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Abstract
BACKGROUND: The 3D laparoscopy systems and robotic systems have been introduced into
clinical practice for a few years. But the comparison of robotic and 3D laparoscopic gynecologic
surgery is still needed.
OBJECTIVE: To retrospectively compare the learning curves of robotic and 3D laparoscopic
hysterectomy and pelvic lymphadenectomy in cervical cancer.
STUDY DESIGN: The operational duration, blood loss, peritoneal drainage of first 24 hours after
operation, total hospitalization days, hospitalization days after operation, lymph nodes collected,
learning curves and cost of robotic and 3D laparoscopic hysterectomy and pelvic
lymphadenectomy in cervical cancer performed by one experienced surgeon were studied.
RESULTS: There was one surgeon who performed 37 cases of robotic and 24 cases of 3D
laparoscopic hysterectomy and pelvic lymphadenectomy, and the turning point of learning curves
was case 13th and case 10th. The differences of duration of operation, blood loss, peritoneal
drainage of first 24 hours after operation, total hospitalization days, hospitalization days after
operation, lymph nodes collected and perioperative complications were not statistically significant.
But the cost of each robotic operation was higher than 3D operation.
CONCLUSIONS: The turning point of the learning curve of 3D laparoscopic hysterectomy and
pelvic lymphadenectomy is earlier than that of robotic sugery in patients with cervical cancer, and
there is no obvious benefit from robotic surgery than 3D surgery in the terms of short-term
medical index and hospitalization cost.
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Introduction
The first 3D laparoscopy systems have been
introduced into clinical practice for about 30 years,
while the Da Vinci® system (Intuitive Surgical Inc,
Sunnyvale CA, USA) was authorized for gynecologic
surgery in April 2005 and its three-dimensional (3D)
vision and a higher degree of forceps freedom had
provided advantages of minimally invasive surgery
[1-4]. Some previous studies showed that
robot-assisted surgery in benign gynecological
diseases had no obvious advantage [5-7]. One study
showed that well-trained laparoscopic surgeons may

not really benefit from 3D robot systems if 3D
laparoscopy is available [8]. Another paper even
pointed out that it was about time to start a critical
discussion as to whether we should drastically limit,
or even abandon the use of robot-assisted
laparoscopic surgery and focus on more cost-effective
strategies of healthcare improvement in an era of
worldwide economic crisis [9]. The comparison of
robotic and 3D laparoscopic surgery is still needed.
How are the 3D laparoscopy systems and the Da
Vinci® systems doing in patients with cervical cancer?
http://www.jcancer.org
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So we performed the present study to retrospectively
compare the learning curves of robotic and 3D
laparoscopic
hysterectomy
and
pelvic
lymphadenectomy in cervical cancer.

Materials and methods
The Da Vinci® system and 3D laparoscopy
system have been introduced to the Obstetrics and
Gynecology Hospital of Fudan University, Shanghai,
China in recent two years. Most robot-assisted and 3D
laparoscopic operations were hysterectomy and
pelvic lymphadenectomy. We retrospectively studied
robot-assisted and 3D laparoscopic hysterectomy and
pelvic lymphadenectomy in cervical cancer
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performed by one experienced surgeon during the
same period. This senior surgeon had more than 30
years experiences of abdominal hysterectomy and
pelvic lymphadenectomy and also 20 years
experiences of conventional laparoscopic surgery. The
data of cases included were collected retrospectively.
The duration of operation, blood loss, peritoneal
drainage of first 24 hours after operation, total
hospitalization days, hospitalization days after
operation, the lymph nodes collected, the learning
curves and the cost of each operation were studied.

Statistical analysis
All analyses were performed with SPSS statistics
17.0. Independent-samples T test (two-sided)
was used to compare means, weighting
Chi-square test was used to compare rates, and
P value <0.05 was considered statistically
significant. 95% confidence interval of the
difference (95%CI) was also shown.

Results

Figure 1. The learning curves of one same surgeon (first 37 cases of robot-assisted
surgery vs. first 24 cases of 3D laparoscopic surgery).

