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Extent of lymphadenectomy and postoperative major
complications among women with endometrial cancer
treated with minimally invasive surgery
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BACKGROUND: In patients with endometrial cancer, sentinel lym- traditional lymphadenectomy, and 144 (4.4%) underwent sentinel lym-
phadenectomy is used to accurately prognosticate extent of disease, and

has been proposed as a method to decrease the incidence of medical and

surgical complications associated with more extensive lymphadenectomy.

It is unknown whether patients who undergo traditional lymphadenectomy

experience major postoperative complications at the same rates as those

who undergo sentinel lymphadenectomy or those who do not undergo

lymphadenectomy.

OBJECTIVE: The aim of this study was to compare the incidence of

major postoperative complications among endometrial cancer patients

undergoing total laparoscopic hysterectomy with traditional lymphade-

nectomy vs sentinel or no lymphadenectomy.

MATERIALS AND METHODS: Patients with endometrial cancer

who underwent total laparoscopic hysterectomy recorded in the National

Surgical Quality Improvement Program (NSQIP) database between 2015

and 2016 were identified using Current Procedural Terminology (CPT) and

International Classification of Diseases (ICD) codes. Primary exposure was

extent of lymphadenectomy. The primary outcome was major post-

operative complications as defined by the Clavien�Dindo scale. Associ-

ations were examined with bivariable tests and multivariable logistic

regression.

RESULTS: A total of 3282 women with endometrial cancer who un-

derwent total laparoscopic hysterectomy were identified; of these, 2049

(62.4%) did not undergo lymphadenectomy, 1089 (33.2%) underwent
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phadenectomy. Traditional lymphadenectomy had the highest rate of

major complications (3.6%) compared with sentinel lymphadenectomy

(2.0%) and no lymphadenectomy (2.0%) (P ¼ .03). Patients who under-

went traditional lymphadenectomy also had the longest operating room

times and procedures that were most surgically complex (171 minutes,

30.6 relative value units [RVU]) compared with patients who underwent

sentinel lymphadenectomy (166 minutes, 24.9 RVU) or no lymphade-

nectomy (141 minutes, 15.0 RVU) (all P< .001). Patients who underwent

traditional lymphadenectomy had nearly twice the odds of a major

complication (adjusted odds ratio [aOR], 1.8; 95% confidence interval [CI],

1.2e2.9) and need for readmission (aOR, 2.2; 95% CI, 1.5e3.4)

compared to those who underwent sentinel or no lymphadenectomy. The

incidence of readmission after traditional lymphadenectomy was higher

(4.6%) than after sentinel lymphadenectomy (1.4%) and no lymphade-

nectomy (2.2%) (P < 0.001).

CONCLUSION: Sentinel lymphadenectomy among patients under-

going total laparoscopic hysterectomy for endometrial cancer was

associated with a decreased incidence of major postoperative compli-

cations and need for readmission when compared with traditional

lymphadenectomy.
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ndometrial cancer is the most
E commonly diagnosed gynecologic
malignancy in the United States,1 with a
prevalence that will only increase as the
US population becomes increasingly
aged and obese.2e4 Surgical evaluation is
essential for staging. Over the last 20
years, minimally invasive surgery (MIS)
has emerged as the preferred
approach.5,6 This is in part because MIS
is associated with fewer postoperative
complications when compared with
conventional open procedures in gyne-
cologic oncology patients.7e9 It is
important to identify modifiable risk
factors for postoperative complications,
given the increasing focus on quality and
resource use in health care.5,10 Obesity,
age, and medical comorbidities have all
been identified as risk factors for post-
operative complications in patients who
undergo MIS;4,11e13 unfortunately these
do not represent readily modifiable risks.
Lymph node status is the most sig-

nificant predictor of survival, and guides
postoperative treatment decision mak-
ing in endometrial cancer patients.1,14

The optimal method for lymph node
assessment in endometrial cancer con-
tinues to be debated.1 Sentinel lympha-
denectomy is 1 approach that has been
postulated to reduce medical and
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surgical complications in patients with
endometrial cancer.1 By targeting the
primary lymph nodes that drain a ma-
lignancy, surgeons can better detect
micrometasasis, reduce the risk of lym-
phedema associated with more extensive
lymphadenectomy, and decrease total
operative time.14 To our knowledge, no
study to date has analyzed the extent of
lymphadenectomy as an independent
risk factor for postoperative complica-
tions in patients with endometrial cancer
treated with MIS.

