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HIGHLIGHTS
•
•

Updated consensus review for the Enhanced Recovery After Surgery (ERAS) gynecologic/oncology guidelines is provided.
Updates will inform current ERAS gynecologic/oncology protocols.

Abstract
Background This is the first updated Enhanced
Recovery After Surgery (ERAS) Society guideline presenting
a consensus for optimal perioperative care in gynecologic/
oncology surgery.
Methods A database search of publications using
Embase and PubMed was performed. Studies on each
item within the ERAS gynecologic/oncology protocol were
selected with emphasis on meta-analyses, randomized
controlled trials, and large prospective cohort studies.
These studies were then reviewed and graded according
to the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) system.
Results All recommendations on ERAS protocol items are
based on best available evidence. The level of evidence for
each item is presented accordingly.
Conclusions The updated evidence base and
recommendation for items within the ERAS gynecologic/
oncology perioperative care pathway are presented by the
ERAS® Society in this consensus review.

Introduction
Enhanced Recovery After Surgery (ERAS) is now
firmly established as a global surgical quality
improvement initiative that results in both clinical
improvements1 and cost benefits to the healthcare
system.2 ERAS guidelines are based on the highest
quality evidence available and as such require
updating on a regular basis.3 The ERAS Gynecologic/Oncology guidelines4 5 were first published
in February 2016. This article represents the joint
efforts of the ERAS® Society (www.erassociety.org)
and authors from the international ERAS Gynecology
chapters to present an updated consensus review
of perioperative care for gynecologic/oncology
surgery based on best current evidence.

Methods
Literature Search
Standard methodology was used as published
recently for the ERAS Colorectal Guideline update.3
Starting from the original ERAS Gynecologic/
Oncology guidelines,4 5 the first author (GN) and
senior authors (PR, SD) identified topics for inclusion. International authors known for their expertise in gynecologic/oncology perioperative care
were invited to participate in the guideline update.
The literature search 1966–2018 used Embase
and PubMed to search medical subject headings
including “gynecology”, “gynecologic oncology”,
and all previous pre-, intra-, and post-operative
ERAS Gynecologic/Oncology items. Reference
lists of all eligible articles were crosschecked for
other relevant studies. Meta-analyses, systematic
reviews, randomized controlled studies, non-randomized controlled studies, reviews, and case series
were considered for each individual topic. One or
two authors reviewed the evidence base for each
item. The quality of evidence for each item was then
reviewed and crosschecked by the senior editorial
team (GN, MS, OL, PR, and SD).
Quality Assessment
The quality of evidence and recommendations
were evaluated according to the GRADE (Grading of
Recommendations, Assessment, Development and
Evaluation) system6 whereby recommendations are
given as follows:
Strong recommendations: The panel is confident that the desirable effects of adherence to
a recommendation outweigh the undesirable
effects.
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ERAS item

Guidelines 2019 versus 2016

Preadmission information,
education and counseling

The same recommendation
grade but stronger quality of
evidence (from low level to
moderate)

Prehabilitation

New for 2019 guideline

Preoperative bowel
preparation

The same recommendation
grade and quality of evidence
with updates to references

Preoperative fasting and
carbohydrate treatment

Update to summary and
recommendation including
addition of new references

Venous thromboembolism
prophylaxis

Update to summary and
recommendation including
addition of new information
on VTE prophylaxis during
chemotherapy

Surgical Site Infection (SSI)
reduction bundles

New for 2019 guideline (includes
antimicrobial prophylaxis, skin
prep, prevention of hypothermia,
avoidance of drains/tubes,
control of perioperative
hyperglycemia)

Standard anesthetic protocol Update to summary and
recommendation
Minimally invasive surgery

The same recommendation
grade but stronger quality of
evidence (from low level to high)

Perioperative fluid
management/GDFT

Update including new
information on the role of Goal
Directed Fluid Therapy (GDFT)

Opioid sparing postoperative This item is redesigned for the
analgesia
2019 update and now includes
recommendation grade and
quality of evidence for several
analgesic methods
Perioperative nutrition

Update including new
information on the role of
immunonutrition

Prevention of postoperative
ileus

Change in both recommendation
grade and quality of evidence
(now strong/high)

Patient Reported Outcomes
(PROs)

New for 2019 guideline (including
functional recovery)

Pelvic Exenteration and
HIPEC

New for 2019 guideline

Discharge Pathways

New for 2019 guideline

Audit and reporting

New for 2019 guideline

ERAS, Enhanced Recovery After Surgery.

Weak recommendations: The desirable effects of adherence to
a recommendation probably outweigh the undesirable effects, but
the panel is less confident.
Recommendations are based on quality of evidence (high,
moderate, low) but also on the balance between desirable and
652

Table 2 ERAS items not updated in 2019 guideline (no
change in recommendation/evidence)
ERAS item

Recommendation

Pre-operative
optimization4

Smoking and alcohol consumption (alcohol
abusers) should be stopped 4 weeks before
surgery
Smoking—Evidence level: high; Recommendation:
strong
Alcohol—Evidence level: moderate;
Recommendation: strong
Anemia should be actively identified, investigated,
and corrected pre-operatively
Evidence level: high; Recommendation: strong

Pre-anesthetic
medication4

Routine administration of sedatives to reduce
anxiety pre-operatively should be avoided
Evidence level: low; Recommendation: strong

Nausea and
vomiting
prophylaxis4

A multimodal approach to post-operative nausea
and vomiting with >2 antiemetic agents should
be used for patients undergoing gynecologic
procedures
Evidence level: moderate; Recommendation:
strong

Urinary
drainage5

Urinary catheters should be used for postoperative bladder drainage for a short period
preferably <24 hours post-op
Evidence level: low; Recommendation: strong

Early
mobilization5

Patients should be encouraged to mobilize within
24 hours of surgery
Evidence level: low; Recommendation: strong

ERAS, Enhanced Recovery After Surgery.

undesirable effects, and on values and preferences of practitioners. Thus, strong recommendations may be reached from
low-quality data and vice versa.
Results
The evidence base, recommendations, evidence level, and
recommendation grade are provided for each individual ERAS
item below.Table 1 shows all the ERAS items with emphasis on
changes for the 2019 guideline update. Table 2 shows items
(pre-operative optimization, pre-anesthetic medication, nausea
and vomiting prophylaxis, urinary drainage, and early mobilization)4 5 that did not receive an update because there was no
change to the recommendation and evidence base.
1. Pre-admission Information, Education, and Counseling
The goal of pre-operative counseling is to set expectations about
surgical and anesthetic procedures, as well as provide information
regarding a care plan in the post-operative period. Pre-operative
education and psychological preparation can reduce anxiety and
increase patient satisfaction, which may improve fatigue and facilitate early discharge.7–9 Pre-operative education is also effective in
reducing pain and nausea, and improving well-being when added
to an existing ERAS protocol.10 11 Written information was determined to be superior to verbal in one randomized clinical trial in
gynecologic oncology surgery.12 Ideally, patients should receive
Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356

Int J Gynecol Cancer: first published as 10.1136/ijgc-2019-000356 on 15 March 2019. Downloaded from http://ijgc.bmj.com/ on December 2, 2020 by guest. Protected by copyright.

Table 1 Differences in quality of evidence and
recommendation grade between the 2016 and current
updated guideline
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Summary and Recommendation:
Interventions and endpoints in this field vary widely. However, most
studies show that counseling provides beneficial effects with
no evidence of harm. It is recommended that patients should
routinely receive dedicated pre-operative counseling.
Evidence level: moderate
Recommendation grade: strong
2. Prehabilitation
Cancer prehabilitation has been defined as “a process on the
continuum of care that occurs between the time of cancer diagnosis and the beginning of acute treatment, includes physical and
psychological assessments that establish a baseline functional
level, identifies impairments, and provides targeted interventions
that improve a patient’s health to reduce the incidence and the
severity of current and future impairments”.15 Prehabilitation aims
to optimize patients’ physical and mental well-being in anticipation of an upcoming stressor rather than a reactive process in
which care is provided to restore wellness (ie, rehabilitation).16
There is currently no consensus-based definition, but a multimodal
approach that encompasses the following principles is gaining
popularity: (1) aerobic and resistance exercises to improve physical function, body composition, and cardiorespiratory fitness; (2)
targeted functional exercises to minimize/prevent impairments;
(3) dietary interventions to support exercise-induced anabolism
as well as mitigate disease and/or treatment-related malnutrition;
(4) psychological interventions to reduce stress, support behavior
change, and encourage overall well-being.17
Recognizing the heterogeneity among prehabilitation interventions, timing, endpoints, and study populations,16 including
the absence of direct evidence that a prehabilitation intervention
successfully improves the outcomes of gynecologic oncology
patients under ERAS care, a recommendation endorsing the
integration of a prehabilitation program is premature. Few
gynecologic prehabilitation studies have been conducted, and
available studies have focused exclusively on pre- and post-operative functional exercises with conflicting results.18 Studies
for multimodal prehabilitation before surgery in other abdominal
cancers have shown a positive impact on patient outcomes. A
meta-analysis in colorectal surgery found that nutrition prehabilitation with and without exercise shortened length of hospital stay by
2 days in a largely traditional (ie, non-ERAS) surgical care setting.19
A meta-analysis of prehabilitation interventions consisting of inspiratory muscle training, aerobic exercise, and/or resistance training
found that prehabilitation decreased post-operative complications
after intra-abdominal operations in a traditional surgical care
setting (OR 0.59, 95% CI 0.38 to 0.91; p=0.03).20 Small prospective trials suggest that trimodal prehabilitation (exercise, nutrition,
and anxiety-reduction elements) facilitates an earlier return to
functional walking capacity after surgery for colorectal surgery in
excess of what is achieved when ERAS is implemented alone.21
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It is likely that patients with impaired pre-operative function will
attain the greatest clinical benefit. A patient-led qualitative study
suggested that patients perceived an enhanced recovery program
should not be limited to the perioperative period, but should rather
encompass the cancer care journey beginning at diagnosis.22 The
addition of prehabilitation to the ERAS pathway, might, therefore,
confer complementary patient-oriented and functional benefits.
Summary and Recommendation:
There are no high quality studies for prehabilitation in gynecologic
oncology patients. Extrapolated work in colorectal surgery shows
certain patients benefit clinically from prehabilitation but
further work in gynecologic oncology is needed.
Evidence level: low
Recommendation grade: weak
3. Pre-operative Bowel Preparation
Pre-operative bowel preparation has traditionally been used under
the assumption that the reduction in the stool burden may decrease
post-operative infectious morbidity including anastomotic leak
following bowel surgery. Although this theoretical benefit has yet
to be unequivocally substantiated, in addition to patient dissatisfaction, its use has been associated with adverse outcomes due
to pre-operative dehydration and electrolyte abnormalities that can
hinder post-operative recovery.
Data from randomized controlled trials on the use of bowel
preparation in gynecologic surgery are limited to patients undergoing minimally invasive gynecologic surgery. These studies have
conclusively shown that its use is not associated with improved
intraoperative visualization, ease of bowel handling or procedure
performance.23–27
Given the lack of data investigating the use of bowel preparation
before laparotomy for gynecologic surgery, data are extrapolated
from the colorectal literature. Four meta-analyses showed that the
use of mechanical bowel preparation was not associated with a
decrease in overall mortality, surgical site infection rate, anastomotic leak rate, or reoperation compared with no mechanical bowel
preparation.28–31 The interest in pre-operative bowel preparation
was renewed in light of retrospective data suggesting that pre-operative use of oral antibiotics as bowel preparation may reduce
hospital length of stay and readmissions after colorectal surgery.32
A meta-analysis of randomized controlled trials showed that a
combination of oral antibiotics with mechanical bowel preparation
was associated with a lower rate of surgical site infection overall
(7.2% vs 16%, p<0.001) and incisional surgical site infections
(4.6% vs 12.1%, p<0.001) with comparable organ space surgical
site infections (4% vs 4.8%, p=0.56).33 Although no randomized
controlled trials have compared oral antibiotics alone to no bowel
preparation, retrospective studies have shown that oral antibiotics
alone compared with no bowel preparation significantly reduced
post-operative infectious morbidity including anastomotic leaks as
well as major morbidity. The combination of oral antibiotics with
mechanical bowel preparation did not offer any additional benefit
in reducing post-operative infectious morbidity compared with oral
antibiotics alone.34–36 These data suggest that oral antibiotics may
have value as pre-operative bowel preparation and bring into question the significance of adding mechanical bowel preparation in this
setting.
653
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information in both written and oral form. The patient and a relative or care provider should meet with all members of the team
including the surgeon, anesthetist, dietician, and nurse. Studies
have shown that patients with gynecologic cancer prefer to be well
informed, and support from a nurse at the time of diagnosis can
reduce stress levels for up to 6 months.13 14
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Summary and Recommendation:
Routine pre-operative bowel preparation should not be used
before minimally invasive gynecologic surgery. Its use is similarly discouraged before open laparotomy in gynecologic
surgery/gynecologic oncology, especially within an established
ERAS pathway. Surgeons who feel bowel preparation is necessary
should limit its use to patients in which a colon resection is planned.
In these cases the use of oral antibiotics alone should be considered
or combined with mechanical bowel preparation. High quality data
from the colorectal literature have shown that mechanical bowel
preparation alone does not decrease post-operative morbidity
and should thus be abandoned.
Evidence level: moderate
Recommendation grade: strong
4. Pre-operative Fasting and Carbohydrate Treatment
Surgical stress following major surgery induces a marked and
well-defined post-operative metabolic response. The use of pre-operative oral carbohydrates and avoiding pre-operative fasting
attenuate these post-operative responses.
Several randomized controlled trials have reported that clear
fluids can be safely given up to 2 hours, and a light meal up to 6
hours, before elective procedures requiring general anesthesia, in
children and adults.3 42
Pre-operative administration of oral carbohydrates 2–3 hours
before induction of anesthesia has been shown to attenuate the
catabolic response induced by overnight fasting and surgery.43
Since most investigations of oral carbohydrates used a pre-operative beverage containing 50 g carbohydrates, administration of
beverages with less caloric content may not provide the anticipated
clinical and metabolic benefits. Furthermore, beverages with high
osmolality or fat content may slow gastric emptying.
Oral carbohydrates in randomized controlled trials have been
shown to improve pre-operative well-being, reduce post-operative insulin resistance, decrease protein breakdown, better maintain lean body mass and muscle strength, and provide beneficial
cardiac effects.43 Randomized trials on oral carbohydrates have
been performed in major and minor upper gastrointestinal and
colorectal surgery, and orthopedic, thoracic, cardiac, neurologic, and
urologic surgery. In one randomized placebo-controlled trial, less
654

