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• In contrast to laparotomy, venous thromboembolism (VTE) among women after minimally invasive surgery for endometrial cancer is rare.
• VTE rate after minimally invasive surgery did not differ by mode of thromboprophylaxis received
• Pharmacologic prophylaxis may not be warranted for women undergoing minimally invasive surgery for endometrial cancer
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Objective. To determine the rate of venous thromboembolism (VTE) among women undergoing minimally
invasive surgery (MIS) for endometrial cancer.

Methods. Women undergoing robotic or laparoscopic hysterectomy for endometrial carcinoma or complex
hyperplasia with atypia were identified between January 2009 and 2014 in a community based health care sys-
tem. Patient data including age, race, cancer stage, grade, procedure type, length of hospital stay, use of prophy-
laxis, and diagnosis of VTE were collected retrospectively. The primary outcome was the rate of VTE within
30 days following surgery. Fischer's exact tests were performed to evaluate factors associated with VTE.

Results. During the study period, 1433 patients underwent MIS for endometrial cancer, with 20 excluded due
to known thrombophilia, VTE history, or long-term anticoagulation. A total of 1413 patients were included (739
robotic and 674 laparoscopic cases). Allwomen receivedmechanical prophylaxis per hospital policy and 61% had
additional pharmacologic prophylaxis. The rate of VTE was 0.35% (5/1413), which did not differ among those
who received pharmacologic compared to mechanical prophylaxis (0.23% [2/865] versus 0.55% [3/548] respec-
tively, p = 0.38). No factors were associated with increased risk of VTE due to the low event rate.

Conclusion. VTE in patients undergoing MIS for endometrial cancer was very low irrespective of the mode of
prophylaxis received in this large cohort. National guidelines for VTE prophylaxis need to differentiate the low
risk associated with MIS surgery from the risk associated with laparotomy for endometrial cancer. We recom-
mend mechanical prophylaxis is sufficient for these women undergoing MIS.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Venous thromboembolism (VTE) is a well-known complication of
surgical intervention and accounts for the most preventable cause of
hospital-related mortality in the United States [1–3]. Risk factors for

the development of deep vein thrombosis (DVT) and pulmonary embo-
lus (PE) amongwomenundergoing gynecologic surgery include:malig-
nancy, advanced age, history of prior VTE, varicose veins, race, obesity,
type of surgery, and prior pelvic radiation [4]. Mechanical prophylaxis
(sequential compression devices [SCDs] and graduated compression
stockings [TEDs]) as well as pharmacologic modalities (low molecular
weight heparin and low-dose unfractionated heparin) have been uti-
lized to reduce perioperative clot formation after cancer surgery [1,5,6].

Endometrial cancer is the most common gynecologic malignancy
with an estimated 54,870 new cases and 10,170 deaths due to disease
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among women in the United States in 2015 [7]. Women with endome-
trial cancer often have multiple risk factors for the development of
thromboembolic disease, including malignancy, obesity, advanced age,
and surgical intervention. While open laparotomy remained the gold
standard for endometrial cancer staging for many years, laparoscopy
and robotic-assisted surgery has evolved such that minimally invasive
surgery (MIS) is considered the standard surgical approach for endome-
trial cancer staging. Compared to laparotomy, MIS has demonstrated
fewer complications, lower estimated blood loss, shorter hospital stay,
faster return to daily activity, and increased patient satisfaction during
the recovery period [8,9]. Further, for oncology patients, robotic surgery
compared to traditional laparoscopy has exhibited lowerminor compli-
cation rates, decreased rate of conversion to laparotomy, less estimated
blood loss coupled with shorter operating times and similar length of
hospital days [10–12].

The incidence of VTE afterMIS compared to laparotomy has not been
well established due to the relative paucity of these events. Studies from
the general surgery literature suggest that the laparoscopic approach is
associatedwith a lower incidence of clinically relevant thromboembolic
events compared to laparotomy [13]. Various publications from the
1980s and 1990s quote a range of VTE events of 17%–40% among gyne-
cologic patients undergoingmajor laparotomyusing noninvasive fibrin-
ogen uptake tests without prophylaxis [1,6,14,15]. The diagnosis by
fibrinogen uptake tests, however, exaggerates clinically significant VTE
events.When relying on clinically apparent VTE, Clarke-Pearson report-
ed on an overall incidence of 8.4% among women undergoing abdomi-
nal surgery for endometrial cancer and 4.2% in those not receiving
heparin,most using just TEDs [16]. Themore recent Gynecologic Oncol-
ogy Group randomized trial of laparoscopy versus laparotomy for uter-
ine cancer surgical staging found the combined rate of thrombophlebitis
and PE to be 2.7% (14/886) after laparotomy and 2.1% (34/1630) follow-
ing laparoscopy [8].

While VTE prophylaxis for open surgery is well established, recom-
mendations for VTE prophylaxis for MIS remain controversial. The
American College of Obstetricians & Gynecologists (ACOG) recom-
mends that gynecologic patients undergoing MIS should be risk strati-
fied and provided VTE prophylaxis according to those receiving
laparotomy [2,5]. Similarly, the most recent 2012 American College of
Chest Physicians (ACCP) guidelines risk stratify patients to receive pro-
phylaxis with laparoscopy N45 min and laparotomy N45 min, confer-
ring the same risk classification among these two groups [17]. Given
thatMIS has become the standard of care for endometrial cancer, under-
standing the risk of VTE in this patient population is paramount. The aim
of this study is to evaluate the rate of VTE within 30 days following ro-
botic-assisted or traditional laparoscopic surgery for endometrial
carcinoma.

