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HIGHLIGHTS

« Patients with DM in gynecologic oncology can have an SSI rate up to 45%.

« We adopted a quality improvement protocol to start postoperative insulin infusion for target blood glucose <139 mg/dL.

« SSI was lowered by 35%.
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Objective. SSI rates after gynecologic oncology surgery vary from 5% to 35%, but are up to 45% in patients with
diabetes mellitus (DM). Strict postoperative glucose control by insulin infusion has been shown to lower morbidity,
but not specifically SSI rates. Our project studied continuous postoperative insulin infusion for 24 h for gynecologic
oncology patients with DM and hyperglycemia with a target blood glucose of <139 mL/dL and a primary outcome
of the protocol's impact on SSI rates.

Methods. We compared SSI rates retrospectively among three groups. Group 1 was composed of patients with
DM whose blood glucose was controlled with intermittent subcutaneous insulin injections. Group 2 was composed
of patients with DM and postoperative hyperglycemia whose blood glucose was controlled by insulin infusion.
Group 3 was composed of patients with neither DM nor hyperglycemia. We controlled for all relevant factors asso-
ciated with SSL

Results. We studied a total of 372 patients. Patients in Group 2 had an SSI rate of 26/135 (19%), similar to patients
in Group 3 whose rate was 19/89 (21%). Both were significantly lower than the SSI rate (43/148, 29%) of patients
in Group 1. This reduction of 35% is significant (p = 0.02). Multivariate analysis showed an odd ratio = 0.5
(0.28-0.91) in reducing SSI rates after instituting this protocol.

Conclusions. Initiating intensive glycemic control for 24 h after gynecologic oncology surgery in patients with
DM and postoperative hyperglycemia lowers the SSI rate by 35% (OR = 0.5) compared to patients receiving in-
termittent sliding scale insulin and to a rate equivalent to non-diabetics.

© 2014 Published by Elsevier Inc.

Introduction

and is a significant cause of postoperative morbidity, mortality, and
healthcare costs [2-4].

Surgical site infection (SSI), a surgical complication, is defined as
infection(s) occurring after surgical procedures. It is the third most
common (17%) [1] of all nosocomial infections in hospitalized patients,

* Corresponding author at: 600 Highland Ave, Office H4/636, Madison, WI 53792, USA.
Fax: +1 608 265 6582.
E-mail address: alniaimi@wisc.edu (A.N. Al-Niaimi).
! Currently at: National Radiation Emergency Medical Center, Korea Institute of
Radiological & Medical Science, Seoul, Republic of Korea.

http://dx.doi.org/10.1016/j.ygyno.2014.09.013
0090-8258/© 2014 Published by Elsevier Inc.

Data from the National Healthcare Safety Network show that SSI rates
vary by type of surgical procedure [5,6]. SSI rates are estimated to be 1.7%
for abdominal hysterectomy and 0.9% for vaginal hysterectomy [6].
However, in gynecologic oncology this rate ranges from 5% to 35% [2].
This variation depends on numerous factors including: high body
mass index (BMI), low socio-economic status, poor nutritional status,
high intraoperative blood loss, prolonged operative time, performance
of bowel resection, perioperative blood transfusion, and patients' other
medical co-morbidities [2].
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Preventing SSI is vitally important and several interventions have
been shown to reduce infection rates. The most important intervention
is using perioperative prophylactic antibiotics [6,7]; others include
improving antiseptic techniques and maintaining perioperative normal
body temperature. Despite the [2] above measures, SSI remains a chal-
lenge due to the propensity of patients' medical co-morbidities, including
the perioperative management of diabetes mellitus (DM).

Diabetes mellitus has been recognized as a risk factor for SSIin many
surgical specialties, including cardiothoracic, hepato-biliary, and colorec-
tal [4,8-12]. A recent study reported that the rate of SSI was an alarming
44.8% in gynecologic oncology patients with DM [2]. Fortunately, multiple
studies have indicated that lowering postoperative blood glucose can
reduce SSI rates [4,10-12]. Most of these studies support keeping a target
postoperative blood glucose <200 mg/dL in patients with DM [13,14].
Van den Berghe et al. showed a better outcome (decreased morbidity
and mortality) in surgical patients in an intensive care unit with more
intensive postoperative glucose control (<139 mg/dL) [15]. A recently
published study, NICE-SUGAR, had a contradictory outcome, showing
that intensive glucose control among adults in the ICU to a blood glucose
target of <180 mg/dL resulted in lower mortality than did a target of 81
to 108 mg/dL [16]. It is important to note that this study looked only at
death rates. Nonetheless, SSI rates were not the primary outcome of
both of these studies.