post-operative nausea and vomiting, metoclopramide consumption,
and improved patient satisfaction was noted 24 hours after abdominal myomectomy.44
A Cochrane review of abdominal, orthopedic, and cardiac surgery
studies reported that preoperative carbohydrate treatment was
associated with reduced post-operative insulin resistance,
enhanced return of bowel function, and shorter hospital stay
with no effect on post-operative complication rates.45 Large
cohort studies in patients undergoing major colorectal surgery have
shown that oral carbohydrates as part of an ERAS protocol significantly improved clinical outcome.46 47
Oral fluids including oral carbohydrates may not be administered
safely in patients with documented delayed gastric emptying or
gastrointestinal motility disorders as well as in patients undergoing
emergency surgery. Although obese48 and diabetic49 patients have
been included in recent studies of oral carbohydrates and no issues
with regard to safety have been reported, studies are insufficient to
allow a general recommendation.
Summary and Recommendation:
Patients should be encouraged to eat a light meal up until 6
hours, and consume clear fluids including oral carbohydrate
drinks up until 2 hours, before initiation of anesthesia. Patients
with delayed gastric emptying should fast overnight or 8 hours
before surgery. Oral carbohydrates reduce insulin resistance and
improve well-being and should be used routinely (extrapolated
from non-gynecological surgery data). There are insufficient data
to make recommendations in diabetic patients.
Quality of Evidence:
6–8 hour fasting for solids and 2 hours for clear fluids including oral
carbohydrate drinks (in patients without delayed gastric emptying):
high
Oral carbohydrate drinks improving insulin resistance and wellbeing: moderate
Oral carbohydrate drinks improving recovery time and reducing
complications: low
Recommendation Grade:
Avoiding overnight fasting: strong
Administration of pre-operative oral carbohydrates: strong
Administration of pre-operative oral carbohydrates in well
controlled diabetic patients: weak
5. Venous Thromboembolism Prophylaxis
Venous thromboembolism (VTE) is a major risk in gynecologic
oncology patients with rates up to 3–4% in cervical cancer,
4–9% in endometrial cancer, and 17–38% in ovarian cancer.50–55
Approximately 3% of women with a new ovarian cancer diagnosis
will have a concomitant VTE diagnosed before they start cancer
treatment52; the risk of VTE approaches 12% during neoadjuvant
chemotherapy55 and extends through at least the full course of
primary therapy.56 The extended risk of VTE was also demonstrated
in an analysis from the Million Women Study that showed the risk
of VTE at 12 weeks post-operatively was 1/85 for cancer surgery
and 1/365 for gynecologic surgery.57 The presence of malignancy,
higher body mass index, age, pelvic surgery, extra-pelvic disease,
histology, pre-operative corticosteroids, receipt of chemotherapy,
immobility, and a hypercoagulable state have all been identified as
Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356
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Recently there has been a trend in the colorectal surgery practice
towards reintroducing pre-operative bowel preparation in the form
of combined oral antibiotics with mechanical bowel preparation
before colonic resections. In contrast, well-established ERAS pathways in gynecologic surgery without pre-operative bowel preparations (including cases with scheduled bowel resection) have been
proven safe with very low rates of anastomotic leak.37 38 Furthermore, incorporation within established ERAS pathways of surgical
site infection reduction bundles which similarly forgo bowel preparation have resulted in a significant decrease in the surgical site
infection rate as low as 2.4% among ovarian cancer patients
undergoing cytoreductive surgery with colonic resection, which
represents the highest risk group for post-operative infectious
morbidity.39 40 Notably, this compares favorably to surgical site
infection bundles which incorporate combined oral antibiotics with
mechanical bowel preparation, in which infection rates decreased
to 7% in a comparable high-risk ovarian cancer population.41
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chemotherapy remains understudied. The risk of VTE extends
beyond the traditional 30 day post-operative complication window
in these patients56 71 and is inherently present among those undergoing neoadjuvant chemotherapy for ovarian cancer.55 Extended
low molecular weight heparin has been shown in two randomized, placebo controlled trials in solid tumors to reduce VTE during
chemotherapy by 50%.85 86 The recently published randomized,
placebo-controlled AVERT trial of prophylactic apixaban during
solid tumor chemotherapy demonstrated a 60% reduction in VTE in
those randomized to apixaban.87 However, VTE guidelines specific
to gynecologic cancer are lacking.
Summary and Recommendation:
Patients at increased risk of VTE should receive dual mechanical
prophylaxis and chemoprophylaxis with either low molecular weight
heparin or unfractionated heparin. Prophylaxis should be initiated pre-operatively and continued post-operatively. Extended
chemoprophylaxis (28 days post-op) should be prescribed to
patients who meet high-risk ACCP criteria, including patients
with advanced ovarian cancer. Further studies on extended
post-operative prophylaxis with direct-acting oral anticoagulants,
and guidelines on VTE prophylaxis during ambulatory chemotherapy for gynecologic cancer, are needed.
Evidence Level:
Stockings, pneumatic compression devices, low molecular weight
heparin: high
Pre-operative administration: moderate
Post-operative extended prophylaxis with low molecular weight
heparin: high
Post-operative extended prophylaxis with direct-acting oral anticoagulants: low
Recommendation Grade:
Perioperative deep venous thrombosis prophylaxis: strong
Extended (28-day) prophylaxis in high-risk patients: strong
Direct-acting oral anticoagulant prophylaxis: weak
6. Surgical Site Infection Reduction Bundles
Surgical site infections are defined as infections of the surgical
incision or organ space that develop within 30 days of surgery.88
Surgical site infections are associated with increased patient
morbidity, mortality, and healthcare expenditures and occur in
up to 20–30% of gynecologic oncology patients undergoing a
laparotomy.89–93 Surgical site infection reduction bundles have
been demonstrated to decrease the risk of developing a surgical
site infection in an additive fashion.39 41 91 94–98 Surgical site
infection bundle elements include antimicrobial prophylaxis, skin
preparation, avoiding hypothermia, avoiding surgical drains, and
reducing perioperative hyperglycemia.
6.1 Antimicrobial Prophylaxis
Appropriate antibiotic prophylaxis includes administration of a first
generation cephalosporin to cover skin flora.99 100 Cephalosporins
have relatively broad coverage, are low cost, have a low allergenic
potential, and are the recommended prophylaxis for simple hysterectomy.100 Additional anaerobic coverage is recommended if the
bowel is entered during pelvic surgery for cancer.100 101 Dosage
may need to be adjusted based on patient weight.99 100 Most
655

Int J Gynecol Cancer: first published as 10.1136/ijgc-2019-000356 on 15 March 2019. Downloaded from http://ijgc.bmj.com/ on December 2, 2020 by guest. Protected by copyright.

independent risk factors for VTE and are common among women
undergoing gynecologic surgery, especially for cancer.58 59 All
gynecologic oncology patients who undergo major surgery
lasting longer than 30 min should receive dual VTE mechanical prophylaxis and chemoprophylaxis with either low molecular weight heparin or unfractionated heparin and dual prophylaxis
should continue throughout the hospital stay.59–61
Perioperative prophylaxis should include dual modality prophylaxis61 and should begin before the induction of anesthesia. A
retrospective study comparing pre-operative versus post-operative
initiation of prophylactic anticoagulation in patients undergoing
surgery for gynecologic cancer showed a decreased rate of deep
venous thrombosis (1.9% vs 8%; p=0.04) and a decreased rate
of deep venous thrombosis-associated deaths (0 vs 2; p<0.001)
among those who received pre-operative prophylaxis.62 Similarly,
in a large retrospective surgical oncology study of 2058 patients
who underwent surgery for cancer and received pre-operative
heparin compared with 4960 historical controls, the rate of deep
venous thrombosis and pulmonary embolism among those who
received pre-operative prophylaxis was significantly lower.63
Importantly, prophylactic anticoagulation has not been shown to
increase the risk of intraoperative bleeding, thrombocytopenia,
and epidural hematoma.64 65 Therefore, epidural catheter placement and removal should be timed according to the last dose of
heparin.64 65 The use of mechanical prophylaxis, specifically pneumatic compression devices, has been shown to decrease the rate of
VTE when compared with no prophylaxis within the first 5 post-operative days. The efficacy of mechanical prophylaxis is equivalent
to heparin alone, and leads to the greatest VTE risk reduction when
combined with heparin in gynecologic oncology patients.66–68 Graduated compression stockings, when fitted properly, also appear
to decrease the rate of deep venous thrombosis in hospitalized
patients, especially when combined with another method of VTE
prophylaxis.69
The risk of VTE extends beyond the post-operative hospital stay
in patients undergoing cancer surgery.56 70 71 The randomized
controlled trial ENOXACAN II demonstrated a 60% reduction in the
VTE rate in patients undergoing surgery for cancer who received
28 days of low molecular weight heparin compared with those who
received only 10 days of low molecular weight heparin.72 Additionally, a Cochrane review, a systematic review, and meta-analysis
showed that extended prophylaxis for 28 days decreased overall
VTE, deep venous thrombosis, and symptomatic VTE.73–75 Women
undergoing gynecologic cancer surgery meet high-risk American
College of Chest Physicians (ACCP) criteria and the ACCP, American
Society of Clinical Oncology, and National Comprehensive Cancer
Network guidelines59 61 76 recommend extended, 28-day chemoprophylaxis. While the role of extended prophylaxis in minimally
invasive gynecologic surgery remains debated, VTE rates are in the
range of 0.5% or less and do not appear to be modulated based on
whether or not prophylaxis was given.77–80 Additionally, although
direct-acting oral anticoagulants are a recommended therapy for
VTE when diagnosed in patients with active cancer,81–83 the role
for direct-acting oral anticoagulants for post-operative prophylaxis
is currently limited to orthopedic surgery literature and requires
further study in gynecologic surgery.84
Gynecologic cancer patients often start adjuvant chemotherapy
within 3–5 weeks of surgery and prophylaxis during ambulatory
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Summary and Recommendation:
First generation cephalosporins should be first choice for
antibiotic prophylaxis for hysterectomy and dosing should
be weight-based. Antibiotic prophylaxis should be adjusted
according to the planned procedure, with the addition of anaerobic coverage in the setting of pelvic cancer surgery or bowel
surgery. Redosing should be performed as indicated based on
duration of surgical case and blood loss.
Evidence level: high
Recommendation grade: strong
6.2 Skin Preparation
Skin preparation is intended to decrease the amount of bacterial
flora present on the skin before incision. This can be accomplished through pre-operative bathing at home as well as use of
a skin preparation in the operating room before incision.99 There
is level I evidence demonstrating a 40% lower surgical site infection rate associated with chlorhexidine-alcohol skin preparation
compared with povidone-iodine103 and the CDC has endorsed
alcohol-based skin preparation as a category 1A recommendation.102 Most surgical site infection reduction bundles have
incorporated pre-operative bathing with a chlorhexidine-based
antimicrobial soap and chlorohexidine-alcohol skin preparation
before surgery.39 41 91 97
Summary and Recommendation:
Patients should shower before surgery with a chlorhexidine-based antimicrobial soap and undergo a chlorohexidine-alcohol skin preparation in the operating room before
surgery.
Evidence level: high
Recommendation grade: strong
6.3 Prevention of Hypothermia
Intra-operative hypothermia has been linked to an increased
risk of surgical site infections and cardiac events.104 Various
methods to avoid intraoperative hypothermia have been evaluated including forced air blanket devices, underbody warming
mattresses, and warmed intravenous fluid administration.104 In
a randomized clinical trial comparing intraoperative warming
only (control group) versus additional warming 2 hours before
and after surgery (warming group) among patients undergoing
major abdominal surgery, the rate of surgical site infections was
decreased by half among those who were normothermic.104 The
CDC endorses perioperative normothermia as a category 1A
recommendation.102
Summary and Recommendation:
Maintenance of normothermia should be incorporated into all
ERAS programs.
656

