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Abstract

Hysterectomy is one of the most common surgeries performed each year and can be indicated
for many gynecologic conditions. The development of minimally invasive surgery has
transformed this procedure, resulting in improved outcomes, superior cosmesis, and quicker
return to normal function. Vaginal cuff closure is a critical component of hysterectomy, with
many variations in surgical technique and materials. This review provides an overview of
intracorporeal suturing and knot-tying techniques at the level of a junior resident in obstetrics
and gynecology and describes several validated models that have been developed to test
resident skill level in vaginal cuff closure. We also provide a review of the literature regarding
vaginal cuff closure techniques and suture materials, including knotless barbed sutures. Finally,
a brief discussion of single-site surgery, the latest development in minimally invasive
hysterectomy, will be provided. We hope to provide a better understanding of vaginal cuff
closure for residents in the field of obstetrics and gynecology.

Categories: Medical Education, Obstetrics/Gynecology
Keywords: minimally invasive surgery, laparoscopy, laparoscopic hysterectomy, vaginal cuff,
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Introduction And Background

Hysterectomy is one of the most common surgeries performed on women in the United States,
with approximately 600,000 performed each year [1-2]. The most common benign indications
for hysterectomy include uterine leiomyomas, adenomyosis, abnormal uterine bleeding,
endometriosis, and uterine prolapse. Hysterectomy is also performed for gynecologic cancers,
including uterine, ovarian, fallopian tubal, cervical, and peritoneal cancers [1].

The first successful hysterectomies were performed in the nineteenth century using vaginal or
abdominal incisions [3]. The abdominal and vaginal approaches to hysterectomy remained the
only surgical options until 1989, when Reich performed the first laparoscopic hysterectomy [4].
Now, several variations of laparoscopic hysterectomy are available, including robot-assisted
laparoscopic hysterectomy, laparoendoscopic single-site surgery (LESS), and natural orifice
transluminal endoscopic surgery (NOTES). According to 2009 United States surveillance data,
the surgical approaches to hysterectomy for benign disease were distributed as follows: 56
percent abdominal, 20 percent laparoscopic, 19 percent vaginal, and 5 percent robotic [5]. The
minimally invasive approach to hysterectomy has been associated with improved outcomes
when compared to the abdominal approach, including decreased morbidity, shorter hospital
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stay, and quicker return to normal activities [6]. These improved outcomes have contributed to
the rising popularity of minimally invasive hysterectomy.

In minimally invasive hysterectomy, the vaginal cuff is sutured closed by a variety of possible
techniques. Institutional and individual variation exists between the following elements of cuff
closure: intracorporeal versus transvaginal closure, suture material, and suture technique.
Significant evidence suggests that the rate of vaginal cuff dehiscence (VCD) is higher with
intracorporeal closure of the cuff [7-9]. However, laparoscopic intracorporeal closure has been
associated with longer postoperative vaginal length and shorter operative time [10]. The choice
between laparoscopic and transvaginal sutures has been thoroughly studied and is outside the
scope of this review.

We will provide an overview of commonly used intracorporeal suturing techniques in addition
to training models that have been constructed for laparoscopic and robotic vaginal cuff closure
techniques. We will also evaluate literature related to suture materials and techniques used for
vaginal cuff closure in minimally invasive hysterectomy. Finally, we will discuss vaginal cuff
closure techniques for single-site hysterectomy, one of the newest advancements in minimally
invasive gynecologic surgery. This review should serve as an overview of vaginal cuff closure for
trainees in the early years of an obstetrics and gynecology residency.

Review
Laparoscopic suturing techniques

Intracorporeal suturing with laparoscopy is an essential skill for minimally invasive
gynecologic surgery. There are many techniques for laparoscopic suturing; we will provide an
overview of the techniques for placing interrupted sutures, running sutures, and figure-of-eight
sutures. Additionally, we will discuss techniques used for intracorporeal knot tying.

When intracorporeal suturing is necessary, the needle is first introduced into the pelvis with
the needle holder grasping the suture two to three centimeters from the needle. The needle is
then held in place by the grasper so that it can be repositioned on the needle holder,
approximately two-thirds distance away from the tip of the needle with an angle of 90° between
the needle and the needle driver. The grasper then releases the needle. The needle is driven
through the tissue at a 90° angle and rotated clockwise. The grasper then picks up the needle as
it exits the tissue. A knot is tied intracorporeally after this first stitch. If an interrupted suture is
desired, then the suture tails are cut. For a continuous suture, the needle is re-introduced
through the tissue at a distance of approximately one centimeter from the first bite and the
process continues until reaching the apex of the wound. A second knot is tied at the end of the
suture line. Bite depth and tissue handling will be discussed in further detail later.

A figure-of-eight suture is used to close wounds that are under a high degree of tension and are
often used as reinforcing sutures to strengthen wounds closed with a continuous running
suture. Figure-of-eight sutures can be placed laparoscopically using the same basic principles
as with traditional suturing by hand. The needle is introduced into the tissue at a 90° angle and
driven clockwise through the tissue so that the needle emerges at a point equidistant from the
incision as the point of needle entry. Without tying a knot, the needle is then driven into the
tissue again in a bite on the same side of the incision as the first point of needle entry,
approximately one centimeter away. This second bite is driven through the tissue so that the
needle emerges adjacent to the point of exit of the first bite. The suture should now resemble a
square with an “X” connecting the angles. At this point, a knot is tied to secure the figure-of-
eight suture.

Intracorporeal knot-tying (ICKT) is regarded as the most technically difficult laparoscopic skill.
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Even for expert laparoscopists, ICKT can be challenging and time-consuming [11]. Regardless
of difficulty, these knots must have equal strength to hand-tied knots to prevent complications.
There are several techniques that are used for ICKT as well as tools that can be used as a
substitute for knot-tying, including the Lapra-Ty clip (Ethicon Endosurgery, Cincinnati, Ohio)
and barbed sutures.

Similar to hand-tied knots, a square surgeon’s knot is the ideal intracorporeal knot to
approximate tissues under tension. Using two instruments, a surgeon’s knot can be created by
either a “loop” or a “winding” technique. The more traditional loop technique is accomplished
by using the dominant needle driver to make two loops over the non-dominant needle driver.
The non-dominant needle driver then grasps the tail of the suture. To square the knot, this loop
is followed by a single reverse loop and then one additional forward loop (Figure 1). In the
winding method, the needle is first released from the driver. Then, the non-dominant needle
driver grasps the suture distal to the needle. The non-dominant driver is then rotated to wind
the suture around its axis. The dominant needle driver then grasps the needle and maintains the
wind on the non-dominant needle driver. Finally, the non-dominant needle driver grasps the
tail end of the suture and secures the first throw. The following throw is performed with a
reverse wind and then a throw with a forward wind (Figure 2) [12].

FIGURE 1: Looped technique of intracorporeal suturing

The suture is grasped by the right needle driver. The right needle driver is then used to make
two loops over the left needle driver (Panels A & B). The left needle driver then grasps the tail of
the suture (Panel C). The knot is then secured (Panel D). To square the knot, this loop is
followed by a single reverse loop and then one additional forward loop.

