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ABSTRACT 
Objective: To compare intra-operative and post-opera- 
tive complications as well as recurrence in women with 
endometrial cancer undergoing surgical staging with 
robotic-assisted laparoscopic hysterectomy (RALH) 
versus total abdominal hysterectomy (TAH). Methods: 
A retrospective review was performed of 416 patients 
who underwent surgical staging for endometrial 
adenocarcinoma from January 1, 2008 to December 
31, 2010. Demographics, intra- and post-operative 
complications, surgical-pathologic data, subsequent 
treatments, and recurrence were compared in women 
treated with TAH versus RALH. A Student’s t-test, 
Mann Whitney U analysis, or chi-squared analysis 
were used for statistical analysis. Results: One hun- 
dred thirty seven and 279 patients underwent TAH 
and RALH, respectively. Post-operative complica- 
tions were lower in the RALH group (16.8% vs 8.2%, 
p = 0.009) and mean hospital stay for the TAH group 
versus the RALH group was 3 days versus 1 day (p < 
0.001). Demographics and intra-operative complica- 
tions were similar (p = 0.94). Uterine weight (108 g vs 
103 g, p = 0.36), pelvic lymph nodes retrieved (9 vs 9, 
p = 0.18), and presence of lymph-vascular involve- 
ment (11.7% vs 10.8%, p = 0.38) were similar be- 
tween groups, as were aggressive histologic subtypes 
(p = 0.52) and grade (p = 0.15). Recurrence occurred 
in 4.4% of the TAH group and 4.3% of the RALH 
group (p = 0.97) with death from disease occurring in 
1.5% of the TAH group and 2.2% of the RALH 
group (p = 0.64). Conclusions: RALH for endometrial 
adenocarcinoma is associated with fewer post-opera- 
tive complications and a shorter hospital stay than 
TAH. Recurrence and death due to disease are not 
compromised by this minimally invasive approach.  
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1. INTRODUCTION 

Endometrial cancer is the most common gynecologic 
malignancy in the United States, with an estimated 
47,130 new cases and 8010 related deaths in 2012 [1]. 
The International Federation of Gynecology and Obste- 
trics recommended surgical staging for endometrial 
cancer in 1988 based on findings that 20% of women 
with clinical stage I disease have evidence of extra-uter- 
ine disease at the time of surgery [2,3]. Surgical staging 
entails total hysterectomy and bilateral salpingo-oopho- 
rectomy (BSO). Pelvic and para-aortic lymphadenectomy 
is routinely performed in some centers while others re- 
serve these procedures for patients who are at interme- 
diate to high risk for lymph node spread (grade 3 tumors, 
grade 2 tumors >2 cm in diameter, clear cell or papillary 
serous histology, >50% myometrial invasion, or cervical 
extension) [4]. Although surgical staging has allowed for 
more tailored adjuvant treatment, there is no proof of 
enhanced survival and increased morbidity is a concern. 

Minimally invasive surgery (MIS) has become more 
prominent within the field of gynecologic oncology al- 
though standard laparoscopic surgery has not been wide- 
ly adopted for management of patients with endometrial 
cancer despite the decreased operative morbidity with 
this technique [5-7]. A drawback of MIS is decreased 
tactile sense which is more pronounced in robotic 
surgery, and there were concerns that metastatic disease, 
normally able to be palpated, would be missed with 
laparoscopic surgery. Other concerns with laparoscopic 
surgery were changes in recurrence patterns due to insuf- 
flation and the associated high intra-abdominal pressure, 
port site metastases, and tumor spillage related to the 
uterine manipulator. The recent GOG LAP2 study [8] 
addressed several of these concerns finding no statistical 
difference in recurrence rates in patients with clinical 
stage I to IIA endometrial cancer who underwent mini- 
mally invasive (standard laparoscopy and robotic-assist- 
ed laparoscopy) versus laparotomy staging. While this 
study is reassuring, it did not address robotic surgery as *Corresponding author. 
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its own entity nor did it address long term outcomes for 
more advanced stage disease. 

The recent introduction of the da Vinci Surgical 
System™ (Intuitive Surgical, Inc., Sunnyvale, CA) has 
advanced the field of gynecologic oncology by allowing 
more widespread use of a minimally invasive approach 
for the surgical management of endometrial cancer. The 
da Vinci Surgical System™ offers advantages over 
traditional laparoscopy such as high definition, 3-dimen- 
sional images of the operative field, instruments with a 
wrist-like range of motion for improved surgical dex- 
terity, the lack of a fulcrum effect, a faster learning curve, 
and improved ergonomics to reduce surgeon fatigue [9]. 
There are currently 1615 da Vinci Surgical Systems™ 
installed in the United States [10].  

