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ORIGINAL ARTICLE Open Access

Implementation of laparoscopic
hysterectomy for endometrial cancer over
the past decade
Tim Wollinga1,2, Nicole P. M. Ezendam3,4, Florine A. Eggink5, Marieke Smink2, Dennis van Hamont6,
Brenda Pijlman7, Erik Boss8, Elisabeth J. Robbe9, Huy Ngo10, Dorry Boll11, Constantijne H. Mom12,
Maaike A. van der Aa13, Roy F. L. P. Kruitwagen14,15, Hans W. Nijman5 and Johanna M. A. Pijnenborg2,16*

Abstract

Background: Laparoscopic hysterectomy (LH) for the treatment of early-stage endometrial carcinoma/cancer (EC)
has demonstrated to be safe in several randomized controlled trials. Yet, data on implementation of LH in clinical
practice are limited. In the present study, implementation of LH for EC was evaluated in a large oncology network
in the Netherlands.

Results: Retrospectively, a total of 556 EC patients with FIGO stage I-II were registered in the selected years. The
proportion of LH gradually increased from 11% in 2006 to 85% in 2015. LH was more often performed in patients
with low-grade EC and was not related to the studied patient characteristics. The introduction of TLH was
frequently preceded by LAVH. Patients treated in teaching hospitals were more likely to undergo a LH compared to
patients in non-teaching hospitals. The conversion rate was 7.7%, and the overall complication rates between LH
and AH were comparable, but less postoperative complications in LH.

Conclusions: Implementation of laparoscopic hysterectomy for early-stage EC increased from 11 to 85% in
10 years. Implementation of TLH was often preceded by LAVH and was faster in teaching hospitals.
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Background
Endometrial carcinoma/cancer (EC) is the most common
malignancy of the female genital tract, with an increasing
incidence in western countries [1]. In the Netherlands,
about 1900 women are diagnosed with EC yearly. Due to
the fact that most patients are diagnosed at an early stage,
outcome is relatively favorable. However, 400 women die
of this disease annually in the Netherlands [2]. Primary
treatment consists of a total hysterectomy and bilateral
salpingo-oophorectomy. Routine lymphadenectomy is not
beneficial in early-stage, low-risk EC [3]. Historically,
hysterectomy for EC was performed by laparotomy. In

1989, Harry Reich performed the first laparoscopic hys-
terectomy (LH) for a benign gynecological disease [4].
Subsequently, LH became an alternative approach for
abdominal surgery with the advantage of an increased
recovery time and reduced blood loss [5]. In 2006, the
results from the Laparoscopic Approach to Carcinoma
of the Endometrium (LACE) trial, a randomized con-
trolled trial (RCT) including 509 patients with stage I
EC, were published. This study demonstrated a similar
survival in patients treated by total laparoscopic hyster-
ectomy (TLH) compared to those who underwent
abdominal hysterectomy (AH). The benefits of a lap-
aroscopic approach included shorter hospital stay, less
analgesics, and reduced perioperative morbidity [6].
These data were confirmed by a Dutch RCT including
283 patients with stage I EC, who were also randomized
between TLH and AH [7]. The benefits of a laparo-
scopic approach seem to be even more relevant in
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obese patients with an increased risk of surgical mor-
bidity [8]. This is particularly relevant in EC, as obesity
is an important risk factor for the development of EC
[9]. Yet, especially in morbidly obese patients, laparo-
scopic surgery for EC requires a well-trained team, with
a completed learning curve of the surgeon, and anes-
thesiologists that are used to steep Trendelenburg pos-
ition during surgery [10]. Over the last decades, the
percentage of LH as a primary surgical treatment in EC
has increased [11]. Factors that might influence the
adoption of LH in clinical practice have been reported
to be related to age and sex of the gynecologist and the
presence of gynecology residents [12–14].
Previous studies have focused on the implementation

of laparoscopy in general gynecology in the Netherlands
and have shown a slowly increase of LH from 3% in
2007 to 10% in 2012 [15]. However, these data are based
on questionnaires sent to gynecologists about their per-
formed surgeries. So far, only a few studies have focused
on the implementation of LH in the surgical treatment
of EC. In a recent study, out of 5239 hysterectomies for
EC in the USA, 51% was performed by laparoscopy in
2012 [16]. Bogani et al. demonstrated in a single-center
study the implementation of laparoscopic surgery in the
management of all types of gynecological cancers and
showed an increase from 10 to 82% in a 10-year time
period [17]. The aim of the present study was to
evaluate the implementation of LH in the treatment of
early-stage EC over the past 10 years in a large clinical
oncology network and to determine which patient-,
hospital-, and surgeon-related factors contributed to
the implementation of LH. In addition, we evaluated
the conversion and complication rates as well as the
duration of laparoscopic surgery in relation to the
annual number of EC surgeries per hospital.

