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Abstract

Purpose of review The objective of this article is to

review the recently published literature on the use of

minimally invasive surgical approaches for patients with

endometrial cancer.

Methods Narrative review of the pertinent literature on

traditional laparoscopy and robotically assisted laparos-

copy for the treatment of endometrial cancer.

Results Multiple studies have shown that minimally

invasive surgical approaches for the treatment of endo-

metrial cancer reduce blood loss, length of hospital stay

and the incidence and severity of post-operative surgical

complications compared with laparotomy. Minimally

invasive techniques maintain equivalent oncologic results

with regard to the number of dissected lymph nodes and

overall and disease-free survival rates. Robotically assisted

laparoscopy compared to traditional laparoscopy reduced

the conversion rate to laparotomy, further reduces intra-

operative blood lose and has significant ergonomic

advantages for the surgeon. Laparoscopic and robotic sur-

gery techniques are particularly advantageous in obese

patients, reducing peri-operative and post-operative

abdominal wound complications.

Conclusions A thorough review of the literature indicates

that minimally invasive approach has a number of estab-

lished advantages over laparotomy that makes it the sur-

gical treatment option of choice in endometrial carcinoma

patients.

Keywords Endometrial carcinoma � Minimally invasive

surgery � Laparoscopy � Robotically assisted laparoscopy

Introduction

Surgery is the cornerstone of managing patients with

endometrial carcinoma. Traditionally, staging includes

exploratory laparotomy through a midline vertical skin

incision, peritoneal washing, total abdominal hysterec-

tomy, bilateral salpingo-oophorectomy, with or without

pelvic and para-aortic lymphadenectomy and depending on

histology, omentectomy [1, 2].

Post-operative treatment recommendations include

radiation and/or chemotherapy tailored according to the

stage of disease, histologic cell type, grade and lymph node

involvement [3]. Accurate surgical staging is the first step

toward making adjuvant treatment recommendations. Pro-

viding customized adjuvant therapy in patients with

advanced disease while minimizing unnecessary treatments

in early stage endometrial cancer patients can eliminate

unwarranted complications and reduce costs. Uterine car-

cinoma patients are generally elderly and obese, with sig-

nificant co-morbidities such as cardiovascular disease,

hypertension and diabetes. Therefore, it is essential, par-

ticularly in this population, to decrease intra-operative and

post-operative complications.

Methods

Computerized literature search of electronic databases

(PubMed, EMBASE, Cochrane Gynecological Cancer

Review Group Trials Register and Cochrane Central Reg-

ister of Controlled Trials) was performed for English
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language studies published between January 1985 and July

2014. Search terms used were; uterine cancer, endometrial

carcinoma, laparoscopy, robotic surgery, computer assisted

surgery, minimally invasive surgery and gynecology.

RCTs, prospective and retrospective comparative

observational studies and case–control studies comparing

minimally invasive to open approach as well as laparo-

scopic to robotic techniques were included. For adverse

outcomes and treatment side effects, non-comparative

studies and case series were reviewed.

Laparoscopic surgery for endometrial carcinoma

In 1901, George Kelling was the first to attempt laparos-

copy. 86 years later, laparoscopy was introduced into

gynecological surgery as a tool for pre-surgical evaluation

[4]. In 1992, Nezhat et al. [5] described pelvic and para-

aortic lymph node dissection and laparoscopic radical

hysterectomy for cervical cancer. A year later, Childers

et al. [6] presented their experience with laparoscopic

lymphadenectomy of pelvic and para-aortic lymph nodes

for staging of endometrial cancer.

Laparotomy has some obvious advantages compared to

laparoscopy; maximal surgical exposures, three-dimen-

sional vision, direct tissue palpa-tion and manipulation and

ease of suturing. Still, laparoscopic surgery is gaining

importance in gynecologic oncology, and particularly in

early stage endometrial carcinoma [7]. At least nine Ran-

domized Controlled Trials (RCT) comparing laparotomy to

laparoscopy, assessing more than 3,500 patients, have

shown superiority or at least non-inferiority of laparoscopy

compared to laparotomy in endometrial carcinoma patients

[8]. Table 1 summarizes systematic reviews that analyzed

these RCTs [8–11].

Laparoscopic operating room time was found to be

longer but the post-operative hospital stay was significantly

shorter. The higher rate of intra-operative complications

observed in patients who had laparoscopy, as reported in

some RCTs, could be attributed to insufficient technical

skills and longer learning curve. Interestingly, more than

half of patients included in most of the systematic reviews

were derived from the 2009 GOG -LAP2 trial. This RCT

compared 1,696 patients randomly assigned to laparoscopy

surgical uterine carcinoma staging to 920 patients assigned

to laparotomy staging [8, 12]. Some of these patients were

enrolled as far back as 1996, when there was little expe-

rience with laparoscopic approach. The intra-operative

complication rate for laparoscopy was increased in this

study, thus because of the large sample size, it influenced

the relative rate of intra-operative complications in almost

all systematic reviews. Baring that in mind, the rate of

significant intra-operative complications such as bladder,

ureter, bowel and vascular injuries was almost equal in the

two methods. The statistically significant but minimal

difference in blood loss (about 107 ml) is supported by an

equal need for blood transfusion [9].