Although there has been focus on the
long-term effects of sentinel lympha-
denectomy vs traditional lymphade-
nectomy in the reduction of
lymphedema, short-term morbidity in
the form of postoperative complications
may also differ. It is unknown whether
the incidence of postoperative
can Journal of Obstetrics & Gynecology 263.e1
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Why was this study conducted?
Controversy exists regarding the optimal extent of lymphadenectomy in man-
agement of clinically early stage endometrial cancer.

Key findings
Sentinel lymphadenectomy is associated with lower rates of major complication
and need for readmission compared with traditional lymphadenectomy.

What does this add to what is known?
Patients who undergo sentinel lymphadenectomy have similar rates of major
complication and need for readmission similar to as those who do not undergo
lymphadenectomy.
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complication among patients
with endometrial cancer undergoing
sentinel lymphadenectomy more
closely approximates the incidence
among patients undergoing no lym-
phadenectomy or traditional lympha-
denectomy. To examine this, we used a
large surgical quality database to
compare the incidence of postoperative
complications among endometrial
cancer patients undergoing total lapa-
roscopic hysterectomy with traditional
lymphadenectomy, sentinel lymphade-
nectomy, or no lymphadenectomy.

Materials and Methods
Patients with endometrial cancer who
underwent total laparoscopic hysterec-
tomy recorded in the American College
of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP)
database and its targeted hysterectomy
file between 2015 and 2016 were
included in this study. The ACS-NSQIP
database is a national surgical quality
improvement program. Participating
institutions prospectively collect vari-
ables such as patient demographics,
preoperative variables, operative vari-
ables, and postoperative variables for 30
days following surgery. These variables
are then deidentified of both patient-
specific and hospital-specific informa-
tion and entered into the database.
NSQIP employs third party coders,
referred to as surgical clinical reviewers
(SCRs), who review patient charts
and continuously input data for each
NSQIP site. To date, ACSNSQIP reports
a 95% success rate in capturing 30-day
263.e2 American Journal of Obstetrics & Gynecol
outcomes on all cases in the program
database.
International Classification of Dis-

eases 9 and 10 (ICD-9 and ICD-10,
respectively) codes were used to identify
patients with endometrial cancer (ICD-9
codes 179.0, 182.0, 182.1, 182.8, and
ICD-10 codes C54.0�C54.3 and
C54.8�C54.9). Patients with Stage I�III
endometrial cancer were included,
whereas patients with stage IV endome-
trial cancer were excluded. Current
Procedural Terminology (CPT) codes
were used to identify patients who un-
derwent robotic-assisted or traditional
total laparoscopic hysterectomy, as CPT
codes themselves cannot distinguish be-
tween the 2 types. The following primary
CPT codes were included: 58570, 58571,
58572, and 58573. Surgeries performed
by specialists whowere not gynecologists
and further by those who were not
identified as gynecologic oncologists,
subspecialists with additional training in
lymph node dissection, were excluded.
The primary exposure was the extent

of lymphadenectomy. CPT codes were
used to identify patients who underwent
either sentinel or traditional lymphade-
nectomy. The following additional pro-
cedure CPT codes were included to
identify those patients who underwent
sentinel lymphadenectomy: 38792,
38790, and 38900. The following addi-
tional procedure CPT codes were
included to identify those patients who
underwent traditional lymphadenec-
tomy: 38572, 38571, 38562, and 38564.
Patients who had none of these codes
recorded were categorized as not having
ogy MARCH 2019
undergone lymphadenectomy. Stratifi-
cation by extent of lymphadenectomy
was defined using CPT codes, and thus
these results represent an intention-to-
treat analysis.