Image Credit: Ryan Dickerson, University of Central Florida, 2017.
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FIGURE 2: Coiled technique for intracorporeal suturing

The left needle driver grasps the suture distal to the needle (Panel A). The left needle driver is
then rotated to wind the suture around its axis (Panel B). The right needle driver then grasps the
needle and maintains the wind on the left needle driver (Panels C & D). Finally, the left needle
driver grasps the tail end of the suture (Panel E) and secures the first throw (Panel F). To square
the knot, the following throw is performed with a reverse wind and then a throw with a forward
wind.

Image Credit: Ryan Dickerson, University of Central Florida, 2017.

To improve efficiency, many laparoscopic surgeons use a Lapra-Ty clip as a substitute for knot
tying. When using a Lapra-Ty clip, the surgeon places traction on the suture and applies the
clip flush with the tissue. After releasing the traction, the Lapra-Ty dimples into the tissue
according to the degree of traction (Figure 3). Although using the Lapra-Ty clip is technically
less challenging than tying an intracorporeal knot, it involves the introduction of a foreign
device to the vaginal cuff. If the patient develops a hematoma or seroma, there is a possibility
that the clip could harbor an infection. Other disadvantages with the Lapra-Ty clip include
increased material cost and the possibility of slippage. Lapra-Ty slippage could result in a
loosening of the suture, inadequate tissue reapproximation, and potential wound dehiscence.
The optimal suture types and sizes to use with the Lapra-Ty clip to maximize holding strength
and minimize slippage include 2-0 and 3-0 Vicryl (Ethicon Endosurgery, Somerville, New
Jersey), 2-0 Monocryl (Ethicon Endosurgery, Somerville, New Jersey), and 2-0 polydioxanone
suture (PDS) (Ethicon Endosurgery, Somerville, New Jersey) [13].
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FIGURE 3: Depiction of the Lapra-Ty clip (Ethicon Endosurgery,
Cincinnati, Ohio)

Traction is placed on the suture while the open clip is guided to the tissue (Panel A). The clip is
then deployed flush with the tissue (Panel B). After releasing the traction, the clip dimples into
the tissue (Panel C).

Image Credit: Ryan Dickerson, University of Central Florida, 2017.

Barbed sutures are another substitute for knot-tying that has gained increasing popularity,
particularly in gynecologic surgery. The utilization of barbed sutures in laparoscopic
hysterectomy will be covered in greater detail in the following sections.

Intracorporeal knot-tying is an essential skill for the laparoscopic surgeon, but extracorporeal
knot-tying using a knot pusher should be an additional component of the surgeon's toolbox. To
tie an extracorporeal knot, a stitch must be placed in the tissue such that both ends of the
suture are external to the abdomen. A knot is tied extracorporeally and then a knot pusher is
mounted adjacent to the knot along the suture line. Traction is placed on both ends of the
suture while the knot pusher guides the knot toward the tissue. The knot pusher is then released
from the tissue, and these steps are repeated for additional throws.

Although proper technique is a vital element of suturing and knot-tying, tissue handling is an
equally critical element of vaginal cuff closure. When suturing the vaginal mucosa, it is
important to grab adequate bites of tissue at the serosal layer. Bites that are too shallow may
leave edges of the cuff that bleed. Additionally, individual bites should be taken for each half of
the stitch so that the needle is visible in the middle of the incision for each bite. This technique
ensures that the suture is in the appropriate layer of tissue.

Training models for laparoscopic suturing of the vaginal cuff

Several models have been developed and validated for both practicing and assessing the
surgical skills required for laparoscopic suturing of the vaginal cuff (Table 7). The first such
model was developed by Arden et al. in 2008 [14]. In this study, the researchers developed a box
model (Pelv-Sim) for training residents in several laparoscopic skills specific to gynecologic
surgery, including closure of the vaginal cuff, transposition of an ovary to the pelvic side wall,
ligation of an infundibulopelvic ligament, and closure of a port-site fascial incision. Another
model for laparoscopic vaginal cuff closure was reported by Weizman et al. in 2015 [15]. The
model constructed in this study consisted of a latex vaginal cuff model in the fundamentals of
laparoscopic surgery (FLS) box trainer and was validated in a study of five novice and five
expert surgeons. King et al. described a reusable, affordable plastic box model for practicing
laparoscopic vaginal cuff closure; this model utilized a real camera and tower, thus offering
participants a more realistic experience [16]. Tunitsky-Bitton et al. developed a vaginal cuff
closure simulation model by adapting the FLS box model [17]. The advantage of this model is
that the FLS model is readily available in many teaching institutions, thus allowing trainees to
practice this technique independently. Training tools for residents to practice laparoscopic
suturing skills have become especially important due to the recent shift to robotic surgery in
lieu of laparoscopy. These models allow residents to practice laparoscopic suturing
techniques despite exposure to fewer purely laparoscopic cases during their training.

In addition to laparoscopic models, robotic models have been developed for closure of the
vaginal cuff. Finan et al. developed a dry lab to replicate several tasks performed in robotic
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Author

Arden et
al. (2008)
[14]

Weizman
et al.
(2015)
[15]

King et
al. (2015)
[16]

Tunitsky-
Bitton et
al. (2016)
[17]

Technique

Laparoscopic

Laparoscopic

Laparoscopic

Laparoscopic

hysterectomy, including a dexterity exercise, bladder flap development, sealing and cutting the
round and infundibulopelvic ligaments, skeletonizing the uterine vessels, and suturing the
vaginal cuff. This model utilized a “beer coozie” vaginal cuff placed within a box trainer for the
da Vinci robotic platform (Intuitive Surgical, Sunnyvale, California) with a single operative
console and a touch-screen monitor for attendings to instruct residents [18]. Kiely et al. used
the robotic model developed by Finan et al. to evaluate trainee improvement in the robotic
surgical technique with the use of the simulator. They found that the robotic training resulted
in an improved ability to perform inanimate tasks robotically, but the translation from virtual
reality to inanimate tasks was incomplete. Additionally, the training program provided the

greatest benefit to trainees with the least robotic surgery experience [19].

Participant
Characteristics

19 obstetrics &
gynecology
residents

10 medical
students
rotating on
obstetrics &

gynecology
service

5 "experts"
(fellows or
senior
surgeons)
5 "novices"
(medical
students)

5 "experts"
(attending
surgeons)

5 "advanced
novices"
(fellows)

15 "early
novices"
(residents)

19 "experts"
(attending
surgeons)

21 "trainees"
(senior
residents and
fellows)

Description of Model

Pelv-Sim box model trainer with two ports for
laparoscopic instruments, a simulated open vaginal
cuff constructed from burlap, an ovary, two
infundibulopelvic (IP) ligaments, and fascia with
optional attachments for the laparoscope and video
tower.

Vaginal cuff model constructed from liquid latex
and placed into the fundamentals of laparoscopic
surgery (FLS) box trainer.

Vaginal cuff model constructed from corduroy
fabric (vagina) and an internal neoprene layer
(vaginal mucosa) and placed in a box trainer with
ipsilateral and suprapubic ports.