Methods
Setting
A retrospective cohort study was performed in the
Gynecological Oncology Centre South (GOCS), a clinical
oncology network in the south of the Netherlands. The
GOCS comprises eight collaborating hospitals: two
oncological referral centers, four teaching hospitals,
and two non-teaching hospitals. According to Dutch
guidelines, surgical staging and lymph node dissection
in clinical stage I, endometrioid-type EC are recom-
mended only in case of clinical suspicion of lymph node
metastasis or in case of high-grade histology, i.e., grade 3
endometrioid-type and all non-endometrioid-type EC
cases. Adjuvant therapy consists of radiotherapy by either
external beam radiation or vaginal vault brachytherapy,
depending on the patient’s age, myometrial invasion, LVSI,
and tumor grade on final pathology [18, 19].

Patients
All patients that underwent primary surgical treatment
for EC in 2006, 2009, 2012, or 2015 within the GOCS
were included. Patients planned for a hysterectomy for
another reason (n = 13), e.g., uterine myomas, but were
diagnosed postoperatively with EC, were documented,
but were excluded for analysis since the planned surgery
was not based on the preoperative diagnosis of EC.
Patients that received neoadjuvant chemotherapy, radio-
therapy, or hormonal therapy were excluded (n = 5), as
well as patients that were diagnosed with other uterine
tumors (n = 10). Patients were classified according to the
2009 International Federation of Gynecology and Ob-
stetrics (FIGO) staging system [20, 21]. Routine pre-
operative work-up in the Netherlands consists of a chest
X-ray for low-risk (grade 1–2) endometrioid-type EC,
and computed tomography scan for high-risk tumors,
and only in low-grade EC when there is clinical suspi-
cion of extended disease. Determination of myometrial
invasion is not routinely performed (www.oncoline.nl).

Data extraction
Patient and tumor characteristics were extracted from
patient files, pathology reports, and anesthesiological
screenings. The following patient characteristics were
collected: body mass index (BMI), comorbidity, previous
surgery, and smoking habit. Both the planned and the
performed surgical approaches were registered. LH was
categorized into TLH and laparoscopic-assisted vaginal
hysterectomy (LAVH). TLH was defined as a complete
laparoscopic surgical approach including closure of the
vaginal vault. When part of the procedure was done
vaginally, including closure of the vaginal vault, it was
recorded as LAVH. For patients that were planned for a
laparoscopic approach but underwent AH, the reason
for conversion was documented according to the follow-
ing factors: adhesions, limited exposure, anesthesiological
difficulties due to Trendelenburg position, and uncon-
trolled bleeding. In addition, complications during surgery
and postoperatively were documented.

Outcome
Primary outcome was defined as the percentage of lap-
aroscopic hysterectomies in all patients with FIGO stage
I–II EC in 2006, 2009, 2012, and 2015, compared to the
percentage of abdominal hysterectomies. Secondary out-
comes were the determination of predictive factors for a
laparoscopic approach and the relation between annual
surgical volume and duration of surgery. Predictive fac-
tors for the laparoscopic approach were classified as
patient, hospital, and surgeon related (age and gender).
The type of hospital was classified as teaching and non-
teaching hospital. Surgeon-related factors were age and
gender of the surgeon. The duration of the surgical
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procedures (LH and AH) was related to the annual num-
ber of patients undergoing surgery for EC within the
hospitals.

Statistical analysis
Descriptive analyses were used to describe patients treated
with LH and AH. Differences in characteristics between
patients treated with LH and AH were assessed using Stu-
dent’s t tests for continuous variables and the chi-square
test for categorical data. A multivariable logistic regression
was performed to determine the association of the follow-
ing patient-, hospital-, and surgeon-related factors with the
likelihood of a laparoscopic hysterectomy: age of the
patient, previous abdominal surgery, BMI, and diabetes
mellitus. Patients who could potentially receive either LH
or AH were included, i.e., those treated in 2012 and 2015,
since LH was implemented in most hospitals in these years
and those patients with a grade I and stage I and II endo-
metrial cancer [11]. Statistical analyses were conducted
using IBM SPSS Statistics, version 20 (SPSS Inc., Chicago,
IL, USA). p values < 0.05 were considered statistically
significant, and all statistical tests were two-sided.