Considering the above studies, we hypothesize that a strict postoper-
ative glucose control (<139 mg/dL) will lower SSI rates in gynecologic
oncology patients. On March 1, 2008 our group adopted a quality im-
provement (QI) project at our institution. This entailed a strict postoper-
ative blood glucose control (<139 mg/dL) by continuous intravenous
insulin infusion for 24 h after surgery for patients with DM and postop-
erative hyperglycemia (PH) on the general surgical floor, as well as in
the ICU. We utilized this QI project not only to improve morbidity and
mortality outcomes, but also to hopefully lower surgical site infection
rates.

Two years after adopting the QI project, we evaluated the impact of
our protocol on SSI rates. To achieve that, we compared the SSI rates of
our patients in three groups: Group 1, patients with DM who were
managed by subcutaneous intermittent insulin injections before the QI
project adoption; Group 2, patients with DM and PH managed with
continuous intravenous insulin infusion after the QI project adoption;
and Group 3, patients who had neither DM nor PH after the QI project
adoption.

The objective of this study is to examine the effects of our protocol of
an intensive postoperative glucose control regimen on SSI rates in gyne-
cologic oncology patients.

Methods

Prior to the beginning of our QI project on March 1, 2008, patients
with gynecologic malignancies at our institution with known DM had
their blood glucose controlled postoperatively by intermittent subcuta-
neous (SC) insulin injections (traditionally known as a sliding scale).
This was accomplished by using short acting regular insulin given SC
every 6 h according to a set algorithm. The target blood glucose was
<200 mg/dL.

After March 1, 2008, as part of our QI project, we instituted an
intense postoperative blood glucose control. This strict control was
achieved by initiating a continuous intravenous (IV) insulin infusion
for 24 h after surgery, with a target finger stick glucose range of
90-139 mg/dL. The targeted patients were those with known DM and
patients who were not diabetic but had postoperative blood glucose
levels >=150 mg/dL (or >=200 mg/dL if they received steroids during
surgery), who were labeled patients with postoperative hyperglycemia
(PH).

Insulin was infused in 250 mL of normal saline at a concentration of
1 Unit/mL. The dose of insulin varied from 1 to 12 Units/h according to
the patient's starting blood glucose. Once infusion began, blood glucose

was checked every hour (using AccuCheck® machines) and the insulin
infusion rate changed according to a defined algorithm adopted by the
American College of Endocrinology [17].

After 24 h of insulin infusion, patients with pre-existing DM were
restarted on their preoperative regimens of either subcutaneous (SC)
insulin or oral hypoglycemic agent (OHA) when they resumed bowel
function. Patients with PH without preexisting DM had no further treat-
ment unless their blood glucose continued >150 mg/dL; at that point,
they were managed by SC insulin until discharge. Since all PH patients
are at risk of having undiagnosed DM, they were also advised to follow
up with their primary care physicians for further management and/or
diagnosis of DM.

Our QI project protocol allowed us to study our primary outcome, SSI
rates, in three different groups. Group 1 included patients with DM who
were managed by subcutaneous intermittent insulin injections before
the QI project adoption prior to March 2008. Group 2 included patients
with DM and PH managed with continuous intravenous insulin infusion
after the QI project adoption from March 2008 through March 2010.
Group 3 included consecutive patients who had neither DM nor PH
after the QI project adoption; we collected data from these patients
from January 1, 2009 through December 31, 2009 for simplicity and
convenience reasons. These groups can be seen in Fig. 1.

After we obtained Institution Review Board approval, we retrospec-
tively collected data. The inclusion criteria were: women undergoing
major surgery for gynecologic malignancies and above 18 years of
age. We excluded patients with incomplete medical records (those
with missing or inconsistent data) and incarcerated patients. We also
excluded those who underwent minimally invasive surgery (MIS), rec-
ognizing the lower rates of SSI with this surgical approach.