Demographic variables abstracted
included age, race, and body mass index
(BMI). Patient-related preoperative var-
iables abstracted included hypertension
requiring medication, diabetes mellitus
requiring insulin or oral therapy, and
smoking in the last year. Operative var-
iables abstracted included operative
time, year operation was performed,
relative value units (RVU), and Amer-
ican Society of Anesthesiologists (ASA)
score. Postoperative variables abstracted
included time from operation to
discharge, stage of disease, and presence
of major and minor complications.
Major complications, as delineated by
the Clavien�Dindo scale, included the
following: need for readmission, need to
return to the operating room, cardiac
arrest, myocardial infarction (MI),
stroke or cerebrovascular accident
(CVA), renal failure, venous thrombo-
embolism (VTE), deep venous throm-
bosis (DVT), pulmonary embolus (PE),
sepsis, shock, intestinal obstruction,
ureteral obstruction, organ space surgi-
cal site infection, ventilation necessary
for >48 hours, and need for reintuba-
tion. Minor complications, as delineated
by the Clavien�Dindo scale, included
the following: blood transfusion, pro-
longed postoperative nil per os (NPO) or
nasogastric tube (NGT) use, urinary
tract infection (UTI), wound disruption,
Clostridium difficile infection (C diff),
renal insufficiency, pneumonia, superfi-
cial surgical site infection (SSI), and deep
SSI. Detailed definitions of these com-
plications can be found in the ACS-
NSQIP user guide.15,16

The primary outcome was major
postoperative complications as defined
by the Clavien�Dindo scale (grade 3 or
higher).17 A composite incidence of
major complication was compared be-
tween patients, stratified by degree of
lymphadenectomy as traditional,
sentinel, or none. Categorical variables
were represented by frequency and per-
centage, whereas continuous variables
were represented by median and
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interquartile range (IQR). Differences in
categorical variables were determined
using c2 and Fisher exact tests. Differ-
ences in continuous variables were
determined using the Wilcoxon rank
sum test. Given the association of de-
mographic and clinical factors with both
complication rates and extent of lym-
phadenectomy, binary logistic regression
was performed to address the possibility
of confounding. All variables that were
significantly associated with extent of
lymphadenectomy on univariate analysis
were examined, including age, BMI,
race, ASA score, year of operation, stage
of disease, and diabetes. A P value of .05
was considered statistically significant
for all analyses. Stata version 12.1 (Stat-
Corp LLC, College Station, TX) was used
for all analyses. The Institutional Review
Board of Northwestern University
approved this study and declared it
exempt from formal review.

Results
A total of 3282 patients with endometrial
cancer underwent laparoscopic hyster-
ectomy between January 2015 and
December 2016. Demographic variables
and known operative risk factors are
presented in Table 1. No lymphadenec-
tomy was performed in 2049 patients
(62.4%), a traditional lymphadenectomy
in 1089 patients (33.2%), and sentinel
lymphadenectomy in 144 patients
(4.4%). Patients who did not undergo
lymphadenectomy were younger than
patients undergoing lymphadenectomy.
Themajority of patients across all groups
were white race, significantly more so
among those who underwent sentinel
lymphadenectomy (P < .001). Overall,
8.5% of patients had smoked within the
past year, and 57.1% were hypertensive.
The majority of patients had an ASA
score of III, indicating severe systemic
disease; this was significantly more
prevalent in the sentinel lymphadenec-
tomy group (P ¼ .02). Similarly, the
majority of patients had Stage I endo-
metrial cancer; however, this was
significantly less prevalent among pa-
tients who underwent traditional lym-
phadenectomy (P < .001) compared to
either no lymphadenectomy or sentinel
lymphadenectomy. Patients were more
likely to undergo sentinel lymphade-
nectomy as the operative year progressed
from 2015 to 2016 (1.8% in 2015 to 6.2%
in 2016, P < .001).
To identify variables associated with