Few studies have compared the long term outcomes of 
robotic-assisted laparoscopic hysterectomy (RALH) ver- 
sus total abdominal hysterectomy (TAH) for endome- 
trial cancer staging [11]. The purpose of this study is to 
compare surgical morbidity, recurrence, and mortality in 
subjects with endometrial cancer undergoing TAH ver- 
sus RALH.  

2. METHODS  

Institutional IRB approval was obtained for this study to 
ensure patient privacy. Patient permission was not need- 
ed given that the study was a retrospective chart review 
not impacting patient privacy or treatment. Billing and 
procedure codes were used to identify 488 patients from 
a gynecologic oncology office who underwent surgery 
for endometrial cancer from January 1, 2008 to Decem- 
ber 31, 2010. Of the 488 subjects identified, 32 were 
excluded for having insufficient data and 40 were ex- 
cluded for having a prior hysterectomy, a gynecologic 
malignancy other than endometrial adenocarcinoma, 
complex endometrial hyperplasia, or no gynecologic ma- 
lignancy.  

A retrospective study was performed of the remaining 
416 patients using clinic and hospital charts to collect 
demographics including age, gravidity, parity, body mass 
index (BMI), prior abdominal surgery, and medical co- 
morbidities. The surgery performed, intra- and post- 
operative complications within 6 weeks of follow-up, 
and length of hospital stay were recorded. Surgical-path- 
ologic data including uterine weight, tumor histology, 
grade, myometrial invasion, stage, lymph-vascular invo- 
lvement, and number of pelvic and para-aortic lymph 
nodes collected as well as number of positive nodes were 
collected. Subsequent treatment with radiation and/or 
chemotherapy, recurrence, and death due to disease were 
noted. 

The surgical approach was at the discretion of the 
attending surgeon, and the series reflects the learning 
curve for robotics by members of the division. An open  

approach was more likely if there was a history of 
multiple laparotomies, prior pelvic radiation, or suspec- 
ted metastatic or upper abdominal disease. All patients 
underwent pelvic lymphadenectomy. Para-aortic lymph 
node dissection was performed, if feasible, for those with 
aggressive histologies, high-grade lesions, deep myome- 
trial invasion, or large tumors noted on preoperative 
evaluation or frozen section. 

A Student’s t-test or Mann Whitney U analysis was 
used for continuous variables that were normally distri- 
buted and not normally distributed, respectively. Chi- 
squared analysis was used to examine discrete variables. 
A p-value of <0.05 was used to determine statistical 
significance. 

3. RESULTS 

Of the 416 study patients with endometrial adenocarci- 
noma, 137 (33%) underwent TAH-BSO and lymphade- 
nectomy while 279 (67%) underwent RALH-BSO and 
lymphadenectomy reflecting the introduction of robo- 
tic-assisted surgery into our practice. Seven of the RALH 
(2.5%) were converted to TAH but were kept in the 
RALH cohort for analysis. Four were converted due to 
adhesions, one due to major vessel injury, one due to 
inability to place a trocar due to the patient’s morbid 
obesity, and one due to a combination of adhesions and 
inability to adequately ventilate the patient in deep 
Trendelenberg.  

Baseline demographics including age, gravidity, parity, 
BMI, prior abdominal surgery, and medical co-morbidi- 
ties for the TAH and RALH groups are shown in Table 1. 
The average age (63.5 versus 63.4), prior abdominal 
surgery (61% versus 52%), medical comorbidities, body 
mass index (34.0 kg/m2 versus 34.8 kg/m2), and distribu- 
tion of body mass index classification were similar be- 
tween the TAH and RALH groups.  

Both groups had similar rates of intra-operative com- 
plications but there were significantly fewer post-opera- 
tive complications in the RALH group (16.8% vs 8.2%, 
p = 0.009) (Table 2). Wound complications occurred in 
only 1.4% of the RALH group versus 7.3% of the TAH 
group (p = 0.002). The mean length of stay was a shorter 
for the RALH group (3 days vs 1 day, p < 0.001.) Acute 
renal injury occurred more frequently in the TAH group 
(2.9% vs 0.4%, p = 0.02). 