Repurposed uterine manipulator, sacrocolopexy
tip/vaginal stent, and a vaginal cuff constructed

from neoprene material and lined with swimsuit

material placed into the FLS box trainer.
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Tasks Assessed

1) Vaginal cuff
closure

2) Transposition
of an ovary to
the pelvic side
wall

3) Ligation of an
infundibulopelvic
ligament

4) Closure of a
port-site fascial
incision

Vaginal cuff
closure

Vaginal cuff
closure

Vaginal cuff
closure
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1) Dexterity
exercise

2) Bladder flap
development

. . L 3) Sealing and
"Beer huggie" vaginal cuff model placed within the

Finan et Obstetrics and . L . . cutting the
. Intuitive da Vinci S model robot with a single
al. (2010) Robotic gynecology . . round and IP
. operative console and a touch-screen monitor for .
[18] residents ligaments

attendings to instruct residents. L
4) Skeletonizing

the uterine
vessels
5) Vaginal cuff
closure
13 in the
trainee group (8
Kiely et residents, 5 "Beer huggie" vaginal cuff model with balloons to
v . attendings) 9 9 ... Vaginal cuff
al. (2015) Robotic . represent the bladder and rectum and placed within
10 in the . L . closure
[19] a trainer for the da Vinci surgical system.

control group
(9 residents, 1
attending)

TABLE 1: Training models constructed for laparoscopic and robotic vaginal cuff
closure skill development

The vaginal cuff models described by these studies provide promising tools for surgical training.
Regardless of the model used, it is important that trainees have access to resources to practice
their surgical skills, especially for a skill as critical as closure of the vaginal cuff.

Barbed versus standard suture

The barbed suture was designed in the 1950s by Dr. John Alcamo but was not widely used or
manufactured until 2004, when the Quill Knotless Tissue Closure Device (Angiotech
Pharmaceuticals, Vancouver, British Columbia) was approved by the United States Food and
Drug Administration. Now, the three commercially available barbed sutures include the V-
Loc Absorbable Wound Closure Device (Covidien Healthcare, Mansfield, Massachusetts), the
Quill Self-Retaining System, and the Stratafix (Ethicon Endosurgery, Somerville, New Jersey)
[20].

Barbed sutures are manufactured by slicing longitudinal “barbs” into straight sutures and then
adding a looped closure or needle at each end. They can have a needle at one end
(unidirectional barbed suture) or needles at both ends with a change in barb direction in the
midline of the suture (bidirectional barbed suture) [21].

The benefit of barbed sutures primarily originates from their ability to reapproximate tissue
without the use of surgical knots. The surgical literature recognizes that the weakest part of a
suture line is at the knot, and tensile strength is reduced in the suture adjacent to the knot [22].
Additionally, the elimination of knot-tying can reduce operative time, even with an expert
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surgeon [23]. This is especially important in laparoscopic surgery, where tying surgical knots
can be more challenging and time-consuming than in open cases. Finally, barbed sutures have
demonstrated a greater load to failure than traditional sutures, defined as the force in Newtons
required to cause suture breakage or tissue tearing [24]. This finding is likely related to the
distribution of force over a larger surface area by the barbs.

In 2008, Greenberg and Einarsson were the first to report the use of barbed sutures in
laparoscopic gynecologic surgery [25]. They described eight cases (five laparoscopic
myomectomies and three total laparoscopic hysterectomies) where barbed suture had been
used to close the uterus (myomectomy) or the vaginal cuff (hysterectomy). Einarsson et al.
(2011) published the first large cohort study addressing barbed suture use in gynecology; they
evaluated 138 laparoscopic myomectomies using bidirectional barbed sutures to facilitate the
closure of a hysterostomy site [26]. They found a reduction in operative time and length of
hospital stay without any significant changes in perioperative complications. These findings
suggested that barbed sutures can be safely used in gynecologic surgery while offering benefit
to the surgeon and the patient.

Since the introduction of barbed sutures, several studies have evaluated the utility of barbed
sutures for vaginal cuff closure during minimally invasive hysterectomy. The most important
considerations regarding the use of these materials for cuff closure are operative time,
postoperative complications, and cost.

Eight of these studies compared the operative time between barbed suture cases and
conventional suture cases (Table 2) [27-34]. On average, cases using a barbed suture to close the
vaginal cuff showed a decreased total operative time by 15.6 minutes (136.9 minutes vs. 151.7
minutes), compared with cases using a conventional suture. Three studies evaluated vaginal
cuff closure time independently; the barbed suture groups saw a mean decrease of 5.4 minutes
[28,31,35].
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Barbed Suture (min) Conventional Suture (min) Difference (min) p-value

Total Operative Duration

Nawfal et al. (2012) [27] 135 175 40 p < 0.001
Ardovino et al. (2013) [28] 131.5 133.47 1.97 not significant
141.5* 10.0 **

Bassi et al. (2013) [29] 115.9 118.6 2.7 not significant
Bogliolo et al. (2013) [30] 122 136 6 p <0.010
Song et al. (2014) [31] 92 105.2 13.2 p =0.002
Medina et al. (2014) [32] 185 180.4 4.6 not significant
Zhou et al. (2014) [33] 220.2 272.8 52.8 p < 0.001
Cong et al. (2016) [34] 93.46 102.43 9 p = 0.002
mean 136.9 151.7 15.6

Vaginal Cuff Closure Time

. 6.2* 23*
Ardovino et al. (2013) [28] 3.9 p <0.010
7.0 % 3.2*
Song et al. (2014) [31] 1.4 22.5 111 p < 0.001
Kim et al. (2016) [35] 12.2 7.2 5 p < 0.001
mean 9.2 10.8 5.4

TABLE 2: Operative time differences between barbed and conventional sutures in
previous studies

*extracorporeal knots; **intracorporeal knots

Postoperative outcomes are another concern when comparing suture materials for the vaginal
cuff. Overall, previous studies indicate that there may be a modest decrease in intraoperative
blood loss with barbed suture use, but most studies did not find this result to be significant.
Similarly, several studies reported a decreased incidence of postoperative vaginal bleeding,
vaginal cuff cellulitis, and postoperative hospital stay with barbed sutures than with
conventional sutures, but most did not report a significant difference between groups (Table 3).
However, Seidhoff et al. reported a significantly higher incidence of vaginal cuff cellulitis with
barbed sutures [36]. Overall, the literature does not indicate a significant variation in the
incidence of postoperative complications with suture choice.

Vaginal cuff dehiscence (VCD) is one of the most serious complications related to the vaginal
cuff, thus, was evaluated by all the studies. Seidhoff et al. and Rettenmaier et al. both reported a
significantly decreased rate of dehiscence with barbed sutures [36-37]. However, many of the
studies did not find a significant difference between groups. Because VCD is an exceedingly
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Author

Bogliolo et
al. (2013)
[30]

Cong et al.
(2016) [34]

Einarsson et
al. (2013)
[38]

Kim et al.

(2016) [35]

Medina et
al. (2014)
[32]

Nawfal et al.

(2012) [27]

Neubauer et
al. (2013)
[39]

Rettenmaier
et al. (2015)
[37]

Seidhoff et
al. (2011)
[36]

Zhou et al.

(2014) [33]

Ardovino et
al. (2013)
[28]

Bassi et al.