Evidence level: high
Recommendation grade: strong
6.4 Avoidance of Drains/Tubes
High quality evidence is lacking to address the role of subcutaneous or peritoneal drains in decreasing surgical site infections and evidence exists that drain biofilm colonization can be
detected as early as 2 hours after placement.105 One surgical
site infection reduction bundle implemented among gynecologic oncology patients included use of subcutaneous drains in
obese patients. However, this surgical site infection reduction
bundle also included other interventions with stronger surgical
site infection reduction evidence.94 At this point, there is insufficient evidence to recommend inclusion of a subcutaneous drain
or peritoneal drain as part of a surgical site infection reduction
bundle and there may be harm by introducing a foreign body
conduit for bacteria to travel into a surgical wound. Nasogastric intubation increases the risk of post-operative pneumonia
after elective abdominal surgery and does not reduce the risk of
wound dehiscence or intestinal leaks.106 107 As such, the use of
drains should be tailored according to the surgical procedure and
rationale for individualized drain placement.
Summary and Recommendation:
The use of peritoneal drains, subcutaneous drains, and nasogastric tubes should be avoided after abdominal surgery.
Evidence level: high
Recommendation grade: strong
6.5 Control of Perioperative Hyperglycemia
The prevalence of diabetes is 22% among the US population
older than 65 years.108–110 The high prevalence suggests the
need not only to implement interventions to obtain perioperative
glycemic control but also to improve pre-operative screening.
Perioperative hyperglycemia has been associated with increased
risk of developing surgical site infections, in both diabetic and
non-diabetic patients undergoing surgery,93 111–113 and the CDC
recommends (category 1A) blood glucose levels be maintained at
<200 mg/dL regardless of whether a patient is diabetic or not.102
A recent study among gynecologic oncology patients found
that implementing an intensive post-operative glycemic control
initiative using a continuous insulin infusion resulted in a 35%
reduction in the rate of surgical site infections among patients
with diabetes.114 Similarly, authors of another study decreased
the surgical site infection rate by 55% through implementation of an initiative standardizing post-operative management
of diabetic and pre-diabetic patients using a multidisciplinary
team.109 Importantly, glucose management must avoid hypoglycemia as well as hyperglycemia as both extremes have been
associated with higher mortality risk.115 116 It should be noted
that other interventions that decrease insulin resistance are
part of the ERAS protocol, including oral carbohydrate loading,
minimally invasive surgery, early feeding, and thoracic epidural
analgesia.3
Summary and Recommendation:
Perioperative glucose levels should be maintained under 200
mg/dL in diabetics and non-diabetics. All surgical patients
should be screened for diabetes. Measures to optimize
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antibiotics should be administered within 1 hour of incision in order
to obtain the highest drug serum levels at incision.99 100 Antibiotic
redosing should be monitored for compliance based on operative
time and blood loss.99 100 Several surgical site infection reduction
bundles include an emphasis on antibiotic dosing and timing of
administration. Appropriate antimicrobial prophylaxis is a category
1B recommendation by the Centers for Disease Control and Prevention (CDC).39 41 91 97 102
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7. Standard Anesthetic Protocol
The goals for the anesthesiologist are multiple: to provide hypnosis,
analgesia, and optimal surgical conditions, and to optimize circulation, mean arterial pressure, and oxygen delivery, all with minimal
residual anesthetic effects with rapid neurocognitive recovery
and minimal nausea and vomiting. Propofol has become the
standard medication for induction of general anesthesia because
of its rapid onset, favorable antiemetic profile, and rapid recovery.
General anesthesia can be maintained with inhalation anesthesia
or total intravenous anesthesia. Short-acting inhalation agents
such as sevoflurane or desflurane should be used. Continuous
target controlled infusions of propofol have an additional benefit in
reducing the incidence of post-operative nausea and vomiting.117 118
Several intravenous anesthetic agents may be used in combination
with propofol to provide an effective total intravenous anesthesia
regimen—dexmedetomidine, ketamine, and lidocaine. In addition
to its direct sedative-analgesic properties, dexmedetomidine also
reduces opioid requirements and minimum alveolar concentration
levels for inhalational anesthetics.119–122
There is potential for ketamine to have benefits in reducing
chronic post-operative pain, but the optimum treatment duration
and dose for different operations has yet to be identified.123 124
Intravenous lidocaine infusion in the perioperative period decreases
intraoperative anesthetic requirements, lowers pain scores, reduces
post-operative analgesic requirements, and improves return of
bowel function with decreased length of hospital stay.125 There is
also evidence that ketamine, lidocaine, propofol, and avoidance of
inhalational anesthetic agents may lead to a reduction in cancer
recurrence. However, recognizing that multiple factors influence
recurrence and survival, further research is needed to define the
true impact of total intravenous anesthesia in gynecological malignancies and no recommendations can be currently made.126 127
High dose or long-acting opioids should be avoided to reduce
post-operative opioid-related side effects. Short-acting opioid
analgesics such as remifentanil may allow a consistently rapid
recovery, but there is concern it may induce hyperalgesia. Nitrous
oxide as well as being minimum alveolar concentration additive has
analgesic properties but is associated with an increased rate of
post-operative nausea and vomiting in a patient population with a
high baseline risk.128 Both laparoscopic procedures and gynecological surgery are independent predictors of post-operative nausea
and vomiting; therefore, it is reasonable to omit nitrous oxide during
laparoscopic gynecologic surgery to prevent post-operative nausea
and vomiting, and prophylaxis with a combination of at least two
anti-emetics should be standard.129
Neuromuscular blocking agents provide muscle relaxation to
facilitate surgical exposure in open surgery. In laparoscopic surgery
they maintain muscle paralysis through the procedure and improve
operating space and allow surgery at lower intra-abdominal insufflation pressures.130 Peripheral nerve stimulators should be used to
monitor block and ensure correct reversal of neuromuscular block
to reduce risks of residual muscle weakness that is a major risk for
post-operative respiratory complications.131
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Use of a bispectral index to guide anesthetic depth may allow
reduction of anesthetic dose and hence facilitate rapid awakening.132
In the elderly, there is increased focus on using this tool to reduce
the dose of inhalational anesthetic to avoid the risk of post-operative cognitive dysfunction and delirium133; a recent randomized
controlled trial, however, has called this into question.134
Regional anesthetic techniques are a major component of a
bundle of perioperative interventions of ERAS to reduce the stress
response, as well as anesthetic and opioid use. Regional analgesic
techniques include neuraxial (eg, epidural, spinal), peripheral nerve
blocks, and wound infiltration.135 Multimodal non-opioid analgesia
use decreases post-operative nausea and vomiting and allows
more rapid recovery.136 137
Recent studies have shown a reduction in pulmonary complications in patients undergoing open abdominal surgery when a lung
protective ventilation strategy is utilized (tidal volume 6–8 ml/kg
with positive end expiratory pressure 6–8 cm H2O).138 Randomized
controlled trials have suggested that low tidal volumes, high positive end expiratory pressure, and recruitment maneuvers may be
protective intraoperatively.139
Summary and Recommendation:
The use of short-acting anesthetics, monitoring of neuromuscular block depth, and complete reversal is recommended.
Ventilation should use a protective strategy with tidal volumes 6–8
mL/kg and positive end expiratory pressure 6–8 cm H2O .
Quality of evidence: Short-acting anesthetics: low
Recommendation grade: strong
Quality of evidence: Objective monitoring of the level of neuromuscular block and ensuring complete reversal: high
Recommendation grade: strong
Quality of evidence: Protective ventilation: moderate
Recommendation grade: strong
8. Minimally Invasive Surgery
A key tenet of enhanced recovery is the focus on decreasing the
stress response and modifying the metabolic response to surgical
insult.1 Laparoscopic surgery has been associated with a decrease
in both the inflammatory and immunomodulatory response to
surgery compared with open procedures.140 141 While some studies
suggest that classic endocrine metabolic responses are less influenced by minimally invasive surgery, others have suggested that
minimally invasive surgery decreases the cortisol stress response
compared with moderate and highly invasive surgeries.142
While most reports of the gynecologic ERAS programs have
focused on open surgery, there is mounting evidence that the
ERAS programs are also safe and feasible for patients undergoing
minimally invasive surgery, including bowel procedures.143–145 The
adoption of minimally invasive laparoscopy and robotic surgery
in gynecology has led to substantial improvements in patient
outcomes by decreasing intraoperative blood loss, length of stay,
analgesic requirements, return of bowel function, length of hospitalization, and return to normal daily activities.146 147
With currently available data, it is not clear to what degree ERAS
implementation has impacted outcomes for women undergoing
minimally invasive surgery for gynecologic indications compared
with minimally invasive surgery gynecologic procedures outside
an ERAS program. Length of stay is a commonly reported metric
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perioperative glycemic control should be included in surgical site
infection reduction bundles.
Evidence level: high
Recommendation grade: strong
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Summary and Recommendation:
Minimally invasive surgery, including vaginal surgery, is preferred
for appropriate patients when feasible.
Evidence level:
Morbidity: high
Recovery: high
Recommendation grade: strong
9. Perioperative Fluid Management/Goal-Directed Fluid
Therapy
Intravenous fluid excess has been associated with a delayed return
of bowel function, post-operative ileus, post-operative nausea and
vomiting, and increased length of stay.156–158 Conversely, hypovolemia, if undetected, may lead to post-operative complications,
including acute kidney injury, surgical site infections, sepsis, and
delirium, as well as prolonged hospital stay.159–161 In order for the
anesthesiologist to make decisions regarding fluid management,
clinical parameters such as blood pressure are used, while the
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routine use of specific clinical goal-directed fluid therapy guidelines
or algorithms using physiological measurements of blood flow, fluid
responsiveness, and organ perfusion have not been universally
adopted into clinical practice.162–164 This has led to wide variations
in fluid volume administration across surgical practices and procedures.165
For high-risk surgical patients, goal-directed fluid therapy—a
technique used to manage hemodynamics with the use of fluids
and inotropes to improve tissue perfusion and oxygenation—
has been associated with improvements in short- and long-term
outcomes.166 167 One of the most important components of an ERAS
program is the use of goal-directed fluid therapy; this may be facilitated by the use of minimally invasive hemodynamic monitoring to
detect flow-related parameters and/or dynamic parameters of fluid
responsiveness. This is done in order to titrate therapeutic interventions (intravenous fluids and/or inotropic therapy administration) to
optimize end organ tissue perfusion.168 169
Goal-directed fluid therapy in ERAS pathways is simpler to implement as compared with patients on traditional surgical pathways.
This is because patients on an ERAS pathway are not exposed to
prolonged periods of fasting, or mechanical bowel preparations,
and, in addition, are given carbohydrate loading solutions the night
before and the morning of surgery, allowing for better hydration and
a normal intravascular volume status.
A population-based study170 investigated intraoperative fluid
administration practices across three surgical subspecialties and
its association with post-operative recovery (64 hospitals including
8404 intestinal resections, 22 854 hysterectomies, and 1471
abdominopelvic endovascular procedures). There was a wide variation in fluid balance between hospitals (p<0.001, all procedures).
The highest fluid balance hospitals had significantly longer adjusted
post-operative length of stay than the lowest fluid balance hospitals
for intestinal resections and hysterectomies. The authors concluded
that high fluid balance hospitals have 12–14% longer risk-adjusted
length of stay for visceral abdominal procedures, independent of
complications and case complexity.
A recent multicenter randomized trial171 compared patients on
a restrictive fluid regimen with a liberal fluid strategy. The liberal
fluid group had a lower rate of acute kidney injury and surgical
site infection, but otherwise there were no significant differences
in outcomes. However, there is insufficient evidence to determine
if the liberal fluid cohort was overhydrated, and there is evidence
that the restrictive cohort was underhydrated. Furthermore, differences in fluid administration between groups were small, with <1.5
L difference intraoperatively. This study, however, has provided
important information emphasizing the need to achieve euvolemia,
not hypo- or hypervolemia.
A study of ERAS protocol implementation in women undergoing
major gynecologic surgery compared surgical outcomes before
and after implementation144; 136 ERAS protocol patients were
compared with 211 historical controls. Goal-directed fluid therapy
was guided by a fluid algorithm using the Masimo pleth variability
index (measure of the dynamic changes in the perfusion index that
occur during one or more complete respiratory cycles). The authors
concluded that implementation of ERAS protocols in gynecologic
surgery was associated with a substantial decrease in intravenous fluids (917.5 mL compared with 1410 mL; p<0.01). National
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for assessing the impact of ERAS programs. However, same day
discharge is achievable for many patients undergoing gynecologic
minimally invasive surgery procedures, regardless of whether or
not the procedures were performed on a formal ERAS pathway.148
Retrospective comparative studies suggest that ERAS implementation in minimally invasive surgery demonstrated an association with
improvements in length of stay and cost.149 Another series described
an association of ERAS implementation with decreased intraoperative and post-operative morphine equivalents, decreased cost, and
with increased patient satisfaction.144 Similar benefits have been
identified in patients undergoing vaginal hysterectomy and urogynecologic procedures including shorter length of stay, decreased
opioid intake, and higher patient satisfaction scores.37 150 151 From a
patient’s perspective, undergoing minimally invasive surgery leads
to faster recovery compared with open gynecologic surgery on an
ERAS pathway. Patients undergoing minimally invasive surgery
reported less pain, interference with walking, and fatigue compared
with women undergoing open surgery on an ERAS pathway.152
The perioperative benefits of a minimally invasive surgery
approach may be reduced by a number of elements, including
uncontrolled pain, nausea and vomiting, fluid overload, limited
ambulation, fatigue, and deconditioning. Age, blood loss, perioperative blood transfusion, and post-operative complications have
been associated with prolonged length of stay after laparoscopic
surgery.153 Urinary retention and inadequate pain control were the
two top reasons why patients undergoing gynecologic minimally
invasive surgery on an ERAS pathway were not discharged on
the day of surgery, with 30% of delayed discharges attributed to
each.143
Oncologic outcomes have been found to be equivalent in women
undergoing minimally invasive surgery and open procedures for
endometrial cancer,154 but not for early stage cervical cancer.155
Given the improvements in surgical recovery in patients undergoing minimally invasive surgery procedures compared with
open surgery,146 147 152 minimally invasive surgery remains an
important tenet of ERAS and is recommended for appropriate
patients when long-term oncologic outcomes are similar, and
where expertise and resources are available.
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Summary and Recommendation:
Perioperative goal-directed fluid therapy reduces length of stay
and complications in high-risk patients undergoing abdominal
surgery.
Evidence level:
Use of goal-directed fluid therapy in major abdominal surgery in
patients with high co-morbidities or high blood loss surgery: high
Recommendation grade: strong
10. Opioid Sparing Multimodal Post-operative Analgesia
Post-operative pain after gynecologic surgery plays a major role
in patient quality of life and it may also be associated with higher
rates of complications, longer hospital stays, increased readmission rates, and higher cost.172 173 When patients rely on opioid alone
for post-operative analgesia, this may cause nausea, sedation,
and fatigue while increasing the risk of addiction, thus leading to
associated financial and social costs.174–176 Avoiding opioid use
within a multimodal post-operative analgesia pathway, with greater
emphasis on non-opioid medications, preserves or improves patient
experience and functional recovery after surgery.37 177 Non-opioid
alternatives include non-steroidal anti-inflammatory drugs, acetaminophen, gabapentin, and dexamethasone. Pre-operative education should stress the use of non-opioid alternatives as first-line
therapy, and set expectations for post-operative pain control.
When used together, analgesics with different mechanisms of
action may be synergistic, a concept which lays the foundation
for post-operative pain management within ERAS protocols.178
We recommend routine pre-operative administration of oral acetaminophen, celecoxib, and gabapentin to reduce pain and opioid
requirements.179 Intravenous acetaminophen should not be used
routinely, recognizing its equivalent efficacy to the oral preparation at much higher expense. In general, oral administration of all
post-operative medications in patients who can tolerate a diet is
preferable to the intravenous route. While intravenous medications
may be required for breakthrough pain, patient-controlled analgesia
should be required in <5% of patients undergoing laparotomy. Incisional infiltration with either bupivacaine or liposomal bupivacaine
has no systemic side effects when used appropriately, and should
be incorporated into all ERAS protocols as a component of multimodal analgesia.37 180
The use of thoracic epidural analgesia and transversus abdominis plane blocks, both alternatives to local analgesia, has been
frequently debated in patients undergoing major abdominal
surgery. Thoracic epidural analgesia has been shown to effectively reduce post-operative pain and stress,181 182 but with some
untoward effects such as a 30% risk of failure,183 hypotension
requiring vasopressors,184 and hindrance of early mobilization.185
Transversus abdominis plane blocks are performed by injecting
local anesthetic between the muscle layers of the trunk using
ultrasound guidance, and has also been shown to reduce pain and
opiate requirements after surgery.186 However, direct comparisons
of thoracic epidural analgesia, transversus abdominis plane blocks,
and incisional injection have not been performed and current literature has failed to show improvements over local injection. One
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trial showed lower pain scores and less opioid use in patients
randomized to local injection of liposomal bupivacaine compared
with transversus abdominis plane blocks following total abdominal hysterectomy.187 Other investigations in laparoscopic surgery
have also failed to show improvements with transversus abdominis plane blocks.188–191 A randomized trial of conventional epidural
versus transversus abdominis plane block demonstrated a 0.5 day
decreased length of stay with transversus abdominis plane blocks,
likely due to a slower transition to oral analgesics with thoracic
epidural analgesia.192 The weight of current data supports the use
of incisional injection over transversus abdominis plane blocks or
thoracic epidural analgesia.
Patients using buprenorphine before surgery require special
consideration. Buprenorphine is a mixed opioid agonist-antagonist at the mu (μ) and kappa (κ) receptors used for the treatment
of opioid abuse. These pharmacodynamics prevent other opioids
from binding to the κ receptor, therefore reducing the efficacy of
all opioids after surgery. Management options include continuing
buprenorphine through the perioperative period or discontinuation
before surgery.193 The best option for patients undergoing minor
procedures with the expectation of minimal post-operative pain is
to continue buprenorphine, recognizing that high doses of opioid
may be required for treatment of more severe pain. While discontinuation may be the best option if significant pain is expected, it
must occur at least 3–7 days pre-operatively given its long half-life,
and is associated with a higher risk of relapse for patients treated
for dependence. Recognizing these challenges, all patients using
buprenorphine should be evaluated by a pain specialist for optimal
management.
It has been recognized that there are great discrepancies in
patients’ responses to medications including opioids, with a
contribution of inherited differences.194 Pharmacogenomics is
an emerging field in individualized medicine, generally focusing
on genetic polymorphisms in drug-metabolizing enzymes, transporters, receptors, and drug targets that may explain inter-individual variation in drug efficacy and toxicity.195 This information has
emerging importance in post-surgical opioid administration, with
one study showing a 50% reduction in opioid use as well as excellent analgesia using pharmacogenetic-guided input.196
In recent years there has been an increased focus on the
reduction of outpatient opioid prescribing, especially in post-surgical patients. A number of investigations have demonstrated that
surgeons overprescribe opioids at discharge, with wide variations
in prescribing practices among providers.197 It is generally accepted
that 6% of opioid-naive patients will become chronic opioid users
after surgery, while the rate is as high as 21% for those who
require chemotherapy after surgery.198 199 Improving opioid stewardship among surgeons and their teams is an important facet of
opioid use reduction, and can be successfully implemented using
standardized guidelines. A large, prospective initiative evaluated
patient opioid use after surgery and found that a large proportion of
patients used little or no opioids after surgery.200
Summary and Recommendation:
A multimodal post-operative analgesic protocol successfully reduces opioid administration, both in the hospital and at
discharge. This can be accomplished using non-opioid oral medications and incisional injection of local anesthetic to decrease the
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Surgical Quality Improvement Program (NSQIP) outcomes including
acute renal failure were not statistically different between groups.
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Evidence level:
Use of multimodal analgesia: high
Combination of acetaminophen and non-steroidal anti-inflammatory drugs: high
Incisional injection of bupivacaine: high
Thoracic epidural analgesia: moderate
Transversus abdominis plane blocks: low
Referral of patients using pre-operative buprenorphine to a pain
specialist: moderate
Recommendation grade: strong
11. Perioperative Nutrition
Several randomized studies on early feeding have been performed
in gynecologic oncology and ovarian cancer.201–206 Maintenance of
appropriate nutritional status post-operatively has led to improvements in return of bowel activity, reduced length of hospital stay, and
equivalent complication rates as measured by wound healing, anastomotic leaks, or pulmonary complications.203 204 207 In colorectal
patients, delivery of post-operative nutrition on day 1 is an independent prognostic factor of 5-year survival and mortality.207–209
Perioperative nutritional supplementation, or immune nutrition,
is another field of research, examining the roles of polyunsaturated
fatty acids, arginine, glutamine, antioxidants, and nucleotides on
the effects of inflammation and post-operative healing.207 210 211
Arginine supplemented diets, which may improve vasodilation and
tissue oxygenation, have been examined in a large systematic
review, and showed a reduction in overall infection (RR 0.59) and
length of hospital stay with no difference in mortality compared with
a heterogeneous control group of nutrition regimens.212 Although
most of the included trials were from gastric/colon surgery, one
study in gynecologic oncology supported these results.213 Several
large randomized trials in colorectal patients compared an immune
nutrition/high protein diet to a high calorie supplement and found
a lower rate of infection and length of stay in the immune nutrition
group.214 Higher post-operative protein intake is also associated
with earlier discharge.215 Currently there are no definitive guidelines for surgical patients as it pertains to protein needs; however,
in the acute care setting guidelines have recommended up to 2.0
g of protein/kg/day and 25–30 kcal/kg/day.207 216 It appears that
a high protein diet post-operatively may reduce complications
and the role of immune nutrition and arginine supplementation
continues to evolve.
Summary and Recommendation:
A regular diet within the first 24 hours after gynecologic/
oncology surgery is recommended. High protein diets may be
considered in post-operative management of surgical patients.
Evidence level:
Feeding within first 24 hours: high
High protein diet: moderate
Recommendation grade: strong
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12. Prevention of Post-operative Ileus
Return of bowel function is often the last milestone met before
post-operative hospital discharge after laparotomy. Rates of
post-operative ileus as high as 30% have been reported among
women undergoing open gynecologic cancer surgery,217 218 and
nearly 40% among women undergoing ovarian cancer debulking
requiring a bowel resection.218 Factors that influence the return of
bowel function include, but are not limited to, exposure to opioids,
fluid balance, extent of peritoneal disease and complexity of
surgery, receipt of transfusion, and post-operative abdomino-pelvic
complications.218
Several interventions have been shown to decrease the risk of
post-operative ileus either through direct or indirect effects. The
implementation of minimally invasive surgery reduces the rate of
post-operative ileus147; however, not all patients are candidates for
minimally invasive surgery. Among patients requiring laparotomy,
interventions that stimulate the enteric nervous system and reduce
opioid use have been shown to enhance bowel recovery time and
reduce the rate of post-operative ileus. Simple interventions of
early feeding, coffee consumption, and gum chewing have been
shown to be effective in decreasing the time to bowel function
return.180 217 219–223 ERAS programs that include early feeding, as
well as euvolemia, early ambulation, and multi-modal analgesia,
have been shown to decrease the rate of post-operative ileus by
two- to five-fold with current rates ranging from 3–10% in studies
of women undergoing high complexity open gynecologic cancer
surgery.180 221 Post-operative coffee consumption has been shown
to reduce the rate of post-operative ileus in women undergoing
gynecologic cancer surgery from 30% to 10%.217 While the use
of chewing gum is safe and inexpensive, a large well-conducted
randomized trial recently showed no benefit.224
Blocking or reducing the effect of opioids on the gastrointestinal
tract has also been shown to reduce the time to bowel recovery and
reduce the rate of post-operative ileus. Alvimopan is an oral selective μ-antagonist with very low bioavailability that works directly
within the gastrointestinal tract to block the negative effects of
opioids on gut motility. Randomized controlled trials in colorectal
surgery, bladder resection and reconstruction, and ovarian cancer
surgery have all demonstrated a reduction in time to bowel recovery
and post-operative ileus in the setting of alvimopan use.225–227 Alvimopan has been approved by the US Food and Drug Administration (FDA) for perioperative, in-hospital use for patients undergoing
planned bowel resection and the first dose is given pre-operatively,
before opioid exposure. Reduction in opioid consumption through
implementation of ERAS pathways that leverage multimodal
analgesia and/or liposomal bupivacaine have also led to reduced
post-operative ileus rates.180 221 In fact, the utilization of liposomal
bupivacaine instead of bupivacaine-HCl as a single intervention
change in an established ERAS protocol37 reduced total opioid
consumption and also reduced post-operative ileus by 50%.180
Summary and Recommendation:
Drinking coffee, as well as various other elements of ERAS
pathways including euvolemia, opioid-sparing analgesia,
and early feeding are safe, inexpensive, and appear effective
in decreasing the time to return of bowel function. Alvimopan
is FDA-approved to reduce the time to bowel function return and
post-operative ileus-associated morbidity in patients undergoing
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need for systemic medications. Emerging tools for opioid reduction,
including pharmacogenomics assessment and opioid-prescribing
initiatives, will improve opioid stewardship with a goal of reducing
opioid dependence after surgery.
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13. Patient Reported Outcomes, Including Functional Recovery
ERAS programs aim to accelerate and support patients' return to
full functional recovery. Post-operative recovery follows a specific
pattern that starts with a rapid deterioration from baseline function
in the immediate post-operative period and then gradually rehabilitates back to or surpasses the pre-operative baseline.228 The
recovery process is complex and encompasses the multiple dimensions of physical, emotional, economic, and social health.229
Surgical recovery can be conceptualized to occur in three phases:
early, intermediate, and late.230 Patients spend the majority of the
recovery period outside acute hospital settings, and thus it can be
challenging to monitor and evaluate surgical recovery with standard metrics. Patient reported outcomes are uniquely positioned
to track and study surgical recovery in a patient-centered fashion
across multiple domains and longitudinally over time across all
phases of recovery. Patient reported outcome instruments measure
any aspect of a patient’s health status with information derived
directly from the patient.231
To date, there is a paucity of patient reported outcome studies
focusing on gynecologic patients within ERAS programs. In one
study comparing women undergoing open gynecologic surgery on
and off an ERAS pathway, the ERAS cohort reported significantly
lower symptom burden from fatigue, as well as lower total interference composite scores (symptom interference with work, activity,
walking, enjoyment of life, mood, and relations with others).177
Time to recovery will vary depending on the dimension or
symptom being measured. For example, economic recovery and
return to work may lag behind emotional or physical dimensions
of recovery. In one study, patients on an ERAS pathway reported
return to mild or no fatigue in 10 days compared with 30 days for
the pre-ERAS cohort, while returning to mild or no interference with
walking after laparotomy was reported at a median of 5 days for
ERAS patients compared with 13 days in the pre-ERAS group.177
Patients undergoing minimally invasive surgery on an ERAS
pathway reported a return to mild or no interference with walking
at a median of 2 days.152
Consistent collection and documentation of patient reported
outcomes within ERAS programs can help institutions monitor,
understand, and compare patterns of recovery. Patient reported
outcomes, including symptom burden assessment, can also be
tracked to guide individual post-operative care. The RECOvER
checklist, which outlines best practices for reporting on ERAS
studies, recommends including references to validation of study
instruments when reporting patient reported outcomes.232 Careful
consideration of instrument selection should go beyond whether
the instrument was validated in a gynecologic surgical population,
but should include thoughtful evaluation of the specific content
and purpose of the instrument, responsivity in the gynecologic
surgical population, designed recall period, minimally important
difference, and mode of administration. Timing of measures should
include a pre-operative baseline assessment, with the remainder of
measurements designed thoughtfully based on an a priori hypothesis to balance patient burden with expected fluctuations in the
Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356