Total and pelvic lymph node yields, and the detection

rate of advanced stage disease are markers for surgical

completion. No significant difference was found in these

categories. This suggests that the laparoscopic approach

does not compromise the adequacy of staging and cytore-

duction in endometrial carcinoma patients [13]. Data on

para-aortic lymphadenectomy and the number of lymph

nodes retrieved were scarce and biased from heterogeneity.

In trials that para- aortic lymph node dissection was

described, no difference in the lymph node counts was

noticed between the two approaches [14].

Previously, concerns were raised regarding increasing

the rate of cancer recurrence with laparoscopy. The pub-

lished recurrence and survival results of the GOG–LAP2

study [15] demonstrate that the laparoscopic approach does

not adversely affect the overall survival, recurrence free

survival, recurrence rate or the patterns of recurrent dis-

ease. Thus, comprehensive surgical staging of endometrial

cancer can be performed laparoscopically with a negligible

difference in recurrence rates (estimated difference at

Table 1 Summary of meta-analyses comparing laparotomy and

laparoscopy for the staging of endometrial carcinoma

Category Laparotomy Laparoscopy

Intra-operative complications :

Operating room time :

Bladder, Ureter, Bowel, Vascular injury = =

Estimated blood loss :

Post-operative decrease in Hemoglobin :

Blood transfusion rate = =

Lymph node count- total = =

Number of Pelvic LN obtained = =

Detection of advanced stage disease = =

Post-operative hospital stay :

Early post op complicationsa :

Peri-operative death (within 30 days) = =

Moderate to Severe late post-operative

adverse eventsb
:

Quality of life 6 weeks after surgery :

Recurrence free survival = =

3 year Recurrence rate = =

5 year Overall survival = =

Site of recurrence = =

Death of cancer = =

a Urinary tract infection, vaginal stump infection, hematoma, ileus,

deep vein thrombosis, wound infection, wound dehiscence and tem-

perature [38 �C
b Pelvic pain, urinary incontinence, prolapse, nerve injury, lymphe-

dema, incisional hernia, deep vein thrombosis, pulmonary embolus
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3 years, 1.14 %). Finally, laparoscopy has significant

advantages compared to laparotomy in the post-operative

period. In addition to a shorter hospital stay, the rate of

early and late post-operative complications is lower with

laparoscopy leading to faster recovery and superior quality

of life [16].

Obesity

Obesity is one of the most important risk factors for

endometrial carcinoma. Obese patients frequently have

other co-morbidities, i.e., diabetes mellitus, hypertension

and/or coronary heart disease. Morbid obesity is considered

by some to be a relative contraindication to laparoscopic

surgery. Of particular concern are cardiopulmonary com-

promise and difficulties with ventilation resulting from

increased intra-abdominal pressure [17]. These impedi-

ments may prevent the steep Trendelenburg position

sometimes necessary to complete the operation, limit the

available operating time and increase the rate of conversion

to laparotomy. In open abdominal surgery, obesity and

diabetes mellitus are associated with significantly higher

peri-operative complication rates such as longer surgery

durations, more blood loss and higher transfusion rates.

Post-operative complications, like wound infection and

dehiscence or symptomatic ileus are also increased.

Finally, due to prolonged hospital stay, the risks of

thrombosis and pulmonary embolism rates are higher in

obese patients [18]. Conversely, others recommend lapa-

roscopy over laparotomy in obese patients to minimize

these peri- and post-operative complication [19]. Vaginal

procedures already provide the advantages of reducing

total surgery duration and peri-operative surgical and

anesthetic morbidity. However, during vaginal surgery,

neither nodal nor abdominal staging can take place. Vag-

inal approach may be limited by anatomical circumstances

as well as patients’ parity [20]. Therefore, laparoscopy,

even with its limitations, constitutes a valid surgical pro-

cedure in obese women. Peritoneal access restrictions,

difficulty accessing the pelvic organs and performing

adequate lymphadenectomy as well as the aforementioned

anesthetic complications are all associated with a propor-

tional increase in conversion rate to laparotomy with

increasing BMI. However, there is no consensus for an

upper limit above which laparoscopy should not be con-

sidered. The decision is almost entirely surgeon dependent

and relies on the experience acquired over the years [21].

Elderly patients

Trendelenburg position and high intra-abdominal pressure

could be challenging for elderly patients. Minimally inva-

sive procedures were shown to reduce peri-operative

complications such as myocardial infarction, deep vein

thrombosis and pneumonia without a significant increase in

operative time, blood loss or length of hospital stay.

Therefore, laparoscopic staging for endometrial cancer is

safe and feasible in the elderly population [22, 23].

Conversion to laparotomy

Conversion from laparoscopy to laparotomy may be nec-

essary to complete a staging procedure or prevent an irre-

versible deterioration in patients’ condition. Higher

conversion rates are associated with widespread metastatic

disease, increasing BMI and increasing patient age. The

most common reason for conversion is insufficient visu-

alization caused by inability to maintain adequate Tren-

delenburg position. Additional reasons are either

anatomical difficulties such as dense adhesions and uterus

too large to remove through the vaginal canal or manage-

ment of intra-operative complications. Consequently, there

is a wide range of reported conversion rates depending on

patients’ age, BMI, stage of disease and surgeons’ exper-

tise. Walker et al. [12] reported that 25.8 % of the patients

in LAP 2 study had to be converted to laparotomy, whereas

there were no conversions in the study conducted by Zullo

et al. [11]. Fanning et al. [24] reviewed 235 laparoscopic

procedures for endometrial cancer. In their series, 3 % of

the cases were converted to laparotomy or vaginal

hysterectomy.

