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Robotic single-port transumbilical total hysterectomy: a
pilot study
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Objective: To evaluate the feasibility of robotic single-port transumbilical total hysterectomy using a home-made surgical glove
port system.

Methods: We retrospectively reviewed the medical records of patients who underwent robotic single-port transumbilical total
hysterectomy between January 2010 and July 2010. All surgical procedures were performed through a single 3-4-cm umbilical
incision, with a multi-channel system consisting of a wound retractor, a surgical glove, and two 10/12-mm and two 8 mm
trocars.

Results: Seven patients were treated with robotic single-port transumbilical total hysterectomy. Procedures included total
hysterectomy due to benign gynecological disease (n=5), extra-fascial hysterectomy due to carcinoma in situ of the cervix (n=1),
and radical hysterectomy due to cervical cancer IB1 (n=1). The median total operative time was 109 minutes (range, 105 to 311
minutes), the median blood loss was 100 mL (range, 10 to 750 mL), and the median weight of the resected uteri was 200 g (range,
40 to 310 g). One benign case was converted to 3-port robotic surgery due to severe pelvic adhesions, and no post-operative
complications occurred.

Conclusion: Robotic single-port transumbilical total hysterectomy is technically feasible in selected patients with gynecological
disease. Robotics may enhance surgical skills during single-port transumbilical hysterectomy, especially in patients with
gynecologic cancers.
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INTRODUCTION

Laparoscopic single-port transumbilical surgery (L-SPS) is an
emerging technique. Recently, several investigators demonst-
rated the feasibility of the single-port transumbilical approach
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for many gynecological procedures, including hysterectomy,
adnexal surgery, and myomectomy [1-6]. These articles show-
ed that outcomes of L-SPS are comparable or superior to con-
ventional laparoscopic surgery in terms of blood loss, hospital
stay, and post-operative pain. Nevertheless, the limitations of
L-SPS are also apparent, and L-SPS remains a challenging pro-
cedure due to its technical difficulties. Therefore, developing a
better surgical instrument for L-SPS is essential.

Currently, the da Vinci robotic system (Intuitive Surgical Cor-
poration, Sunnyvale, CA, USA) is the robot most frequently
used for assisting laparoscopic surgery in the world. Robotic
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surgery has allowed surgeons to overcome some of the tech-
nical limitations of conventional laparoscopic surgery [7-9].
Optimized ergonomics and the endo-wristed instruments of
the robotic platform may improve surgical proficiency during
L-SPS.

The application of robotic surgery to laparoendoscopic single-
sitesurgery (LESS) hasalreadybeenintroducedforafewurologic,
colorectal,and gynecologicsurgical procedures[3, 10-12]. How-
ever, Escobar and colleagues provide the only reported cases
of robot-assisted LESS gynecologic surgery, including two
hysterectomies, one bilateral salpingo-oophorectomy, and
one retroperitoneal lymph node biopsy [3,13]. In the present
study, we aim to evaluate the feasibility of robotic single-port
transumbilical total hysterectomy (R-SPH) using a novel home-
made surgical glove port system.

MATERIALS AND METHODS

1. Patients

Approval for this study was obtained from the Institutional
Review Board of the Yonsei University College of Medicine. An
Academic Fund of Severance Hospital for Innovative Robotic
Surgery supported this study, and the fund covered the cost
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difference between robotic and conventional laparoscopic sur-
gery. Patients underwent R-SPH between January 2010 and
July 2010. Demographic data, medical conditions, surgical
history, and post-operative follow-up visits were retrospecti-
vely reviewed from medical records, and the operative course,
complications, pathology of the surgical specimens, and
the operative outcomes were prospectively recorded into a
computerized database. Inclusion criteria were patients who
did not have any contraindication for surgery and have a
planned hysterectomy for a gynecologic condition. Exclusion
criteria were uterine size greater than 16 gestational weeks
by pelvic examination, previous history of radiation, and con-
firmed ovarian malignancy. Total operating time for R-SPH
was defined as the time from the beginning of skin incision
to the completion of skin closure. Docking time and console
time were recorded, as defined by Magrina and colleagues
[14]. Postoperative pain intensity was rated immediately after
surgery and at 6, 24, and 48 hours after surgery using a visual
analog scale from 0-10.

