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Abstract We analysed the introduction of the robot-
assisted laparoscopic radical hysterectomy in patients with
early-stage cervical cancer with respect to patient benefits
and surgeon-related aspects of a surgical learning curve. A
retrospective review of the first 14 robot-assisted laparo-
scopic radical hysterectomies and the last 14 open radical
hysterectomies in a similar clinical setting with the same
surgical team was conducted. Patients were candidates for a
laparoscopic sentinel node procedure, pelvic lymph node
dissection and open radical hysterectomy (RH) before
August 2006 and were candidates for a laparoscopic
sentinel node procedure, pelvic lymph node dissection and
robot-assisted laparoscopic radical hysterectomy (RALRH)
after August 2006. Overall, blood loss in the open cases
was significantly more compared with the robot cases.
Median hospital stay after RALRH was 5 days less than
after RH. The median theatre time in the learning period for

the robot procedure was reduced from 9 h to less that 4 h
and compared well to the 3 h and 45 min for an open
procedure. Three complications occurred in the open group
and one in the robot group. RALRH is feasible and of
benefit to the patient with early stage cervical cancer by a
reduction of blood loss and reduced hospital stay. Intro-
duction of this new technique requires a learning curve of
less than 15 cases that will reduce the operating time to a
level comparable to open surgery.

Keywords Robotic surgery . da Vinci . Radical
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Introduction

For the surgical treatment of stage Ib1 cervical cancer, open
radical hysterectomy with pelvic lymph node dissection has
been the gold standard for over 100 years and has
undergone little modification since it was first described
by Wertheim [1] and later by Meigs [2]. Techniques for
laparoscopic radical hysterectomy and lymph node dissec-
tion were developed in the early 1990s [3, 4] and
considerable experience has been gained since with over
1,000 cases reported in literature [5].

After initial experience with robotic systems that are no
longer available, the introduction of the da Vinci Surgical
Robotic system (Intuitive Surgery, Mountain View, Ca,
USA) and subsequent FDA approval for gynaecological use
in 2005 [6], has made the laparoscopic approach to
complex radical gynaecologic operations more feasible.
The robotic system has an advantage over the traditional
laparoscopic approach regarding improved articulation of
instruments, stereoscopic vision, tremor reduction and
motion downscaling [7]. These features suggest that a
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shorter learning curve may be achieved compared to
conventional laparoscopy [8]. Robot-assisted laparoscopic
surgery is used in gynaecology for benign hysterectomy,
myomectomy, tubal reanastomoses, radical surgery, lymph
node dissections and sacrocolpopexias [9, 10]. Robot-
assisted laparoscopic radical hysterectomy (RALRH) for
cervical cancer has been recently introduced. A total of 313
cases in 11 reports have now been published [11–20].
These early reports describe operation time, blood loss,
hospital stay, lymph node count and complications, but the
aspect of the learning curve is not well described. One
report describes the aspect of the learning curve more in
detail [21]. In the present study, we compare 14 open
radical hysterectomies (RH) with 14 RALRHs including
sentinel node detection. We analysed patient-related aspects
(blood loss, operating time, radicality of surgery (lymph
node count), hospital stay and follow-up) and surgeon-
related aspects (operating time) of the learning curve of the
surgical team in the transition from open to robot-assisted
laparoscopic radical hysterectomy.

Material and methods

A total of 14 cases underwent an open RH between July
2004 and July 2006, and subsequently 14 patients were
operated with the use of the da Vinci robot between August
2006 and January 2008 at the VU University Medical
Centre in the Netherlands. All the operations were
performed by the same surgical team. In one case from
the Robot group, a sentinel lymph node showed metastatic
disease, and the radical hysterectomy was abandoned. The
patient received chemo-radiation therapy. This case was
excluded from further analysis. One case in the Robot
group consisted of a stage IIb endometrial cancer. All other
cases where FIGO stage IBI cervical cancer.

In the Netherlands, we introduced the laparoscopic
pelvic lymph node dissection (LPLND) with sentinel node
(SN) detection for the surgical treatment of FIGO Ia2–IIa
cervical cancers in 2000 [22]. When the SN contains a
metastasis, the procedure is abandoned, and the patient
subsequently receives chemo-radiotherapy. The aim of this
approach is to reduce the number of patients undergoing
radical hysterectomy followed by chemo-radiation as this
leads to substantially more morbidity than either treatment
alone, without obvious better survival [23, 24].

