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ABSTRACT

Background and Objectives: The value of robotic sur-
gery for gynecologic procedures has been critically eval-
uated over the past few years. Its drawbacks have been
noted as larger port size, location of port placement,
limited instrumentation, and cost. In this study, we de-
scribe a novel technique for robotic-assisted laparoscopic
hysterectomy (RALH) with 3 important improvements: (1)
more aesthetic triangular laparoscopic port configuration,
(2) use of 5-mm robotic cannulas and instruments, and (3)
improved access around the robotic arms for the bedside
assistant with the use of pediatric-length laparoscopic
instruments.

Methods: We reviewed a series of 44 women who un-
derwent a novel RALH technique and concomitant proce-
dures for benign hysterectomy between January 2008 and
September 2011.

Results: The novel RALH technique and concomitant
procedures were completed in all of the cases without
conversion to larger ports, laparotomy, or video-assisted
laparoscopy. Mean age was 49.9 years (SD 8.8, range
33–70), mean body mass index was 26.1 (SD 5.1, range
18.9–40.3), mean uterine weight was 168.2 g (SD 212.7,
range 60–1405), mean estimated blood loss was 69.7 mL

(SD 146.9, range 20–1000), and median length of stay was
�1 day (SD 0.6, range 0–2.5). There were no major and 3
minor peri- and postoperative complications, including 2
urinary tract infections and 1 case of intravenous site
thrombophlebitis. Mean follow-up time was 40.0 months
(SD 13.6, range 15–59).

Conclusion: Use of the triangular gynecology laparo-
scopic port placement and 5-mm robotic instruments for
RALH is safe and feasible and does not impede the sur-
geon’s ability to perform the procedures or affect patient
outcomes.

Key Words: Robotic-assisted laparoscopic hysterectomy,
5-mm Robotic ports, Short laparoscopic instruments, Aes-
thetics.

INTRODUCTION

Robotic-assisted laparoscopic surgery is one of the fastest
growing and widely adopted surgical innovations, with
373,000 procedures across all surgical subspecialties per-
formed during 2012 in the United States, a 26% increase
from the previous year.1 In the field of gynecology,
222,000 robotic procedures were performed. Among
these procedures were 176,000 robotic-assisted laparo-
scopic hysterectomies (RALHs); �80% of those were per-
formed for benign indications.2

The RALH first reported by Diaz-Arrastia et al in 2002 has
grown in popularity in the past decade.3 The da Vinci
Surgical System (Intuitive Surgical, Inc., Sunnyvale, Cali-
fornia) is an enabling technology that provides magnified,
immersive, 3-dimensional visualization; greater dexterity
and instrument articulation; decreased tremor; and seating
during surgery to reduce surgeon fatigue. However, the
value of the robot in gynecologic surgery has been criti-
cally evaluated in the past few years. Some shortcomings
of robotic surgery are the larger 8-mm cannula, the un-
aesthetic port configuration, and the high costs of owning
and using the surgical system. When comparing robotic-
assisted laparoscopy to conventional laparoscopy for be-
nign, uncomplicated procedures such as a hysterectomy,
patient outcomes and complication rates are similar.4,5 In
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addition, a conventional laparoscopic hysterectomy can
be executed with smaller 5-mm incisions and better cos-
mesis, and at lower costs.4,5

In this case series, we describe an improved surgical
technique for RALH combining a more aesthetic place-
ment of laparoscopic incisions and smaller diameter
ports. These improvements in robotic surgical tech-
nique are intended to decrease postoperative patient
discomfort, decrease risk of wound complications, im-
prove healing, and increase patient satisfaction. The
objective was to evaluate first the safety and feasibility
of this novel RALH technique that uses a triangular
laparoscopic port configuration, smaller 5-mm robotic
EndoWrist (Intuitive Surgical, Inc., Sunnyvale, Califor-
nia) instruments, and short laparoscopic instruments for
the bedside assistant.