Results
Patient cohort
A total of 662 patients were diagnosed with EC within
the selected years: 2006, 2009, 2012, and 2015. Twenty-

eight patients were excluded due to other tumor types
(n = 10), neoadjuvant chemotherapy (n = 5), and unex-
pected EC (n = 13). Subsequently, for analysis, only
patients with FIGO stage I–II EC were included, result-
ing in 556 eligible patients, as demonstrated in Fig. 1.
Patient and tumor characteristics are demonstrated in
Table 1. There were no differences between patients that
underwent a LH or AH with respect to age, BMI, parity,
smoking, or duration of surgery. There were 19 conver-
sions to laparotomy (7.7%): 14 due to adhesions, two
due to uncontrolled bleeding, two due to anesthesiologi-
cal difficulties, and one due to limited exposure. The
conversions were different over time: 2006 (25.0%), 2009
(3.3%), 2012 (10.0%), and 2015 (6.9%). Previous abdom-
inal surgery was not a risk factor for conversion to lapar-
otomy (p = 0.722). Although there was no difference in
the overall complication rate between LH and AH, peri-
operative complications were observed more frequently
in the LH group, whereas postoperative complications
were observed more frequently in the AH group.
Complications during surgery in the AH group con-
sisted of the following: intestinal wall injury (n = 3),
bleeding (n = 3), and damage to the obturator nerve
(n= 1). Complications in the LH group consisted of the fol-
lowing: intestinal wall injury (n= 10), bleeding (n= 4), injury
to the bladder (n= 2), rupture of the cervix (n = 2), and
uterine rupture (n = 1). Postoperative complications in the

Fig. 1 Flow chart of the patient inclusion and surgical procedures
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AH group consisted of wound dehiscence (n = 18), urinary
tract infection (n = 3), wound infection (n = 2), and post-
operative bleeding (n = 1). Complications after surgery in
the LH group consisted of wound infection (n = 4), urinary
tract infection (n = 1), and wound dehiscence (n = 1).

Surgical procedure during the years
During the study period, a steady rise of both LAVH
and TLH was demonstrated, as illustrated in Fig. 2. In

2006, only eight (11%) patients underwent surgery by
the laparoscopic approach, compared to 30 (19.7%) in
2009, 93 (60%) in 2012, and 117 (85%) in 2015. One
teaching hospital introduced the laparoscopic approach
for the treatment of EC in 2006. The remaining teaching
hospitals started performing laparoscopic surgery be-
tween 2006 and 2015. The two non-teaching hospitals
initiated LH for EC between 2012 and 2015. In five
hospitals, the introduction of LAVH preceded the imple-
mentation of TLH.

Predictors of laparoscopic hysterectomy
There was no relation between patient-related factors,
such as BMI (OR 1.00, 95% CI 0.98–1.0), previous ab-
dominal surgery (OR 1.06, 95% CI 0.89–1.26), age (OR
0.98, 95% CI 0.97–1.00), type II DM (OR 0.59, 95% CI
0.34–1.02), and hypertension (OR 1.00, 95% CI 0.66–
1.50) with the type of surgical approach. In addition,
there was no relation between surgeon-related factors
and type of surgery. Patients that underwent surgery in
teaching hospitals were more likely to be operated by a lap-
aroscopic approach compared to non-teaching hospitals
(OR 4.65, 95% CI 2.59–8.36).

Duration of surgery
For all hospitals, the mean duration of surgery was cal-
culated for LH and AH and related to the number of EC
patients operated annually. As illustrated in Fig. 3, the
mean duration of AH was independent of the number of
performed procedures. Yet, for the duration of LH, there
was a trend towards a longer operating time when less
EC patients were treated per year.

Discussion
This study showed an imposing increase in laparoscopic
treatment of early-stage EC from 11% of the procedures
in 2006 to 85% in 2015, reflecting that LH was well
implemented in the past decade in the studied clinical
oncology network in the Netherlands. The introduction
of TLH was frequently preceded by LAVH. The only
predictive factor for a laparoscopic approach was treat-
ment in a teaching hospital.
To the best of our knowledge, this is the first study

that reports upon the implementation of LH in the treat-
ment of EC over a 10-year period since the publication
of the LACE trial in 2006. In a recently published study,
results over a 4-year time span demonstrated an increase
in minimally invasive hysterectomy of 22% in 2007 to
51% in 2011 in the USA [22]. Data are in line with
results from Bogani et al. who compared the type of sur-
gical approach for gynecological malignancies during the
years 2000–2003 with 2008–2011 and showed a compar-
able increase from 10 to 82%. Yet, these data were from
a single center and included large numbers that might