Our surgical team first obtained experience with the da
Vinci robot system in a training facility; consequently,
experience was broadened on pelvic lymphadenectomy and
sentinel node procedures. Also, simple hysterectomies were
performed with the system while continuing to perform
radical hysterectomies by laparotomy. We subsequently
started to perform robotic radical hysterectomies, using da

Vinci Robotic system with four robotic arms (Intuitive
Surgery, Mountain View, Ca, USA) (Fig. 1), in August
2006. Before and after this date, the last open procedures
and the first robotic procedures by the same team were
compared with respect to number of lymph nodes retrieved
(as a marker for radicality of surgery), theatre time, blood
loss, hospital stay and complications.

Technically, the robot-assisted procedure starts with the
injection of Tc99-nanocol the day prior to surgery and a
scintigram is made to detect and localise the SNs. On the
day of surgery, immediately prior to the procedure 2-ml
patent blue (Patent Blue V, 2.5% solution, Laboratoire
Guerbet, Roissy, France) is injected in the cervix around the
tumour. A three-way urinary catheter is introduced. A
McCartney tube (4.5 cm) [25] is inserted in the vagina and
fixed to the cervix, by means of a suture through the cervix,
which is attached to the end of the tube. The abdomen is
insufflated through a Verres needle just above the umbilicus
where an 11-mm camera port is introduced. Two 8-mm
robotic troicarts are introduced at the level of and 10 cm
laterally to the supra-umbilical incision. The third 8-mm
robotic port is introduced on the right lower lateral
abdomen. A 5th 11-mm port is introduced in the left upper
quadrant for the assistant. The patient is then placed in
extreme Trendelenburg position; and at this point, the robot
system is attached. The procedure then continues with
opening of the retroperitoneum lateral to the external iliac
artery and all spaces paravesical and pararectal as well as
the obturator fossa are opened in search for the SN, both
visually and by use of a laparoscopic radiosensitive probe
(Europrobe, Strassbourg, France) (Fig. 2). When the SNs are

Fig. 1 Four arm da Vinci robot (Intuitive Surgery, Mountain View,
Ca, USA)
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identified and selectively removed they are sent for frozen
section. The LPLND is then systematically completed. If
the SN contains no metastasis, the radical hysterectomy is
started by dissection of the ovarian vessels and uterine
artery by bipolar coagulation and selective coagulation and
cutting. The ureters are mobilised to the level of the ureteric
tunnel. The round ligaments are then coagulated and cut
and the bladder dissected downward. The fourth robotic
arm is used to manipulate the uterus contra laterally. The
posterior peritoneum is then incised, and the rectum
deflected. The sacrouterine ligaments are cut. The para-
metria are then cut. The vaginal cuff is identified on the
McCartney tube and cut by monopolar coagulation. The
specimen can now be removed vaginally with the McCart-
ney tube, and the vaginal vault was sutured. All radical
hysterectomies were performed at the Rutledge type III
level [26] both for the open and Robotic procedure.
Statistical analysis was done using the statistical software
package SPSS 15.0 (SPSS Inc, Chicago, IL). The outcome
for robot-assisted and open groups were compared using

the Chi-square test and Fisher extract test for categorical
variables and two sample student t test for continuous
variables. A P value of 0.05 was considered significantly.

Results

The median age in the robot group is 43 years compared to
46 years in the open group. The distribution of histology
was similar in both groups, squamous cell carcinoma's
predominated. In the open group high grade histology
predominated whereas in the robot group most cases were
graded as moderately differentiated (Table 1).