2. Materials and methods

A retrospective cohort study was conducted among consecutive
women who underwent MIS for endometrial cancer between January
2009 and January 2014. Participants were identified by an electronic
medical record extraction of all robotic and laparoscopic hysterectomies
performed by the twelve gynecologic oncology surgeons at six Kaiser
Permanente Northern California (KPNC) centers, including four robotic
centers. KPNC is an integrated, closed, community based health care
system with all surgical and follow up events captured in the patient's
electronic record.

Inclusion criteriawere as follows:womenundergoing robotic or lap-
aroscopic hysterectomy during the study period for the indication of
complex hyperplasia with atypia (CAH) or endometrial carcinoma.
KPNC policy requires that all women with CAH or endometrial cancer
be referred for gynecologic oncology surgicalmanagement. A prior pub-
lication demonstrated that 48% of cases in our health care systemwith a
diagnosis of CAH on initial sampling are found to have cancer at hyster-
ectomy and 25% have uterine wall invasion [18]. Due to these findings,

all cases of CAH are managed identically to grade 1 endometrial cancer
and were included in this analysis. Exclusion criteria were women with
known thrombophilia, a personal history of VTE, and those receiving
long-term anticoagulation. All women had 30 day follow up so there
were no exclusions because of incomplete data. This was an intent to
treat analysis of MIS: those patients with conversion to exploratory lap-
arotomy or mini-laparotomy for removal of specimen were included in
the final analysis.

The decision regarding the mode of MIS (robotic or laparoscopic)
was made by the individual gynecologic oncology surgeon. For those
with a preoperative diagnosis of CAH or low grade endometrial cancer,
intraoperative frozen section assessment of grade, tumor size N2 cm,
and depth of myometrial wall invasion N50% was used to determine
whether or not to proceed with lymph node dissection. Among those
with high grade lesions or high risk histology such as serous, clear cell
or carcinosarcoma, lymph node dissection was routinely performed.

Baseline characteristics including age, race, body mass index (BMI),
American Society of Anesthesiologists (ASA) class, surgery type, Feder-
ation of International Gynecology and Obstetrics (FIGO) stage, histolo-
gy, and surgical time were extracted electronically. Operative time
was defined as the time of incision to skin closure. Length of stay was
defined as same date discharge or date beyond date of admission.
Chart review of the integrated electronic health record system was
used to collect perioperative data including lymph node counts, conver-
sion to laparotomy or mini-laparotomy, type of perioperative
thromboprophylaxis used, estimated blood loss (EBL), blood transfu-
sion, length of hospital stay, and VTE within 30 days following surgery.

Patients were categorized into four prophylactic groups:mechanical
prophylaxiswith SCDs only, preoperative prophylaxis, preoperative and
postoperative prophylaxis, and postoperative prophylaxis only. It is
KPNC hospital policy that all patients undergoing surgery receive me-
chanical prophylaxis with SCDs. Therefore, all patients in this cohort re-
ceived mechanical prophylaxis at baseline. The placement of SCDs is
confirmed during a timeout procedure prior to the beginning of all sur-
gical cases and SCDs remain in place throughout the duration of the pro-
cedure and until the patient is ambulatory as per hospital policy.
Perioperative decision making regarding the addition and duration of
pharmacologic prophylaxis was per surgeon discretion. Preoperative
prophylaxis was defined as the receipt of a single dose of lowmolecular
weight heparin (LMWH) or unfractionated heparin (UFH) received
prior to surgery. In this group, patients received Enoxaparin 30 mg or
40mg subcutaneously 1 h prior to the procedure or UFH 5000 units sub-
cutaneously within 1 h of surgery per physician preference. Postopera-
tive prophylaxis was defined as prophylaxis received after surgery and
only given during the hospital stay. These patients received Enoxaparin
40 mg once daily or UFH 5000 units subcutaneously every 12 h for the
duration of their hospital stay. Extended prophylaxis was defined as
LMWH pharmacologic treatment received after surgery that extended
beyond the hospitalization. Intraoperative SCD placement and receipt
of perioperative pharmacologic prophylaxis was confirmed by chart re-
view on each patient.

The primary outcome was clinical VTE within 30 days of surgery
confirmed by Doppler ultrasound, computed tomography, or ventila-
tion-perfusion scan. The VTE rate was calculated with a 95% confidence
interval (CI). Demographic and clinical characteristics were tested for
associationwith the development of postoperative VTE. Categorical var-
iables were evaluated using frequencies and proportions and associa-
tions were tested with Chi-square and Fisher's exact test where
appropriate. Continuous variables were evaluated using means and t-
test. Medians and quartiles [Q1, Q3] were used to describe continuous
but non-normally distributed data and Mann-Whitney U-tests were
used for comparisons. The analysis was repeated on a high-risk group,
as defined by Sandadi et al., with both BMI N40 mg/kg2 and surgical
time N180 min [19]. Multivariable analysis was not performed due to
the low number of VTE events in the cohort. To adjust for
nonrandomized treatment groups, a propensity score analysis using
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