2. Surgical techniques

All surgical procedures were performed through a single 3-4
cm umbilical incision with a multi-channel system that con-
sisted of a wound retractor, surgical gloves, and two 10/12-

Fig. 1. Photograph demonstrating a robotic single-port transumbilical access system. (A) A 3-4 cm vertical transumbilical skin incision was
made for entry into the peritoneal cavity. (B) The Alexis Wound Retractor was inserted through the incision and the wrist portion of a size 7.5
glove was fixed to the outer ring of the wound retractor. (C) External view of the port placement during robotic single-port transumbilical
hysterectomy. (D) Post-operative wound on the umbilicus at 4 weeks after surgery.
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mm and two 8-mm trocars (Fig. 1). For a robotic single-port
transumbilical access system, we made a 3-4 cm vertical
umbilical skin incision via an open Hasson approach. Then,
the Alexis Wound Retractor (Applied Medical, Rancho Santa
Margarita, CA, USA) was inserted into the peritoneal cavity.
The wrist portion of a size 7.5 surgical glove was fixed to the
outer ring of the wound retractor. After making a small hole
in the fingertips of the glove, two 10/12-mm and two 8-mm
trocars were inserted, and the abdomen was insufflated with
CO, gas.

Patients were then placed in the steep Trendelenberg, low-
lithotomy position, and the Da Vinci S robot was docked be-
tween their legs. The 12 mm trocar for the robotic 30-degree
scope and two 8 mm trocars for the robotic instruments were

Fig. 2. Robotic single-port transumbilical access system, as seen from
the patient’s head. The 12-mm port for the robotic 30 degree scope
and two 8 mm ports for the robotic instruments were placed in a
triangular fashion.
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placed in a triangular fashion (Fig. 2). The fourth arm was po-
sitioned to the back of the robot and not used. To reduce
collisions between the robotic instruments and camera, we
used a 30-degree robotic camera down or up depending on
the conditions (Fig. 3). We used an EndoWrist Maryland bipolar,
EndoWrist permanent Cautery Spatula, and EndoWrist needle
holder. Through a 10 mm ancillary port, the surgical assistant
performed endoscopic suction and counter-traction with a
laparoscopic grasper.

After placing the robotic single-port access system, the overall
procedure was similar to that of single-port transumbilical la-
paroscopic surgery as previously described [1,2]. The vaginal
cuff was repaired with an intracorporeal continuous suture
using 1-0 vicryl (Ethicon, Piscatsway, NJ, USA) in all patients.
After hemostasis, the incision was repaired with a 2-0 Polysorb
5/8 circle needle (SynetureTM, Covidien, Mansfield, MA, USA).

RESULTS

Seven patients underwent R-SPH between January 2010 and
July 2010. Table 1 shows the patient characteristics, diagnosis,
and surgical procedures. The median age was 48 years (range,
34 to 70 years), and the median BMI was 21.9 (range, 15.8 to
35.8). Procedures included total hysterectomy due to benign
gynecological disease (n=5), extra-fascial hysterectomy due to
carcinoma in situ of the cervix (n=1), and radical hysterectomy
due to cervical cancer IB1 (n=1). Case number 2 received type
1 extended hysterectomy due to positive margin of carcinoma
in situ of the uterine cervix on the conization specimen, and
Case number 6 received hysterectomy by patient’s own
choice due to cancer phobia. Three cases of bilateral salpingo-
oophorectomy were performed along with hysterectomy, and

Fig. 3. Position of the robotic camera for robotic single-port transumbilical total hysterectomy to reduce collisions between the instruments
and camera. (A) As in the conventional multi-port robotic surgery, if the camera and the instruments are inserted at shallow angles in a
30-degree downward position, collisions between the instruments and camera increase. (B) The 30-degree robotic camera is rotated upward to
view the pelvic cavity, which results in fewer collisions between the instruments and camera and provides increased space for instruments to

move more freely.
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Table 1. Patient characteristics and surgical procedures

Journal of Gynecologic Oncology J G O

Case no. Age BMI Diagnosis Procedure
1 48 18.1 Myoma of uterus Total hysterectomy
2 70 35.8 Carcinoma in situ of the cervix Type 1 extended hysterectomy and bilateral salpingo-oophorectomy
3 42 15.8 Myoma, adenomyosis, bilateral Total hysterectomy and bilateral salpingectomy and left oophorectomy
hydrosalpinx
50 23.6 Myoma of uterus Total hysterectomy and bilateral salpingo-oophorectomy
5 34 21.2 Cervical cancer IB1 Radical hysterectomy, bilateral pelvic lymph node dissection and
paraaortic lymph node sampling
6 64 21.9 Myoma, right ovarian teratoma  Total hysterectomy and bilateral salpingo-oophorectomy
7 48 222 Myoma, adenomyosis Total hysterectomy
Median 48 219

Table 2. Surgical outcomes of robotic single-port transumbilical hysterectomy

. L . Post-op .
Case no. Total op time Dockln.g time Consol_e time Vz_ault suture hospital stay EBL (mL) Uterus weight Complication
(min) (min) (min) time (min) (day) (9)
1 106 7 89 10 4 340 200 No
2 105 22 72 19 4 10 40 No
3 31 15 286 20 5 750 310 Conversion to
3 ports robot
hysterectomy*
4 130 10 110 30 4 100 215 No
5 300 22 258 25 6 150 100 No
6 108 24 74 20 4 10 150 No
7 109 15 75 15 3 100 283 No
Median 109 15 89 20 4 100 200

Op, operative; EBL, estimated blood loss.