Table 1 Patient and tumor characteristics in relation to the type
of performed surgical procedure

Treatment characteristics
of all included patients

Total,
n = 556

LH,
n = 248

AH,
n = 308

p value

Age in years (mean, SD) 65.8 (9.6) 65.3 (9.8) 66.4 (9.4) 0.166

BMI (mean, SD) 29.6 (6.7) 29.8 (7.0) 29.3 (6.3) 0.429

Parity (mean, SD) 2.0 (1.4) 2.03 (1.4) 2.02 (1.3) 0.909

Previous abdominal
surgery

184 80 104 0.585

Comorbidity

Hypertension 178 77 101 0.582

Type II diabetes 83 30 53 0.093

FIGO stage 0.364

IA 336 158 178

IB 195 80 115

II 25 10 15

Histology 0.002

Endometrioid 502 231 271

Non-endometrioid

Serous 28 15 13

Clear cell 8 2 6

Carcinosarcoma 15 0 15

Stromal cell
sarcoma

3 0 3

Tumor grade 0.000

1 279 151 128

2 175 63 112

3 102 34 68

Treatment

Hysterectomy
and BSO

556 305 241 0.196

Additional staging/
lymphadenectomy

80 10 70 0.000

Conversion to
laparotomy

19 19 –

Duration of surgery,
min (mean, SD)

101 (41.9) 116 (39.3) 90 (40.4) 0.204

Complications

During surgery 26 19 7 0.004

After surgery 30 6 24 0.005

LH laparoscopic hysterectomy, AH abdominal hysterectomy

Wollinga et al. Gynecological Surgery  (2018) 15:7 Page 4 of 8



explain a faster increase in implementation [17]. In com-
parison, the implementation of LH in the Netherlands
was relatively late when compared to that in other
countries, possibly due to the lack of centralization of
EC treatment resulting in many hospitals treating
small numbers [23]. Implementation in the Netherlands
might have been facilitated by the Dutch RCT, published
in 2010 [7].
The observed conversion rate changed over time and

was 6.9% in the last year of our study, quite in line with
the previous Dutch RCT that reported conversion rates
of 10.8%, but higher than the reported 2.4% in the LACE
trial [6, 7]. Even in 2015, this number is still relatively

high. Possible explanations are as follows: (1) variations
in the time of the start of LH between hospitals that
may not have reached the optimal surgical performance
at the time of analysis, (2) relatively small numbers per
hospital, and (3) a substantial proportion of obese pa-
tients (40.6%), since these are associated with increased
conversion rate [23, 24]. The overall comparable compli-
cation rates support our assumption that laparoscopic
surgeons in the GOCS region were sufficiently trained to
perform a LH. The absence of a decrease in the rate of
complications with the implementation of LH during the
10-year period can be explained by the fact that more
surgeons started to perform LH for endometrial cancer,

Fig. 2 Description of the proportion of surgical procedures (TLH, LAVH, or AH) in the years 2006, 2009, 2012, and 2015

Fig. 3 Mean duration of surgery in relation to the annual number of operated endometrial cancer patients
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each going through their individual learning curve. Ana-
lyses of an overall learning curve are thus a mixture of
several individual learning curves. The observed trend
towards an increased duration of surgery with less LH
cases per year suggests that surgical volume might be
relevant. However, since surgeons that perform LH of
endometrial cancer also perform LH for benign indica-
tions, these numbers should be included for a proper
analysis. The observation that the introduction of a TLH
was frequently preceded by a LAVH approach may
illustrate a step-wise adaptation of laparoscopic surgery.
Although we hypothesized, according to previous find-
ings, that patient-related factors such as BMI and previ-
ous abdominal surgery were predictive for the type of
surgical approach, we could not confirm this in our
study [24, 25]. In our study cohort, 72.6% of the patients
were overweight, with 40.6% being obese. The Dutch
RCT was conducted between 2007 and 2009, and train-
ing of the surgical team including the anesthesiologist
may have improved in recent years, resulting in reduced
conversion rate. Interestingly, the type of hospital was
related to the implementation of a laparoscopic ap-
proach. In 2015, all hospitals had implemented the LH,
but implementation was faster in teaching hospitals
compared to that in non-teaching hospitals. This is in
line with the study of Pijnenborg and ter Haar who
demonstrated the important contribution of residents in
teaching hospitals in the implementation of LH in clin-
ical practice [12]. We did not observe a relation between
the age or gender of surgeon and the type of primary
surgical approach in line with previous data [13, 14].
The safety of laparoscopy in the treatment of EC is
established in eight RCTs that included mainly early-
stage, low-grade EC [11]. There is strong evidence for
the role of laparoscopy in the management of low-grade
EC, yet for high-grade EC, data are still limited. In a
recently published study, it was shown that LH and
laparoscopic lymph node dissection were equally safe
when compared to open procedures in high-grade EC
[26]. Although numbers are relatively small, these data
illustrate the shift of the indication towards the laparo-
scopic approach in high-grade EC treatment. This is sup-
ported by a follow-up date of the Gynecologic Oncology
Group (GOG) LAP2 trial, which demonstrated that the
outcome of patients with high-risk histology, including
grade 3 endometrioid-type, serous, and clear cell carcino-
sarcoma, was not related to the type of surgical approach
[27]. In our study cohort, only 10 EC patients underwent
a LH with lymphadenectomy, since surgical staging was
implemented from 2015 onward. Yet, since numbers of
high-grade EC with laparoscopic surgery are limited, there
is still a need to continue monitoring whether a laparo-
scopic approach can be extended to high-grade EC pa-
tients. This switch from open to laparoscopic surgery has