Type of
Study

retrospective

retrospective

RCT

retrospective

retrospective

retrospective

retrospective

retrospective

retrospective

retrospective

RCT

rare complication, it is difficult to demonstrate a decrease in the incidence of this event. The
heterogeneity of dehiscence rates and the overwhelming proportion of non-significant results
in the published literature suggest that the rate of VCD is either minimally changed or
unchanged using barbed sutures in place of standard suture materials. Outcomes for the barbed

suture studies can be found in Table 3 [27-39)].

Number

Cases

88

490

63

170

232

202

134

1876

387

93

61

Intraoperative

Blood Loss

decreased by

9 ml (p=0.019)

no significant

difference

decreased by
25 ml
(p<0.001)

decreased by
110 ml
(p=0.020)

no significant

difference

no significant

Postoperative
Vaginal
Bleeding

no significant

difference

no significant

difference

no significant

difference

decreased

(p=0.030)

no significant

difference

decreased

(p=0.008)

no significant

difference

no significant

difference

no significant

2017 Smith et al. Cureus 9(10): e1766. DOI 10.7759/cureus.1766

Vaginal Cuff
Cellulitis

no significant

difference

decreased with
conventional

suture (p=0.030)

no significant

difference

Vaginal Cuff Dehiscence

none

none

1 with barbed suture, 1
with conventional

suturet

none

4 cases with
conventional suture, 1
case with barbed suture

(p=0.600)

1 case with conventional

suture (p=0.720)

none

14 cases with
conventional suture

(p=0.034)

9 cases with
conventional suture

(p=0.008)t

1 with barbed suture

(p>0.05)

none

Length of Stay

decreased by
1.6 days
(p=0.000)

no significant

difference

less likely to
stay longer than

1 day (p=0.006)

no significant

difference

no significant

Surgical

Difficulty

decreased

(p<0.010)
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retrospective 202 . . o none i o

(2013) [29] * difference difference difference

Song et al. no significant no significant decreased
case-control 102 o o none

(2014) [31] difference difference (p<0.001)

TABLE 3: Postoperative outcomes evaluated by studies comparing barbed sutures
and conventional sutures for vaginal cuff closure

Effects are reported as the barbed suture group relative to the control group of conventional suture materials unless otherwise
specified (i.e. "decreased" represents a lower reported incidence in the barbed suture group). The O symbol denotes that the
endpoint was not evaluated in the study. *Bassi et al. also reported a higher incidence of postoperative fever in the barbed suture
group (p=0.003) [29]. tp-value not reported. treported as 4.2% of 229 cases with conventional sutures. RCT = randomized
controlled trial.

Although peri-operative outcomes appear similar for barbed and traditional sutures, other
variables should be weighed when choosing materials. Importantly, cost should be a
consideration. Barbed sutures have a markedly higher material cost than traditional sutures.
However, the reduced operative time with barbed sutures necessitates a consideration of the
cost of operating room time. In 2014, Zeybek et al. analyzed the costs of laparoscopic and
robotic operating room time for a hysterectomy. Based on their data, they concluded that
laparoscopic operating room time costs $4,961 for the first 30 minutes and $2,426 for each
additional 30 minutes. For robotic operating room time, the cost was $5,513 for the first 30
minutes and $2,756 for each additional 30 minutes [40]. Although these data only describe the
experience of one institution, it can be reasonably concluded that decreased operating room
time would result in a significantly reduced overall cost for minimally invasive hysterectomy.
Thus, the reduced operative time with barbed sutures may offset the higher material costs.

Overall, the literature suggests that barbed sutures are a useful tool for vaginal cuff closure. The
literature shows that these materials are non-inferior to traditional sutures, and some studies
suggest a modest benefit in postoperative complications and operative duration. Despite their
high material cost, reduced operating room time may offset the higher price for barbed sutures.
Large clinical trials are recommended to demonstrate a definitive benefit with barbed sutures.

Suture technique

When compared to suture materials, the choice of closure technique for the vaginal cuff is a
less-studied element of minimally invasive hysterectomy. The cuff closure technique varies
among surgeons and is often chosen based on surgeon comfort and experience. In a systematic
literature review, Uccella et al. suggested that the vaginal cuff suture technique may play a role
in the rate of postoperative vaginal cuff dehiscence [7]. However, the ideal technique remains
elusive. A large retrospective cohort study of 1924 patients published by O’Hanlan et al.
evaluated a standardized laparoscopic vaginal cuff closure technique. Their technique
incorporated the placement of sutures five millimeters deep from the vaginal edge with five
millimeters between sutures, incorporation of the uterosacral ligaments with the pubocervical
fascia at the angles of the wound, and suturing the bladder peritoneum over the vaginal cuff
edge. This cohort experienced a low rate of vaginal cuff complications of 2.29%, and only 0.99%
of patients required reoperation for a complication of the vaginal cuff, thus indicating that
their methods are associated with few vaginal cuff complications [41]. Although these results
are informative, there remains a deficiency of prospective trials comparing suture techniques.
In our literature search, we identified only three studies that evaluated different intracorporeal
suture techniques of the vaginal cuff in minimally invasive hysterectomy (Table 4) [42-44].
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Author

Blikkendaal
et al. (2012)
[42]

Landeen et
al. (2016)
[43]

Tsafrir et al.
(2016) [44]

Number
Type of

of
Study

Cases

retrospective 331

RCT 263

RCT 90

Study Groups

1) transvaginal interrupted
2) laparoscopic interrupted
3) laparoscopic single-layer
running
a. bidirectional barbed suture
b. running Vicryl suture

1) single-layer continuous
sutures

2) single-layer continuous
sutures with three reinforcing
figure-of-eight sutures

1) running 2.0 V-Loc
2) interrupted 0 Vicryl
3) running 0 Vicryl with Lapra-Ty

Outcomes

vaginal cuff
dehiscence

vaginal cuff
dehiscence
operative
time

blood loss
length of stay
urinary tract
infection
postoperative
pain

vaginal cuff
dehiscence
vaginal cuff
closure time
peri-operative
bleeding
continuous
pain
dyspareunia
vaginal
bleeding
vaginal
discharge

Findings

Eight VCDs (p=0.707):
- 1 after transvaginal
interrupted

- 3 after laparoscopic
interrupted

- 4 after laparoscopic
running

Four VCDs:

- 3 in non-reinforced
group

- 1in reinforced group
* All VCDs were in
current smokers.

No significant
difference for other
outcomes.

No cases of vaginal
cuff dehiscence.
Significant difference in
long-term vaginal pain
(p=0.01):

- 3 patients in Group 3
(running 0 Vicryl with
Lapra-Ty)

- 0 patients in the other
groups

No significant
difference for other
outcomes.

TABLE 4: Suture techniques and outcomes for previous studies comparing vaginal
cuff closure techniques

RCT=randomized controlled trial. VCD=vaginal cuff dehiscence. Vicryl (Ethicon Endosurgery, Somerville, New Jersey); Lapra-
Ty (Ethicon Endosurgery, Cincinnati, Ohio); V-Loc (Covidien Healthcare, Mansfield, Massachusetts).