There was one surgeon who performed
37 cases of robot-assisted hysterectomy and
pelvic lymphadenectomy and 24 cases of 3D
laparoscopic
hysterectomy
and
pelvic
lymphadenectomy in cervical cancer during
the same period. The stages of all these 61
cases included with cervical cancer were
shown as Table 1, and there was no statistically
significant difference between two groups.
There were 2 cases of blood loss which
need blood transfusion and 1 case of ureteral
injury which need indwelling ureteral stent in
robot group, and 1 case of blood loss which
need blood transfusion in 3D group. No other
short-term complication was recorded. The
difference of the rate of perioperative
complications was not statistically significant
(8.11% in robot group vs. 4.17% in 3D group,
P=0.94).
The learning curves of this same surgeon
were shown as Figure 1. The turning point of
robot-assisted hysterectomy and pelvic
lymphadenectomy was case 13th. We
compared the first 12 cases and the other 25
cases after the turning point, shown as Table 2.
The duration of operation and blood loss both
decreased after the turning point, and the
differences were statistically significant. The
peritoneal drainage of first 24 hours after
operation also decreased although it did not
reach the statistical significance. The turning
point of 3D laparoscopic hysterectomy and
pelvic lymphadenectomy was case 10th, and
http://www.jcancer.org
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the comparison of the first 9 cases and the other 15
cases after the turning point was shown as Table 3.
The duration of operation, blood loss and the
peritoneal drainage of first 24 hours after operation all
decreased after the turning point and all of these
differences were statistically significant.
Then we compared the robot-assisted versus 3D
laparoscopic
hysterectomy
and
pelvic
lymphadenectomy performed by this same surgeon,
shown as Table 4. The differences of duration of
operation, blood loss, peritoneal drainage of first 24
hours after operation, total hospitalization days,
hospitalization days after operation, and the lymph
nodes collected were not statistically significant.
Exclude the basic costs such as the upfront purchase
costs and the annual maintenance fees of both groups,
the procedure-specific cost of each operation in robot
Table 2. The comparison of the first 12 cases and the 25 cases
after the turning point in robot group.
event

group

Duration of
operation

First 12 cases
Since 13th cases
First 12 cases
Since 13th cases
First 12 cases
Since 13th cases

Blood loss
Peritoneal
drainage after
operation
(24hours)

cases
(n)
12
25
12
25
12
25

Mean±SD

95%CI

P value

246.83±45.93
204.92±54.27
429.17±252.68
268.00±190.33
297.92±202.10
198.20±116.33

4.99, 78.84

0.03*

10.09,
312.25

0.04*

-6.31,
205.74

0.06

Table 3. The comparison of the first 9 cases and the 15 cases after
the turning point in 3D laparoscopic surgery group.
group

Duration of
operation

First 9 cases
Since 10th cases
First 9 cases
Since 10th cases
First 9 cases

Blood loss
Peritoneal
drainage after
operation
(24hours)

cases
(n)
9
15
9
15
9

Mean±SD
255.00±40.05
202.20±31.43
477.78±277.39
233.33±109.65
377.78±181.51

Table 1. The stages of all cases included with cervical cancer.

Robot group
3D group

IA1
N (%)
4 (16.67%)
8 (21.62%)

95%CI

P
value
22.36, 83.24 0.00*
27.51,
461.38

0.03*

80.29,
297.67

0.00*

IB1
N (%)
16 (66.67%)
24 (64.86%)

IB2
N (%)
1 (4.17%)
0 (0.00%)

IIA1
N (%)
3 (12.50%)
5 (13.51%)

Total
N
24
37

Table 4. The comparison of robot-assisted versus 3D
laparoscopic hysterectomy and pelvic lymphadenectomy.
event
Duration of
operation
Blood loss

Note: * means statistically significant.

event

group was much higher than that in 3D group (RMB
30021.00±3716.15 vs. RMB 215814.79±2875.02), and the
difference was statistically significant (P=0.00).
We also compared the cases after the turning
point both in robotic and 3D laparoscopic surgery
group, shown as Table 5. The differences of duration
of operation, blood loss, and peritoneal drainage of
first 24 hours after operation were not statistically
significant.

Peritoneal
drainage after
operation
(24hours)
Total
hospitalization
Hospitalization
after operation
Lymph nodes
collected
Cost of each
operation(RMB)

group
3D
robot
3D
robot
3D
robot

N
24
37
24
37
24
37

Mean±SD
222.00±42.90
215.84±56.28
325.00±220.67
309.73±227.80
259.67±153.34
229.46±155.52

95%CI
-20.84 ,33.16

P value
0.65

-50.91, 111.32

0.46

3D
robot
3D
robot
3D
robot
3D
robot

24
37
24
37
24
37
24
37

15.54±4.10
15.57±4.46
10.29±3.30
10.00±3.19
18.08±6.37
16.05±6.93
30021.00±3716.15
215814.79±2875.02

-2.29, 2.24

0.98

-1.40, 1.99

0.73

-1.50, 5.55

0.25

-102.75,133.30 0.80

-1.87E5,-1.84E5 0.00*

Note: * means statistically significant.

Note: * means statistically significant.