extent of lymphadenectomy that may
have influenced major complication
rates, patients who underwent no
lymphadenectomy were compared with
those who underwent traditional lym-
phadenectomy and with those who
underwent sentinel lymphadenectomy
(Table 1). Patients who underwent
traditional lymphadenectomy had the
longest operating room times and
procedures that were most surgically
complex (171 minutes, 30.6 RVU)
compared with patients who under-
went sentinel lymphadenectomy (166
minutes, 24.9 RVU) or no lymphade-
nectomy (141 minutes, 15.0 RVU) (all
P < .001). The percentage of patients
discharged after >1 day was 9.7%
among those who underwent sentinel
lymphadenectomy, compared with
14.1% both in those who underwent
traditional lymphadenectomy and in
those who did not undergo lymphade-
nectomy (P ¼ .002).
Total laparoscopic hysterectomy with

traditional lymphadenectomy had the
highest rate of major complications
(3.6%) compared with sentinel lym-
phadenectomy (2.0%) and with pa-
tients who did not undergo
lymphadenectomy (2.0%) (P ¼ .03)
(Table 2). Patients who underwent
traditional lymphadenectomy also had
the highest rate of DVT (0.6%)
compared with sentinel lymphadenec-
tomy (0.0%) and with patients who did
not undergo lymphadenectomy (0.1%)
(P ¼ .04). By contrast, patients who
underwent sentinel lymphadenectomy
had the highest rate of PE (2.1%)
compared with traditional lymphade-
nectomy (0.7%) and with patients who
did not undergo lymphadenectomy
(0.2%) (P ¼ .003). Patients who un-
derwent sentinel lymphadenectomy
also had the highest rate of VTE
(2.1%), the entire contribution coming
from 3 patients with PE, compared
with traditional lymphadenectomy
(1.1%) and with patients who did not
undergo lymphadenectomy (0.3%)
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(P ¼ .005), with some patients sus-
taining both DVT and PE in these
groups. The incidence of readmission
after traditional lymphadenectomy was
higher (4.6%) than after sentinel lym-
phadenectomy (1.4%) and no lym-
phadenectomy (2.2%, P < .001). No
significant differences were observed in
the incidence of any other minor or
major complications. Patients who
underwent traditional lymphadenec-
tomy had a composite total complica-
tion rate (7.2%) comparable with that
observed in patients who underwent
sentinel lymphadenectomy (4.8%) and
those who did not undergo lymphade-
nectomy (6.5%) (P ¼ .53). None of the
patients who underwent sentinel lym-
phadenectomy were brought back to
the operating room for additional
procedures; however, 6 patients who
underwent traditional lymphadenec-
tomy and 12 patients who did not un-
dergo lymphadenectomy returned to
the operating room for additional
procedures (P ¼ .66).

Patients who underwent traditional
lymphadenectomy had nearly twice the
odds of a major complication (odds
ratio [OR], 1.8; 95% confidence inter-
val [CI], 1.1e2.8) compared to those
who did not undergo lymphadenec-
tomy (Table 3). The odds of a major
complication in patients who under-
went sentinel lymphadenectomy were
comparable to the odds in those who
did not undergo lymphadenectomy
(OR, 1.0; 95% CI, 0.3-3.3). With
adjustment these relationships
remained intact; traditional lymphade-
nectomy had nearly twice the odds of a
major complication compared to no
lymphadenectomy (adjusted OR
[aOR], 1.8; 95% CI, 1.2e2.9), whereas
sentinel lymphadenectomy complica-
tion rates were comparable to no lym-
phadenectomy (aOR, 1.1; 95% CI,
0.3e3.5). The odds of readmission in
those who underwent traditional lym-
phadenectomy were twice that
observed in those who did not undergo
lymphadenectomy, both with (aOR,
2.2; 95% CI, 1.5e3.4) and without
(OR, 2.1; 95% CI, 1.4e3.2) adjustment.
The odds of readmission in those who
underwent sentinel lymphadenectomy
can Journal of Obstetrics & Gynecology 263.e3
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TABLE 1
Characteristics of patients who underwent total laparoscopic hysterectomy for endometrial cancer

No lymphadenectomy
(n ¼ 2049)

Lymphadenectomy
(n ¼ 1089)