Blikkendaal et al. found no significant difference between the rates of VCD in a retrospective
study of 331 cases of vaginal cuff closure by either transvaginal interrupted sutures,
laparoscopic interrupted sutures, or laparoscopic single-layer running sutures [42]. Similarly,
Tsafrir et al. experienced no cases of VCD in a randomized controlled trial of 90 cases of
intracorporeal vaginal cuff closure; their analysis compared a running 2.0 barbed suture, an

interrupted 0 Vicryl suture, and a running 0 Vicryl suture with Lapra-Ty [44]. Contrasting with
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these results, Landeen et al. identified a significant difference in VCD between two cuff closure
techniques in a randomized controlled trial of 263 cases. Their evaluation compared cuff
closure with a single-layer continuous running suture and a single-layer continuous running
suture with three reinforcing figure-of-eight sutures [43]. There were four cases of VCD in their
sample; three of the four VCDs were in the non-reinforced arm of the trial. All four VCDs were
in current smokers, but the relative risk of VCD in smokers in the non-reinforced group was
4.23 times higher than of VCD in smokers of the reinforced suture group. These findings
suggest that reinforcing sutures reduce the rate of dehiscence. The benefit of these technical
refinements can be better demonstrated in future clinical trials using sufficient sample size to
detect differences in outcomes.

Overall, these limited studies provide insufficient data to demonstrate the superiority of a
single cuff closure technique. Indeed, there are likely many acceptable techniques to close the
vaginal cuff; an ideal technique may never be identified and likely varies based on the surgeon
and the clinical situation. Regardless, the current paucity of the literature regarding the vaginal
cuff closure technique in minimally invasive hysterectomy necessitates the development of
large trials with adequate power.

Single-site hysterectomy

Laparoendoscopic single-site surgery (LESS) is an advanced minimally invasive technique that
has been recently introduced into clinical practice. This technique utilizes a single trocar for
both optics and instrumentation, thus improving cosmetic outcomes and reducing
complications related to the placement of ancillary trocars. LESS is a surgically challenging
platform because of poor ergonomics and restricted space for instruments, thus increasing
instrument collision and making it more difficult to obtain adequate triangulation. These
restrictions make closure of the vaginal cuff particularly challenging. The ideal approach to
vaginal cuff closure in robotic single-site hysterectomies is currently being refined, and few
studies have evaluated the optimal approach for cuff closure. Many studies of single-site
hysterectomies use barbed sutures for vaginal cuff closure because these materials eliminate
the need for intracorporeal knot-tying, which is particularly demanding in single-site surgery
due to restricted movement and reduced space for instruments. Shin and colleagues describe an
interesting technique using barbed sutures for vaginal cuff closure in single-site hysterectomy.
In a series of 100 cases, they used a V-Loc unidirectional barbed suture with a straightened
needle. They concluded that using a straightened needle for cuff closure results in shorter
operative time and reduced technical difficulty [45].

Although barbed sutures may be easier to use in single-site surgery, surgeons should develop
skills for intracorporeal knot-tying for this platform. Akdemir et al. applied a standardized
intracorporeal cuff suture technique to 24 cases of robotic single-site total hysterectomy using
intracorporeal interrupted single stitches with a 0 Vicryl suture with a 40-mm Y%-circle cutting
needle [46]. Using this technique, the surgeons found that the learning curve for intracorporeal
suturing of the vaginal cuff in LESS reached a plateau at around 14 procedures, with a reduction
of the average vaginal cuff closure time from 26.4 minutes in the first 14 cases to 18.7 minutes
in the following 10 cases. Escobar et al. also found similar results, with surgical proficiency
reached at 10-15 cases [47]. However, Paek et al. reported a longer timeline before surgical
proficiency is attained, at about 40 cases [48]. Regardless, these findings suggest that although
the learning curve is steep for intracorporeal suturing of the vaginal cuff in LESS, it can be
overcome with sufficient practice.

The utilization of LESS in gynecologic surgery is relatively new, with limited outcome data
available. Yang et al. published a systematic review of six randomized controlled trials and 12
retrospective studies, including a total of 3,725 patients; their analysis shows that, compared to
multiport laparoscopic hysterectomy, single-site laparoscopic hysterectomy had a higher
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procedure failure rate, longer operative time, shorter length of stay, and faster return to bowel
activity [49]. The procedure failure rate was mostly due to the requirement for extra ports,
which would presumably be reduced with additional surgeon experience. Similarly, increased
operative time in single-site surgery could be related to surgeon experience and may be reduced
after the surgeon is exposed to more single-site cases. Notably, vaginal cuff closure is one of the
most time-consuming steps in single-site hysterectomy. Postoperative outcomes were similar
between single-site and multi-port hysterectomies, including postoperative pain and serious
complications such as vaginal cuff dehiscence. Although outcomes are similar between these
techniques, single-port surgery has been associated with greater cosmetic satisfaction
compared to two-port or four-port procedures [50].

Single-site surgery is still in its infancy in the field of gynecology. The utilization of this
technique for hysterectomy poses considerable technical challenges to the surgeon, especially
during vaginal cuff closure. These challenges can result in increased operative duration, but the
literature suggests that these hurdles can be overcome with sufficient experience. Similar
postoperative outcomes between single-site and multi-port hysterectomy combined with
improved cosmesis make LESS a viable alternative for traditional laparoscopic or robotic
hysterectomy, especially for younger, non-obese patients in good physical condition. There is a
paucity of studies on optimal technique for vaginal cuff closure in single-site hysterectomy.
Further trials are warranted to refine the approach to intracorporeal suturing of the vaginal
cuff, one of the most challenging components of single-site hysterectomy.

Conclusions

Vaginal cuff closure is a component of minimally invasive hysterectomy with significant
variance in technique and suture choice between surgeons and institutions. Transvaginal
suturing has been touted as a superior technique to laparoscopic sutures due to historically
lower rates of vaginal cuff dehiscence. However, new techniques and materials have been
introduced that may improve the strength of laparoscopic and robotic closure. Since the
introduction of barbed sutures, they have been shown to have utility in gynecologic surgery.
Several studies suggest that a barbed suture may be superior to a conventional suture in
postoperative outcomes and operative time, although the benefits are modest. The increased
cost of barbed sutures may be offset by reduced time in the operating room. Suture technique is
a less-studied variable in vaginal cuff closure. The literature suggests that technical
refinements, specifically the addition of reinforcing sutures, may provide benefit in
postoperative outcomes. However, prospective trials with a large sample size are necessary to
identify a superior technique. The recent introduction of laparoendoscopic single-site surgery
to the field of gynecology provides the possibility of further advancements in minimally
invasive hysterectomy. The best technique for vaginal cuff closure in single-site surgery has not
yet been established, as this is a cutting-edge field with few published trials. We believe that
with new technologies and increased surgeon experience in minimally invasive techniques,
intracorporeal vaginal cuff closure in minimally invasive hysterectomy will no longer be viewed
as higher risk than transvaginal cuff closure.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

2017 Smith et al. Cureus 9(10): e1766. DOI 10.7759/cureus.1766 14 of 17



Cureus

Acknowledgements

The authors would like to thank Mr. Ryan Dickerson for his exceptional work in developing the
graphic art used in this paper and Ms. Ann Kennedy for her work in scheduling and
coordinating meetings between the authors.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Wright JD, Herzog TJ, Tsui J: Nationwide trends in the performance of inpatient hysterectomy
in the United States. Obstet Gynecol. 2013, 122:233-241. 10.1097/A0G.0b013e318299a6cf
Wu JM, Wechter ME, Geller EJ, Nguyen TV, Visco AG: Hysterectomy rates in the United
States, 2003. Obstet Gynecol. 2007, 110:1091-1095. 10.1097/01.A0G.0000285997.38553.4b
Burnham W: Extirpation of the uterus and ovaries for sarcomatous disease . Nelson's Am
Lancet. 1854, 8:147-151.