*Case number 3 was converted to 3-port robotic hysterectomy due to severe pelvic adhesions.

one case of bilateral salpingectomy and left oophorectomy
was performed. In the radical hysterectomy case, bilateral
pelvic lymph node dissection and paraaortic lymph node
sampling were performed. Previous abdominal or pelvic
surgery was noted in two cases (case number 1 and 4).

The median operative time was 109 minutes (range, 105
to 311 minutes). In detail, the median docking time was 15
minutes (range, 7 to 24 minutes), the median console time
was 89 minutes (range, 72 to 286 minutes), and the median
time for vault suture was 20 minutes (range, 10 to 30 minutes).
The median blood loss was 100 mL (range, 10 to 750 mL),
and the median weight of resected uteri was 200 g (range, 40
to 310 g) (Table 2). None of the patients were converted to
laparotomy; however, the third case was converted to 3-port
robotic surgery due to severe pelvic adhesions that resulted
in significant intra-operative bleeding (750 mL). She was
transfused with 3 units of whole blood. The additional ports
were inserted about 10 cm apart from the umbilicus at the
right and the left lower quadrant to complete the procedure.
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The fifth patient had stage IB1 cervical cancer. The histologic
diagnosis was invasive squamous cell carcinoma, keratinizing
type, and the estimated tumor size upon pelvic examination
was less than 2 cm. Para-aortic lymph nodes dissection was
performed up to the level of the inferior mesenteric artery
(supplementary video). Seventeen pelvic lymph nodes and
eight paraaortic lymph nodes were retrieved. Pathology
revealed no metastasis to the lymph nodes.

In all seven cases, there were no serious post-operative
complications such as urinary infection, wound infection,
ileus, or wound site hernia. The median hospital stay was
4 days (range, 3 to 6 days). Intravenous patient-controlled
analgesia (IV-PCA) was started 30 minutes prior to the end
of surgery and maintained for 48 hours for post-operative
pain management, and the median pain score measured
immediately after surgery was 5 (range, 3 to 6). The majority of
patients required one additional intravenous pain medication,
and oral nonsteroidal anti-inflammatory drugs provided
adequate pain control after the IV-PCA was discontinued.
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DISCUSSION

Our preliminary experiences with surgical outcomes after
R-SPH demonstrated the technical feasibility of this surgical
modality. The median operative time (109 minutes) and the
median blood loss (100 mL) were comparable with those of
laparoscopic single-port transumbilical total hysterectomy
(L-SPH) and robotic multi-port surgery.

In fact, the history of single-port laparoscopic surgery in gyne-
cology dates back to the 1960s. A single-port approach was used
in the 1970s for tubal sterilization [15], and Pelosi and Pelosi
[16] performed total hysterectomies and bilateral salpingo-
oophorectomies using the single puncture technique in 1991.
With advances in laparoscopic instruments and techniques in
recent years, multi-channel L-SPS has shown promise, as com-
pared with conventional laparoscopic surgery [1,2]. However,
L-SPS remains a challenging procedure. Significant collisions
between instruments, a limited degree of movement, inferior
ergonomics, and a longer learning curve are the main obstacles
keeping this procedure from full integration into usual practice.

In this regard, the da Vinci robotic system has already been
introduced into single-port laparoscopic surgery by some
innovative surgeons. Initial laboratory experience with robotic
Natural Orifice Trans-luminal Endoscopic Surgery (NOTES)
was reported in 2008 [17]. The first robotic single-port surge-
ries in humans were reported in urology patients who re-
ceived radical prostatectomy, dismembered pyeloplasty, and
radical nephrectomy [10]. Robotic-assisted single incision
partial cecectomy and right colectomy has been reported in
colorectal surgery [11,12]. Escobar et al. [3], Fader and Escobar
[13] reported four cases of robot-assisted LESS gynecologic
surgery, including two hysterectomy cases.

A distinctive feature of the R-SPH performed by our group
is the use of a novel multi-channel single-port access system,
which consisted of an Alexis Wound Retractor and a surgical
glove with four trocars. At our institution, we also use this
system for L-SPH [1,2]. This port system allows for the use of a
maximum of five trocars, given the number of fingers on the
glove, and provides a flexible platform for trocar allocation
and trocar changes. Furthermore, due to the elasticity of the
surgical glove, this port system allows for increased range
of motion and repositioning of the instruments. In addition,
there are no issues with gas leak, and the cost is much lower,
because we do not use a commercially available single-port
system.