Histology, grade distribution, uterine weight, lym- 
ph-vascular involvement, and number of pelvic lymph 
nodes retrieved were not different between the TAH and 
RALH groups (Table 3). There were more para-aortic 
lymph nodes retrieved in the TAH group (2 vs 1, p = 
0.003) with the TAH group also having more pelvic and 
para-aortic lymph nodes positive for carcinoma (pel-  
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Table 1. Demographics and medical co-morbidities of subjects 
undergoing surgical staging for endometrial cancer. 

 TAH (n = 137) RALH (n = 279) p-value

Age (years) 63.5 (28 - 101) 63.4 (31 - 93) 0.48

Gravid 104 (75.9) 216 (77.4) 0.82

Parous 106 (77.4) 213 76.3) 0.79

Prior Abdominal Surgery 84 (61.3) 144 (51.6) 0.07

Body Mass Index (kg/m2) 34 (16.6 - 65) 34.8 (13.9 - 67.8) 0.22

BMI Classification   0.16

Underweight 6 (4.4) 3 (1.1)  

Normal Weight 16 (11.7) 35 (12.5)  

Overweight 27 (19.7) 48 (17.2)  

Class I Obesity 20 (14.6) 61 (21.9)  

Class II Obesity 21 (15.3) 52 (18.6)  

Class III Obesity 38 (27.7) 67 (24.0)  

Unknown 9 (6.6) 13 (4.7)  

Hypertension 80 (58.3) 168 (60.2) 0.72

Type II Diabetes Mellitus 41 (29.9) 65 (23.3) 0.14

Asthma 14 (10.2) 19 (6.8) 0.23

Obstructive Sleep Apnea 6 (4.4) 10 (3.6) 0.69

Coronary Artery Disease 6 (4.4) 12 (4.3) 0.97

Atrial Fibrillation 2 (1.5) 10 (3.6) 0.37

Venous 
Thromboembolism 

5 (3.7) 8 (2.9) 0.90

 
Table 2. Intraoperative and postoperative complications in 
subjects undergoing TAH versus RALH for endometrial cancer 
staging. 

Complication TAH (n = 137) RALH (n = 279) p-value

Total Intraoperative 4 (2.9) 7 (2.5) 0.94

Bowel Injury 1 (0.7) 4 (1.4) 0.89

Bladder Injury 1 (0.7) 2 (0.7) 0.55

Major Vessel Injury 1 (0.7) 1 (0.4) 0.81

Blood Transfusion 1 (0.7) 0 (0) 0.72

Total Postoperative 23 (16.8) 23 (8.2) 0.009

Intraabdominal Abscess 1 (0.7) 7 (2.5) 0.21

Wound Complication 10 (7.3) 4 (1.4) 0.002

Venous Thromboembolism 2 (1.5) 3 (1.1) 0.74

Other Infection  
(UTI, pneumonia) 

4 (2.9) 2 (0.7) 0.08

Ileus, Small Bowel  
Obstruction 

5 (3.7) 5 (1.8) 0.25

Acute Kidney Injury 4 (2.9) 1 (0.4) 0.02

Hemorrhage 2 (1.5) 2 (0.7) 0.47

Vaginal Cuff Dehiscence 1 (0.7) 3 (1.1) 0.73

Lymphocele 0 (0) 1 (0.4) 0.48

Table 3. Surgical-pathologic data and stage of subjects under-
going TAH versus RALH. 

 TAH RALH p-value

Uterine Weight (grams) 108 (26 - 2882) 103 (21 - 840) 0.36 

Myometrial Invasion 109 (79.6) 209 (74.9) 0.03 

0% 26 (19.0) 70 (25.1) 0.16 

1 to 49 % 61 (44.5) 141 (50.5) 0.25 

50 to 100 % 49 (35.8) 66 (23.7) 0.009 

Unknown 1 (0.7) 2 (0.7) 0.55 

Grade   0.15 

1 56 (40.9) 141 (50.5)  

2 47 (34.3) 90 (32.3)  

3 31 (22.6) 46 (16.5)  

Unknown 3 (2.2) 2 (0.7)  

Histology   0.52 

Endometrioid 110 (80.3) 226 (81.0)  

Papillary Serous 12 (8.8) 21 (7.5)  

Clear Cell 1 (0.7) 2 (0.7)  

Mixed 13 (9.5) 15 (5.4)  

Unknown 1 (0.7) 15 (5.4)  