Reich H, Decaprio J, McGlynn F: Laparoscopic hysterectomy. ] Gynecol Surg. 1989, 5:213-216.
10.1089/gyn.1989.5.213

Cohen SL, Vitonis AF, Einarsson JI: Updated hysterectomy surveillance and factors associated
with minimally invasive hysterectomy. JSLS. 2014, 18:1-12. 10.42953/js1s.2014.00096

Desai VB, Guo XM, Fan L, Wright JD, Xu X: Inpatient laparoscopic hysterectomy in the United
States: trends and factors associated with approach selection. ] Minim Invasive Gynecol. 2017,
24:151-158. 10.1016/j.jmig.2016.08.830

Uccella S, Ghezzi F, Mariani A, Cromi A, Bogani G, Serati M, Bolis P: Vaginal cuff closure after
minimally invasive hysterectomy: our experience and systematic review of the literature. Am
] Obstet Gynecol. 2011, 205:119. 10.1016/j.2jog.2011.03.024

Ceccaroni M, Berretta R, Malzoni M, et al.: Vaginal cuff dehiscence after hysterectomy: a
multicenter retrospective study. Eur ] Obstet Gynecol Reprod Biol. 2011, 158:308-313.
10.1016/j.ejogrb.2011.05.013

Fanning J, Kesterson ], Davies M, Green ], Penezic L, Vargas R, Harkins G: Effects of
electrosurgery and vaginal closure technique on postoperative vaginal cuff dehiscence. JSLS.
2013, 17:414-417. 10.4293/10860813x13693422518515

Bastu E, Yasa C, Dural O, et al.: Comparison of 2 methods of vaginal cuff closure at
laparoscopic hysterectomy and their effect on female sexual function and vaginal length: a
randomized clinical study. ] Minim Invasive Gynecol. 2016, 23:986-993.
10.1016/j.jmig.2016.07.007

Croce E, Olmi S: Intracorporeal knot-tying and suturing techniques in laparoscopic surgery:
technical details. JSLS. 2000, 4:17-22.

Thiyagarajan M, Ravindrakumar C: A comparative study in learning curves of two different
intracorporeal knot tying techniques. Minim Invasive Surg. 2016, 2016:3059434.
10.1155/2016/3059434

Weld K]J, Arzola J, Montiglio C, Bush AC, Cespedes RD: Lapra-Ty holding strength and
slippage with various suture types and sizes. Urology. 2008, 71:32-35.
10.1016/j.urology.2007.08.061

Arden D, Hacker MR, Jones DB, Awtrey CS: Description and validation of the Pelv-Sim: a
training model designed to improve gynecologic minimally invasive suturing skills. ] Minim
Invasive Gynecol. 2008, 15:707-711. 10.1016/j.jmig.2008.08.004

Weizman NF, Manoucheri E, Vitonis AF, Hicks GJ, Einarsson JI, Cohen SL: Design and
validation of a novel assessment tool for laparoscopic suturing of the vaginal cuff during
hysterectomy. | Surg Educ. 2015, 72:212-219. 10.1016/j.jsurg.2014.08.015

King CR, Donnellan N, Guido R, Ecker A, Althouse AD, Mansuria S: Development and
validation of a laparoscopic simulation model for suturing the vaginal cuff. Obstet Gynecol.
2015, 126:27-35. 10.1097/a0g.0000000000001053

Tunitsky-Bitton E, Propst K, Muffly T: Development and validation of a laparoscopic
hysterectomy cuff closure simulation model for surgical training. Am J Obstet Gynecol. 2016,
214:392-391. 10.1016/j.ajog.2015.11.023

Finan MA, Silver S, Otts E, Rocconi RP: A comprehensive method to train residents in robotic
hysterectomy techniques. ] Robot Surg. 2010, 4:183-190. 10.1007/s11701-010-0208-9

Kiely D], Gotlieb WH, Lau S, et al.: Virtual reality robotic surgery simulation curriculum to
teach robotic suturing: a randomized controlled trial. ] Robot Surg. 2015, 9:179-186.

2017 Smith et al. Cureus 9(10): e1766. DOI 10.7759/cureus.1766 150f 17


https://dx.doi.org/10.1097/AOG.0b013e318299a6cf
https://dx.doi.org/10.1097/AOG.0b013e318299a6cf
https://dx.doi.org/10.1097/01.AOG.0000285997.38553.4b
https://dx.doi.org/10.1097/01.AOG.0000285997.38553.4b
https://scholar.google.com/scholar?q=intitle:Extirpation of the uterus and ovaries for sarcomatous disease
https://dx.doi.org/10.1089/gyn.1989.5.213
https://dx.doi.org/10.1089/gyn.1989.5.213
https://dx.doi.org/10.4293/jsls.2014.00096
https://dx.doi.org/10.4293/jsls.2014.00096
https://dx.doi.org/10.1016/j.jmig.2016.08.830
https://dx.doi.org/10.1016/j.jmig.2016.08.830
https://dx.doi.org/10.1016/j.ajog.2011.03.024
https://dx.doi.org/10.1016/j.ajog.2011.03.024
https://dx.doi.org/10.1016/j.ejogrb.2011.05.013
https://dx.doi.org/10.1016/j.ejogrb.2011.05.013
https://dx.doi.org/10.4293/10860813x13693422518515
https://dx.doi.org/10.4293/10860813x13693422518515
https://dx.doi.org/10.1016/j.jmig.2016.07.007
https://dx.doi.org/10.1016/j.jmig.2016.07.007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3015354/
https://dx.doi.org/10.1155/2016/3059434
https://dx.doi.org/10.1155/2016/3059434
https://dx.doi.org/10.1016/j.urology.2007.08.061
https://dx.doi.org/10.1016/j.urology.2007.08.061
https://dx.doi.org/10.1016/j.jmig.2008.08.004
https://dx.doi.org/10.1016/j.jmig.2008.08.004
https://dx.doi.org/10.1016/j.jsurg.2014.08.015
https://dx.doi.org/10.1016/j.jsurg.2014.08.015
https://dx.doi.org/10.1097/aog.0000000000001053
https://dx.doi.org/10.1097/aog.0000000000001053
https://dx.doi.org/10.1016/j.ajog.2015.11.023
https://dx.doi.org/10.1016/j.ajog.2015.11.023
https://dx.doi.org/10.1007/s11701-010-0208-9
https://dx.doi.org/10.1007/s11701-010-0208-9
https://dx.doi.org/10.1007/s11701-015-0513-4

Cureus

10.1007/s11701-015-0513-4

20. Greenberg JA, Goldman RH: Barbed suture: a review of the technology and clinical uses in
obstetrics and gynecology. Rev Obstet Gynecol. 2013, 6:107-115.