Vaginal cuff recurrence and Port-site metastasis

During laparoscopic staging, the cancer-affected uterus and

adnexa are removed through the vagina, which may raise a

concern for increased vaginal cuff recurrence. Fortunately,

no statistically significant difference in the rate of vaginal

vault recurrence was noticed between the laparoscopic and

abdominal approaches [15].

Some have stipulated that the use of intra-uterine

manipulator during laparoscopic staging may contribute to

dissemination of malignant cell from the uterine cavity

through the fallopian tubes into the pelvic cavity.

Iavazzo et al. [25] reviewed the pertinent literature and

found that the application of uterine manipulators has no

clear correlation with the recurrence of the endometrial

carcinoma, but the existing six trials were of low meth-

odological quality. Hence, several authors advocate sealing

the tubes at the start of the case and reduce movement of

the intra-uterine manipulator to the essential minimum.

There have been a number of reports of port-site

metastasis after laparoscopic treatment of endometrial

cancer [26]. In most of the cases, it is attributed to initial

under-staging of miliary or microscopically disseminated

endometrial carcinoma and not to laparoscopy per se. In
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LAP2 study [15], particular attention was given to trocar

site recurrences. Only 4/1696 (0.24 %) trocar sites recur-

rences were identified. Three of these cases were grade 2

endometrioid adenocarcinomas stages IB, IIIA and IIIC,

and one additional case was stage IVB carcinosarcoma. 3/4

presumed trocar site recurrences occurred in patients with

advanced disease.

Robotic surgery for endometrial carcinoma

An ever-increasing number of endometrial carcinoma

patients are being treated by minimally invasive techniques

[27]. Yet, many surgeons find the laparoscopic approach

difficult for routine clinical use because of increased

operating time and a protracted learning curve. To facilitate

the implementation of minimally invasive surgery and

overcome the limitations of available laparoscopic instru-

mentation, a computer-controlled system that assists the

surgeon in the utilization and manipulation of surgical

instruments was developed. In April 2005, FDA approved

the currently only available surgical robotic system (Da

Vinci� Surgical System, Intuitive Surgical, Inc., Sunny-

vale, CA, USA) for gynecologic laparoscopic procedures.

Over the following years, robotic-assisted surgery rapidly

gained acceptance by surgeons as an effective device for

performing hysterectomy with staging lymphadenectomy

in the management of endometrial cancer. It is estimated

that in the US during 2010, more than 50 % of endometrial

carcinoma staging procedures were managed with robotic-

assisted surgery, representing a paradigm shift towards

minimally invasive surgery not previously achieved with

traditional laparoscopy. This trend expected to continue as

more systems are installed worldwide and more surgeons

are trained to use this platform [28]. Robotic surgery has

significant technical advantages and some disadvantages

compared to conventional laparoscopy [4, 29–31]: advan-

tages include 3D visualization of the operative field, a

better dexterity that mimics the freedom of human hand

and wrist motion and altogether improved ergonomics for

the surgeon. Disadvantages are mainly lack of tactile per-

ception and increased cost.

The excellent 3D/HD visualization and recording of the

robotic console can be used to delineate step-by-step and

standardize complex surgical procedures thus ensure sur-

gical procedure reproducibility and guarantee valid com-

parison between different surgeons [32, 33]. High

Definition DVDs and live demonstrations via HD screens

are paramount to the education of current and future

gynecological oncologists.

Despite the potential benefits, there have been no pro-

spective RCTs comparing laparotomy, laparoscopic and

robotic-assisted laparoscopic staging procedures for treat-

ment of uterine malignancies. The available studies have

been relatively small in size, nonrandomized and limited to

highly experienced surgeons and centers. Still, these stud-

ies are informative and demonstrate the feasibility of this

technique, its safety and efficacy [34].

The bulk of retrospective case series and two meta-

analyses (eight and nine comparative studies, 1,591 and

1,640 total patients, respectively) [34, 35] indicate simi-

larities with laparoscopy in most categories, except for

reduced blood loss and fewer conversions to laparotomy in

robotic surgeries (Table 2). However, the difference in the

incidence of blood transfusion between the two techniques

did not reach statistical significance. Therefore, the clinical

implication of this finding is questionable.

Robotic and traditional laparoscopic surgery have better

outcomes than laparotomy in terms of blood loss, blood

transfusions, peri and post-operative complications, wound

infection, post-operative pain, shorter recovery time and

decreased length of hospital stay. Pelvic and para-aortic

lymph node counts, which are a measure of surgical

quality, were similar for the three modalities.