Demographic and surgical data collected from the electronic medical
records included: age, body mass index (BMI), American Society of
Anesthesiology scoring system (ASA), medical co-morbidities including
DM (both types), hypertension, current smoking status, chronic renal or
hepatic disease, immune deficiency, perioperative antibiotic use, length
of surgery (LOS: defined from surgical incision to closure) and estimated
operative blood loss (EBL). SSI was defined according to NHSN/CDC
criteria [1]. The follow up time for each patient also followed the CDC
criteria of 30 days after surgery.

Comparisons of patient characteristics among the three groups were
performed using Fisher's exact test for dichotomous variables or t-tests
for continuous variables. Univariate logistic regression was used to
determine the effect of each variable on SSI. Multivariate logistic regres-
sion was conducted to examine the association between SSIin the three
groups by blood glucose control methods after controlling for covariates.
Results were quantified in terms of odds ratios (ORs) with corresponding
95% confidence intervals (Cls). All statistical analyses were performed
using SAS 9.1 software (SAS Institute Inc. Cary, NC). Statistical significance
was defined as a two-tailed p-value <0.05.
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Fig. 1. The three groups of patients.
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Results

The three patient groups evaluated in this study can be seen in Fig. 2.
Of the 200 women with known DM in Group 1, 52 were excluded
secondary to either incomplete medical records (n = 36) or MIS ap-
proach (n = 16), resulting in a study group of 148 patients. Out of 207
patients with DM or PH in Group 2, 72 were excluded secondary to
either incomplete medical records (n = 20) or MIS approach (n = 52),
resulting in a group of 135 patients. Lastly, out of 169 non-diabetic,
non-PH patients in Group 3, 80 were excluded secondary to either in-
complete medical records (n = 23) or MIS approach (n = 57), resulting
in a study group of 89 patients.

Patient characteristics and surgical data are shown in Table 1. Analysis
comparing Groups 1 and 2 with Group 3 showed no difference in age,
smoking status, preoperative serum albumin level, preoperative Hb
level, preoperative bowel preparation, or in the use of perioperative
antibiotics (the average time between infusion and incision time is
38 min). Analysis comparing the three groups also showed no differ-
ence among patients in the type of cancer (ovarian, uterine, or cervical),
debulking stage (primary or interval), type of surgical incision (vertical
midline or horizontal), or intraoperative core body temperature. The
presence of DM in Groups 1 and 2 was correlated with higher ASA clas-
sification, higher body mass index, longer surgery, and more estimated
blood loss, compared to those in Group 3. Comparisons between Groups
1 and 2 revealed the groups to be similar in characteristics with the
exception of greater intraoperative blood loss in Group 2.

Patients who received the protocol's strict IV insulin infusion (Group
2) had a statistically significant lower SSI rate compared to that of patients
who received historic subcutaneous insulin (Group 1), 19% (26/135) vs.
29% (43/148) (p = 0.001). This SSI rate is similar to that of patients
who had neither DM nor PH (Group 3), 21% (19/89) (p = 0.53), shown
in Fig. 3.

Multivariate analysis (Table 2) showed that Group 2 (post-protocol
DM and PH) patients had 35% lower SSI rates with an odd ratio of 0.5
(0.28-0.91, p = 0.02) compared with the patients in Group 1 (patients
who received SC intermittent insulin) prior to the management change.
This represents a 50% reduction in the odds of having SSI in diabetic
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patients after implementing the insulin infusion, bringing the incidence
to the same level as that of the non-diabetic patients in Group 3.

As seen in Fig. 3, implementing the insulin infusion protocol pro-
duced a statistically significant lower 24-hour average blood glucose of
110 mg/dL in Group 2 compared to the historic average of 162 mg/dL
(p < 0.01) in the intermittent SC insulin group (Group 1). The rate of
hypoglycemia in Group 2 (the insulin infusion group) was significantly
lower than that of Group 1 (0.7% vs. 5.4%, p < 0.05).