21. lavazzo C, Mamais I, Gkegkes ID: The role of knotless barbed suture in gynecologic surgery:
systematic review and meta-analysis. Surg Innov. 2015, 22:528-539.
10.1177/1553350614554235

22. Greenberg JA: The use of barbed sutures in obstetrics and gynecology . Rev Obstet Gynecol.
2010, 3:82-91.

23.  Gozen AS, Arslan M, Schulze M, Rassweiler J: Comparison of laparoscopic closure of the
bladder with barbed polyglyconate versus polyglactin suture material in the pig bladder
model: an experimental in vitro study. ] Endourol. 2012, 26:732-736. 10.1089/end.2011.0194

24.  Arbaugh M, Case JB, Monnet E: Biomechanical comparison of glycomer 631 and glycomer 631
knotless for use in canine incisional gastropexy. Vet Surg. 2013, 42:205-209. 10.1111/j.1532-
950X.2012.01051.x

25. Greenberg JA, Einarsson JI: The use of bidirectional barbed suture in laparoscopic
myomectomy and total laparoscopic hysterectomy. ] Minim Invasive Gynecol. 2008, 15:621-
623.10.1016/j.jmig.2008.06.004

26. Einarsson JI, Chavan NR, Suzuki Y, Jonsdottir G, Vellinga TT, Greenberg JA: Use of
bidirectional barbed suture in laparoscopic myomectomy: evaluation of perioperative
outcomes, safety, and efficacy. ] Minim Invasive Gynecol. 2011, 18:92-95.
10.1016/j.jmig.2010.10.003

27. Nawfal AK, Eisenstein D, Theoharis E, Dahlman M, Wegienka G: Vaginal cuff closure during
robotic-assisted total laparoscopic hysterectomy: comparing vicryl to barbed sutures. JSLS.
2012, 16:525-529. 10.4293/108680812x13462882736772

28.  Ardovino M, Castaldi MA, Fraternali F, et al.: Bidirectional barbed suture in total laparoscopic
hysterectomy and lymph node dissection for endometrial cancer: technical evaluation and 1-
year follow-up of 61 patients. ] Laparoendosc Adv Surg Tech A. 2013, 23:347-350.
10.1089/1ap.2012.0079

29. Bassi A, Tulandi T: Evaluation of total laparoscopic hysterectomy with and without the use of
barbed suture. ] Obstet Gynaecol Can. 2013, 35:718-722. 10.1016/S1701-2163(15)30862-8

30. Bogliolo S, Nadalini C, Iacobone AD, Musacchi V, Carus AP: Vaginal cuff closure with
absorbable bidirectional barbed suture during total laparoscopic hysterectomy. Eur ] Obstet
Gynecol Reprod Biol. 2013, 170:219-221. 10.1016/j.ejogrb.2013.06.006

31. Song T, Lee SH: Barbed suture vs traditional suture in single-port total laparoscopic
hysterectomy. ] Minim Invasive Gynecol. 2014, 21:825-829. 10.1016/j.jmig.2014.03.012

32. Medina BC, Giraldo CH, Riano G, Hoyos LR, Otalora C: Barbed suture for vaginal cuff closure
in laparoscopic hysterectomy. JSLS. 2014, 18:83-88. 10.4293/108680813x13693422518795

33.  Zhou'Y, Guthrie G, Chuang A, Faro JP, Ali V: Unidirectional barbed suture versus interrupted
vicryl suture in vaginal cuff healing during robotic-assisted laparoscopic hysterectomy. |
Robot Surg. 2014, 8:201-205. 10.1007/s11701-014-0451-6

34. ConglL, LiC, Wei B, Zhan L, Wang W, Xu Y: V-Loc 180 suture in total laparoscopic
hysterectomy: a retrospective study comparing Polysorb to barbed suture used for vaginal cuff
closure. Eur ] Obstet Gynecol Reprod Biol. 2016, 207:18-22. 10.1016/j.ejogrb.2016.09.012

35. Kim JH, Byun SW, SongJY, et al.: Barbed versus conventional 2-layer continuous running
sutures for laparoscopic vaginal cuff closure. Medicine (Baltimore). 2016, 95:4981.
10.1097/md.0000000000004981

36. Siedhoff MT, Yunker AC, Steege JF: Decreased incidence of vaginal cuff dehiscence after
laparoscopic closure with bidirectional barbed suture. ] Minim Invasive Gynecol. 2011,
18:218-223. 10.1016/j.jmig.2011.01.002

37. Rettenmaier MA, Abaid LN, Brown JV, Mendivil AA, Lopez KL, Goldstein BH: Dramatically
reduced incidence of vaginal cuff dehiscence in gynecologic patients undergoing endoscopic
closure with barbed sutures: A retrospective cohort study. Int J Surg. 2015, 19:27-30.
10.1016/j.ijsu.2015.05.007

38. Einarsson JI, Cohen SL, Gobern JM, Sandberg EM, Hill-Lydecker CI, Wang K, Brown DN:
Barbed versus standard suture: a randomized trial for laparoscopic vaginal cuff closure . ]
Minim Invasive Gynecol. 2013, 20:492-498. 10.1016/j.jmig.2013.02.015

39. Neubauer NL, Schink PJ, Pant A, Singh D, Lurain JR, Schink JC: A comparison of 2 methods of
vaginal cuff closure during robotic hysterectomy. Int ] Gynaecol Obstet. 2013, 120:99-101.

2017 Smith et al. Cureus 9(10): e1766. DOI 10.7759/cureus.1766 16 of 17


https://dx.doi.org/10.1007/s11701-015-0513-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4002186/
https://dx.doi.org/10.1177/1553350614554235
https://dx.doi.org/10.1177/1553350614554235
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3046763/
https://dx.doi.org/10.1089/end.2011.0194
https://dx.doi.org/10.1089/end.2011.0194
https://dx.doi.org/10.1111/j.1532-950X.2012.01051.x
https://dx.doi.org/10.1111/j.1532-950X.2012.01051.x
https://dx.doi.org/10.1016/j.jmig.2008.06.004
https://dx.doi.org/10.1016/j.jmig.2008.06.004
https://dx.doi.org/10.1016/j.jmig.2010.10.003
https://dx.doi.org/10.1016/j.jmig.2010.10.003
https://dx.doi.org/10.4293/108680812x13462882736772
https://dx.doi.org/10.4293/108680812x13462882736772
https://dx.doi.org/10.1089/lap.2012.0079
https://dx.doi.org/10.1089/lap.2012.0079
https://dx.doi.org/10.1016/S1701-2163(15)30862-8
https://dx.doi.org/10.1016/S1701-2163(15)30862-8
https://dx.doi.org/10.1016/j.ejogrb.2013.06.006
https://dx.doi.org/10.1016/j.ejogrb.2013.06.006
https://dx.doi.org/10.1016/j.jmig.2014.03.012
https://dx.doi.org/10.1016/j.jmig.2014.03.012
https://dx.doi.org/10.4293/108680813x13693422518795
https://dx.doi.org/10.4293/108680813x13693422518795
https://dx.doi.org/10.1007/s11701-014-0451-6
https://dx.doi.org/10.1007/s11701-014-0451-6
https://dx.doi.org/10.1016/j.ejogrb.2016.09.012
https://dx.doi.org/10.1016/j.ejogrb.2016.09.012
https://dx.doi.org/10.1097/md.0000000000004981
https://dx.doi.org/10.1097/md.0000000000004981
https://dx.doi.org/10.1016/j.jmig.2011.01.002
https://dx.doi.org/10.1016/j.jmig.2011.01.002
https://dx.doi.org/10.1016/j.ijsu.2015.05.007
https://dx.doi.org/10.1016/j.ijsu.2015.05.007
https://dx.doi.org/10.1016/j.jmig.2013.02.015
https://dx.doi.org/10.1016/j.jmig.2013.02.015
https://dx.doi.org/10.1016/j.ijgo.2012.07.015