Lymph-Vascular Invasion 16 (11.7) 30 (10.8) 0.38 

Median Pelvic Lymph 
Nodes Retrieved 

9 (1 - 26) 9 (1 - 35) 0.18 

Positive Pelvic Lymph 
Nodes 

16 (11.8) 15 (5.5) 0.02 

Median Para-aortic 
Lymph Nodes Retrieved

2 (1 - 7) 1 (1 - 11) 0.003 

Positive Para-aortic 
Lymph Nodes 

8 (8.4) 1 (1.3) 0.03 

Stage   0.01 

Ia 83 (60.6) 193 (69.2) 0.08 

Ib 19 (13.9) 48 (17.2) 0.38 

II 9 (6.6) 15 (5.4) 0.62 

III 21 (16.1) 22 (7.9) 0.02 

IV 4 (2.9) 1 (0.4) 0.08 

 
vic: 11.8% vs 5.5 %, p = 0.02, para-aortic: 8.4% vs 1.3%, 
p = 0.03). Deep myometrial invasion occurred more fre- 
quently among patients in the TAH group (35.8% vs 
23.7%, p = 0.009).  

Based on the surgical-pathologic data, more advanced 
stages of endometrial cancer were seen in subjects who 
underwent TAH with a statistically higher rate of Stage 
III disease in the TAH subjects (16.1% vs 7.9%, p = 0.02) 
(Table 3). The TAH group received more adjuvant 
radiation (50.4% vs 41.6%, p = 0.001) and chemotherapy 
(19.7% vs 11.8%, p = 0.002) (Table 4). 
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The median length of follow-up was 835 days (range 
264 to 1276 days) for the TAH group and 518 days 
(range 18 to 1237 days) for the RALH group (p < 0.001).  

Overall, there was no difference in recurrence (4.4% 
vs 4.3%, p = 0.97) between patients undergoing TAH 
versus RALH (Table 4). Recurrences occurred in the 
vaginal cuff (1.5% vs 1.1%), pelvis (2.2% vs 2.5%), 
abdomen (0.7% vs 1.4%), and lung (1.5% vs 0.4%) with 
some subjects recurring in multiple sites. Two subjects 
died of their disease in the TAH group versus six in the 
RALH group (1.5% vs 2.2%, p = 0.36). 

4. DISCUSSION 

Minimally invasive surgery has decreased morbidity for 
women undergoing surgical staging for endometrial 
cancer [12]. However, the use of laparoscopic surgical 
staging has been limited due to the longer operative 
times and prolonged learning curve associated with these 
complex surgical procedures [7,12,13]. The introduction 
of the da Vinci Surgical System™ has expanded the use 
of minimally invasive techniques for endometrial cancer 
surgical staging. 

 
Table 4. Adjuvant treatment, recurrence, and status of subjects 
undergoing TAH versus RALH for endometrial cancer. 

 TAH (n = 137) RALH (n = 279) p-value

Radiation   0.001

Yes 69 (50.4) 116 (41.6)  

No 49 (35.8) 147 (52.7)  

Unknown 19 (13.9) 16 (5.7)  

Chemotherapy   0.002

Yes 27 (19.7) 33 (11.8)  

No 92 (67.2) 230 (82.4)  

Unknown 18 (13.1) 16 (5.7)  

Recurrence 6 (4.4) 12 (4.3) 0.97 

Vaginal Cuff 2 (1.5) 3 (1.1)  

Pelvis 3 (2.2) 7 (2.5)  

Abdomen 1 (0.7) 4 (1.4)  

Lungs 2 (1.5) 1 (0.4)  

None 131 (95.6) 267 (95.7)  

Status   0.64 

Alive with disease 4 (2.9) 5 (1.8)  

Death due to disease 2 (1.5) 6 (2.2)  

No evidence of recurrence 111 (81) 244 (87.5)  

Unknown 20 (14.6) 24 (8.6)  

This study found significantly fewer post-operative 
complications in patients undergoing treatment with 
RALH compared to TAH (8.2% v 16.8%), a finding 
noted by several prior investigators [5,7,13,14]. Patients 
who were staged with TAH underwent a large vertical 
midline abdominal incision with wound complications 
(cellulitis, superficial dehiscence, fascial dehiscence) 
occurring in 7.3% compared to 1.4% of patients in the 
RALH group. In addition, the average BMI of our 
patients was 34 kg/m2. Obesity is a well-known risk 
factor for endometrial cancer with nearly half of patients 
with endometrial cancer having a BMI greater than 30 
kg/m2. We found that robotic surgery, with its significan- 
tly smaller incisions, decreased the risk of post-operative 
wound complications in a population at high risk for 
these problems, which confirms findings noted in a num- 
ber of previous studies [5,7,14-16]. 