patient reported outcome responses. Wearable technologies that
track functions such as steps, distance walked, sleep, and other
physiologic processes can also contribute to the documentation and understanding of functional recovery and post-operative
mobilization.
Summary and recommendation:
Consistent collection and documentation of patient reported
outcomes within ERAS programs allow institutions to monitor,
understand, and compare functional recovery in a patient-centered fashion. Patient reported outcomes, including symptom
burden assessment, can also be utilized to guide individual post-operative care. Validated instruments should be utilized.
Evidence level: low
Recommendation grade: strong
14. Role of ERAS in Pelvic Exenteration and Hyperthermic
Intra-Peritoneal Chemotherapy
In this section of the guidelines, we focus on two procedures where
the risk of perioperative complications and poor outcomes is high
and thus aim to provide support for the consideration of implementation of the principles of the ERAS guidelines, highlighting
a number of items considered most critical in the perioperative
recovery of the patient.
Total pelvic exenteration remains one of the most extensive
procedures performed in gynecologic oncology where post-operative morbidity is a major concern, with complication rates as high
as 60–95%.233 234 The post-operative 30-day mortality is 0.7% and
the 90-day mortality is 2.2%.235 The most common complications
include urinary tract complications, wound dehiscence, infections,
and organ system failure. Surgical complexity, hemoglobin levels,
and the presence of three or more comorbidities are independently
associated with severe complications.235 A second procedure associated with high levels of perioperative morbidity is hyperthermic
intra-peritoneal chemotherapy (HIPEC). Although it is considered an
experimental procedure in the setting of gynecologic cancer in most
centers, HIPEC is gaining increasing popularity in certain scenarios.
Recent data from a prospective randomized trial evaluating the role
of HIPEC in the setting of neoadjuvant chemotherapy showed that
patients who underwent interval surgery plus HIPEC had an overall
survival advantage over those who underwent surgery alone (45.7
months vs 33.9 months).236 Complication rates are consistently
high, with grade 3–4 morbidity in up to a third of patients.237
In the setting of such high complexity procedures, it is essential to implement strategies that will minimize complication rates
and ideally return the patient as quickly as possible to normal
daily activities. In these patients, elements such as pre-operative optimization, nutritional counseling and early post-operative feeding, perioperative fluid management, thromboembolism
prophylaxis, balanced post-operative fluid therapy, perioperative
glucose control, and early mobilization should ultimately translate into improved outcomes. Pre-operative counseling is a key
element in compliance and thus all patients should be provided
detailed information regarding the aims of the program. In patients
undergoing pelvic exenteration or HIPEC therapy, insulin resistance
may accentuate the already high risk of perioperative complications. Therefore, carbohydrate loading should be considered, as
it may attenuate the increased insulin resistance related to such
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planned bowel resection. Liposomal bupivacaine may reduce opioid
consumption and the rate of post-operative ileus.
Evidence level: high
Recommendation grade: strong
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Summary and Recommendation:
There is currently a paucity of data on the impact of an ERAS
program specifically targeting patients undergoing high complexity
procedures, such as pelvic exenteration and HIPEC surgery. Further
research is needed from high-volume referral centers in order to
document outcomes of ERAS programs in this patient population.
Evidence level: low
Recommendation grade: weak
15. Discharge Pathways
Patients managed under an ERAS pathway are discharged in an
intermediate phase of recovery, with the recovery process expected
to extend into the home setting. Hospital discharge is a key transition phase for patients and caregivers. Assessing patients’ readiness for discharge is an essential component of the discharge
planning process.238 Detailed education should be provided to the
patient and caregiver. Important aspects of discharge education
include the information content, the frequency of education, timing,
and delivery method.
A decreased length of stay reduces the time available to provide
discharge teaching, so it is recommended to initiate discharge
education and expectations during the pre-operative visit. It is also
crucial to provide tailored information to meet the needs of the
individual patient. In a post-discharge follow-up study, the need to
implement reliable protocols that identify patients who are at risk
for poor understanding and execution of hospital discharge instructions was emphasized.239
A study published recently on an ERAS program for colorectal
surgery showed that 93% of the patients were satisfied with
the discharge information, and 90% felt they were ready for
discharge.240 Ensuring that patients’ informational needs have
been met before hospital discharge sets the stage for successful
self-management of recovery at home.241 With improved post-operative education and closer follow-up, it is estimated that 50% of
hospital readmissions may be preventable.242
Summary and Recommendation:
Improved post-operative education for patients before
discharge is required to facilitate patient-centered discharge
planning. Such interventions may help decrease unplanned
hospital visits during the immediate post-discharge period. It is
recommended that patients and caregivers should routinely receive
detailed education.
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Evidence level: low
Recommendation grade: strong
16. ERAS Audit and Reporting
Implementation of ERAS requires coordination by a multidisciplinary team spanning the entire continuum of care from pre-operative counseling to return to normal function. Assessing adherence
to specific ERAS elements is an essential component of an ERAS
program. Observational studies from colorectal surgery including
more than 10 000 patients have described a strong correlation between increasing compliance with ERAS guidelines and
decreased rates of complications and shorter lengths of stay.47 243
While there are no randomized studies in gynecologic oncology
comparing auditing of compliance with ERAS elements to no
auditing, a non-randomized Canadian prospective study of more
than 500 gynecologic oncology patients using an ERAS compliance
audit tool found that an increase in ERAS compliance from 56% to
77% was associated with a 31.4% reduction in adjusted length of
stay and net cost savings of $952 per patient.220 Active auditing
appears to be more effective at achieving compliance than passive
implementation alone.244 245
ERAS reporting should include enough information on compliance to define the impact of individual ERAS elements on outcomes.
Insufficient reporting of compliance may lead to incorrect conclusions.246 To improve the quality of ERAS reporting, ERAS USA and
the ERAS Society have published the Reporting on ERAS Compliance, Outcomes, and Elements Research (RECOvER) Checklist. This
tool delineates best practices for reporting clinical pathways and
describing compliance.232 Clinicians are encouraged to use ERAS
auditing tools. Two examples include the ERAS Interactive Audit
System (EIAS) (http://erassociety.org/interactive-audit/) and the
Agency for Healthcare Research and Quality (AHRQ) safety program
for improving surgical care and recovery (https://www.ahrq.gov/pr
ofessionals/quality-patient-safety/hais/tools/enhanced-recovery/
index.h tml).
Summary and Recommendation:
Auditing is an essential component of an ERAS program.
Reports on ERAS pathways should include detailed information on
the relationship between outcomes and compliance with individual
ERAS elements.
Evidence level:
Use of auditing to improve compliance: high
Correlation of compliance with improved outcomes: moderate
Recommendation grade: strong