Sentinel lymphadenectomy
(n ¼ 144) P value

Age 61.7 � 0.25 64.4 � 0.31 63.0 � 0.90 <.001

BMI 35.8 (29.5e43.4) 32.7 (27.4e39.0) 36.5 (30.3e40.8) <.001

American Indian or Alaska Native 8 (0.4) 5 (0.5) 0 (0.0) <.001

Asian or Pacific Islander 72 (3.5) 46 (4.2) 3 (2.1)

Black 83 (4.1) 58 (5.3) 8 (5.6)

White 1716 (83.7) 831 (76.3) 132 (91.7)

Unknown race 170 (8.3) 149 (13.7) 1 (0.7)

Hypertension 1174 (57.3) 618 (56.7) 86 (59.7) .79

Diabetes mellitus 506 (24.7) 213 (19.6) 34 (23.6) .005

Current smoking 167 (8.2) 101 (9.3) 12 (8.3) .56

ASA score .02

I No disturbance 29 (1.4) 15 (1.4) 0 (0.0)

II Mild disturbance 862 (42.1) 498 (45.7) 64 (44.4)

III Severe disturbance 1083 (52.9) 553 (50.8) 80 (55.6)

IV Life threatening 75 (3.7) 23 (2.1) 0 (0.0)

Stage of disease <.001

I 1750 (85.4) 798 (73.3) 123 (85.4)

II 152 (7.4) 142 (13.0) 11 (7.6)

III 147 (7.2) 149 (13.7) 10 (7.0)

Year of operation <.001

2015 867 (42.3) 460 (42.2) 24 (16.7)

2016 1182 (57.7) 629 (57.8) 120 (83.3)

Total OP time (min) 141 (110e183) 171 (133e211) 166 (138e209) <.001

Total RVU 15.0 (15.0e21.2) 30.6 (29.2e32.0) 24.9 (24.0e26.2) <.001

Surgical efficiency (RVU/min) 0.12 (0.10e0.17) 0.19 (0.15e0.25) 0.15 (0.12e0.18) <.001

Length of stay .002

Same-day discharge 171 (8.3) 130 (11.9) 8 (5.6)

Discharge after 1 day 1590 (77.6) 805 (73.9) 122 (84.7)

Discharge after >1 day 288 (14.1) 154 (14.1) 14 (9.7)

All data are presented as n (%) for categorical variables, as mean� standard error for normally distributed variables, and as median with interquartile range for non�normally distributed continuous
variables.

ASA, American Society of Anesthesiologists; BMI, body mass index; OP, operative; RVU, relative value unit.

Polan et al. Extent of lymphadenectomy in endometrial cancer and postoperative complications. Am J Obstet Gynecol 2019.
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were equivalent to that observed in
those who did not undergo lymphade-
nectomy, both with (aOR, 0.7; 95% CI,
0.2e2.9) and without (OR, 0.6; 95%
CI, 0.2e2.6) adjustment. The odds of
returning to the operating room in
those who underwent traditional lym-
phadenectomy were equivalent to that
263.e4 American Journal of Obstetrics & Gynecol
observed in those who did not undergo
lymphadenectomy, both with (aOR,
1.0; 95% CI, 0.4e2.7) and without
adjustment (OR, 0.9; 95% CI, 0.4e2.5)
adjustment. Patients who underwent
traditional lymphadenectomy had
equivalent odds of having any major or
minor complication (OR, 1.1; 95% CI,
ogy MARCH 2019
0.8e1.5) compared to those who did
not undergo lymphadenectomy and
those who underwent sentinel lym-
phadenectomy (OR, 0.7; 95% CI,
0.3e1.6). These relationships were not
affected by adjustment (aOR, 1.1; 95%
CI, 0.8e1.5; aOR, 0.8; 95% CI,
0.4e1.7).
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TABLE 2
Postoperative complication rates, stratified by degree of lymphadenectomy in patients who underwent total
laparoscopic hysterectomy for endometrial cancer

No lymphadenectomy
(n ¼ 2049)

Lymphadenectomy
(n ¼ 1089)