The advantages of robotic surgery for the patient com-

pared with traditional laparoscopy are not always evident

[4]. Currently, it seems that robotic surgery is probably

neither safer nor better than laparoscopy but allows sur-

geons experienced in minimally invasive approach more

types of radical surgery due to its significant ergonomic

advantages [29, 31]. For the surgeons inexperienced in

laparoscopy, computer assisted surgery enables to execute

complex procedures more easily.

Disadvantages include costs associated with purchasing

the robotic system and disposable equipment, loss of haptic

sensation and the lack of accessibility for all patients with

appropriate indications. Operative times for robotic and

laparoscopy cases are similar, but longer than that for

laparotomy cases [36].

Table 2 Summary of meta-analyses comparing laparotomy, lapa-

roscopy and robotic surgery for the staging of endometrial carcinoma

Category Laparotomy Laparoscopy Robotic

Operative time ; = =

Blood loss :: : ;

Transfusion rate : = =

Bladder, Ureter, Bowel,

Vascular injury

= = =

Conversion to laparotomy : ;

Number of lymph nodes = = =

Hospital stay : = =

Peri-operative complications = = =

Post-operative complications : = =

Re-admission rate : = =

Vaginal cuff dehiscence ; : :
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Taking into account various reimbursement systems in

different countries, recent cost analyses studies indicate

that the shorter operating times and the efficiencies gained

with robotic surgical experience may translate into signif-

icant reductions in operating room costs, such that the

widely held belief that robotic surgery is ‘too expensive’

may not be true for many institutions [37, 38].

Finally, three recently published retrospective survival

analyses of combined 1,054 [39–41] patients provide evi-

dence that robotic-assisted laparoscopy for endometrial

carcinoma has similar overall and recurrence free survival

rates to traditional laparoscopy and laparotomy.

Vaginal vault dehiscence

Concerns regarding increasing incidence of vaginal vault

dehiscence following robotic surgery were raised. Drudi

et al. [42] estimated a low vaginal vault dehiscence inci-

dence after abdominal staging (0.12 %) while slightly

elevated and almost similar incidence following laparos-

copy and robotic surgery (1.1–4.9 % and 0.7–2.6 %,

respectively). Compared to traditional laparoscopy, no

technique specific etiology could be identified. Among the

contributing factors to vaginal dehiscence are: patients’

risk factors for delayed healing such as vaginal atrophy and

infection, steroid use and application of chemotherapy and/

or radiotherapy, vaginal cuff thermal injury by electro-

cautery and vaginal coitus with deep penetration prior to

12 weeks after surgery.

Obesity

The challenges associated with operating obese (BMI

30–39) and morbidly obese (BMI [ 40) patients are almost

identical for robot assisted and traditional laparoscopy

namely, exposure during aortic lymph node dissection and

adequate ventilation during steep Trendelenburg position-

ing. Contrary to traditional laparoscopy, modifying the

Trendelenburg positioning during robotic surgery is

impossible without un-docking the robotic arms, thus

extending the operative time. Yet, Menderes et al. [43]

believe that the robotic platform enhances the laparoscopic

skills of the operator necessary when the patient has a

challenging body habitus and that obese and morbidly

obese patients could be good candidates for robotic surgery

[44].

Much like traditional laparoscopy, robotic surgery

reduces peri and post-operative complications, particularly

abdominal wound complications, while maintaining ade-

quate pelvic and para-aortic lymph node retrieval counts,

overall survival and recurrence rates when compared to

open surgery. However, Holloway et al. [28] showed that

robotic lymph node yields in obese patients were greater

than those of laparoscopic cases, node counts for morbidly

obese patients were not greater than laparoscopy, indicat-

ing that robotic aortic lymphadenectomy may still have

some limitations for this group of difficult patients.

Elderly patients

Detailed information regarding robotic surgery in elderly

and high anesthesiological risk endometrial carcinoma

patients is scarce. Lavoue et al. [45] showed that robotic

staging of elderly (age C 70) endometrial carcinoma

patients is feasible and associated with significant benefits

compared to open surgery, including lower minor com-

plication rate, less operative blood loss and shorter hospi-

talization without compromising 2-year disease-free

survival. The traditional reluctance to perform radical

robotic surgery in medically ill women is not supported by

adequate evidence. Siesta et al. [46] examined robotic

staging in 66, ASA C 3 endometrial and cervical carci-

noma patients. They concluded that comprehensive robotic

staging is feasible and safe in these patients.

Conclusion

In the recent years, gynecologists have come to realize that

there is more than one way to perform staging and hys-

terectomy for endometrial carcinoma. RCT based evidence

indicates that laparoscopic staging is similar to laparotomy

with regard to surgical completion, adequacy of staging

and cytoreduction, survival and recurrence rates. Yet,

patients undergoing laparoscopic staging or laparoscopic

hysterectomies still comprise only a small percentage of all

hysterectomies in the US and around the world [38].

Robotic platform overcomes some of the limitations of

standard laparoscopic instrumentation and has increased

the accessibility of gynecologists to minimally invasive

techniques. Therefore it is not surprising that in a short

period, computer assisted laparoscopic staging has gained

an unprecedented popularity amongst gynecological

oncologist. Based on retrospective reports, robotic surgery

for endometrial carcinoma is at the least non-inferior to

laparotomy and traditional laparoscopy with respect to

adequacy of staging, post-operative complications and

overall and recurrence free survival rates. Robotic surgery

has the advantage of lower rate of conversion to laparot-

omy and lower blood loss. Thus, minimally invasive

approach should be considered to be the surgical treatment

option of choice in endometrial carcinoma patients.