Discussion
This guideline outlines the most current recommendations of the
ERAS Society Group for the perioperative management of patients
undergoing gynecologic/oncology surgery, and is based on the
best available evidence. In some instances, high quality data were
unavailable and recommendations were based on a combination
of objective assessment of best quality evidence in gynecologic/
oncology surgery, consideration of data from other surgical disciplines in which major abdominal surgery is routinely performed,
and expert opinion from the panel. Our aim is for these guidelines
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prolonged and extensive surgery. Perioperative fluid management
is also of paramount importance in major surgery and in high-risk
patients. Anesthesiologists should therefore focus on the use of
advanced hemodynamic monitoring to individualize fluid therapy
and optimize oxygen delivery. Reduction in surgical site infection
is key in patients undergoing pelvic exenteration or HIPEC therapy.
Recent studies have shown that implementation of a comprehensive glycemic control initiative can lead to a decrease in surgical
site infection from 14.6% to 5.7%.109 In addition, early mobilization intuitively will promote a faster and safer recovery by reducing
the risk of thromboembolic events, as well as the risk of pulmonary complications. In addition, emphasis on early ambulation will
reduce muscle atrophy and will also prepare patients for a faster
return to functional activity.

Original Article

Author affiliations
1
Division of Gynecologic Oncology, Tom Baker Cancer Centre, Calgary, Alberta,
Canada
2
Division of Gynecologic Oncology, Mayo Clinic College of Medicine, Rochester,
Minnesota, USA
3
Division of Gynecologic Oncology, Mayo Clinic College of Medicine, Rochester,
Minnesota, USA
4
Division of Gynecologic Oncology, Mayo Clinic College of Medicine, Rochester,
Minnesota, USA
5
Department of Obstetrics, Gynecology and Reproductive Sciences, University of
Manitoba, Winnipeg, Manitoba, Canada
6
Department of Gynecologic Oncology and Reproductive Medicine, The University of
Texas MD Anderson Cancer Center, Houston, Texas, USA
7
Department of Gynecologic Oncology and Reproductive Medicine, The University of
Texas MD Anderson Cancer Center, Houston, Texas, USA
8
Department of Anesthesiology and Perioperative Medicine, The University of Texas
MD Anderson Cancer Center, Houston, Texas, USA
9
Department of Anesthesia, Virginia Commonwealth University Hospital, Richmond,
Virginia, USA
10
Department of Community Health Sciences, University of Calgary, Calgary,
Alberta, Canada
11
Division of Gynecologic Oncology, Brigham and Women's Hospital, Dana-Farber
Cancer Institute, Harvard Medical School, Boston, Massachusetts, USA
12
Department of Obstetrics and Gynecology, Faculty of Medicine and Health, Örebro
University, Örebro, Sweden
13
Department of Anesthesiology, Oak Hill Hospital, Brooksville, Florida, USA
14
Departments of Surgery and Clinical Sciences, Ersta Hospital and Danderyd
Hospital, Karolinska Institutet, Stockholm, Sweden
15
Department of Surgery, Faculty of Medicine and Health, School of Health and
Medical Sciences, Örebro University, Örebro, Sweden
16
Department of Gynecologic Oncology and Reproductive Medicine, The University
of Texas MD Anderson Cancer Center, Houston, Texas, USA
17
Division of Gynecologic Oncology, Mayo Clinic College of Medicine, Rochester,
Minnesota, USA
Contributors I confirm that each author: was involved in substantial contributions
to the conception or design of the work, or the acquisition, analysis or
interpretation of data; was involved in drafting the work or revising it critically
for important intellectual content; was involved in final approval of the version
submitted; agrees to be accountable for all aspects of the work.
Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.
Competing interests GN is the Secretary for the ERAS® Society. MS received
honoraria for lecturing and travel expenses from Baxter Healthcare, Merck,
and Deltex. He is an Executive Committee member of the ERAS® Society. AA
has received speaker’s honoraria from Sanofi and AstraZeneca, and is on the
Advisory Board of AstraZeneca. GM is a consultant for ConMed and Edwards
Lifesciences and has stock options with Pacira Pharmaceutical. OL has an
appointment with Nutricia Advisory Board, has given advice to MSD, Abbot and
Advanced Medical Nutrition. He has received speaker’s honoraria from Nutricia,
MSD, BBraun, Medtronic and Fresenius-Kabi. He is the current Chairman of the
ERAS® Society. He founded, and owns stock in, Encare AB that runs the ERAS®
Society Interactive Audit System (EIAS). SD is a member of the Board of Directors
for ERAS® USA and a content expert for the AHRQ program for improving surgical
care and recovery.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.
Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356

References
1. Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after
surgery: a review. JAMA Surg 2017;152:292–8.
2. Ljungqvist O, Thanh NX, Nelson G. ERAS-Value based surgery. J
Surg Oncol 2017;116:608–12.
3. Gustafsson UO, Scott MJ, Hubner M, et al. Guidelines for
perioperative care in elective colorectal surgery: Enhanced
Recovery After Surgery (ERAS®) society recommendations: 2018.
World J Surg 2019;43:659–95.
4. Nelson G, Altman AD, Nick A, et al. Guidelines for pre- and
intra-operative care in gynecologic/oncology surgery: Enhanced
Recovery After Surgery (ERAS®) society recommendations--Part I.
Gynecol Oncol 2016;140:313–22.
5. Nelson G, Altman AD, Nick A, et al. Guidelines for postoperative
care in gynecologic/oncology surgery: Enhanced Recovery After
Surgery (ERAS®) society recommendations--part II. Gynecol Oncol
2016;140:323–32.
6. Guyatt GH, Oxman AD, Vist GE, et al. Grade: an emerging
consensus on rating quality of evidence and strength of
recommendations. BMJ 2008;336:924–6.
7. Waller A, Forshaw K, Bryant J, et al. Preparatory education for
cancer patients undergoing surgery: a systematic review of volume
and quality of research output over time. Patient Educ Couns
2015. doi:10.1016/j.pec.2015.05.008. [Epub ahead of print: 23
May 2015].
8. Powell R, Scott NW, Manyande A, et al. Psychological preparation
and postoperative outcomes for adults undergoing surgery under
general anaesthesia. Cochrane Database Syst Rev 2016;5.
9. Wang F, Li C-B, Li S, et al. Integrated interventions for improving
negative emotions and stress reactions of young women receiving
total hysterectomy. Int J Clin Exp Med 2014;7:331–6.
10. de Aguilar-Nascimento JE, Leal FS, Dantas DCS, et al. Preoperative
education in cholecystectomy in the context of a multimodal
protocol of perioperative care: a randomized, controlled trial. World
J Surg 2014;38:357–62.
11. Cavallaro PM, Milch H, Savitt L, et al. Addition of a scripted preoperative patient education module to an existing ERAS pathway
further reduces length of stay. Am J Surg 2018;216:652–7.
12. Angioli R, Plotti F, Capriglione S, et al. The effects of giving
patients verbal or written pre-operative information in
gynecologic oncology surgery: a randomized study and the
medical-legal point of view. Eur J Obstet Gynecol Reprod Biol
2014;177:67–71.
13. Booth K, Beaver K, Kitchener H, et al. Women's experiences of
information, psychological distress and worry after treatment for
gynaecological cancer. Patient Educ Couns 2005;56:225–32.
14. Stewart DE, Wong F, Cheung AM, et al. Information needs and
decisional preferences among women with ovarian cancer. Gynecol
Oncol 2000;77:357–61.
15. Silver JK, Baima J. Cancer prehabilitation: an opportunity to
decrease treatment-related morbidity, increase cancer treatment
options, and improve physical and psychological health outcomes.
Am J Phys Med Rehabil 2013;92:715–27.
16. Bolshinsky V, Li MH-G, Ismail H, et al. Multimodal prehabilitation
programs as a bundle of care in gastrointestinal cancer surgery: a
systematic review. Dis Colon Rectum 2018;61:124–38.
17. Carli F, Silver JK, Feldman LS, et al. Surgical prehabilitation in
patients with cancer: state-of-the-science and recommendations
for future research from a panel of subject matter experts. Phys
Med Rehabil Clin N Am 2017;28:49–64.
18. Ebner F, Schulz SVW, de Gregorio A, et al. Prehabilitation in
gynecological surgery? What do gynecologists know and need to
know. Arch Gynecol Obstet 2018;297:27–31.
19. Gillis C, Buhler K, Bresee L, et al. Effects of nutritional
prehabilitation, with and without exercise, on outcomes of patients
who undergo colorectal surgery: a systematic review and metaanalysis. Gastroenterology 2018;155:391–410.
20. Moran J, Guinan E, McCormick P, et al. The ability of prehabilitation
to influence postoperative outcome after intra-abdominal
operation: a systematic review and meta-analysis. Surgery
2016;160:1189–201.
21. Minnella EM, Bousquet-Dion G, Awasthi R, et al. Multimodal
prehabilitation improves functional capacity before and after
colorectal surgery for cancer: a five-year research experience. Acta
Oncol 2017;56:295–300.
22. Gillis C, Gill M, Marlett N, et al. Patients as partners in enhanced
recovery after surgery: a qualitative patient-led study. BMJ Open
2017;7:e017002.
23. Arnold A, Aitchison LP, Abbott J. Preoperative mechanical bowel
preparation for abdominal, laparoscopic, and vaginal surgery: a
systematic review. J Minim Invasive Gynecol 2015;22:737–52.

663

Int J Gynecol Cancer: first published as 10.1136/ijgc-2019-000356 on 15 March 2019. Downloaded from http://ijgc.bmj.com/ on December 2, 2020 by guest. Protected by copyright.

to define current standard of care and encourage investigators to
address knowledge gaps. Defining best practice is challenging, yet
simpler than the process of transforming best practice into routine
surgical care through collaborative efforts between anesthesiologists, nurses, and surgeons. Every care team should continuously
measure and analyze outcomes in order to adjust their care pathways to optimize outcomes and hasten recovery for patients undergoing gynecologic/oncology surgery.

Original Article

664

49. Laffin MR, Li S, Brisebois R, et al. The use of a pre-operative
carbohydrate drink in patients with diabetes mellitus: a prospective,
non-inferiority, cohort study. World J Surg 2018;42:1965–70.
50. Matsuo K, Yessaian AA, Lin YG, et al. Predictive model of
venous thromboembolism in endometrial cancer. Gynecol Oncol
2013;128:544–51.
51. Levitan N, Dowlati A, Remick SC, et al. Rates of initial and recurrent
thromboembolic disease among patients with malignancy versus
those without malignancy. risk analysis using Medicare claims data.
Medicine 1999;78:285–91.
52. Mokri B, Mariani A, Heit JA, et al. Incidence and predictors of
venous thromboembolism after debulking surgery for epithelial
ovarian cancer. Int J Gynecol Cancer 2013;23:1684–91.
53. Jacobson BF, Louw S, Büller H, et al. Venous thromboembolism:
prophylactic and therapeutic practice guideline. S Afr Med J
2013;103:260–7.
54. Satoh T, Matsumoto K, Uno K, et al. Silent venous
thromboembolism before treatment in endometrial cancer and the
risk factors. Br J Cancer 2008;99:1034–9.
55. Greco PS, Bazzi AA, McLean K, et al. Incidence and timing of
thromboembolic events in patients with ovarian cancer undergoing
neoadjuvant chemotherapy. Obstet Gynecol 2017;129:979–85.
56. Wagner BE, Langstraat CL, McGree ME, et al. Beyond
prophylaxis: extended risk of venous thromboembolism following
primary debulking surgery for ovarian cancer. Gynecol Oncol
2019;152.
57. Sweetland S, Green J, Liu B, et al. Duration and magnitude of the
postoperative risk of venous thromboembolism in middle aged
women: prospective cohort study. BMJ 2009;339:b4583.
58. Khorana AA, Kuderer NM, Culakova E, et al. Development and
validation of a predictive model for chemotherapy-associated
thrombosis. Blood 2008;111:4902–7.
59. Lyman GH, Khorana AA, Kuderer NM, et al. Venous
thromboembolism prophylaxis and treatment in patients with
cancer: American Society of Clinical Oncology clinical practice
guideline update. J Clin Oncol 2013;31:2189–204.
60. Baykal C, Al A, Demirtaş E, et al. Comparison of enoxaparin and
standard heparin in gynaecologic oncologic surgery: a randomised
prospective double-blind clinical study. Eur J Gynaecol Oncol
2001;22:127–30.
61. Gould MK, Garcia DA, Wren SM, et al. Prevention of VTe in
nonorthopedic surgical patients: antithrombotic therapy and
prevention of thrombosis, 9th ED: American College of Chest
Physicians evidence-based clinical practice guidelines. Chest
2012;141(2 Suppl):e227S–77.
62. Whitworth JM, Schneider KE, Frederick PJ, et al. Double
prophylaxis for deep venous thrombosis in patients with
gynecologic oncology who are undergoing laparotomy: does
preoperative anticoagulation matter? Int J Gynecol Cancer
2011;21:1131–4.
63. Selby LV, Sovel M, Sjoberg DD, et al. Preoperative
chemoprophylaxis is safe in major oncology operations and
effective at preventing venous thromboembolism. J Am Coll Surg
2016;222:129–37.
64. Horlocker TT, Wedel DJ, Rowlingson JC, et al. Regional anesthesia
in the patient receiving antithrombotic or thrombolytic therapy:
American Society of Regional Anesthesia and Pain Medicine
evidence-based guidelines (third edition). Reg Anesth Pain Med
2010;35:64–101.
65. Gogarten W, Vandermeulen E, Van Aken H, et al. Regional
anaesthesia and antithrombotic agents: recommendations of
the European Society of Anaesthesiology. Eur J Anaesthesiol
2010;27:999–1015.
66. Clarke-Pearson DL, Synan IS, Dodge R, et al. A randomized trial
of low-dose heparin and intermittent pneumatic calf compression
for the prevention of deep venous thrombosis after gynecologic
oncology surgery. Am J Obstet Gynecol 1993;168:1146–54.
67. Maxwell GL, Synan I, Dodge R, et al. Pneumatic compression
versus low molecular weight heparin in gynecologic oncology
surgery: a randomized trial. Obstet Gynecol 2001;98:989–95.
68. Einstein MH, Kushner DM, Connor JP, et al. A protocol of
dual prophylaxis for venous thromboembolism prevention in
gynecologic cancer patients. Obstet Gynecol 2008;112:1091–7.
69. Sachdeva A, Dalton M, Amaragiri SV, et al. Graduated compression
stockings for prevention of deep vein thrombosis. Cochrane
Database Syst Rev 2014;(12):CD001484.
70. Agnelli G, Bolis G, Capussotti L, et al. A clinical outcome-based
prospective study on venous thromboembolism after cancer
surgery: the @RISTOS project. Ann Surg 2006;243:89–95.
71. Schmeler KM, Wilson GL, Cain K, et al. Venous thromboembolism
(VTe) rates following the implementation of extended duration

Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356

Int J Gynecol Cancer: first published as 10.1136/ijgc-2019-000356 on 15 March 2019. Downloaded from http://ijgc.bmj.com/ on December 2, 2020 by guest. Protected by copyright.

