Hanley GE, et al. Costs and benefits of opportunistic
salpingectomy as an ovarian cancer prevention strategy. Obstet Gynecol.
2015;125:338e345.
6. Heniford BT, Matthews BD, Sing RF, Backus C, Pratt B, Greene FL. Initial re-
sults with an electrothermal bipolar vessel sealer. Surg Endosc. 2001;15:
799e801.

7. Kim TJ, Shin SJ, Kim TH, et al. Multi-institution, prospective, randomized trial to
compare the success rates of single-port versus multiport laparoscopic hys-
terectomy for the treatment of uterine myoma or adenomyosis. J Minim
Invasive Gynecol. 2015;22:785e791.

8. Kwon JS, Tinker A, Pansegrau G, et al. Prophylactic salpingectomy and delayed
oophorectomy as an alternative for BRCA mutation carriers. Obstet Gynecol.
2013;121:14e24.

9. Kennedy JS, Stranahan PL, Taylor KD, Chandler JG. High-burst-strength,
feedback-controlled bipolar vessel sealing. Surg Endosc. 1998;12:876e878.

10. Landman J, Kerbl K, Rehman J, et al. Evaluation of a vessel sealing system, bi-
polar electrosurgery, harmonic scalpel, titanium clips, endoscopic gastroin-
testinal anastomosis vascular staples and sutures for arterial and venous
ligation in a porcine model. J Urol. 2003;169:697e700.

http://refhub.elsevier.com/S2213-3070(17)30003-5/sref1
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref1
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref1
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref1
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref2
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref2
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref2
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref2
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref3
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref3
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref3
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref3
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref4
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref4
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref4
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref4
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref5
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref5
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref5
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref5
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref6
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref6
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref6
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref6
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref7
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref7
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref7
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref7
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref7
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref8
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref8
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref8
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref8
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref9
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref9
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref9
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref10
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref10
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref10
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref10
http://refhub.elsevier.com/S2213-3070(17)30003-5/sref10

	Effective thermal destruction of residual tubal epithelium using an advanced sealing device in opportunistic salpingectomy: ...
	Introduction
	Methods
	Study design and patient population
	Surgical procedures
	Histologic evaluation
	Statistical analyses

	Results
	Discussion
	Acknowledgments
	Appendix A. Supplementary data
	References