great impact on the costs for healthcare. Even robotic-
assisted laparoscopic hysterectomy was shown to be 17%
cheaper when compared to AH, mainly due to a shorter
hospital stay [28]. This benefit may be even more when
conventional laparoscopic hysterectomy is performed and
dependent on the use of expensive disposable supplies
[29]. Whether advanced-stage EC can be treated by a
minimal invasive procedure equally safe has not been
studied so far.
This study has some limitations that need to be ad-

dressed. The surgical treatment of EC in the Netherlands
is not centralized, and consequently, the current data
reflect the clinical practice in one clinical oncology net-
work in the Netherlands [23]. Since 2015, the surgical
approach for EC is documented in the Netherlands
Cancer Registry, demonstrating that 79% (66–83%) of
the patients in 2015 with early-stage, low-grade EC were
operated by a LH (data not shown). Based on our find-
ings, we recommend to add the conversion rate and
BMI to this Netherlands Cancer Registry database to
monitor these in relation to annual cases in order to
further improve the quality of care. Both the years of
experience of individual surgeons with laparoscopic
hysterectomy for benign indication and the experience
of the surgical team have not been taken into account,
while this may have influenced our data.

Conclusions
In conclusion, LH has been well implemented in the sur-
gical treatment of early-stage EC in a clinical oncology
network in the Netherlands. Currently, 85% of the early-
stage EC patients are operated by LH, mainly patients
with low-grade tumor. Additional monitoring of conver-
sion and complication rates might contribute to im-
proved quality of care in the shift towards a laparoscopic
approach for the treatment of EC.

Abbreviations
AH: Abdominal hysterectomy; BMI: Body mass index; EC: Endometrial
carcinoma/cancer; FIGO: International Federation of Gynecology and
Obstetrics; LAVH: Laparoscopic-assisted vaginal hysterectomy;
LH: Laparoscopic hysterectomy; TLH: Total laparoscopic hysterectomy;
RCT: Randomized controlled trial

Acknowledgements
We would like to thank the Dutch Cancer Society for the financial support
for this study.

Funding
This work was supported by the Dutch Cancer Society grant RUG 2014-7117
to HW Nijman.

Availability of data and materials
The dataset supporting the conclusions of this article is available by the
corresponding author, Johanna MA Pijnenborg, and can be supplied if
needed.

Authors’ contributions
We acknowledge all authors have contributed to the submitted manuscript.
The author attestation report, containing the authors’ individual contribution,

Wollinga et al. Gynecological Surgery  (2018) 15:7 Page 6 of 8



is added as supplementary document. All authors read and approved the
final manuscript.

Authors’ information

� HN is a professor of gynecological oncology and a principal
investigator of the Dutch Cancer Society grant for “Quality of
oncological care in endometrial cancer.” The current study was part of
this grant and performed on behalf of the interest of the Dutch
Cancer Society to learn about the clinical implementation of
endometrial cancer treatment in the Netherlands.

� MvdA is the head of the Research Department of the Dutch
Comprehensive Cancer Centre (IKNL), and as an epidemiologist, she
has extensive experience on population-based studies in
gynecological cancer.

� JP is a member of the ESGE and chair elective of the European
Network of Individual Treatment in Endometrial Cancer. She is
working on many international collaborative studies both clinical and
translational. She is the head of a large endometrial research group of
the Radboud University Medical Centre Nijmegen, The Netherlands.