24. Huang H, Wang H, He M. Is mechanical bowel preparation still
necessary for gynecologic laparoscopic surgery? A meta-analysis.
Asian J Endosc Surg 2015;8:171–9.
25. Mulayim B, Karadag B. Do we need mechanical bowel preparation
before benign gynecologic laparoscopic surgeries a randomized,
single-blind, controlled trial. Gynecol Obstet Invest 2018;83:203–8.
26. Ryan NA, Ng VS-M, Sangi-Haghpeykar H, et al. Evaluating
mechanical bowel preparation prior to total laparoscopic
hysterectomy. JSLS 2015;19.
27. Zhang J, Xu L, Shi G. Is mechanical bowel preparation necessary
for gynecologic surgery? A systematic review and meta-analysis.
Gynecol Obstet Invest 2016;81:155–61.
28. Cao F, Li J, Li F. Mechanical bowel preparation for elective
colorectal surgery: updated systematic review and meta-analysis.
Int J Colorectal Dis 2012;27:803–10.
29. Dahabreh IJ, Steele DW, Shah N, et al. Oral mechanical bowel
preparation for colorectal surgery: systematic review and metaanalysis. Dis Colon Rectum 2015;58:698–707.
30. Pineda CE, Shelton AA, Hernandez-Boussard T, et al. Mechanical
bowel preparation in intestinal surgery: a meta-analysis and review
of the literature. J Gastrointest Surg 2008;12:2037–44.
31. Slim K, Vicaut E, Launay-Savary M-V, et al. Updated systematic
review and meta-analysis of randomized clinical trials on the role of
mechanical bowel preparation before colorectal surgery. Ann Surg
2009;249:203–9.
32. Toneva GD, Deierhoi RJ, Morris M, et al. Oral antibiotic bowel
preparation reduces length of stay and readmissions after
colorectal surgery. J Am Coll Surg 2013;216:756–62.
33. Chen M, Song X, Chen L-Z, et al. Comparing mechanical bowel
preparation with both oral and systemic antibiotics versus
mechanical bowel preparation and systemic antibiotics alone for
the prevention of surgical site infection after elective colorectal
surgery: a meta-analysis of randomized controlled clinical trials. Dis
Colon Rectum 2016;59:70–8.
34. Cannon JA, Altom LK, Deierhoi RJ, et al. Preoperative oral
antibiotics reduce surgical site infection following elective
colorectal resections. Dis Colon Rectum 2012;55:1160–6.
35. Garfinkle R, Abou-Khalil J, Morin N, et al. Is there a role for oral
antibiotic preparation alone before colorectal surgery? ACSNSQIP analysis by coarsened exact matching. Dis Colon Rectum
2017;60:729–37.
36. Koller SE, Bauer KW, Egleston BL, et al. Comparative effectiveness
and risks of bowel preparation before elective colorectal surgery.
Ann Surg 2018;267:734–42.
37. Kalogera E, Bakkum-Gamez JN, Jankowski CJ, et al. Enhanced
recovery in gynecologic surgery. Obstet Gynecol 2013;122:319–28.
38. Kalogera E, Nitschmann CC, Dowdy SC, et al. A prospective
algorithm to reduce anastomotic leaks after rectosigmoid
resection for gynecologic malignancies. Gynecol Oncol
2017;144:343–7.
39. Johnson MP, Kim SJ, Langstraat CL, et al. Using bundled
interventions to reduce surgical site infection after major
gynecologic cancer surgery. Obstet Gynecol 2016;127:1135–44.
40. Pellegrini JE, Toledo P, Soper DE, et al. Consensus bundle on
prevention of surgical site infections after major gynecologic
surgery. AANA J 2017;85:1–12.
41. Lippitt MH, Fairbairn MG, Matsuno R, et al. Outcomes associated
with a five-point surgical site infection prevention bundle in
women undergoing surgery for ovarian cancer. Obstet Gynecol
2017;130:756–64.
42. Brady M, Kinn S, Stuart P. Preoperative fasting for adults to prevent
perioperative complications. Cochrane Database Syst Rev 2003;4.
43. Nygren J, Thorell A, Ljungqvist O. Preoperative oral carbohydrate
therapy. Curr Opin Anaesthesiol 2015;28:364–9.
44. Ajuzieogu OV, Amucheazi AO, Nwagha UI, et al. Effect of routine
preoperative fasting on residual gastric volume and acid in patients
undergoing myomectomy. Niger J Clin Pract 2016;19:816–20.
45. Smith MD, McCall J, Plank L, et al. Preoperative carbohydrate
treatment for enhancing recovery after elective surgery. Cochrane
Database Syst Rev 2014;8.
46. ERAS Compliance Group. The impact of enhanced recovery
protocol compliance on elective colorectal cancer resection: results
from an international registry. Ann Surg 2015;261:1153–9.
47. Gustafsson UO, Hausel J, Thorell A, et al. Adherence to the
enhanced recovery after surgery protocol and outcomes after
colorectal cancer surgery. Arch Surg 2011;146:571–7.
48. Azagury DE, Ris F, Pichard C, et al. Does perioperative nutrition
and oral carbohydrate load sustainably preserve muscle mass after
bariatric surgery? A randomized control trial. Surg Obes Relat Dis
2015;11:920–6.

Original Article

73.
74.

75.

76.

77.
78.
79.
80.

81.
82.

83.
84.

85.

86.
87.
88.

89.
90.
91.
92.
93.
94.

Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356

95. Lavallée JF, Gray TA, Dumville J, et al. The effects of care bundles
on patient outcomes: a systematic review and meta-analysis.
Implement Sci 2017;12.
96. Zywot A, Lau CSM, Stephen Fletcher H, et al. Bundles prevent
surgical site infections after colorectal surgery: meta-analysis and
systematic review. J Gastrointest Surg 2017;21:1915–30.
97. Schiavone MB, Moukarzel L, Leong K, et al. Surgical site infection
reduction bundle in patients with gynecologic cancer undergoing
colon surgery. Gynecol Oncol 2017;147:115–9.
98. Waits SA, Fritze D, Banerjee M, et al. Developing an argument for
bundled interventions to reduce surgical site infection in colorectal
surgery. Surgery 2014;155:602–6.
99. ACOG practice Bulletin No. 195: prevention of infection after
gynecologic procedures. Obstet Gynecol 2018;131:e172–89.
100. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice
guidelines for antimicrobial prophylaxis in surgery. Surg Infect
2013;14:73–156.
101. Alexander JW, Solomkin JS, Edwards MJ. Updated
recommendations for control of surgical site infections. Ann Surg
2011;253:1082–93.
102. Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for
Disease Control and Prevention guideline for the prevention of
surgical site infection, 2017. JAMA Surg 2017;152:784–91.
103. Darouiche RO, Wall MJ, Itani KMF, et al. Chlorhexidine–alcohol
versus povidone-iodine for surgical-site antisepsis. N Engl J Med
2010;362:18–26.
104. Wong PF, Kumar S, Bohra A, et al. Randomized clinical trial of
perioperative systemic warming in major elective abdominal
surgery. Br J Surg 2007;94:421–6.
105. Dower R, Turner ML. Pilot study of timing of biofilm formation
on closed suction wound drains. Plast Reconstr Surg
2012;130:1141–6.
106. Cheatham ML, Chapman WC, Key SP, et al. A meta-analysis of
selective versus routine nasogastric decompression after elective
laparotomy. Ann Surg 1995;221:469–78.
107. Nelson R, Edwards S, Tse B. Prophylactic nasogastric
decompression after abdominal surgery. Cochrane Database Syst
Rev 2007;8:CD004929.
108. Scribner DR, Mannel RS, Walker JL, et al. Cost analysis of
laparoscopy versus laparotomy for early endometrial cancer.
Gynecol Oncol 1999;75:460–3.
109. Hopkins L, Brown-Broderick J, Hearn J, et al. Implementation of
a referral to discharge glycemic control initiative for reduction of
surgical site infections in gynecologic oncology patients. Gynecol
Oncol 2017;146:228–33.
110. Gustafsson UO, Thorell A, Soop M, et al. Haemoglobin A1c as a
predictor of postoperative hyperglycaemia and complications after
major colorectal surgery. Br J Surg 2009;96:1358–64.
111. Steiner HL, Strand EA. Surgical-site infection in gynecologic
surgery: pathophysiology and prevention. Am J Obstet Gynecol
2017;217:121–8.
112. Mahdi H, Goodrich S, Lockhart D, et al. Predictors of surgical
site infection in women undergoing hysterectomy for benign
gynecologic disease: a multicenter analysis using the National
surgical quality improvement program data. J Minim Invasive
Gynecol 2014;21:901–9.
113. Martin ET, Kaye KS, Knott C, et al. Diabetes and risk of surgical site
infection: a systematic review and meta-analysis. Infect Control
Hosp Epidemiol 2016;37:88–99.
114. Al-Niaimi AN, Ahmed M, Burish N, et al. Intensive postoperative
glucose control reduces the surgical site infection rates in
gynecologic oncology patients. Gynecol Oncol 2015;136:71–6.
115. Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin
therapy in critically ill patients. N Engl J Med Overseas Ed
2001;345:1359–67.
116. van den Boom W, Schroeder RA, Manning MW, et al. Effect of A1C
and glucose on postoperative mortality in noncardiac and cardiac
surgeries. Diabetes Care 2018;41:782–8.
117. Sneyd JR, Carr A, Byrom WD, et al. A meta-analysis of nausea and
vomiting following maintenance of anaesthesia with propofol or
inhalational agents. Eur J Anaesthesiol 1998;15:433–45.
118. Tramèr M, Moore A, McQuay H. Propofol anaesthesia and
postoperative nausea and vomiting: quantitative systematic
review of randomized controlled studies. Br J Anaesth
1997;78:247–55.
119. Blaudszun G, Lysakowski C, Elia N, et al. Effect of perioperative
systemic α2 agonists on postoperative morphine consumption and
pain intensity: systematic review and meta-analysis of randomized
controlled trials. Anesthesiology 2012;116:1312–22.
120. Le Bot A, Michelet D, Hilly J, et al. Efficacy of intraoperative
dexmedetomidine compared with placebo for surgery in adults:

665

Int J Gynecol Cancer: first published as 10.1136/ijgc-2019-000356 on 15 March 2019. Downloaded from http://ijgc.bmj.com/ on December 2, 2020 by guest. Protected by copyright.

72.

prophylaxis for patients undergoing surgery for gynecologic
malignancies. Gynecol Oncol 2013;128:204–8.
Bergqvist D, Agnelli G, Cohen AT, et al. Duration of prophylaxis
against venous thromboembolism with enoxaparin after surgery for
cancer. N Engl J Med 2002;346:975–80.
Felder S, Rasmussen MS, King R, et al. Prolonged
thromboprophylaxis with low molecular weight heparin for
abdominal or pelvic surgery. Cochrane Database Syst Rev 2018;11.
Fagarasanu A, Alotaibi GS, Hrimiuc R, et al. Role of extended
thromboprophylaxis after abdominal and pelvic surgery in cancer
patients: a systematic review and meta-analysis. Ann Surg Oncol
2016;23:1422–30.
Carrier M, Altman AD, Blais N, et al. Extended
thromboprophylaxis with low-molecular weight heparin (LMWH)
following abdominopelvic cancer surgery. Am J Surg 2018.
doi:10.1016/j.amjsurg.2018.11.046. [Epub ahead of print: 16 Dec
2018].
Streiff MB, National Comprehensive Cancer Center Network.
The National Comprehensive Cancer Center Network (NCCN)
guidelines on the management of venous thromboembolism in
cancer patients. Thromb Res 2010;125 Suppl 2:S128–S133.
Ramirez PT, Nick AM, Frumovitz M, et al. Venous thromboembolic
events in minimally invasive gynecologic surgery. J Minim Invasive
Gynecol 2013;20:766–9.
Nick AM, Schmeler KM, Frumovitz MM, et al. Risk of
thromboembolic disease in patients undergoing laparoscopic
gynecologic surgery. Obstet Gynecol 2010;116:956–61.
Freeman AH, Barrie A, Lyon L, et al. Venous thromboembolism
following minimally invasive surgery among women with
endometrial cancer. Gynecol Oncol 2016;142:267–72.
Bouchard-Fortier G, Geerts WH, Covens A, et al. Is venous
thromboprophylaxis necessary in patients undergoing minimally
invasive surgery for a gynecologic malignancy? Gynecol Oncol
2014;134:228–32.
Raskob GE, van Es N, Verhamme P, et al. Edoxaban for the
treatment of cancer-associated venous thromboembolism. N Engl J
Med Overseas Ed 2018;378:615–24.
Young AM, Marshall A, Thirlwall J, et al. Comparison of an oral
factor Xa inhibitor with low molecular weight heparin in patients
with cancer with venous thromboembolism: results of a randomized
trial (SELECT-D). J Clin Oncol 2018;36:2017–23.
Carrier M, Blais N, Crowther M, et al. Treatment algorithm in
cancer-associated thrombosis: Canadian expert consensus. Curr
Oncol 2018;25:329–37.
Forster R, Stewart M. Anticoagulants (extended duration) for
prevention of venous thromboembolism following total hip or knee
replacement or hip fracture repair. Cochrane Database Syst Rev
2016;3.
Agnelli G, Gussoni G, Bianchini C, et al. Nadroparin for the
prevention of thromboembolic events in ambulatory patients
with metastatic or locally advanced solid cancer receiving
chemotherapy: a randomised, placebo-controlled, double-blind
study. Lancet Oncol 2009;10:943–9.
Agnelli G, George DJ, Kakkar AK, et al. Semuloparin for
thromboprophylaxis in patients receiving chemotherapy for cancer.
N Engl J Med 2012;366:601–9.
Carrier M, Abou-Nassar K, Mallick R, et al. Apixaban to prevent
venous thromboembolism in patients with cancer. N Engl J Med
2018.
Horan TC, Gaynes RP, Martone WJ, et al. CDC definitions of
nosocomial surgical site infections, 1992: a modification of CDC
definitions of surgical wound infections. Infect Control Hosp
Epidemiol 1992;13:606–8.
de Lissovoy G, Fraeman K, Hutchins V, et al. Surgical site infection:
incidence and impact on hospital utilization and treatment costs.
Am J Infect Control 2009;37:387–97.
Nugent EK, Hoff JT, Gao F, et al. Wound complications after
gynecologic cancer surgery. Gynecol Oncol 2011;121:347–52.
Taylor JS, Marten CA, Munsell MF, et al. The DISINFECT Initiative:
decreasing the incidence of surgical infections in gynecologic
oncology. Ann Surg Oncol 2017;24:362–8.
Tran CW, McGree ME, Weaver AL, et al. Surgical site infection after
primary surgery for epithelial ovarian cancer: predictors and impact
on survival. Gynecol Oncol 2015;136:278–84.
Bakkum-Gamez JN, Dowdy SC, Borah BJ, et al. Predictors and
costs of surgical site infections in patients with endometrial cancer.
Gynecol Oncol 2013;130:100–6.
Novetsky AP, Zighelboim I, Guntupalli SR, et al. A phase II
trial of a surgical protocol to decrease the incidence of wound
complications in obese gynecologic oncology patients. Gynecol
Oncol 2014;134:233–7.