The overall recurrence rate was 4.4% in the TAH 
group versus 4.3% in the RALH group. In addition, we 
did not find a significant difference in the risk of cuff 
recurrence with 1.5% in the TAH group versus 1.1% in 
the RALH group. Thus, despite the theoretical risk of 
increased manipulation of the uterus during robotic 
hysterectomy and the difficulty of performing para-aortic 
node dissections with the robotic approach, we did not 
find any impact on recurrence risk. Although the survival 
value of lymphadenectomy is controversial, it is prog- 
nostic and useful in selecting appropriate adjuvant 
therapy [17]. 

In our study, the mean duration of follow-up was 835 
days for the TAH group and 518 days for the RALH 
group, reflecting the recent introduction of robotics at 
our institution. There have been few long-term studies 
comparing the recurrence of endometrial cancer in 
subjects undergoing staging with RALH versus TAH. 
Lau et al. found a lower endometrial cancer recurrence 
rate in women who underwent robotic staging compared 
to women who underwent staging with laparotomy or 
traditional laparoscopy (7.7% vs 11.9%, p < 0.001), 
when followed for two years [18], and the GOG LAP2 
study [8] found no significant difference in recurrence 
rate over 59 months in patients with clinical stage I to 
IIA endometrial cancer undergoing minimally invasive 
(traditional laparoscopy and robotic-assisted laparoscopy) 
versus laparotomy staging. Similarly, Fader et al. exa- 
mined the use of MIS compared to laparotomy in high 
grade endometrial cancers [11]. Of the minimally inva- 
sive subjects, 65% were stage robotically and 35% were 
staged using traditional laparoscopy. Similar to our study, 
they found fewer complications without compromise of 
survival outcomes in those undergoing minimally inva- 
sive versus laparotomy staging. Although our median 
follow-up for the robotic group was shorter, 60% of 
recurrences of endometrial cancer occur within 2 years, 
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so we feel we have captured a majority of those destined 
to recur [19]. Based on our study, the studies by Lau et al. 
and Fader et al., and the GOG LAP2 study, it is 
increasingly apparent that the initial concerns regarding 
an increased risk of recurrent cancer for patients under- 
going minimally invasive procedures were unfounded, 
and that there are clear benefits with MIS in terms of 
operative morbidity and length of stay. 

The main weakness of this study is that it is retrospec- 
tive and the two groups are not comparable. The TAH 
staged group had higher rates of significant myometrial 
invasion and more positive lymph nodes with a corre- 
sponding higher proportion of stage III and stage IV 
cases compared to the RALH group. Although there was 
no recall bias given that the study was retrospective, 
there may have been selection bias when choosing lapa- 
rotomy versus robotic staging for patients. If preo- 
perative testing had findings concerning for more ad- 
vanced disease such as lesions concerning for metastases 
or lymphadenopathy, the surgeon may have been more 
likely to choose laparotomy. The TAH group had a high- 
er proportion of both positive pelvic and para-aortic 
lymph nodes. Both the TAH and RALH cohorts had 
similar numbers of total pelvic lymph nodes retrieved so 
the difference in positive pelvic lymph nodes was likely 
not due to a difference in surgical technique. However, 
fewer para-aortic lymph nodes were retrieved in the 
RALH group, likely due to the learning curve associated 
with introducing a new modality. The RALH cohort also 
had fewer positive para-aortic lymph nodes, which is in 
accord with the lower percentage of positive pelvic 
nodes in this group. While it is certainly possible that 
some in the RALH were under-staged, particularly with 
respect to the para-aortic node dissection, this does not 
appear to have an impact on the risk of recurrence [17]. 

The introduction of robotic surgery has improved ac- 
cessibility to MIS for endometrial cancer staging. Al- 
though widely accepted as a modality for endometrial 
cancer staging, it is still a relatively new technique and 
few studies with long-term outcomes have been reported. 
We found fewer post-operative complications and a 
shorter hospital stay in those undergoing robotic treat- 
ment of endometrial cancer, confirming previous studies. 
We also found no difference in recurrence risk with 
robotic surgery. We believe that minimally invasive ap- 
proaches to the treatment of patients with endometrial 
cancer have clear benefits and that this approach will 
dominate in the future.  

5. CONCLUSION 

RALH for endometrial adenocarcinoma is associated 
with fewer post-operative complications and a shorter 
hospital stay than TAH. Recurrence and death due to 
disease are not compromised by this minimally invasive 

approach. 
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