MATERIALS AND METHODS

The retrospective case series included consecutive pa-
tients who underwent the novel RALH technique as de-
scribed in the next section. The female patients were �21
years of age, had been counseled about other treatment
options for their respective conditions, and elected to
undergo RALH, AAGL-type IVE hysterectomy6 and other
indicated procedures between January 2008 and Septem-
ber 2011. The decision to perform robotic surgery versus
conventional video-assisted laparoscopic surgery de-
pended on the availability of the da Vinci Surgical System
at the time of the procedure. Time conflicts owing to
concurrent use within and between departments ran-
domly and infrequently prevented the scheduled RALH
from being performed. In these cases, the patient was not
included in the study. All of the procedures were per-
formed by a single surgeon, along with minimally invasive
gynecology fellows and surgical assistants, at a private
metropolitan hospital that is a tertiary referral center for
minimally invasive gynecologic surgery and endometrio-
sis. Demographic and clinical data were abstracted from
medical records and included age, gravidity, parity, body
mass index, prior surgery, and indication(s) for surgery.
Data collected including primary and concomitant surgi-
cal procedures, estimated blood loss (EBL), uterine
weight, operative time, intraoperative complications,
postoperative complications, length of hospital stay
(LOS), and follow-up time. This study, a retrospective case
series, was exempt by the Institutional Review Board at
Northside Hospital (Atlanta, Georgia).

Operative Technique

All patients received a perioperative dose of intravenous
(IV) antibiotic per the surgical care improvement project
protocol. After induction of general anesthesia, the pa-
tients were positioned on a nonslip pad in the dorsal
lithotomy position with legs in Allen Pal Stirrups (Allen
Medical Systems Inc., Acton, Massachusetts) and arms
were tucked. The patients were sterilely prepped and
draped, and an orogastric tube and Foley catheter were
inserted. The procedure began with sounding the uterine
cavity and then adjusting and inserting a RUMI uterine
manipulator with a Koh colpotomy ring (Cooper Surgical,
Trumball, Connecticut) or VCare Uterine Manipulator/
Elevator (ConMed Endosurgery, Utica, New York).

A pneumoperitoneum was established in the standard
fashion with a Veress needle, and multipuncture operative
laparoscopy7 was performed with the novel RALH tech-
nique, which is similar to the triangular gynecology lapa-
roscopic port configuration (Figure 1). A 12- or 8.5-mm
da Vinci robotic cannula was placed at or above the
umbilicus depending on the uterine size; two lateral 5-mm

Figure 1. Novel RALH technique with triangular gynecology
laparoscopic port configuration and smaller 5-mm robotic can-
nulas: (A) 8.5- or 12-mm cannula for the endoscope, (B) 5-mm
robotic cannulas, (C) 5-mm midsuprapubic cannula.
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robotic cannulas were placed 4 to 5 cm above the sym-
physis pubis at the lateral border of the rectus muscle and
3 to 4 cm below the iliac crest; and one disposable 5-mm
cannula was placed 4 to 5 cm above the symphysis pubis
in the midline. The 5-mm midsuprapubic port functioned
as the primary assistant port. The triangular laparoscopic
port configuration is more cosmetic than the original ro-
botic port configuration that uses one 12-mm supraum-
bilical cannula, three 8-mm robotic cannulas, and one or
two lateral 5- to 12-mm cannulas that function as assistant
ports.3,8

Patients were placed in the Trendelenburg position, and
the patient-side robotic cart was side-docked as previ-
ously described.9 The procedures were performed with
the 12-mm and later with the 8.5-mm endoscope, when it
became available in August 2008, and 5-mm EndoWrist
instruments. The instruments used in robot arm 1 (the
right side of the operative field) were the 5-mm EndoWrist
monopolar cautery hook or the 5-mm EndoWrist Har-
monic Ace (Ethicon Endo-Surgery, Cincinnati, Ohio). The
instrument inserted into robot arm 2 (the left side) was the
5-mm EndoWrist Maryland dissector or the 5-mm Schertel
grasper. To facilitate suturing, 5-mm EndoWrist needle
drivers were placed in both arms at the end of the proce-
dure.

In place of the traditional RALH lateral assistant port, the
5-mm midsuprapubic port served as the primary assistant

port. Because of the bulky robotic arms and close prox-
imity of the midsuprapubic port to the tissues in the pelvis,
short, pediatric-length, 5-mm laparoscopic instruments
(Karl Storz-Endoskope, Tuttlingen, Germany) were de-
signed for the bedside assistant to use in the midsuprapu-
bic port. The bedside assistant’s instruments are 18 cm
compared with the 33- to 36-cm standard adult-length
laparoscopic instruments (Figure 2). Five instruments for
varied gynecologic procedures were manufactured for use
in the midsuprapubic port: a serrated grasper, a toothed
biopsy forceps, a pair of Metzenbaum scissors, a pair of
hooked scissors, and a single tooth tenaculum.