Leitao [47] argued that the evolution in the minimal

invasive treatment of endometrial carcinoma has trans-

formed into an uncontrolled revolution based on single

institution retrospective studies. Berchuck et al. [48]

Arch Gynecol Obstet (2015) 291:721–727 725

123



contend that ‘‘the horse is already out of the barn’’ and

minimally invasive surgery, especially robotic surgery, for

endometrial cancer has become the dominant paradigm.

Many surgeons bypass laparoscopy in favor of robotic

surgery because it is easier to master, less dependent on the

availability of a trained assistant, and has ergonomic

advantages for the surgeon. Robotic surgery may be par-

ticularly helpful in obese patients but at least for now, more

expensive than the other modalities.

Minimally invasive surgical techniques continue to

evolve as the next generation of robotic platforms which

integrate tactile feedback and single-port laparoscopic and

robotic instruments are being tested [16].

The goal of all gynecologic cancer surgeons should be to

perform surgery in a way that minimizes disfigurement and

psychological trauma and preserves function. Innovative

methods and instruments, such as the robotic platform,

sentinel lymph node biopsy and single-port surgery must

continue to evolve as technology advances.

Conflict of interest Author(s) declare no conflict of interest.

References

1. Pecorelli S (2009) Revised FIGO staging for carcinoma of the

vulva, cervix, and endometrium. Int J Gynaecol obstet

105(2):103–104

2. American College of Obstetricians and Gynecologists (2005)

ACOG practice bulletin, clinical management guidelines for

obstetrician-gynecologists, number 65, August 2005: manage-

ment of endometrial cancer. Obstet Gynecol 106(2):413–425

3. Dowdy SC (2014) Improving oncologic outcomes for women

with endometrial cancer: realigning our sights. Gynecol Oncol

133(2):370–374. doi:10.1016/j.ygyno.2014.02.019

4. Verheijen R, Zweemer R (2012) Robotic surgery for gynaeco-

logic cancer: an overview. Curr Oncol Rep 14(6):544–549.

doi:10.1007/s11912-012-0270-8

5. Nezhat CR, Burrell MO, Nezhat FR, Benigno BB, Welander CE

(1992) Laparoscopic radical hysterectomy with paraaortic and

pelvic node dissection. Am J Obstet Gynecol 166(3):864–865

6. Childers JM, Brzechffa PR, Hatch KD, Surwit EA (1993)

Laparoscopically assisted surgical staging (LASS) of endome-

trial cancer. Gynecol Oncol 51(1):33–38. doi:10.1006/gyno.

1993.1242

7. Kueck AS, Gossner G, Burke WM, Reynolds RK (2006) Lapa-

roscopic technology for the treatment of endometrial cancer. Int J

Gynaecol Obstet 93(2):176–181. doi:10.1016/j.ijgo.2006.02.013

8. He H, Zeng D, Ou H, Tang Y, Li J, Zhong H (2013) Laparoscopic

treatment of endometrial cancer: systematic review. J Minim

Invasive Gynecol 20(4):413–423. doi:10.1016/j.jmig.2013.01.

005

9. Galaal K, Bryant A, Fisher AD, Al-Khaduri M, Kew F, Lopes AD

(2012) Laparoscopy versus laparotomy for the management of

early stage endometrial cancer. Cochrane Database Syst Rev

9:Cd006655

10. Palomba S, Falbo A, Mocciaro R, Russo T, Zullo F (2009)

Laparoscopic treatment for endometrial cancer: a meta-analysis

of randomized controlled trials (RCTs). Gynecol Oncol

112(2):415–421. doi:10.1016/j.ygyno.2008.09.014

11. Zullo F, Palomba S, Russo T, Falbo A, Costantino M, Tolino A,

Zupi E, Tagliaferri P, Venuta S (2005) A prospective randomized

comparison between laparoscopic and laparotomic approaches in

women with early stage endometrial cancer: a focus on the

quality of life. Am J Obstet Gynecol 193(4):1344–1352. doi:10.

1016/j.ajog.2005.02.131

12. Walker JL, Piedmonte MR, Spirtos NM, Eisenkop SM, Schlaerth

JB, Mannel RS, Spiegel G, Barakat R, Pearl ML, Sharma SK

(2009) Laparoscopy compared with laparotomy for comprehen-

sive surgical staging of uterine cancer: gynecologic Oncology

Group Study LAP2. J Clin Oncol 27(32):5331–5336. doi:10.

1200/jco.2009.22.3248

13. Acholonu UC Jr, Chang-Jackson SC, Radjabi AR, Nezhat FR

(2012) Laparoscopy for the management of early-stage endo-

metrial cancer: from experimental to standard of care. J Minim

Invasive gynecol 19(4):434–442. doi:10.1016/j.jmig.2012.02.006

14. Zullo F, Falbo A, Palomba S (2012) Safety of laparoscopy vs

laparotomy in the surgical staging of endometrial cancer: a

systematic review and metaanalysis of randomized controlled

trials. Am J Obstet Gynecol 207(2):94–100. doi:10.1016/j.ajog.