Sentinel lymphadenectomy
(n ¼ 144) P value

Major complication composite 42 (2.0) 39 (3.6) 3 (2.1) .03a

Cardiac arrest 2 (0.1) 0 (0.0) 0 (0.0) .56

Myocardial infarction 4 (0.2) 1 (0.1) 0 (0.0) .69

Stroke/CVA 4 (0.2) 1 (0.1) 0 (0.0) .69

Renal failure 2 (0.1) 1 (0.1) 0 (0.0) .93

VTE 7 (0.3) 12 (1.1) 3 (2.1) .005a

DVT 2 (0.1) 6 (0.6) 0 (0.0) .04a

PE 5 (0.2) 8 (0.7) 3 (2.1) .003a

Shock 4 (0.2) 3 (0.3) 0 (0.0) .76

Sepsis 10 (0.5) 6 (0.6) 0 (0.0) .67

Intestinal obstruction 6 (0.3) 8 (0.7) 0 (0.0) .14

Ureteral obstruction 0 (0.0) 1 (0.1) 0 (0.0) .37

Deep organ SSI 21 (1.0) 20 (1.8) 1 (0.7) .13

Re-intubation 8 (0.4) 3 (0.3) 0 (0.0) .67

>48-h Ventilation 5 (0.2) 3 (0.3) 0 (0.0) .82

Any complication composite 134 (6.5) 78 (7.2) 7 (4.9) .53

Blood transfusion 23 (1.1) 16 (1.5) 0 (0.0) .28

Prolonged post-operative NPO or NGT use 12 (0.6) 8 (0.7) 0 (0.0) .55

UTI 49 (2.4) 18 (1.7) 1 (0.7) .19

Wound disruption 3 (0.1) 1 (0.1) 0 (0.0) .84

C difficile 1 (0.0) 1 (0.1) 0 (0.0) .90

Renal insufficiency 4 (0.2) 4 (0.4) 0 (0.0) .54

Pneumonia 5 (0.2) 2 (0.2) 1 (0.7) .51

Superficial SSI 17 (0.8) 6 (0.6) 2 (1.4) .47

Deep SSI 4 (0.2) 1 (0.1) 0 (0.0) .69

Readmission 46 (2.2) 50 (4.6) 2 (1.4) <.001a

Return to OR 12 (0.6) 6 (0.6) 0 (0.0) .66

All data are presented as n (%) for categorical variables. Because complications are not mutually exclusive, n (%) columns may not add up to the composite rate.

C difficile, Clostridium difficile; CVA, cerebrovascular accident; DVT, deep venous thrombosis; NGT, nasogastric tube; NPO, nil per os; OR, operating room; PE, pulmonary embolus; SSI, surgical site
infection; UTI, urinary tract infection; VTE, venous thromboembolism.

a Significant complication rates.

Polan et al. Extent of lymphadenectomy in endometrial cancer and postoperative complications. Am J Obstet Gynecol 2019.
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Comment
Sentinel lymphadenectomy has been
shown to have acceptable sensitivity in
detecting metastatic disease in the stag-
ing of endometrial cancer.14 In women
with low-grade, low-risk endometrial
cancer, systematic pelvic and para-aortic
lymphadenectomy does not improve
oncologic outcomes or survival.18e20
Complete lymphadenectomy in such
patients increases potential morbidity
and health care�associated costs; 23% of
patients develop symptomatic lymphe-
dema,21 and many experience worse
quality of life, as well as poor sexual and
emotional health.21e30 A reduction in
lymphedema is a potential benefit of
sentinel lymphadenectomy that is often
MARCH 2019 Ameri
focused upon; however, our study also
found an association between lower
complication and readmission rates
among patients undergoing sentinel as
compared with traditional
lymphadenectomy.