The RALH, AAGL-type IVE hysterectomy6 was performed
in the standard fashion, with a few modifications. Briefly,
the round ligaments were desiccated, followed by the
development of the bladder flap anteriorly. The in-
fundibulopelvic or uterine-ovarian ligaments and vessels
were desiccated and transected. The uterine arteries and
cardinal ligaments were skeletonized, desiccated, and
transected. The colpotomy was created along the colpo-
tomizer with the 5-mm monopolar cautery hook at a 75-W
cutting current to minimize tissue devascularization. The
uterus (and adnexa) was removed through the vagina.
Larger uteri were vaginally morcellated. A sterile surgical
glove with two folded 4 � 4-inch moist sponges10 was
placed into the vagina as a colpo-pneumo occluder. Two
5-mm needle drivers were placed in the robotic arms, and

Figure 2. The bedside assistant laparoscopic instruments (Karl Storz Endoskope, Germany) are 18 cm in length, compared with 33 to
36 cm standard length laparoscopic instruments. The short, pediatric-length instruments are for use in the midsuprapubic port. They
are nonarticulating and can be connected to monopolar energy.
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0-vicryl sutures with CT-2 needles (Ethicon Endo-Surgery,
Cincinnati, Ohio) were passed through the vaginal cuff.
The vaginal cuff was closed with figure-of-eight sutures,
incorporating the uterosacral ligament complexes on each
side (Figure 3). The CT-2 needles were removed through
the vagina, except the last one, which was used to com-
plete the vaginal cuff closure. The last CT-2 needle was
straightened and removed through the midsuprapubic
port site. Cystoscopy was routinely performed after the
RALH and cuff closure. Other indicated procedures were
then performed, including natural orifice-assisted laparo-
scopic appendectomy.11 The abdomen and pelvis were
irrigated with saline and inspected for hemostasis, and the
pneumoperitoneum was desufflated. The fascia of the 12-
or 8.5-mm umbilical port was closed with an interrupted
absorbable suture, and the skin incisions were closed with
topical skin adhesive.

The patients were observed in a 23-hour outpatient unit
with routine postoperative care. Voiding trials were initi-
ated in the postanesthesia care unit or in the morning
based on the time of day or the concomitant procedures.
Patients were asked to refrain from vaginal intercourse for
6 to 8 weeks. After discharge from the hospital, the pa-
tients then returned to the office for postoperative evalu-
ation at 2 weeks, 6 weeks, 6 months, 12 months, and then
annually. Peri- and postoperative complications were col-
lected during the hospital stay and during the office visits.

Statistical Analysis

Descriptive statistics were used to analyze the data. Re-
sults were reported as mean, standard deviation (SD), and
range of values; median (SD) and range of values; or
number (N) and percent (%). Analyses were performed
using the statistical software package SPSS 20.0 (IBM,
Armonk, New York).

RESULTS

Between January 2008 and September 2011, 44 women
underwent the novel RALH technique with the triangular
gynecology laparoscopic port configuration and 5-mm
robotic instruments. Patient demographics and preopera-
tive characteristics are described in Table 1. The mean
age was 49.9 years (SD 8.8, range 33–70), mean body mass
index was 26.1 (SD 5.1, range 19–40), median gravidity
was 3 (SD 1.6, range 0–6), and median parity was 1 (SD
1.2, range 0–4). Twenty patients had at least one prior
laparoscopy (45.3%), and the median number was 1 (SD
1.8, range 1–7). Seventeen patients had at least one prior
laparotomy (38.6%), and the median number was 1 (SD
0.9, range 1–4). The indications for the RALH included
pelvic pain (n � 37), abnormal uterine bleeding (n � 29),
endometriosis-related symptoms (n � 19), uterine myo-
mas (n � 19), persistent adnexal mass (n � 6), and
abnormal cervical cytology (n � 1). The patients often had
more than one indication for the surgical procedures.