Cureus

10.1016/j.ijgo.2012.07.015

40. Zeybek B, Oge T, Kilic CH, Borahay MA, Kilic GS: A financial analysis of operating room
charges for robot-assisted gynaecologic surgery: Efficiency strategies in the operating room
for reducing the costs. ] Turk Ger Gynecol Assoc. 2014, 15:25-29.
10.5152/jtgga.jtgga.2014.79989

41. O'Hanlan KA, Emeney PL, Peters A, Sten MS, McCutcheon SP, Struck DM, Hoang JK: Analysis
of a standardized technique for laparoscopic cuff closure following 1924 total laparoscopic
hysterectomies. Minim Invasive Surg. 2016, 2016:1372685. 10.1155/2016/1372685

42. Blikkendaal MD, Twijnstra AR, Pacquee SC, Rhemrev JPT, Smeets MJGH, de Kroon CD, Jansen
FW: Vaginal cuff dehiscence in laparoscopic hysterectomy: influence of various suturing
methods of the vaginal vault. Gynecol Surg. 2012, 9:745. 10.1007/s10397-012-0745-5

43. Landeen LB, Hultgren EM, Kapsch TM, Mallory PW: Vaginal cuff dehiscence: a randomized
trial comparing robotic vaginal cuff closure methods. ] Robot Surg. 2016, 10:337-341.
10.1007/s11701-016-0604-x

44. Tsafrir Z, Palmer M, Dahlman M, et al.: Long-term outcomes for different vaginal cuff closure
techniques in robotic-assisted laparoscopic hysterectomy: a randomized controlled trial. Eur |
Obstet Gynecol Reprod Biol. 2016, 210:7-12. 10.1016/j.ejogrb.2016.11.018

45.  Shin SJ, Chung H, Kwon SH, Cha SD, Cho CH: New suturing technique for robotic-assisted
vaginal cuff closure during single-site hysterectomy. ] Robot Surg. 2016, 11:139-143.
10.1007/s11701-016-0629-1

46. Akdemir A, Zeybek B, Ozgurel B, Oztekin MK, Sendag F: Learning curve analysis of
intracorporeal cuff suturing during robotic single-site total hysterectomy. ] Minim Invasive
Gynecol. 2015, 22:384-389. 10.1016/j.jmig.2014.06.006

47. Escobar PF, Starks DC, Fader AN, Barber M, Rojas-Espalliat L: Single-port risk-reducing
salpingo-oophorectomy with and without hysterectomy: surgical outcomes and learning curve
analysis. Gynecol Oncol. 2010, 119:43-47. 10.1016/j.ygyno.2010.05.026

48. Paek], Kim SW, Lee SH, Lee M, Yim G-W, Nam E-J, Kim Y-T: Learning curve and surgical
outcome for single-port access total laparoscopic hysterectomy in 100 consecutive cases.
Gynecol Obstet Invest. 2011, 72:227-233. 10.1159/000324384

49. YangL, GaoJ, Zeng L, Weng Z, Luo S: Systematic review and meta-analysis of single-port
versus conventional laparoscopic hysterectomy. Int ] Gynaecol Obstet. 2016, 133:9-16.
10.1016/j.ijg0.2015.08.013

50. Song T, Kim MK, Kim ML, Yoon BS, Seong S]: Would fewer port numbers in laparoscopy
produce better cosmesis? Prospective study. ] Minim Invasive Gynecol. 2014, 21:68-73.
10.1016/j.jmig.2013.07.001

2017 Smith et al. Cureus 9(10): e1766. DOI 10.7759/cureus.1766 17 of 17


https://dx.doi.org/10.1016/j.ijgo.2012.07.015
https://dx.doi.org/10.5152/jtgga.jtgga.2014.79989
https://dx.doi.org/10.5152/jtgga.jtgga.2014.79989
https://dx.doi.org/10.1155/2016/1372685
https://dx.doi.org/10.1155/2016/1372685
https://dx.doi.org/10.1007/s10397-012-0745-5
https://dx.doi.org/10.1007/s10397-012-0745-5
https://dx.doi.org/10.1007/s11701-016-0604-x
https://dx.doi.org/10.1007/s11701-016-0604-x
https://dx.doi.org/10.1016/j.ejogrb.2016.11.018
https://dx.doi.org/10.1016/j.ejogrb.2016.11.018
https://dx.doi.org/10.1007/s11701-016-0629-1
https://dx.doi.org/10.1007/s11701-016-0629-1
https://dx.doi.org/10.1016/j.jmig.2014.06.006
https://dx.doi.org/10.1016/j.jmig.2014.06.006
https://dx.doi.org/10.1016/j.ygyno.2010.05.026
https://dx.doi.org/10.1016/j.ygyno.2010.05.026
https://dx.doi.org/10.1159/000324384
https://dx.doi.org/10.1159/000324384
https://dx.doi.org/10.1016/j.ijgo.2015.08.013
https://dx.doi.org/10.1016/j.ijgo.2015.08.013
https://dx.doi.org/10.1016/j.jmig.2013.07.001
https://dx.doi.org/10.1016/j.jmig.2013.07.001

	Vaginal Cuff Closure in Minimally Invasive Hysterectomy: A Review of Training, Techniques, and Materials
	Abstract
	Introduction And Background
	Review
	Laparoscopic suturing techniques
	FIGURE 1: Looped technique of intracorporeal suturing
	FIGURE 2: Coiled technique for intracorporeal suturing
	FIGURE 3: Depiction of the Lapra-Ty clip (Ethicon Endosurgery, Cincinnati, Ohio)

	Training models for laparoscopic suturing of the vaginal cuff
	TABLE 1: Training models constructed for laparoscopic and robotic vaginal cuff closure skill development

	Barbed versus standard suture
	TABLE 2: Operative time differences between barbed and conventional sutures in previous studies
	TABLE 3: Postoperative outcomes evaluated by studies comparing barbed sutures and conventional sutures for vaginal cuff closure

	Suture technique
	TABLE 4: Suture techniques and outcomes for previous studies comparing vaginal cuff closure techniques

	Single-site hysterectomy

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