The association between increasing
operative time and postoperative compli-
cations is well established in studies of
can Journal of Obstetrics & Gynecology 263.e5
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TABLE 3
Association between degree of lymphadenectomy and major postoperative
complications

OR 95% CI aOR 95% CI

Odds of major complication

No lymphadenectomy Ref — — —

Lymphadenectomy 1.77 1.14e2.76 1.84 1.17e2.91

Sentinel lymphadenectomy 1.04 0.31e3.32 1.05 0.32e3.46

Odds of any complication

No lymphadenectomy Ref — — —

Lymphadenectomy 1.10 0.83e1.47 1.13 0.84e1.53

Sentinel lymphadenectomy 0.73 0.33e1.59 0.79 0.36e1.74

Odds of returning to the OR

No lymphadenectomy Ref — — —

Lymphadenectomy 0.94 0.35e2.51 0.99 0.36e2.73

Sentinel lymphadenectomy — — — —

Odds of readmission

No lymphadenectomy Ref — — —

Lymphadenectomy 2.10 1.39e3.15 2.20 1.45e3.35

Sentinel lymphadenectomy 0.61 0.15e2.55 0.69 0.16e2.89

Odds of major complication

Sentinel lymphadenectomy Ref — — —

Lymphadenectomy 1.75 0.53e5.72 1.60 0.48e5.45

Odds of any complication

Sentinel lymphadenectomy Ref — — —

Lymphadenectomy 1.51 0.68e3.34 1.42 0.62e3.22

Odds of readmission

Sentinel lymphadenectomy Ref — — —

Lymphadenectomy 3.42 0.82e14.19 3.14 0.74e13.35

Adjusted odds ratios are adjusted for age, body mass index, race, American Society of Anesthesiologists score, year of
operation, stage of disease, and presence of diabetes.

aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio; Ref, referent.

Polan et al. Extent of lymphadenectomy in endometrial cancer and postoperative complications. Am J Obstet Gynecol
2019.
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minimally invasive surgery for benign
gynecologic disease. Longer operative time
has been shown to be independently
associated with increased overall compli-
cation rate, reoperation rate, and rate of
thrombotic events, urinary tract in-
fections, and need for blood transfusion.13

In a retrospective study of data collected
from the ACS-NSQIP database between
2005 and 2014, an overall complication
rate of 7%5 was noted in patients under-
going MIS for endometrial cancer,
263.e6 American Journal of Obstetrics & Gynecol
consistent with the overall complication
rates observed in each arm of our study
(6.5%, 7.2%, and 4.9%). This complica-
tion rate is significantly lower than that
observed in the Gynecologic Oncology
Group Study LAP2 (GOG LAP2),8 which
reported a complication rate of 14%. The
median operative time for laparoscopy in
GOG LAP2 was 204 minutes, compared
with 173 minutes in the 2005e2014 ACS-
NSQIP study, both of which compare
favorably with our study results (141
ogy MARCH 2019
minutes, 171 minutes, and 166 minutes).
Although the results of our study
demonstrate a reduction in operative time
between the traditional and sentinel lym-
phadenectomy arms, it is important to
note that this is a difference of 5 minutes,
whichmay not be clinicallymeaningful for
patients or providers. As more providers
become familiar with sentinel lymphade-
nectomy and as adoption increases, this
difference in operative time may become
more pronounced.

In this study, we found that sentinel
lymphadenectomy is associated with
lower major postoperative complication
and readmission rates, and higher rates
of same-day discharge even after
adjustment for potential confounders.
Interestingly, patients undergoing
sentinel lymphadenectomy had higher
BMIs, higher rates of diabetes and hy-
pertension, and higher ASA scores than
patients undergoing traditional lym-
phadenectomy. Even in the face of a
higher prevalence of risk factors for
complications, complication rates were
lower for the sentinel lymphadenectomy
group. For patients with endometrial
cancer, who often have many medical
comorbidities, our study suggests that, as
with minimally invasive surgery, which
mitigates the effects of comorbidities on
complications compared to open sur-
gery for this population, sentinel lym-
phadenectomy may have a similar effect.