All of the RALHs were successfully completed with the
triangular laparoscopic port configuration and 5-mm tech-
nique without conversion to larger ports, video-assisted
laparoscopy, or laparotomy. No intraoperative complica-
tions occurred during the RALH or during concomitant
procedures. All patients had at least one concomitant
surgical procedure (Table 1). Concomitant procedures
included culdoplasty (n � 32), treatment of endometriosis
(n � 31), appendectomy (n � 31), enterolysis and lysis of
adhesions (n � 27), ureteral stent placement (n � 2),
ureteroneocystostomy (n � 1), cystoscopy (n � 44), and
sigmoidoscopy (n � 7). The ureteral stent placements
were performed because of the patients’ endometriosis
(n � 2) causing hydroureter; in one of these cases, a
segment of the affected ureter required ureterneocysto-
tomy, and in the other case, extensive ureterolysis and
stent placement were sufficient. The mean operative time
was 197.1 minutes (SD 53.5, range 131–404). The opera-
tive time outlier of 404 minutes was a result of severe
endometriosis in the case explained before and required
ureterneocystotomy. The mean EBL was 69.7 mL (SD
146.9, range 20–1000). Only one patient had an EBL of

Figure 3. Laparoscopic view of the pelvis after the uterus and
cervix were removed. The short 5-mm serrated grasper (arrow)
placed through the midsuprapubic port holds the anterior vag-
inal cuff and assists with closure of the vaginal cuff.
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1000 mL, and this was attributed to the complexity of the
case and the large size of the uterus (1405 g). The mean
uterine weight was 168.2 g (SD 212.7, range 50–1405).
The median length of hospital stay was �1 day (SD 0.6,
range 0–2.5). No serious peri- or postoperative complica-
tions requiring blood transfusion or readmission to the
hospital occurred. No patient developed a vaginal cuff
dehiscence. Minor postoperative complications occurred
in 3 patients and included 2 urinary tract infections and 1
case of intravenous site thrombophlebitis. There were no
incidences of port site hernias during the follow-up pe-
riod. Mean follow-up time was 40.0 months (SD 13.6,
range 15–59).

DISCUSSION

The RALH has been performed in a standard manner with
a 12-mm endoscope, 8-mm robotic cannulas, and 5- to
12-mm assistant ports since the procedure was first re-
ported in 2002.3 In this case series, we describe a novel
technique for RALH with 3 important improvements: (1) a
more aesthetic triangular laparoscopic port configuration,
(2) use of smaller 5-mm robotic cannulas and instruments,
and (3) improved access around the robotic arms for the
bedside assistant with the use of short, pediatric-length
laparoscopic instruments.

Our experience with the triangular gynecology laparo-
scopic port configuration and smaller 5-mm robotic can-
nulas for RALH is comparable with traditional RALH using
8-mm robotic ports and total laparoscopic hysterectomy
(TLH). In our previous study comparing traditional RALH
and TLH, we found the mean operative time was 276
minutes and 206 minutes, respectively.12 In the current
study, in which we used smaller 5-mm cannulas, our
average operative time was 197.1 minutes. The mean EBL
(69.7 mL) in the current study was less compared with the
mean EBL in the patients who had RALH and TLH (250 mL
and 300 mL, respectively).12 The decrease in the mean
operative time and EBL in this study likely reflects the
surgeon’s and robotic team’s increased experience since
the first comparative study published in 2009. Periopera-
tive complications were comparable; there were no con-
versions to laparotomy, and there were no complications
requiring blood transfusion or readmission to the hospital.
A more recent study by Woelk et al established similar
operative times for robotic hysterectomy: 210 minutes
when surgeons first started robotic surgery, which de-
creased to 160 minutes after 3 years.13 Studies by Pasic et
al and Wright et al similarly reported low intraoperative,
surgical site, and medical complication rates between con-
ventional laparoscopic and robotic-assisted hysterec-
tomy.4,5 Thus, the novel RALH technique described in this
article with conventional laparoscopic configuration and
short 5-mm robotic instruments is a viable, functional
technique that does not increase operative time, EBL,
early postoperative outcomes, or complications.

To maintain the aesthetic conventional laparoscopic con-
figuration (Figure 1), the midsuprapubic port is used as
the primary assistant port instead of a laterally placed
assistant port. However, access to the midsuprapubic port
is awkward for the bedside assistant, who needs to navi-
gate around the bulky and constantly moving robotic arms
during surgery. An innovation that we have used to facil-
itate working in the midsuprapubic port is short, pediatric-

Table 1.
Patient Demographics

Indicationsa for RALH (N � 44) N (%)

Pelvic pain 37 (84.1)

Abnormal uterine bleeding 29 (65.9)

Endometriosis-related symptoms 19 (43.2)

Uterine myomas 19 (43.2)

Persistent adnexal mass 6 (13.6)

Abnormal cervical cytology 1 (2.3)

Operative time (min), mean (SD);
range

197.1 (53.5); 131–404

Estimated blood loss (mL), mean
(SD); range

69.7 (146.9); 20–1000

Concomitant surgeries N (%)

Cystoscopy 44 (100)