The median number of lymph nodes removed was
slightly higher in the robot group 29 versus 26 in the open
group (not statistically significant) (Table 2). Blood loss
was calculated by the difference in the total amount of
suctioned and irrigated fluids. Median blood loss in the
open group was 2,000 ml (range, 1,000–4,600 ml). For the
robot group, median blood loss was 300 ml (range, 50–
1,000 ml). In both groups, blood loss for SN+LPLND and
radical hysterectomy was combined. Hospital stay for the
radical hysterectomy in the open group was at a median of
9 days (range, 7–16 days). In the robot group, the median
hospital stay was 4 days (range, 3–14 days). Three
complications occurred in the open group. One cystotomy
lesion was managed conservatively. One temporary ureteric
obstruction occurred post-operatively, and the hydronefro-
sis was decompressed by percutaneous drainage. After
removal of this drain, the patient recovered well. A vault
abscess was drained in a third patient. In the robot group,
one complication occurred: an accessory ureter was cut
requiring percutaneous drainage and re-anastomosis in a
second procedure. Theatre times are represented in real
theatre time spent and are calculated from the start of
anaesthetic preparations. Theatre time ends when the
patient leaves the operating table. For the open group, the
median theatre time for the radical hysterectomy was

Fig. 2 Sentinal node detection after injection of patent blue and with
a laparoscopic radiosensitive probe

Robot group Open group

N 13 14

Age Median (range) 43 (31–78) 46 (32–68)

Histology Squamous (%) 10 (77) 11 (79)

Adeno (%) 2 (15) 3 (21)

Endometrioid (%) 1(8) 0 (0)

Grade 1 0 0

2 9 6

3 4 8

Stage (FIGO) Ib1 11 12

Other (One endometrial cancer stage IIB, one stage Ib2
after neo-adjuvant chemo)

(One stage Ib2)

Table 1 Patient characteristics,
histology and stage
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3 h:45 min (range, 2:50–5:30). For the robot group, this
was 7 h:23 min (range, 4:24–10:10) and includes the
SN+LPLND in 10 of 13 cases. In the remaining three cases,
the SN+LPLND was performed in a separate surgical
session, and the console time of the SN+LPLND was
added to the total theatre time of the radical hysterectomy.
The theatre times are decreasing dramatically over time in
the robot group, whereas theatre time in the open group has
obviously remained stable (Fig. 3).

In a median follow-up of 42 months (range, 31–54), for
the open group, one pelvic sidewall recurrence occurred
7 months after the radical hysterectomy. The robot group
has a mean follow-up of 26 months (range, 17–32) in which
two recurrences occurred. One pelvic sidewall recurrence
and a port metastasis occurred 12 months after primary
surgery. This was treated with excision of the port
metastasis and chemo-radiation on the pelvis. The second
recurrence occurred 17 months after primary surgery and
was located in the rectum, a posterior exenteration was
performed. All but one patient received single modality
treatment. In one patient from the open group, post-
operative radiotherapy was required due to a narrow
vaginal margin.

Comment

In this study, we could confirm the findings of previous
authors describing the RALRH for the treatment of cervical
cancer [11, 13–18, 20]. They also conclude that this
technique is feasible and could be of benefit to the patient
regarding reduction of blood loss and reduction of hospital
stay. We found a significant reduction of blood loss, and
hospitalisation was reduced by 5 days in the robotic group
indicating significant quicker recovery compared to open
surgery. One aspect of quality of surgery is the number of
pelvic lymph nodes removed. In this study, lymph node

counts were higher in the robotic group, although this was
not statistically significant. Most other authors could not
find a statistically significant difference in lymph node
counts compared with open surgery, but there seems to be a
trend towards a higher lymph node retrieval in patients
operated with robot assistance [14, 15, 17]. An explanation
could be that the studies were too small to show a statistically
significant difference. Recent larger reports concerning the
RALRH confirm this trend and found a statistically significant
higher lymph node count in the robotic group [11, 12]. It is
likely that this may be attributed to instrument articulation,
3D view and motion downscaling, allowing a very selective
dissection in robot-assisted surgery. In our study, the
complication rate was lower in the robot-assisted group; this
is consistent with the data described by other authors [11, 12,
14, 15]. There where twice the number of recurrences in the
robotic group, and the follow-up was shorter in the robotic
group (Table. 2). However, numbers are too small to draw

Robot group (n=13) Open group (n=14) P value

Theatre time (min) 434 (264–610) 225 (170–330) <0.001
Median (range)

LN removed (n) 29 (19–76) 26 (10–41) 0.064
Median (range)

Blood loss (ml) 300 (50–1,000) 2,000 (1,000–4,600) <0.001
Median (range)