Ethics approval and consent to participate
The study was submitted to the Institutional Review Board of Radboud
University Medical Centre, Nijmegen, and according to the Code of Conduct
for the use of data in Health Research (Dutch Federation of Biomedical
Scientific Societies, www.federa.org; www.ccmo.nl), no ethical approval was
needed for this observational study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Medical Faculty, Erasmus University, Rotterdam, The Netherlands.
2Department of Obstetrics and Gynecology, Elisabeth-Tweesteden Hospital,
Tilburg, The Netherlands. 3Department of Medical and Clinical Psychology,
Tilburg University, Tilburg, The Netherlands. 4Netherlands Comprehensive
Cancer Organisation, Utrecht, The Netherlands. 5Department of Obstetrics
and Gynecology, University Medical Centre Groningen, University of
Groningen, Groningen, The Netherlands. 6Department of Obstetrics and
Gynecology, Amphia Hospital, Breda, The Netherlands. 7Department of
Obstetrics and Gynecology, Jeroen Bosch Hospital, ‘s-Hertogenbosch, The
Netherlands. 8Department of Obstetrics and Gynecology, Máxima Medical
Centre, Veldhoven, The Netherlands. 9Department of Obstetrics and
Gynecology, St. Anna Hospital, Geldrop, The Netherlands. 10Department of
Obstetrics and Gynecology, Elkerliek Hospital, Helmond, The Netherlands.
11Department of Obstetrics and Gynecology, Catharina Hospital, Eindhoven,
The Netherlands. 12Department of Gynecologic Oncology, Gynecological
Oncology Centre Amsterdam, Amsterdam, The Netherlands. 13Department of
Research, Netherlands Comprehensive Cancer Organisation, Utrecht, The
Netherlands. 14Department of Obstetrics and Gynecology, Maastricht
University Medical Centre, Maastricht, The Netherlands. 15GROW-School for
Oncology and Developmental Biology, Maastricht University, Maastricht, The
Netherlands. 16Department of Obstetrics and Gynecology, Radboud
University Medical Centre, 791, P.O. Box 9101, 6500 HB Nijmegen, The
Netherlands.

Received: 9 November 2017 Accepted: 12 February 2018
/

References
1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M et al (2015)

Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer 136:E359–E386. https://doi.org/10.
1002/ijc.29210

2. Boll D, Karim-Kos HE, Verhoeven RH, Burger CW, Coebergh JW, Van De Poll-
Franse LV et al (2013) Increased incidence and improved survival in
endometrioid endometrial cancer diagnosed since 1989 in the Netherlands:
a population based study. Eur J Obstet Gynecol Reprod Biol 166:209–214.
https://doi.org/10.1016/j.ejogrb.2012.10.028

3. Frost JA, Webster KE, Bryant A, Morrison J (2015) Lymphadenectomy for the
management of endometrial cancer. Cochrane Database Syst Rev 9:
CD007585. https://doi.org/10.1002/14651858.CD007585 pub3

4. Reich H, DeCaprio J, McGlynn F (1989) Laparoscopic hysterectomy.
J Gynecol Surg 5:213–216. https://doi.org/10.1089/gyn.1989.5.213

5. Nieboer TE, Johnson N, Lethaby A, Tavender E, Curr E, Garry R et al (2009)
Surgical approach to hysterectomy for benign gynaecological disease. Cochrane
Database Syst Rev. https://doi.org/10.1002/14651858.CD003677 pub4

6. Janda M, Gebski V, Forder P, Jackson D, Williams G, Obermair A (2006) Total
laparoscopic versus open surgery for stage 1 endometrial cancer: the LACE
randomized controlled trial. Contemp Clin Trials 27:353–363. https://doi.org/
10.1016/j.cct.2006.03.004

7. Mourits MJE, Bijen CB, Arts HJ, ter Brugge HG, van der Sijde R, Paulsen L et
al (2010) Safety of laparoscopy versus laparotomy in early-stage endometrial
cancer: a randomised trial. Lancet Oncol 11:763–771. https://doi.org/10.
1016/S1470-2045(10)70143-1

8. Bouwman F, Smits A, Lopes A, Das N, Pollard A, Massuger L et al
(2015) The impact of BMI on surgical complications and outcomes in
endometrial cancer surgery—an institutional study and systematic
review of the literature. Gynecol Oncol 139:369–376. https://doi.org/10.
1016/j.ygyno.2015.09.020

9. Reeves KW, Carter GC, Rodabough RJ, Lane D, McNeeley SG, Stefanick
ML et al (2011) Obesity in relation to endometrial cancer risk and
disease characteristics in the Women’s Health Initiative. Gynecol Oncol
121:376–382