Original Article

122.
123.
124.
125.

126.
127.
128.

129.
130.

131.

132.

133.
134.

135.
136.
137.
138.
139.

140.
141.
142.
143.

666

144. Modesitt SC, Sarosiek BM, Trowbridge ER, et al. Enhanced
recovery implementation in major gynecologic surgeries: effect of
care standardization. Obstet Gynecol 2016;128:457–66.
145. Kalogera E, Glaser GE, Kumar A, et al. Enhanced recovery after
minimally invasive gynecologic procedures with bowel surgery: a
systematic review. J Minim Invasive Gynecol 2019;26.
146. Obermair A, Janda M, Baker J, et al. Improved surgical safety after
laparoscopic compared to open surgery for apparent early stage
endometrial cancer: results from a randomised controlled trial. Eur
J Cancer 2012;48:1147–53.
147. Walker JL, Piedmonte MR, Spirtos NM, et al. Laparoscopy
compared with laparotomy for comprehensive surgical staging of
uterine cancer: Gynecologic Oncology Group study LAP2. J Clin
Oncol 2009;27:5331–6.
148. Nahas S, Feigenberg T, Park S. Feasibility and safety of same-day
discharge after minimally invasive hysterectomy in gynecologic
oncology: a systematic review of the literature. Gynecol Oncol
2016;143:439–42.
149. Chapman JS, Roddy E, Ueda S, et al. Enhanced recovery pathways
for improving outcomes after minimally invasive gynecologic
oncology surgery. Obstet Gynecol 2016;128:138–44.
150. Yoong W, Sivashanmugarajan V, Relph S, et al. Can enhanced
recovery pathways improve outcomes of vaginal hysterectomy?
cohort control study. J Minim Invasive Gynecol 2014;21:83–9.
151. Trowbridge ER, Evans SL, Sarosiek BM, et al. Enhanced recovery
program for minimally invasive and vaginal urogynecologic surgery.
Int Urogynecol J 2019;30:313–21.
152. Meyer LA, Shi Q, Lasala JD, et al. Patient-reported symptom
burden and functional recovery before and after enhanced recovery
after surgery (ERAS) implementation: a comparison between open
and minimally invasive surgery. Gynecol Oncol 2018;149:26–7.
153. Zand B, Frumovitz M, Jofre MF, et al. Risk factors for prolonged
hospitalization after gynecologic laparoscopic surgery. Gynecol
Oncol 2012;126:428–31.
154. Walker JL, Piedmonte MR, Spirtos NM, et al. Recurrence and
survival after random assignment to laparoscopy versus laparotomy
for comprehensive surgical staging of uterine cancer: Gynecologic
Oncology Group LAP2 study. J Clin Oncol 2012;30:695–700.
155. Ramirez PT, Frumovitz M, Pareja R, et al. Minimally invasive versus
abdominal radical hysterectomy for cervical cancer. N Engl J Med
Overseas Ed 2018;379:1895–904.
156. Miller TE, Thacker JK, White WD, et al. Reduced length of hospital
stay in colorectal surgery after implementation of an enhanced
recovery protocol. Anesth Analg 2014;118:1052–61.
157. Brandstrup B, Tønnesen H, Beier-Holgersen R, et al. Effects of
intravenous fluid restriction on postoperative complications:
comparison of two perioperative fluid regimens: a randomized
assessor-blinded multicenter trial. Ann Surg 2003;238:641–8.
158. Adesanya A, Rosero E, Timaran C, et al. Intraoperative fluid
restriction predicts improved outcomes in major vascular surgery.
Vasc Endovascular Surg 2009;42:531–6.
159. Thom O, Taylor DM, Wolfe RE, et al. Pilot study of the prevalence,
outcomes and detection of occult hypoperfusion in trauma
patients. Emerg Med J 2010;27:470–2.
160. Davies SJ, Wilson RJT. Preoperative optimization of the high-risk
surgical patient. Br J Anaesth 2004;93:121–8.
161. Bennett-Guerrero E, Welsby I, Dunn TJ, et al. The use of a
postoperative morbidity survey to evaluate patients with prolonged
hospitalization after routine, moderate-risk, elective surgery. Anesth
Analg 1999;89:514–9.
162. Doherty M, Buggy DJ. Intraoperative fluids: how much is too
much? Br J Anaesth 2012;109:69–79.
163. Holte K, Foss NB, Andersen J, et al. Liberal or restrictive fluid
administration in fast-track colonic surgery: a randomized, doubleblind study. Br J Anaesth 2007;99:500–8.
164. Chong PC, Greco EF, Stothart D, et al. Substantial variation of both
opinions and practice regarding perioperative fluid resuscitation.
Can J Surg 2009;52:207–14.
165. Lilot M, Ehrenfeld JM, Lee C, et al. Variability in practice and
factors predictive of total crystalloid administration during
abdominal surgery: retrospective two-centre analysis. Br J Anaesth
2015;114:767–76.
166. Michard F. The burden of high-risk surgery and the potential benefit
of goal-directed strategies. Crit Care 2011;15.
167. Pearse R, Dawson D, Fawcett J, et al. Early goal-directed therapy
after major surgery reduces complications and duration of hospital
stay. A randomized, controlled trial. Crit Care 2005;9:R687–R693.
168. Miralpeix E, Nick AM, Meyer LA, et al. A call for new standard of
care in perioperative gynecologic oncology practice: impact of
enhanced recovery after surgery (ERAS) programs. Gynecol Oncol
2016;141:371–8.

Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356

Int J Gynecol Cancer: first published as 10.1136/ijgc-2019-000356 on 15 March 2019. Downloaded from http://ijgc.bmj.com/ on December 2, 2020 by guest. Protected by copyright.

121.

a meta-analysis of published studies. Minerva Anestesiol
2015;81:1105–17.
Bellon M, Le Bot A, Michelet D, et al. Efficacy of intraoperative
dexmedetomidine compared with placebo for postoperative pain
management: a meta-analysis of published studies. Pain Ther
2016;5:63–80.
Fragen RJ, Fitzgerald PC. Effect of dexmedetomidine on the
minimum alveolar concentration (MAC) of sevoflurane in adults age
55 to 70 years. J Clin Anesth 1999;11:466–70.
Elia N, Tramèr MR. Ketamine and postoperative pain--a quantitative
systematic review of randomised trials. Pain 2005;113:61–70.
Reddi D. Preventing chronic postoperative pain. Anaesthesia
2016;71(Suppl 1):64–71.
Weibel S, Jelting Y, Pace NL, et al. Continuous intravenous
perioperative lidocaine infusion for postoperative pain and recovery
in adults. Cochrane anaesthesia, critical and emergency care
Group, ED. Cochrane Database Syst Rev 2018;6.
Missair A, Cata JP, Votta-Velis G, et al. Impact of perioperative pain
management on cancer recurrence: an ASRA/ESRA special article.
Reg Anesth Pain Med 2019;44:13–28.
Wigmore TJ, Mohammed K, Jhanji S. Long-term survival for
patients undergoing volatile versus IV anesthesia for cancer
surgery: a retrospective analysis. Anesthesiology 2016;124:69–79.
Tramèr M, Moore A, McQuay H. Omitting nitrous oxide in general
anaesthesia: meta-analysis of intraoperative awareness and
postoperative emesis in randomized controlled trials. Br J Anaesth
1996;76:186–93.
Gan TJ, Diemunsch P, Habib AS, et al. Consensus guidelines for
the management of postoperative nausea and vomiting. Anesth
Analg 2014;118:85–113.
Bruintjes MH, van Helden EV, Braat AE, et al. Deep neuromuscular
block to optimize surgical space conditions during laparoscopic
surgery: a systematic review and meta-analysis. Br J Anaesth
2017;118:834–42.
McLean DJ, Diaz-Gil D, Farhan HN, et al. Dose-dependent
association between intermediate-acting neuromuscularblocking agents and postoperative respiratory complications.
Anesthesiology 2015;122:1201–13.
Punjasawadwong Y, Phongchiewboon A, Bunchungmongkol
N. Bispectral index for improving anaesthetic delivery and
postoperative recovery. Cochrane anaesthesia, critical and
emergency care Group, ED. Cochrane Database Syst Rev
2014;98.
Chan MTV, Cheng BCP, Lee TMC, et al. BIS-guided anesthesia
decreases postoperative delirium and cognitive decline. J
Neurosurg Anesthesiol 2013;25:33–42.
Wildes TS, Mickle AM, Ben Abdallah A, et al. Effect of
Electroencephalography-Guided anesthetic administration
on postoperative delirium among older adults undergoing
major surgery: the engages randomized clinical trial. JAMA
2019;321:473–83.
Wick EC, Grant MC, Wu CL. Postoperative multimodal analgesia
pain management with nonopioid analgesics and techniques: a
review. JAMA Surg 2017;152:691–7.
Carey ET, Moulder JK. Perioperative management and
implementation of enhanced recovery programs in gynecologic
surgery for benign indications. Obstet Gynecol 2018;132:137–46.
Carter-Brooks CM, Du AL, Ruppert KM, et al. Implementation of
a urogynecology-specific enhanced recovery after surgery (ERAS)
pathway. Am J Obstet Gynecol 2018;219:495.e1–495.e10.
Futier E, Constantin J-M, Paugam-Burtz C, et al. A trial of
intraoperative low-tidal-volume ventilation in abdominal surgery. N
Engl J Med Overseas Ed 2013;369:428–37.
Güldner A, Kiss T, Serpa Neto A, et al. Intraoperative protective
mechanical ventilation for prevention of postoperative pulmonary
complications: a comprehensive review of the role of tidal volume,
positive end-expiratory pressure, and lung recruitment maneuvers.
Anesthesiology 2015;123:692–713.
Kehlet H, Nielsen HJ. Impact of laparoscopic surgery on stress
responses, immunofunction, and risk of infectious complications.
New Horiz 1998;6(2 Suppl):CD009642):S80–8.
Holub Z. Impact of laparoscopic surgery on immune function. Clin
Exp Obstet Gynecol 2002;29:77–81.
Prete A, Yan Q, Al-Tarrah K, et al. The cortisol stress response
induced by surgery: a systematic review and meta-analysis. Clin
Endocrinol 2018;89:554–67.
Keil DS, Schiff LD, Carey ET, et al. Predictors of admission after
the implementation of an enhanced recovery after surgery pathway
for minimally invasive gynecologic surgery. Anesth Analg 2018.
doi:10.1213/ANE.0000000000003339. [Epub ahead of print: 11 Apr
2018].

Original Article

Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356

192.

193.
194.
195.
196.

197.
198.
199.
200.
201.

202.
203.

204.

205.
206.
207.

208.

209.

210.
211.
212.
213.
214.

215.