Within Group 2, we also separated patients with DM from those
with PH and analyzed SSI rates in each subgroup (Supplemental
Fig. 1). In the DM sub-group, the SSI rate was 17.3% (8/46), while in
the PH sub-group, the SSI rate was 20.6% (19/92). Out of the 92 patients
diagnosed with postoperative hyperglycemia, 62 patients followed up
after the surgery to check for the presence of DM. At that time, 28
patients were diagnosed with DM; out of this subset, 21.4% (6/28) had
had SSI at the time of surgery. Therefore, the SSI rate of all patients
with DM (including those diagnosed prior to surgery and those who
had PH and were later diagnosed) was 18.9%, or 14/74; this was com-
parable to the overall SSI rate of all DM and PH patients, which was
19.5%.

Discussion

This study shows that utilizing insulin infusion to control blood glu-
cose after surgery virtually eliminated the effect of diabetes on surgical
site infection.

Surgical site infections have been and continue to be a cause of
significant postoperative morbidity and mortality in the gynecologic
oncology patient population. After controlling for perioperative antibi-
otic use, other studies have identified other independent risk factors
for SSI, including high BMI, perioperative blood transfusion, low socio-
economic status, and prolonged operative time [6], along with the
presence of diabetes mellitus (DM).

Many studies in a variety of specialties [5,9,10,18] have shown that
DM remains a significant factor contributing to SSI. Cardiothoracic pa-
tients with DM compared to non-diabetics are two to five times more
likely to have SSI, [4,8,9], twice as likely to be re-hospitalized, and 1.38

Group 1

DM~ Insulin SC

(sliding scale)

Group 2

DM / Hyperglycemic
=>Insulin infusion

Group 3

Normal
(No DM / hyperglycemia)

200 patients
1/2005-2/2008

207 patients
3/2008-12/2009

169 patients
1/2009-12/2009

36 Excluded 20 Excluded 23 Excluded
_\ ln:::)?‘lieste > Ircomplete *ecords 3 Incomplete recoeds
™ 16 Excluded —"] 52 Excluded 57 Excluded
s ’—/ s :> s
el N Nt
148 patients 135 patient 89 patients

Fig. 2. The patients in each group.
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Table 1
Patient characteristics.
Variable Group 1 Group 2 Group 3 p value
(Historic) (DM/PH) Normal
— Insulin SC — Insulin infusion No insulin
n = 148 n = 135 (DM = 46, PH = 92) n =289
Patients' data
Age (mean) 60.6 57.4 57.6 0.1
ASA 1-2 79 (53%) 80 (59%) 66 (74%)* <0.01
3-4 69 (46%) 55 (41%) 23 (26%)° <0.01
BMI (mean) 37.8 37.2 31.57 <0.01
Smoking 27 (18%) 12 (9%) 14 (16%) 0.07
HTN 106 (72%) 79 (59%) 35 (39%)° <0.01
Preoperative serum albumin level 2.8 g/dL 29 g/dL 3.0 g/dL 0.34
Preoperative Hb level 11.2 g/dL 10.8 g/dL 10.7 g/dL 0.26
Preoperative bowel preparation 55 (37%) 57 (42%)
Surgery data
Ovarian cancer 59 (40%) 58 (43%) 45 (51%) 0.06
Primary debulking 48 (81%) 50 (86%) 38 (84%) 0.54
Interval debulking 11 (19%) 8 (14%) 7 (16%) 0.35
(Post NAT)
Uterine cancer 87 (58.7)% 75 (55.6%) 43 (48%) 0.76
Cervical cancer 2(1.3%) 2(1.4%) 1(1.1%) 0.54
Type of surgical incision
Vertical midline 144 (97.3%) 130 (96.3%) 84 (94.4%) 0.43
Horizontal 4(2.7%) 5(3.7%) 5(5.6%) 0.07
Length of surgery (min) 245.5 287.7 197.22 <0.01
Antibiotics 99% 99% 98% 0.73
EBL (mL) 415.7 542.5 285.37 <0.01
Intraoperative core body temperature 36.9 36.7 36.5 0.34

@ Statistically different from the other two groups.