2012.01.010

15. Walker JL, Piedmonte MR, Spirtos NM, Eisenkop SM, Schlaerth

JB, Mannel RS, Barakat R, Pearl ML, Sharma SK (2012)

Recurrence and survival after random assignment to laparoscopy

versus laparotomy for comprehensive surgical staging of uterine

cancer: gynecologic Oncology Group LAP2 Study. J Clin Oncol

30(7):695–700. doi:10.1200/jco.2011.38.8645

16. Juhasz-Boss I, Haggag H, Baum S, Kerl S, Rody A, Solomayer E

(2012) Laparoscopic and laparotomic approaches for endometrial

cancer treatment: a comprehensive review. Arch Gynecol Obstet

286(1):167–172. doi:10.1007/s00404-012-2254-1

17. Tinelli R, Litta P, Meir Y, Surico D, Leo L, Fusco A, Angioni S,

Cicinelli E (2014) Advantages of laparoscopy versus laparotomy

in extremely obese women (BMI [ 35) with early-stage endo-

metrial cancer: a multicenter study. Anticancer Res

34(5):2497–2502

18. Gunderson CC, Java J, Moore KN, Walker JL (2014) The impact

of obesity on surgical staging, complications, and survival with

uterine cancer: a Gynecologic Oncology Group LAP2 ancillary

data study. Gynecol Oncol 133(1):23–27. doi:10.1016/j.ygyno.

2014.01.041

19. Rabischong B, Larrain D, Canis M, Le Bouedec G, Pomel C,

Jardon K, Kwiatkowski F, Bourdel N, Achard JL, Dauplat J,

Mage G (2011) Long-term follow-up after laparoscopic man-

agement of endometrial cancer in the obese: a fifteen-year cohort

study. J Minim Invasive Gynecol 18(5):589–596. doi:10.1016/j.

jmig.2011.05.015

20. Malur S, Possover M, Michels W, Schneider A (2001) Laparo-

scopic-assisted vaginal versus abdominal surgery in patients with

endometrial cancer: a prospective randomized trial. Gynecol

Oncol 80(2):239–244. doi:10.1006/gyno.2000.6069

21. Obermair A, Manolitsas TP, Leung Y, Hammond IG, McCartney

AJ (2005) Total laparoscopic hysterectomy versus total abdom-

inal hysterectomy for obese women with endometrial cancer. Int J

Gynecol Cancer 15(2):319–324. doi:10.1111/j.1525-1438.2005.

15223.x

22. Frey MK, Ihnow SB, Worley MJ Jr, Heyman KP, Kessler R,

Slomovitz BM, Holcomb KM (2011) Minimally invasive staging

of endometrial cancer is feasible and safe in elderly women.

J Minim Invasive Gynecol 18(2):200–204. doi:10.1016/j.jmig.

2010.12.003

23. Bogani G, Cromi A, Uccella S, Serati M, Casarin J, Pinelli C,

Ghezzi F (2014) Perioperative and long-term outcomes of lapa-

roscopic, open abdominal, and vaginal surgery for endometrial

cancer in patients aged 80 years or older. Int J Gynecol Cancer

24(5):894–900. doi:10.1097/igc.0000000000000128

726 Arch Gynecol Obstet (2015) 291:721–727

123

http://dx.doi.org/10.1016/j.ygyno.2014.02.019
http://dx.doi.org/10.1007/s11912-012-0270-8
http://dx.doi.org/10.1006/gyno.1993.1242
http://dx.doi.org/10.1006/gyno.1993.1242
http://dx.doi.org/10.1016/j.ijgo.2006.02.013
http://dx.doi.org/10.1016/j.jmig.2013.01.005
http://dx.doi.org/10.1016/j.jmig.2013.01.005
http://dx.doi.org/10.1016/j.ygyno.2008.09.014
http://dx.doi.org/10.1016/j.ajog.2005.02.131
http://dx.doi.org/10.1016/j.ajog.2005.02.131
http://dx.doi.org/10.1200/jco.2009.22.3248
http://dx.doi.org/10.1200/jco.2009.22.3248
http://dx.doi.org/10.1016/j.jmig.2012.02.006
http://dx.doi.org/10.1016/j.ajog.2012.01.010
http://dx.doi.org/10.1016/j.ajog.2012.01.010
http://dx.doi.org/10.1200/jco.2011.38.8645
http://dx.doi.org/10.1007/s00404-012-2254-1
http://dx.doi.org/10.1016/j.ygyno.2014.01.041
http://dx.doi.org/10.1016/j.ygyno.2014.01.041
http://dx.doi.org/10.1016/j.jmig.2011.05.015
http://dx.doi.org/10.1016/j.jmig.2011.05.015
http://dx.doi.org/10.1006/gyno.2000.6069
http://dx.doi.org/10.1111/j.1525-1438.2005.15223.x
http://dx.doi.org/10.1111/j.1525-1438.2005.15223.x
http://dx.doi.org/10.1016/j.jmig.2010.12.003
http://dx.doi.org/10.1016/j.jmig.2010.12.003
http://dx.doi.org/10.1097/igc.0000000000000128