10. Janssen PF, Brölmann HAM, Huirne JAF (2013) Causes and prevention of
laparoscopic ureter injuries: an analysis of 31 cases during laparoscopic
hysterectomy in the Netherlands. Surg Endosc Other Interv Tech 27:946–956.
https://doi.org/10.1007/s00464-012-2539-2

11. Galaal K, Bryant A, Fisher AD, Kew F, Al-Khaduri M, et al. Laparoscopy versus
laparotomy for the management of early stage endometrial cancer (review).
2014:2012–4. doi:https://doi.org/10.1002/14651858.CD006655.pub2.Copyright

12. Pijnenborg JM, ter Haar JF (2011) Innovations in surgery: the role of residents
in the implementation of laparoscopic hysterectomy. J Laparoendosc Adv
Surg Tech A 21:615–619. https://doi.org/10.1089/lap.2010.0443

13. Huang CC, Wu MP, Huang YT (2012) Gynecologists’ characteristics
associated with the likelihood of performing laparoscopic-assisted
hysterectomy: a nationwide population-based study. Eur J Obstet Gynecol
Reprod Biol 161:209–214. https://doi.org/10.1016/j.ejogrb.2011.12.024

14. Einarsson JI, Matteson KA, Schulkin J, Chavan NR, Sangi-Haghpeykar H (2010)
Minimally invasive hysterectomies—a survey on attitudes and barriers among
practicing gynecologists. J Minim Invasive Gynecol 17:167–175. https://doi.org/
10.1016/j.jmig.2009.12.017

15. Kolkman W, Trimbos-Kemper TCM, Jansen FW (2007) Operative laparoscopy
in the Netherlands: diffusion and acceptance. Eur J Obstet Gynecol Reprod
Biol 130:245–248. https://doi.org/10.1016/j.ejogrb.2006.01.019

16. Mannschreck DB, Matsuno R, Dowdy SC, Sinno AK, Tanner EJ, Stone RL et al
(2016) Poor nationwide utilization of minimally invasive surgery in early-
stage uterine cancer: an HCUP-National Inpatient Sample database study.
Gynecol Oncol 141:13–14. https://doi.org/10.1016/j.ygyno.2016.04.062

17. Bogani G, Cromi A, Serati M, Di Naro E, Casarin J, Pinelli C et al (2015)
Improving standard of care through introduction of laparoscopy for the
surgical management of gynecological malignancies. Int J Gynecol Cancer
25:741–750. https://doi.org/10.1097/IGC.0000000000000406

18. Creutzberg CL, van Putten WL, Koper PC, Lybeert ML, Jobsen JJ, Wárlám-
Rodenhuis CC et al (2000) Surgery and postoperative radiotherapy versus
surgery alone for patients with stage-1 endometrial carcinoma: multicentre
randomised trial. PORTEC Study Group. Post Operative Radiation Therapy in
Endometrial Carcinoma. Lancet 355:1404–1411. S0140673600021395

19. Nout RA, Smit VT, Putter H, Jürgenliemk-Schulz IM, Jobsen JJ, Lutgens LC
et al (2010) Vaginal brachytherapy versus pelvic external beam
radiotherapy for patients with endometrial cancer of high-intermediate
risk (PORTEC-2): an open-label, non-inferiority, randomised trial. Lancet
375:816–823. https://doi.org/10.1016/S0140-6736(09)62163-2

20. Haltia UM, Bützow R, Leminen A, Loukovaara M (2014) FIGO 1988 versus
2009 staging for endometrial carcinoma: a comparative study on prediction

Wollinga et al. Gynecological Surgery  (2018) 15:7 Page 7 of 8

http://www.federa.org
http://www.ccmo.nl
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1016/j.ejogrb.2012.10.028
https://doi.org/10.1002/14651858.CD007585
https://doi.org/10.1089/gyn.1989.5.213
https://doi.org/10.1002/14651858.CD003677
https://doi.org/10.1016/j.cct.2006.03.004
https://doi.org/10.1016/j.cct.2006.03.004
https://doi.org/10.1016/S1470-2045(10)70143-1
https://doi.org/10.1016/S1470-2045(10)70143-1
https://doi.org/10.1016/j.ygyno.2015.09.020
https://doi.org/10.1016/j.ygyno.2015.09.020
https://doi.org/10.1007/s00464-012-2539-2
https://doi.org/10.1002/14651858.CD006655
https://doi.org/10.1089/lap.2010.0443
https://doi.org/10.1016/j.ejogrb.2011.12.024
https://doi.org/10.1016/j.jmig.2009.12.017
https://doi.org/10.1016/j.jmig.2009.12.017
https://doi.org/10.1016/j.ejogrb.2006.01.019
https://doi.org/10.1016/j.ygyno.2016.04.062
https://doi.org/10.1097/IGC.0000000000000406
https://doi.org/S0140673600021395
https://doi.org/10.1016/S0140-6736(09)62163-2


of survival and stage distribution according to histologic subtype. J Gynecol
Oncol 25:30–35. https://doi.org/10.3802/jgo.2014.25.1.30