Table 5. The comparison of the cases after the turning point in robotic and 3D laparoscopic surgery group.
event
Duration of operation
Blood loss
Peritoneal drainage after
operation (24hours)

group
3D group (after the turning point)
Robotic group (after the turning point)
3D group (after the turning point)
Robotic group (after the turning point)
3D group (after the turning point)
Robotic group (after the turning point)

Discussion
The learning curve stands for the obstacles
during learning a new technique in surgery, which is
necessary to evaluate the teaching and clinical safety.
Current 3D systems provided excellent perception of

cases (n)
15
25
15
25
15
25

Mean±SD
202.20±31.43
204.92±54.27
233.33±109.65
268.00±190.33
188.80±73.85
198.20±116.33

95%CI
-33.90,
28.46

P value
0.86

-143.93,
74.59

0.53

-77.33,
58.53

0.78

depth and spatial resolution, and the transition from
2D to 3D laparoscopy for the expert surgeon seemed
to be very rapid without compromising patient safety
[10]. Training on a simulated 3D model (compared to
standard 2D) allows trainees to reach proficiency
sooner [11]. Novice surgeons tended to perform better
http://www.jcancer.org
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and felt much more comfortable with 3D in
comparison to 2D laparoscopy. Even though previous
task experience seemed to have an important impact
on laparoscopic performance regardless of imaging
modality, 3D laparoscopy seemed to facilitate the
learning for novice surgeons [12]. One systematic
review found out that 71% trials showed a reduction
in performance time, 63% trials showed a significant
reduction in error, and 3D laparoscopy appears to
improve speed and reduce the number of
performance errors when compared to 2D
laparoscopy [13]. Our study showed that the turning
point of the learning curve was a little earlier in 3D
laparoscopy group (case 10th) than that in robot group
(case 13th), which were both earlier than another paper
(improvement
of
surgical
performance
in
robot-assisted surgery for cervical cancer achieved
after 28 cases) [14]. This difference was mostly due to
the highly experienced surgeon who had more than
20 years’ experience of 2D laparoscopic surgery,
especially 2D laparoscopic hysterectomy and pelvic
lymphadenectomy in cervical cancer.
Research suggested that with the advantage of
delicate movement of robot instrument, robot-assisted
systematic extended lymphadenectomy with total
preservation of pelvic autonomic nerves did not
compromise the radicality, and its surgical technique
was feasible and safe [15]. The rate of perioperative
complications of robotic surgery was 8.11% in our
study, which was close to other reports (14.4% [16]
and 8.3% [17]). But another paper [18] suggested that
26% of reported events resulted in injury, 8.5%
resulted in death, and 21% of injuries were attributed
to operator-related error, 14% to technical system
failure, 65% were not directly related to use of the
robot, so it was important to continue to evaluate the
occurrence of injuries during robot-assisted surgery in
an effort to identify unique challenges associated with
this advanced technology.
The differences of duration of operation, blood
loss, peritoneal drainage of first 24 hours after
operation, and the lymph nodes collected were not
statistically significant in our research, which meant
no obvious benefit from robotic surgery in the terms
of short-term medical index. Our research also
showed that both total hospitalization days and
hospitalization days after operation were same in two
groups, which meant no benefit from robotic surgery
in the terms of hospitalization cost. In this study, we
excluded the basic costs such as the upfront purchase
costs, the annual maintenance fees or the costs coming
from the increased operating room time [19].The most
instruments of 3D laparoscopic surgery are similar
with those of traditional laparoscopic surgery, except
for the 3D endoscope lens systems. But the
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instruments of robotic laparoscopic surgery are more
complicated. The higher cost of robotic laparoscopic
surgery came from the procedure-specific robot cost
includes 4-arm robot draping and cost for disposable
assistant's instruments specifically used for robotic
surgery [20]. There is one paper which suggests that
the use of robotics should be limited to well-powered,
randomized clinical trials in a limited field of research
[9]. When considering the almost 7 times higher cost
of each operation in robot group than that in 3D
group, not to mention the much higher cost of
purchase, repairs and maintenance of equipment, we
suggest further study about the cost-effect of robotic
hysterectomy and pelvic lymphadenectomy in
cervical cancer.
There were several limitations in this study.
First, we did not study the learning curves of
surgeons without laparoscopic experience, so we
could not decide the potential effect of 3D cameras or
robotic laparoscopy system in teaching laparoscopic
skills. Second, the data of long term following-up are
still needed to further analyze the cost-effect of robotic
hysterectomy and pelvic lymphadenectomy in
patients with cervical cancer.
In conclusion, the turning point of the learning
curve of 3D laparoscopic hysterectomy and pelvic
lymphadenectomy is earlier than that of robotic
surgery in patients with cervical cancer, and there is
no obvious benefit from robotic surgery than 3D
surgery in the terms of short-term medical index and
hospitalization cost. But the cost of each operation in
robot group was much higher than that in 3D group.
So we suggest further study about the cost-effect of
robotic hysterectomy and pelvic lymphadenectomy in
cervical cancer.
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