Culdoplasty 32 (72.7)

Appendectomy 31 (70.5)

Treatment of endometriosis 31 (70.5)

Enterolysis and lysis of adhesions 27 (61.4)

Sigmoidoscopy 7 (15.9)

Ureteral stent placement 2 (4.5)

Ureteroneocystostomy 1 (2.3)

Uterine weight (g), mean (SD); range 168.2 (212.7); 50–1405

Length of hospital stay (d), median;
range

1 (0.6); 0–2.5

Postoperative complications N (%)

Urinary tract infection 2 (4.5)

Intravenous site thrombophlebitis 1 (2.3)

Follow-up time (mo), mean (SD);
range

40.0 (13.6); 15–59

aPatients may have more than one indication.
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length laparoscopic instruments described in this article.
These 18-cm laparoscopic instruments overcome the bed-
side assistant’s limited space and were designed to effi-
ciently negotiate and comfortably perform the functions of
conventional 33-cm-length laparoscopic instruments.

The importance of these improvements in the RALH tech-
nique described in this article is not only cosmetic but may
also decrease pain and the risk of port site hernias (PSHs).
In the original RALH port configuration,3,8 the lateral as-
sistant ports have two disadvantages: pain caused by in-
sertion though the oblique muscles and unaesthetic ap-
pearance. After robotic surgery using the original port
locations, patients ubiquitously complain of pain at the
site of the lateral accessory port. Chou et al compared
10-mm port transumbilical procedures versus transab-
dominal retrieval of benign adnexal masses, and found
that postoperative pain was significantly more with re-
trieval through a lateral transabdominal location.14 This
finding illustrates that the transabdominal lateral incisions
are more painful than the midline incisions. By using a
midsuprapubic 5-mm cannula as an accessory port, we
eliminated the need for insertion through the lateral ab-
dominal wall muscles. Decreasing musculoskeletal pain
allows patients to ambulate with minimal discomfort al-
most immediately after surgery.

Whether there is a difference in the risk of PSHs between
8-mm versus 5-mm incisions is uncertain. PSH hernias are
rare and occur in �1% of laparoscopic surgeries.15,16 From
the laparoscopic literature, PSH is extremely unusual (0–
0.09%) in laparoscopic incisions �10 mm.17–20 Only one
PSH has been reported at the site of an 8-mm robotic
incision.21 Robotic assistance theoretically decreases the
manipulation of the ports by fixing the port’s fulcrum.
However, if there is prolonged operative time, multiple
insertions of the cannula, and advanced surgical difficulty
requiring increased force and torque on the fascia, we
have noted that 5-mm ports can become stretched during
operative laparoscopy.20

In addition to important clinical outcomes such as pain,
risk of PSH, and successful surgical treatment, patients are
admittedly concerned about external surgical scars. A re-
cent study of women polled regarding their preference of
laparoscopic incisions made by conventional laparos-
copy, single-site laparoscopy, and robotic-assisted lapa-
roscopy showed that they significantly preferred the con-
ventional (56.4%) and single-site laparoscopy (41.1%)
over the robotic-assisted laparoscopic port placement
(2.5%).22 This finding suggests that postoperative body
image and patient satisfaction regarding their surgery is

affected to some degree by cosmesis. The novel RALH
technique described in this article uses the same incisions
as the cosmetically preferable laparoscopic incisions.

We present our modifications to performing the RALH
with comparable surgical and patient outcomes. The
strengths of this study are the relatively large number of
cases for a series on surgical technique. We were able to
collect and describe surgical feasibility and outcomes for
44 patients. The major limitation of the study was its
descriptive and retrospective design, which limited our
data collection and interpretation. Although it is unlikely,
another limitation was the short mean follow-up period of
40 months, which may underestimate potential long-term
postoperative complications.

The use of robotic assistance in laparoscopy has grown
because the technology has enabled surgeons to overcome
difficulties of conventional laparoscopy while allowing pa-
tients to benefit from minimally invasive surgery. Advances
in both equipment and operative technique are optimizing
robotic-assisted gynecologic surgery. In this article, we pres-
ent a novel technique using the more aesthetic conven-
tional laparoscopic port configuration and smaller 5-mm
robotic instruments to perform RALH with concomitant
procedures. It is safe and feasible and does not impede
the surgeon’s ability to perform the procedures or affect
patient outcomes.

The authors thank Susan Kearney, MHSE, for her editorial assis-
tance and invaluable support in preparing this manuscript.
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