The exception to this is the rate of PE,
which was significantly increased in pa-
tients who underwent sentinel lympha-
denectomy (2.1%). This may be related
to the significantly shorter inpatient
stays and prevalence of same-day dis-
charges in this group, which may result
in lower rates of pharmacologic pro-
phylaxis. The relationship between VTE
and sentinel lymphadenectomy is an
interesting finding. In urologic surgery,
it has been suggested that dissection
along vascular structures to achieve
lymphadenectomy is associated with
increased VTE risk, beyond the primary
prothrombotic effect of cancer.31 How-
ever, we would expect VTE to be pro-
portionally increased in the traditional
lymphadenectomy arm of our study, as
the incidence of VTE is associated with
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the venous stasis and inflammatory
milieu that results from prolonged
immobilization and increased operative
time.

Similar to other studies of the adop-
tion of sentinel lymphadenectomy, we
found overall low rates of use of this
technique, with only 4.4% of patients
undergoing this approach. This is
consistent with results from the National
Cancer Database, which found that only
2.8% of patients underwent sentinel
lymphadenectomy in 2013 and 4.3%
underwent sentinel lymphadenectomy
in 2014.32 We also found an increase in
use over the 2 years of our study period,
with only 1.8% of patients receiving
sentinel lymphadenectomy in 2015
compared with 6.2% in 2016. With the
publication of the Fluorescence Imaging
for Robotic Endometrial Sentinel lymph
node biopsy (FIRES) trial and a
comprehensive systematic review of the
technique in 2017, we would expect
these rates to continue to increase over
time.

Our study makes use of information
collected in the ACS-NSQIP database and
its targeted hysterectomy file between
2015 and 2016. This database was created
by the American College of Surgeons to
report on quality metrics; the data have
been rigorously collected and indepen-
dently validated. In contrast to prior
studies, we are able to describe the stage of
endometrial cancer between patient
groups, which influences operative time
and indication for extent of lymphade-
nectomy. The ability to adjust for this
important variable helps to limit con-
founding by indication. Furthermore, this
national dataset avoids the weaknesses of
single-institution and single-surgeon
studies, which may lack generalizability.

Conversely, although a large number
of institutions participate in NSQIP,
participation is voluntary and academic
and large institutions are over-
represented, therefore results may not
be generalizable. In addition, the selec-
tion of patients was based on CPT, ICD-
9, and ICD-10 codes and we cannot
exclude the possibility of miscoding or
misclassification. We are also limited by
our inability to describe the method of
MIS—given shared CPT codes for
conventional and robotic-assisted lapa-
roscopic hysterectomy—and the fact
that the extent of the lymphadenectomy
in terms of total lymph nodes removed is
unknown in this data source. We are
further limited in that we have no way to
ascertain whether the mapping of
sentinel lymph nodes was or was not
successful. In addition, this time period
represents the early adoption of sentinel
lymphadenectomy, and thus successful
mapping rates may have been lower;
however, evenwith this likely high rate of
completion lymphadenectomy, a differ-
ence in complications was found, sug-
gesting that the difference may actually
be larger than estimated. In contrast to
large databases that use billing and cod-
ing data only, NSQIP data are prospec-
tively collected by trained personnel with
the express purpose of improving sur-
gical quality and reducing perioperative
complications. Thus, it is less likely to
fail to record an adverse event in the
postoperative period. Periodic audits are
also performed on the data and reveal
only a 1.8% disagreement rate, con-
firming the accuracy of the data.15

NSQIP records only 30-day post-
operative data, and thus our post-
operative complication rates do not
include events that occurred after that
time point and may underestimate true
rates. In addition, intraoperative com-
plications are not recorded in NSQIP,
and thus these data are not available as
part of this analysis.
We found that in a large surgical

quality improvement database, among
patients with endometrial cancer under-
going total laparoscopic hysterectomy,
sentinel lymphadenectomy was inde-
pendently associated with a decreased
incidence of major postoperative com-
plications and need for readmissionwhen
compared with traditional lymphade-
nectomy, and carried a risk similar to that
observed in cases in which no lympha-
denectomywas performed. Our datamay
help gynecologic oncologists to assess the
need for traditional lymphadenectomy in
patients for whom sentinel lymphade-
nectomy is a reasonable alternative, and
provides an accurate estimation of
contemporary major postoperative
complication and readmission rates
MARCH 2019 Ameri
among endometrial cancer patients who
undergo MIS in the United States. n
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