trocar site infiltration in gynecologic laparoscopy. Am J Obstet
Gynecol 2015;212:182.e1–182.e9.
Torgeson M, Kileny J, Pfeifer C, et al. Conventional epidural vs
transversus abdominis plane block with liposomal bupivacaine:
a randomized trial in colorectal surgery. J Am Coll Surg
2018;227:78–83.
Anderson TA, Quaye ANA, Ward EN, et al. To stop or not, that is
the question: acute pain management for the patient on chronic
buprenorphine. Anesthesiology 2017;126:1180–6.
Evans WE, Relling MV. Pharmacogenomics: translating functional
genomics into rational therapeutics. Science 1999;286:487–91.
Relling MV, Evans WE. Pharmacogenomics in the clinic. Nature
2015;526:343–50.
Senagore AJ, Champagne BJ, Dosokey E, et al.
Pharmacogenetics-guided analgesics in major abdominal surgery:
further benefits within an enhanced recovery protocol. Am J Surg
2017;213:467–72.
Thiels CA, Anderson SS, Ubl DS, et al. Wide variation and
overprescription of opioids after elective surgery. Ann Surg
2017;266:564–73.
Brummett CM, Waljee JF, Goesling J, et al. New persistent opioid
use after minor and major surgical procedures in US adults. JAMA
Surg 2017;152:e170504.
Lee JS-J, Hu HM, Edelman AL, et al. New persistent opioid use
among patients with cancer after curative-intent surgery. J Clin
Oncol 2017;35:4042–9.
Thiels CA, Ubl DS, Yost KJ, et al. Results of a prospective,
multicenter initiative aimed at developing opioid-prescribing
guidelines after surgery. Ann Surg 2018;268:457–68.
Cutillo G, Maneschi F, Franchi M, et al. Early feeding compared
with nasogastric decompression after major oncologic
gynecologic surgery: a randomized study. Obstet Gynecol
1999;93:41–5.
Charoenkwan K, Matovinovic E. Early versus delayed oral fluids
and food for reducing complications after major abdominal
gynaecologic surgery. Cochrane Database Syst Rev 2014;12.
Minig L, Biffi R, Zanagnolo V, et al. Early oral versus "traditional"
postoperative feeding in gynecologic oncology patients undergoing
intestinal resection: a randomized controlled trial. Ann Surg Oncol
2009;16:1660–8.
Minig L, Biffi R, Zanagnolo V, et al. Reduction of postoperative
complication rate with the use of early oral feeding in gynecologic
oncologic patients undergoing a major surgery: a randomized
controlled trial. Ann Surg Oncol 2009;16:3101–10.
Pearl ML, Valea FA, Fischer M, et al. A randomized controlled trial
of early postoperative feeding in gynecologic oncology patients
undergoing intra-abdominal surgery. Obstet Gynecol 1998;92:94–7.
Schilder JM, Hurteau JA, Look KY, et al. A prospective controlled
trial of early postoperative oral intake following major abdominal
gynecologic surgery. Gynecol Oncol 1997;67:235–40.
Wischmeyer PE, Carli F, Evans DC, et al. American Society
for enhanced recovery and perioperative quality initiative
joint consensus statement on nutrition screening and therapy
within a surgical enhanced recovery pathway. Anesth Analg
2018;126:1883–95.
Gustafsson UO, Oppelstrup H, Thorell A, et al. Adherence to the
ERAS protocol is associated with 5-year survival after colorectal
cancer surgery: a retrospective cohort study. World J Surg
2016;40:1741–7.
Lewis SJ, Andersen HK, Thomas S. Early enteral nutrition within
24 h of intestinal surgery versus later commencement of feeding:
a systematic review and meta-analysis. J Gastrointest Surg
2009;13:569–75.
Scott MJ, Fawcett WJ. Oral carbohydrate preload drink for
major surgery - the first steps from famine to feast. Anaesthesia
2014;69:1308–13.
Kratzing C. Pre-operative nutrition and carbohydrate loading. Proc
Nutr Soc 2011;70:311–5.
Drover JW, Dhaliwal R, Weitzel L, et al. Perioperative use of
arginine-supplemented diets: a systematic review of the evidence.
J Am Coll Surg 2011;212:385–99.
Celik JB, Gezginç K, Ozçelik K, et al. The role of immunonutrition
in gynecologic oncologic surgery. Eur J Gynaecol Oncol
2009;30:418–21.
Moya P, Soriano-Irigaray L, Ramirez JM, et al. Perioperative
standard oral nutrition supplements versus immunonutrition in
patients undergoing colorectal resection in an enhanced recovery
(ERAS) protocol: a multicenter randomized clinical trial (SONVI
study). Medicine 2016;95:e3704.
Yeung SE, Hilkewich L, Gillis C, et al. Protein intakes are associated
with reduced length of stay: a comparison between enhanced

667

Int J Gynecol Cancer: first published as 10.1136/ijgc-2019-000356 on 15 March 2019. Downloaded from http://ijgc.bmj.com/ on December 2, 2020 by guest. Protected by copyright.

169. Thiele RH, Raghunathan K, Brudney CS, et al. American Society
for Enhanced Recovery (ASER) and Perioperative Quality
Initiative (POQI) joint consensus statement on perioperative fluid
management within an enhanced recovery pathway for colorectal
surgery. Perioper Med 2016;5.
170. Regenbogen SE, Shah NJ, Collins SD, et al. Population-based
assessment of intraoperative fluid administration practices across
three surgical specialties. Ann Surg 2017;265:930–40.
171. Myles PS, Bellomo R, Corcoran T, et al. Restrictive versus liberal
fluid therapy for major abdominal surgery. N Engl J Med Overseas
Ed 2018;378:2263–74.
172. Wells N, Pasero C, McCaffery M. Improving the quality of care
through pain assessment and management. In: Patient safety and
quality: an evidence-based Handbook for nurses. Rockville (MD),
2008.
173. Massicotte L, Chalaoui KD, Beaulieu D, et al. Comparison
of spinal anesthesia with general anesthesia on morphine
requirement after abdominal hysterectomy. Acta Anaesthesiol
Scand 2009;53:641–7.
174. Florence CS, Zhou C, Luo F, et al. The economic burden of
prescription opioid overdose, abuse, and dependence in the United
States, 2013. Med Care 2016;54:901–6.
175. Woodhouse A, Mather LE. The effect of duration of dose delivery
with patient-controlled analgesia on the incidence of nausea and
vomiting after hysterectomy. Br J Clin Pharmacol 1998;45:57–62.
176. Dolin SJ, Cashman JN. Tolerability of acute postoperative
pain management: nausea, vomiting, sedation, pruritus, and
urinary retention. Evidence from published data. Br J Anaesth
2005;95:584–91.
177. Meyer LA, Lasala J, Iniesta MD, et al. Effect of an enhanced
recovery after surgery program on opioid use and patient-reported
outcomes. Obstet Gynecol 2018;132:281–90.
178. Buvanendran A, Kroin JS. Multimodal analgesia for controlling
acute postoperative pain. Curr Opin Anaesthesiol 2009;22:588–93.
179. Ong CKS, Seymour RA, Lirk P, et al. Combining Paracetamol
(acetaminophen) with nonsteroidal antiinflammatory drugs: a
qualitative systematic review of analgesic efficacy for acute
postoperative pain. Anesth Analg 2010;110:1170–9.
180. Kalogera E, Bakkum-Gamez JN, Weaver AL, et al. Abdominal
incision injection of liposomal bupivacaine and opioid use after
laparotomy for gynecologic malignancies. Obstet Gynecol
2016;128:1009–17.
181. Wu CL, Cohen SR, Richman JM, et al. Efficacy of postoperative
patient-controlled and continuous infusion epidural analgesia
versus intravenous patient-controlled analgesia with opioids: a
meta-analysis. Anesthesiology 2005;103:1079–88.
182. Carli F, Mayo N, Klubien K, et al. Epidural analgesia enhances
functional exercise capacity and health-related quality of life after
colonic surgery: results of a randomized trial. Anesthesiology
2002;97:540–9.
183. Ready LB. Acute pain: lessons learned from 25,000 patients. Reg
Anesth Pain Med 1999;24:499–505.
184. Hübner M, Blanc C, Roulin D, et al. Randomized clinical trial on
epidural versus patient-controlled analgesia for laparoscopic
colorectal surgery within an enhanced recovery pathway. Ann Surg
2015;261:648–53.
185. Chen L-M, Weinberg VK, Chen C, et al. Perioperative outcomes
comparing patient controlled epidural versus intravenous analgesia
in gynecologic oncology surgery. Gynecol Oncol 2009;115:357–61.
186. Champaneria R, Shah L, Geoghegan J, et al. Analgesic
effectiveness of transversus abdominis plane blocks after
hysterectomy: a meta-analysis. Eur J Obstet Gynecol Reprod Biol
2013;166:1–9.
187. Gasanova I, Alexander J, Ogunnaike B, et al. Transversus
abdominis plane block versus surgical site infiltration for pain
management after open total abdominal hysterectomy. Anesth
Analg 2015;121:1383–8.
188. Levy BF, Scott MJ, Fawcett W, et al. Randomized clinical
trial of epidural, spinal or patient-controlled analgesia for
patients undergoing laparoscopic colorectal surgery. Br J Surg
2011;98:1068–78.
189. Calle GA, López CC, Sánchez E, et al. Transversus abdominis
plane block after ambulatory total laparoscopic hysterectomy:
randomized controlled trial. Acta Obstet Gynecol Scand
2014;93:345–50.
190. Kane SM, Garcia-Tomas V, Alejandro-Rodriguez M, et al.
Randomized trial of transversus abdominis plane block at total
laparoscopic hysterectomy: effect of regional analgesia on quality
of recovery. Am J Obstet Gynecol 2012;207:419.e1–419.e5.
191. El Hachem L, Small E, Chung P, et al. Randomized controlled
double-blind trial of transversus abdominis plane block versus

Original Article

217.

218.

219.
220.

221.

222.
223.

224.
225.
226.
227.

228.
229.
230.
231.

668

232.

233.
234.
235.
236.
237.

238.

239.
240.

241.
242.
243.
244.

245.

246.

Research, U.S. Department of Health and Human Services FDA
Center for Devices and Radiological Health. Guidance for industry:
patient-reported outcome measures: use in medical product
development to support labeling claims: draft guidance. Health
Qual Life Outcomes 2006;4.
Elias KM, Stone AB, McGinigle K, et al. The Reporting on ERAS
Compliance, Outcomes, and Elements Research (RECOvER)
Checklist: A Joint Statement by the ERAS® and ERAS® USA
Societies. World J Surg 2019;43:1–8.
Westin SN, Rallapalli V, Fellman B, et al. Overall survival after
pelvic exenteration for gynecologic malignancy. Gynecol Oncol
2014;134:546–51.
Benn T, Brooks RA, Zhang Q, et al. Pelvic exenteration in
gynecologic oncology: a single institution study over 20 years.
Gynecol Oncol 2011;122:14–18.
Tortorella L, Casarin J, Mara KC, et al. Prediction of short-term
surgical complications in women undergoing pelvic exenteration for
gynecological malignancies. Gynecol Oncol 2019;152:151–6.
van Driel WJ, Koole SN, Sikorska K, et al. Hyperthermic
intraperitoneal chemotherapy in ovarian cancer. N Engl J Med
2018;378:230–40.
Bakrin N, Bereder JM, Decullier E, et al. Peritoneal carcinomatosis
treated with cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy (HIPEC) for advanced ovarian carcinoma: a French
multicentre retrospective cohort study of 566 patients. Eur J Surg
Oncol 2013;39:1435–43.
Kang E, Gillespie BM, Tobiano G, et al. Discharge education
delivered to general surgical patients in their management of
recovery post discharge: a systematic mixed studies review. Int J
Nurs Stud 2018;87:1–13.
Coleman EA, Chugh A, Williams MV, et al. Understanding
and execution of discharge instructions. Am J Med Qual
2013;28:383–91.
Jones D, Musselman R, Pearsall E, et al. Ready to go home?
patients' experiences of the discharge process in an enhanced
recovery after surgery (ERAS) program for colorectal surgery. J
Gastrointest Surg 2017;21:1865–78.
Maloney LR, Weiss ME. Patients' perceptions of
hospital discharge informational content. Clin Nurs Res
2008;17:200–19.
Dawes AJ, Sacks GD, Russell MM, et al. Preventable
readmissions to surgical services: lessons learned and targets for
improvement. J Am Coll Surg 2014;219:382–9.
Berian JR, Ban KA, Liu JB, et al. Adherence to enhanced
recovery protocols in NSQIP and association with colectomy
outcomes. Ann Surg 2019;269:486–93.
de Groot JJA, van Es LEJM, Maessen JMC, et al. Diffusion of
enhanced recovery principles in gynecologic oncology surgery:
is active implementation still necessary? Gynecol Oncol
2014;134:570–5.
Bergstrom JE, Scott ME, Alimi Y, et al. Narcotics reduction,
quality and safety in gynecologic Oncology surgery in the first
year of enhanced recovery after surgery protocol implementation.
Gynecol Oncol 2018;149:554–9.
Nelson G, Ramirez PT, Ljungqvist O, et al. Enhanced recovery
program and length of stay after laparotomy on a Gynecologic
Oncology service. Obstetrics & Gynecology 2017;129.

Nelson G, et al. Int J Gynecol Cancer 2019;29:651–668. doi:10.1136/ijgc-2019-000356

Int J Gynecol Cancer: first published as 10.1136/ijgc-2019-000356 on 15 March 2019. Downloaded from http://ijgc.bmj.com/ on December 2, 2020 by guest. Protected by copyright.

216.

recovery after surgery (ERAS) and conventional care after elective
colorectal surgery. Am J Clin Nutr 2017;106:44–51.
McClave SA, Taylor BE, Martindale RG, et al. Guidelines for the
provision and assessment of nutrition support therapy in the adult
critically ill patient: Society of Critical Care Medicine (SCCM) and
American Society for parenteral and enteral nutrition (A.S.P.E.N.).
JPEN J Parenter Enteral Nutr 2016;40:159–211.
Güngördük K, Özdemir İsa Aykut, Güngördük Özgü, et al. Effects of
coffee consumption on gut recovery after surgery of gynecological
cancer patients: a randomized controlled trial. Am J Obstet
Gynecol 2017;216:145.e1–145.e7.
Bakkum-Gamez JN, Langstraat CL, Martin JR, et al. Incidence
of and risk factors for postoperative ileus in women undergoing
primary staging and debulking for epithelial ovarian carcinoma.
Gynecol Oncol 2012;125:614–20.
Müller SA, Rahbari NN, Schneider F, et al. Randomized clinical trial
on the effect of coffee on postoperative ileus following elective
colectomy. Br J Surg 2012;99:1530–8.
Bisch SP, Wells T, Gramlich L, et al. Enhanced recovery
after surgery (ERAS) in gynecologic oncology: system-wide
implementation and audit leads to improved value and patient
outcomes. Gynecol Oncol 2018;151:117–23.
Boitano TKL, Smith HJ, Rushton T, et al. Impact of enhanced
recovery after surgery (ERAS) protocol on gastrointestinal function
in gynecologic oncology patients undergoing laparotomy. Gynecol
Oncol 2018;151:282–6.
Jernigan AM, Chen CCG, Sewell C. A randomized trial of chewing
gum to prevent postoperative ileus after laparotomy for benign
gynecologic surgery. Int J Gynaecol Obstet 2014;127:279–82.
Vergara-Fernandez O, Gonzalez-Vargas AP, Castellanos-Juarez
JC, et al. Usefulness of gum chewing to decrease postoperative
ileus in colorectal surgery with primary anastomosis: a randomized
controlled trial. Rev Invest Clin 2016;68:314–8.
de Leede EM, van Leersum NJ, Kroon HM, et al. Multicentre
randomized clinical trial of the effect of chewing gum after
abdominal surgery. Br J Surg 2018;105:820–8.
Wolff BG, Weese JL, Ludwig KA, et al. Postoperative ileus-related
morbidity profile in patients treated with Alvimopan after bowel
resection. J Am Coll Surg 2007;204:609–16.
Lee CT, Chang SS, Kamat AM, et al. Alvimopan accelerates
gastrointestinal recovery after radical cystectomy: a multicenter
randomized placebo-controlled trial. Eur Urol 2014;66:265–72.
Bakkum-Gamez JN, Langstraat CL, Lemens MA, et al. Accelerating
gastrointestinal recovery in women undergoing ovarian cancer
debulking: a randomized, double-blind, placebo-controlled trial.
Gynecol Oncol 2016;141.
Feldman LS, Lee L, Fiore J. What outcomes are important in the
assessment of enhanced recovery after surgery (ERAS) pathways?
Can J Anaesth 2015;62:120–30.
Lee L, Tran T, Mayo NE, et al. What does it really mean to "recover"
from an operation? Surgery 2014;155:211–6.
Bowyer A, Jakobsson J, Ljungqvist O, et al. A review of the scope
and measurement of postoperative quality of recovery. Anaesthesia
2014;69:1266–78.
U.S. Department of Health and Human Services FDA Center
for Drug Evaluation and Research, U.S. Department of Health
and Human Services FDA Center for Biologics Evaluation and