24. Fanning J, Hossler C (2010) Laparoscopic conversion rate for

uterine cancer surgical staging. Obstet Gynecol 116(6):

1354–1357. doi:10.1097/AOG.0b013e3181fae272

25. Iavazzo C, Gkegkes ID (2013) The role of uterine manipulators in

endometrial cancer recurrence after laparoscopic or robotic pro-

cedures. Arch Gynecol Obstet 288(5):1003–1009. doi:10.1007/

s00404-013-3031-5

26. Palomba S, Falbo A, Russo T, La Sala GB (2012) Port-site

metastasis after laparoscopic surgical staging of endometrial

cancer: a systematic review of the published and unpublished

data. J Minim Invasive Gynecol 19(4):531–537. doi:10.1016/j.

jmig.2012.03.023

27. Penner KR, Fleming ND, Barlavi L, Axtell AE, Lentz SE (2014)

Same day discharge is feasible and safe in patients undergoing

minimally invasive staging for gynecologic malignancies. Am J

Obstet Gynecol. doi:10.1016/j.ajog.2014.08.010

28. Holloway RW, Ahmad S (2012) Robotic-assisted surgery in the

management of endometrial cancer. J Obstet Gynaecol Res

38(1):1–8. doi:10.1111/j.1447-0756.2011.01744.x

29. Krill LS, Bristow RE (2013) Robotic surgery: gynecologic

oncology. Cancer J 19(2):167–176. doi:10.1097/PPO.0b013e

31828a3293

30. Frumovitz M, Escobar P, Ramirez PT (2011) Minimally invasive

surgical approaches for patients with endometrial cancer. Clin

Obstet Gynecol 54(2):226–234. doi:10.1097/GRF.0b013e318

218637d

31. Lowery WJ, Leath CA 3rd, Robinson RD (2012) Robotic surgery

applications in the management of gynecologic malignancies.

J Surg Oncol 105(5):481–487. doi:10.1002/jso.22080

32. Kimmig R, Aktas B, Buderath P, Wimberger P, Iannaccone A,

Heubner M (2013) Definition of compartment-based radical

surgery in uterine cancer: modified radical hysterectomy in

intermediate/high-risk endometrial cancer using peritoneal me-

sometrial resection (PMMR) by M Hockel translated to robotic

surgery. World J Surg Oncol 11(1):198. doi:10.1186/1477-7819-

11-198

33. Kimmig R, Iannaccone A, Buderath P, Aktas B, Wimberger P,

Heubner M (2013) Definition of compartment based radical

surgery in uterine cancer-part I: therapeutic pelvic and periaortic

lymphadenectomy by Michael hockel translated to robotic sur-

gery. ISRN Obstet Gynecol 2013:297921. doi:10.1155/2013/

297921

34. Lu D, Liu Z, Shi G, Liu D, Zhou X (2012) Robotic assisted

surgery for gynaecological cancer. Cochrane Database Syst Rev

1:Cd008640. doi:10.1002/14651858.CD008640.pub2

35. Gaia G, Holloway RW, Santoro L, Ahmad S, Di Silverio E,

Spinillo A (2010) Robotic-assisted hysterectomy for endometrial

cancer compared with traditional laparoscopic and laparotomy

approaches: a systematic review. Obstet Gynecol 116(6):

1422–1431. doi:10.1097/AOG.0b013e3181f74153

36. Fleming ND, Ramirez PT (2012) Robotic surgery in gynecologic

oncology. Curr Opin Oncol 24(5):547–553. doi:10.1097/CCO.

0b013e328354e572

37. Wright JD, Ananth CV, Tergas AI, Herzog TJ, Burke WM, Le-

win SN, Lu YS, Neugut AI, Hershman DL (2014) An economic

analysis of robotically assisted hysterectomy. Obstet Gynecol

123(5):1038–1048. doi:10.1097/aog.0000000000000244

38. Leitao MM Jr, Bartashnik A, Wagner I, Lee SJ, Caroline A,

Hoskins WJ, Thaler HT, Abu-Rustum NR, Sonoda Y, Brown CL,

Jewell EL, Barakat RR, Gardner GJ (2014) Cost-effectiveness

analysis of robotically assisted laparoscopy for newly diagnosed

uterine cancers. Obstet Gynecol 123(5):1031–1037. doi:10.1097/

aog.0000000000000223

39. Brudie LA, Backes FJ, Ahmad S, Zhu X, Finkler NJ, Bigsby GEt,

Cohn DE, O’Malley D, Fowler JM, Holloway RW (2013) Ana-

lysis of disease recurrence and survival for women with uterine

malignancies undergoing robotic surgery. Gynecol Oncol

128((2):309–315. doi:10.1016/j.ygyno.2012.11.005

40. Cardenas-Goicoechea J, Shepherd A, Momeni M, Mandeli J,

Chuang L, Gretz H, Fishman D, Rahaman J, Randall T (2014)

Survival analysis of robotic versus traditional laparoscopic sur-

gical staging for endometrial cancer. Am J Obstet Gynecol

210(2):160.e111–160.e161. doi:10.1016/j.ajog.2013.10.871

41. Kilgore JE, Jackson AL, Ko EM, Soper JT, Van Le L, Gehrig PA,

Boggess JF (2013) Recurrence-free and 5-year survival following

robotic-assisted surgical staging for endometrial carcinoma.