For a successful R-SPH, positioning of the camera and instru-
ments is important. Instrument collision can be reduced when
the robotic camera and two instruments are placed in a trian-
gular fashion to avoid a coaxial configuration (Fig. 2). The use
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of a 30-degree robotic camera rotated to look upward allows
additional space for robotic arms to move more freely as previ-
ously described (Fig. 3) [18]. However, it requires additional time
to dock the robotic platform in R-SPH (median, 15 minutes),
when compared with conventional robotic surgery.

When considering technical challenges, introducing the
robotic system into single-port surgery has several advantages
over L-SPH or conventional robotic surgery. The robotic
system affords important three-dimensional visualization,
magnification of the view, a stable camera platform, fine
movement, and tremor control [7,19,20]. The endo-wristed
robotic arms provide articulation and more degrees of
freedom, which allows for performance of complex surgical
procedures, especially intracorporeal suturing and un-roofing
the ureters. R-SPH also reduces instrument collisions. Most
importantly, R-SPH has superior ergonomics, due to the
console system, when compared with L-SPH. Given these
advantages, we speculate that the learning curve might be
decreased.

In addition, operative complications related to trocar
insertion, such as epigastric vessel injury, operative wound
infection, and hematoma formation might be avoided by
reducing the number of ancillary ports penetrating the
abdominal wall. In fact, evisceration of the small bowel and
obstruction through the 8 mm robotic port site has been
reported [21]. Robotic port site recurrences after radical
hysterectomy for cervical cancer have also been reported [22].

It is important to acknowledge the technical limitations of
R-SPH. As can be expected, collision and crowding problems
do exist, although instrumental collision can be reduced by
modification of the positioning of the instruments and the
robotic camera. Most of these collisions occur externally
between the robotic arms, due to the bulky robotic system.
The lack of haptic feedback and the need for a well-trained
surgical assistant are other limitations of robotic surgery. The
most difficult problem of R-SPH is the larger wound size (3-4
cm) than that of L-SPH (1.5-2 cm), and it is the biggest hurdle
in adopting R-SPH in usual clinical gynecologic practice. Use
of 5 mm robotic instruments may reduce the incision size;
however, there are certain limitations with the current robot
system.

In our initial experience, the most exciting case was the
fifth case, which was a radical hysterectomy, bilateral pelvic
lymphadenectomy, and paraaortic lymphadenectomy in a
patient with cervical cancer. Through the use of the robotic
system, this is the first case in which a radical hysterectomy
was performed successfully using a single-port approach,
which is technically a nearly impossible procedure to perform
with L-SPS. We feel that this case shows the future direction of
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robotic single-port transumbilical surgery in gynecology.

There are some limitations of the present study. This study
included only a small number of cases, and we selected
patients who were deemed to be good candidates for
laparoscopic surgery, which may have introduced selection
bias. The severe adhesions in the third case were unpredicted.
However, given that R-SPH is a new technique, and it is
important to establish its feasibility before proceeding with
the procedure in more cases. In spite of these weaknesses, to
the best of our knowledge, this is the first case series of R-SPH
with a novel, home-made port system.

Integrating the existing robotic system into L-SPS enhanced
surgical proficiency without increased complications or
conversion to laparotomy. While this approach is unique
and innovative, the current robotic system is bulky and not
specifically designed for single-port surgery. An updated
robotic system optimized for single-port surgery with a
flexible camera and flexible instruments may solve this
problem.

In conclusion, R-SPH is technically feasible in selected
patients with gynecological disease. Robotics may enhance
surgical skills during single-port transumbilical hysterectomy,
particularly in patients with gynecological cancer. However,
additional studies with gynecologic oncologic cases should
be performed to explore the possible benefits of R-SPH.
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Standards for Different Types of Articles

Guidelines for six different types of articles have been adopted by the Journal of Gynecologic Oncology:

N =

. CONSORT (Consolidated Standards of Reporting Trials) standards for reporting randomized trials
. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) guidelines for

reporting systematic reviews and meta-analyses

w

. MOOSE (Meta-analysis of Observational Studies in Epidemiology) guidelines for meta-analyses

and systematic reviews of observational studies
4. STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines for

the reporting of observational studies

5. STARD (Standards for Reporting of Diagnostic Accuracy) standards for reporting studies of

diagnostic accuracy

[=)]

studies

. REMARK (Reporting of Tumor Markers Studies) guidelines for reporting tumor marker prognostic

Investigators who are planning, conducting, or reporting randomized trials, meta-analyses
of randomized trials, meta-analyses of observational studies, observational studies, studies of
diagnostic accuracy, or tumor marker prognostic studies should be familiar with these sets of
standards and follow these guidelines in articles submitted for publication.
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