21. Pecorelli S, Zigliani L, Odicino F (2009) Revised FIGO staging for carcinoma
of the cervix. Int J Gynecol Obstet 105:107–108. https://doi.org/10.1016/j.
ijgo.2009.02.009

22. Fader AN, Weise RM, Sinno AK, Tanner EJ, Borah BJ, Moriarty JP et al (2016)
Utilization of minimally invasive surgery in endometrial cancer care: a
quality and cost disparity. Obstet Gynecol 127:91–100. https://doi.org/10.
1097/AOG.0000000000001180

23. Becker JH, Ezendam NPM, Boll D, Van Der Aa M, Pijnenborg JMA (2015)
Effects of surgical volumes on the survival of endometrial carcinoma.
Gynecol Oncol 139:306–311. https://doi.org/10.1016/j.ygyno.2015.09.003

24. Fanning J, Hossler C (2010) Laparoscopic conversion rate for uterine cancer
surgical staging. Obstet Gynecol 116:1354–1357. https://doi.org/10.1097/
AOG.0b013e3181fae272

25. Bijen CBM, De Bock GH, Vermeulen KM, Arts HJG, Ter Brugge HG, Van Der
Sijde R et al (2011) Laparoscopic hysterectomy is preferred over laparotomy
in early endometrial cancer patients, however not cost effective in the very
obese. Eur J Cancer 47:2158–2165. https://doi.org/10.1016/j.ejca.2011.04.035

26. Koskas M, Jozwiak M, Fournier M, Vergote I, Trum H, Lok C et al (2016) Long-
term oncological safety of minimally invasive surgery in high-risk endometrial
cancer. Eur J Cancer 65:185–191. https://doi.org/10.1016/j.ejca.2016.07.001

27. Fader AN, Java J, Tenney M, Ricci S, Gunderson CC, Temkin SM et al (2016)
Impact of histology and surgical approach on survival among women with
early-stage, high-grade uterine cancer: an NRG Oncology/Gynecologic
Oncology Group ancillary analysis. Gynecol Oncol 143:460–465.
https://doi.org/10.1016/j.ygyno.2016.10.016

28. Herling SF, Palle C, Møller AM, Thomsen T, Sørensen J (2016) Cost-analysis
of robotic-assisted laparoscopic hysterectomy versus total abdominal
hysterectomy for women with endometrial cancer and atypical complex
hyperplasia. 95:299–308. https://doi.org/10.1111/aogs.12820

29. Desille-gbaguidi H, Hebert T, Paternotte-villemagne J, Gaborit C (2013)
Overall care cost comparison between robotic and laparoscopic surgery
for endometrial and cervical cancer. Eur J Obstet Gynecol Reprod Biol
171:348–352. https://doi.org/10.1016/j.ejogrb.2013.09.025

Wollinga et al. Gynecological Surgery  (2018) 15:7 Page 8 of 8

https://doi.org/10.3802/jgo.2014.25.1.30
https://doi.org/10.1016/j.ijgo.2009.02.009
https://doi.org/10.1016/j.ijgo.2009.02.009
https://doi.org/10.1097/AOG.0000000000001180
https://doi.org/10.1097/AOG.0000000000001180
https://doi.org/10.1016/j.ygyno.2015.09.003
https://doi.org/10.1097/AOG.0b013e3181fae272
https://doi.org/10.1097/AOG.0b013e3181fae272
https://doi.org/10.1016/j.ejca.2011.04.035
https://doi.org/10.1016/j.ejca.2016.07.001
https://doi.org/10.1016/j.ygyno.2016.10.016
https://doi.org/10.1111/aogs.12820
https://doi.org/10.1016/j.ejogrb.2013.09.025

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Setting
	Patients
	Data extraction
	Outcome
	Statistical analysis

	Results
	Patient cohort
	Surgical procedure during the years
	Predictors of laparoscopic hysterectomy
	Duration of surgery

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