Gynecol Oncol 129(1):49–53. doi:10.1016/j.ygyno.2012.12.020

42. Drudi L, Press JZ, Lau S, Gotlieb R, How J, Eniu I, Drummond

N, Brin S, Deland C, Gotlieb WH (2013) Vaginal vault dehis-

cence after robotic hysterectomy for gynecologic cancers: search

for risk factors and literature review. Int J Gynecol Cancer

23(5):943–950. doi:10.1097/IGC.0b013e31828f38e1

43. Menderes G, Azodi M, Clark L, Xu X, Lu L, Ratner E, Schwartz

PE, Rutherford TJ, Santin AD, Silasi DA (2014) Impact of body

mass index on surgical outcomes and analysis of disease recur-

rence for patients with endometrial cancer undergoing robotic-

assisted staging. Int J Gynecol Cancer. doi:10.1097/igc.

0000000000000156

44. Tang KY, Gardiner SK, Gould C, Osmundsen B, Collins M,

Winter WE, 3rd (2012) Robotic surgical staging for obese

patients with endometrial cancer. Am J Obstet Gynecol

206(6):513.e511

45. Lavoue V, Zeng X, Lau S, Press JZ, Abitbol J, Gotlieb R, How J,

Wang Y, Gotlieb WH (2014) Impact of robotics on the outcome

of elderly patients with endometrial cancer. Gynecol Oncol

133(3):556–562. doi:10.1016/j.ygyno.2014.03.572

46. Siesto G, Ornaghi S, Ieda N, Vitobello D (2013) Robotic surgical

staging for endometrial and cervical cancers in medically ill

patients. Gynecol Oncol 129(3):593–597. doi:10.1016/j.ygyno.

2013.02.030

47. Leitao MM Jr (2012) Potential pitfalls of the rapid uptake of new

technology in surgery: can comparative effectiveness research

help? J Clin Oncol 30(8):767–769. doi:10.1200/jco.2011.39.4247

48. Berchuck A, Secord AA, Havrilesky LJ (2012) Minimally inva-

sive surgery for endometrial cancer: the horse is already out of

the barn. J Clin Oncol 30(7):681–682. doi:10.1200/jco.2011.40.

5506

Arch Gynecol Obstet (2015) 291:721–727 727

123

http://dx.doi.org/10.1097/AOG.0b013e3181fae272
http://dx.doi.org/10.1007/s00404-013-3031-5
http://dx.doi.org/10.1007/s00404-013-3031-5
http://dx.doi.org/10.1016/j.jmig.2012.03.023
http://dx.doi.org/10.1016/j.jmig.2012.03.023
http://dx.doi.org/10.1016/j.ajog.2014.08.010
http://dx.doi.org/10.1111/j.1447-0756.2011.01744.x
http://dx.doi.org/10.1097/PPO.0b013e31828a3293
http://dx.doi.org/10.1097/PPO.0b013e31828a3293
http://dx.doi.org/10.1097/GRF.0b013e318218637d
http://dx.doi.org/10.1097/GRF.0b013e318218637d
http://dx.doi.org/10.1002/jso.22080
http://dx.doi.org/10.1186/1477-7819-11-198
http://dx.doi.org/10.1186/1477-7819-11-198
http://dx.doi.org/10.1155/2013/297921
http://dx.doi.org/10.1155/2013/297921
http://dx.doi.org/10.1002/14651858.CD008640.pub2
http://dx.doi.org/10.1097/AOG.0b013e3181f74153
http://dx.doi.org/10.1097/CCO.0b013e328354e572
http://dx.doi.org/10.1097/CCO.0b013e328354e572
http://dx.doi.org/10.1097/aog.0000000000000244
http://dx.doi.org/10.1097/aog.0000000000000223
http://dx.doi.org/10.1097/aog.0000000000000223
http://dx.doi.org/10.1016/j.ygyno.2012.11.005
http://dx.doi.org/10.1016/j.ajog.2013.10.871
http://dx.doi.org/10.1016/j.ygyno.2012.12.020
http://dx.doi.org/10.1097/IGC.0b013e31828f38e1
http://dx.doi.org/10.1097/igc.0000000000000156
http://dx.doi.org/10.1097/igc.0000000000000156
http://dx.doi.org/10.1016/j.ygyno.2014.03.572
http://dx.doi.org/10.1016/j.ygyno.2013.02.030
http://dx.doi.org/10.1016/j.ygyno.2013.02.030
http://dx.doi.org/10.1200/jco.2011.39.4247
http://dx.doi.org/10.1200/jco.2011.40.5506
http://dx.doi.org/10.1200/jco.2011.40.5506

	Minimally invasive surgery for endometrial cancer: a comprehensive review
	Abstract
	Purpose of review
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Laparoscopic surgery for endometrial carcinoma
	Obesity
	Elderly patients
	Conversion to laparotomy
	Vaginal cuff recurrence and Port-site metastasis
	Robotic surgery for endometrial carcinoma
	Vaginal vault dehiscence
	Obesity
	Elderly patients

	Conclusion
	Conflict of interest
	References