Hospital stay (days) 4 (2–14) 9 (7–16) <0.001
Median (range)

Complications (n) 1 3 –
Number

Follow-up (months) 26 (17–32) 42 (31–54) <0.001
Median (range)

Recurrences (n) 2 1 –
Number

Table 2 Comparison of the the-
atre time, lymph nodes removed,
blood loss, hospital stay,
complications and recurrences
for radical hysterectomy patients
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Fig. 3 Theatre time for the Radical Hysterectomy (open procedure
and robot procedure) also plotted the learning curve from Fanning
et al. [21]
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statistical conclusions for recurrences and complication rates.
In addition, we showed that theatre time may rapidly be
reduced to the level of an open radical hysterectomy. A
learning curve of 14 cases reduced the team's total theatre
time by 48%. Our learning curve is comparable with the
only other published detailed learning curve for the
RALRH described by Fanning et al. [21]. We plotted their
learning curve of the first 14 robotic cases together with
our learning curve (Fig. 3). Their reduction in theatre time
is 35% after 14 cases and 59% after 20 cases. This is
suggesting a relatively short learning curve for robotic
procedures. Person et al. reported their skin-to-skin time
for the RALRH (with or without sentinel node) and found
also a rapid decrease of surgery time [19]. The learning
curve for the robot hysterectomy with pelvic and para-aortic
lymphadenectomy for endometrial cancer is described in
detail by Seamon et al. They conclude the learning curve for
this procedure seems to be approximately 20 cases;
however, efficiency continues to improve after the first 20
cases [27].

Our team gradually introduced the use of the robot and
had experience in laparoscopic oncological surgery and
open radical surgery for many years. When a more rapid
transition to robotic surgery is chosen, the learning curve
may be longer. In our study, we purposely measured real
theatre time as it is our experience that a significant amount
of time may be lost in preparing and positioning of the
patient as well as positioning and introducing the robotic
system. This is also stated by Seamon et al. who looked in
detail at theatre time, skin-to-skin time and console times
for the robotic hysterectomy with lymphadenectomy for
endometrial cancer. In their study console, time is approx-
imately half of the total theatre time [27]. Measuring pure
console time, as is done in many other studies on robotic
surgery, does not reflect the effort of the whole team's
learning curve and may therefore not represent a true
comparison with open surgery. In our study, the theatre time
may be longer than in other centres. This is mainly due to
the SN technique where the anatomical spaces are all
opened before starting the lymph node in search of the SN.
This procedure increases theatre time with approximately
1 h [28].

A dedicated surgical and anaesthesiological team tre-
mendously increases efficiency and reduces the time spent
in this phase of the procedure. Anaesthesiological aspects
of robotic surgery should be well appreciated before
embarking on robotic surgery [29, 30]. Interestingly,
anaesthesiological complications did not occur despite
prolonged surgical times with the patient in extreme
Trendelenburg position.

There is still a lack of literature about the learning curve
for robot-assisted gynaecological procedures. In urology,
the aspect of the learning curve for radical prostatectomies

is well described, and compared to conventional laparos-
copy, the learning curve for robotic surgery is significantly
shorter [31, 32]. Recently, the learning curve of the robot-
assisted sacrocolpopexy was described, a reduction of
operative time of 25% after ten cases was found, again
suggesting a relatively short learning curve [33]. Two other
studies have specifically looked at learning curves in
benign gynaecology. Lenihan et al. performed 113 robot-
assisted procedures (mainly hysterectomies, but also myo-
mectomy, sacrocolpopexy and oophorectomy). With the use
of a dedicated team, they were able to set up the robot for
surgery in 45 min after 20 cases and in 35 min within 50
cases. Robot console times and total operative times were
consolidated after approximately 50 cases at about 50 min
for console time and 90 min for total operative time [34].
Forty cases of benign gynaecologic procedures by a single
surgeon are described by Pitter et al. After 20 cases, a
statistical improvement in operative time is reached [35].
Both studies do not differentiate between the procedures
performed.

In conclusion, robotic-assisted surgery is rapidly grow-
ing and has a high potential. Our data suggest a relatively
short learning curve with quick improvement of patient and
surgeon-related parameters. This is a great advantage in the
implementation in daily practice.
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