times more likely to die [4,10]. Diabetic patients undergoing colorectal
surgery are also at a higher risk for developing SSI when compared
with non-diabetic patients, with an odds ratio of 1.32 (1.11-1.57) [4].
Several studies have shown that stricter postoperative glycemic control
lowers the risk of SSI in diabetic patients. Talbot et al. showed that not
only is DM an independent risk factor for developing SSI, but a higher
postoperative blood glucose (>250 mg/dL) was associated with a
higher SSI rate (3.7%) compared to a rate of 0.6% in patients with a
blood glucose <150 mg/dL [19]. McConnell et al. reported that in colo-
rectal surgery, the SSI rate dropped from 29% to 14% in favor of better
postoperative blood glucose control [18]. Similarly, in hepato-biliary
surgery, the rate of SSI was 20% when the average postoperative blood
glucose was <200 mg/dL compared to 52% for patients when it was
>200 mg/dL (p < 0.01) [13]. The aforementioned studies underscore
the importance of postoperative blood glucose control in lowering SSI
rates. Although those studies had SSI as a primary outcome, most of
them aimed for a postoperative blood glucose of less than 200 mg/dL,
utilized intermittent subcutaneous insulin, and none were randomized
trials.

Ssli

OR= 0.5 (0.28-0.91) p=0.02
45%
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ssl
15%
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Fig. 3. SSI rate in each group.

Several randomized clinical trials have been published on intensive
glycemic control. Van den Berghe et al. randomized nearly 1500
patients and demonstrated that strict insulin infusion (maintaining
blood glucose at or below 110 mg/dL) reduced morbidity and mortality
among critically ill patients in the intensive care unit. However, SSI was
not the primary outcome in this study, and not all patients were surgical
patients. A Cochrane [14] publication reviewed five randomized
controlled trials with SSI as a primary outcome in relation to periopera-
tive glycemic control. This review concluded that a final recommendation
is difficult to determine due to the significant heterogeneity among
patient characteristics, surgical procedures, and measured outcomes.
Another recent Cochrane analysis [20] did not find any significant differ-
ences in most of the outcomes when targeting intensive perioperative
glycemic control compared with conventional glycemic control in
patients with diabetes mellitus. It is important to point out there that
none of the studies included in this Cochrane have SSI as a primary out-
come and more importantly, the wide heterogeneity of the modality of
the postoperative glycemic control makes a unified conclusion difficult.
Due to the aforementioned limitations, it is clear there was a need for a

Table 2
Multivariate analysis after adjusting for all covariates.
Parameter OR CL p-value
Group Group 2 vs. Group 3 0.67 0.32-1.41 0.29
Group 2 vs. Group 1 0.5 0.28-0.9 0.02
ASA (3-4vs.1-2) 0.98 0.58-1.66 0.93

Smoking Yes vs. no 1.38 0.71-2.69 0.34
Antibiotics Yes vs. no 1.11 0.12-10.62 0.93
Hypertension Yes vs. no 0.86 0.49-1.51 0.59
Age (years) 0.99 0.97-1.01 0.52
BMI 1.01 0.98-1.03 0.49
Length of surgery (h) 1.18 1.00-1.36 0.05
EBL (mL) 1010 610-1670 0.97

The odds of having SSIin the sliding group (Group 1) was about two times higher than the
drip group (Group 2) after adjusting for other covariates (p = 0.02) while statistical
significance was not found for the comparison of Group 3 vs. Group 2.
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study that had a specific patient population, postoperative blood glucose
target and modality, and outcome.

Our study included a specific patient population, gynecologic oncology
patients at high risk for SSI who had known DM or postoperative hyper-
glycemia. We followed a specific postoperative blood glucose control
both in terms of modality and target blood glucose. Additionally, we
measured a specific outcome, surgical site infection, in three different
groups: those with DM controlled by SC insulin injection (Group 1, histor-
ic and pre-protocol), those with DM and postoperative hyperglycemia
(PH) controlled by insulin infusion (Group 2, post-protocol), and those
without DM (Group 3, post-protocol). In our analysis, we excluded pa-
tients who had minimally invasive surgery (MIS) because of the low
risk of SSI associated with such procedures. As a matter of fact, after we
completed the current study, we limited postoperative insulin infusion
to patients who underwent laparotomy only. However, to minimize
medical morbidities of diabetes, we continue to do insulin infusion
with all patients who have MIS if they already have poorly controlled
DM.

The outcome showed that strict blood glucose control by insulin
infusion outside the intensive care unit for 24 h after gynecologic oncol-
ogy surgery reduces SSI rates. This positive effect is shown both in pa-
tients with known DM and those with PH. The findings reveal that
implementing 24 h of strict continuous insulin infusion (target blood
glucose <139 mg/dL) in patients with DM and PH lowers SSI rates by
35% compared to those DM patients managed with intermittent SC in-
sulin injections. Remarkably, this SSI rate is equivalent to that of patients
without DM or PH.

Implementing the insulin infusion protocol also produced a statisti-
cally significant lower 24 hour average blood glucose of 110 mg/dL in
Group 2 compared to the historic average of 162 mg/dL (p < 0.01) in
the intermittent SC insulin group (Group 1). Although other studies
demonstrated higher hypoglycemia rates with insulin infusion, we
showed significantly lower hypoglycemia rates after adopting the con-
tinuous insulin infusion compared with intermittent insulin use (0.7%
vs. 5.4%, p < 0.05). This can be explained by more frequent blood glu-
cose checks (i.e. every 1 h) as opposed to every 6 h in the intermittent
protocol.

The strengths of our study include having a large number of patients
in each of the three groups. Additionally, all patients in the cohort had a
postoperative clinic visit between four to six weeks after surgery. Infec-
tions that were diagnosed at an outside facility were also documented at
the time of this postoperative clinic visit. This lowers the chance of
under-reporting SSI. Patients who did not have that postoperative visit
were excluded from our analysis. Also, we implemented a strict glucose
control (target of 90-139 mg/dL) compared to existing surgical literature,
where the goal of glycemic control was generally less than 200 mg/dL.
Our study looked at surgical site infection as a primary outcome, as well.
Lastly, we implemented a multivariate analysis that allowed us to control
for many obvious clinical factors that affect SSI.

The major limitations of our study include those typically associated
with any retrospective analyses, including the possible lack of collection
of key confounding factors that might have affected the outcome. We
tried to address this limitation by collecting data on all clinical factors
that have historically affected SSI. Additionally, SSI reporting after 2008
may have increased, given heightened awareness of infection control
and the introduction of other methods to reduce infection rates at our in-
stitution. It is worrisome that as time changes and pattern of practice
evolved, there might have been an adoption of clinical practice pattern
that might have also lowered the SSI along with the adoption of our pro-
tocol. However, our group has not adopted any new protocol that could
have lowered SSI rates during this time; moreover, we controlled for all
the potential factors, and so our analysis showed that glycemic control
was indeed affecting SSI rates. In Group 2, we also included patients
with postoperative hyperglycemia with the intent of identifying
women with undiagnosed DM who might be at increased risk of surgical
and medical complications. Although that inclusion increased the

heterogeneity of this group, a subset analysis of the SSI rate in women
who had postoperative hyperglycemia showed that it was similar to
those who had been diagnosed with DM. This obviates the question of
whether we under-reported the incidence of SSIin Group 2 by including
this patient population. Furthermore, with longitudinal follow-up data
(Supplemental Table 1), 30% of patients with postoperative hyperglyce-
mia was subsequently diagnosed with DM. Additional studies should
explore this further.

In conclusion, initiating intensive postoperative glucose control
through insulin infusion for 24 h after major gynecologic oncology
surgery in patients with DM and postoperative hyperglycemia lowers
the SSI rate by 35% compared to patients controlled with intermittent
sliding scale insulin, bringing the rate equivalent to that of non-
diabetics. This study has significant future implications on costs and sur-
vival. Because of the burden of SSI on healthcare costs, we are currently
quantifying the cost-effectiveness of this protocol. The significant de-
crease in the SSI rate will not only decrease surgical morbidity and mor-
tality, but also might be associated with less delay in the initiation of
important adjuvant chemotherapy or radiation, thus improving overall
survival, as well. However, randomized clinical trials are necessary to
fully assess the impact of this protocol on survival outcomes.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ygyno.2014.09.013.
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